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Abstract
Summary  Using a discrete choice experiment, we aimed to assess patients’ preferences with regard to adopting lifestyle 
behaviours to prevent osteoporotic fractures. Overall, the 1042 patients recruited from seven European countries were favour-
able to some lifestyle behaviours (i.e., engaging in moderate physical activity, taking calcium and vitamin D supplements, 
reducing their alcohol consumption and ensuring a normal body weight).
Introduction  Alongside medical therapy, healthy lifestyle habits are recommended for preventing osteoporotic fractures. In 
this study, we aimed to assess patients’ preferences with regard to adopting lifestyle changes to prevent osteoporotic fractures.
Methods  A discrete choice experiment was conducted in seven European countries. Patients with or at risk of osteoporosis 
were asked to indicate to what extent they would be motivated to adhere to 16 lifestyle packages that differed in various levels 
of 6 attributes. The attributes and levels proposed were physical activity (levels: not included, moderate or high), calcium and 
vitamin D status (levels: not included, taking supplements, improving nutrition and assuring a minimal exposure to sunlight 
daily), smoking (levels: not included, quit smoking), alcohol (levels: not included, moderate consumption), weight reduction 
(levels: not included, ensure a healthy body weight) and fall prevention (levels: not included, receiving general advice or 
following a 1-day fall prevention program). A conditional logit model was used to estimate a patient’s relative preferences 
for the various attributes across all participants and per country.
Results  In total, 1042 patients completed the questionnaire. Overall, patients were favourable to lifestyle behaviours for 
preventing osteoporotic fractures. However, among the lifestyle behaviours proposed, patients were consensually not prone 
to engage in a high level of physical activity. In addition, in Ireland, Belgium, the Netherlands and Switzerland, patients were 
also not inclined to participate in a 1-day fall prevention program and Belgian, Swiss and Dutch patients were not prone to 
adhere to a well-balanced nutritional program. Nevertheless, we observed globally that patients felt positively about reducing 
their alcohol consumption, engaging in moderate physical activity, taking calcium and vitamin D supplements and ensuring 
a normal body weight, all measures aimed at preventing fractures.
Conclusions  In a patient-centred approach, fracture prevention should take these considerations and preferences into account.
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Introduction

Osteoporosis and related fractures are a major cause of 
morbidity and mortality in older people [1, 2]. Since the 
incidence of osteoporosis is increasing each year and bone 
fractures are the third highest cause of becoming bedrid-
den, maintenance of healthy bones is an important factor in 

extending a person’s healthy lifespan [3]. To date, most of 
the evidence for osteoporosis treatment supports pharma-
cological intervention to improve bone mineral density and 
consequently bone health [4–6]. In 2019, Barrionuevo et al. 
[7] published a network meta-analysis showing the positive 
effects of more than 20 different pharmaceutical therapies 
on the prevention of vertebral fractures in postmenopausal 
women. Beside pharmaceutical therapies, healthy lifestyle 
habits are also recommended for preventing osteoporo-
tic fractures by various respected scientific societies—for 
example, the International Osteoporosis Foundation (IOF), 
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the European Society for Clinical and Economic Aspects 
of Osteoporosis, Osteoarthritis (ESCEO), the American 
College of Rheumatology (ACR), the American Society for 
Bone and Mineral Research (ASBMR) and the American 
Association of Clinical Endocrinologists (AACE) [6, 8–11].

Although bone density is largely determined by genetic 
factors, a number of lifestyle factors also play a role in the 
development or prevention of osteoporosis and osteoporosis-
related fractures, through their effects on bone development 
during years of growth and the rate of bone loss in later 
life. Numerous meta-research studies and expert consensus 
have highlighted the positive role of diet, physical activ-
ity and other healthy lifestyle behaviours in ensuring good 
skeletal health throughout life and preventing osteoporosis 
and osteoporosis fractures [12–15].

Despite the well-known role of healthy lifestyle habits 
on bone health and on health in general, many people do 
not heed the advice of their healthcare professionals and 
do not adopt recommended preventive health measures. 
Physician and patient factors play a role in explaining this 
implementation gap. From the patient’s perspective, willing-
ness to accept preventive strategies for bone health may be 
associated with multiple factors such as personal experience 
with osteoporosis, socioeconomic status, health literacy, 
communication and one’s relationship with the healthcare 
professional, perceived confidence in one’s own ability to 
change behaviour, including the ability to overcome barriers, 
lack of support from family/surroundings, work schedule 
or phycological distress [16–19]. It seems therefore essen-
tial to understand patient preferences and needs for optimal 
lifestyle management of the disease. Understanding and 
quantification of a patient’s preferences regarding healthy 
lifestyle regimens may lead to tailored programs rather than 
using generic approaches. Individualised care can lead to 
improvement in patient satisfaction, in patient adherence to 
the healthy lifestyle habits, in patient health and ultimately 
in improved efficiency of healthcare system interventions.

Studies on patient preferences for adopting healthy life-
style behaviours have been performed for other diseases 
such as diabetes [20], obesity [21] and for colorectal cancer 
survivors [22], but no such studies have been developed for 
a population of patients suffering from or at risk of osteo-
porosis. Accordingly, in this study, we aimed to understand 
patients’ willingness to implement different regimens of 
lifestyle recommendation to prevent osteoporotic fractures.

Methods

Discrete choice experiment (DCE)

A DCE was used to examine patient preferences for life-
style adaptations to prevent osteoporotic fractures. In the 

DCE survey, patients were repetitively asked if (yes/no) 
they would closely implement 16 different lifestyle packages 
which were described by a set of attributes and levels (see 
below). By varying the levels within each attribute and ques-
tion, scenarios for each choice were developed; these are 
referred to as choice sets. The DCE was developed accord-
ing to the guidelines provided by the ISPOR Good Research 
Practice for Conjoint Analysis Task Force [23].

Identification and selection of attributes and levels

The attributes and levels were selected based on a scop-
ing literature review and discussion/validation by a dozen 
experts in osteoporosis and/or preference research. The 
final list of attributes and levels is available in Table 1. Six 
attributes were used in the DCE. The attributes and levels 
presented in the choice sets were the following: physical 
activity (levels: not included, moderate or high), calcium 
and vitamin D status (levels: not included, taking supple-
ments of vitamin D and calcium or adhering to a diet rich 
in milk products and fish and assuring a minimal daily 
exposure to sunlight), smoking (levels: not included or quit 
smoking), alcohol (levels: not included or moderate con-
sumption), weight reduction (levels: not included or ensure 
a healthy body weight) and fall prevention (levels: not 
included, receive general advice or attend a 1-day preven-
tion program). Common to each attribute was the level ‘not 
included’ (meaning this specific lifestyle behaviour would 
not be part of the lifestyle package).

If some categories were not relevant for respondents (for 
example ‘quit smoking’ when participant was already a non-
smoker), simply ignoring the attribute(s) was recommended.

Experimental design

The set of lifestyle recommendations to be presented to the 
respondents was based on an experimental design. Specifi-
cally, we used a Bayesian efficient design to maximise the 
D efficiency of the chosen choice sets using Ngene software 
(version 1.1.1, http://​www.​choic​emetr​ics.​com). A Bayesian 
efficient design aims to maximise the precision of the esti-
mated parameters of the attributes for a given number of 
choice tasks by incorporating a priori information about the 
sign and value of parameters. Parameter estimates deriving 
from a pilot study (n = 10) were used as a priori information 
to construct the choice sets. Fifteen different choice tasks 
were created in which respondents were asked, in each case, 
to inform whether they would implement the lifestyle recom-
mendation (yes/no). One of these choice tasks was repeated 
at the end of the choice tasks to assess the test–retest reli-
ability of respondents’ choices. Each respondent therefore 
received 16 choice tasks (these choice tasks are provided in 

http://www.choicemetrics.com
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ESM Appendix 1). An example of a choice task is shown 
in Fig. 1.

Questionnaire design

Originally, the questionnaire included two DCEs; one to 
assess patient preferences for osteoporosis medical therapy 
(data already published [24]), and the present DCE to assess 
patient willingness to implement different regimens of life-
style recommendation to prevent osteoporosis fractures. The 
questionnaire consisted of five parts: (1) a patient informa-
tion leaflet and informed consent; (2) the DCE to elicit pref-
erences for attributes of anti-osteoporosis drug therapy, (3) 
the DCE on lifestyle, including a description of the choice 
tasks, attributes, levels and an example of the choice task, 
and then the 16-choice tasks that participants had to fill in; 
(4) questions about the respondent’s demographic (e.g., age, 

gender, height, weight and education level), years since diag-
nosis of osteoporosis and other characteristics that could 
affect the participant’s willingness to accept lifestyle recom-
mendations (e.g., physical activity level, nutrition, smok-
ing and alcohol consumption) and (5) the difficulty of the 
task was estimated on a 7-point scale (1 = extremely easy to 
7 = extremely difficult).

The questionnaire was initially developed in English by 
a working group that included a patient, DCE experts and 
osteoporosis experts. The survey was then pilot-tested on a 
sample of 15 participants to check for any problems with 
interpretation and understanding. The questionnaire was 
then translated into three languages (French, Spanish and 
Dutch) by a medical translation company specialising in the 
translation of patient-reported outcome measures (Pharma 
Quest Ltd, Oxford, UK). Each translation was verified by 
our principal investigator for the country. The four languages 

Table 1   List of attributes and levels

Attributes Levels

Physical activity Not included
Walking for 15–20 min, 1–2 times per week (or equivalent physical activity such as jogging, climbing stairs, 

playing sports, doing aerobics or dancing)
Walking for 30–40 min, 3–4 times per week (or equivalent physical activity)

Calcium and vitamin D status Not included
Supplements (taking daily calcium and vitamin D tablets)
Nutrition (a diet rich in milk products and fish: at least two milk products per day (e.g., milk, cheese, yogurt) and 

fish at least two times per week) and exposure to sunlight (10 to 15 min per day, without using sunblock but 
taking care to avoid sunburn by keeping out of the strong midday sun)

Smoking Not included
Quit smoking

Alcohol consumption Not included
Moderation (not more than 2 units of alcohol daily. A unit of alcohol is equivalent to a medium-sized glass of 

wine, a tot of spirits or half a pint of beer)
Body weight Not included

To ensure a healthy body weight (avoid becoming overweight or underweight)
Fall prevention Not included

General advice (you receive a leaflet with general advice on avoiding falls, including removing objects from 
around the house that increase risk of falling)

To participate in a fall prevention program (a 1-day course that teaches you about the avoidable circumstances in 
which most people fall and also teaches you how to protect yourself when falling in order to reduce your risk of 
fracture)

Fig. 1   Example of choice task
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covered the languages spoken across the countries in our 
sample.

Study population and data collection and ethical 
approval

The study was conducted in seven European countries (Bel-
gium, France, Ireland, the Netherlands, Spain, Switzerland 
and the UK) between March and October 2012. Patients 
with or at risk of osteoporosis to whom medication (or life-
style behaviours) was at least proposed were consecutively 
recruited during outpatients’ clinics. The questionnaire 
was completed by the patient at the clinic, or at home and 
returned in a postage-paid envelope.

Approval for this study was obtained from the Medical 
Ethics Committee of the Academic Hospital Maastricht and 
Maastricht University. A team from this university coordi-
nated the project. Participants gave informed written consent 
according to the 1964 Helsinki declaration. Additional local 
ethics approval was obtained from those participating cen-
tres that required ethics approval for a DCE study, i.e., the 
Research Ethics Committee of Sligo University Hospital, 
the Southampton Joint Ethics Committee, the CEIC-Parc de 
Salut Mar (Committee of Ethics and Clinical Investigation) 
and the ‘Commission cantonale d’éthique de la recherche’ 
(CCER) of Geneva.

Sample size

Optimal sample size requirements for DCEs depend on the 
true value of the parameters estimated in the DCE, which 
are not known prior to undertaking the research [25]. For 
this reason, DCE sample size estimates are generally based 
on previous research, rule-of-thumb and budget constraints. 
Given the number of attributes included in the DCE, a mini-
mum of 100 patients per country was targeted, which was 
sufficient based on common rule-of-thumb for minimum 
sample size [26].

Statistical analyses

Questionnaires were included in the analysis if a respond-
ent completed all choice tasks. Respondent characteristics 
were analysed using descriptive statistics. The normality of 
the distribution of the quantitative parameters was inves-
tigated using the mean-median comparison, the histogram 
and quantile–quantile plot and tested with the Shapiro–Wilk 
hypothesis test. Results were expressed as numbers and fre-
quencies for qualitative variables and as mean and stand-
ard deviation (SD) or median and interquartile range (IQR, 
P25–P75) for quantitative variables.

Data derived from the choice tasks were analysed 
using Nlogit software (version 5) to assess preferences for 

attributes and levels. A conditional logit regression model 
(i.e., multinomial model) was used to estimate patient pref-
erences. We considered an attribute significant if a differ-
ence between at least two levels was significant. The model 
was run on the full study sample and per country. Subgroup 
analyses were also performed on gender (men vs women), 
age (< 65 years vs ≥ 65 years), diagnosis of osteoporosis (yes 
vs no), fracture (yes vs no) and treatment for osteoporosis 
(yes vs no). Effect coding was used to describe the levels 
within an attribute. In using effect coding, mean attributes 
are normalised to zero and preference weights are relative 
to the mean effect of the different levels of the attribute. The 
model assumed that all attributes have an independent influ-
ence on patient preference(s). A positive (negative) sign for 
a given level indicates that a level has a positive (negative) 
effect on utility compared to the mean effect of the attribute. 
The higher the coefficient, the more effect the coefficient 
has. A 95% CI around two levels that did not overlap indi-
cated that the differences between the preference weights 
were statistically different.

In addition, the relative importance of attributes (in per-
centage) was calculated, using the range method for all par-
ticipants and for the participants in each country. To calcu-
late the relative importance of each attribute, the difference 
between the highest and the lowest coefficient for the levels 
of each attribute was divided by the sum of all attributes’ 
specific level ranges.

Results

Patients’ characteristics

Globally, a total of 1042 patients fully completed the ques-
tionnaire and were included in the analysis, with samples 
varying between 91 and 244 patients per country. Respond-
ents’ sociodemographic and health characteristics are 
presented in Table 2. The respondents had a mean age of 
64.9 years, and 84.8% were female. Of all respondents, 
73.3% were diagnosed with osteoporosis, 52.9% were in 
treatment for osteoporosis and 48.2% reported a prevalent 
fracture. Most respondents reported that their current level 
of physical activity was high or moderate (i.e., 76.4% vs 
24.6% with low activity level), that they were well-nourished 
and had a balanced diet (i.e., 65% vs 25% with a bad or 
very poorly balanced diet), that they did not smoke (i.e., 
86.7% vs 13.3% were smokers) and that they did not drink 
3 or more units of alcohol per day (i.e., 93.8% vs 6.2% who 
drank more). We investigated the participants’ readiness to 
change and, among patients with a low level of physical 
activity, 21% were not ready to change; among patients with 
a poorly balanced diet, 22.1% were not ready to change; 
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among smokers, 28.1% were not ready to change and among 
drinkers, 28.8% were not ready to change (data not shown).

The average score of difficulty of the task was 3.08 
(country range: 2.43–3.64). A total of 91.3% of respondents 

(country range: 87.0–97.0%) chose the same alternative in 
the test–retest exercise.

Table 2   Patient characteristics

NA not available

Total 
(n = 1042)

UK (n = 97) Ireland 
(n = 197)

Belgium 
(n = 244)

the Neth-
erlands 
(n = 169)

France 
(n = 91)

Switzerland 
(n = 98)

Spain (n = 146)

Age (years, 
mean ± SD)

64.9 ± 11.0 70.1 ± 8.5 64.0 ± 12.0 66.9 ± 10.4 65.3 ± 10.8 66.8 ± 10.6 62.5 ± 9.3 58.5 ± 9.8

Female (%) 84.8% 91.7% 86.7% 80.8% 78.2% 90.9% 81.1% 90.7%
Height (cm, 

mean ± SD)
161.7 ± 10.6 160.6 ± 9.2 162.4 ± 7.8 159.8 ± 13.1 167.0 ± 7.4 159.2 ± 12.8 162.9 ± 8.5 159.3 ± 10.7

Weight (kg, 
mean ± SD)

65.0 ± 14.2 63.6 ± 14.7 68.7 ± 15.8 63.8 ± 12.5 70.9 ± 15.0 58.1 ± 10.0 60.2 ± 11.9 64.0 ± 13.8

Educational level
Primary 12.2% 3.1% 19.6% 9.1% 9.9% 4.5% 10.2% 22.1%
Some high 

school
27.8% 54.6% 24.7% 35.1% 25.8% 31.5% 14.3% 11.4%

High school 
graduate

29.5% 19.6% 29.9% 29.8% 37.1% 13.5% 36.7% 31.4%

College or 
university

30.4% 22.7% 25.8% 26.0% 27.1% 50.5% 38.8% 35.0%

Diagnosis of 
osteoporosis

73.3% 93.8% 45.4% 89.1% 71.1% 94.3% 93.3% 47.5%

Years since 
osteoporosis 
(mean ± SD)

7.44 ± 6.8 8.8 ± 6.5 5.4 ± 5.2 8.0 ± 6.1 5.1 ± 5.7 8.9 ± 8.9 7.3 ± 5.7 8.3 ± 9.1

With prior 
fracture

48.2% 58.8% 43.7% 47.1% 54.4% 69.2% 51.0% 26.7%

Currently in 
osteoporotic 
treatment

52.9% 66.0% 36.0% 66.8% 45.6% 62.6% 68.4% 35.6%

Current level of physical activity
Very active 35.3% 28.9% 26.9% 32.1% 48.4% 42.0% 30.9% 41.3%
Moderately 

active
45.1% 58.8% 46.7% 43.5% 34.6% 47.7% 50.5% 42.0%

Occasionally 
active

12.5% 7.2% 17.3% 12.2% 10.5% 9.1% 11.3% 15.2%

Inactive 7.1% 5.2% 9.1% 12.2% 6.5% 1.1% 7.2% 1.4%
Current nutrition
Very good 26.6% 44.8% 38.6% 22.0% 16.1% 22.5% 26.3% 19.6%
Good 68.4% 52.1% 58.4% 73.0% 78.1% 71.9% 68.4% 73.2%
Bad 4.6% 3.1% 3.0% 4.6% 5.2% 5.6% 5.3% 6.5%
Very bad 0.3% 0% 0% 0.4% 0.6% 0% 0% 0.7%
Currently 

smoking
13.3% 10.3% 10.2% 12.6% 13.6% 3.4% 17.2% 24.5%

Drinking 3 or 
more units of 
alcohol daily

6.2% 2.1% 1.5% 7.8% 9.9% 5.8% 8.6% 7.6%

Test–retest 91.3% 90.6% 97.0% 89.8% 92.9% 89.0% 90.8% 87.0%
Task difficulty 

(range 1–7)
3.08 3.23 2.43 3.37 3.64 2.73 NA 2.91
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Patients’ preferences

The results of the conditional logit model are presented in 
Table 3. Figure 2 displays estimates of patient preferences 
for the global model. Overall, patients felt positively about 
lifestyle behaviours for preventing osteoporosis fractures 
(positive and significant coefficients of the constant in the 
global model as well as in all countries separately). Regard-
ing specific lifestyle behaviours in all countries, patients 
preferred moderate physical activity (i.e., walking for 
15–20 min, 1–2 times per week) compared with not involv-
ing physical activity in a lifestyle package. However, patients 
were not prone to engage in a high level of physical activity 
(i.e., walking for 30–40 min, 3–4 times per week or equiva-
lent). Regarding dietary nutritional behaviour, patients in 
all countries preferred taking daily calcium and vitamin D 
tablets over ensuring their diet was rich in calcium and vita-
min D. However, Irish, Belgian, Swiss, Dutch and Spanish 
patients were not prone to modifying their nutrition (i.e., a 
diet rich in calcium and consumption of fish at least twice a 
week) or to ensure exposure to sunlight for 10–15 min daily. 
In the UK, Belgium and the Netherlands, we observed that 
patients intended to reduce their alcohol consumption and 
quit smoking. As for healthy weight, patients in all coun-
tries showed their preference for maintaining healthy body 
weight and avoiding becoming overweight or underweight. 
Finally, patients from Belgium, the Netherlands, Spain and 
Switzerland were not willing to receive a leaflet with general 
advice on avoiding falls nor to participate in a fall preven-
tion program.

The relative importance of each attribute is reported in 
Fig. 3 overall and by country, where in all countries except 
Ireland, physical activity, fall prevention and calcium/vita-
min D status were the top three important attributes.

Subgroup analyses

Subgroup analyses revealed no significant influence of gen-
der, history of fracture and treatment of osteoporosis on 
patient preference for adopting lifestyle changes to prevent 
osteoporotic fractures. However, patients with a diagnosis of 
osteoporosis and patients aged 65 years or older were less 
prone to follow a lifestyle program (p = 0.03 and p < 0.001, 
respectively) (ESM Appendix 2).

Discussion

With this study, we show that globally, patients with or at 
risk of osteoporosis feel positively, in theory, towards under-
taking lifestyle behaviour actions to prevent osteoporotic 
fracture. They are particularly positive about engaging in 
light to moderate physical activity, taking supplements of 

calcium or/and vitamin D, reducing their alcohol consump-
tion and maintaining/ensuring a healthy body weight. How-
ever, they seem more recalcitrant about engaging in a higher 
level of physical activity (i.e., walking for 30–40 min, 3–4 
times per week), adhering to a diet rich in dairy products, 
consuming fish at least twice a week and ensuring exposure 
to sunlight for at least 15 min per day, as well as to partici-
pating in a 1-day fall prevention program.

In international guidelines and recommendations for 
osteoporosis management [6, 8–11, 27, 28], exercising is 
considered to be one of the best practices for managing 
osteoporosis and preventing fractures. Although the ben-
efits of exercising are clear with regard to osteoporosis, it is 
not surprising to observe, in our preference study, a positive 
intention from patients to engage in light to moderate physi-
cal activity and a more negative intention regarding a higher 
level of physical activity. Indeed, it is challenging for many 
people with or at risk of osteoporosis to initiate and adhere 
to an exercise program [29, 30]. A recent survey investigated 
exercise preferences for people with osteoporosis and identi-
fied barriers and facilitators for such preventive behaviours 
with regard to osteoporotic fracture [31]. Among the most 
common reasons for not being able to exercise and maintain 
an exercise program, patients cited pain when exercising, not 
liking exercise, fear of injuries but also the weather or the 
presence of concomitant diseases besides their osteoporo-
sis that prevent them from exercising. This same study, on 
patient’s preferences, underlined that participants preferred 
exercising at home in the morning, on their own sched-
ule, with easy to perform exercise, slow paced and easy to 
remember. Patients also reported the importance of social 
support, even if they preferred exercising alone. Taking all 
those patient preferences into account when proposing exer-
cises to protect their bone health could lead to higher initia-
tion of and adherence to a physical activity program.

In addition to exercising, dietary measures should also 
be considered for any patients suffering from or at risk of 
osteoporosis. Recommendations include a daily calcium 
intake of between 800 and 1200 mg and sufficient dietary 
proteins, ideally achieved through dairy products [6, 8, 32, 
33]. Consumption of cheese and yogurt, for example, has 
been shown to reduce risk of hip fracture, through a recent 
meta-analysis pooling data from 18 individual studies [34]. 
Calcium and vitamin D supplementation is appropriate if 
dietary intake is insufficient [6, 8, 32, 35]. The present study 
shows that patients seem more favourable to taking vitamin 
D and calcium supplements over ensuring that their diet is 
rich in calcium and vitamin D, through the consumption of 
dairy products and fish. Literature reveals contrasting views 
on that. On the one hand, a recent population-based survey 
has accurately underlined a preference for lifestyle behav-
iours over medications for patients, especially for women, 
non-smokers and physically active participants [18]. Taking 
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medicines or supplements may be considered as intrusive 
in daily living, and is accompanied with the fear of side 
effects, as well as changing the subject’s self-concept from 
that of a healthy person to a sick person [36]. All of these 
reasons usually impede initiation to treatment. On the other 
hand, diet modification has always been considered to be 
challenging for humans. Moreover, ageing is also associated 
with a certain decline in food intake, loss of appetite/ano-
rexia and loss of the motivation to eat [37, 38]. The source 
of this anorexia is multifactorial and includes physiologi-
cal changes but also the environmental and social modifi-
cations that come with ageing [37, 38]. Moreover, ageing 
has a negative effect on calcium and vitamin D absorption 
[39] and higher consumption of dairy products and fish is 
therefore necessary for this population to achieve the rec-
ommended levels, a course which is not always acceptable 
for patients. Therefore, it seems ‘easier’ and an acceptable 
alternative to take daily supplements. In our study, we found 
that patients in every country preferred taking vitamin D and 
calcium supplements over ensuring their appropriate dietary 
consumption, with the exception of the UK. However, we do 
not have a strong hypothesis to explain that UK participants 
seem more favourable than participants from other countries 
to ensure adequate consumption of vitamin D and calcium 
via diet.

Among the lifestyle behaviours investigated in our study, 
we also investigated whether participants were willing to 
receive either advice on fall prevention or to participate in 
a 1-day fall prevention course. Consensually, all countries 
were not willing to attend a 1-day fall prevention course. 
It has already been shown that participation rates in a fall 
prevention program are usually low [40]. Older adults may 
be not aware of their risk of falling, may perceive a fall pre-
vention program as being irrelevant or may simply not be 
inclined to participate in a fall prevention program due to 
personal factors (e.g., transportation, costs) [41]. A good-
quality doctor-patient communication should be prioritised 
here to make patients aware of their individual risk of falls. 
Accordingly, providing participants with advice on reducing 
the risk of falling could be a good start. A former best–worst 
scaling performed with prostate cancer survivors has indeed 
revealed that patients preferred receiving advice on health 
through one-to-one discussion with their healthcare profes-
sional over group discussion, email or telephone conversa-
tions [42].

Other lifestyle behaviours have been investigated in the 
current study, such as reducing alcohol consumption, quit-
ting smoking and ensuring a healthy body weight. Globally, 
these recommendations were not considered as the most 
important ones for participants as their relative importance 
was, respectively, 5.6%, 1.7% and 5.9% in the global model, 
partly resulting from the small percentage of smokers or with 
the relative importance of alcohol consumption. Reducing 

alcohol consumption seems to be acceptable for most of the 
participants. With the exception of patients from Spain, all 
coefficients of other countries were positive. Nor were Span-
ish patients prone to quit smoking. In Spain, the prevalence 
of smokers is the highest (i.e., 25% of the sample) which 
may explain the higher non-acceptance for changing this 
lifestyle behaviour. However, smoking cessation is impor-
tant in osteoporosis/osteoporosis fracture prevention. Evi-
dence has shown that tobacco may cause an imbalance in 
the mechanisms of bone turnover, reducing bone mass and 
bone mineral density [43–45]. Similar to alcohol consump-
tion, a recent meta-analysis underlined a linear relationship 
between the consumption of alcohol and the risk of osteopo-
rosis, with higher risk for persons who consumed more alco-
hol. For example, persons consuming two drinks or more 
per day had 1.63 times the risk of developing osteoporosis 
compared to non-drinkers [46]. Finally, participants were 
asked if they would accept ensuring a healthy body weight, 
defined by avoiding becoming overweight or underweight. 
In our study, patients seem favourable to this recommenda-
tion. In literature, the relationship between body mass index 
(BMI) and the risk of fracture is still obscure and complex. 
The risk may differ across skeletal sites and seems modified 
by the interaction between BMI and bone mineral density 
(BMD). At a population level, different meta-analyses have 
underlined that a high BMI (as well as obesity) seem to be a 
protective factor for most sites of fragility fracture [47–49]. 
On the contrary, low BMI seems to increase fracture risk, 
possibly because low BMI is associated with low BMD, 
less soft tissue and muscle weakness [50]. So, underweight 
should definitely be avoided, but the public health message 
about overweight as a protective factor for fractures remains 
complex.

Limitations and future perspectives

As all studies, our study has a number of limitations that 
should be considered when interpreting the results. First, 
an inherent limitation of a DCE is that it assesses hypo-
thetical behaviours. Even if patients claimed to be favour-
able towards some lifestyle behavioural changes, none could 
guarantee that they would implement such a choice in real 
life. While DCEs are widely used, social desirability may 
also have a disturbing role in these studies. A future study 
comparing stated preferences with actual choice data in oste-
oporosis would be interesting to elicit potential differences 
between theoretical choices and real choices. Moreover, the 
quantitative approach of a DCE does not allow in-depth 
investigation of all the personal reasons (beliefs, experi-
ence, etc.) underlying why patients do not want to adhere to 
lifestyle programs. Further qualitative research may provide 
additional important data to better and deeper understand 
patient preferences and expectations for lifestyle programs. 
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Nevertheless, the present study does provide initial and use-
ful information for optimal non-pharmaceutical osteoporo-
sis management. Awareness of variation in preferences for 
lifestyle is very insightful for healthcare professionals when 
starting communication with a patient regarding lifestyle. 
Second, data collection was performed in 2012, 10 years 
ago. Health behaviours could vary across years, with devel-
opments in health/scientific research and improvement in 
treatments. It cannot be excluded that patient’s preferences 
could have changed over the course of years. However, the 
recommendations addressed in our study are still the most 
important recommendations from current scientific entities. 
Third, although we conducted a large international study, we 
included only western European countries. The extrapolation 
of our results to countries from eastern European countries 
and outside Europe may be uncertain, especially as patients 
from these countries may have different socio-economic, 

medical and cultural backgrounds and thus other preferences 
for lifestyle interventions. Moreover, in most countries, the 
study was conducted in only one centre, which could reduce 
the generalisability to the whole country. Still in the same 
vein, we investigated differences between countries, but 
did not go further to investigate the influence of latitude or 
season of the year on some of the attributes (e.g., willing-
ness to engage in physical activity, willingness to ensure a 
minimum exposure to sunlight). Finally, to optimise patient’s 
completion of the questionnaire and efficient designs for 
analyses, we used a limited number of attributes and levels 
in this DCE. Even if additional lifestyle behaviours could 
have been recommended, we had to limit our investigation 
around the attributes and levels that we considered to be the 
most important/relevant ones. It is highly probable that the 
use of other or additional attributes in this study may have 
led to different results.

Fig. 2   Estimates of patient pref-
erences for the global model
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Conclusions

Healthy lifestyle behaviours are an essential part of opti-
mal osteoporosis management. To our knowledge, this 
study is the first to assess patient preferences for lifestyle 
factors in preventing osteoporotic fracture. Results suggest 
that patients are favourable towards adapting some lifestyle 
behaviours to prevent osteoporotic fractures. In particular, 
patients seem willing to reduce their alcohol consump-
tion, engage in moderate physical activity, initiate calcium 
and vitamin D supplementation and ensure a normal body 
weight. In a patient-centred approach, clinicians should 
engage in a conversation with patients to ensure patients 
can make informed choices for lifestyle changes that fit 
their medical needs as well as their preferences and beliefs. 
Decision aids can support this decision process. This will 
be only the first step towards implementing desired lifestyle 
behaviour. Innovative interventions (e.g., computer-tailored 
e-health tools) to support behavioural change and thus 
strengthen adherence to the chosen lifestyle will be neces-
sary and are an area for future research in person-centred 
care in the prevention of osteoporosis.
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