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Abstract
Summary This study revealed patterns in osteoporosis patients’ treatment preferences, which cannot be related to socio-
demographic or clinical characteristics, implicating unknown underlying reasons. Therefore, to improve quality of care and
treatment, patients should have an active role in treatment choice, irrespective of their characteristics.
Introduction Patient centeredness is important to improve the quality of care. Accounting for patient preferences is a key element
of patient centeredness, and understanding preferences are important for successful and adherent treatment. This study was
designed to identify different preferences profiles and to investigate how patient characteristics influence treatment preferences of
patients for anti-osteoporosis drugs.
Methods Data from a discrete choice experiment among 188 osteoporotic patients were used. The hypothetical treatment options
were characterized by three attributes: treatment efficacy, side effects, and mode/frequency of administration. A mixed logit
model was used to measure heterogeneity across the sample. Subgroup analyses were conducted to identify potential effect of
patient characteristics. Latent class modeling (LCM) was applied. Associations between patients’ characteristics and the identi-
fied latent classes were explored with chi-square.
Results All treatment options were important for patients’ decision regarding osteoporotic treatment. Significant heterogeneity
was observed for most attributes. Subgroup analyses revealed that patients with a previous fracture valued efficacy most, and
patients with a fear of needles or aged > 65 years preferred oral tablets. Elderly patients disliked intravenous medication. Three
latent classes were identified, in which 6-month subcutaneous injection was preferred in two classes (86%), while oral tablets
were preferred in the third class (14%). No statistically significant associations between the profiles regarding socio-demographic
or clinical characteristics could be found.
Conclusions This study revealed patterns in patients’ preferences for osteoporosis treatment, which cannot be related to specific socio-
demographic or clinical characteristics. Therefore, patients should be involved in clinical decision-making to reveal their preferences.
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Introduction

Patients’ preferences regarding osteoporosis treatment are im-
portant when aiming for successful treatment. It is well known
that adherence to anti-osteoporosis medications is suboptimal,
resulting in decreased treatment benefits and increased costs
[1, 2]. Patients, whose individual beliefs, values, and prefer-
ences regarding anti-osteoporosis medications have been tak-
en into account during the decision-making process, experi-
ence better quality of care andmay reveal better adherence [2].
Therefore, in order to optimize the treatment benefits, pa-
tients’ preferences have to be investigated and to be incorpo-
rated within clinical guidelines and policy decisions [3, 4].
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In a recent study, patients’ preferences for osteoporosis
treatment were studied in seven European countries, by means
of a discrete choice experiment (DCE) [5]. This study revealed
that different treatment aspects, i.e., efficacy, safety, and mode
of administration, were important for patients with osteoporo-
sis within the seven countries. There was however a large
heterogeneity within as well as between countries. The impact
of individual patient characteristics on preferences were not
assessed in this study, although it is known that background
characteristics such as age, gender, or clinical factors (e.g.,
prior fracture) could potentially influence patients’ prefer-
ences [6]. Further research investigating presence of differ-
ences between potentially relevant subgroups could therefore
be of importance, as emphasized by Laba [7]. On a same line,
latent class models are nowadays increasingly used to model
preference heterogeneity in health [8]. In latent class models,
respondents are classified into different subgroups based on
their response on choices or alternatives and such models
could thus allow the identification of different profiles of
respondents.

Understanding preference heterogeneity and the potential im-
pact of covariates on patients’ preferences could provide relevant
information for clinicians to optimize osteoporosis care. The aims
of this study were therefore to identify single patient characteris-
tics that influence preferences for anti-osteoporotic drugs and to
explore existence of profiles of patient profiles of preferences for
osteoporotic drugs and to investigate how patient characteristics
influence treatment profiles.

Methods

Data from the Dutch patients who participated in the European
DCE (n = 188) were used [5]. Patients with, or at risk for,
osteoporosis to whom medication or lifestyle changes were
proposed were recruited at the osteoporosis or rheumatology
outpatient clinics. In a paper-based questionnaire, patients
were asked to make a series of hypothetical choices between
two unlabeled drug alternatives that varied along several attri-
butes of interest (and a no treatment option). The three attri-
butes in the European DCE were (I) efficacy of the treatment,
(II) side effects, and (III) mode and frequency, fixed in a pre-
specified number of combinations, of administration [9, 10].
Additional information regarding the selection of attributes,
experimental design, recruitment, questionnaires, and data
analysis can be found in previous publications [5, 11]. The list
of attributes and levels as well as an example of a choice task
can be found in Fig. 1.

The paper-based questionnaires contained 16 choice tasks.
In addition, several questions regarding patients’ characteris-
tics were included. Socio-demographic (age, gender, educa-
tional level, household size, household net monthly income),
medical (self-reported osteoporosis, using anti-osteoporosis
medication, ulcer, and/or gastro-intestinal (GI) problems),
and other characteristics (body mass index (BMI), patient’s
perceived wellbeing (measured with a VAS (visual analog
scale)), problems taking medication orally, afraid of needles)
were collected.

Fig. 1 Attributes, levels, and an example of a choice task
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Statistical analysis

Various statistical methods were used to explore heterogeneity
in patient’s preferences, as described below.

First, a mixed logit model (MXL) was used which allows to
measure heterogeneity within the entire sample [12]. This
model allows model parameters (preferences) to vary in the
population. The variation is quantified by a random parameter
characterized by amean (β) and standard deviation of the error
term (η) to capture the parameter’s distribution. If the standard
deviation is significantly different from zero, this is interpreted
as evidence of significant preference heterogeneity for the
attribute/level in the sample. The random parameter for the
attribute Befficacy^was drawn from a log-normal distribution,
this allows us to constrain the parameter estimate to be posi-
tive [12]. All other random parameters were drawn from a
normal distribution. The estimation was conducted using
2000 Halton draws. The mixed logit model identifies attri-
butes for which there is significant preference heterogeneity,
but it does not explain why this heterogeneity exists.

The attribute Befficacy^ was analyzed as a continuous var-
iable. All other attributes were included as effects-coded cat-
egorical variables. Instead of using dummy coding, we used
effect coding, a technique in which the effects are not directly
correlated to the intercept and the effect of the reference value
is the negative sum of all other characteristics. For the attribute
side effects, gastro-intestinal problems were used as the refer-
ence value while weekly tablets were used as reference for
mode of administration [13–15]. A positive regression coeffi-
cient (beta) suggests that patients prefer an increase of a level
within an attribute, whereas a negative coefficient suggests
that patients prefer a decrease of a level within an attribute.
To facilitate interpretation of the coefficient, the importance of
each attribute was defined as the difference between the
highest and lowest coefficients of each attribute divided by
the total sum of these differences [16].

Second, to understand the potential sources of preference
heterogeneity, subgroup analyses were conducted including
the following covariates that were considered during the de-
sign phase of the study as potentially relevant for future sub-
group analyses: gender (male vs. female), age (< 65 years of
age vs. ≥ 65 years of age), having suffered from a prior frac-
ture (suffered a fracture vs. did not suffered from a fracture),
and fear of needles. Joint models were estimated using inter-
action terms to investigate significant difference among peo-
ple with different characteristics.

Third, a latent class model (LCM) was used to identify
preference profiles of patients. A LCM relates a set of ob-
served data (the preferences as reported by the patients) to a
set of unobserved (latent) data, and resulting in classification
of patients in latent in classes, based on their responses on
during the DCE. As a result of using unobserved data, the
chance of a Type I error (unjustified rejecting a null

hypothesis) will be reduced [17]. In addition, a LCM has the
advantage that it allows to classify patients into classes, which
represent a subpopulation in the study population, rather than
compare patients on an individual level [18]. The LCM can
also be used to explore if covariates (such as gender or having
a previous fracture) influence the probability to belong to a
particular class. Class membership is latent in that each re-
spondent belongs to each class up to a modeled probability
[19]. Therefore, a LCM is a suitable tool to gain insight into
the existence and number of classes in the respondent sample,
based on their treatment preferences instead of, e.g., clinical or
socio-demographic characteristics. To determine the number
of classes, the model with the best fit explained based on
Akaike’s Information Criterion (AIC) was selected [20].
Patients were allocated to the latent class in which the patient
had the highest fit.

Finally, we investigated if the latent classes differed accord-
ing to all the patients’ characteristics described above. Since
the parameters were categorical, chi-squared tests were used
to test whether parameters significantly differed across latent
classes. The data were dichotomized or stratified when possi-
ble. For the chi-square analysis, a significance level of < 0.05
was regarded as statistical significant. The MXL and LCM
were build and analyzed with the software package of Nlogit
V.5.28. The chi-square tests were analyzed with IBM SPSS
24™.

Results

Patient characteristics

Data of 188 patients were used. Patients were mostly female
(78%), with an average age of 66 years (SD 11, range 23–
88 years). Seventy percent of the patients had osteoporosis,
and 49% used currently anti-osteoporosis medication. Thirty-
eight percent of the patients suffered from a previous fracture
and 79% suffered from GI problems. The educational level of
60% of the patients was middle vocational education or
higher. Most patients had a household with one partner
(67%) and an average net income between 1500 and 2500
Euro monthly (42%). Almost half of the patients (49%) were
overweight or obese. More than 1 in 4 patients rated their
perceived wellbeing relatively poor, with a VAS score of <
50. Finally, 21% of the patients reported having fear of needles
and 93% of the patients reported some problems taking med-
ication orally. A summary of all patients’ characteristics can
be found in Table 1.

Mixed logit model

All attributes (efficacy, side effects, and mode of administra-
tion) were statistically significant. Efficacy was the most
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important attribute (relative importance 39%), followed by
mode of administration (relative importance 31%) and side
effects (relative importance 30%). Significant heterogeneity
was observed for most of the attribute parameters suggesting
variations in the levels of attributes. In general, patients fa-
vored skin problems and flu-like symptoms over GI problems.
In addition, the treatment options with the lowest frequency
were less favored than the same treatment options with a lower
dosage frequency. Patients preferred subcutaneous treatment
every 6 months andmonthly oral tablets more compared to the

other modes of administration. The results of the mixed logit
model can be found in Table 2. Given the significant standard
deviation for most coefficients, variations in preferences be-
tween patients were observed for all attributes,

Subgroup analyses

Subgroup analyses resulted in differences between the relative
importance of the attributes. Between the subgroups, side ef-
fects were the attribute of which the relative importance had

Table 1 Patient characteristics of the total sample (n = 188)

Demographic characteristics Age
(Mean, SD)

66 (10.85)

Gender
Female
Male
Missing

121 (78%)
34 (22%)
33

Socio-economic characteristics Educational level
Primary school
High school
Occupational education
College level
Missing

15 (9%)
51 (31%)
69 (42%)
30 (18%)
23

Household size (including patient)
1
2
> 2
Missing

36 (22%)
111 (66%)
20 (12%)
21

Household net monthly income
< 1500
1500–2500
> 2500

Missing

37 (25%)
64 (42%)
50 (33%)
37

Medical characteristics Self-reported osteoporosis
Yes
No
Missing

116 (70%)
50 (30%)
22

Suffered from a previous fracture
Yes
No
Missing

63 (38%)
101 (62%)
24

Using anti-osteoporosis medication
Yes
No
Missing

81 (49%)
84 (51%)
23

Ulcer or GE problems
Yes
No
Missing

133 (79%)
35 (21%)
20

Other characteristics Body mass index (BMI)
< 20 (underweight)
20–25 (healthy weight)
> 25 (overweight and obese)
Missing

10 (6%)
73 (45%)
79 (49%)
26

Perceived wellbeing (VAS)
< 0.50
0.51–0.75
> 0.75
Missing

25 (15%)
104 (61%)
41 (24%)
17

Problems taking medication orally
Yes
No
Missing

155 (93%)
11 (7%)
22

Afraid of needles
Yes
No
Missing

35 (21%)
134 (79%)
19
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the smallest range (range 28–68%). Efficacy (range 28–68%)
mode of administration (range 8–37%) showed wider ranges.
Within the subgroups, only few significant differences were
observed within the three subgroup analyses. First, patients
who have suffered from a previous fracture valued efficacy
more than patients who did not suffer from a previous fracture.
Second, older patients and patients with fear of needles disfa-
vor the treatment option with intravenous medication and they
favor monthly oral tablet more. In addition, for these patients,
mode of administration was the most important attribute and
side effects the least important attribute. For all other attri-
butes, no other significant differences were observed. The
summarized results are presented in Table 3. Detailed results,
including coefficient per subgroup and the significance of the
differences within the subgroups, are presented in Appendix
Tables 5, 6, 7, 8, and 9.

Latent class model

Three latent classes of patients were identified, one patient
could not be classified and was therefore excluded which re-
sulted in a sample of 187 patients. About 65% of patients were
allocated in latent class 1, 21% in latent class 2, and 14% in

latent class 3. Efficacy was deemed equally important for la-
tent class 1 and 2, and did not reach statistical significance in
latent class 3. GI problems were the most disliked side effect
in latent classes 1 and 2, and skin problems the most disliked
side effect in the latent class 3.

In class 1, subcutaneous injections every 6months andmonth-
ly tablets and annual intravenous administration of themedication
were the most preferred mode of administration. For the latent
class 2, subcutaneous injections every 6 months were the pre-
ferred mode of administration. In class 3, monthly and weekly
oral tablets were preferred while the subcutaneous injections ev-
ery 6 months were a mode of administration patients disliked.
Finally, for each mode of administration, the option with the
lowest dosage frequency was favored in all latent classes.

Chi-square analysis

When assessing the differences of the individual patient char-
acteristics between the latent classes, no statistical significant
differences were found. In Table 4, the patient characteristics
for the whole population and each individual latent class are
presented.

Table 2 Mixed logit model and latent class analysis

MXL LCM

Pseudo R squared 0.38 0.43

Log likelihood − 1883.78 − 1753.05
All patients (n = 187) Latent group 1: (n = 122) Latent group 2: (n = 39) Latent group 3: (n = 26)

Constant − 1.61*
(95% CI − 1.76/− 1.45)

0.77*
(95% CI 0.34/1.19)

− 0.97*
(95% CI − 1.70/− 0.24)

− 1.61*
(95% CI − 2.42/− 0.80)

Efficacy 2.34*
(95% CI 2.04/2.70)

1.07*
(95% CI 1.06/1.07)

1.05*
(95% CI 1.03/1.07)

1.01
(95% CI 0.99/1.03)

Side effects;
Gastro-intestinal problems 1

− 1.11 − 0.20 − 2.49 − 0.00

Side effects;
Flu-like symptoms

0.68*
(95% CI 0.46/0.90)

0.16*
(95% CI 0.06/0.27)

1.23*
(95% CI 0.90/1.57)

0.26
(95% CI − 0.10/0.63)

Side effects; on the skin 0.43*
(95% CI 0.24/0.63)

0.04
(95% CI − 0.06/0.14)

1.26*
(95% CI 0.92/1.60)

− 0.26
(95% CI − 0.64/0.11)

Tablet weekly1 − 0.26 − 0.31 − 0.38 0.77

Tablet monthly 0.66*
(95% CI 0.45/0.86

0.32*
(95% CI 0.16/0.49)

− 0.20
(95% CI − 0.65/0.24)

1.06*
(95% CI 0.63/1.49)

Subcutaneous 3 monthly − 0.04
(95% CI − 0.28/0.19

−0.10
(95% CI − 0.25/0.04)

0.33
(95% CI − 0.09/0.75)

−0.81*
(95% CI − 1.52/− 0.11)

Subcutaneous 6 monthly 0.56*
(95% CI 0.20/0.93)

0.37*
(95% CI 0.20/0.55)

0.55*
(95% CI 0.07/1.02)

−0.91*
(95% CI − 1.56/− 0.27)

Intravenous 3 monthly − 1.18*
(95% CI − 1.52/− 0.84)

− 0.51*
(95% CI − 0.74/− 0.28)

− 0.50*
(95% CI − 0.93/− 0.06)

− 0.47
(95% CI − 1.12/0.18)

Intravenous 12 monthly 0.26
(95% CI − 0.07/0.60)

0.23*
(95% CI 0.02/0.44)

0.20
(95% CI − 0.16/0.55)

0.37
(95% CI 0.21/0.94)

1 Reference value

*Significance relevant outcome (p ≤ 0.05)
CI confidence interval

Osteoporos Int (2020) 31:85–96 89



Discussion

In this study, the influences of patient characteristics and het-
erogeneity among osteoporosis patients on preferences for os-
teoporosis treatment were investigated. The population
consisted of a heterogeneous group of patients, who considered
the three attributes (1, efficacy; 2, mode (including frequency)
of administration; and 3, side effects) of importance. For the
attribute mode of administration, there was little difference be-
tween the subgroups. The wide range of relative importance for
the attributes efficacy and side effects suggests a trade-off be-
tween efficacy and mode of administration within the sub-
groups. In addition, there were only limited variations in pref-
erences between subgroups (age, gender, and having suffered
from a previous fracture). Patients aged ≥ 65 preferred oral
medication over intravenous medication. Patients whom have
suffered from a previous fracture valued efficacy of medication
more than patients without a previous fracture. There was no
difference in preference between genders. In addition, three
latent classes, each with its own pattern in treatment prefer-
ences, based on the patient preferences, were identified.
Patients were not evenly distributed over these three classes,
about two-third of patients were allocated in one class.

In two out of three latent classes, GI problems were the
most disliked side effect, which is comparable with the results
of Hiligsmann et al. [5, 11], and subcutaneous injections every
6 months were the preferred mode of administration. In the
third latent class, skin problems were the most disliked side
effect and oral tablets were the preferred mode of administra-
tion. To our knowledge, few studies have investigated the
impact of covariates on preferences of osteoporosis medica-
tion, none of them comparable to our study. Therefore, we

compare our outcomes with studies in which the preferences
of osteoporosis patients were studied. The findings
concerning other patient preferences were similar to the find-
ings of Weiss et al., who reported that patients value effective-
ness over mode and frequency of administration ofmedication
[21]. Our findings are however in contrast with Silverman
et al. who described that age, gender, educational level, and
income were associated with the preferred mode of osteopo-
rosis treatment administration [6, 22]. In this study, other pa-
rameters, such as ethnicity and age, were included. When
concerning frequency of administration, patients in latent clas-
ses 1 and 2 disliked weekly tablets which were also observed
in the preferred study [23]. This observation is important be-
cause currently weekly tablets are the preferred choice of treat-
ment according to the current osteoporosis guidelines, but thus
not the preferred treatment option by patients [24].

While it seems that the identification of the three latent
classes is of limited clinical value, since they are not directly
matched with the individual patient, it does have an important
implication. As different patterns in treatment preferences were
observed which cannot be related to socio-demographic or
clinical patient characteristics, it would thus be important in
the clinical decision-making to investigate the preference of
each individual patient and involve the patient in the choice
of treatment option which they feel suits their needs.

Involvement of patients in clinical decision-making could
reduce the burden of non-adherence. However, health care pro-
fessionals are not always able to provide patients with the proper
information [25, 26]. Therefore, to assist physicians and patients
with the choice regarding osteoporosis treatment and to enhance
therapy adherence by involving patients in the decision-making
process, a decision aid (DA) in which patients with osteoporosis

Table 3 Subgroup analysis
Subgroup analysis Gender Age Previous fracture Fear of needles

Parameter Female > 65 years Yes Yes

Constant

Efficacy +

Side effects

Gastro-intestinal problems * * * *

Flu-like symptoms

Skin problems

Mode of administration

Tablet weekly * * *

Tablet monthly + +

Subcutaneous 3 monthly

Subcutaneous 6 monthly

Intravenous 3 monthly

Intravenous 12 monthly – –

+ A statistical significant (p ≤ 0.05) preference for the option
− A statistical significant (p ≤ 0.05) dislike for the option
*Reference value, therefore unable to assess the statistical significant difference
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Table 4 Patient characteristics in the different latent classes

Group Chi-square test

Characteristics All patients
(N = 187)

Latent group 1
(N = 122)

Latent group 2
(N = 39)

Latent group 3
(N = 26)

p value

Age p = 0.49

< 65 82 (48%) 55 (51%) 18 (47%) 9 (38%)

> 65 88 (52%) 53 (49%) 20 (53%) 15 (63%)

Gender p = 0.96

Male 34 (22%) 23 (23%) 7 (21%) 4 (25%)

Female 120 (78%) 78 (77%) 26 (79%) 16 (75%)

Educational level p = 0.57

Primary school 15 (9%) 11 (11%) 3 (8%) 1 (4%)

High school 51 (31%) 35 (34%) 9 (24%) 7 (29%)

Vocational education 69 (42%) 40 (39%) 18 (46%) 10 (42%)

College 30 (18%) 17 (17%) 7 (19%) 6 (25%)

Household size p = 0.93

1 36 (22%) 22 (21%) 10 (26%) 4 (16%)

2 110 (67%) 67 (65%) 25 (66%) 18 (72%)

> 2 20 (12%) 14 (14%) 3 (8%) 3 (12%)

Income p = 0.59

< 1500 37 (25%) 19 (20%) 11 (31%) 7 (32%)

1500–2500 64 (42%) 40 (47%) 12 (34%) 8 (36%)

> 2500 49 (33%) 30 (33%) 12 (34%) 7 (32%)

BMI p = 0.48

< 20 (underweight) 3 (2%) 3 (3%) 0 (0%) 0

20–25 (healthy weight) 80 (49%) 50 (49%) 21 (58%) 9 (39%)

< 25 (overweight and obese) 78 (49%) 49 (38%) 15 (42%) 14 (61%)

Osteoporosis p = 0.63

Yes 116 (70%) 73 (71%) 28 (74%) 15 (63%)

No 49 (30%) 30 (29%) 10 (26%) 9 (38%)

Anti-osteoporosis medication p = 0.37

Yes 81 (49%) 47 (45%) 21 (57%) 13 (57%)

No 83 (51%) 57 (55%) 16 (43%) 10 (44%)

Prior fracture p = 0.36

Yes 63 (38%) 42 (40%) 11 (30%) 10 (48%)

No 100 (62%) 63 (60%) 26 (70%) 11 (52%)

Ulcer or GE problems? p = 0.56

Yes 132 (79%) 85 (80%) 27 (73%) 20 (83%)

No 35 (21%) 21 (20%) 10 (27%) 4 (17%)

Afraid of needles p = 0.33

Yes 35 (21%) 26 (24%) 5 (14%) 4 (17%)

No 133 (79%) 81 (76%) 32 (87%) 20 (83%)

Problems taking medication orally p = 0.55

Yes 154 (93%) 95 (92%) 36 (97%) 23 (92%)

No 11 (7%) 8 (8%) 1 (3%) 2 (8%)

Perceived wellbeing (VAS) p = 0.33

< 0.50 46 (27%) 32 (30%) 8 (21%) 5 (20%)

0.51–0.75 83 (49%) 52 (49%) 21 (55%) 10 (40%)

> 0.75 41 (24%) 22 (21%) 9 (24%) 10 (40%)
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can choose their preferred treatment could be a valuable addition
to current treatment [27–32]. In a DA, patients are often present-
ed with the full range of treatment possibilities and information
regarding the administration of the drug, effectiveness, and side
effects [33, 34]. Since preferences can differ over time, once a
patient has made decision patients should be followed up regu-
larly to check or the treatment is still in accordance with the
patients’ preferences [35].

This study has some potential limitations. First, there were
missing data, mainly concerning patient characteristics, espe-
cially for the socio-demographic parameters net household
income. Since the data-collection was anonymously conduct-
ed in 2012, we were unable to clarify inconsistent answers or
supplement missing data. Second, the low sample size for
some of the characteristics could potentially be a limitation.
Third, the questionnaires on patient characteristics and medi-
cal information were anonymously, self-completed by the pa-
tients and could not be cross-checked in, for example, medical
records. Fourth, not all relevant socio-demographic and clin-
ical characteristics were collected, such as ethnicity. The
FRAX (Fracture Risk Assessment Tool) score was also not
incorporated in the analysis due to the absence of data.
Knowledge of the risk of a new fracture could potentially
influence patient preferences [36].

In conclusion, this study revealed patterns in patients’ pref-
erences for osteoporosis treatment which cannot be related to
specific socio-demographic or clinical characteristics. This
implicates underlying causes for the preferences which were
not observed. This unique finding could be a potential entry
point for additional patient preferences research, revealing la-
tent causes influencing non-adherence.

While acknowledging the complexity of this matter and the
need for further investigation, the importance of improving ther-
apy adherence urges that patients should be offered a more ac-
tive role in the choice of treatment, tailored to their preferences,
fears, and believes, irrespective of their characteristics, or current
treatment protocol. Active involvement of patients, for example,
by using a decision aid, might lead to improved therapy
adherence.
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Appendix

Table 5 Subgroup analysis age

< 65 years > 65 years p value

Efficacy 3.28*
(95% CI 2.53/4.30)

1.58*
(95% CI 1.16/2.15)

0.00

Side effects;
gastro-intestinal problems1

− 1.35 − 1.31 N/a

Side effects;
flu-like symptoms

0.91*
(95% CI 0.44/1.39)

0.78*
(95% CI 0.49/1.07)

0.65

Side effects; on the skin 0.44*
(95% CI 0.07/0.81)

0.53*
(95% CI 0.28/0.77)

0.14

Tablet weekly1 0.37 0.04 N/a
Tablet monthly 0.65*

(95% CI 0.19/1.11)
0.69
(95% CI 0.46/0.92)

0.04

Subcutaneous 3 monthly − 0.18
(95% CI − 0.63/0.27)

− 0.08
(95% CI − 0.41/0.25)

0.68

Subcutaneous 6 monthly 0.58
(95% CI − 0.18/1.34)

0.50*
(95% CI 0.03/0.97)

0.93

Intravenous 3 monthly − 1.92*
(95% CI − 3.24/− 0.59)

− 1.22*
(95% CI − 1.65/0–.79)

0.17

Intravenous 12 monthly 0.49
(95% CI − 0.22/1.21)

0.07
(95% CI − 0.30/0.45)

0.03

*Significance level < 0.05
1 Reference value
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Table 6 Subgroup analysis gender

Female Male p value

Efficacy 3.53*
(95% CI 2.25/2.99)

1.86*
(95% CI 1.06/3.28)

0.00

Side effects;
gastro-intestinal problems1

− 1.45 − 1.06 N/a

Side effects;
flu-like symptoms

0.81*
(95% CI 0.54/1.08)

0.69
(95% CI − 0.14/1.52)

0.96

Side effects; on the skin 0.64
(95% CI 0.39/0.90)

0.37
(95% CI − .56/1.30)

0.38

Tablet weekly1 − 0.73 0.13 N/a
Tablet monthly 0.57*

(95% CI 0.26/0.87)
1.10*
(95% CI 0.24/1.96)

0.62

Subcutaneous 3 monthly 0.19
(95% CI − 0.10/0.47)

− 0.52
(95% CI − 1.33/0.29)

0.88

Subcutaneous 6 monthly 0.91*
(95% CI 0.46/1.35)

0.29
(95% CI − 0.72/1.30)

0.91

Intravenous 3 monthly − 1.52*
(95% CI − 1.97/− 1.06)

− 0.94
(95% CI − 2.24/0.36)

0.30

Intravenous 12 monthly 0.59*
(95% CI 0.14/1.04)

− 0.06
(95% CI − 1.39/1.27)

0.39

*Significance level < 0.05
1 Reference value

Table 7 Subgroup analysis prior
fracture No prior fracture Prior fracture p value

Efficacy 1.86*

(95% BI. 1.47/2.35)

2.42*

(95% BI. 1.75/3.35)

0.00

Side effects;

gastro-intestinal problems1
− 1.00 − 1.62 N/a

Side effects;

flu-like symptoms

0.64*

(95% BI. 0.35/0.61)

1.15*

(95% BI. 083/1.48)

0.96

Side effects; on the skin 0.35*

(95% BI. 0.10/0.61)

0.47*

(95% BI. 0.10/0.83)

0.38

Tablet weekly1 − 2.00 − 1.14 N/a

Tablet monthly 0.54*

(95% BI. 0.32/0.76)

0.69*

(95% BI. 0.27/1.10)

0.62

Subcutaneous 3 monthly − 0.20
(95% BI. − 0.30/0.26)

0.07

(95% BI. − 0.47/0.62)
0.88

Subcutaneous 6 monthly 0.47*

(95% BI. 0.11/0.84)

0.73*

(95% BI. -1.73 / -0.61)

0.91

Intravenous 3 monthly − 1.07*
(95% BI. − 1.52/− 0.62)

− 1.17*
(95% BI. − 1.73/− 0.61)

0.32

Intravenous 12 monthly 0.36

(95% BI. − 0.04/0.75)
− 0.12
(95% BI. − 0.83/0.59)

0.39

*Significance level < 0.05
1 Reference value
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Table 8 Subgroup analysis fear
of needles Fear of needles No fear of needles p value

Efficacy 4.85

(95% CI 4.55/5.16)

2.12

(95% CI 1.78/2.54)

0.83

Side effects;

gastro-intestinal problems1
− 0.74 0.02 N/a

Side effects;

flu-like symptoms

0.44

(95% CI − 0.35/1.22)
0.61

(95% CI 0.43/0.79)

0.96

Side effects; on the skin 1.30

(95% CI 0.68/1.91)

0.37

(95% CI 0.15/0.59)

0.28

Tablet weekly1 2.02 0.80 N/a

Tablet monthly 0.89*

(95% CI 0.17/1.62)

0.46

(95% CI 0.27/0.65)

< 0.01

Subcutaneous 3 monthly 0.01

(95% CI − 0.77/0.79)
− 0.08
(95% CI − 0.33/0.16)

0.75

Subcutaneous 6 monthly 0.49

(95% CI − 0.57/1.55)
0.39

(95% CI 0.04/0.75)

0.91

Intravenous 3 monthly − 2.01*
(95% CI − 2.96/− 1.33)

− 0.88
(95% CI − 1.94/− 0.57)

0.05

Intravenous 12 monthly − 0.40
(95% CI − 1.78/0.98)

0.31

(95% CI − 0.02/0.63)
0.16

*Significance level < 0.05
1 Reference value

Table 9 Relative importance of
attributes per subgroup Efficacy (%) Side effects (%) Mode of administration (%)

All patients 39 30 31

Females 37 31 33

Males 33 31 36

> 65 years 28 37 34

< 65 years 41 28 32

Fracture (yes) 36 32 32

Fracture (no) 34 39 26

Fear of needles (yes) 44 19 37

Fear of needles (no) 68 24 8
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