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Abstract
Summary This study aims to understand how osteoporosis medication acceptance varies across countries with differing 
guidance on treatment threshold and influence of clinical and demographic factors. A total of 79.2% accepted treatment at 
a fracture probability at or below the treatment threshold. Fracture history and age did not strongly impact acceptance, sug-
gesting a need for improved fracture risk communication.
Purpose This part of the Improving Risk Communication in Osteoporosis (RICO) study aims to understand patients’ willing-
ness to initiate osteoporosis treatment given a hypothetical fracture probability—derived from the FRAX® Risk Assessment 
Tool—and how age, fracture history, and numeric literacy may influence this.
Methods In 2022–2023, 332 postmenopausal women at risk of fracture were interviewed from nine countries to determine 
participants’ Fracture Risk Decision Point (FRDP), the lowest probability of major osteoporotic fracture at which they would 
accept an osteoporosis medication. Participants’ FRDP was evaluated given eight hypothetical 10-year FRAX scores.
Results In countries with FRAX-based treatment thresholds, over half of the participants per country reported an FRDP that 
was below the threshold. Collectively, 79.2% demonstrated FRDPs at or below their respective threshold. Age and fracture 
history did not have a strong influence on FRDP; however, those who demonstrated higher levels of numeric literacy reported 
a significantly higher median FRDP (10%) compared to those who showed lower levels (5%, p < 0.001).
Conclusions Most patients were willing to accept an osteoporosis medication prescription at a hypothetical FRAX prob-
ability that was even lower than that of their nationally recommended treatment threshold. Literacy scores had a significant 
influence on FRDP whereas age and fracture history did not.

Keywords Fracture Risk Decision Point (FRDP) · FRAX® probability · Osteoporosis · Patient willingness to accept 
treatment · Treatment threshold

Introduction

Internationally, one of the leading methods for quantifying 
fracture risk is done in terms of the Fracture Risk Assessment 
Tool (FRAX®) score, which calculates 10-year fracture prob-
ability based on a number of factors, including but not limited 
to age, history of fracture, body mass index, and optionally, 
femoral neck bone mineral density (BMD) [1]. Although the 

use of BMD in the calculation of the FRAX score improves 
the sensitivity of this metric, the predictive value is compara-
ble regardless of this additional data. Therefore, FRAX allows 
healthcare providers to predict fracture probability based on 
clinical risk factors, which is increasingly valuable in coun-
tries with poor access to densitometry [2].

Furthermore, many healthcare systems across the world 
utilize variable FRAX intervention thresholds to determine 
whether a patient’s fracture probability is high enough to jus-
tify medication. These intervention thresholds may be fixed, 
age-dependent, or a hybrid of the two and vary between 
countries given factors such as cost-effectiveness, access 
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to healthcare, and the local epidemiology of fracture [2]. 
While countries such as the USA, Canada, Spain, and Bel-
gium adhere to a fixed 20% treatment threshold and Japan 
to a 15% treatment threshold for major osteoporotic fracture, 
countries such as Argentina and Mexico utilize age-dependent 
thresholds (Appendix Tables 3 and 4) [2, 3]. Originally, age-
dependent treatment thresholds were debuted by the National 
Osteoporosis Guideline Group (NOGG) to estimate a more 
clinically relevant FRAX cut-off. However, in order to address 
subsequent inequalities in access to treatment among those 
over 70 years old, a hybrid model is now used in the UK with 
age-dependent intervention thresholds between the ages of 50 
and 70 years and the use of a fixed 20.3% treatment threshold 
thereafter (Appendix Table 5) ([2, 14]). In addition to local 
treatment guidance, participants’ “self-perceived fracture risk” 
may impact their likelihood of osteoporosis medication accept-
ance, as shown by results of the Global Longitudinal Study of 
Osteoporosis in Women (GLOW) [4].

The objective of this study was to better understand how 
medication acceptance varies across fracture risk levels and 
how it compares to national guidance on treatment thresh-
old. A secondary objective was to understand how certain 
demographic and clinical risk factors—such as age, fracture 
history, and numeric literacy—may impact the decision to 
accept a prescription osteoporosis medication. Participants’ 
willingness to accept a prescription osteoporosis medica-
tion was quantified in terms of Fracture Risk Decision Point 
(FRDP), which is defined as the lowest percentage risk of 
major osteoporotic fracture (MOF)—in terms of 10-year 
FRAX probability—at which participants chose to hypo-
thetically initiate a medication with minor, transient side 
effects. FRDP and willingness were assumed to be inversely 
proportional, as those who were more willing to accept a 
treatment would likely choose to do so at a lower fracture 
risk threshold.

This study is part of an initiative called the Improving 
Risk Communication in Osteoporosis (RICO) study, which 
examined a pertinent communication gap between physi-
cians and patients with osteoporosis. With involvement from 
eleven sites in nine different countries across Europe, Asia, 
and North and South America, the RICO survey aims to 
understand whether the implementation of a visual aid may 
improve communication of one’s individual FRAX prob-
ability [5].

Methods

Recruitment

A total of 332 women who had been diagnosed with either 
osteoporosis or who were postmenopausal at risk of frac-
ture were recruited from eleven global sites in countries, 

such as the USA (n = 64), Canada (n = 61), Mexico (n = 36), 
Japan (n = 35), Argentina (n = 30), Belgium (n = 30), the UK 
(n = 29), Spain (n = 28), and the Netherlands (n = 19). Par-
ticipants in the USA were recruited from two different sites, 
one in California (n = 35) and one in Washington (n = 29), 
and those recruited in Canada were interviewed by sites in 
Ontario (n = 31) and Quebec (n = 30). Sites recruited par-
ticipants from a number of sources, including the local com-
munity, the site investigator’s clinical rheumatology or endo-
crinology practice, or an osteoporosis patient network, such 
as the Canadian Osteoporosis Patient Network (COPN) or 
the Royal Osteoporosis Society, UK (ROS). Given that this 
study was observational and did not pose a specific hypoth-
esis, a sample size calculation was not applicable. Our study 
suggested a pragmatic target sample of 30 participants per 
site.

Participants at risk of fracture were defined as women 
with elevated FRAX score, elevated bone mineral density, or 
for whom pharmacologic and/or non-pharmacologic osteo-
porosis management was being considered by their site clini-
cian. In order to ensure the diversity of participant perspec-
tives, it was recommended that sites utilize a convenience 
sample of (1) at least ten participants who had sustained 
a fracture since the age of 40, (2) at least ten participants 
who had completed at least some education at the university 
level, (3) at least ten participants who had decided to take 
a prescription osteoporosis medication, and (4) at least ten 
participants who did not meet each of these criteria (Appen-
dix Table 2).

Survey administration

At each site, a study coordinator guided participants through 
a structured survey either online via Zoom video conference 
or in-person, depending on participant preference and local 
COVID-19 guidelines. In both settings, Microsoft Power-
Point was used to display questions and all visuals to each 
participant. An extensive scoping review was conducted 
by Beaudart et al. to inform the design of this exercise, 
including the use of icon arrays as a visual aid to enhance 
patient understanding of fracture probability [6]. Icon arrays 
have previously been found to yield a similar understand-
ing of risk presentation among patients with various levels 
of numeric literacy and reduce the impact of denominator 
neglect when considering the relative benefit of treatment 
in a population [7, 8].

Although the survey was originally developed in Eng-
lish, site investigators were able to request translation of 
participant-facing materials into locally spoken languages 
by certified professionals.

At the beginning of each survey, participants took a 
short, five-question assessment—extracted from an experi-
mentally designed Graph Literacy Scale [7]—with which 
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investigators gained a rough understanding of their ability 
to interpret graphs or visual aids. Two of these questions 
were Likert-type questions that were used to gauge the par-
ticipant’s self-perception of numeric literacy and preference 
for numeric versus verbal presentation of information [9]. 
However, the remaining three questions were an objective 
assessment of numeric literacy and were used to stratify 
participants into high- or low-numeric literacy groups [7] 
(Appendix Fig. 3).

Within the survey, participants were presented with a 
maximum of eight hypothetical scenarios and asked whether 
they would be willing to accept a prescription for osteoporo-
sis medication with minimal, transient side effects. To pro-
mote simplicity and participant understanding, this referred 
to any class of antiresorptive therapy. Each hypothetical 
scenario utilized two icon arrays to depict various fracture 
risk levels; the first icon array demonstrated the participant’s 
hypothetical risk of MOF over 10 years or FRAX probabil-
ity, and the second showed how much of that risk could be 
mitigated upon taking a medication (Fig. 1). An optimistic 
40% reduction in fracture risk was assumed with medica-
tion use given recent literature on antiresorptive osteoporosis 
therapies [10].

The eight hypothetical risk scenarios presented 10-year 
FRAX probabilities ranging from 5 to 40%, increasing in 
increments of 5%. The lowest fracture probability at which 
the participant agreed to accept a prescription osteoporosis 
medication was determined to be their FRDP. If they did not 
agree to medication by the final scenario (40% risk of MOF), 
then their FRDP was considered to be > 40%.

Ethical considerations

Institutional Review Board (IRB) approval was obtained on 
a site-by-site basis given local or university-wide require-
ments. Advarra, a central IRB, provided approval for all sites 
in the  USA and Canada.

Outcomes

The primary outcome measured medication acceptance 
by the percentage of participants in each country who 
reported that they would hypothetically accept a prescrip-
tion osteoporosis medication given a fracture probability 
less than or equal to their national FRAX-based treatment 
threshold. This threshold varied between countries as well 
as within countries in those that use an age-dependent or 
hybrid threshold. This outcome was measured specifically 
in countries where FRAX intervention thresholds are widely 
used in a clinical setting. The Netherlands does not and thus 
was excluded from this analysis [2]. Secondary outcomes 
detailed the impact of numeric literacy level, age, and frac-
ture history on participant FRDP.

Data entry and statistical analyses

Site coordinators uploaded source documents and recorded 
all data in an electronic data capture system called “Online 
Clinical Trials” (http:// www. essai online. com), which 
allowed the lead study team to ensure sites’ adherence to 
study protocol and accuracy of data entry.

Fig. 1  The first of eight hypo-
thetical scenarios, in which 
participants were asked whether 
they would willing to accept 
a prescription of osteoporosis 
medication with minor, tran-
sient side effects given that their 
risk of MOF was 5% over a 
10-year period and that medica-
tion would reduce this to a 3% 
fracture risk over 10 years

http://www.essaionline.com
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In order to validate the statistical significance of the 
difference in median FRDP among those with variable lev-
els of numeric literacy and those with or without fracture 
history, Mood’s analyses were conducted. The Pearson 
correlation coefficient was calculated to understand the 
significance of the relationship between age and FRDP. 
Chi-squared tests were used to analyze preference for risk 
timeframe given fracture history and age. p-values were 
compared to an alpha level of 0.05 to determine statistical 

significance, and all data was analyzed with use of the 
statistical software, QI Macros.

Results

The mean and median ages of participants were 67.5 and 
67.0 years, respectively, 48.2% of participants (n = 160) 
reported a history of fracture, and 50.3% (n = 167) were 
adherent to a prescription osteoporosis medication. Given 
the numeric literacy assessment, 64.8% (n = 215) of partici-
pants answered at least two of three questions correctly on 
the numeric literacy assessment and therefore demonstrated 
a high level of numeric literacy, whereas 35.2% (n = 117) 
demonstrated low numeric literacy on the assessment [7].

Median FRDP in each country varied from 5 to 15% in 
all nine countries from which data was collected (Table 1). 
In the eight countries which employed FRAX-based treat-
ment thresholds in a clinical setting, 79.2% of all partici-
pants reported an FRDP that was less than or equal to their 
nationally recognized treatment threshold (Fig. 2). However, 
countries varied in terms of how many participants agreed 
to accept a prescription osteoporosis medication below 
this threshold—with the lowest percentages being in the 
UK (65.5%), the  USA (65.6%), and Japan (68.6%) and the 

Table 1  The median reported Fracture Risk Decision Point (FRDP) 
in each country

Country Median FRDP

Belgium 5%
The Netherlands 5%
Spain 5%
Mexico 5%
Argentina 5%
Japan 10%
UK 10%
USA 15%
Canada 15%

65.6
77.0 80.0

68.6

96.4

65.5

91.7 88.9
79.2

0
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(n=61)

Belgium
(n=30)
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UK (n=29)* Mexico
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Argentina
(n=27)**

Overall
(n=310)
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Percentage of Participants in Each Country with FRDP At or Below 
National Treatment Threshold

Fig. 2  Percentage of participants in each country who reported a 
Fracture Risk Decision Point (FRDP) that was at or below their 
nationally recognized treatment threshold, accounting for fixed ver-
sus age-dependent versus hybrid intervention thresholds in various 
countries. National treatment guidelines suggest a hybrid model, in 

which an age-dependent FRAX treatment threshold is utilized for 
those between the ages of 50 and 70  years and a fixed threshold is 
used thereafter 70 years of age (Appendix Table 5). **National treat-
ment guidelines suggest an age-dependent FRAX treatment threshold 
(Appendix Table 4)
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highest being in Spain (96.4%), Mexico (91.7%), and Argen-
tina (88.9%).

With regard to secondary outcomes, participants with 
high numeric literacy scores demonstrated a significantly 
higher median FRDP of 10% fracture risk than those with 
low scores—who had a median FRDP of 5% fracture risk 
(p < 0.001). However, the median FRDP among participants 
with a history of fracture since the age of 40 years (5%) was 
not significantly different from the median FRDP of those 
who had not fractured (10%) (p = 0.789).

Participants who did not agree to accept a prescription 
osteoporosis medication in response to any of the eight 
hypothetical scenarios were excluded from the analysis 
correlating age and FRDP given that their FRDP could not 
be calculated. Among the 311 remaining participants, the 
negative correlation between age and FRDP was weak but 
significant (p = 0.007). The r value was − 0.153 and the r2 
value was 0.023.

Discussion

Primary outcome

In the eight countries that utilize a nationally recom-
mended FRAX treatment threshold, 79.2% of all partici-
pants and at least half of participants within each indi-
vidual country indicated that they were willing to accept a 
prescription for osteoporosis medication at a fracture risk 
level that was at or below their respective national treat-
ment threshold. This bodes well for medication acceptance 
if patients are given individualized care and explanation 
of fracture risk.

There was, however, a variable distribution among 
countries regarding the percentage of participants who 
agreed to initiate a medication below the national treat-
ment threshold. With the exception of Spain (96.4%), 
countries with age-dependent intervention thresholds, 
such as Mexico (91.7%) and Argentina (88.9%), had the 
highest percentages of participants who were willing to 
accept a prescription medication given a FRAX probabil-
ity that was less than or equal to their individual treatment 
threshold (Appendix Table 4) ([3, [14]). The lowest per-
centage of participants with FRDP below their respective 

treatment threshold was observed in the  UK (65.5%), 
which employs a hybrid threshold.

Secondary outcomes

Surprisingly, a history of fracture did not have a significant 
impact on participant FRDP, and age only showed a minor 
correlation to FRDP. The negative correlation between 
age and FRDP was weak (r =  − 0.153) but significant 
(p = 0.007), giving some indication that increased age was 
correlated with willingness to initiate medication at a lower 
fracture risk threshold. However, the r2 value of 0.023 indi-
cates that only 2.3% of the variability seen in FRDP may 
be impacted by age and that many other factors may also 
be influencing the decision. Although clinical risk factors, 
such as age or fracture history, are both used in the calcula-
tion of one’s FRAX score and may significantly increase 
one’s risk of fracture, age showed only a weak influence on 
FRDP, and fracture history did not bear significant weight on 
participants’ FRDP [1]. These findings are consistent with 
that of the GLOW study, which indicates that participants 
with comorbidities for future fracture tended to underesti-
mate their fracture risk [11]. This points to a potential com-
munication gap in discussions regarding fracture risk and a 
need for further patient education on how age and history of 
fracture may predispose one to future fracture.

Limitations

A major source of potential bias includes limited overall 
sample size as well as overrepresentation of participants 
from Canada and the USA. Additionally, participants were 
largely recruited from rheumatology or endocrinology prac-
tices—rather than internal or family medicine—and anecdo-
tally, some investigators reported that women with a unique 
interest or concern regarding their fracture risk were more 
inclined to participate in this study.

Some participants may have had preexisting knowledge 
about fracture risk, as they had been recruited from patient 
networks, such as the Canadian Osteoporosis Patient Network 
(COPN) in Canada and The Royal Osteoporosis Society (ROS) 
in the UK, where patients are frequently exposed to educa-
tional resources on osteoporosis and bone health. Participants 
who were recruited from these networks were therefore more 
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likely to have a comprehensive understanding of local treat-
ment thresholds and a more informed base perception of frac-
ture risk ([15]; [12]). However, to counterbalance this, during 
the initial RICO interview, all participants were indirectly 
informed that 20% FRAX probability or higher was largely 
considered to be a high fracture risk [2]. Participants were not 
given any further education about osteoporosis or fracture risk 
prior to this study. The differences in FRDP observed in this 
study may have been partially influenced by these inter-site 
discrepancies in enrollment procedure. Consequently, caution 
must be exercised when interpreting preference results, espe-
cially regarding differences in FRDP between countries.

Other limitations of this study design include the absence 
of the male osteoporosis patient perspective in these find-
ings and the use of hypothetical scenarios rather than each 
patient’s true fracture risk [13]. Equally important is the 
notion that the proposed medication would only have minor, 
transient side effects—not accounting for how the risk of 
these more serious but rare adverse events may impact treat-
ment decisions. Lastly, to maximize the simplicity of these 
scenarios, there was no discussion of the cost or convenience 
of initiating an osteoporosis medication.

A larger, more inclusive study would be needed to address 
all of these limitations. Additionally, in order to confirm 
the validity of participants’ answers beyond a hypothetical 
willingness to initiate medication, additional data would be 
needed on actual prescription fulfillment—with acknowl-
edgement of medication cost, convenience, and potential 
adverse events.

Strengths and future research

The external validity of this study is bolstered by its multi-
national scope and commitment to acknowledging a diverse 
range of perspectives, surveying participants from nine dif-
ferent countries. Future iterations of this study will expand 
upon this research by representing Pan-Asian, African, and 
Middle Eastern patient populations as well.

Results of this study identify a clear gap in patient-pro-
vider communication regarding clinical risk factors and 
consequences of fracture, as those with a history of fracture 

were not significantly more motivated to initiate a prescrip-
tion osteoporosis medication, and age was only a very minor 
predictor of FRDP. This calls for greater emphasis on the 
significance of clinical risk factors, such as advancing age or 
fracture history, when providing patient education on frac-
ture risk. In hopes of making this important leap in patient 
awareness, proposed next steps for RICO will include a rand-
omized control trial to compare the efficacy of a verbal pres-
entation versus a visual aid in improving patient willingness 
to initiate a prescription osteoporosis medication.

Conclusion

This study addressed the significant gap in patient-pro-
vider communication regarding the implications of one’s 
FRAX probability and the important role of prescription 
osteoporosis medication in reducing one’s risk of fracture. 
As part of the Improving Risk Communication in Oste-
oporosis (RICO) project, this study demonstrated how 
patient willingness to accept a prescription osteoporosis 
medication—or FRDP—may deviate from nationally pre-
scribed treatment thresholds and highlighted a number 
of factors which may impact FRDP. Furthermore, in all 
countries in which FRAX was used in a clinical setting, 
79.2% of participants were willing to initiate a prescrip-
tion osteoporosis medication given a fracture risk that was 
below their nationally recommended treatment threshold. 
Participants with higher levels of numeric literacy were 
significantly less willing to initiate a prescription osteo-
porosis medication than those who had scored lower on 
the numeric literacy assessment. In addition, increased 
age showed only minimal correlation with FRDP, and a 
history of fracture did not bear any significant weight 
on this decision—despite both of these being significant 
clinical risk factors for fragility fracture [1]. This study 
highlights several ways in which healthcare providers can 
try to improve their fracture risk communication in an 
effort to help patients make informed clinical decisions, 
reduce their fracture risk, and improve quality of life.
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Table 3  Nationally recognized, fixed FRAX intervention thresholds 
for use of prescription osteoporosis medication [2]

Country National FRAX-
based treatment 
threshold
(% risk of major 
osteoporotic fracture)

Japan 15%
Spain 20%
 Belgium 20%
 USA 20%

Canada 20%

Table 4  Nationally recognized, age-dependent intervention thresh-
olds for use of prescription osteoporosis medication in Argentina and 
Mexico [3]

Age (years) Age-dependent, FRAX-based treat-
ment threshold
(% risk of major osteoporotic frac-
ture)

Argentina Mexico

40 1.5 2.6
45 2.2 3.5
50 2.3 4.5
55 3.3 5.8
60 6.6 7.7
65 12 10
70 15 14
75 16 17
80 19 19
85 25 20
90 27 20

Table 5  Nationally recognized, hybrid (fixed and age-dependent) 
intervention thresholds for use of prescription osteoporosis medica-
tion in the UK [14]

Age (years) Hybrid, FRAX-based 
treatment threshold
(% risk of major 
osteoporotic fracture)
UK

50 7.3
55 9.5
60 12.2
65 16.5
70 + 20.3
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See Tables 2, 3, 4, 5 and Figs. 3 and 4
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Fig. 3  Numeric literacy assessment  questions11

Fig. 4  Trends in medication 
acceptance across the eight 
hypothetical FRAX scenarios 
[9]

168
201

246
269 285 295 302 309

23

0

50

100

150

200

250

300

350

5% 10% 15% 20% 25% 30% 35% 40% Did Not
Agree# 

Ag
re

ed
 to

 In
iti

at
e 

M
ed

ic
at

io
n

Proposed Hypothetical FRAX Score (% risk of MOF)

Prescription Osteoporosis Medication 
Acceptance Given FRAX Score



Osteoporosis International 

Acknowledgements We thank the Canadian Osteoporosis Patient Net-
work (COPN) and the Royal Osteoporosis Society (ROS) in the UK 
for helping with patient recruitment. We also thank all participants 
involved in this study for the time they dedicated to this research. As 
compensation for their time, participants were paid an honorarium at 
the discretion of their site investigator.

Funding Open access funding provided by SCELC, Statewide Califor-
nia Electronic Library Consortium. The RICO (Risk Communication 
in Osteoporosis) project has received funding from Amgen US/UCB. 
Amgen did not display any financial or proprietary interest that could 
impact the analysis and interpretation of results.

Data availability Under request.

Code availability N/A.

Declarations 

Human subject protection The whole study was subject to an initial 
central IRB (Advarra for sites in the USA and Canada) and then local 
IRB (country and institutional specific) review and approval (if and 
when required by applicable law). Informed consent was obtained for 
all phases of the project. All subjects either received a patient infor-
mation sheet or informed consent depending on the local IRB of the 
site. Subjects were informed of their ability to withdraw at any time 
as stated by the coordinator as well as the patient information sheet or 
informed consent form.

Conflict of interest J.A.K is the founder of FRAX® and Editor-in-
Chief of Osteoporosis International; L.K. is an Amgen speaker, Radius 
consultant, and speaker. Other authors declare that they have no con-
flict of interest with regard to the content of this manuscript.

Open Access This article is licensed under a Creative Commons Attri-
bution-NonCommercial 4.0 International License, which permits any 
non-commercial use, sharing, adaptation, distribution and reproduction 
in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Com-
mons licence, and indicate if changes were made. The images or other 
third party material in this article are included in the article’s Creative 
Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons 
licence and your intended use is not permitted by statutory regula-
tion or exceeds the permitted use, you will need to obtain permission 
directly from the copyright holder. To view a copy of this licence, visit 
http://creativecommons.org/licenses/by-nc/4.0/.

References

 1. Silverman SL, Calderon AD (2010) The utility and limitations 
of FRAX: a US perspective. Curr Osteoporos Rep 8(4):192–197. 
https:// doi. org/ 10. 1007/ s11914- 010- 0032-1

 2. Kanis JA, Harvey NC, Cooper C, Johansson H, Odén A, McClo-
skey EV (2016) A systematic review of intervention thresholds 
based on FRAX: a report prepared for the national osteoporo-
sis guideline group and the international osteoporosis foun-
dation. Arch Osteoporos 11(1):25. https:// doi. org/ 10. 1007/ 
s11657- 016- 0278-z

 3. Clark P, Denova-Gutiérrez E, Zerbini C, Sanchez A, Messina O, 
Jaller JJ, Campusano C, Orces CH, Riera G, Johansson H, Kanis 
JA (2018) FRAX-based intervention and assessment thresholds in 
seven Latin American countries. Osteoporos Int 29(3):707–715. 
https:// doi. org/ 10. 1007/ s00198- 017- 4341-4

 4. Litwic AE, Compston JE, Wyman A, Siris ES, Gehlbach SH, 
Adachi JD, Chapurlat R, Díez-Pérez A, LaCroix AZ, Nieves JW, 
Netelenbos JC, Pfeilschifter J, Rossini M, Roux C, Saag KG, Sil-
verman S, Watts NB, Greenspan SL, March L, Gregson CL, … 
Global Longitudinal Study of Osteoporosis in Women (GLOW) 
Investigators (2017) Self-perception of fracture risk: what can it 
tell us?. Osteoporosis Int 28(12):3495–3500. https:// doi. org/ 10. 
1007/ s00198- 017- 4200-3

 5. Beaudart C, Sharma M, Clark P, Fujiwara S, Adachi JD, Messina 
OD, Morin SN, Kohlmeier LA, Sangan CB, Nogues X, Cruz-
Priego GA, Cavallo A, Cooper F, Grier J, Leckie C, Montiel-
Ojeda D, Papaioannou A, Raskin N, Yurquina L, … Hiligsmann 
M (2024) Patients’ preferences for fracture risk communication: 
the Risk Communication in Osteoporosis (Rico) study. Osteoporos 
Int 35(3):451–468. https:// doi. org/ 10. 1007/ s00198- 023- 06955-9

 6. Beaudart C, Hiligsmann M, Li N, Lewiecki EM, Silverman S 
(2022) Effective communication regarding risk of fracture for 
individuals at risk of fragility fracture: a scoping review. Osteo-
poros Int 33:13–26. https:// doi. org/ 10. 1007/ S00198- 021- 06151-7

 7. Galesic M, Garcia-Retamero R (2011) Graph literacy: a cross-
cultural comparison. Med Decis Making 31:444–457. https:// doi. 
org/ 10. 1177/ 02729 89X10 373805

 8. Galesic M, Garcia-Retamero R, Gigerenzer G (2009) Using icon 
arrays to communicate medical risks: overcoming low numeracy. 
Health Psychol: Off J Div Health Psychol, Am Psychol Assoc 
28(2):210–216. https:// doi. org/ 10. 1037/ a0014 474

 9. Fagerlin A, Zikmund-Fisher BJ, Ubel PA et al (2007) Measur-
ing numeracy without a math test: development of the Subjective 
Numeracy Scale. Med Decis Making 27:672–680. https:// doi. org/ 
10. 1177/ 02729 89X07 304449

 10. Lorentzon M (2019) Treating osteoporosis to prevent frac-
tures: current concepts and future developments. J Intern Med 
285(4):381–394. https:// doi. org/ 10. 1111/ joim. 12873

 11. Gregson CL, Dennison EM, Compston JE, Adami S, Adachi 
JD, Anderson FA, Jr, Boonen S, Chapurlat R, Díez-Pérez A, 
Greenspan SL, Hooven FH, LaCroix AZ, Nieves JW, Netelenbos 
JC, Pfeilschifter J, Rossini M, Roux C, Saag KG, Silverman S, 
Siris ES, … GLOW Investigators (2014) Disease-specific per-
ception of fracture risk and incident fracture rates: GLOW cohort 
study. Osteoporos Int 25(1):85–95. https:// doi. org/ 10. 1007/ 
s00198- 013- 2438-y

 12. Copn – our patient network | Osteoporosis Canada. (2019, April 
8). https:// osteo poros is. ca/ copn- patie nt- netwo rk/. Accessed 21 
May 2023

 13. Cauley JA (2006) Osteoporosis in men: prevalence and investiga-
tion. Clin Cornerstone 8:S20–S25. https:// doi. org/ 10. 1016/ S1098- 
3597(06) 80020-7

 14. Section 4: Intervention thresholds and strategy. (n.d.). Retrieved 
March 20, 2024, from https:// www. nogg. org. uk/ full- guide line/ 
secti on-4- inter venti on- thres holds- and- strat egy. Accessed 20 Mar 
2024

 15. How we help | ROS. (n.d.). Retrieved May 21, 2023, from https:// 
theros. org. uk/ what- we- do/ how- we- help/. Accessed 21 May 2023

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

http://creativecommons.org/licenses/by-nc/4.0/
https://doi.org/10.1007/s11914-010-0032-1
https://doi.org/10.1007/s11657-016-0278-z
https://doi.org/10.1007/s11657-016-0278-z
https://doi.org/10.1007/s00198-017-4341-4
https://doi.org/10.1007/s00198-017-4200-3
https://doi.org/10.1007/s00198-017-4200-3
https://doi.org/10.1007/s00198-023-06955-9
https://doi.org/10.1007/S00198-021-06151-7
https://doi.org/10.1177/0272989X10373805
https://doi.org/10.1177/0272989X10373805
https://doi.org/10.1037/a0014474
https://doi.org/10.1177/0272989X07304449
https://doi.org/10.1177/0272989X07304449
https://doi.org/10.1111/joim.12873
https://doi.org/10.1007/s00198-013-2438-y
https://doi.org/10.1007/s00198-013-2438-y
https://osteoporosis.ca/copn-patient-network/
https://doi.org/10.1016/S1098-3597(06)80020-7
https://doi.org/10.1016/S1098-3597(06)80020-7
https://www.nogg.org.uk/full-guideline/section-4-intervention-thresholds-and-strategy
https://www.nogg.org.uk/full-guideline/section-4-intervention-thresholds-and-strategy
https://theros.org.uk/what-we-do/how-we-help/
https://theros.org.uk/what-we-do/how-we-help/


 Osteoporosis International

Authors and Affiliations

Mitali Sharma1  · Charlotte Beaudart2,3 · Patricia Clark4 · Saeko Fujiwara5 · Jonathan D. Adachi6 · 
Alexandra Papaioannou6 · Osvaldo D. Messina7,8 · Suzanne N. Morin9 · Lynn Kohlmeier10 · Xavier Nogues11 · 
Carolyn Leckie6 · Nicholas C. Harvey12,13 · John A. Kanis14,15 · Jean‑Yves Reginster3,16 · Mickael Hiligsmann2 · 
Stuart L. Silverman1,17

 * Mitali Sharma 
 mxs2067@case.edu

1 The OMC Research Center, Beverly Hills, CA, USA
2 Department of Health Services Research, CAPHRI Care 

& Public Health Research Institute, Maastricht University, 
Maastricht, The Netherlands

3 Division of Public Health, Epidemiology and Health 
Economics, WHO Collaborating Center for Public Health 
Aspects of Musculoskeletal Health and Aging, University 
of Liège, Liège, Belgium

4 Clinical Epidemiology Unit, Faculty of Medicine 
UNAM, Children’s Hospital of Mexico Federico Gomez, 
Mexico City, Mexico

5 Department of Pharmacy, Yasuda Women’s University, 
Hiroshima, Japan

6 McMaster University, Hamilton, ON, Canada
7 Investigaciones Reumatológicas y Osteológicas 

(IRO). Collaborating Centre WHO, Buenos Aires, Argentina
8 IRO Medical Center, Investigaciones Reumatologicas y 

Osteologicas SRL, Buenos Aires, Argentina

9 Department of Medicine, McGill University, Montreal, 
Canada

10 Spokane Osteoporosis and Endocrinology, Spokane, WA, 
USA

11 Internal Medicine Department, CIBERFES (ISCIII), Hospital 
del Mar Research Institute, Pompeu Fabra University, 
Barcelona, Spain

12 MRC Lifecourse Epidemiology Centre, University 
of Southampton, Southampton SO16 6YD, UK

13 NIHR Southampton Biomedical Research Centre, University 
of Southampton and University Hospital NHS Foundation 
Trust, Southampton, UK

14 Mary MacKillop Institute for Health Research, Australian 
Catholic University, Melbourne, Australia

15 Centre for Metabolic Bone Diseases, University of Sheffield, 
Sheffield, UK

16 Protein Research Chair, Biochemistry Dept, 
College of Science, King Saud University, Riyadh, 
Kingdom of Saudi Arabia

17 Cedars-Sinai Medical Center, Los Angeles, CA, USA

http://orcid.org/0009-0003-5149-0142

	Clinical and demographic factors determining patient fracture risk decision point (FRDP): The improving risk communication in osteoporosis (RICO) project
	Abstract
	Summary 
	Purpose 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Recruitment
	Survey administration
	Ethical considerations
	Outcomes
	Data entry and statistical analyses

	Results
	Discussion
	Primary outcome
	Secondary outcomes
	Limitations
	Strengths and future research

	Conclusion
	Appendix
	Acknowledgements 
	References


