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Abstract

Summary Screening initiatives for osteoporosis must facilitate treatment of those at elevated fracture risk. In a randomized
controlled trial of 24,229 women, those in the screening group with FRAX > 15% were invited for DXA with AOM treatment
offered as per national guidelines. Treatment initiation in the following year was 9.5 times higher compared with controls.

Purpose To determine if screened individuals have lower adherence to anti-osteoporotic medication (AOM) than unscreened
and to examine determinants for low treatment adherence.

Method In 2010/2011, women aged 65-80 (N=34,229) in the Region of Southern Denmark were invited to the risk-stratified
osteoporosis strategy evaluation (ROSE) randomized study. Women in the screening group with moderate to high 10-year
fracture risk (FRAX® > 15%) were invited for dual-energy x-ray absorptiometry with AOM treatment as per national
guidelines. Screened, controls, and an age-matched general population sample were compared for adherence to AOM using
10-year follow-up data on prescription and hospital records.

Results Among ROSE participants with FRAX > 15%, 5864 screened and 5790 controls were eligible for analysis, along with
an equal number from the general population. AOM initiation in the first year was 9.5 times higher in screened compared
to controls (HR 9.50, 7.16; 12.61). There was no difference in implementation assessed as medication possession ratio. The
5-year persistence rates were similar in screened and controls (51-52%), but lower in the general population (44%). FRAX
risk factors partly influenced AOM initiation in the screened, with different patterns in other groups. Immobilization, comor-
bidities, and co-medications were key determinants of discontinuation in both the short and long term.

Conclusion The ROSE screening programme significantly increased treatment initiation in postmenopausal women. Screened
women showed similar treatment adherence levels to non-screened once they started medication. However, frail women were
more prone to treatment discontinuation, highlighting the need for targeted support in this subgroup.

Trial registration The original ROSE trial is registered at ClinicalTrials.gov (NCT01388244). The study protocol has been
published in Rubin et al. The risk-stratified osteoporosis strategy evaluation study (ROSE): a randomized prospective
population-based study. Design and baseline characteristics. Calcif Tissue Int. 2015;96(2):167-79.
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Introduction

Over one in three women and one in six men over 50 years
will experience an osteoporotic fracture [1]. Although
anti-osteoporotic medication (AOM) can effectively reduce
the risk of osteoporotic fractures, osteoporosis most often
remains undiagnosed until an osteoporotic fracture occurs
[2, 3]. Adherence to the prescribed treatment regimens is
pivotal for reducing the risk of osteoporotic fractures [4].
A 2019 systematic review showed that suboptimal adher-
ence to AOM in postmenopausal women is common, with
bisphosphonate persistence rates dropping below 30%
after one year of treatment in certain settings [4]. In Den-
mark, however, the adherence is found to be higher [5, 6].

In 2010, the risk-stratified osteoporosis strategy evalua-
tion (ROSE) randomized study was initiated with the pur-
pose of evaluating the effectiveness of a two-stage screening
programme for early detection and treatment of osteoporosis
[7, 8]. The programme employed the Fracture Risk Assess-
ment Tool (FRAX®) [9] to identify women with a moderate
to high risk of major osteoporotic fractures eligible for dual-
energy x-ray absorptiometry (DXA) scans. Screened with an
FRAX score of 15% or above were offered a DXA scan with
treatment recommended per Danish guidelines if osteoporo-
sis was detected [10]. Although the study showed no overall
population effect after 5 and 10 years in the intention-to-treat
analysis [8, 11], the 10-year follow-up indicated a preventive
effect on fracture incidence among women with moderate to
high fracture risk (FRAX > 15%) in the per-protocol analysis
[8]. This group represented the intended target population
for the intervention, which is why it was more expected to
see an effect in this group. Treatment uptake, adherence, and
persistence are all crucial for achieving favourable outcomes.
In the ROSE programme, the treatment responsibility was
transitioned to primary care, potentially affecting treatment
uptake and adherence [12]. Moreover, factors like perceived
risk, perceived treatment benefits, motivation, and decision-
making may differ between individuals who begin treatment
through a screening programme versus those who actively
seek medical attention from their general practitioners (GPs)
and are referred for further assessment, which can impact
adherence [12, 13]. In support of this, the C-STOP trial
[14] showed that long-term adherence to bisphosphonates
was lower in patients assigned to nurse-managed treatment
compared to the control group, particularly after regular
follow-ups from the nurse were reduced. Consequently, we
hypothesized that screened women in ROSE start treatment
much faster than unscreened, but after starting treatment,
adherence will be poorer among screened.

Most studies on AOM adherence focus on orally admin-
istered bisphosphonates therapy [4, 6, 15], which is also
the first-line therapy in Denmark per Danish guidelines
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[10]. However, it is also essential to assess overall adher-
ence to AOM, regardless of whether patients continue with
their initial medication or switch to another evidence-
based AOM while remaining persistent in treatment. This
broader approach is relevant because total exposure to
approved AOMs, rather than adherence to a specific medi-
cation, is what ultimately reduces osteoporotic fractures
risk. Additionally, more evidence is needed on long-term
adherence to AOM therapy, particularly beyond 5 years
[4, 6, 16].

Thus, the study’s primary aim was to examine the effect
of the ROSE screening programme on long-term adherence
to AOM treatment overall to evaluate the programme’s
impact on fracture incidence. Secondarily, the study aimed
to identify socio-demographic and clinical factors associated
with low adherence. To obtain a more natural comparison
group, had the screening programme been implemented in
routine practice, and to account for potential influences of
the osteoporosis risk survey on treatment uptake and adher-
ence among ROSE participants, we used a general popula-
tion as a secondary comparison group.

Materials and methods

This post hoc study of the ROSE randomized trial assessed
adherence and determinants for adherence among ROSE
participants and the general population, utilizing survival
analyses of clinical data from the ROSE study and data from
nationwide registers.

The ROSE study and data sources

Details of the ROSE study have been published [7, 8]. In
brief, 98,383 women aged 65-80 residing in the Region of
Southern Denmark in 2010 were identified. A random sam-
ple of 34,229 women was selected for participation in the
ROSE study and randomized to either a screening or control
group. All participants (both from the screening group and
controls) received an invitation letter by mail in 2010-2011
that contained a questionnaire comprising questions on clini-
cal risk factors for calculating FRAX. Only women in the
ROSE screening group with moderate to high fracture risk
assessment, assessed as a major osteoporotic FRAX score
of > 15%, were offered the intervention, which included
a DXA scan of bone mineral density of the lumbar spine
(L1-L4) and total right hip. A diagnosis of osteoporosis was
based on the lower of the two BMD values. If osteoporosis
was identified by bone mineral density (BMD) T-score <
—2.5 SD, treatment advice according to the Danish guide-
lines [10] was provided to both the women and their GPs,
with the GP responsible for the treatment.
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The Danish Civil Registration System Register [17]
provided baseline demographic data, migration, and vital
status. Socioeconomic data came from Statistics Denmark
[18]. Prescription data, derived from the Danish National
Prescription Registry [19], included data on all filled pre-
scriptions at Danish pharmacies from 1995 and onwards,
coded using the Anatomical Therapeutic Chemical Classifi-
cation System (ATC) and Defined Daily Dose (DDD). Hos-
pital diagnoses (coded according to the International Clas-
sification of Diseases, 10th Revision (ICD-10)) and codes
for treatment administered during hospital contacts were
obtained from the Danish National Patient Register [20],
which keeps records of all inpatient and outpatient hospital
contacts since 1995. The personal identification numbers
were used to link data on an individual level.

Study population

Figure 1 depicts the flowchart of the study population.
A total of 17,072 women were randomized to the ROSE
screening group (group A) and 17,157 to the ROSE control
group (group B). We defined the study-baseline as the date
the ROSE participants returned the ROSE questionnaire. We

Invited to the ROSE
study,
N=34,229

e ———— L <

excluded ROSE participants with missing/inadequate data
from the questionnaires (n=6661/6663) and participants
with self-reported AOM treatment or a record of AOM treat-
ment within 1 year before baseline (n =1224/1279). We also
excluded participants with a primary or secondary hospital
diagnosis of cancer (ICD10: C00-C99, D00-D48) or Paget’s
disease (ICD10:M88) within the 5 years preceding the base-
line (n=1312/1378) and participants with missing data on
sociodemographic factors (n=103/104). These exclusions
left 7772 from the screening group (A) and 7733 from the
control group (B). We further restricted the population to
ROSE participants with FRAX > 15% (i.e. women eligible
for the intervention, a DXA scan). This resulted in 5864
women from the screening group (A) and 5790 from the
control group (B) constituting the study population.
Participants in the ROSE study represent a selected sam-
ple that may not fully reflect the general population [21].
Additionally, responses to the osteoporosis risk survey could
potentially have influenced the behaviour of the ROSE par-
ticipants. To address these limitations, we included a com-
parison group of age-matched women (group C) from the
general population, who were not exposed to the ROSE
survey. This comparison group provided a more natural
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Fig. 1 Flowchart for the (A) ROSE screening group, (B) ROSE control group, and (C) general population. AOM, anti-osteoporotic medication,

DXA, dual-energy x-ray absorptiometry
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benchmark for assessing adherence, had the screening pro-
gramme been implemented more broadly, than the ROSE
control group. Using the Danish Civil Registration System
Register, which keeps information on all residents in Den-
mark, we extracted this secondary comparator group (C)
from the 64,154 women residing in the Region of South-
ern Denmark in 2010 who were not invited to participate
in the ROSE study. These women were age-matched with
the ROSE participants (ratio 1:1) and sampled with replace-
ment, allowing the possibility of selecting the same woman
more than once. No other matching factors were applied than
age, in order to maintain the group’s comparability with the
general population. Before matching, exclusions concern-
ing AOM treatment, diagnoses of cancer and Paget’s dis-
ease, and missing sociodemographic data were executed for
the age-matched general population (C). The age-matched
women from the general population (C) were assigned the
same baseline date as their matched ROSE participants (A
and B). Similar to the ROSE control group (B), the age-
matched women (C) underwent DXA scanning and received
treatment based on the standard case-finding approach used
in Denmark.

Clinical covariates and determinants obtained
from the ROSE questionnaire

Clinical data on ROSE participants was obtained from the
baseline questionnaire. We assessed the following clinical
determinants for adherence to treatment: previous fractures,
parental history of hip fracture, current smoking status,
rheumatoid arthritis, condition related to secondary osteo-
porosis as defined by the FRAX list, body mass index, early
menopause, increased fall-risk assessed as > one fall within
12 months, and long-term immobilization. In the ROSE
screening group, indication for AOM treatment based on
the DXA finding was also evaluated as a determinant for
adherence.

Covariates and determinants derived
from the national registers

We obtained data on baseline characteristics from the
Danish national registers for the entire study population
(group A, B, and C), which included age, cohabitation
status, disposable family income, and highest obtained
educational level in the household. We also obtained infor-
mation on number of redeemed co-medications (utilizing
the first three ATC characters), redeemed systemically act-
ing glucocorticoids (at least one redemption of medicine
with ATC code: H02ABO1-2, H02AB04-9, HO2AB10,
HO02AB13 disregard dose and duration), and redeemed
psychotropic medication (at least one redemption of medi-
cine with ATC code: NO5SA-C*, NO6* disregard dose and
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duration) in the year preceding baseline. We calculated
the Charlson comorbidity index (CCI) [22, 23] based on
ICD-10 hospital diagnoses recorded within the 15 years
preceding the baseline.

Outcome measures: anti-osteoporosis medications
(AOM)

We used a composite measure for AOM treatment that
included both treatment with tablets and injections. Infor-
mation on redeemed prescriptions of AOM was derived
from the Danish National Prescription Registry [19] and
information on AOM treatment provided during hospital
contacts was obtained through the Danish National Patient
Register [20]. ATC codes included GO3XCO1 (SERM),
MO5BAO1, MO5BAO4, MOSBA06, MOSBAO7, MO5SBBO03
(bisphosphonate), M05BX03, M05BX04 (other antire-
sorptives/mixed), and HOSAAOQ2 (parathyroid hormones
analogues). Procedure codes included BWHB40B (iban-
dronate), BWHB42 (denosumab), and BWHB40A (zole-
dronate). See Table SI1 for more information on applied
codes. We also utilized the date of filled prescription/pro-
cedure and the DDDs [24].

We evaluated long-term adherence employing the tax-
onomy suggested by Vrijens et al. [25]. Initiation of treat-
ment was assessed as the date the women claimed their first
AOM prescription or had their first hospital-record of AOM
treatment during the observational period (until December
31, 2021) and handled as a time-to-event variable. Imple-
mentation of the dosing regimen refers to the extent to
which a patient’s actual dosing corresponds to the prescribed
daily dose [26]. Implementation was operationalized as the
Medication Possession Ratio (MPR)=total days’ supply
of medication / number of days in the observation period
[27]. We considered MPR of < 80% as insufficient treatment
implementation (yes/no). The MPR was calculated at each
recorded treatment based on the cumulative days’ supply and
the total days in the period up to that point. The first occur-
rence of MPR < 80% was evaluated as a time-to-event vari-
able. Persistence with treatment is the time from initiation of
treatment until discontinuation, calculated as the number of
days a patient was in possession of a medication to the first
gap in the therapy of greater than 90 days. We assessed the
date of treatment discontinuation as a time-to-event variable.

During hospital admissions, routine treatments is gener-
ally continued, but not all treatments administered during
hospitalization are recorded in the registers. We considered
women as adherent during admissions. When evaluating
the overall treatment of AOM, we deemed women who
switched from one drug to another as adherent as long MPR
was retained above 80% or persistent until the first refill gap
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exceeded 90 days. We did not assess adherence during medi-
cation re-initiation after MPR < 80% or discontinuation.

Entry date and follow-up

When studying initiation of AOM treatment, we assessed
time to first record of AOM treatment. Women in the ROSE
screening group who were eligible for a DXA scan (i.e. had
a FRAX > 15%) had their scan a median of 195 days after the
baseline date. To accommodate this left truncation, scanned
women entered the risk set at the scan date. For the remain-
ing women, we imputed an entry date using the median days
above. Supplementary Fig. SI1 shows the study diagram.

The analyses assessing the implementation (MPR) of
the dosing regimen and treatment persistence/discontinua-
tion were restricted to women who initiated AOM treatment
within 1 year after they were DXA scanned or an imputed
date (defined as the entry date above). For these analyses,
the women entered the analyses when they claimed their first
AOM prescription or had their first hospital-record of AOM
treatment. Supplementary Fig. SI2 shows the study diagram.

In time-to-event analyses, the study population was fol-
lowed until outcome occurred or the first censoring event:
diagnosis of cancer or Paget’s disease, death, emigration, or
December 31, 2021.

Statistical analysis

When assessing baseline characteristics, frequencies and
percentages were used to present binary and categorical
variables, while medians with interquartile range (IQR)
were used to summarize continuous variables. We calcu-
lated the cumulative incidence function (CIF) of initiation
of AOM treatment using the Aalen-Johansen estimator [28].
The survival probability of high treatment implementation
(MPR >80%) and persistence over time was computed using
the Kaplan—-Meier method. We studied the relative differ-
ences in adherence between the ROSE screening group (A),
the ROSE control group (B), and the age-matched general
population (C) using Cox regression models adjusted for
age at baseline (included as cubic splines) and CCI (0,
1,>2). We tested the proportional hazard assumption uti-
lizing log-log plots and by plotting Kaplan—Meier versus
predicted survival. To accommodate that the assumption was
not met for the Cox model assessing initiation, the analysis-
time was split at 1 year, 3 years, and 5 years. We also used
multivariate Cox regression models to examine the associa-
tion of determinants for initiation of treatment within the
first year of follow-up and determinants for discontinuation
(non-persistence) within the first year and second-tenth year
after initiation of treatment. The models were adjusted for
potential confounding variables specific to each determinant.

Estimates for the Cox regression models are presented as
hazard ratios (HRs) with 95% confidence intervals (95% CI).
The analyses were performed in StataMP18.

Registration and ethics

The ROSE trial is registered at ClinicalTrials.gov
(NCTO01388244) and approved by the Regional Commit-
tee on Health Research Ethics for Southern Denmark (jr.nr
S-20090127) and the Danish Data Protection Agency. The
analyses in this publication are post hoc analyses.

Results
Study population

After applying the exclusion criteria and restricting the pop-
ulation to ROSE participants with FRAX > 15%, 5864 from
the ROSE screening group (group A) and 5790 from the
ROSE control group (group B) were eligible for analyses.
An equal number of women from the age-matched general
population (group C) were included (n=11,654) (Fig. 1).
Table 1 presents the study population’s characteristics at
baseline. Women from the screening group (A) and the con-
trol group (B) were similar, except for a slightly higher pro-
portion of women with lower family income in the screening
group. The screening group (A) and the ROSE control group
(B) differed from women included in age-matched general
population (C) in that they were more often married, had
higher family income and educational level, and had lower
prevalence of psychotropic medicine use and comorbidities.

Effects of the ROSE screening programme
on adherence

Initiation of AOM

At 1 year after providing the questionnaire, 535 (9.1%) from
the screening group (A) had started AOM treatment. The
corresponding cumulative incidence proportion for initia-
tion in screened was 24 per 100 person-years accounting for
delayed entry (Fig. 2 and Figure SI3). By contrast, treatment
initiation in the same period was 1 per 100 person-years in
the ROSE control group (B) and 2.7 per 100 person-years in
the age-matched general population (C) (Fig. 2). The initial
route of administration of treatment was oral, and the first
line medication was almost exclusively alendronate. In rela-
tive terms, the screened (A) had a 9.5 times higher AOM
initiation rate (adjusted HR 9.50 (95% CI 7.16; 12.61))
compared to controls (B). There was an attenuation of this
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Table 1 Baseline characteristic
of the study population

A.ROSE B. ROSE C. Age-matched
screening: control: general popula-
FRAX>15% FRAX>15% tion

N=5864 N=5790 N=11,654

N (%) N (%) N (%)

Information from the registers
Age, median [IQR]
65-69
70-74
75+
Unmarried/living alone
Family income, low tertile

Household educational level, lower secondary

Co-medication, median [IQR]
Glucocorticoids

Psychotropic medication
CCI>2

72.0[69.0;76.0] 72.0[69.0;75.0] 72.08 [69.0;76.0]

1856 (31.7) 1847 (31.9) 3697 (32.4)
2181 (37.2) 2191 (37.8) 4315 (37.8)
1827 (31.2) 1752 (30.3) 3413 (29.9)
2091 (35.7) 2135 (36.9) 4791 (41.1)
1865 (31.8) 1724 (29.8) 4256 (37.3)
2992 (51.0) 2960 (51.1) 6622 (56.8)
4.0 [2.0;7.0] 4.0 [2.0;7.0] 4.0 [2.0;7.0]
381 (6.5) 373 (6.4) 710 (6.1)

1137 (19.4) 1089 (18.8) 2727 (23.4)
353 (6.0) 365 (6.3) 867 (7.4)

Information from the ROSE questionnaire

FRAX (MOF), median [IQR]
Previous fracture

Parental hip fracture

Current smoker

Rheumatoid arthritis

Condition related to secondary osteoporosis

BMI, < 19 kg/m®

BMI, median [IQR]

Early menopause
Increased fall-risk
Long-term immobilization

23.0[18.0;29.0]  23.0[18.0;29.0]

798 (13.6%) 749 (12.9%)
1025 (17.5%) 1048 (18.1%)
935 (15.9%) 949 (16.4%)
370 (6.3%) 388 (6.7%)
1437 (24.5%) 1444 (24.9%)
397 (6.8%) 439 (7.6%)
24.8[22.5;27.5] 24.7[22.4;27.5]
1375 (23.4%) 1326 (22.9%)
386 (6.6%) 434 (1.5%)

883 (15.1%) 858 (14.8%)

CCI, Charlson comorbidity index; BMI, body mass index. Women with missing data on covariates/baseline
characteristics were excluded from the study population. Thus, missing data is not presented in the table

difference over the next 3 years. The ROSE controls (B)
and age-matched general population (C) were overall com-
parable with regard to initiation (Fig. 3 and Supplementary
Table SI3).

Implementation (MPR) and persistence/discontinuation
of AOM

The analysis of treatment implementation (MPR) and per-
sistence/discontinuation included 801 (13.7%) women
from the screening group (A) who began AOM medication
within 1 year after their DXA scan date. This was along-
side 123 (2.1%) women from the control group (B) and 256
(2.2%) women from the age-matched general population (C)
(Fig. SI3 and Supplementary Table SI2).

In all groups, more than half maintained an MPR >80%
during the first 5 years after initiation of AOM treatment,
and the proportion with MPR >80% remained above 40%
(>40 per 100 person-years) throughout the study period
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(Fig. SI4). No statistically significant differences in time
to insufficient implementation (MPR < 80%) were found
between any of the groups (Supplementary Table SI3).
Moreover, once treatment had been initiated, we observed
only minimal differences in persistence between the ROSE
participants. Hence, persistence 1 year after initiation was 83%
(83 per 100-person years) in screened (A) and 87% (87 per 100
person-years) in controls (B) (Fig. 2). The difference was not
statistically significant (Supplementary Table SI3). However,
the ROSE participants (A and B) had a 33-51% lower discon-
tinuation rate compared to the age-matched general population
(C) during the first year of follow-up (adjusted HR comparing
discontinuation in group A vs. C: 0.67 (95%ClI: 0.50;0.91) and
in group B vs. C: 0.49 (95% CI 0.28;0.86)) (Supplementary
Table SI3). All groups had a 5-year persistence of more than
40%, ranging from about 50% (51-52 per 100 person-years) in
ROSE participants (A and B) to 44% (44 per 100-person years)
in the age-matched general population (C) (Fig. 2 and Fig. 4).
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Treatment initiation and persistence

O ROSE screening FRAX215 (A)

100.0

90.0 83.1

ROSE control FRAX15215 (B)

80.0
70.0
60.0
50.0
40.0
30.0 243
20.0

10.0
1.0 2.7

0.0 [ |

Initiation at 1 year

Fig.2 Initiation of AOM at year one and persistence at years one
and five for (A) ROSE screening FRAX > 15 (white bar), (B) ROSE
control FRAX > 15 (light grey bar), and (C) age-matched general
population (dark grey bar). Treatment initiation was calculated by the
cumulative incidence function using the Aalen-Johansen estimator.
The analysis was adjusted for delayed entry. The entry date was the
DXA scanning date or an imputed date for non-scanned. Thus, only

Fig.3 Cumulative incidence
function: initiation of AOM
treatment over time for (A)
ROSE screening FRAX > 15
(solid line), (B) ROSE control
FRAX > 15 (dashed line), and
(C) age-matched general popu-
lation (dotted line)

10 20 30 40 50
L 1 1 1 1

Cumulative incidence per 100 person-years

0
1

Persistent at 1 year

@ Age- matched general population (C)

87.0

74.9

52.3 50.5

43.8

Persistent at 5 year

women who did not initiate AOM treatment, die, or emigrate before
the entry date were included in the risk set analysing AOM initiation.
Persistence was calculated by the survival probability using Kaplan—
Meier. Only women who initiated AOM treatment within 1 year after
the date of the DXA scan or an imputed date for non-scanned were
included in the analyses assessing treatment persistence

A ROSE screening FRAX>=15
B.ROSE control FRAX>=15 — — ——-
C.Age-matched general population =========--

1

T T T 1 T T T T

3 4 5 6 7 8 9 10

2
Analysis time (years) since provided ROSE questionnaire data

Plot: Cumulative incidence function estimated using Aalen-Johansen
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10 20 30 40 50 60 70 80 90 100

Survival propability per 100 person-years

0
]

A ROSE screening FRAX>=15
B.ROSE control FRAX>=15 — ———-

C.Age-matched general population =========--

I 1 T I I

0 1 2 3 4

I 1 1 T I T

5 6 7 8 9 10

Analysis time (years) since started treatment

Plot: Kaplan-Meier

Fig.4 Kaplan—Meier: probability of persistence of AOM treatment over time for (A) ROSE screening FRAX > 15 (solid line), (B) ROSE control
FRAX > =15 (dashed line), and (C) age-matched general population (dotted line)

Specific factors (determinants) associated
with treatment initiation and discontinuation

Determinants for initiation of AOM

We identified the following factors as significantly increas-
ing the rate of AOM initiation after 1 year in the screen-
ing group (A) (Supplementary Table SI4): prior fracture,
current smoking, BMI <19, and indication for AOM
treatment based on the DXA scan. By contrast, the AOM
initiation rate was significantly lower in obese women
and in those prescribed four co-medications or more. In
the ROSE control group (B) - where DXA was not auto-
matically requested in the presence of FRAX value over
15% - we observed a somewhat different pattern of AOM
initiation where the initiation rate was higher in women
with seven co-medications or more, glucocorticoid users,
those with one or more comorbidities or BMI < 19, with no
influence of prior fracture or smoking. In the age-matched
general population (C), only glucocorticoid use and having
one comorbidity were associated with an increased initia-
tion rate (Supplementary Table SI4).
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Determinants for discontinuation (non-persistence) of AOM

Immobilization, comorbidities, and co-medication were
the main determinants of short- and long-term discontinu-
ation. Hence, in the ROSE screening group (A), the use
of multiple additional medications (>4), the presence of
comorbidities (>2), and long-term immobilization were
associated with higher discontinuation rates within the
first year, indicating early discontinuation. In controls (B),
only co-medication was associated with higher discontinu-
ation rates within the first year, while no determinants of
early discontinuation were found in the age-matched gen-
eral population (C), but estimates were imprecise (Sup-
plementary Table SI5). Similar patterns were observed
for discontinuation after 2 years in the screening group
(A). For the control group (B), no determinants of late
discontinuation were found, while in the age-matched
general population (C), being unmarried/living alone and
co-medication were associated with higher discontinuation
rates after 2 years (Table 2).
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Table 2 Analysis of

determinants for discontinuation
of AOM (non-persistence)
during year 2-10 after initiation

A. ROSE screening:

B. ROSE control:

C. Age-matched

FRAX>15% FRAX>15% general population
Determinants HR (95% CI) HR (95% CI) HR (95% CI)
Age
65-69 1 (ref) 1 (ref) 1 (ref)
70-74 1.10 (0.88;1.36) 1.16 (0.66;2.02) 1.03 (0.69;1.54)
75+ 1.13 (0.90;1.42) 1.25(0.73;2.15) 1.18 (0.77;1.80)
Continuous 1.01 (0.99;1.03) 1.01 (0.96;1.06) 1.01 (0.97;1.05)

Unmarried/living alone
Family income (percentiles)

Low tertile

Middle tertile

High tertile
Household educational level

Lower secondary

Upper secondary

Post-secondary
Co-medication

0-3

4-6

>7
Glucocorticoids
Psychotropic medication
CCI

0

1

>2
Previous fracture
Parental hip fracture
Current smoker
Rheumatoid arthritis
Condition related to secondary osteoporosis
BMI

<19 kg/m?

20-24 kg/m?

25-29 kg/m?

>30 kg/m®
Early menopause
Increased fall-risk
Long-term immobilization

Indication for AOM treatment after DXA

0.87 (0.72;1.06)

0.99 (0.79;1.24)
1 (ref.)
0.81 (0.63;1.03)

0.89 (0.72;1.09)
1 (ref)
1.02 (0.76;1.37)

1 (ref.)

1.33 (1.06;1.66)
1.33 (1.04;1.71)
0.79 (0.53;1.19)
1.19 (0.93;1.51)

1 (ref)

1.51 (1.06;2.15)
1.82 (1.10;3.01)
1.26 (0.97;1.63)
1.03 (0.80;1.33)
1.00 (0.78;1.27)
0.91 (0.59;1.41)
1.04 (0.84;1.29)

1.14 (0.86;1.52)
1 (ref.)

1.07 (0.86;1.32)
1.34 (0.93;1.92)
0.98 (0.78;1.22)
1.17 (0.80;1.69)
1.36 (1.04;1.79)
1.13 (0.85;1.51)

1.08 (0.68;1.72)

0.68 (0.39;1.16)
1 (ref.)
0.71 (0.39;1.31)

0.48 (0.29;0.81)
1 (ref)
0.81 (0.39;1.69)

1 (ref.)

0.55 (0.27;1.13)
1.02 (0.56;1.85)
0.92 (0.49;1.74)
1.28 (0.72;2.27)

1 (ref)

1.24 (0.70;2.21)
1.27 (0.55;2.96)
0.51 (0.24;1.10)
1.61 (0.85;3.04)
1.39 (0.75;2.56)
1.07 (0.52;2.17)
0.95 (0.57;1.59)

1.36 (0.64;2.88)
1 (ref.)
1.23(0.71;2.14)
0.96 (0.42;2.20)
1.42 (0.87;2.33)
1.57 (0.67;3.64)
1.00 (0.54;1.86)
NE

1.46 (1.03;2.05)

1.24 (0.82;1.88)
1 (ref.)
1.14 (0.73;1.78)

0.62 (0.43;0.88)
1 (ref)
0.73 (0.41;1.31)

1 (ref.)

1.33 (0.87;2.05)
1.87 (1.21;2.91)
0.68 (0.39;1.20)
1.29 (0.83;2.02)

1 (ref)
1.34 (0.88;2.06)
1.61 (0.76;3.43)

CClI, Charlson comorbidity index; BMI, body mass index; NR, not reported due to insufficient numbers;
NE, no estimate

Hazard ratios (HR) were estimated using Cox regression. The estimates are presented with 95% confidence
intervals (95% CI)

No potential confounders were identified for age, parental hip fracture, and early menopause

Assessing marital status and family educational level as risk factors, the analyses were adjusted for age.
Assessing family income as a risk factor, the analysis was adjusted for age and family educational level
Assessing BMI, current smoking status, CCI, and psychotropic medication as risk factors, the analyses
were adjusted for age, CCI, and family income

Assessing co-medication, glucocorticoids, previous fracture, rheumatoid arthritis, and condition related to
secondary osteoporosis as risk factors, the analyses were adjusted for age, CCI, family income, and family
educational level

Assessing fall risk and long-term immobilization as risk factors, the analyses were adjusted for age, CCI,
co-medication, family income, and family educational level

@ Springer



704

Osteoporosis International (2025) 36:695-706

Discussion

The population-based screening programme led to a rapid
and higher AOM initiation in screened compared to con-
trols, highlighting the ROSE programme’s effectiveness
in treatment uptake. We hypothesized that motivation to
maintain treatment adherence might be lower in those who
start treatment due to screening rather than seeking assess-
ment and treatment on their own. Reassuringly, persistence
in the ROSE screening group was similar to that in non-
screened AOM users, suggesting that screening-initiated
treatment does not reduce long-term adherence. Utiliza-
tion of an age-matched general population as a comparison
group, which was not influenced by being invited to the
ROSE trial or having completed the FRAX questionnaire,
confirmed the programme’s findings are applicable to the
background population.

An assessment of determinates of AOM initiation in the
ROSE study arms revealed distinct patterns. In the screen-
ing group, treatment initiation was to some extend influ-
enced by FRAX risk factors, such as smoking, prior frac-
tures, and BMI, which increased FRAX scores, prompting
DXA scans and subsequent treatment initiation. In con-
trast, the ROSE control group generally initiated treatment
(following DXA requested by their GP outside the ROSE
setup) if they were glucocorticoid users and had multiple
co-medications/comorbidities or low BMI. Age was not
a significant factor, likely due to the age-homogeneous
sample with FRAX > 15%. Furthermore, findings indi-
cated that women in the ROSE population with increased
co-medication usage and comorbidities, and who were
immobile, in particular, encounter challenges in maintain-
ing high adherence, as these factors occurred as significant
determinants for both early and long-term discontinuation.
Interestingly, similar findings were not observed in the
age-matched women from the general population. Dif-
ferences in indicated determinants may partly stem from
statistical imprecision within specific groups due to few
events. In addition, the restriction of ROSE participants to
those with FRAX > 15% may affect the generalizability of
findings regarding determinants for treatment discontinu-
ation to the general population.

Our study extends Hgiberg et al.’s 2019 [6] study on
AOM adherence in the ROSE screening programme by
doubling the follow-up period to approximately 10 years.
This longer follow-up enhances understanding of long-
term adherence and provides more resolving power for
identifying barriers to effective treatment. Unlike the ear-
lier study, which only assessed tablet forms of bispho-
sphonates and strontium ranelate (MO5 subgroups), we
evaluated a broader range of AOM treatments, including
tablets and injections, aligning more closely with current
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clinical practice. Despite these differences, both studies
consistently found no adherence differences between the
screening and control groups after medication initiation.

In a 2019 study [16], women aged 70-85 from the
SCOOP trial, assessing the effectiveness of an osteoporotic
screening programme, were followed for 5 years to evalu-
ate self-reported adherence. Like the ROSE study, treatment
recommendations were based on FRAX and DXA results,
and treatment allocation was not controlled by the trial.
However, in contrast to ROSE, screened women showed
higher adherence than controls after initiating treatment.

It remains concerning from a public health perspective
that over 40% of women meeting the national criteria for
osteoporosis treatment failed to complete 5 years of osteo-
porosis treatment, though adherence rates exceeded expec-
tations from the literature. For oral bisphosphonates, the
first line of osteoporosis treatment in Denmark, a system-
atic review [29] of 89 studies across 15 countries, reported
21-40% 3-year mean persistence, while we found 52%
completed 5-year treatment in the screening group. For par-
enteral osteoporosis therapies, another systematic review
[30] found persistence rates of 20-54% for the third dose
of zoledronic acid (equivalent to 3 years of treatment) and
55% for the fourth dose of denosumab (2 years of treatment,
weighted average of the studies).

Consistent with our findings, the SCOOP study found
that FRAX components were associated with increased like-
lihood of starting on AOM treatment [16]. A nationwide
Danish study by Hansen et al. [5], including individuals
aged > 35, found that increasing number of co-medications
used and the present of comorbidities were associated with
increased likelihood of being early quitter of AOM treat-
ment, supporting our findings. However, associations with
income, age, and fracture history seen in Hansen et al. [5]
were not observed in ROSE. A 2018 systematic review
showed that poorer adherence was mainly associated with
co-medications, no fall history, therapy-related factors, older
age, misconceptions about osteoporosis, care under different
medical specialties, lack of patient education and medical
insurance, and smoking [12].

A major strength of this study is its large population-
based randomized control trial design, which allowed us to
assess the ROSE programme’s effectiveness in a real-world
setting and compare it to standard care. Randomization
likely minimized bias from confounding, even though less
than one-third of the invited ROSE participants were eligible
for the analyses due to subsequent selection and restriction
to FRAX > 15%. Another important strength is that the Dan-
ish nationwide registers ensured nearly complete follow-up
and high-quality data on AOM treatment [19, 31]. Addi-
tionally, using dispensing data instead of prescribed drug
data may have reduced misclassification, although we cannot
confirm whether the subjects actually took the medication as
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prescribed. Finally, we could not account for planned drug
holidays, which typically occur after 3 to 5 years of bispho-
sphonate treatment in low-risk patients [32]. This limitation
may have led to an overestimation of insufficient implemen-
tation and discontinuation rates. On the other hand, persis-
tence beyond 5 years is probably preferable in many high
risk patients [33].

Conclusion

In conclusion, the ROSE screening programme significantly
increases treatment initiation in postmenopausal women
meeting Danish osteoporosis guidelines. Treatment persis-
tence was better than expected. The findings suggest that
being identified as a candidate for osteoporosis treatment
through a screening programme, rather than by actively
seeking an assessment from a general practitioner, does not
affect treatment implementation. However, particular atten-
tion should be given to the frailer subgroup of women who
are on polypharmacy, have significant comorbid conditions,
or have long-term immobilization, as these factors link to
poorer outcomes in terms of treatment discontinuation.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00198-025-07436-x.
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