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CHAPTER 1

THE EPIDEMIOLOGY OF OSTEOPOROSIS AND
FRACTURES

Osteoporosis is a progressive systematic skeletal disease characterized by low
bone mass and microarchitectural deterioration of bone tissue (porous bone),
with a consequent increase in bone fragility and susceptibility to fracture [1]. In
1994, the World Health Organization (WHO) has defined osteoporosis as a bone
mineral density (BMD) more than 2.5 standard deviations (SD) below the young
normal mean (T-score < -2.5) [2]. Despite the widespread acceptance of the BMD
T-score, a definition based solely on BMD does not encompass all risk factors [3],
and the predictive value of densitometric techniques also differs between sites and
technologies. For these reasons, it is preferable to transform densitometric values
into absolute risks [4]. Recently there has therefore been a move towards assessing
an individual’s absolute risk of osteoporotic fractures using risk calculators
(algorithms); the majority of guidelines internationally use FRAX® as the measure
of fracture risk over 10 years [5].

Osteoporosis is the most common bone (non-communicable) disease in humans,
representing a major public health problem. It is more common in Caucasians,
women, and older people [6]. Worldwide, due to the aging of the population and the
changinglifestyle habits, the prevalence of osteoporosis has risen significantly. It has
been estimated that more than 200 million people are suffering from osteoporosis,
and that 1 in 3 women and 1 in 5 men over the age of 50 years will experience
osteoporotic fractures in their lifetime according to statistics by the International
Osteoporosis Foundation (IOF) [7]. As reported by the SCOPE (Scorecard for
Osteoporosis in Europe) 2021 study [8], the prevalence of osteoporosis in the total
Dutch population was estimated at 4.9%, slightly lower than the EU27+2 average of
5.6%. In patients aged 50 years and older, 20.8% of women and 6.3% of men were
estimated to have osteoporosis in 2019.

Osteoporosis and its related fractures are associated with significant morbidity,
reduction in health-related quality of life (HRQoL), increased subsequent fracture
and mortality risk as well as considerable medical expenses. Worldwide, it was
estimated that osteoporosis caused more than 8.9 million osteoporotic fractures
annually in population aged 50 years and older, resulting in an osteoporosis
fracture every 3 seconds [7,9]. In the Netherlands, the number of new fragility
fractures was estimated at 99,600 in 2019 [8], corresponding to 273 fractures per
day and 11 fractures per hour. The number of osteoporotic fractures is projected to
be 136,821 in 2034, with the percentage increase of 37.4% over 15-year interval.
Fractures often precede a cascade of declining mobility, physical activity, muscle
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GENERAL INTRODUCTION

strength, and further causes impaired QoL. It was reported that hip fractures
account for more disability adjusted life years (DALYs) than many other chronic
non-communicable diseases such as cancer of the stomach, ovaries or cervix [9].
Both hip and vertebral fractures are also associated with serious disability and
excess mortality in both sexes. Around 740,000 deaths per year are associated
with hip fracture [9]. Women who have sustained a hip fracture have indeed a
10-20% higher mortality than would be expected for their age [10]. Besides, In
women over 45 years, osteoporotic fractures also account for more hospital days
than many other diseases, including diabetes, myocardial infarction and breast
cancer [11]. Unsurprisingly, the economic cost of fracture is considerable. The
SCOPE 2021 study reported that the total direct cost (consisting of direct cost of
incident fractures, long-term disability costs, assessment and treatment costs) in
the EU27+2 (excluding the value of quality-adjusted life-year lost) amounted to
€56.9 billion in 2019 [8]. The cost of osteoporotic fractures in the Netherlands
accounted for approximately 1.8% of healthcare spending (i.e., €1.4 billion out of
€75.0 billion in 2019), which is significantly lower than the EU27+2 average of
3.5%.

Multiple factors are known to increase the risk of sustaining a fragility fracture,
amongthem, aprior fracture is a well-documented major risk factor for a subsequent
fracture. On average, the risk of future fracture is doubled in the presence of a
prior fracture [12,13]. However, this risk is not constant over time, being highest
immediately after the initial fracture and then decreasing over time but never going
back to level pre-fracture [13]. Recently, the time elapsed since sustaining a prior
fracture is recognized as an important factor influencing subsequent fracture risk,
and the concept of “imminent fracture risk” defined as a markedly elevated risk of
fracture within the next 12-24 months, has been emphasized [14]. A Dutch study
[15] reported that the relative risk of subsequent fracture ranged from 5.3 within
1 year to 1.4 within 6-10 years after the first fracture in postmenopausal women
older than 50 years, and this risk remained higher compared with the whole study
population (postmenopausal women aged 50 to 80 years) during the follow-
up period. These epidemiological data support the effort to initiate treatment
strategies (interventions) for patients with osteoporosis and/or related fractures,
and to reduce their risk of having subsequent fractures, mortality and impaired

QoL.
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CHAPTER 1

CURRENT THERAPIES FOR OSTEOPOROSIS (FRACTURE
PREVENTION) AND CARE GAPS

Advances in drug development for the treatment of osteoporosis over the last three
decades have led to effective therapies for fracture prevention [16]. Pharmacological
treatments for fracture prevention are typically classified as anabolic (bone forming)
or anti-resorptive. Anti-resorptive drugs which modulate fracture risk by inhibiting
bone resorption are the most commonly used therapies for fracture prevention,
including five principal classes of agents: bisphosphonates, estrogens, selective
estrogenreceptor modulators (SERMs), calcitonin, and monoclonal antibodies such as
denosumab [17]. Of these classes, until recently bisphosphonates (oral alendronate,
risedronate, ibandronate, and intravenous pamidronate and zoledronate) are
recommended as the first-line therapeutic option for the prevention of fracture in
postmenopausal women and men aged 50 years and older.

Anabolic therapies represents another class for osteoporosis treatment,
characterized by an increase bone formation by promoting osteoblast activity.
Teriparatide as a recombinant human parathyroid hormone (PTH) analog is
the first and most well-known anabolic agent approved by US Food and Drug
Administration (FDA) in late 2002, and shortly followed by approval by European
Medicines Agency (EMA) in 2003. Extensive clinical trials have demonstrated
evidence of fracture reduction with the use of teriparatide. Abaloparatide
achieved FDA approval in 2017 for the treatment of postmenopausal women with
osteoporosis at high risk for fracture; however, it was initially rejected by EMA in
2018 based on concerns regarding the effectiveness at preventing non-vertebral
fractures in postmenopausal women as well as the safety concern regarding
increases in heart rate and palpitations [18], and eventually approved by EMA in
2022 for treatment of osteoporosis in postmenopausal women at increased risk of
fracture [19]. Romosozumab, a humanised anti-sclerostin monoclonal antibody, is
the latest anabolic therapy mostly reserved for patients with severe osteoporosis.
It was initially rejected by the FDA before securing an approval for the treatment
of osteoporosis in 2019 and later on in the same year the approval from EMA was
gained, with continuous monitoring of its safety through the real-world data [3].

In recent years, the term ‘sequential treatment’ has been gaining importance in
the management of patients with osteoporosis. However, the choice of which
medication to prescribe and in what order has become more complicated. Several
recent studies reported that the greatest gains in bone mass can be achieved with
the initial use of an anabolic agent followed by an anti-resorptive drug whereas the
initial use of a bisphosphonate may diminish the efficacy of subsequent anabolic
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therapy [20]. The sequential therapy is still of great interest for future studies.

Despite the wide availability of these effective pharmacologic interventions
for osteoporosis and bone fractures, a substantial proportion of patients with
osteoporosis, at high risk of fractures or even with a recent fragility fracture, remain
undiagnosed and/or untreated. This treatment gap is more pronounced in men
than in women, and worsened in recent years [21]. The magnitude of the treatment
gap is reported to be highly variable throughout Europe, ranging between 25%
and 95% [22]. In the Netherlands, although the Dutch guidelines (2011, 2022)
recommends in patients older than 50 years with a history of fracture to perform
a dual X-ray Absorptiometry (DXA) to identify osteoporosis as well as vertebral
fracture assessment (VFA) to identify subclinical vertebral fractures (VFs) [23,24].
However, DXA (with or without VFA) was performed in only 26% (out of 120,000)
of such high risk patients according to Centraal Bureau voor de Statistiek (CBS)
data in 2016 [25,26]. As reported by a retrospective study, the treatment gap in
the Dutch population was estimated to vary from 60% to 72% [27], falling within
the Eurpean range. There are many potential causes for the substantial treatment
gap. The main reasons are phycician’s and patient’s awareness of the condition
(as osteoporosis is a silent disease) and perception of benefit/risk balance, i.e.
commonly the decision made by a patient to initiate treatment for osteoporosis
or engage in healthy lifestyle behaviours depends on patient’s understanding of
his/her fracture risk, benefits and risks of taking action or not, and the barriers
to implement an action plan [3]. The perception of individual risk that doctors
communicate to them depends on patient’s understanding of medical information
(health literacy) [28]. If patients have poor health literacy and cannot recognize
their vulnerability to fracture, they might not initiate the medication treatment.

In addition to poor initiation, medication adherence is also suboptimal. The
WHO defined adherence in 2001 as “the degree to which the person’s behaviour
corresponds with the agreed recommendations from a health care provider
[29]”. In 2012, a collaboration of European research groups suggested the ABC
taxonomy consisting of (a) initiation, (b) implementation and (c) discontinuation
for describing and defining adherence to medications [30]. Poor adherence and
persistence (defined as the length of time up to discontinuation) to osteoporotic
medication remains a major problem increasing the treatment gap. Despite the fact
that bisphosphonates are the firstline of treatment for osteoporosis, about 20-30%
of patients do not initiate a treatment after a prescription for oral bisphosphonates
[31] even when there is no cost to the patient of the medication. In the Dutch
population, 1-year persistence (no gap in refills for > 6 months) for all available
oral osteoporosis medications was estimated at 43%; most stoppers did not restart
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or switch during an additional 18-month follow-up [32]. In Dutch patients with a
recent fracture aged 50 years and older, the persistence rate of alendronate was
reported as 75%, 61%, and 45% after 1, 3, and 5 years, respectively [33].

In addition, there are other reasons which contribute to the large care gap for
osteoporosis, including concerns regarding rare but serious side effects such
as atypical femoral fractures and osteonecrosis of the jaw, which have been
overemphasized and disseminated by the social media. Besides, compared to other
chronic disease such as cancer, heart disease, and diabetes, there is apparent global
shortfall in policies addressing bone health [3].

All the above evidence reveals the huge care gap in patients with osteoporosis, at
high risk of fractures, or sustaining a recent fracture and supports the effort to
develop interventions to improve fracture risk communication and medication
adherence, and to improve secondary fracture prevention by introducing/
implementing post-fracture care program, such as fracture liaison service (FLS),
for patients with a recent fracture. Recently, a considerable amount of data also
highlights the importance of well-build risk communication from clinicians to
patients using adequate support tools [34] (e.g., shared decision-making).

FRACTURE LIAISON SERVICE (FLS)

As patients with arecent fracture have a higher risk of subsequent fractures, various
post-fracture care programs have been implemented to improve secondary fracture
prevention and to close the care gap. The FLS as one of post-fracture care programs
is nowadays widely advocated as the most appropriate and effective approach to
cover all aspects of secondary fracture prevention, including patient identification,
education, risk evaluation, treatment, and long-term monitoring. Worldwide, the
first FLS was initiated by McLellan and colleagues in 1999, the success of their
program for the evaluation and management of patients with osteoporotic fracture
was reported in 2003 [35]. In 2012, the IOF started a global initiative called
“Capture the Fracture®” [36] to facilitate the implementation of Post-Fracture Care
(PFC) Coordination Program, such as FLS, for secondary fracture prevention. From
the year 2012 onwards, the FLS initiatives have been gradually internationally
endorsed by other scientific societies, including the American Society of Bone and
Mineral Research ASBMR) in 2012 [37], the European Alliance of Associations for
Rheumatology (EULAR) in 2017 [38], and the multidisciplinary Fragility Fracture
Network (FFN) in 2018 [39].
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A standard FLS is built upon four pillars [40], the first pillar consists of a bone
leader, a coordinator, a multidisciplinary team and a business plan to run an FLS
[37,38,41]. The bone leader, a specialist in metabolic bone diseases, plays a role of
organizing a multidisciplinary team in consultation with the orthopaedic surgeons.
A dedicated coordinator, often a well-educated nurse, acts as the link between
the patient and the multidisciplinary team, the osteoporosis and falls prevention
services, and the primary care physician (general practitioner GP) to ensure that
all patients presenting with fragility fractures to the locality or institution receive
fracture risk assessment and treatment where appropriate. The second pillar refers
to the identification and invitation of all eligible patients with a recent fracture
to the FLS. Commonly patients can be identified at the emergency department, at
the orthogeriatric care unit, during hospitalization, at the plaster consultation, and
at post-treatment stage after fracture healing [40]. Invitation can be sent through
consultation, information letter, telephone call and e-mail. The third pillar consisted
of orthogeriatric care, providing specialist geriatric care to patients with a recent
hip fracture and to frail elderly with a recent major fracture. The fourth pillar refers
to communication with the GP and long-term follow up of attended patients.

Until March 2023, 822 FLSs (registered in CTF) have been implemented in 54
countries worldwide. Compared to Europe and the US, the implementation and
practice of FLS in Asia-Pacific region is still insufficient. In the Netherlands, the
first FLS-related initiatives and outcomes were reported from Groningen in 2004
and from Maastricht in 2007 [42,43]. To optimize FLS initiatives and facilitate the
communication between health care professionals, a formal national network
(Dutch Osteoporosis Nurses Association VF&O0) [44] was launched in 2008, and a
nationwide quality assessment and the FLS five-step approach (case finding, risk
evaluation, differential diagnosis, therapy, follow-up) has been proposed by van
den Bergh et al. [45] in 2012 to strive for standardized FLS care in Dutch hospitals.
With emphasizing the importance of initiating a FLS in hospitals by several Dutch
scientific committees, there are 90 FLSs and 95 osteoporosis nurses registered in
the database of VF&O as reported by a study published in 2015 [46].

With the increasing implementation of FLS worldwide, the Best Practice Framework
(BPF)servesasthe measurementtool torationally evaluate the quality/performance
(FLS) in their health care system in the context of globally-endorsed standards. FLS
attendance as an important marker of FLS quality has been gradually recognized,
however, the attendance rate was reported to be suboptimal and varies between
FLSs, ranging from 20% to 86% [47], on average 25% attendance was estimated
for FLSs in the Netherlands.
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In recent years, extensive studies have conducted to investigate the outcomes
of patients with a recent fracture managed through FLS programs; most papers
focused on the impact of FLS on DXA testing and treatment initiation, only limited
information was available on subsequent fractures and mortality. A previous
review [48] including studies reporting the impact of FLS on subsequent fractures
up to 2016 concluded that the observed reduction in subsequent fracture risk after
the introduction of a FLS was flawed and should be evaluated in better-designed
studies. Especially the follow-up duration and the comparability of groups with
or without FLS care (selection bias (non-attenders in the FLS group were not
accounted for) leads to prognostic dissimilarity between groups) were the main
methodological issues.

ECONOMIC EVALUATIONS

Commonly clinical trials measure clinical outcomes to determine the efficacy of
health care interventions. If financial resources are unlimited, the most effective
option can be reimbursed in real-world care. However, given the tension between
healthcare budget constraint and almost unlimited increase of healthcare needs/
cost, the economic evaluation as a comparative analysis by comparing costs and
benefits between health intervention and comparators therefore plays an important
role to reveal whether the intervention represents good value for money. In other
words, is the intervention cost effective compared to comparators? In addition to
the introduction and diffusion of new technologies, there is an increased use of
economic evidence in decisions about the reimbursement and pricing of health
technologies. For market access, cost-effectiveness (value for money) is regarded
as the 4™ hurdle (in addition to efficacy, safety, quality), the initiative of using
cost-effectiveness analysis in decision-making was first introduced by Australian
Pharmaceutical Benefit Scheme, followed by Ontario (Canada), Nice (UK) and the
rest of Europe. In the Netherlands, National Healthcare Institute (ZiN) appraises 3
criteria for reimbursement in basic healthcare package: therapeutic value, budget
impact, and cost-effectiveness. ZiN provides advice for minister of Health, and the
Minister then makes decision about reimbursement.

There are two main methods to conduct an economic evaluation: trial-based
economic evaluation and model-based economic evaluation. A trial-based economic
evaluation refers to an economic evaluation conducted alongside randomized
controlled trials (RCTs) where all the costs and effects data are measured in the
same subjects with high validity. Such method provides an early opportunity to
produce reliable estimates of cost effectiveness at low marginal cost, and access to

18



GENERAL INTRODUCTION

individual patient data such as types and quantities of medications/services and
length of hospital stays. However, RCTs do not always provide a sufficient basis
for economic evaluations used to inform regulatory and reimbursement decisions
given limitations such as truncated time horizons, lack of external validity, limited
comparators (single trial might not compare against the ‘best alternative’ that is
implemented in clinical care), restricted generalizability to different settings or
countries, and the failure to incorporate all relevant evidence from other trials,
meta-analyses, and observational studies [49]. In this circumstance, decision
analytical modelling provides an alternative framework for economic evaluation,
namely model-based economic evaluation.

Decision analytical modelling applies mathematical techniques to synthesize
all available information regarding health care process to predict and compare
the health outcome and cost consequences of different options, and to inform
decision-making about resource allocation. A model-based economic evaluation
allows systematic combination of evidence from variety of sources, extrapolation
of effectiveness from preferably real-world evidence, comparison against the best
alternative as used in clinical practice, and generalization results to other settings
or patient groups. In the field of osteoporosis, a recently published guideline [50]
for the conduct and reporting of economic evaluations by the European Society for
Clinical and Economic Aspects of Osteoporosis, Osteoarthritis and Musculoskeletal
Diseases (ESCEO) and the US branch of the International Osteoporosis Foundation
(IOF) also recommends a model-based economic evaluation using mathematical
techniques to capture the long-term consequences of interventions in terms of
costs and outcomes. However, the results of a decision analytical model are subject
to the impact of variability, uncertainty, and heterogeneity. Sensitivity analysis and
model validation are therefore important to make decision makers confident about
the estimates of cost effectiveness [49].

Cost-effectiveness analysis (CEA) and cost-utility analysis (CUA) are the most
common form of economic evaluation. CUA is often considered as a particular case
of CEA which is even preferred as the same outcome (quality-adjusted life years
QALYs) can be used for all diseases and all interventions, and therefore could be
useful for decision-making. The results of CEA (CUA) express as incremental cost
effectiveness ratio (ICER), which equals to the additional cost per extra unit of
effectiveness from the comparator treatment (ICER = (CA-CB) / (EA-EB) = AC/AE).
The lower the ICER, the more cost-effective the intervention. And the intervention
can be adopted if the ICER is smaller than country-specific willingness-to-pay
(WTP) threshold (i.e., the maximum amount of money that society is willing to pay
for a gain in effectiveness). In the Netherlands, the cost-effectiveness threshold
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value depends on disease severity, ranging from €20,000 to €80,000 per QALY
gained [51].

To graphically display the results of economic evaluations, the cost-effectiveness
plane is used to visually represent the differences in costs and effects between
treatment options in two dimensions. Effects are usually plotted on the x-axis and
costs on the y-axis. Commonly ‘current practice’ is plotted at the origin, therefore
the x and y values represent incremental effectiveness and incremental costs versus
current practice. More than two points can be represented on the plane, with the
line connecting cost-effective alternatives being called the cost-effectiveness
frontier. In addition, the cost-effectiveness acceptability curve (CEAC) as another
intuitive graphical method is commonly used in a probabilistic sensitivity analysis
(PSA) to summarize the impact of parameter uncertainty on cost-effectiveness
estimations and further to help decision-makers understand the uncertainty when
making a decision to approve or reject a new heath technology. The graph plots
a range of WTP thresholds on the horizontal axis against the probability that the
intervention will be cost-effective at that threshold on the vertical axis.

With regard to health state utility value (HSUV), which is a specific type of QoL
assessment reflecting the strength of preference for a given health state. A
specific application of HSUV is to calculate QALYs. HSUVs can be estimated in a
variety of ways including direct and indirect methods. The most common direct
utility elicitation techniques are standard gamble (SG) and time trade-off (TTO).
However, these choice task based techniques are complicated and time-consuming.
Consequently, the indirect utility elicitation instruments consisting of a generic
muti-domain QoL questionnaire and corresponding utility algorithm or set of
weights (tariffs) are increasingly applied to obtain HSUVs in recent years. The
EuroQol 5-dimension (EQ-5D) and the Short Form 6-dimension (SF-6D) are the
most dominant instruments, especially given the increasing availability of societal
country-specific health utilities. The use of generic indirect utilities in CUA is
supported by country-specific guidelines for economic evaluations, however,
instruments differ in descriptive content and valuation method to derive the scoring
algorithms, potentially leading to different estimates for the person’s same “health
state”. This can further lead to different estimations of incremental cost-utility
ratio (ICUR). Under this circumstance, healthcare decisions could potentially be
compromised when researchers or decision-makers are not aware of differences in
HSUVs obtained by different instruments. On thatline, itis important to be informed
on the specific psychometric properties (construct validity, known-group validity,
and responsiveness/longitudinal validity) to understand the interchangeability of
these instruments.
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In the field of osteoporosis, extensive studies have been conducted to estimate QoL
consequences for patients with a prior fracture, such as the International Costs and
Utilities Related to Osteoporotic fractures Study (ICUROS) [52], suggesting patients
with hip, vertebral, or distal forearm fractures incur substantial loss in QoL.
However, very few studies have been conducted to investigate HRQoL in patients a
recent fracture attending the FLS, especially the course of HSUV in the long term.
In addition, the psychometric properties of EQ-5D and SF-6D have been compared
in multiple studies in patients with different diseases and different conclusions
were made regarding the interchangeability of the questionnaires. However, to our
knowledge, longitudinal data on the sensitivity of HSUVs (longitudinal validity) are
sparse in the literature, especially in the field of fractures, and no studies included
patients presenting at an FLS.

THE CURRENT ECONOMIC EVIDENCE OF FLS AND
INTERVENTIONS FOR OSTEOPOROSIS

With the wide implementation of FLS throughout the world, economic evaluations
have also been increasingly performed to assess the potential health economic
benefits of introducing/implementing FLS in country-specific hospital settings.
The current economic evidence of FLS was summarized in a systematic review
[53] (published in 2018), indicating FLS is a cost-effective or even a cost- saving
secondary fracture prevention strategy in general. However, some recent studies
indicated that the intensity and quality of implementation of FLSs vary between
hospitals and countries (e.g., time horizon, model structure) [54,55], effectiveness
data obtained in studies with different levels of quality, patient identification and
selection differed markedly among FLSs in terms of proportions of inpatients and
outpatients, age, the inclusion of women and/or men, and fracture site (any fracture
or only patients with an nonvertebral fracture) [56], potentially leading to different
clinical and economic outcomes. Further differences between countries in terms of
fracture incidence, costs and QALYs limit the transferability of cost-effectiveness
and suggests the importance to conduct national cost-effectiveness of FLS.

Cost-effectiveness is not only relevant for the FLS as a whole, but also for the
increasing number of pharmacological treatments for fracture prevention that
are being developed. Hiligsmann et al. [57] summarized 39 economic evaluations
on drugs for postmenopausal osteoporosis published between January 2008 and
December 2013, reporting active osteoporotic drugs were generally cost effective
in postmenopausal women aged over 60-65 years with low bone mass, especially
those with prior vertebral fractures. In view of the heterogeneity in fracture risk,
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comparators, country setting, model structure, and incorporation of medication
adherence, and given the lack of head-to-head comparisons, it is not yet possible
to make clear recommendations between drugs in terms of cost effectiveness.
Recently, with the availability of new agents (such as abaloparatide, romosozumab)
and treatment strategies (sequential therapy) for osteoporosis, some new economic
evaluations have been performed, however no overview of the recent literature
of cost-effectiveness analyses of drugs in postmenopausal osteoporosis have been
conducted.

As osteoporosisis commonly recognized as awomen disease and is often overlooked
in men, most economic evaluations have been performed for postmenopausal
women. In recent years, with the increased awareness of treating osteoporosis
in men, as well as some active agents (denosumab and teriparatide) have been
licensed for men use, economic evaluations have also been increasingly conducted
to assess the cost-effectiveness of these interventions in men. To our knowledge,
no overview of these cost-effectiveness analyses in men is however available yet.

OBJECTIVES AND OUTLINE OF THIS DISSERTATION

Given the increasing burden of osteoporosis and fractures, as well as the wide
implementation of FLS for secondary fracture prevention and the importance
of economic evaluations when prioritizing health interventions and informing
decision-making, this dissertation aims to summarize current evidence relevant to
osteoporosis management and to study the clinical and economic outcomes of FLS.
Two main parts can be found; each part includes several sub-studies (see Figure 1).

Part I focuses on summarizing the large amount of literature of two aspects
relevant in osteoporosis management, i.e. 1) economic evaluations in both women
and men with osteoporosis; 2) medication adherence and complexities of fracture
risk communication. In Chapter 2 updates a previous review of cost-effectiveness
of drugs for osteoporosis in women. Chapter 3 summarizes information on
the cost-effectiveness of treating men with osteoporosis, reveals the origin of
model input data and compares the cost-effectiveness results between men and
women. Then, in Chapter 4 studies the current status of patient adherence to
osteoporosis medications, the determinants and consequences of non-adherence.
Recommendations and tools for effective communication between healthcare
professionals and patients regarding general health risk and risk of fracture are
also summarized.
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Figure 1. Outline of the thesis

PartIl addresses the clinical and economic outcomes of FLS by revealing the clinical
effectiveness of FLS, estimating long-term HRQoL, explores the interchangeability
of different instruments in estimation of HSUVs in patients with a recent fracture
presenting at an FLS and the cost-effectiveness of FLS in both the Netherlands and
China. First, with an increasing number of studies that have assessed the clinical
outcomes of FLS, Chapter 5 summarizes the current evidence by conducting a
systematic review and meta-analysis to investigate the impact of FLS on subsequent
fractures and mortality. Using a large Dutch database of 500 patients, Chapter
6 assesses the 3-year HSUV (as measured by EQ-5D-5L and SF-6D) in patients
with a recent fracture presenting at an FLS, and explores factors associated with
HSUV. Furthermore, Chapter 7 compares the psychometric properties (construct
validity, known-group validity, and responsiveness) of EQ-5D-5L and SF-6D based
on the same database to assess the interchangeability of these two instruments
in prospective Dutch patients with a recent fracture presenting at an FLS. Then,
considering no economic evaluations have yet been conducted in the Netherlands
and China to explore the economic benefits of FLS, Chapter 8 assesses the potential
economic benefits of the FLS from the Chinese healthcare perspective with a
lifetime horizon, and Chapter 9 presents the cost-effectiveness of FLS in patients
with a recent fracture from the Dutch societal perspective using real-world data.
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CHAPTER 2

ABSTRACT

Background Considering the heavy economic burden of osteoporotic fractures, the
limits of healthcare resources, and the recent availability of new anti-osteoporosis
drugs, there is continuing interest in economic evaluation studies of osteoporosis
management strategies.

Objectives This study aims to (1) systematically review recent economic
evaluations of drugs for osteoporosis and (2) to apply an osteoporosis-specific
guideline to critically appraise them.

Methods A literature search was undertaken using PubMed, EMBASE, National
Health Service Economic Evaluation database, and the Cost-Effectiveness Analysis
Registry to identify original articles containing economic evaluations of anti-
osteoporosis drugs, published between 1 July, 2013 and 31 December, 2019. Arecent
European Society for Clinical and Economic Aspects of Osteoporosis, Osteoarthritis
and Musculoskeletal Diseases-International Osteoporosis Foundation (ESCEO-IOF)
guideline for the conduct and reporting of economic evaluations in osteoporosis
was used to assess the quality of included articles.

Results The database search retrieved 3860 records, of which 27 studies fulfilled
the inclusion criteria. These studies were conducted in 15 countries; 12 active drugs
were assessed, including various traditional pharmacological treatments such as
bisphosphonates, raloxifene, strontium ranelate, denosumab, and teriparatide, and
new agents such as abaloparatide, romosozumab, and gastro-resistant risedronate.
Eight out of 12 studies that compared traditional oral bisphosphonates to other
active interventions (denosumab, zoledronic acid, gastro-resistant risedronate, and
teriparatide) suggested that the other active agents were generally cost-effective or
dominant. Additionally, the cost-effectiveness of sequential therapy has recently
been assessed and indications are that it can lead to extra health benefits (larger
gains in quality-adjusted life-year). The key drivers of cost effectiveness included
baseline fracture risk, drug effect on the risk of fractures, drug cost, and medication
adherence/persistence. The current average score for quality assessment was 17
out of 25 (range 2-15); room for improvement was observed for most studies,
which could potentially be explained by the fact that most studies were published
prior to the osteoporosis-specific guideline. Greater adherence to guideline
recommendations was expected for future studies. The quality of reporting was
also suboptimal, especially with regard to treatment side effects, treatment effect
after discontinuation, and medication adherence.
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Conclusions This updated review provides an overview of recently published cost-

effectiveness analyses. In comparison with a previous review, recent economic

evaluations of anti-osteoporosis drugs were conducted in more countries and

included more active drugs and sequential therapy as interventions/comparators.

The updated economic evidence could help decision makers prioritize health

interventions and the unmet/unreported quality issues indicated by the

osteoporosis-specific guideline could be useful in improving the transparency,
quality, and comparability of future economic evaluations in osteoporosis.

Key Points for Decision Makers

In comparison with oral bisphosphonates (including generic forms), other
active interventions (such as denosumab, zoledronic acid, gastro-resistant
risedronate, or teriparatide) were generally cost effective or dominant.
Sequential therapy has the potential to generate extra health benefits
and to be cost effective in comparison with monotherapy, although more
clinical and economic data are needed.

Although several studies partially followed the European Society for Clinical
and Economic Aspects of Osteoporosis, Osteoarthritis and Musculoskeletal
Diseases-International Osteoporosis Foundation guideline, quality was
largelyinsufficient for mostarticles. Our study highlighted thatinsufficiently
implemented and/or reported recommendations should be included in
future studies; this could be useful in improving the transparency, quality,
and comparability of economic evaluations in osteoporosis.
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CHAPTER 2

INTRODUCTION

Osteoporosis is a skeletal disease associated with a significant health and economic
burden, which has become an increasing global health problem considering the
aging population characterized by multi-morbidity. The morbidity and mortality
imposed by osteoporotic fractures along with the negative impact on patients’
quality of life are important clinical considerations [1]. Worldwide, osteoporosis
causes more than 8.9 million fractures annually, resulting in an osteoporotic
fracture every 3 s [2]. In the European Union, 22 million women and 5.5 million men
had osteoporosis in 2010 [3]. As a result of changes in population demography, the
annual number of fragility fractures was expected to rise from 3.5 million in 2010
to 4.5 million in 2025, corresponding to an increase of 28% [4]. In the USA, over
1.5 million fractures per year were attributable to osteoporosis, resulting in direct
healthcare costs of 12-18 billion US dollars [5]. Improving osteoporosis care and
reducing spiraling fracture-related costs pose worldwide challenges.

Health economic evaluations have become increasingly important to support the
setting of priorities in healthcare and to help decision makers allocate healthcare
resources efficiently in the context of limited healthcare resources, the ongoing
aging of the population, and the heavy economic burden of osteoporotic fractures,
as well as the recent availability of new agents for osteoporosis management
(e.g., abaloparatide, romosozumab, gastro-resistant risedronate). In 2015, a study
systematically reviewed all economic evaluations of anti-osteoporosis drugs
published up to 31 June, 2013 and suggested that anti-osteoporosis drugs were
generally cost effective in comparison with no treatment in postmenopausal women
aged over 60-65 years with low bone mass, especially those with prior vertebral
fractures. However, given the heterogeneity of fracture risk, comparators, country
setting, model structure, and incorporation of medication adherence, as well as the
lack of head-to-head comparisons, it remained challenging to make comparisons
between studies [6]. In addition, the quality of reporting was largely insufficient
for most studies, despite the fact that guidelines for conducting health economic
evaluations have been widely available for many years.

Recently, a guideline for the conduct and reporting of economic evaluations
in the field of osteoporosis has been designed by a working group convened
by the European Society for Clinical and Economic Aspects of Osteoporosis,
Osteoarthritis and Musculoskeletal Diseases (ESCEO) and the US branch of the
International Osteoporosis Foundation (IOF) [7]. Although several disease-specific
recommendations for economic evaluations have been developed, this guideline
is the first that provides a list of recommendations and minimum requirements
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for the design, conduct, and reporting of an osteoporosis-specific economic
evaluation. Osteoporosis-specific recommendations in this guideline, which
supplement general and national guidelines, could guide researchers in designing
appropriate and high-quality economic evaluations and help decision makers
and reviewers to assess the quality of these studies, and further to improve the
transparency and comparability of these studies and maintain methodologic
standards [7]. Therefore, assessing how recent studies adhere to the osteoporosis-
specific guideline is important in identifying the main limitations of these studies,
and further to indicate some of the most important recommendations that should
be taken into account in future studies.

An overview of currently available studies regarding cost-effectiveness analyses
of drugs for osteoporosis would thus be useful to guide researchers in designing
and conducting high-quality economic evaluations, in identifying gaps in current
evidence, and to help administrators make decisions based on high-quality
evidence. We therefore updated and undertook this review to (1) systematically
identify and review economic evaluations published between 2013 and 2019 on
drugs for osteoporosis and (2) to critically appraise their quality using the recent
osteoporosis-specific guideline, and also to provide insight into key drivers of cost-
effectiveness ratios.

METHODS

Literature Search

A systematic literature search was undertaken to identify recent cost-effectiveness
analyses of drugs for osteoporosis according to the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) guideline [8]. The search was
conducted using several databases including PubMed, EMBASE (Ovid), National
Health Service Economic Evaluation Database (NHS EED) [the database ceased to
be updated after March 2015] and the Cost-Effectiveness Analysis (CEA) Registry
(the database can serve as an archive only until 2018). We restricted our analysis to
articles published between 1]July,2013 and 31 December, 2019, as priorarticleswere
covered in the previous review [6]. An initial search was conducted in PubMed and
EMBASE using a search strategy (see Appendix 1 in the Electronic Supplementary
Material [ESM]) designed according to the Population, Intervention, Comparator,
Outcome (PICO) criteria with the help of an expert library specialist. The key word
‘osteoporosis’ was used in the NHS EED and the CEA Registry database.
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Study Selection

First, duplicates were identified and removed. Second, two reviewers (NL, DC)
independently applied inclusion and exclusion criteria to screen titles and
abstracts of the remaining articles. Third, full-text versions of eligible articles were
screened in-depth by two independent reviewers (NL and DC, LS, DP, SS, or RB). A
consensus meeting with a third reviewer (MH) was used to resolve discrepancies.
Finally, reference lists and citations of eligible articles were checked manually for
additional relevant studies.

Studies were included if they were published in English between July 2013 and
December 2019 and contained a full economic evaluation (the comparative
analysis of alternative interventions in terms of both costs and consequences) of
anti-osteoporosis drugs. Non-original articles (e.g., editorials, reviews, conference
proceedings), partial economic evaluations, and non-specific drug studies (e.g.,
only use vitamin D and/or calcium as interventions, studies regarding screening
strategies, intervention thresholds, medication adherence, nutrition, model of care,
fracture liaison services, and lifestyle) were excluded.

Data Extraction and Quality Assessment

A standardized data-extraction form was developed to collect data from eligible
studies. Study characteristics regarding publication (author, year of publication,
journal), study design (country, population, perspective, model type, outcome
measure, time horizon, comparators, intervention duration, cost type, discount
rates, year of valuation), study outcomes (results and sensitivity analysis), and
funding source were extracted by one reviewer (NL) and checked by another
reviewer (DC, LS, DP, SS, RB, or IK). Incremental cost-effectiveness ratios (ICERs)
were reported as provided in the articles. Afterwards, for comparability reasons,
all ICERs were converted into 2019 US dollars using the Organisation for Economic
Cooperation and Development exchange rate and inflation rate [9]. We then
synthetized and analyzed ICERs of active agents compared to traditional oral
bisphosphonates (first-line treatments in most countries), and of sequential
therapies (e.g., abaloparatide/teriparatide followed by alendronate) by using
US$100,000 per quality-adjusted life-year (QALY) gained as the willingness-to-
pay (WTP) threshold. Other information such as country, treatment duration, and
annual drug cost was also extracted. In addition, we checked included studies,
especially one-way sensitivity analyses, to identify key drivers of cost effectiveness;
these were eventually chosen through team discussion.

The conduct and reporting quality of included articles were then appraised
using the ESCEO-IOF guideline for economic evaluations in osteoporosis by two
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independent reviewers (NL with DC, LS, DP, SS, RB, or IK). The whole assessment
consisted of two parts. Part one included recommendations for the design and
conduct of an economic evaluation in osteoporosis; 29 recommendations were
addressed in nine categories (type of economic evaluation, method for the conduct
of economic evaluation, modeling technique, base-case analysis and population,
mortality, fracture costs and utility, treatment characteristics, sensitivity
analyses, and outcomes). Part two was an osteoporosis-specific checklist with
nine recommendations for reporting, including the reporting and justification of
key modeling aspects (choice of model, transition probabilities, effect of fracture
on costs, mortality, and utility) and key treatment characteristics (the effect of
treatment per fracture site, the effect of treatment after discontinuation, the
inclusion and approach used to model medication adherence, therapy costs, and
side effects) [7].

Each recommendation of these two parts was scored using ‘Yes’' (fulfilled the
requirement of reporting), ‘No’ (did not fulfill the requirement), ‘Part’ (partially
fulfilled the requirement), or ‘Not Applicable’ according to the operationalization
of the guideline (Appendix 2 in the ESM). To estimate a score for reporting, we
assigned a score of 1 for ‘Yes’, 0.5 for ‘Part, and 0 for ‘No’. Discrepancies in rating
were resolved by consensus and consultation with a third reviewer (MH). It is
worth noting that in the scoring system we excluded recommendations that were
not directly connected to the quality level of studies (i.e., ‘use ICUROS data’, ‘use
FRAX® or GARVAN® tools’, ‘consider sequential therapy as intervention’, and ‘in
the absence of hip/wrist specific efficacy data, use non-vertebral or clinical fracture
efficacy data as replacement’).

RESULTS

Results of Study Selection

Figure 1 shows the PRISMA flowchart for the identification of studies. The database
search retrieved 3860 records, of which 620 were found to be duplicates and
removed. We reviewed all titles and abstracts of the remaining 3240 studies and
subsequently excluded 3188 articles that did not meet our inclusion criteria. Upon
review of the full text of the remaining 52 studies, 25 articles were excluded for
reasons such as being non-original articles (n = 2), partial-economic evaluations
(n = 4), reporting on non-specific drugs (n = 13), and studies included in previous
review (n = 6). A total of 27 articles were included in our study for data extraction
and quality assessment.
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Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
flowchart of study selection. CEA cost-effectiveness analysis, NHS EED National Health Service
Economic Evaluation database
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Overview of Included Studies

The characteristics of included studies are reported in Table 1. These studies were
conducted in 15 different countries. The USA accounted for the largest number (n =
7); 12 studies were conducted in Asia, i.e., three each in Japan (n = 3), China (n = 3),
and Iran (n = 3). Five studies were performed in five different European countries.
Twelve of the 27 studies were published in osteoporosis journals, particularly in
Osteoporosis International (n = 5).

Most studies used the healthcare perspective (n = 21), some with a societal
perspective (n = 4), while one study used both societal and healthcare perspectives,
and another study reported societal, healthcare, and governmental perspectives. All
studies included direct costs and only three also considered indirect costs [15, 18,
20]. However, we found that some studies including both direct and indirect costs
were not defined as having a societal perspective, although this was the original
information stated by authors reported in Table 1; no adjustment and correction
were made for this. Nineteen studies applied a lifetime horizon while others
considered truncated time horizons [10-15]. AMarkovmodel wasused in 21 studies,
consisting of a Markov cohort model (n = 12) or a Markov microsimulation model (n
=9). One study applied a discrete-event simulation model [16], another a decision-
tree model [13]. Quality-adjusted life-years (QALYs) were used as the outcome in
these 23 studies with a model. The remaining four studies used no model [10-12,
17]. One out of the four conducted a cost-minimization analysis [10], in which costs
were compared. Another two studies [11, 12] used bone mineral density (BMD) as
the final outcome and ICER was calculated based on the differences of costs and
BMD of different interventions. Furthermore, the number of fracture events was
regarded as the outcome in the fourth study [17], ICER was calculated based on
the differences of average annual costs divided by the difference of numbers of hip
fractures prevented between bisphosphonates and the combination of calcium and
vitamin D. Fourteen studies were funded by pharmaceutical companies or national
public funds, while 13 studies did not mention the source of funding or had no
funding.
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Table 2 presents characteristics of the studied population, the active intervention
and comparator, year of costing valuation, sensitivity analysis, and the main results
of the articles. Study populations differed between studies in BMD T-score, mean
age, history of fracture, or even tolerance of oral bisphosphonates. Some studies
included patients stratified for age and two studies included only a male population
[21, 22].

Twelve active drugs were assessed in the studies, including various pharmacological
treatments such as bisphosphonates (alendronate, etidronate, risedronate,
ibandronate, and zoledronic acid), raloxifene, strontium ranelate, denosumab, and
teriparatide, and including new agents such as abaloparatide, romosozumab, and
gastro-resistant risedronate. Twelve studies included two or more active drugs in
their analysis [13,15-17,21-28]. Oral bisphosphonates were included in 11 studies
[13-15, 18, 21, 22, 24-26, 29, 30] and compared with other active interventions.
There were three studies [16, 20, 28] considering sequential therapies as
comparators, while six studies [15, 17, 30-32, 36] made the comparison between
active osteoporotic drugs and calcium/vitamin D3 and ten studies [12, 18, 19, 23-
25, 27-29, 33, 34] included no treatment as the comparator. Treatment duration
in most studies was similar to randomized controlled trials, indications, or
guidelines (e.g., 3 or 5 years for anti-resorptive agents, 12-24 months for anabolic
agents). Both a deterministic sensitivity analysis (e.g., one-way, multivariate) and
a probabilistic sensitivity analysis were conducted in 17 studies. Two studies [24,
26] applied only a probabilistic sensitivity analysis and three studies applied only
a one-way sensitivity analysis [13, 32, 34]. Sensitivity analysis was not conducted
in five studies [10-12, 17, 35]. We presented the WTP threshold in Table 2 as stated
by the authors and no adjustment was made. The WTP threshold was shown to
be different even through studies had been conducted in the context of the same
country.
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Table 3 summarizes the results of the cost-effectiveness analysis between
traditional oral bisphosphonates and other active drugs in 2019 US dollars. Annual
drug costs for branded oral bisphosphonates had a range from US$123 to US$1874;
the cost for generic oral bisphosphonates was much lower, from US$7 to US$458.
The annual cost of denosumab differed steeply between countries, from US$608
to US$1811. Several studies made comparisons between denosumab and oral
bisphosphonates.

Specifically, eight studies [14, 18, 21, 22, 24-26, 29] made comparisons between
denosumab and oral alendronate, of which five studies [18, 22, 25, 26, 29]
demonstrated that denosumab was cost effective, and one study [21] showed
that denosumab was a dominant option if we applied US$100,000 per QALY
gained as the WTP threshold. In addition, when compared with risedronate and
ibandronate, denosumab was also shown to be cost effective [25, 26] or dominant
[21, 22]. However, two studies [14, 24] showed that denosumab was not cost
effective with large ICERs when compared with alendronate; this was caused by
minimal incremental QALYs. In addition, comparisons between oral and non-oral
bisphosphonates were performed in some studies. Three studies [15, 20, 24] were
conducted between zoledronic acid and oral alendronate, with one study indicating
that zoledronic acid was dominant [15]; in the other two studies, zoledronic
acid was not cost effective or was dominated by alendronate [20, 24]. As a new
formulation of bisphosphonates, gastro-resistant risedronate was cost effective
in comparison with alendronate and risedronate in one study [27]. Furthermore,
another study compared teriparatide with risedronate, showing that teriparatide
was not cost effective. Overall, 67% studies (eight of a total 12 studies) or 82%
of comparisons (23 of a total 28 studies) suggested that active interventions
(denosumab, zoledronic acid, gastro-resistant risedronate, or teriparatide) were
cost effective when compared with traditional oral bisphosphonates. Additionally,
comparisons between active interventions were also made in some studies; two
studies showed that denosumab was cost effective [26] or dominant [21] when
compared with strontium ranelate. Zoledronate acid and teriparatide were
dominated by denosumab in another two studies [21, 22].
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Table 3. Cost-effective analyses between oral bisphophonates and other active drugs for
osteporosis

Table 4 presents three studies [16, 20, 28] that estimated the cost effectiveness
of sequential therapies from the US perspective. Hiligsmann et al. [28] analyzed
populations with different BMD T-scores at baseline, and the study of Mori et al. [20]
assessed women at different ages and from both healthcare and societal perspectives.
Hiligsmann et al. [28] and Le et al. [16] assessed sequential therapies starting with
1.5 years of abaloparatide or teriparatide, followed by 5 years of alendronate as the
treatment duration. In the study of Mori et al. [20], 2 years of initial treatment with
teriparatide was followed by 10 years of alendronate. The monthly drug costs for
abaloparatide were similar between studies, at approximately US$1700; the cost of
teriparatide was from US$1711 to US$3722 per month. Abaloparatide followed by
alendronate was shown to be dominant when compared with teriparatide followed
by alendronate in two studies [16, 28]. In addition, when compared with a placebo
or no treatment, Hiligsmann et al. [28] showed that abaloparatide followed by
alendronate was cost saving or cost effective in different populations. In the study of
Le et al. abaloparatide or teriparatide followed by alendronate was not cost effective
when compared with a placebo followed by alendronate [16]. Furthermore, Mori
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et al. [20] compared sequential therapy (teriparatide followed by alendronate)
with alendronate alone at different ages and economic perspectives, indicating that
sequential therapy was not cost effective. The high drug costs of abaloparatide and
teriparatide largely affected ICERs when compared with no treatment, a placebo, and
with alendronate alone.

Table 4. Cost-effective analyses of sequential therapy

Critical Appraisal

Table 5 presents the results of the quality assessment of the design and conduct of
economic evaluations in osteoporosis using the ESCEO-IOF guideline. Substantial
differences were observed between studies with an average score of 17 out of 25
(range 2-25). Although some studies followed several recommendations of the
guideline, room for improvement was observed for most studies.

Figure 2 shows the percentage of studies that fully, partially, or did not report the

individual recommendations in the guideline. The most frequently unreported
recommendations were ‘an additional effect after multiple fractures’ (i.e., an
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additional effect on costs and/or utility should be modeled), ‘adverse events’
(i.e., important side effects that have an impact on costs and/or utility need
to be included), and ‘proportion attributed to the fracture’ (i.e., a proportion of
excess mortality attributed to the fracture should be included). In addition, some
recommendations such as ‘avoid hierarchy of fractures and restrictions after
fracture events’ (e.g., the absence of a non-hip fracture after a previous hip fracture
or a limit to the number of fracture events) and ‘multiple scenarios’ (i.e., include
age range and fracture risk levels) were frequently partially reported.

Figure 2. Proportion of studies meeting individual items recommended in ESCEO-IOF guideline

(total studies: 27). BMD bone mineral density, QALY quality-adjusted life-year, RCTs randomized
controlled trials
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The results of reporting quality assessment are presented in Table 6; most
recommendations were well reported with an average score of 6.8 out of 9 (range
0.5-9). The quality of reporting was suboptimal for ‘treatment side effects’ (i.e.,
describing the approaches and data sources used for costs and utilities effects of
adverse events). Furthermore, ‘medication adherence’ (i.e., describing approaches
and data sources used for modeling medication adherence) was poorly reported
in some articles [10-13, 15, 17, 23, 26, 33], as well as ‘treatment effect after
discontinuation’ in six articles (i.e., these studies did not assume a linear decrease
of the effect after discontinuation for a period similar to the duration of treatment)
[10-13, 23, 24].
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Key Drivers of Cost Effectiveness

Several drivers of cost effectiveness were identified, including baseline fracture
risk, drug effect on the risk of fractures, drug cost, and medication adherence/
persistence.

Baseline Fracture Risk

Most studies indicated that the increase of baseline fracture risk and the age of
patients were associated with favorable results of cost-effectiveness analyses of
osteoporotic drugs. For instance, Moriwaki et al. [30] indicated that the incremental
costs and incremental QALYs of zoledronic acid compared with alendronate tended
to be small, with an increase of T-scores. Moreover, Chokchalermwong et al. [23]
reported that, compared to no treatment, the ICER of bisphosphonates was 130,049
THB per QALY when starting the drug from the age of 65 years, with a BMD T-score
< - 2.5. However, denosumab was cost effective from the age of 80 years and over.

Drug Effect on the Risk of Fractures

Twelve studies [15, 18, 20-23, 25, 29-32, 36] reported that the cost effectiveness
result of osteoporotic drugs is most sensitive to changes in the effect of osteoporotic
drugs on the risk of fractures. Silverman et al. [22] indicated that when the relative
risk of hip fracture with denosumab is lowered from 0.38 (baseline) to 0.18,
denosumab still dominates the generic alendronate. However, when this relative
riskisincreased to 0.78, denosumab is no longer a cost-effective option. This finding
is similar to the study of Parthan et al. [21] and Yoshizawa et al. [29]. In addition,
Moriwaki et al. [30] reported that the relative risk of hip fracture with zoledronic
acid had a relatively strong effect on the estimated incremental net monetary
benefit; compared to alendronate, zoledronic acid could be a cost-effective option
if the relative risk was equal to 0.34 (lower limit).

Drug Cost

Variation in drug costs could lead to different cost-effectiveness results of anti-
osteoporosis drugs. The strong effect of drug cost was reported in several studies
[13, 14, 20, 23, 27-30, 33, 34]. Mori et al. [20] compared sequential therapy
(teriparatide followed by alendronate) to alendronate alone and reported that
results were most sensitive to the changes in the estimated cost of teriparatide. If
the cost of a generic/biosimilar was estimated to be 15% of the brand (i.e., 85%
less), the annual cost of teriparatide would be $6490 for a 65-year-old cohort; or
if the cost of a generic/biosimilar was estimated to be 35% of the brand (i.e., 65%
less), the annual cost of teriparatide would be $11,461 for a 75-year-old cohort;
the ICERs of sequential teriparatide/alendronate were below the WTP threshold of
$150,000/QALY. Moriwaki et al. [30] also reported that if the cost of zoledronic acid
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was lowered by 30%, zoledronic acid could be a cost-effective option compared
with alendronate. Additionally, Karnon et al. [14] indicated that there is a near-
zero probability that denosumab is cost effective at a threshold of $100,000/QALY
compared with alendronate at the current price; however, if the price of denosumab
was reduced by 50%, the incremental cost per QALY gained falls to $50,068.

Medication Adherence/Persistence

Anti-osteoporosis medications have shown to be effective in reducing fracture risk;
however, as a chronic disease, non-adherence to pharmacological treatment in
osteoporosisisawell-recognized problem, whichwouldresultnotonlyindeteriorating
clinical outcomes, but also in decreased cost effectiveness of pharmacotherapy.
Several studies [18, 20, 27, 29, 31, 34] reported that the persistence and adherence
rates of osteoporosis medications have marked effects on the cost-effectiveness
ratios. For instance, Mori et al. [18] indicated that denosumab was cost effective
or even cost saving in comparison with weekly oral alendronate, mainly driven by
the higher persistence rate of denosumab leading to higher efficacy. In addition,
Hiligsmann et al. [27] also reported that the ICERs of gastro-resistant risedronate
were markedly affected by the incremental difference in persistence between gastro-
resistant risedronate and the active comparator treatment. Moreover, the study of
Chen etal. [31] demonstrated that medication persistence and adherence had a great
impact on clinical and cost effectiveness, high raloxifene persistence and adherence
improved clinical effectiveness, but the costs were also higher. Raloxifene treatment
became cost effective compared with a conventional treatment strategy if raloxifene
persistence and adherence decreased by 30-50%.

DISCUSSION

This updated review identified 27 economic evaluations of drugs for osteoporosis
published between July 2013 and 2019. Twelve active drugs were assessed in the
studies, including bisphosphonates (alendronate, etidronate, risedronate, gastro-
resistant risedronate, ibandronate, and zoledronic acid), romosozumab, raloxifene,
strontium ranelate, denosumab, teriparatide, and abaloparatide. When compared
with traditional oral bisphosphonates, 67% of the studies (eight of the total 12
studies) or 82% of the comparisons (23 of the total 28 comparisons) showed that the
alternative drugs (denosumab, zoledronic acid, gastro-resistant risedronate, and
teriparatide) were cost effective or dominant at the WTP threshold of US$100,000
per QALY gained. In particular, most studies suggested that denosumab was a
cost-effective or dominant option compared with oral bisphosphonates. It should
however be noted that recent studies have shown a rapid decrease of BMD and an
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increased risk of vertebral fractures after discontinuation of denosumab [37, 38]
and that these effects have not been included in economic evaluations; accordingly,
the cost effectiveness of denosumab could be over-estimated.

Additionally, within the total 27 studies, the source of funding and the role of the
funder were fully reported in only 14 studies. It is further interesting to note that
three [22, 25, 26] out of eight studies conducted comparing denosumab with oral
bisphosphonates, showing that denosumab was cost effective or dominant, were
funded by industry. For the remaining five studies that did not mention funding
or had no funding, only three (60%) indicated that denosumab was cost effective
or dominant. The potential bias in industry-sponsored studies may therefore
exist; however, given the limited studies, it is difficult to draw a clear conclusion.
Previously, another study [39] comparing economic evaluations of bisphosphonates
for the treatment of osteoporosis suggested that the funding source (industry vs
non-industry) did not seem to significantly affect the reporting of ICERs below the
US$20,000 and US$50,000 thresholds.

Furthermore, some new formulations of bisphosphonates also led to a higher health
benefit than traditional oral tablet bisphosphonates. One of the included studies
showed that gastro-resistant risedronate was cost effective when compared with
traditional oral alendronate [27]. In addition, some recent studies also indicated
that new effervescent formulation of alendronate could be an intriguing option in
reducing the occurrence of adverse gastrointestinal events in anti-osteoporosis
treatment, thus increasing adherence to therapy and anti-fracture efficacy [40].
More research is needed to investigate both the clinical and economic benefits of
these new formulations of oral bisphosphonates.

With emerging evidence about the value of sequential therapy [41, 42], sequential
therapy was included in three studies [16, 20, 28]. When mutually comparing
anabolic agents, sequential treatment starting with abaloparatide followed by
alendronate was shown to be dominant compared with sequential therapy starting
with teriparatide followed by alendronate. These three studies also compared the
cost effectiveness of sequential therapy with no treatment, placebo, or alendronate
alone, indicating mixed results. Incremental cost-effectiveness ratios were strongly
affected by the extremely high drug costs of anabolic agents. One study [20]
demonstrated that their results were sensitive to the cost of teriparatide, reporting
that the cost of a generic/biosimilar product needed to be 65-85% lower than the
brand for sequential teriparatide/alendronate to be cost effective.
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After our search period, another study suggested that sequential treatment starting
with abaloparatide followed by alendronate was cost effective in comparison to
generic alendronate monotherapy for US postmenopausal women aged = 60 years
at an increased risk of fractures. This also dominated sequential treatment starting
with alendronate followed by abaloparatide and then again by alendronate [43].

This review updates a previous systematic review of cost-effectiveness analyses
of drugs for postmenopausal osteoporosis [6]. The previous review identified 39
economic evaluations of drugs in postmenopausal osteoporosis published in the
period 2008-13, an average of 6.5 studies per year. In our review, 4.5 studies per
year were identified. Given that new osteoporosis medications continue to emerge
on the market, the previous review does not include some medications that were
not available that time, but are currently frequently used. The cost effectiveness
of some medications was not conclusive because of the limited number of studies
in the previous review, but the evidence became clearer in our updated review.
In addition, with newer evidence being available after the publication of the
previous review, the comparator in the economic evaluation might also changed.
For example, vitamin D and calcium (or no treatment) were common comparators
in previous studies. However, most studies (74%) in our review made comparisons
between active osteoporotic interventions and traditional oral bisphosphonates, as
well as mutual comparisons between different alternatives.

Moreover, in comparison with the previous review, where evaluations were mainly
conducted in Europe, many evaluations in the updated review were conducted
outside of Europe and especially in Asia, where osteoporosis is an increasing
burden [44]. Thirty-three percent of the studies in our review applied the Markov
microsimulation model in comparison with 21% in the previous review, indicating
the increasing use of Markov microsimulation model in recent years, which
supports the suggestion that the Markov microsimulation model is an evolution
of a health economic model used in osteoporosis. The Markov individual state-
transition model overcomes the memory-less nature of the Markov cohort model
and is preferred to capture all the interactions between events and the changing
risks of future fractures and mortality [45].

There are several extra findings identified in our review in comparison with the
previous review. However, a comparison between the two studies remains difficult
owing to the large heterogeneity in country setting, model structure, fracture risk,
drug costs, and incorporation of medication adherence. In addition, the use of
FRAX® or GARVAN® tools [46] indicates a slight increase (5%) in comparison with
studies included in the previous review, but it is still inadequate (22%).
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To assess the quality of included studies, unlike the general checklist applied in
the previous review, we used an osteoporosis-specific guideline [7] to critically
appraise the studies included in this review. In comparison with the general
quality assessment tools relied on in the previous review, the osteoporosis-specific
guideline serves as a minimum standard for all economic analyses in osteoporosis;
the guideline’s specificity enables better identification of unmet quality issues
within recent studies and indicates some highly important criteria that should
be met and improved in future studies, and further helps to reduce inter-study
heterogeneity, thereby facilitating inter-study comparisons. Although a few
studies followed several of the guideline’s recommendations, given that most of
the studies were published prior to the osteoporosis-specific guideline, the guide
was not available to assist researchers in designing appropriate and high-quality
economic evaluations, which may be why most studies did not adhere to several
recommendations/criteria of the guideline and scored poorly for some criteria.
Room for improvement was observed.

With regard to osteoporosis-specific recommendations, the frequently unmet/
unreported recommendations such as ‘an additional effect after multiple fractures on
cost and/or utility’, ‘important adverse events’, and ‘a proportion of excess mortality
attributed to the fracture’ should be modeled/included in future studies. As for
osteoporosis-specific checklist for reporting, considering several partially or not
reported recommendations including ‘treatment side effects’, ‘medication adherence’,
and ‘treatment effect after discontinuation’ would limit transparency, comparability,
and use by decision maker; these missing or partially reported recommendations
should receive more attention and be modeled/included in future studies. Therefore,
the osteoporosis-specific guideline, which supplements the generally accepted
methodologic standards, can be useful in improving the transparency, quality, and
comparability of economic evaluations in osteoporosis, thus increasing its potential
for use by decision makers and leading to a more effective allocation of resources [7].

Moreover, it is important that researchers should be aware of and use the guideline.
Interestingly, since the publication of the ESCEO-IOF guideline (between October
2018 and August 2020), nine economic evaluations have used and referenced
the guideline. Specifically, these nine studies all reported that the conduct of the
economic evaluation adheres to this recent published osteoporosis-specific guideline.
However, only four studies [20, 28, 34, 47] clearly showed how their studies followed
the recommendations of the guideline. Therefore, to successfully implement this
guideline, we recommend that future studies include a table in the main text or
appendix stating clearly how the criteria were met, and/or the reasons for non-
adherence (if appropriate), which would lead to improved study transparency.
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Additionally, some key drivers of cost effectiveness were identified in this review,
including baseline fracture risk, drug effect on the risk of fractures, drug cost, and
medication adherence/persistence. These key drivers were frequently reported to
be the most influential factors in the cost-effectiveness ratio, and should therefore
be incorporated in future economic evaluations.

Although the present study followed recommendations for conducting reviews of
economic evaluations [48], there may have been some potential limitations to our
study. First, because of limited space in Table 2 and for clarity, only base-case results
were included in our results analysis. Second, reviewers involved in the quality
assessment proposed different opinions in scoring for some recommendations;
discrepancies in rating were resolved by a third reviewer (MH) and reached a
consensus with the first author (NL). In addition, differentiating between partially
or fully reported was difficult for some recommendations; the final interpretation/
assessment was performed by the first author in agreement with a third reviewer
(MH), who assessed all papers. Third, although the osteoporosis-specific guideline
aimed to complement and align with most general guidelines for economic
evaluations, some differences can be observed. For instance, the ESCEO-IOF
guideline treats one-way and probabilistic sensitivity analyses equally in scoring,
while other guidelines may treat them separately. Fourth, some key drivers of cost
effectiveness were identified during the review of the articles. We did not perform
a systematic quantitative assessment to identify key drivers of cost effectiveness.

CONCLUSIONS

In comparison with evaluations listed in a previous review, recent economic
evaluations were conducted in more countries, and included more active drugs
and sequential therapy as comparators. A comparison between studies remains
difficult. In total, this updated review included 27 studies on the cost effectiveness
of drugs for osteoporosis, suggesting that some active interventions (denosumab,
zoledronic acid, gastro-resistant risedronate, or teriparatide) were cost effective
or dominant when compared with oral bisphosphates. However, given the limited
number of studies on the cost-effectiveness of sequential therapy that have been
conducted so far, further research would be needed to investigate adequate
evidence of the beneficial effect of this new form of intervention over single anti-
osteoporosis interventions alone. In addition, the results of a quality appraisal
indicate that greater adherence to the osteoporosis-specific guideline is expected
to improve the transparency, quality, and comparability of future studies.
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ELECTRONIC SUPPLEMENTARY MATERIAL

Appendix 1 Search strategy of the systematic review (based on PICO criteria)

Database Population Outcome

Pubmed “Bone Diseases, Metabolic”’[Mesh:NoExp] “Costs and cost analysis”[MeSH:NoExp]
OR “Osteoporosis” [Mesh] OR “Bone OR “Cost-Benefit Analysis”[Mesh]
Demineralization, Pathologic”[Mesh] OR “Health Care Costs”[Mesh] OR
OR “Bone Density”[MeSH] OR “Health Expenditures “[Mesh] OR
“Osteoporotic Fractures”[Mesh] OR “Economics, Pharmaceutical’[Mesh] OR
metabolic bone disease*[tiab] OR “Economics,Medical”[Mesh] OR cost[tiab]
osteopenia*[tiab] OR osteoporo*|[tiab] OR costs[tiab] OR costing[tiab] OR
OR bone demineralization[tiab] costly[tiab] OR health expenditure*[tiab]
OR bone demineralisation[tiab] OR OR pharmacoeconomic*[tiab] OR
pathologic decalcification*[tiab] OR expenditure*[tiab] OR economic*[tiab] OR
bone densit*[tiab] OR bone mineral economy/[tiab]
densit*[tiab] OR bone mineral
content*[tiab] OR bone loss*[tiab]
OR bone decreas* [tiab] OR bone
deterioration*[tiab] OR osteoporotic
fracture* [tiab]

Embase exp metabolic bone disease/ OR exp “cost utility analysis”/ OR exp “cost

metabolic bone disease.ti,ab,kw. OR exp
osteoporosis/ OR Osteoporosis.ti,ab,kw.
OR exp bone demineralization/ OR
bone demineralization.ti,ab,kw. OR exp
bone density/ OR bone density.ti,ab,kw.
OR exp fragility fracture/ OR fragility
fracture.ti,ab,kw.

benefit analysis”/ OR exp “health care
cost”/ OR exp “cost”/ OR exp “cost
effectiveness analysis”/ OR exp “drug

cost”/ OR exp pharmacoeconomics/ OR
pharmacoeconomics.ti,ab,kw. OR “cost utility
analysis”.ti,ab,kw. OR “cost benefit analysis”.
ti,ab,kw. OR “health care cost”.ti,ab,kw. OR
“cost effectiveness analysis”.ti,ab,kw. OR
“drug cost”.ti,ab,kw.
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Appendix 2 Operationalization of ESCEO-IOF guideline

Table 1. Operationalization of recommendations for the conduct of an economic evaluation in

osteoporosis
Items Recommendations Operationalization
Type of Cost-utility analysis using *Yes: if uses method of cost-utility analysis and uses QALY as
economic QALY as outcome outcome
evaluation *No: if does not use method of cost-utility analysis and does
not use QALY as outcome
Method for A model-based economic  *Yes: if uses economic model to simulate fracture events
the conduct  evaluation *No: if does not use economic model to simulate fracture
of economic events
evaluation
Modeling Lifetime horizon *Yes: if uses a lifetime horizon to capture long-term costs and
technique outcomes
*No: if does not use a lifetime horizon to capture long-term
costs and outcomes
Markov model is *Yes: if uses a Markov modeling technique to reflect health
appropriate (6 months/1 states
year cycle length) *No: if does not use a Markov modeling technique to reflect
health states
*Not applicable: if the use of a Markov modeling technique is
not applicable
Avoid hierarchy of *Yes: if there is no hierarchy of fractures and no limit to the
fractures and restrictions number of facture events
after fracture events *No: if there is a hierarchy of fractures and the number of
facture events is limited
*Part: if there is a hierarchy of fractures or a limit to the
number of facture events
*Not applicable: If there is no Markov model used, this item is
not applicable
Hip, clinical vertebral, *Yes: if includes hip, clinical vertebral, and non-vertebral non-
and non-vertebral non- hip fractures
hip fracture *No: if does not include hip, clinical vertebral, and non-
vertebral non-hip fractures
*Part: if includes hip or clinical vertebral or non-vertebral non-
hip fractures
Base-case Multiple scenarios: age *Yes: if includes age range and fracture risk levels
analysisand  range, BMD, and fracture  «No: if does not include age range and fracture risk levels
population risk scenarios
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The FRAX® or GARVAN®
tools can be used to
model fracture risk

Increased risk after

fracture events within the
model

*Part: if includes age range or fracture risk levels

*Yes: if incorporates an increased risk after new fracture events

*No: if does not incorporate an increased risk after new
fracture events
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Table 1 (continued)

Items

Recommendations

Operationalization

Mortality

Fracture costs
and utility

Excess mortality after
hip fractures and clinical
vertebral fractures

Proportion attribute
to the fracture (e.g.,
25-30%)

Societal and/or
healthcare payer
perspective

Acute fracture costs

Long-term costs after hip
fracture (attributable to
the fracture)

First year and subsequent
years’ effects of fractures
on disutility

National ICUROS data if
available

An additional effect (on
costs and/or utility) after
multiple fractures

*Yes: if models an excess mortality after hip fractures and
clinical vertebral fractures

*No: if does not model an excess mortality after hip fractures
and clinical vertebral fractures

*Part: if models an excess mortality after hip fractures or
clinical vertebral fractures

*Yes: if includes a proportion of excess mortality that is
attributable to the fracture event

*No: if does not include a proportion of excess mortality that is
attributable to the fracture event

*Yes: if conducts evaluation from societal and/or healthcare
payer perspective

*No: if does not conduct evaluation from societal and/or
healthcare payer perspective

*Yes: if includes the hospitalization cost related to fractures
*No: if does not include the hospitalization cost related to
fractures

*Yes: if includes long-term costs of nursing homes after hip
fracture

*No: if does not include long-term costs of nursing homes after
hip fracture

*Yes: if applies the disutility multipliers following fractures by
fracture site in the first year and subsequent years

*No: if does not apply the disutility multipliers following
fractures by fracture site in the first year and subsequent years
*Part: if applies the disutility multipliers following fractures by
fracture site in the first year or subsequent years

*Yes: if models an additional effect on costs and/or utility after
multiple fractures

*No: if does not model an additional effect on costs and/or
utility after multiple fractures
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Table 1 (continued)

[tems Recommendations Operationalization
Treatment Treatment duration *Yes: if models treatment duration which is similar to RCTs,
characteristics similar to guidelines or indications, or guidelines
RCTs (t_e.g., 3or 5 years *No: if models treatment duration which is not similar to RCTs,
for antiresoptive, 12-24  jjqjcations, or guidelines
months for anabolics)
Comparators: no *Yes: if includes comparator as no treatment and relevant
treatment and relevant active osteoporotic agent(s)
active osteoporotic *No: if does not include comparator as no treatment and
agent(s) relevant active osteoporotic agent(s)
Sequential therapy
may be considered
as intervention/
comparators
Efficacy data from RCTs,  *Yes: if extracts efficacy data from RCT or meta-analysis
(network) meta-analysis  «No: if does not extract efficacy data from RCT or meta-analysis
In the absence of hip/
wrist specific efficacy
data, use of non-vertebral
or clinical fracture
efficacy data
Treatment effects *Yes: if models effects of treatment discontinuation, which can
after discontinuation be different between drug options
depending on treatment  «Nj: if does not model effects of treatment discontinuation
Medication adherence as  *Yes: if includes real-world medication adherence in sensitivity
sensitivity analyses of varying adherence levels
*No: if does not include real-world medication adherence in
sensitivity analyses
Drug costs and *Yes: if includes drug costs and administration costs
administration/ *No: if does not include drug costs and administration costs
monitoring costs(e.g., *Part: if includes d ¢ dministrati ¢
regular visit to GBBMD art: if includes drug costs or administration costs
mearsurement and
injection/infusion cost)
Adverse events *Yes: if includes important side effects or extra-skeletal
benefits of treatment
*No: if does not include important side effects or extra-skeletal
benefits of treatment
Sensitivity One-way sensitivity *Yes: if includes one-way sensitivity analyses
analyses analyses *No: if does not include one-way sensitivity analyses
Probabilistic sensitivity *Yes: if includes probabilistic sensitivity analyses
analyses *No: if does not include probabilistic sensitivity analyses
Outcomes Presentation of

disaggregated outcomes,
incremental costs,and
outcomes for each
intervention and
incremental cost-
effectiveness ratios

*Yes: if presents disaggregated outcomes
*No: if does not present disaggregated outcomes

Some recommendations (i.e., ‘use ICUROS data’, ‘use FRAX® or GARVAN® tools’, ‘consider sequential therapy
as intervention’ and ‘in the absence of hip/wrist specific efficacy data, use of non-vertebral or clinical fracture
efficacy data as replacement’) were not included in the scoring system; therefore no operationalization were
provided.
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Table 2. Operationalization of the osteoporosis-specific checklist

Items Recommendations Operationalization
Transition Report the transition *Yes: if reports the transition probabilities and how they
probabilities probabilities and how they were estimated

Excess mortality
after fractures

Fractures costs

Fractures effects
on utility

Treatment effect
during treatment

Treatment effect
after
discontinuation

Medication
adherence

Treatment costs

Treatment side
effects

were estimated (including
increased fracture risk)

Describe approaches and
data sources used for the
excess mortality after
fractures

Describe approaches and
data sources used for
fractures costs

Describe approaches and
data sources used for the
effects of fractures on
utility

Describe fully the methods
used for the identification,
selection, and synthesis of
clinical effectiveness data
(per fracture site)

Describe fully the
methods used for the
treatment effect after
discontinuation

Describe approaches
and data sources used
for modeling medication
adherence

Describe approaches and
data sources used for
therapy costs

Describe approaches and
data sources used for costs
and utilities effects of
adverse events

*No: if does not report the transition probabilities and how
they were estimated

*Not applicable: if there is no model used, this item is not
applicable

*Yes: if describes approaches and data sources used for the
excess mortality after fractures

*No: if does not describe approaches and data sources used
for the excess mortality after fractures

*Yes: if describes approaches and data sources used for
costs of fractures

*No: if does not describe approaches and data sources used
for costs of fractures

*Yes: if describes approaches and data sources used for the
effects of fractures on utility

*No: if does not describe approaches and data sources used
for the effects of fractures on utility

*Yes: if fully describes the methods used for the
identification, selection, and synthesis of clinical
effectiveness data

*No: if does not fully describe the methods used for

the identification, selection, and synthesis of clinical
effectiveness data

*Yes: if fully describes the methods used for the treatment
effect after discontinuation

*No: if does not fully describe the methods used for the
treatment effect after discontinuation

*Yes: if describes approaches and data sources used for
modeling medication adherence

*No: if does not describe approaches and data sources used
for modeling medication adherence

*Yes: if describes approaches and data sources used for
therapy costs

*No: if does not describe approaches and data sources used
for therapy costs

*Yes: if describes approaches and data sources used for
costs and utilities effects of adverse events

*No: if does not describe approaches and data sources used
for costs and utilities effects of adverse events

*Part: if describes approaches and data sources used for
costs or utilities effects of adverse events
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ABSTRACT

Background Osteoporosis is often considered to be a disease of women. Over the
last few years, owing to the increasing clinical and economic burden, the awareness
and imperative for identifying and managing osteoporosis in men have increased
substantially. With the approval of agents to treat men with osteoporosis, more
economic evaluations have been conducted to assess the potential economic
benefits of these interventions. Despite this concern, there is no specific overview
of costeffectiveness analyses for the treatment of osteoporosis in men.

Objectives This study aims (1) to systematically review economic evaluations
of interventions for osteoporosis in men; (2) to critically appraise the quality of
included studies and the source of model input data; and (3) to investigate the
comparability of results for studies including both men and women.

Methods A literature search mainly using MEDLINE (via Ovid) and Embase
databases was undertaken to identify original articles published between 1
January, 2000 and 30 June, 2022. Studies that assessed the cost effectiveness of
interventions for osteoporosis in men were included. The Economic Aspects of
Osteoporosis, Osteoarthritis and Musculoskeletal Diseases and the International
Osteoporosis Foundation osteoporosis-specific guideline was used to assess the
quality of design, conduct, and reporting of included studies.

Results Of 2973 articles identified, 25 studies fulfilled the inclusion criteria,
classified into economic evaluations of active drugs (n=8) or nutritional supplements
(n=4), intervention thresholds (n=5), screening strategies (n=6), and postfracture
care programs (n=2). Most studies were conducted in European countries (n=15),
followed by North America (n=9). Bisphosphonates (namely alendronate) and
nutritional supplements were shown to be generally cost effective compared with
no treatment in men over 60 years of age with osteoporosis or prior fractures.
Two other studies suggested that denosumab was cost effective in men aged 75
years and older with osteoporosis compared with bisphosphates and teriparatide.
Intervention thresholds at which bisphosphonates were found to be cost effective
varied among studies with a 10-year probability of a major osteoporotic fracture
that ranged from 8.9 to 34.2% for different age categories. A few studies suggested
cost effectiveness of screening strategies and post-fracture care programs in
men. Similar findings regarding the cost effectiveness of drugs and intervention
thresholds in women and men were captured, with slightly greater incremental
cost-effectiveness ratios in men. The quality of the studies included had an average
score of 18.8 out of 25 (range 13-23.5). Hip fracture incidence and mortality risk
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were mainly derived from studies in men, while fracture cost, treatment efficacy,
and disutility were commonly derived from studies in women or studies combining
both sexes.

Conclusions Anti-osteoporosis drugs and nutritional supplements are generally
cost effective in men with osteoporosis. Screening strategies and post-fracture
care programs also showed economic benefits for men. Cost-effectiveness and
intervention thresholds were generally similar in studies conducted in both men
and women, with slightly greater incremental cost-effectiveness ratios in men.

Key Points for Decision Makers

- Medicines for osteoporosis and nutritional supplements are cost
effective in men aged 60 years and older with prior fractures or with a
diagnosis of osteoporosis. Based on expert societies’ practice guidelines,
reimbursement for these active drugs should be considered as part of the
standard of care.

- Similar findings regarding the cost effectiveness of drugs and intervention
thresholds in women and men with osteoporosis were captured, with
a moderate increase in incremental cost-effectiveness ratios in men.
Fracture risk reduction is the primary consideration in the treatment for
osteoporosis irrespective of sex.
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INTRODUCTION

Osteoporosis is commonly recognized as a disease in women following menopause,
which is often overlooked in men mainly because there is no aging process in
men analogous to menopause with a resultant rapid loss of bone mass. In men,
secondary osteoporosis is more frequent; common causes include glucocorticoid
excess, hypogonadism, and alcohol abuse [1]. In particular, androgen deficiency
(hypogonadism) that can result from androgen deprivation therapy for prostate
cancer is accompanied by a decline in bone mineral density (BMD) within the first
6-9 months of initiation and an increase in fracture risk of nearly 20% after 5 years
of therapy [2].

Osteoporotic fractures are not limited to postmenopausal women; one in five men
(compared to one in two women) over 50 years of age will sustain an osteoporotic
fracture in their remaining lifetime [3, 4]. A US study reported that men account
for 29% of osteoporotic fractures and 25% of the cost of fractures (with the total
annual expense for all osteoporosis-related fractures in the USA at approximately
$57 billion in 2018, which is comparable to the annual cost of €56 billion estimated
in 2019 for Europe) [5-7]. In addition, the consequences of fractures, in particular
hip fractures, were shown to be greater in men than in women [8], as suggested
by the increased relative risk of a subsequent fracture and mortality following the
initial fractures. This rising clinical and economic burden of osteoporosis in men
has led to increased attention recently.

With the availability of pharmacological therapies as well as the implementation
of post-fracture care programs for the prevention of secondary fractures, cost-
effectiveness assessments of these interventions have been conducted to inform
decision makingor to determine cost-effective osteoporosis intervention thresholds
(i.e., 10-year fracture probabilities at which treatment can be cost effective). Most of
the studies were conducted in women and are summarized in previous systematic
reviews [9, 10]. To our knowledge, there is currently no overview of published cost-
effectiveness analyses for the treatment of osteoporosis in men. Such information
may inform payers about the economic value of treating osteoporosis in men,
identify relevant gaps and opportunities, and provide pertinent information for
further economic studies. Therefore, the objective of this study is to systematically
review cost-effectiveness analyses in men with osteoporosis, to critically appraise
these studies, to investigate the source of model input data, and to assess the
comparability of costeffectiveness results among studies including both men and
women.
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METHODS

The 2020 Preferred Reporting Items for Systematic Reviews and Meta-analysis
(PRISMA) statement [9] was used for the entire procedure (identify, select,
appraise, and synthesize studies) of this systematic review. A protocol was
registered in PROSPERO with the registration number CRD42022331820 [11].
Covidence software as a systematic review management tool was used to manage
search results, including the removal of duplicates, abstract and title screening, and
full-text screening.

Literature Search

The literature search was restricted to articles published between January 2000
and June 2022 (given the first osteoporosis-related study including men was
published in 2004). MEDLINE (via Ovid) and Embase databases were searched
initially in January 2022 and were updated in June 2022 using adapted search
strategies (based on the previous search strategies of Li et al. [9]). As suggested
by a guideline for systematic reviews of economic evaluations [12], two other
economic evaluation databases were also searched: the National Health Service
Economic Evaluation Database and the Cost-Effectiveness Analysis Registry, using
two keywords (“osteoporosis” and “men”). However, it should be noted that updates
to National Health Service Economic Evaluation database were discontinued in
2015. In addition, reference lists and citations of included articles and previously
published systematic reviews (of economic evaluations of interventions for
osteoporosis) were reviewed as additional studies of interest. Details of search
strategies are in the Electronic Supplementary Material (ESM).

Study Selection

Peer-reviewed studies from any country or type of healthcare system were
considered eligible if they contained a full economic evaluation comparing at least
an intervention and a comparator in both costs and outcomes, either placebo or an
alternative intervention as comparator(s). Eligible studies are cost-effectiveness
analyses, cost-utility analyses, cost-benefitanalyses,and cost-minimization analyses
for any type of interventions or management (drugs, screening, intervention
thresholds, adherence intervention, nutrition, fracture liaison services [FLS]).
Particularly, studies were included if they reported outcomes for men (studies
in men only, or studies including both men and women but separately reporting
cost-effectiveness results for men). Nonoriginal articles (e.g., case reports, reviews,
letters to the editors, conference abstracts, opinion pieces, protocols) and studies
published in non-English language were excluded [13].
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Using these criteria, two reviewers (NL, CB) independently identified studies
through title and abstract screening. Then, these reviewers conducted a full-text
screening to determine eligibility, discrepancies were resolved by a consensus
meeting with a third reviewer (MH).

Data Extraction and Synthesis

Included studies were classified into four categories: active drugs or nutritional
supplements, intervention threshold, screening strategies, and post-fracture care
programs. A standardized data extraction form was developed and pre-tested on
a sample of five of the eligible studies to extract data from these studies by one
independent reviewer (NL) and a second reviewer (CB) checked these results to
assure the quality of the form. Study characteristics extracted included publication
information (author, year of publication, journal), study design (country setting,
target population, economic perspective, model type, time horizon, intervention
and comparators, intervention duration, outcome measure, cost type, year of
valuation, discount rates), study outcomes (base-case and sensitivity analyses), and
funding source. It should be noted that for studies combining both women and men,
only male data were extracted. The outcomes varied according to study categories.
For studies investigating the cost effectiveness of active drugs or nutritional
supplements, screening strategies, and post-fracture care programs, incremental
cost-effectiveness ratios (ICERs) were extracted as originally reported along with
the conclusions on the cost effectiveness of the intervention determined by the
authors. Furthermore, information on the duration of drug/nutrition treatment,
screening time and drug/nutrition treatment, and the duration of post-fracture care
programs as the intervention duration was also collected. Intervention thresholds
(i.e., the threshold of fracture probability at which an intervention becomes cost
effective) [14] were extracted as the main study outcome of the intervention
threshold studies, and the duration of drug/nutritional treatment was reported as
the intervention duration.

Studies that reported outcomes separately for both men and women were further
categorized into two groups according to the type of outcome (ICER or intervention
threshold). In studies using ICER as the outcome, the difference in ICERs was
displayed using +/- with the data from the women as the reference (+ means men
had higher ICERs than women, — means men had lower ICERs than women), and
the conclusion on cost effectiveness was also shown for both sexes using Yes/
No. For studies using an intervention threshold as the outcome, thresholds were
separately reported for men and women, and absolute change was calculated with
the data from the women as the reference.
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Quality Assessment

The conduct and reporting quality of included studies were appraised by two
independent researchers (NL, CB) using the osteoporosis-specific guideline
formulated by the European Society for Clinical and Economic Aspects of
Osteoporosis, Osteoarthritis and Musculoskeletal Diseases and the International
Osteoporosis Foundation (ESCEO-IOF) [15]. Discrepancies were discussed and
resolved with a third researcher (MH). The ESCEO-IOF guideline includes 29
items; four items (a. the FRAX® or GARVAN® tools can be used to model fracture;
b. national ICUROS data if available; c. sequential therapy may be considered as
intervention/comparators; d. in the absence of hip/wrist-specific efficacy data,
use of non-vertebral or clinical fracture efficacy data) were not included in the
scoring system as these recommendations are not compulsory or not applicable
to all eligible studies. Each of the remaining 25 items was scored with a Yes, No,
Partial, Not reported, or Not applicable to indicate if the requirement was fulfilled.
A quality score was obtained for each study by assigning a score of 1 for any Yes, a
score of 0.5 for Partially, and a score of 0 for No, not reported, and not applicable,
for a total possible score of 25 points.

Additionally, another form was used to extract the source of the most important
model parameters (i.e., fracture incidence, fracture cost, baseline utility and
fracture disutility, baseline mortality, and excess mortality, treatment efficacy, side
effects, and medication adherence/persistence) and to determine whether these
data were derived from studies in men exclusively, from women, or from studies
including both sexes.

RESULTS

Study Selection

Figure 1 shows the PRISMA flow chart for the identification of studies. The database
search identified 2973 records, of which 782 were removed as duplicates. Fifty-two
full economic evaluations were identified after title and abstract screening. Of those,
14 articles were conference abstracts and therefore rejected; 38 studies were thus
assessed for eligibility by full-text screening. Thirteen studies were subsequently
excluded for reasons such as duplicates (n = 5), not the original article (n = 2),
and not the target population or not specific outcomes for men (n = 6), leaving a
total of 25 articles included in the analysis. No new studies were identified through
screening of reference lists and citations of included articles.
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[ Identification of studies via databases ]

Records identified from:
Databases (n =2973)

-Medline (via Ovid) Records removed before screening:
-Embase » Duplicate records removed
-NHS EED (n=782)
-CEA Registry
Records screened Records excluded
——»
(n=2191) (n=2139)

Reports sought for retrieval Reports not retrieved

(n=52) (n=14)

I

Reports assessed for eligibility Reports excluded:

(n=38) Duplicates (n=5)

Not original article (n=2)

Not target population or not
specific outcomes for men (n = 6)

v

A4

Studies included in review
(n=125)

Figure 1. Preferred reporting items for systematic reviews and meta-analyses (PRISMA 2020)
flowchart of study selection. CEA Registry Cost-Effectiveness Analysis Registry, NHS EED National
Health Service Economic Evaluation Database

Overview of Included Studies

Table 1 presents the characteristics of included studies. Most assessed active drugs
or nutritional (primarily vitamin D alone or with calcium) supplements (n=12)
followed by screening strategies (n=6), intervention thresholds (n=5), and post-
fracture care programs (n=2). Sixteen out of 25 studies were conducted before
2015, only two studies [16, 17] were published in the past 5 years. Most studies
were conducted in European countries (n=15), especially in Sweden (n=4), Belgium
(n=3), and the UK (n=3), followed by the USA (n=9), with one study performed in
Asia.
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Regarding the study population, nine studies included only men and 16 included
both men and women. A wide variability in patient characteristics was observed,
including patients with osteoporosis, low bone mass, or at high risk of fracture;
patients or the general population with or without prior/recent fracture, men with
prostate cancer beginning androgen deprivation therapy, and patients prescribed
oral glucocorticoids. A healthcare perspective (typically including direct medical
and non-medical costs) was used in 15 studies incorporating only direct costs,
seven with a societal perspective (also including productivity losses arising from
patients’ inability to work) and the remaining three studies with both societal and
healthcare perspectives. All included studies used a Markov model consisting of a
Markov microsimulation model (n=10) and a Markov cohort model (n=15). Most
studies (n=21) considered a lifetime horizon; only four studies [16, 18-20] applied
a fixed time horizon such as 5, 6, or 10 years. One study [21] used the life-year as
the outcome while the remaining studies used quality-adjusted life-years (QALYs).
Most studies (n=15) applied 3% as the discount rate for both costs and QALYs. Nine
studies were funded by industry and another nine by national public funds while
seven studies did not mention the source of funding (n=3) or had no funding (n=4).
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Cost Effectiveness of Interventions

Table 2 reports information on the intervention and comparator, intervention
duration, year of costing valuation, sensitivity analysis, and the main results of
included articles. In eight studies thatincluded active drugs (n = 8), bisphosphonates
were included as the intervention in five studies [18, 20, 22-24] along with BMD
testing or calcium/cholecalciferol and were compared to no treatment or nutrition
supplements (sodium fluoride and/or calcium/cholecalciferol) alone. Two of these
studies [20, 24] indicated that the bisphosphonate strategy alone was considered
cost effective in patients aged 55 years and older with a fracture history, low
bone mass, rheumatoid arthritis, or use of high-dose glucocorticoid doses (15
mg/day). Another two studies [22, 23] reported bone densitometry followed by
bisphosphonates was cost effective for men aged 70 years or older with osteoporosis
caused by androgen deprivation therapy, or for men aged over 65 years with a
self-reported prior clinical fracture and for men aged 80-85 years with no prior
fracture. Denosumab was included in two studies [25, 26] in comparison with
bisphosphonates (generic alendronate, zoledronate, risedronate, and ibandronate)
and teriparatide, with findings suggesting denosumab was cost effective in men
aged 75 years and older with osteoporosis. Three studies [21, 27, 28] included
vitamin D-fortified dairy products or calcium/vitamin D supplementation and
indicated nutritional supplements were cost effective in men aged over 80 years,
and in men over 60 years of age with osteoporosis when compared with usual care
or no treatment.

In five studies [29-33] that investigated cost-effective intervention thresholds,
three used FRAX® as the measure of fracture risk. Bisphosphonates were used as
the intervention in four studies (branded alendronate was used in two studies;
however, the name of the bisphosphonate used in the other two studies was not
mentioned) [29-32] compared with no treatment or calcium and vitamin D alone;
the drug intervention was found to be cost effective with a 10-year probability of
a major osteoporotic fracture (MOF) or hip fracture that ranged from 8.9 to 34.2%
and from 0.8 to 7.5% for different age categories, respectively. The intervention
thresholds at which an intervention is cost effective generally increases with the
age of the population.

In six studies [16, 17, 34-37] that compared the screening strategy (followed by
drug treatment) with no screening strategy or non-intervention strategy (both
screening type and medications were not included), four studies [16, 17, 34, 35]
reported that screening via bone density was cost effective in men aged 65 years
and older. The screen-and-treat strategy was not cost effective compared with no
intervention for all age groups as reported by Schwenkglenks and Lippuner [36].
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One study [35] reported that bone densitometry followed by drug therapy was cost
effective for men aged 55, 75, and 80 years without a prior fracture when the body
weight thresholds were below 67, 101, and 108 kg, respectively.

Two studies [19, 38] indicated that post-fracture care programs were cost effective
compared with the usual care or do-nothing alternative in men aged over 60
years with a recent fracture. For studies including active drugs, treatment costs
encompassing drug costs, physician visit costs (and frequency) as well as BMD
testing costs (and frequency) were removed from the analysis but are included
in the ESM. These costs differ greatly among studies (with teriparatide having
the highest annual cost and generic alendronate having the lowest annual cost in
general). Most studies assumed a physician visit once per year and BMD testing
once every 2 years.
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Table 2. (continued)
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Comparison in Cost Effectiveness Between Men and Women

Tables 3 and 4 present synthesized studies (n = 14) that reported results of different
(age, fracture risk, or intervention) characteristics for men and women. These
studies were further categorized by use of ICERs (Table 3, n=9) or intervention
thresholds (Table 4, n=5) as the outcome. Specifically, nine studies [16, 18, 20,
21, 27, 28, 36, 38, 39] used ICERs as the main outcome, leading to a total of 33
comparisons from these studies. Among these, 73% (24) of comparisons reported
higher ICERs in men than in women; the relative difference in ICERs was larger
with increasing age and a higher fracture risk at baseline in general. Despite
differences in ICERs between men and women, five studies [16, 18, 21, 28, 38]
and 24 of 33 comparisons (73%) reported similar conclusions about the cost
effectiveness of the intervention. The remaining 27% revealed the intervention
was cost effective only for women (men yielded higher ICERs). In five studies with
intervention thresholds [29-33] (containing a total of 43 comparisons), 21 out of
43 comparisons (49%) reported lower intervention thresholds for men compared
with women (particularly those that assessed the 10-year probability of hip fracture
in men over the age of 70 years), the other half of the comparisons indicated higher
intervention thresholds in women, suggesting no major differences were identified
between men and women.
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Table 3. Results of comparison between men and women for studies using ICER as the outcome
(base case)

BMD bone mineral density, CA calcium, CHF Swiss Franc, FLS fracture liaison service, GC glucocorticoid, ICER
incremental cost-effectiveness ratio, 0G orthogeriatric, Vit D vitamin D, + indicates men had higher ICERs than women,
- indicates men had lower ICERs than women

102



CEA OF INTERVENTIONS FOR OSTEOPOROSIS IN MEN: A SYSTEMATIC LITERATURE REVIEW

Table 4. Results of comparison between men and women for studies using intervention
threshold as the outcome (base case)
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Table 4 (continued)

MOF major osteoporosis fracture

Quality Assessment

Results of the quality appraisal of the design and conduct of the economic evaluation
in men with osteoporosis are presented in the ESM. The quality of included studies
was relatively good with an average score of 18.8 out of 25 (range 13-23.5). The
average score for studies that included active drugs or nutritional supplements,
intervention thresholds, screening strategies, and post-fracture care programs
as the intervention was 19.2, 17.1, 21.0, and 14.0, respectively; 44% of included
studies scored more than 20 points.

Figure 2 displays the proportion of studies that included the individual items
recommended in the ESCEO-IOF guidelines and whether an item was fully reported,
partially reported, or not reported in the cited studies. The most frequently
unreported items were ‘an additional effect on costs and/or utility after multiple
fractures, ‘the effect of adverse events on costs and/or utility, ‘avoid hierarchy of
fractures and restrictions after fracture events, and ‘proportion of excess mortality
attributed to the fracture’. In addition, two items (‘comparators: no treatment and
relevant active osteoporotic agents’ and ‘excess mortality after hip and clinical
vertebral fractures’) were frequently partially reported.
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Figure 2. Proportion of studies meeting individual items recommended in the Economic Aspects
of Osteoporosis, Osteoarthritis and Musculoskeletal Diseases and the International Osteoporosis
Foundation guideline (total studies: 25). BMD bone mineral density, NA not applicable, NO
not reported, NR not reported, Partial partially reported, QALY quality-adjusted life-year, RCTs
randomized controlled trials, Yes fully reported

Source of Model Input Data

Table 5 displays the source of model parameters for each study. For fracture
incidence, specific male data were used for hip fracture in all included studies.
One study [39] indicated their vertebral fracture incidence data were adjusted
from female data, and the incidence of other fractures was obtained from a study
combining both sexes. However, given the absence of country-specific fracture
incidence data, four studies [18, 29, 32, 40] derived relevant data from other
countries. The source of fracture cost data varies significantly among studies. Most
studies (n=13) obtained hip fracture cost data from studies including both men
and women; only eight studies fully obtained and used male hip fracture cost data.
For non-hip fracture costs, only three studies [25, 28, 32] reported the use of male-
specific data. With regard to utility data, nine studies [16, 17, 19, 22, 25, 26, 31, 34,
37] used male-specific baseline utilities; however, over 90% of the studies derived
disutility data from studies encompassing both sexes. In addition, nearly all studies
obtained male-specific baseline mortality data, and male excess mortality data
were used in half of the studies (n=13). With regard to treatment efficacy data, only
three studies [22, 34, 37] extracted male efficacy data from meta-analyses based
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on randomized controlled trials of alendronate in men, most studies (n=14) used
female efficacy data or obtained relevant data from studies combining both sexes.
Most studies did not include treatment adverse events (n=16) and medication
adherence (n=9) in their models. In five studies [23, 32, 34, 37, 40] that modeled
the adverse events, only one study [34] included the rare but serious side effects
of osteonecrosis of the jaw, and subtrochanteric femoral fracture. For studies that
indicated the source of these two parameters, female data or assumptions were
frequently used.
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DISCUSSION

This systematic review identified 25 cost-effectiveness analyses of interventions
for osteoporosis in men published between 2000 and June 2022. Most of the
studies assessed active drugs (n=8) or nutritional supplements (n=4) followed by
screening strategies (n=6), intervention thresholds (n=5), and post-fracture care
programs (n=2). A comparison to two previous reviews [9, 10] of cost-effectiveness
analyses of drugs for postmenopausal osteoporosis by Hiligsmann et al. [10] (n=39,
between 1 January, 2008 and 31 December, 2013) and Lietal. [9] (n=27, between 1
July, 2013 and 31 December, 2019), shows that the number of economic evaluations
of interventions in men (n=25) with osteoporosis is limited. Nearly all studies
included in this review were conducted in Europe and North America, and only two
studies [16, 17] were published in the past 5 years. In contrast, cost-effectiveness
studies in women were performed in a large number of countries (a total of 23
countries in Europe, three in North America, three in the Asia-Pacific region, one
in the Middle East, and one in Australia), and the number of publications identified
were published in recent years [9]. Compared with postmenopausal women,
economic evaluations in men are largely insufficient and relatively outdated, even
though some of the medicines for osteoporosis are approved for use in men. This
could be owing to the lack of attention given to the treatment of osteoporosis in
men, and some active drugs that have yet to be approved or reimbursed for men in
some countries.

With regard to active drugs (referring to anti-osteoporosis medication rather
than nutritional supplements), four out of five studies [18, 20, 22-24] revealed
that bisphosphonates (with/without BMD testing) were generally cost effective
compared with no treatment or nutritional supplements in men aged 55 years and
older with a fracture history,low bone mass, or rheumatoid arthritis. However, there
was no study comparing the cost effectiveness between bisphosphonate types.
More future studies are needed. Although glucocorticoid excess and hypogonadism
(e.g., androgen deprivation therapy for prostate cancer) are two main factors to
increase the risk of secondary osteoporosis [1] and fracture in men, only two cost-
effectiveness analyses [20, 23] were published and reported that alendronate
therapy in conjunction with BMD testing was cost effective in patients starting
adjuvant androgen deprivation therapy for locally advanced or high-risk localized
prostate cancer, and bisphosphates were cost effective in patients using high doses
of glucocorticoids. However, it should be noted that heterogeneity in interventions
being compared in the target population of the included studies in terms of BMD
status, fracture risk, and prior fracture (yes/no) was identified, which made it
difficult to conduct comparisons between the studies and synthesize data.
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Only two studies (in the USA and Sweden) were identified to assess the cost
effectiveness of denosumab in men with osteoporosis [25, 26], compared with 17
studies in women as reported by a recent systematic review [41]. Although both
studies indicated denosumab was cost effective compared to bisphosphonates
(alendronate, zoledronate, risedronate, and ibandronate), the results should be
further confirmed. Moreover, considering denosumab is also approved for the
treatment of bone loss in men with prostate cancer undergoing hormone ablation
therapy, and for men with glucocorticoid-induced osteoporosis, future studies are
highly needed to reveal the potential economic benefits of denosumab for men
with glucocorticoid use or hypogonadism.

Most studies assessed the cost effectiveness in primary prevention (i.e., patients
with osteoporosis) and only one study [40] compared the cost effectiveness of
strontium ranelate to no treatment in various populations (BMD T-score<-2.5
and/or prevalent vertebral fracture), suggesting improved cost effectiveness (lower
ICERs) in patients with previous fractures. No economic evaluations have been
performed in men with osteoporosis treated with teriparatide despite its approval
in 2002 by the US Food and Drug Administration and in 2003 by the European
Medicines Agency to increase bone mass in men. Only two studies [25, 26] used
it as a comparator and reported teriparatide was not cost effective compared to
denosumab. The recent availability of biosimilar teriparatide could potentially
affect this finding.

Recently, one study [42] reported that abaloparatide, a human parathyroid
hormone-related peptide(1-34) analog, in men with osteoporosisleads to rapid and
significant improvements in BMD with a safety profile similar to women, suggesting
abaloparatide can be considered as an effective anabolic treatment option for men
with osteoporosis. However, relevant economic data of abaloparatide in men are
still lacking, and future economic studies are needed.

There is emerging economic evidence about the value of sequential therapy
(anabolicagents followed by antiresorptive agents) in postmenopausal women [43-
45], no relevant studies were identified in men. Economic research on sequential
therapy in men may be of interest for future research. Our review found that most
cost-effectiveness analyses in men were based on bridging studies, the small-
scaled studies with a shorter duration that use BMD as a surrogate endpoint to
support an indication in men. When an agent in a bridging study for men increases
BMD to a magnitude comparable to that observed in the larger, longer, and more
extensive studies (e.g., including assessment of the effect on fracture risk) required
for approval in postmenopausal women, the validation of this treatment in men
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is considered sufficient. This strategy is the accepted approach by regulators and
payers, and acceptable from a health economics perspective [46].

Several economic evaluations included in our study were performed to assess
the cost effectiveness of screening strategies for osteoporosis. Though four
out of six studies (in our review) indicated BMD screening was cost effective in
men, there is ongoing debate regarding the benefits of a widespread systematic
screening approach for osteoporosis in men [47]. In the USA, dual-energy X-ray
absorptiometry-based osteoporosis screening is recommended by some societies
and guidelines (but not widely covered by insurance) for men aged over 70 years
or over 50 years who have sustained a fracture [48]. Within the included studies,
we found that most studies assumed/reported BMD testing once every 2 years for
patients with osteoporosis. The frequency of BMD testing could, however, depend
on BMD T-scores, and less frequent testing has been recommended for patients
with osteopenia [49].

For patients requiring a fracture risk assessment, the threshold at which treatment
should be initiated will vary according to factors such as healthcare provision,
willingness to pay, and cost of medications [47]. The most recent guidelines [50,
51] suggest treating patients whose FRAX 10-year major osteoporotic fracture
risk scores are = 20%. However, a recently published study [52] indicated that
assessment by the FRAX algorithm appears to underestimate the risk in older
people, thus the therapeutic choice for these patients needs to be adjusted.
Diagnostic-therapeutic decision making in real-world practice must consider
a wider assessment focused on the specific needs of the individual patient [52].
Another concern is that intervention thresholds varied significantly across studies
and settings because consensus on whether the threshold level should be fixed or
age and sex dependent is lacking. All five studies included in our systematic review
reported age- and sex-dependent thresholds, and the intervention thresholds
increased with age, which was in line with National Osteoporosis Guideline Group
in the UK [53].

With the wide implementation of post-fracture care programs, such as FLS, there
has been an increase in the number of cost-effectiveness analyses conducted [54]
and most of these studies only focused on women. Studies in our review indicated
that post-fracture care programs were cost effective in men, the economic benefits
of FLS in men might be further supported in future studies.

The cost-effectiveness estimations (ICERs or intervention thresholds) for men and
women were quite similar. Specifically, over 70% of comparisons reported similar
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conclusions about the cost effectiveness of the intervention in men and women,
despite men yielding higher ICERs that led to noncost-effective estimations in the
remaining few comparisons resulting mainly from differences in fracture incidence.
This could be because fracture incidence at baseline was comparably lower for men
than for women. [t might be interesting to confirm in future studies. In addition, no
major differences were identified between men and women concerning costeffective
intervention thresholds, suggesting that intervention thresholds are probably
similar in men and women from an economic point of view. Given the similar I[CERs
and intervention thresholds between men and women, fracture risk reduction is
the primary consideration in the treatment of osteoporosis irrespective of sex,
which is also indicated by romosozumab for the treatment of severe osteoporosis
in Australia by the Pharmaceutical Benefits Advisory Committee [55].

An osteoporosis-specific guideline [15] was used in our study for quality appraisal
of the studies included. This guideline can serve as a guide for the design,
conduct, and reporting of economic evaluations in osteoporosis to improve their
transparency, comparability, and methodologic standards, and to further facilitate
inter-study comparisons. Although the quality of the studies included in our review
was relatively high, some items were frequently missing or only partially reported
, which is in alignment with a previous systematic review [9], and these items
deserve attention in future studies.

Regarding the source of model input data, male-specific data were commonly used
for fracture incidence, baseline mortality, and baseline utility data. However, some
data, for example, fracture cost and disutility, were commonly retrieved from studies
including both men and women, and treatment efficacy was mostly obtained from
women based on a meta-analysis or randomized controlled trial. This is not an
incorrect use of data per se as the effect of fracture on utility has been shown to be
similar between men and women as reported by a recent study [56] revealing that
men and women had a similar trajectory of health-related quality-of-life recovery
following fragility fracture at any skeletal site. Similarly, one systematic review and
meta-analysis [57] reported the efficacy of treatment options to reduce osteoporotic
fracture risk in men was comparable to women, therefore it might not weaken the
analysis to use female data in the absence of male-specific treatment efficacy data. It
is however important that male-specific data be used for several parameters owing
to the differences between men and women, in particular for fracture incidence,
increased risk after subsequent fractures, mortality excess, and fracture costs.

There are several implications of our review. First, this study summarizes the
current economic evidence of costeffectiveness analyses of interventions in men
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with osteoporosis and reveals the knowledge gap (insufficient economic data and
publications) when compared with studies in women. Second, our study indicates
the overall comparability of conclusions on the cost effectiveness of interventions
in men and women, with greater ICERs in men. Third, we highlight that some male-
specific data are needed in the design of an economic evaluation in men. Adhering
to the ESCEO-IOF guideline [15] as well as CHEERS 2022 [58] is also important
for future economic evaluations in osteoporosis to improve the quality of studies.
These guidelines provide recommendations for the conduct and reporting of
economic evaluations (in osteoporosis) and are important to improve the quality
and standardization of these studies.

Our study has two main limitations. First, the osteoporosis-specific guideline
is more appropriate to appraise costeffectiveness analyses of active drugs for
osteoporosis, thus some items for studies that investigated other interventions
such as screening strategies and intervention thresholds might not be applicable
and underscored. Second, the source of model input data in some studies cannot be
identified, therefore it is difficult to make a fully precise summary on the proportion
of study using male-specific data for these model parameters.

CONCLUSIONS

Our systematic review included 25 studies on the cost effectiveness of interventions
for osteoporosis in men, covering active drugs or nutritional supplements,
intervention thresholds, screening strategies, and post-fracture care programs
between 1 January, 2000 and 30 June, 2022. Overall, antiosteoporosis drugs and
nutritional supplements are generally cost effective in men with osteoporosis.
Screening strategies and post-fracture care programs also showed economic
benefits for men. Cost-effectiveness and intervention thresholds were generally
rather similar in studies conducted in both men and women, with slightly greater
ICERs in men. More high-quality and national studies in men with osteoporosis are
needed to close the current research gap and further inform decision making.
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ELECTRONIC SUPPLEMENTARY MATERIAL I:

Search strategies

Table Search strategies

Database Search strategy

Medline

Embase

1 exp Osteoporosis/

2 Bone Diseases, Metabolic/

3 Bone Density/

4 Bone Demineralization, Pathologic/

5 Osteoporotic Fractures/

6 osteoporo*.ti,ab,kf.

7 osteopenia*.ti,ab,kf.

8 (bone* adjl (densit* or content)).ti,ab,kf.

9 (bone* adjl (demineralization or demineralisation of loss* or decreas* or deterioration*)).
ti,ab,kf.

10 metabolic bone disease*.ti,ab,kf.

11 (osteoporo* adjl fracture*).ti,ab,kf.

12 or/1-11

13 “Costs and Cost Analysis”/

14 Cost-Benefit Analysis/

15 Health Care Costs/

16 Health Expenditures/

17 Economics, Pharmaceutical/

18 Economics, Medical/

19 (cost or costs or costing or costly).ti,ab,kf.

20 expenditure*.ti,ab,kf.

21 (economic* or economy or pharmacoeconomic*).ti,ab,kf.
22 or/13-21

23 12 and 22

24 (men or man or male* or boy* or masculin).ti,ab,kf.
25 23 and 24

26  limit 25 to yr="2000 -Current”

1 exp metabolic bone disease/

2 exp osteoporosis/

3 exp bone demineralization/

4  exp bone density/

5 exp fragility fracture/

6  Osteoporos*.ti,ab,kw.

7 osteopenia.tiab,kf.

8 (bone* adjl (densit* or content)).ti,ab,kf.

9 (bone* adjl (demineralization or demineralisation of loss* or decreas* or deterioration*)).
ti,ab,kw.

10 metabolic bone disease*.ti,ab,kf.

11 (osteoporo* adjl fracture*).ti,ab,kf.

12 or/1-11

13  exp “cost utility analysis”/

14 exp “cost benefit analysis”/

15 exp “health care cost”/

16 exp “cost”/

17 exp “cost effectiveness analysis”/

18 exp pharmacoeconomics/

19 (cost or costs or costing or costly).ti,ab,kf.

20 expenditure*.ti,ab,kf.

21 (economic* or economy or pharmacoeconomic*).ti,ab,kf.
22 or/13-21

23 12 and 22

24 (men or man or male* or boy* or masculin).ti,ab,kf.
25 23 and 24

26  limit 25 to yr="2000 -Current”
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ELECTRONIC SUPPLEMENTARY MATERIAL II:

Treatment (active drug) costs

Table Treatment costs of interventions and/or comparators in included studies

Reference Country Year of Active drugs Treatment costs
valuation Drug Physician BMD testing
cost/year visit cost cost
Silverman etal. USA 2013 USD  Denosumab $1,650 $100 once per $243 once
[25] Generic alendronate $30 year every 2 years
Branded zoledronate  $1,084
Branded risedronate $1,708
Branded ibandronate ~ $1,332
Teriparatide $14,514
Parthan et al. Sweden 2012 EUR  Denosumab €512 €151 once per €193 once
[26] Generic alendronate €34 year every 2 years
Branded zoledronate €474
Generic risedronate €45
Branded ibandronate €380
Strontium ranelate €503
Teriparatide €5,086
Hiligsmann et Belgium 2010 EUR  Strontium ranelate €477 €22.67 once  €58.05 once
al. [40] per year every 2 years
Kouta etal. [23] USA 2008 USD  Branded alendronate  $600 NR $131 once
Kreck etal. [18] Germany 2004 EUR  Branded ibandronate ~ €819* €169*once €103 once
Schousboe etal.  USA 2004 USD  Branded $1000 $52 once per  $82 after 2
[22] bisphosphonate year years of drug
therapy
Van Staa et al. UK 2003/2004 Branded £284 £18 once per  £34 once
[20] IB bisphosphonate year
Borgstrom etal. Sweden 2001 EUR  Branded alendronate €447 €128 once per €87 once
[24] year every 2 years
Chanetal. [29]  Taiwan, 2010 USD  Branded alendronate  $450 $173 (clinic $40 per year
China visits and
outpatient
rehabilitation)
per year
Makras et al. Greece 2013 EUR  Alendronate €193 €10 once €60 per year
[30] Risedronate €135
Ibandronate €660
Zolendronate €150
Raloxifene €132
Strontium ranelate €279
Parathyroid hormone  €3191
Teriparatide €3271
Alendronate/ €132
Cholecalciferol €229
Bazedoxifene €325
Denosumab
Lippuner et al. Switzerland 2008 CHF  Branded alendronate = CHF 504 CHF 40 for 15 CHF326 once
[32] min
Tosteson et al. USA 2005USD  Generic $600 $49 once per  $82 in the
[31] bisphosphonate year second
year after
treatment
initiation
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Table (continued).

Reference Country Year of Active drugs Treatment costs
valuation Drug Physician BMD testing
cost/year visit cost cost
Ito etal. [17] USA 2019 USD  Branded alendronate  $250 $76.06 once $39.99 in
Branded zolendronic $515 per year the second
acid and fourth
year after
treatment
initiation
Pisu et al. [16] USA 2016 USD  Generic alendronate $100 NR $100 once
Nayak etal. [34] USA 2014 USD  Bisphosphonate $200 $73 once $159 once
Schousboe etal. USA 2010 USD  (Generic + branded) $500and NR $97.41 per
[35] bisphosphonate $2504# person
Ito etal. [37] USA 2006 USD  Generic alendronate $350 $52 once $82 once
Schwenkglenks  Switzerland 2000 CHF  Branded alendronate =~ CHF736*  NR CHF300 once
etal. [36]

BMD bone mineral density, NR not reported
*Calculated based on available data
#Based on assumption
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ELECTRONIC SUPPLEMENTARY MATERIAL III

Quality assessment
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CHAPTER 4

INTRODUCTION

Despite the substantial human, economic and societal burden of osteoporotic
fractures and the availability of effective and safe osteoporosis medications,
osteoporosis remains largely underdiagnosed and undertreated. The treatment gap,
discussed in detail in the previous chapter and defined as the percentage of eligible
individuals not receiving treatment with osteoporosis medication in the largest five
countries of the European Union plus Sweden, was estimated to be 73% for women
and 63% for men in 2017 [1]. In addition, adherence to osteoporosis medications
remains poor and suboptimal, with numerous patients not appropriately taking
their medicines or discontinuing therapies earlier [2].

The decision by an individual patient to take an osteoporosis medication or engage
in healthy lifestyle behaviours (e.g. taking calcium, vitamin D and taking regular
exercise), depends on the patient’s understanding of their individual fracture
risk, their understanding of the risks and benefits of taking action and the risks
of not taking action, and the barriers to implementing an action plan. Patients at
risk for fractures who do not take actions to reduce risk may not be recognizing
their own vulnerability to fracture. Once individuals do understand that they
are at risk of future fracture and that they wish to consider taking medication or
change behaviour, they need to overcome whatever barriers exist and then initiate
that behaviour or medication (i.e. primary adherence). They will need to take the
medication as prescribed by the health care professional (i.e. implementation or
compliance). They will need to continue taking the medication or maintain lifestyle
change for the long term (i.e. secondary adherence or persistence). If they are taking
medication, they may stop or change medications due to perceived or experienced
risks and/or perceived lack of efficacy or simply decide they do not wish to take
medication. They may simply choose not to persist with lifestyle changes.

In this chapter we will start by understanding factors involved in adherence
or persistence to medication and behaviours and then try to understand the
complexities of the communication of risk to an individual.

ADHERENCE TO OSTEOPOROTIC MEDICATION

Definition of Medication Adherence

Adherence to medication is a crucial part of patient care and necessary for reaching
clinical goals [3] while non-adherence leads to poor clinical outcomes, higher
morbidity and death rates, and unnecessary healthcare expenditure. A World Health
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Organisation (WHO) reportunderlines the factthatadherence to chronic treatments
is often as low as 50% [4]. Poor or non-adherence to medication therefore remains
a major problem in most chronic diseases, including osteoporosis [2].

Medication adherence has been defined in several ways. The WHO defined
adherence in 2001 as “the degree to which the person’s behaviour corresponds
with the agreed recommendations from a health care provider [5].” In 2012, a
collaboration of European research groups in the field of medication adherence
funded by the European Commission suggested the ABC taxonomy for describing
and defining adherence to medications, which consisted of three components: (a)
initiation, (b) implementation and (c) discontinuation [6]. Initiation occurs when
the patient takes the first dose of a prescribed medication, discontinuation marks
the end of therapy, when the next dose to be taken is omitted and no more doses
are taken thereafter, and implementation is the extent to which a patient’s actual
dosing corresponds to the prescribed dosing regimen, from initiation until the
last dose. Medication persistence is further defined as the length of time between
initiation and the last dose, which immediately precedes discontinuation [6].This
definition is in agreement with the definition of the Group for the Respect of Ethics
Excellence in Science in osteoporosis [7], with the exception that implementation
has replaced compliance, and initiation is preferred over primary adherence [2].

Measures of Adherence

Quantification of adherence is crucial to provide researchers, clinicians, and
patients with meaningful metrics and further to estimate the effectiveness of
prescribed therapies. Different methods are available to quantify medication
adherence, consisting of direct and indirect methods. A description of the methods
of adherence measurements including advantages and disadvantages can be found
in Table 1.

Direct methods include measurements of the drug (or a metabolite) concentration
in body fluids [8]. Although it may be considered as being an adequate and precise
method, some variables should be taken into account, including drug metabolism,
individual variation in the pharmacokinetics of the drug, drug-drug interactions
and drug-food interactions, which may interfere with the accuracy of the method.
In addition, direct methods are difficult to use in practice by reason of being costly
and time-consuming, and could be viewed as invasive by some patients. Therefore,
various indirect methods are more commonly currently used to measure medication
adherence, including self-report, pill count, electronic monitoring and the use of
prescription and refill databases.
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Self-reporting such as by diaries or retrospective questionnaires, is the simplest
method for measuring adherence. It may be useful for assessing very recent drug
use [9], however, it tends to overestimate adherence over a long time period, in
comparison to direct methods, since the patients may be influenced by recall or
reporting bias due to selective disclosure of non-adherence information by the
patient [8].

Pill count is a straightforward method which calculates the number of doses that
have been taken between appointments and compares it with the total number of
doses that the patient has received. An adherence ratio is then calculated. It can
assess an average adherence, but does not give specific information about daily
adherence or patterns of adherence [9].

Electronic monitoring devices, such as Medication Event Monitoring System
(MEMS) are devices incorporated in the container that stores the dosing history of
the patient’s prescribed medication. It is commonly used in clinical trials though is
more difficult to use in real-life settings and has been proven to be highly accurate
in several studies. It may be used as a reference standard for validating other
adherence methods [8].

Electronic databases are based on the assumption that prescription refilling
patterns coincide with medication taking behaviour. Prescription refill data have
the capacity to provide rough adherence estimations since they offer information
on the possession of medication and not proof on actual intake of medicine, and in
some cases could give overestimations. They gives the opportunity to assess non-
adherence in a large population over an extensive period of time, including multi-
drug non-adherence. However, they do not give information on individual patients’
rates of adherence [8].

The overall measurement/calculation of adherence is commonly conducted using
Medication Possession Ratio (MPR) and Proportion of Days Covered (PDC). MPR
is usually defined as the sum of all days of medication supply received during a
given time [7]. PDC is the number of days when the drug was available divided by
the number of days in the study period [8]. A cut-off point is commonly advised (at
least 80% adherent), which categorizes the patients as being adherent and non-
adherent [10, 11].

Generally, electronic databases are the appropriate method to measure initiation
and discontinuation of therapy while electronic monitoring is the preferred method
for implementation, although they could be difficult to set up in real-life settings.
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The use of self-reports or pill counts could be alternative methods [2].

Table 1. Measures of adherence [8]

Adherence to Osteoporotic Medications: State of the Art

Osteoporosis medications have been shown to be effective in fracture risk
reduction [12], however, as a chronic disease, non-adherence to pharmacological
treatment in osteoporosis is a well-recognized problem [13] and reported in
several studies. As discussed previously, bisphosphonates are the first line drugs
for osteoporosis. In line with treatment initiation rates in other diseases [14],
about 20-30% of patients do not initiate a treatment after a prescription for oral
bisphosphonates [15] even when there is no cost to the patient of the medication.
In addition, patients on bisphosphonates frequently miss doses [14]. Furthermore,
multiple large observational studies from countries with different health systems
have reported low rates of long-term adherence with oral bisphosphonates (daily
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or weekly) [14]. In a recent review [16] including 89 studies published up to
April 2018, the mean persistence of oral bisphosphonates for 6 months, 1 year
and 2 years ranged from 34.8% to 71.3%, 17.7% to 74.8% and 12.9% to 72.0%,
respectively. Although a number of studies reported high levels of persistence and
adherence, patient persistence and adherence with oral bisphosphonates was poor
and reduced notably over time. In a Belgian study [17], the rate of persistence was
estimated at 39.5% for postmenopausal women at 1 year (without a gap of more
than 5 weeks in treatment), while 48.1% of patients had a 12-month MPR 280%
(patients as being adherent).

Apart from bisphosphonates, other osteoporosis medications are also commonly
used. A recent systematic review and meta-analysis reported substantial
heterogeneity in reports of persistence and adherence rates with parenteral
osteoporosis therapies [18]. Twenty nine studies examined persistence to
teriparatide, with persistence rates of 10-87% (median 55%) at 1 year and 10-69%
(median 29.5%) at 2 years. A 2-year Japanese observational study [19] showed
that once-daily teriparatide adherence and persistence rates were higher among
patients who enrolled in a patient support program than among those who did not
(54.2 vs. 48.3%). Although we expect greater persistence with treatment injected
by a health care practitioner (e.g.,, denosumab), persistence remains suboptimal
after 24 months. Median persistence rates of 46% were estimated at 2 years for
denosumab [18].

Low adherence to osteoporotic medications is thus well recognized, and has been
shown to reduce the potential benefits of osteoporosis therapy leading to increased
risk of fractures and representing a substantial clinical and economic burden.
Understanding the determinants of patient non-adherence and the potential effects
of adherence-enhancing interventions are therefore crucial.

Determinants of Non-adherence

Adherence is a complex multidimensional phenomenon; profiles of non-adherence
differ from patient to patient. Some patients never initiate a treatment, while others
delay initiation of therapy. There are patients who frequently miss doses, and
multi-week drug holiday periods have also been observed [20]. Several patients
discontinue treatment earlier than prescribed and many patients are noted to have
undergone multiple episodes of starting and stopping drugs [2].

The WHO has classified factors for non-adherence of medication into five main
categories: socio-economic factors, health care team and system related factors,
condition-related factors, therapy-related factors, and patient-related factors
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[21]. Kardas et al. [22] conducted an umbrella review up to December 2009 on
the determinants of patient adherence on the basis of a recently agreed European
consensus taxonomy and terminology. Fifty one reviews were identified covering
771 individual factor items, of which most were determinants of implementation,
and only 47 determinants of persistence with medication.

In the field of osteoporosis, Yeam et al. [23] performed a systematic review up
to January 2018 and identified 24 factors with 139 sub-factors that influence
patients’ adherence to anti-osteoporotic therapy from 124 relevant studies. These
factors were then grouped into categories as per the WHO recommendation
[21]. Condition-related factors that were associated with poorer medication
adherence included, among others, polypharmacy. Patients who had never taken a
prescription medication also demonstrated poorer global adherence [15]. A history
of falls was associated with higher medication adherence. Patient-related factors
which were associated with poorer medication adherence included older age and
misconceptions about osteoporosis, while therapy-related factors included higher
dosing frequency and medication side effects. Both perceived and experienced
side effects are reasons for non-adherence, and patients are easily influenced by
information from social media or searching online. One study reported that rare
yet serious harmful events through prescription of bisphosphonates have received
wide coverage in the media and have resulted in perceived risks by the public that
may be out of proportion to the absolute risks, leading patients to not fill or refill
prescriptions for these drugs [24]. Health system-based factors associated with
poorer medication adherence included care under different medical specialties and
lack of patient education. Socio-economic-related factors associated with poorer
medication adherence included current smoker and lack of medical insurance
coverage. In general, patient-related factors were the most commonly studied
domain across all studies, followed by therapy-related domains (e.g. convenience
of administration, frequency of administration) and condition-related domains.

Additionally, patient perceptions and preferences with osteoporosis medications
were also shown toimpactadherence behaviour [25] and discontinuation rates [26].
A review investigated the preferences of patients for osteoporosis drug reporting
that osteoporotic patients have preferences for medications and their attributes, in
particular for less-frequent dosing regimens [27]. Furthermore, another study [28]
reported that the low rate of osteoporosis medication initiation may stem from
participants having difficulty trusting the content of the video vignettes included in
the intervention, since these educational materials were not endorsed by a source
familiar to the patient (e.g. their treating physician). As medication non-adherence
is affected by multiple determinants, suitable measurement and multifaceted
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interventions may be effective to enhance patient adherence to medication.

Consequences of Poor Adherence to Osteoporosis Medications

Poor adherence to osteoporosis medications has substantial clinical and economic
consequences. Multiple studies have been conducted to investigate the impact of
osteoporosis treatment adherence on fracture risk. Siris et al. [29] undertook a
meta-analysis that indicated that adherence and persistence with osteoporosis
medications are suboptimal, resulting in increased rates of fragility fractures.
Similarly, Ross et al. [30] conducted a meta-analysis and reported that fracture
risk increases by approximately 30% with non-adherence and by 30% to 40%
with non-persistence. Imaz et al. [31] assessed the impact of adherence to oral
bisphosphonates on fracture rate and provided a pooled 46% increased fracture
risk in non-compliant patients compared with compliant patients. The increased
fracture risk was higher for clinical vertebral fractures than non-vertebral and
hip fractures. In addition, another study [32] indicated that among patients who
received teriparatide, low-MPR was a significant risk factor for any fracture (OR
= 1.64; p < 0.01), vertebral fracture (OR = 2.56; p = 0.001), and non-vertebral
fracture (OR = 1.44; p = 0.013). Furthermore, persistence to generic formulations
has been shown to be poorer than for branded formulations for some osteoporosis
medications [33, 34].

These clinical consequences also lead to economic consequences. For example,
an Irish study [35] indicated that poor adherence with osteoporosis medications
resulted in around a 50% reduction in the potential benefits observed in clinical
trials and a doubling of the cost per quality-adjusted life-years (QALY) gained from
these medications. Similar results have been observed in other studies [36, 37].
Therefore, poor adherence and failure to persist with osteoporosis medications
results not only in deteriorating health outcomes, but also in a decreased cost-
effectiveness of pharmacotherapy [35]. The integration of medication adherence
into pharmacoeconomic analyses has therefore been recommended in several
studies [38, 39]. A recent published osteoporosis-specific guideline for the design
and conduct of an economic evaluation in osteoporosis has suggested the use of
real-world medication adherence in an alternative scenario, as well as sensitivity
analyses varying adherence levels [37].

Interventions to Improve Adherence to Osteoporosis Medications

In recent years, several interventions and programs have been developed to
improve medication adherence for osteoporosis (see Table 2). Hiligsmann et al.
[40] systematically reviewed studies that evaluated interventions to improve
medication adherence in osteoporosis. A total of 20 studies were included. The
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most frequent intervention was education, followed by monitoring/supervision,
suggested drug regimens, drug regimens and patient support, pharmacist
intervention, and electronic prescription. In 2019, Cornelissen et al. [41] updated
the previous review including recently published relevant studies up to December
2018. Interventions were classified as patient education, suggested drug regimens,
monitoring and supervision, and interdisciplinary collaboration, with mixed
results on medication adherence and persistence, though more positive effects
were observed for multicomponent interventions with active patient involvement,
counselling and shared decision-making.

Table 2. Interventions identified through previous systematic reviews

Specially, patient education is the most frequent intervention considered in both
reviews [38, 39], which can be classified into different forms including group
educational sessions (consisted of meetings with 4-6 patients and a psychologist),
provision of education material (providing booklets or flyers with information or
providing DVDs with visual information), the use of a decision aid, and motivational
interviewing. In some cases, education was combined with counselling. The
method of administration and the intensity of patient counselling varied from
offering patients advice and recommendation concerning the educational material
[42] up to four telephonic follow-up calls combined with four group sessions in
12 months [43]. One study [44] combining patient education, counselling, blood
tests, BMD test prescription, and follow-up phone calls reported an increase in
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adherence between 40 (minimal) and 53% (intensive) in the intervention groups,
compared with 19% in usual care. In another study [45], an education program
was combined with a referral to an endocrinologist by a nurse reporting significant
improvement of implementation rates compared with usual care. In addition, a
coordinator-based screening program was conducted in a study by Beaton et al.
[42], reporting significant improvements in BMD testing and treatment initiation
after the initiation of this program. Hence the initiation of patient education can
improve patients’ interaction/communication with doctors/coordinators and,
therefore, their knowledge of osteoporosis and perception of future fracture risk.

Special drug regimen implementation is an important determinant of non-
adherence, in particular for bisphosphonates. Several studies indicated that a
flexible dosing regimen was associated with improved adherence. One study [46]
reported that compared to common oral bisphosphonates, prescription of gastro-
resistant (GR) risedronate tablets with less strict administration requirements
was associated with improved persistence. Another study [47] indicated that
a significant difference between the flexible and fixed regimens was seen in
persistence in favour of the flexible regimen. In addition, longer dosing regimen
(such as 6-month subcutaneous injection of denosumab or yearly intravenous
injection of zoledronic acid) may improve adherence, although adherence levels
have also been disappointing and far from optimal [2].

Monitoring and supervision such as phone calls and counselling may also improve
medication adherence. One study [48] suggested that implementation of telephone
monitoring (medical secretaries contacted the patients every 2 months by
telephone) in the routine medical management of osteoporosis could contribute to
a reduction of complications associated with treatment discontinuation compared
with patients without telephone follow-up (67% vs. 30%,). In another study
[49], the MeMo program consisted of initial structured counselling (regarding
administration, effectiveness, and possible side-effects) and continuous actively
monitoring after 2 weeks (focused on patients’ first experiences with adverse
effects and drug administration problems), and every 3 months, where pharmacists
actively searched for patients who should have redeemed a new prescription
for their osteoporosis medication. Compared with patients in usual care, non-
adherence and discontinuation with osteoporosis medication were decreased
for patients who participated in this program. Monitoring and supervision could
enhance communication between patients and caregivers and further motivate
patients to maintain good adherence to the treatment.

Fracture liaison services (FLSs) represent an interdisciplinary collaboration
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program which connects different physicians (institutional health care professionals
(HCPs) with primary care physicians (PCPs) in outpatient settings) and facilitate
communication between them and patients for secondary fracture prevention. A
systematic review and meta-analysis [50] indicated that compared with patients
receiving usual care (or those in the control arm), patients receiving care from
an FLS program had higher treatment initiation (38.0% vs 17.2%) and greater
adherence (57.0% vs 34.1%), significant FLS-associated with improvements in
treatment (95% CI 0.16-0.25) and adherence (95% CI 0.13-0.31). In addition,
multiple studies have also reported that FLSs have a potential to improve treatment
initiation [51,52]. The FLS is described in detail in the next chapter.

Shared decision-making offers a structured way to incorporate evidence as well
as patient values and preferences into medical decision making [53], and has been
increasingly recommended in several recent guidelines for its potential of improving
treatment initiation and medication adherence. Decision aids are frequently used
to facilitate elements in shared decision making. In one study patients received a
standard brochure, or a decision aid (a tailored pictographic 10-year fracture risk
estimate, absolute risk reduction with bisphosphonates, side effects, and out-of-
pocket cost) [54] with the group receiving the decision aid having higher adherence
to medication. In addition, patients receiving the decision aid were 1.8 times more
likely to correctly identify their 10-year fracture risk and 2.7 times more likely to
identify their estimated risk reduction with bisphosphonates.

As discussed earlier in this book, Bone turnover marker response has been used as
an intervention for improving treatment adherence [38, 55]. Low response may be
detected shortly after treatment has been started and may indicate low adherence,
low bioavailability, interactions with other drugs, or the presence of secondary
osteoporosis [56]. The IOF and European Calcified Tissue Society Working Group
has suggested monitoring the adherence of bisphosphonates by measuring
Serum PINP (procollagen type I N-terminal propeptide) and CTX (collagen type
I C-terminal telopeptide) at baseline and 3 months after starting therapy to check
for a decrease above the least significant change (decrease of more than 38% for
PINP and 56% for CTX). If a significant decrease is observed, the treatment should
continue, but if no decrease occurs, the clinician should reassess to identify any
problems with the treatment, specifically the possibility of low adherence [57]. In
addition, a positive message that highlights a good bone turnover marker response
can be associated with a significant improvement in persistence [55].

Interventions discussed above could facilitate interaction/communication between
patients and doctors, and therefore help patients improve their knowledge of
osteoporosis and understand risks and benefits, which would further improve
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the quality of clinical decisions and motivate patients to maintain good adherence
to osteoporotic-medications. Because well understood communication from
healthcare professionals is the foundation of a patient’s appropriate understanding
of risks, we will now review recommendations and existing tools for effective
communication of general health-related risks as well as effective communication
of osteoporosis fracture risk.

EFFECTIVE RISK COMMUNICATION TO IMPROVE
OSTEOPOROSIS MANAGEMENT

General Health Risk Communication

Bias in Patients-Doctors’ Health Communication

Effective communication between a healthcare professional and patient is an
important aspect of patient-centred care. Appropriate communication of health-
related risks is essential to help patients make the best-informed health-related
decisions that are in concordance with their personal values, experiences, and
preferences. However, informing patients about their risk of developing a disease,
the risk reduction or benefits associated with a drug intake or risk of side-effects
associated with a treatment remains challenging. Different factors could (partially)
explain difficulties encountered by patients in understanding information provided
by their clinicians.

The perception by the patient of the risk that doctors communicate to them
is based on the patient’s understanding of the medical information provided to
them. Patients usually do not understand the complete information provided by
healthcare professionals but take the gist or essential message of the medical
information. This gist is also influenced by the source of the information (e.g.
physician, pharmacist, social media or media coverage). The information is also
influenced by several different types of biases which patients often unconsciously
use in their medical decision-making:

o Immediacy bias: A new or novel risk may be perceived differently [58]. If
information was heard recently or easily remembered, it may be judged more
likely to be true. A good example of this is the side effect osteonecrosis of the
jaw (ON]J). Although exceptionally rare, when covered by the media in reports,
patients fill fewer osteoporosis medications [15].

e Catastrophic bias: A side effect may be more easily remembered and feared
if it is sensational or catastrophic. A jawbone dying (ON]) or hip breaking
spontaneously (atypical femoral fracture; AFF) is more likely to be remembered
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than an upset stomach from an oral bisphosphonate.

e Optimism bias: People view risks as riskier for other people than themselves
[59]. Post-menopausal women at increased risk of fracture tend to
underestimate their risk of fracture [60].

e Pessimism bias: Some individuals overestimate their risk of side effects. They
feel that side effects always happen to them when they take a medicine, no
matter how low the risk.

e Categorical bias: Patients, when they hear of a risk, may simply consider the
medicine as safe or dangerous. After they learned of the risk of ONJ and AFF,
some patients first considered all bisphosphonate drugs as dangerous, then
considered all osteoporosis medications as dangerous.

The way clinicians communicate about risk is therefore of primary importance.
Rules, recommendations, and guidance for successful risk communication between
clinicians and patients have been developed.

General Recommendations for an Effective Communication of Risks

In the report of the science of patient input program of the Medical Device
Innovation Consortium (MDIC) published in September 2020 and entitled “Best
practices for communicating benefits, risks and uncertainty for medical devices” [61],
a comprehensive assessment of benefits and risks communication is provided. After
providing an overview of the opportunities for communicating benefits, risks and
uncertainty information throughout clinical research, direct-to consumer advertising,
social media channels, patient decision aids, etc. and defining key concepts of
benefits, risks, harm, patient preference, risk tolerance and uncertainty attitudes,
authors presented evidence-based key factors and available tools for making an
optimal communication. Among other [62-64], authors presented guidelines from
the Food and Drug Administration (FDA) published in 2016 [65]. Within its Guidance
to Industry “Patient Preference Information - Voluntary Submission, Review in
Premarket Approval Applications, Humanitarian Device Exemption Applications, and
De Novo Requests, and Inclusion in Decision Summaries and Device Labeling”, the FDA
concluded that no single format of risk communication from healthcare professionals
to patients is universally superior to another format but developed the following
overall recommendations:

1. Avoid solely verbal descriptions of uncertainty. Patients may interpret what
“low” and “high” risks are differently;

2. Avoid fractions, decimals, and different denominators when presenting risks of
multiple treatments. These are relatively difficult for cognitive processing and
rely on numeracy skills;
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3. [If possible, describe the benefits and risks in absolute scales (e.g. 1 in 100)
instead of relative terms, which better inform the actual benefits and risks;

4. Ifpossible, use multiple formats simultaneously (e.g., verbal frequency, percent,
and icon array/pictograph). Relative understanding of these formats varies
from patient to patient. Moreover, one format may make the other formats
easier to understand;

5. If possible, describe uncertainty in both positive and negative framing(e.g.,
20% chance of adverse events or 80% chance of no adverse events) to avoid
cognitive bias. Indeed, the way health care professionals frame the risk (e.g.
‘Is a treatment 90% effective or 10% ineffective?’) may influence whether the
patient accepts the information;

6. Pre-test the communication format. Since patient populations vary, pre-testing
the chosen format can improve the comprehension of the format by the study
population of interest.

Since patients may immediately forget the information that doctors present to them
[66], or simply choose to ignore this information, it is important to keep messages
about risk simple. Simplified language (e.g. avoidance of clinical or statistical
jargon, use of simple and well-structured sentences), is recommended so people
with low literacy can read and understand the information [64]. A range of terms
are commonly used in day-to-day life to describe risk. For example, risk may be
categorized as “low”, “moderate”, “high” or “very high”. A systematic review performed
in 2014 [67], compared the use of numbers to the use of words in communicating
risks. Results indicated that verbal descriptors including “common”, “uncommon”
and “rare” lead to an overestimation of the probability of adverse effects compared
to numerical information. Interpretation of these terms varies widely from person
to person and therefore authors have suggested using examples (i.e. comparison of
medical risks to common nonmedical risks such as a risk of a traffic accident) or
analogies to illustrate the meaning of such terms [68]. Another recent study pointed
to a very considerable variation in the numerical translation of verbal probability
by both patients and clinicians suggesting that verbal probability expression should
not be used in isolation for communication between doctors and patients [69].
Nevertheless, “adding” a verbal description to a numeric data may be useful to better
frame the information so a participant understands the risk.

Another important aspect in risk communication is the valence (negativity or
positivity) of words used by clinicians. When talking about risk, it is possible to
present either benefits or risks, or to communicate using positive/gain terms or
using negative/loss terms. To illustrate that, researchers found that presenting
adverse event information before benefits (compared to benefits before adverse
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events) lowers the likelihood that subjects will perceive that the benefits outweigh
the risks of a proposed new medication [70]. Warning patients of risks such as
side-effects has also been shown to increase the incidence of these side-effects,
(through the nocebo effect) while positively framing risk information did not [71].
It is also important for the clinician to build a trust-based relationship with
patients. If patients have trust in their healthcare provider, they are more likely
to understand and accept the information [72]. Nevertheless, it has been shown
that information about risk sometimes needs to be heard and confirmed by other
persons (e.g. a spouse, a child, a caregiver, or a friend) who may or may not be
present before being accepted. Healthcare professionals should therefore try to
understand the role of others in risk communication, particularly social media in
decision making but also the perspective of peers, family, and friends.

Communication of Numeric Data

It has been shown that numerous patient-related factors such as advanced age
[73] or low literacy [74] may impair understanding of evidence-based information
such as numerical concepts. Lipkus et al. [75] showed that many patients cannot
perform basic numeric tasks. Even among highly educated people, they found that
16% incorrectly answered a simple question about risk magnitude (e.g. Which
represents the larger risk: 1%, 5% or 10%?). Highly numerate people are likely to
pay more attention to numbers, better understand them, and ultimately use them
more often in decisions. Lower numeracy has also been shown to be associated with
overestimation of risk probabilities, being more susceptible to being influenced
by factors other than numerical data (e.g., framing, mood states, feedback from
others), and greater denominator neglect [76]. Denominator neglect is a classical
bias met in ratio concepts understanding. People often pay too much attention to
the number of times an event happens (numerator) without paying attention to the
overall number of opportunities for it to happen (denominator). For example in a
perfect example of denominator neglect Yamagishi et al. [77] showed in one study
that people rated the likelihood of a cancer killing 1286 out of 10,000 people (i.e.
12.86%) as higher than 24.14 out of 100 people (i.e. 24.14%).

Communication of risks can be presented to the patient under different more or
less complex numeric formats. First, it is recommended that clinicians present as
simple frequencies rather than a percentage. Indeed, this format has been shown
to be preferred by patients and improves understanding [62, 64, 78-81]. Second,
it has been shown that numerical likelihoods presented as 1-in-X (e.g. 1 in 25) are
processed fasted and are perceived as conveying larger likelihoods than the x-in-
100 (e.g. 4 in 100) and percentage formats (e.g. 4%) [82, 83]. Pighin and al [84].
suggested that the 1-in-X format may increase the ability to identify oneself as
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affected with the possible outcome. Third, there is also a general agreement that
decimals (e.g. likelihood of 0.03) should not be used in risk communicates as they
may lead to misunderstanding [85]. Fourth, it has been shown that the concept
of number need to treat (NNT) may not be readily understood by patients and
should be avoided in doctor-patient communication [62, 64, 79, 86]. Fifth, when
presenting frequencies information, healthcare professionals should keep the
dominator constant to reduce effort and increase comprehension of individuals
(e.g. always keep the denominator as 1000 and avoid presenting one time the risk
as x of 50 and a second time the risk as x of 1000).

Careful attention to information presentation allows everyone, including less
numerate people, to better integrate numbers and use them more effectively
in decision making. One solution could be to test the presentation of numeric
information with target audiences whenever possible and adapt it as many times
it is necessary to increase the comprehensibility and usability of the information;
future research in this area is needed.

Communication Using Visual Aid Presentations

Presenting information visually as well as numerically may improve understanding
[87-90] though interpretation of graphics have been shown to be dependent upon
instructions provided [91] as visual displays can still misrepresent information.

It has been suggested that type and formatting of graphics seems to influence
comprehension and behaviour (Fig. 1). Some studies have suggested that the formats
that are perceived most accurately and easily by patients are bar graphs (Fig. 1c)
and pictographs (Fig. 1c) [92, 93]. while areal presentations (e.g. pie charts (Fig.
1a)) seems less effective [94]. Pictographs (Fig. 1c)can be a useful way to highlight
the number of people affected, or not affected, by a medical treatment [95]. In this
type of graph, an icon display of symbols or figures shows the entire population
at risk (the denominator) and highlighted icons show those in whom an event
occurred (the numerator). Icon arrays may be an effective method for eliminating
denominator neglect [96]. The performance of icon array however depends on the
numerator size. When the outcome is less than 100/1000, for example, pictographs
are better understood than bar charts. However, for more even outcomes (e.g. higher
than 100/1000), icon array arrangement may be complicated and bar charts seems
to work better [97]. Depending on the aim of the communication, pictograms, or
pictures to illustrate the risk, can also be used (Fig. 1g). A recent study [98] explored
the impact of different type of pictures (anatomical pictures, photos, cartoons and
drawings) on health information perception. This study however failed to show the
superiority of any type of picture in understanding risk. Finally, it also appears that
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the combination of different graphic risk presentations formats seems preferable
to a single presentation. In a preference study [99] that compared six types of
graphical representations, an augmented bar chart combined with a flow diagram
seemed to be the most preferred combined format of risk communication.

Figure 1. Examples of visual aids (Figure issued from Garcia-Retamero et al. [89], used with
permission).

(a) A pie chart reporting the proportion of deaths by cause of death. (b) Icon arrays representing
benefits and side effects of a medical treatment and a placebo. (c¢) A bar chart comparing the
efficacy of two medical treatments (DBP = diastolic blood pressure; SBP = systolic blood pressure).
(d) A visual grid to help infer the predictive value of mammography screening. (e) A line plot
comparing the efficacy of several therapies. (f) Icon arrays to communicate treatment-risk
reduction. (g) Pictograms reporting dosage, timing, and action information about prescribed
medications
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Communication Using Leaflets

In 2006, a study reviewing 50 leaflets of the most prescribed medicines in England
and Wales highlighted substantial variation in the methods used to communicate
risk to patients [100], and in which only 8% of leaflets provided any form of
numerical indication of risk. Communication using patient information leaflets have
shown variable results in regards to its efficacy. In a study including 1000 health
practitioners, only a small minority of responders correctly stated the meaning
of terms that are used to describe the risk presented in a communication leaflet
[101]. Another study reported that patients who are provided with supplementary
written information in the form of leaflets have a higher level of knowledge when
compared with patients who received no written information [101].

It is also important to keep in mind that less information may be more effective.
When designing leaflets or education materials, there is a natural tendency to
present a lot of information to be sure not to miss any important data. However,
presenting too much information can distract patients, prevent them focusing on
the essential information and understanding the information that is needed for
decision making [102]. Catching the essential is therefore one important feature in
risk communication.

Conclusion on General Health Risk Communication

A considerable amount of data highlights the importance of well-build risk
communication from clinicians to patients using adequate support tools.
Different factors may improve the quality of communication between healthcare
professionals and patients: the way the information is presented from clinicians,
the capacity of the clinicians to adapt their language to the patient they have in from
of them, the relationship between clinicians and patients, the way the information
is understood by patients, the self-perception and understanding of their own
disease, their perspective in regards of their own health, their health literacy,
their numeracy, their own emotions and experiences, etc. The globality of these
rules could be applied for communicating risk in various pathologies, including
communication of fractures risk for osteoporosis population.

Risk Communication in the Context of Osteoporosis Medication

Importance of Risk Communication In Osteoporosis

Adequate risk communication is especially important in a disease like osteoporosis
where fracture risk, treatments effects and risk of side-effects represent key
information for an informed decision [103]. Current data reveals care gaps and
limited communication about fracture risks between therapists and patients
[104, 105]. Osteoporosis patients are often dissatisfied with the information they
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received from health professionals. Studies also report difficulties of patients in
interpreting the diagnosis of osteoporosis, the risk of fracture and the way they have
to manage their disease in everyday life [104]. Moreover, poor quality of written
materials available to communicate information about prevention and treatment of
osteoporosis is also often observed, which limits informed decision making [106].
From a clinical and public health point of view, there is a huge need for a patient’s
understanding of the risk of fractures and their consequences. Research also shows
that patients often do not consider themselves at risk of fracture, even if they have
suffered a previous fracture, which is an important aspect to consider by clinicians
in fracture risk communication [107]. It is not always necessary for doctors to
calculate fracture risk and some may even consider fracture risk assessment as
not necessary for certain categories of patients. Indeed, most countries accept the
presence of a previous fracture or a very low BMD as being evidence of need for
treatment alone without fracture risk assessment [108]. Nevertheless, even with
those patients, the communication of fracture risk may be a good opportunity to
involve the patients in the understanding and management of their own disease
and also to motivate patients to be more adherent to treatment. Indeed, fractures
in both men and women often precedes a cascade of declining mobility, physical
activity, muscle strength, quality of life and balance contributing to the loss of
independence in daily activities that could further lead to institutionalization, as
well as falls and fall-related injuries including fractures and increased mortality
risk [109-111].

Even if clinical indicators, performance measures, and educational tools to better
understand and identify fracture risk are now available, realizing the full benefits
of these advances is not always easy.

Key Elements for Optimal Communication of Fractures Risk

For effective fractures risk communication, healthcare professionals need to
consider what is important to communicate to patients, what are the patient’s
needs (e.g. health and biopsychosocial needs) and what is the best way to
communicate this information [112, 113]. Optimal fracture risk communication
should ideally involve not only patients but also primary care physicians (PCPs).
PCPs are often the firstline in this risk communication since they have an important
role in the care of osteoporosis patients. Healthcare professionals should be able
to verify that patients understand the conversation and feel free to ask questions
and express their concerns. The teach-back method could also be interesting to
assess patients’ understanding of their fracture risk [114, 115]. Key components
of risk communication also include important communications skills with the use
of terminology that is appropriate for the patient’s level of health care education.
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Moreover, clinicians that are best equipped to communicate risks and benefits
are those that are familiar with the medical evidence, are statistically literate,
have clinical experience with osteoporosis and its treatment options, and able to
translate complex information to a form that is understood by the patient.

Communication can be achieved using written or electronic educational material
such as clinical tools (e.g., brochures, graphs, videos, models) or visual graphs that
underline the fracture risks (e.g. icon array, bar graph, etc.) [116]. Much more than
risk numbers are needed, and, ideally, fracture risk tools should be integrated into
bone densitometry reporting or placed into comprehensive, user-friendly, decision
aids [117]. In the context of osteoporosis and risk of fractures, output from a
fracture tool should ideally provide information in several different ways not all
patients receive and digest information about treatment in the same way.

Communication of Fractures Risk Using Letters and Educational Brochures
The most investigated tool to communicate about fracture risk consists of an
individual letter with patient’s fracture risk and an educational brochure mailed or
posted rapidly after a DXA scan [118-125]. This is considered as a rapid, low-cost,
direct-to-patient risk of fracture communication tool. Pre-post interventional pilot
studies [122, 123] have demonstrated that a personalized letter and an information
brochure as a technique of risk communication improved osteoporosis knowledge,
feelings of susceptibility regarding osteoporosis as well as the understanding of
DXA results. However, this method of communication, tested through different
randomized controlled trials [118-120, 125], using usual care as control, has failed
to demonstrate the positive impact of this communication tool on change in bone
health behaviour of participants (e.g. treatment initiation, calcium and vitamin D
intake, enhancing preventive measures against risk of fractures, etc.). It is possible
that many patients do not understand the written fracture risk information.
Moreover, educational materials such as brochures about osteoporosis or internet
websites are often inadequate in their display of evidence-based information and
risk communication. Quality of understanding may therefore be limited using this
written communication approach. Direct-to consumer conversation may improve
disease-state and risk awareness. Counselling and decisions aids has been shown
to be more effective [119]. Decision aids should nevertheless be accurate, unbiased,
and effective at communicating the desired information.

Communication of Fractures Risk Using Pictures

The communication of fracture risk can be accompanied with a visual representation
to allow a better patient’s understanding and interpretation. In 2014, Edmonds et
al. [126] provided preferences of 142 patients suffering from osteoporosis for four
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different visual deceptions of fracture risk (Fig. 2):

1. “Faces array” (Fig. 2(1)), which is a pictogram comprising 100 faces. In the
example provided in Fig. 8.2, 79 were smiling and 21 were coloured red and
frowning, depicting a 21% risk of breaking a bone in the next 10 days.

2. “Arrow” (Fig. 2(2)), which is a horizontally oriented arrow-shaped, directional
graph that integrates a red, yellow and green coloured “stoplight” system to
indicate risk. Low risk is associated with green, moderate is associated with
yellow and high risk is associated with red. All parts of the arrow are of equal
widths.

3. “Stoplight” (Fig. 2(4)), which is an illustration that integrates stoplight colours
using a rectangular depiction that does not imply a progression (unlike the
arrow presentation) and is scaled to 100 risk.

4. “Bar” (Fig. 2(3)) which is an illustration employing a graduated stoplight colour
system but is oriented vertically, similar to thermometers tools.

Of the four risk depictions investigated, the bar graph was the most preferred
(selected by 37% of the participants) compared to stoplight (selected by 24%),
faces (selected by 22%) or arrow (selected by 17%). The stoplight colour system
was regarded as the most “clear,” “clean,” and “easy to read”. Finally, the majority of
subjects rated the pictogram as the most difficult to understand as this format does

not allow people to quickly ascertain their individual risk category.

Up to now, no study has been able to rate the effectiveness of these visual
presentations on patient’s intentions of taking medication to prevent fractures [54,
127]. It has not been proven that one technique is superior to another to initiate
treatment of patients. Moreover, sometimes the concept of “high risk” for future
fracture, even when using a visual graph highlighting the “high risk” segment, can
be confusing and can have varying levels of meaning to patients. Many patients
believe that “high risk” has little relevance to their personal circumstances [104].
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Figure 2. Four risk depictions (Figure issued from Edmonds et al. [126], used with permission)

New Techniques to Communicate Fractures Risk in Osteoporosis
Communication of fracture risk can also be achieved using other types of visual
presentations. In 2016, Stephens et al. [128] tested the efficacy of a 3-D bone
model (Fig. 3) to communicate fracture risk. In this study, patients received either
a standard physician interview following their DXA or an interview augmented by
the presentation of a 3-D bone model. This communication technique was shown
to be effective in modifying cognitive and emotional representations relevant
to treatment initiation among people with osteoporosis, which might facilitate
commencement of treatment.
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A study by Feldstein et al. [129] compared two interventions with a population
receiving either patient-specific clinical guideline advice to the primary care
provider delivered by electronic medical record (EMR) message or a second
intervention consisting of EMR plus an educational letter mailed to the patient.
The results indicated that this communication tool is highly effective at increasing
the proportion of patients who receive a BMD measurement or an osteoporosis
medication. No added value of the letter mailed to the patient was however noticed.

Figure 3. 3-D printed models used as intervention (Figure issued from Stephens et al. [128],
used with permission)

CONCLUSION ON FRACTURES RISK COMMUNICATION

Several risk algorithms have been developed and are available for the assessment
of individuals’ risk of fractures. The FRAX® tool, for example, allows us to estimate
the risk of fracture over 10 years. Developing online tools to convert output of
those fracture risk algorithms into friendly and visual presentation could facilitate
professionals communicating with patients about fracture risk, either at time if
visit or later, by mail or email. Using available and effective educational materials
in daily practice to communicate in a highly efficient manner about risk could be
an important step in enhancing patient education, self-management of the disease,
acceptation of treatment and, ultimately, adherence to treatment. Nevertheless,
further studies are needed to offer a more comprehensive approach of optimal
communication about fractures and osteoporosis risks. Cultural differences
between patients, that may impact communication comprehension, are often not
considered in studies and further investigation of the impact of these cultural
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differences on the understanding of health information and fractures risks could

be valuable.

Recommendations for Clinical Practice and Conclusion
Key Recommendations

1.

Healthcare professionals need to optimize the doctor- patient relationship, in
order to increase patients’ trust in the healthcare provider and team.
Healthcare professionals need to better understand the individual perspective
of the patient in front of them in terms of the patient’s perceived risks and
benefits for therapy. They need to be good listeners as patients are now more
likely to suggest their own treatment plan.

Healthcare professionals need to understand the patient’s self-perception of
fracture risk.

Healthcare professionals need to understand the role of biases in decision-
making by their patients.

Healthcare professionals need to optimise their communication with patients
(e.g. framing effects). To do this they need to understand their patient’s level of
health literacy and numeracy.

Healthcare professionals need to better understand the role of other factors,
particularly social media in decision making, but also the perspective of peers,
family and friends.

Healthcare professionals need to understand cultural differences between
patients (e.g. are decisions made only by the patient or by patient and family
members?).

Healthcare professionals can help their patients by helping them understand
the risk of no treatment versus risk of treatment explaining these risks to their
spouse, child or caregiver as appropriate, and with consent.

The burden of nonadherence and poor implementation or compliance to
osteoporosis therapies is large both in terms of societal costs of the burden of
fractures but equally important in terms of the effects of fracture on quality of
life of the individual with fractures.
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CONCLUSION

Adherence or persistence to osteoporosis medications and to healthy behaviours
such as calcium, vitamin D, exercise and balance training begins with effective
communication of the risk of fractures and falls by the health care practitioner.
Communication of risk is complex, potentially influenced by gender and cultural
differences as well as unconscious biases. The ability to comprehend the
information is also limited by differences in the way individual patients understand
this information. To help patients understand this information, there is a need for
tools to help communicate information about risk as patients have different levels
of numeracy, literacy and different learning styles (verbal or visual).
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Abstract

Summary This systematic review and meta-analysis suggests that fracture liaison
service (FLS) is associated with a significantly lower probability of subsequent
fractures and mortality although the latter was only found in studies comparing
outcomes before and after the introduction of an FLS.

Introduction To systematically review and evaluate the impact of fracture liaison
services (FLSs) on subsequent fractures and mortality using meta-analysis.

Methods A literature search was performed within PubMed and Embase to
identify original articles published between January 1, 2010, and April 30, 2020,
reporting the effect of FLSs on subsequent fractures and/or mortality. Only studies
comparing FLS to no-FLS were included. A meta-analysis using random-effects
models was conducted. The quality of studies was appraised after combining and
modifying criteria of existing quality assessment tools.

Results The search retrieved 955 published studies, of which 16 studies fulfilled the
inclusion criteria. Twelve studies compared outcomes before (pre-FLS) and after
(post-FLS) FLS implementation, two studies compared outcomes between hospitals
with and without FLS, and two other studies performed both comparisons. In total,
18 comparisons of FLS and no-FLS care were reported. Follow-up time varied from
6 months to 4 years. Sixteen comparisons reported on subsequent fractures and
12 on mortality. The quality assessment revealed methodological issues in several
criteria. Excluding studies with very high selection bias, the meta-analysis of nine
comparisons (in eight papers) revealed that the FLS care was associated with a
significantly lower probability of subsequent fractures (odds ratio: 0.70, 95%
CI: 0.52-0.93, P=0.01). In studies with a follow-up > 2 years, a significantly lower
probability of subsequent fractures was captured for FLS care (odds ratio: 0.57,
95% CI: 0.34-0.94, P=0.03), while in studies < 2 years, there was no difference in
the odds of subsequent fractures. No significant difference in the odds of mortality
was observed (odds ratio: 0.73, 95% CI: 0.49-1.09, P=0.12) in the meta-analysis of
eight comparisons (in seven papers). However, a significantly lower probability of
mortality was identified in the six pre-post FLS comparisons (odds ratio: 0.65, 95%
CI: 0.44-0.95, P=0.03), but not in studies comparing hospitals with and without
FLS. No difference was observed in mortality stratified by follow-up time.

Conclusion This systematic review and meta-analysis suggests that FLS care

is associated with a significantly lower probability of subsequent fractures and
mortality although the latter was only found in studies comparing outcomes
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before and after the introduction of an FLS. The quality assessment revealed that
some important methodological issues were unmet in the currently available
studies. Recommendations to guide researchers to design high-quality studies for
evaluation of FLS outcomes in the future were provided.

Keywords Fracture liaison service . Meta-analysis . Mortality . Subsequent fracture
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INTRODUCTION

Osteoporotic fractures are associated with increased subsequent fracture risk,
morbidity, and excess mortality, placing a large medical and economic burden on
healthcare systems [1]. Subsequent fracture risk is not constant, but fluctuates
over time, and is the highest immediately after initial fractures [2]. One-quarter of
all subsequent fractures occur within 1 year after a first fracture, and one in two
occur within 5 years [3]. Additionally, the majority of deaths following fractures
occur within the first year, thereafter the excess mortality gradually declines [4].
Mortality risk in the first 5 years is increased approximately twofold in women and
two- to threefold in men [5]. Of note, the absolute impact on mortality is higher for
non-hip non-vertebral (NHNV) fractures, since these account for three-quarters of
the number of fractures in the population [6].

Despite the availability of various effective pharmacologic interventions and well-
established guidelines for fracture prevention, the majority of patients sustaining a
fragility fracture do not receive anti-osteoporosis drugs (AOD) [1]. This treatment
gap is more pronounced in men than in women, and worsened in recent years [7].
The magnitude of the treatment gap is reported to be highly variable throughout
Europe, ranging between 25 and 95%]8]. An Australian study showed that even less
than 20% of postmenopausal women with a fracture received specific treatment
for osteoporosis in primary care [9]. The low prescription rate of AOD is attributed
to inadequate clinical management, including inadequate communication between
physicians, disconnected care between healthcare settings, and knowledge gaps by
both patients and physicians [10, 11]. These factors represent missed opportunities
to actively manage osteoporosis and the prevention of subsequent fractures [12].

In response to this care gap, the International Osteoporosis Foundation (IOF)
launched the Capture the Fracture (CTF) Campaign in 2012 to facilitate the
implementation of coordinator- based, multi-disciplinary models of care for
secondary fracture prevention. Fracture liaison services (FLSs) are nowadays
widely advocated as the mostappropriate approach to cover all aspects of secondary
fracture prevention, including patient identification, education, risk evaluation,
treatment, and long-term monitoring. Until November 2020, more than 550 FLSs
(registered in CTF) have been implemented, leading to an increasing number of
studies investigating the effectiveness of FLS. A previous review [13] including
studies reporting the impact of FLS on subsequent fractures up to 2016 concluded
that the observed reduction in subsequent fracture risk after the introduction of a
FLS should be further quantified in better-designed studies. Especially the follow-
up duration and the comparability of groups with or without FLS care were the
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main methodological issues. As new studies have been conducted recently, and
considering the fact that FLS could also have an impact on mortality, it is worthwhile
to update the search, summarize results, and critically appraise studies. This
systematic review and meta-analysis was therefore designed to summarize the
effectiveness of FLS on subsequent fractures and mortality.

METHODS

A systematic literature search was undertaken according to the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA) guideline to identify
eligible studies comparing FLS to no-FLS care with subsequent fractures and/or
mortality as outcomes [14].

Literature search

The search was conducted in PubMed and Embase (Ovid) and restricted to English
articles published between January 1, 2010, and April 30, 2020. The search strategy
was designed to retrieve records addressing the following PICO research question:
population (patients with a fracture), intervention (FLS care), comparator (no-FLS
care), and outcome (subsequent fractures and/or mortality). Details on the complete
search strategy based on the PICO criteria are provided in Supplementary 1.

Study selection

After removing duplicates, titles and abstracts were screened by one reviewer (NL).
Then, full-text screening was performed for eligible studies by two independent
reviewers (NL, RB), and discrepancies were resolved by consensus with the
consultation of additional reviewers (MH and ]B). Finally, reference lists and
citations of included articles were manually screened for additional relevant studies
using Web of Science. Studies were included if they reported the effectiveness of
FLS care in terms of subsequent fractures and/or mortality compared to no-FLS
care. Therefore, studies comparing the outcomes of FLS to historical data (post-FLS
vs. pre-FLS) or studies comparing the outcomes of a hospital with FLS to a hospital
without FLS were included. Studies comparing FLS attenders to non-attenders
were excluded. Of note, during study selection, alternative names for FLS included
fracture prevention service, orthogeriatric service/care or active osteoporosis care,
etc. Non-original articles (e.g., editorials, review) and abstracts were excluded.

Data extraction

Study characteristics were extracted including publication characteristics (author,
year of publication), study design (e.g., experimental or (type of ) semi-experimental
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design, prospective or retrospective data collection), population characteristics
(country, inclusion and exclusion criteria for FLS and no-FLS populations, number
of participants in each group, percentage of female participants, follow-up time,
attendance proportion of FLS care), and outcomes (cumulative incidence of
subsequent fractures and mortality, and corresponding Pvalue). Initiation of anti-
osteoporosis treatment and bone mineral density (BMD) measurement were
extracted as secondary outcomes when reported within the selected studies.

Study quality

Currently available quality assessment/risk of bias tools (such as ROBINS-I,
Newcastle-Ottawa scale, and NIH tool) [15-17] did not address all potential
methodological issues which we pre-identified. Therefore, concepts and items of the
available checklists were combined and adjusted forming our quality assessment
checklist, which better aligned to our needs. Overall, ten criteria were identified
covering the traditional four domains (selection of participants and completeness
of follow-up, exposure to post-fracture care, outcome, and statistical accuracy and
analyses) for both intervention (FLS) and control (no-FLS) group. Supplementary
2 shows the checklist and indicates the source of the criteria.

Specifically, patients’ selection was considered a key methodological issue in the
study of evaluating the outcomes of FLS. All patients with a fracture should be
included in the analysis regardless of whether they attended FLS clinic. Failing this
principle could result in spurious associations due to large prognostic dissimilarity
between groups. Besides, osteoporotic fracture is more prevalent in the geriatric
population. In such population, competition between risk of subsequent fracture
and risk of death is particularly high, which would hinder or modify the chance that
the event of interest (subsequent fractures) occurs.

Each of the final ten criteria was scored using “Yes” (fulfilled the requirement), “No”
(not fulfilled the requirement), “Part”(partially fulfilled the requirement), or “Not
reported”. To estimate a total quality score, we assigned a score of 1 for “Yes”, 0.5
for “Part”, and 0 for “No”. Two researchers (NL and MO) independently evaluated
the eligible studies; discrepancies were resolved by consensus through discussion.

Meta-analysis

A meta-analysis was performed to synthesize the results of included studies. Pooled
results of subsequent fractures and mortality between the FLS and the no-FLS group
were reported as odds ratio (OR) with associated 95% confidence interval (CI). Of
note, in the meta-analysis, crude events data (how many patients had subsequent
fracture/mortality) rather than cumulative incidence of subsequent fracture/
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mortality were entered, and the OR were calculated based on these data. Statistical
heterogeneity was assessed using the I? test. A fixed-effects model was used in case
of small heterogeneity (1?<50%), and a random-effects model was applied if the
analysis showed to have high heterogeneity (I?250%) [18]. In addition, subgroup
analysis by study design (pre-post-FLS vs. hospitals with or without FLS care) and
by follow-up time (follow-up < 1 year vs. 1 year < follow-up < 2 years vs. follow-up
> 2 years) were conducted.

Of note, studies that did not include all patients with a fracture in both FLS and
no-FLS cohorts (only inclusion of FLS attenders, or patient selection by consent
procedure for both groups) were regarded as very high selection bias and were
excluded from the main meta-analysis. However, to investigate the impact of studies
with selection bias, these studies (patients’ selection by consent) were additionally
included into the model in the sensitivity analysis.

Given the number of studies included in the main meta-analysis for both subsequent
fractures and mortality was less than ten, investigation of publication bias through
computation of funnel plot is not meaningful.

All statistical analyses were performed in Review Manager (RevMan 5.4; The
Nordic Cochrane Centre, Cochrane Collaboration, Copenhagen, Denmark, 2020).

RESULTS

Study selection

From the initial search, 955 records were retrieved (Fig. 1), of which 199 duplicates
were removed. Following screening of titles and abstracts, 709 of the remaining
756 studies were excluded since they did not meet inclusion criteria. Upon review
of the full text of the remaining 47 studies, 31 articles were excluded for reasons
such as non-original articles (n=3), related to FLS organization (n=3), capturing
other clinical outcomes (n=5), no control group (n=11), the intervention was not
FLS care (n=3), and other reasons (n=6). In total 16 articles were thus eligible for
inclusion.
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Figure 1. PRISMA flowchart of the study selection process

Characteristics of included studies

The characteristics of the included studies are reported in Table 1. Most studies
(n=8) were conducted in Europe (the Netherlands, Sweden, Italy, UK, Ireland, and
Spain), followed by Australia (n=3) and Asia (n=3), and the remaining two studies
were performed in Canada and the USA. All studies were designed as cohort studies.
Data for the FLS cohort were prospectively collected in ten [12, 19-22, 24-26, 28,
30] and retrospectively collected in six studies [1, 23, 27, 29, 31, 32]. The mean and
median duration of follow-up for both FLS and no-FLS groups was 1.8 (2) years,
varying from 6 months to 4 years. Of note, Inderjeeth et al. [12] presented the
outcomes at 3 and 12 months. Considering 3-month follow-up was quite short, we
reported the result of 12 months in our study. The sample size of individual studies
varied from 47 to 33,152, and all studies included both genders, with 66 to 89%
women.
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Twelve studies [1, 19-29] compared the outcomes of FLS to historical data (post-
FLS vs. pre-FLS). Two studies [30, 31] compared the outcomes of the FLS with
data from a hospital without FLS, and two other studies [12, 32] performed both
comparisons (pre-FLS vs. post-FLS, hospital with FLS vs. hospital without FLS).

When stratified by FLS outcome, 14 studies (16 comparisons) [1, 12, 19, 21-24,
26-32] reported subsequent fractures, and eleven studies (12 comparisons) [1, 19-
22,24-26, 28, 30, 32] reported mortality. Interestingly, Hawley et al. [23] reported
the results from a post-hip care model in 11 hospitals, where each hospital was
analyzed separately and acted as its own control in a before-and-after time series
design. However, given specific data for both FLS and no-FLS cohorts were not
available, this study was therefore excluded from the meta-analysis. In addition,
within selected studies, eight studies [1, 12, 20-22, 24, 26, 29] reported BMD
measurement, and nine studies [1, 12, 20-22, 24, 28, 29, 32] reported initiation of
anti-osteoporosis treatment as secondary outcome.

When stratified by type of secondary fracture prevention care, 13 studies reported
the outcomes of a typical FLS clinic. In these studies, case finding was conducted
by an FLS coordinator such as a fracture nurse, secretaries at the emergency
department (ED), or a physician champion, followed by BMD assessment, patients’
education, and treatment initiation. The remaining three studies provided care to
patients with fractures in the context of orthogeriatric care/service (0G), fracture
prevention service (FPS), and active osteoporosis care, which resemble the model
of FLS care and were regarded as FLS care [20, 25, 29].

The proportion of patients who attend the FLS defined as the number of patients
actually attending the FLS divided by the total number of patients eligible or invited
for the FLS (and thus assuming all patients with fractures are invited), which were
available in six studies [1, 12, 19, 28, 30, 31] varying from 20 [31] to 86% [28]. The
other ten studies did not report the proportion of FLS attenders.
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Quality assessment and recommendations

Table 4 presents the results of quality assessment of the included studies. The
average score was 5.4 out of 10 (range 3-8.5). Only 50% of studies fulfilled more
than half of the criteria, and room for improvement was thus identified for most
studies. For patients’ selection, most studies (n=11) made the comparison between
all patients in both FLS and no-FLS groups. However, five studies [1, 12, 21, 24, 26]
did not include all patients with fractures in the FLS or no-FLS cohort and were
regarded with very high selection bias. Specifically, one study [21] compared FLS
attenders to all patients with fractures in the no-FLS cohort, and four other studies
[1, 12, 24, 26] only included and compared consenting subjects in both FLS and
no-FLS groups. In addition, the quality was especially suboptimal for other criteria
including “analyses of outcomes account for competing risk of death”, “sample size
is described based on power calculation”, “loss to follow-up rate <20% in FLS/
no-FLS group”, and “at least 50% eligible patients attend FLS”. Recommendations
for each criterion were formulated given that they are the most important
methodological issues for studies evaluating the outcomes of FLS (Table 4). Except
for criteria mentioned in Table 4, the length of follow-up duration was also crucial
to capture the effect of FLS care on subsequent fracture and mortality, and future
studies should consider a longer duration of follow-up (at least 2 years).

174



Table 4. Quality of included studies assessed using self-designed tool

IMPACT OF FLSs ON SUBSEQUENT FRACTURES AND MORTALITY: REVIEW AND META-ANALYSIS

175



CHAPTER 5

Subsequent fracture

As shown in Table 2, 10 out of 16 comparisons reported that the reduction of
subsequent fractures in the FLS group was significant. Excluding five studies with
very high selection bias, the mean cumulative incidence of subsequent fractures
was 7.7% (SD 3.9%) and 10.9% (SD 6.5%) (median 6.7% and 9.1%) in the FLS
versus no-FLS group. Of note, since Wasfie et al. [27] included patients with
vertebral fractures (VFs) that were treated with vertebral augmentation, we did
not use the data of VFs and only reported the data of other fractures (hip, ribs,
and extremities) in our study. The result of meta-analysis on subsequent fractures
of nine comparisons (eight studies) is presented in Fig. 2. Overall, FLS care was
associated with a significantly lower probability of subsequent fractures (OR: 0.70,
95% CI: 0.52-0.93, P=0.01; heterogeneity: 1)=92%).

The first subgroup analysis by study design (Fig. 2) revealed that the OR of
subsequent fractures in post versus pre-FLS group was 0.62 (95% CI: 0.42-0.91,
P=0.01; heterogeneity: [2’=90%) and the OR for hospitals with versus without FLS
care was 0.87 (95% CI: 0.77-0.99, P=0.03; heterogeneity: [’=16%), both indicating
a significant lower probability of subsequent fractures with FLS. The second
subgroup analysis by follow-up duration (Fig. 3) revealed that in studies with a
follow-up > 2 years, a significantly lower probability of subsequent fractures was
captured for FLS care (odds ratio: 0.57, 95% CI: 0.34-0.94, P=0.03), while in studies
< 2 years, there was no difference in the odds of subsequent fractures.

Sensitivity analyses (Supplementary 3, Figure 1) including studies with very
high selection bias also indicated that the FLS care was associated with a lower
probability of subsequent fractures (OR: 0.70, 95% CI: 0.54-0.91, P=0.007).
Subgroup analyses by study design remained overall similar.
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Table 2. Results from cohort studies reporting cumulative incidence of subsequent fracture

Comparison Cumulative incidence of subsequent fracture P-value
no-FLS FLS
Pre-FLS vs. post-FLS
Huntjens et al. [19] 9.9% 6.7% P=0.001*
Amphansap et al. [21] 30.0% 0.0% P<0.0001*
Axelsson et al. [22] 8.4% 8.3% P=0.85
Hawley et al. [23] NA 4.2% NA
Bachour et al. [1] 18% 8.2% P=0.004*
Davidson et al. [24] 19.1% 10.5% P=0.013*
Singh et al. [26] 1.8% 3.0% P=0.667
Wasfie et al. [27] 25.0% 15.0% P=0.01*
Gonzalez-Quevedo et al. [28] 3.6% 4.6% P=0.50
Shin et al. [29] 5.4% 1.9% P=0.004*
Hospital with FLS vs. hospital without FLS
Huntjens et al. [30] 6.8% 6.7% time-dependent**
Nakayama et al. [31] 16.8% 12.2% P=0.025*
Pre-FLS vs. post-FLS & hospital with FLS vs. hospital without FLS
(a) Inderjeeth et al. [12] 18.3% 8.1% P<0.05*
(b) Inderjeeth et al. [12] 17.3% 8.1% NS
(a) Axelsson et al. [32] 12.9% 5.9% P<0.001*
(b) Axelsson et al. [32] 9.0%# 8.0%# NR

NA not applicable, NR not reported, NS not significant, FLS fracture liaison service, vs. versus

* Statistical significant P<0.05

**Significantly lower subsequent fracture from fifteen months onward

(a) Study compared pre-FLS to post-FLS care

(b) Study compared hospitals with and without FLS

# Calculated based on available data

FLS
Events

no-FLS

Study or Subgroup Total Events

Odds Ratio
Total Weight IV, Random, 95% CI

0Odds Ratio
IV, Random, 95% CI

1.2.1 pre-FLS vs. post-FLS

Axelgson 2016 26 2713 228 2616
Axelgson 2020 B26 10621 621 4828
Gonzalez-Quevedo 2020 17 367 13 357
Huntiens 2011 89 1335 181 1920
Shin 2020 16 862 1" 205
Wasfie 2019 32 215 ar 160
Subtotal (95% CI) 16103 10076
Total events elela) 110

Heterogeneity: Tau®= 0.18; Chi#= 52,13, df= 5 (P < 0.00001}
Testfor averall effect Z=2.44 (P = 0.01)

1.2.2 hospital without FLS vs. hospital with FLS

Axelsson 2020% 1247 15449 513 5634
Huntiens 2014 95 1412 1300 1910
Makayama 2016 B3 615 70 416
Subtotal (95% CI) 17376 7960
Total events 1405 713

131%
13.6%
T.2%
12.6%
6.8%
9.4%
62.7%

JF=00%

13.7%
12.4%
11.3%
37.3%

Heterageneity: Tau®= 0.00; Chi*= 237 df=2(P=0.31), F=16%

Testfor averall effect Z=212 (P =0.03)

Total (95% CI) 33479 18036
Total events 240 1814
Heterogeneity: Tau®= 0.15; Chi®= 106.45, df= & (P < 0.00001

Testfor averall effect Z=2.47 (P = 0.01)

100.0%

3= 02%

Testfor subaroup differences: Chi®=2.75, df=1 (P=0.100, F=63.7%

0.91 (0,75, 1.10]
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1.29 [0.61, 2.69]
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0.53(0.31, 0.91]
0.62 [0.42, 0.91]

0.88 [0.79, 0.98]
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0.87 [0.77, 0.99]
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Figure 2. FLS versus no-FLS for subsequent fracture: overall and subgroup analysis by study

design

CI confidence interval, IV inverse variance, FLS fracture liaison service

Asterisk indicates comparison between hospitals with and without FLS

100

177



CHAPTER 5

FLS no-FLS Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.4.1 Follow-up =<1 year
Axelsson 2016 216 2713 228 2616 131% 0.91[0.75,1.10] -
Gonzalez-Quevedo 2020 17 367 13 367 T.21% 1.29 [0.61, 2.69] -
Subtotal (95% CI) 3080 2973 20.3% 0.93 [0.77,1.12] 4
Total events ik} 241

Heterogeneity: Tau®= 0.00; Chi*=0.81, df=1 {(P=0.37);, F= 0%
Testfor overall effect Z=0.79 (P = 0.43)

1.4.2 1 year<Follow-up=<2 years

Huntjens 2011 89 1335 191 14920 1258% 0.65 [0.50, 0.54] -
Huntjens 2014 95 142 130 1910 12.4% 0.99[0.75,1.30] -
Wasfie 2019 32 245 ar 140 9.4% 0.53[0.31,0.81] —_—
Subtotal (95% CI) 2962 3980 34.3% 0.73 [0.51, 1.03] L 2
Total events 216 358

Heterogeneity: Tau®= 0.07, Chi*= B.69, df= 2 (P = 0.04); F=70%
Testfor overall effect Z=1.78 (P = 0.07)

1.4.3 Follow-up>2 years

Axelsson 2020 626 10621 B21 4828 13.6% 0.42[0.38, 0.48] -
Axelsson 2020% 1247 15449 913 5634 137% 0.88 [0.79, 0.98] =
Makayarna 2016 B3 5915 Ta 416 11.3% 0.69[0.48,1.00] -
Shin 2020 16 852 11 205 B.8% 0.34 (0,15, 0.74] -
Subtotal (95% CI) 27437 11083  454%  0.57 [0.34, 0.94] <
Total events 1952 1215

Heterogeneity: Tau®= 0.23; Chi®=82.86, df= 3 (P = 0.00001); IF = 96%
Testfor overall effect Z=2.20 (P = 0.03)

Total (95% CI) 33479 18036 100.0% 0.70 [0.52, 0.93] &
Total events 2401 1814

Heterogeneity: Tau*= 0.15; Ch*= 106.45, di= & (P = 0.00001); P= 82% In o 011 150 100’
Testfor overall effect Z=2.47 (P = 0.01) : Favours FLS Favours no-FLS
Testfor subaroun differences: Chi®= 4.02, df= 2 {F=0.13), "= 50.3%

Figure 3. FLS versus no-FLS for subsequent fracture: subgroup analysis by follow-up duration
CI confidence interval, IV inverse variance, FLS fracture liaison service
Asterisk indicates comparison between hospitals with and without FLS

Mortality

As shown in Tables 3, 4 out of 12 comparisons indicated a significantly lower
cumulative mortality incidence in the FLS group. Excluding five studies with very
high selection bias, the mean cumulative incidence of mortality was 15.1% (SD
4.7%) and 22.8% (SD 7.8%) (median 13.8% and 18.4%) in the FLS versus no-
FLS group. The result of meta-analysis on mortality of eight comparisons (seven
studies) is presented in Fig. 4. Overall, FLS care was not significantly associated
with lower mortality (OR: 0.73, 95% CI: 0.49-1.09, P=0.12; heterogeneity: [2°=98%)).

The first subgroup analysis by study design (Fig. 4) revealed a lower probability of
mortality in the pre- versus post-FLS studies (OR: 0.65, 95% CI: 0.44-0.95, P=0.03;
heterogeneity: 12°=95%) but not for studies that compared two different hospitals
(OR: 1.03, 95% CI: 0.92-1.15, P=0.57; heterogeneity: 12°=29%). In the second
subgroup analysis by follow-up duration (Fig. 5), we found no significant influence
by duration of follow-up.

Sensitivity analyses (Supplementary 3, Figure 2) including studies with very high
selection bias also indicated that the FLS care was not associated with a lower
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probability of mortality (OR: 0.81, 95% CI: 0.56-1.17, P=0.27). Subgroup analyses
showed that the reduced probability of mortality in pre-post studies was not

significant (OR: 0.76, 95% CI: 0.52-1.10, P=0.15).

Table 3. Results from cohort studies reporting cumulative incidence of mortality

Comparison Cumulative incidence of mortality P-value
no-FLS FLS
Pre-FLS vs. post-FLS
Huntjens et al. [19] 17.9% 11.6% P<0.001*
Ruggiero et al. [20] 12.7% 15.7% P=0.50
Amphansap et al. [21] 9.2% 10.7% P=0.731
Axelsson et al. [22] 13.3% 12.2% P=0.24
Hawley et al. [23] NA 29.8% NA
Bachour et al. [1] 16.0% 16.3% P=0.950
Davidson et al. [24] 12.2% 20.6% P=0.035*
Henderson et al. [25] 19.0% 9.7% P<0.001*
Gonzalez-Quevedo et al. [28] 25.8% 20.2% P=0.07
Hospital with FLS vs. hospital without FLS
Huntjens et al. [30] 12.3% 11.5% P<0.05*
Pre-FLS vs. post-FLS & hospital with FLS vs. hospital without FLS
(a) Axelsson et al. [32] 35.2% 17.2% P=0.11
(b) Axelsson et al. [32] 21.8%# 22.9%# NR
NA not applicable, NR not reported, FLS fracture liaison service, vs. versus
* Statistical significant P<0.05
(a) Study compared pre-FLS to post-FLS care
(b) Study compared hospitals with and without FLS
# Calculated based on available data
FLS no-FLS Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.2.1 pre-FLS vs. post-FLS
fxelsson 2016 320 2713 361 2616 13.3% 0.84 [0.71, 0.98) =
Axelsson 2020 1832 10621 1701 4828 135% 0.38 [0.35, 0.41) .
Gonzélez Quevedo 2020 74 367 92 357 12.3% 0.73[0.51,1.03] —
Henderson 2017 20 206 47 248 10.7% 0.46 [0.26, 0.81) —
Huntiens 2011 186 1335 343 1920 131% 0.60 [0.49, 0.74] -
Ruggiero 2015 33 M0 22172 10.6% 1.27 [0.71, 2.27) T
Subtotal (95% CI) 15452 10141 735%  0.65[0.44, 0.95] L 4
Total events 2434 2666
Heterageneity: Tau®= 0.20; Chi*= 98,63, df= 5 (P = 0.00001); = 95%
Testfor averall effect Z=2.21 (P = 0.03)
1.2.2 hospital without FLS vs. hospital with FLS
Axelsson 2020% 3533 15449 1228 5634 135% 1.06 [0.99, 1.14] r
Huntiens 2014 162 1412 234 1910 131% 0.93[0.75,1.15) -t
Subtotal (95% CI) 16861 7544  26.5%  1.03[0.92,1.15] ]
Total events 3695 1462
Heterageneity: Tau®= 0.00; Chi*=1.40, df=1 (P =0.24), F=29%
Testfor averall effect Z=0.57 (P = 0.57)
Total (95% CI) 32313 17685 100.0%  0.73[0.49, 1.09] L
Total events 6129 4028
Heterageneity: Tau®= 0.31; Chi*= 374.31 df=7 (P < 0.00001), F=98% 0.01 01 0 100

Testfor averall effect Z=1.55{F=012)
Testfor subaroun differences: Chi*= 522, df=1 {F=0.02), 7= 80.8%

Favours FLS Favours no-FLS

Figure 4. FLS versus no-FLS for mortality: overall and subgroup analysis by study design

CI confidence interval, IV inverse variance, FLS fracture liaison service

Asterisk indicates comparison between hospitals with and without FLS
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FLS no-FLS Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.4.1 Follow-up<1 year
Axelsson 2016 3200 T3 361 2616 13.3% 0.84 [0.71, 0.98] hl
Gonzélez-Quevedo 2020 T4 367 92 367 123% 0.73[0.51,1.03] -
Hendergon 2017 20 206 47 248 107% 0.46 [0.26, 0.81] -
Ruggiern 2015 33 20 22 172 106% 1.27[0.71,2.27) —t—
Subtotal (95% CI) 3496 3393 46.9% 0.78 [0.59, 1.03] *
Total events 447 622
Heterogeneity: Tau®= 0.04; Chi®=6.74, df= 3 (P = 0.08), F= 55%
Testfor overall effect Z=1.76 (P = 0.08)
1.4.2 1 year<Follow-up=<2 years
Huntjens 2011 186 1338 3431820 131% 0.60[0.49,0.74] -
Huntjens 2014 182 1412 2341910 131% 0.93[0.75,1.18] =
Subtotal (95% CI) 2747 3830  26.2% 0.75 [0.49, 1.14] L
Total events 7 a77
Heterogeneity: Tau®= 0.08; Chi®=8.14, df=1 {P=0.004); F=88%
Testfor overall effect Z=1.35 (P=0.18)
1.4.3 Follow-up>2 years
Mxelsson 2020 1832 10621 1701 4828 135% 0.38[0.35, 0.41] -
Axelsson 2020% 3533 15448 1228 5634 13.45% 1.06[0.99,1.14] r
Subtotal (95% CI) 26070 10462  27.0% 0.64 [0.23, 1.74] -
Total events 5365 2928
Heterogeneity: Tau® = 0.52; Chi®=350.39, df=1 (P = 0.00001); I*=100%
Testfor overall effect Z=0.88 (P = 0.38)
Total (95% CI) 32313 17685 100.0% 0.73 [0.49, 1.09] L
Total events 6129 4028

e T ® = COhiE= _ o I I | )
Heterogeneity: Tau®= 0.31; Chi®=374.31, df= 7 (P = 0.00001); I*= 98% 01 01 10 100

Testfor overall effect Z=1.55 (P=0.12)

) K Favours FLS Favours no-FLS
Testfor subaroun differences: Chi®= 014, df= 2 (F=0.93), "= 0%

Figure 5. FLS versus no-FLS for mortality: subgroup analysis by follow-up duration
CI confidence interval, IV inverse variance, FLS fracture liaison service
Asterisk indicates comparison between hospitals with and without FLS

Secondary outcomes

Within selected studies, nine studies (11 comparisons) [1, 12, 20-22, 24, 28, 29, 32]
reported the initiation of anti-osteoporosis treatment, and 9 out of 11 comparisons
showed a significantly higher treatment proportion in post-FLS group. In addition,
of the eight studies (9 comparisons) reported BMD measurement [1, 12, 20-22, 26,
29], and 8 out of 9 comparisons indicated that FLS was associated with a significant
increase of BMD measurement proportion (Supplementary 4).
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DISCUSSION

This systematicreview and meta-analysis was performed to evaluate and summarize
the evidence regarding the effectiveness of the FLS on subsequent fractures and
mortality. The pooled overall results indicated that FLS care is associated with
a significantly lower probability of subsequent fractures (30%) and mortality
although the latter was only found in studies comparing outcomes before and after
the introduction of an FLS. Overall, the effects of FLS care on both outcomes were
larger in studies with a pre-post design compared to studies addressing hospitals
with and without an FLS. Since only two studies were available for the analysis
of mortality in hospitals with or without FLS, this may be insufficient to capture
a significant impact. It is difficult to conclude that these study designs provide
the most valid estimates. Each study design has some potential limitations. For
the pre-post study design, changes in patients’ lifestyles or the effectiveness of
healthcare could happen over time. For (two) hospitals’ study design, bias could
result from differences in content of care and patients groups regarding lifestyle,
comorbidities, or other confounders. Of note, high heterogeneity was revealed,
especially for pre-post comparisons, even when the random-effects model and
subgroup analysis were applied, which may limit the reliability of the analysis and
could be recognized as a limitation.

Subgroup analysis by follow-up duration revealed that studies with relatively longer
follow-up duration (more than 2 years) were associated with significantly lower
probability of subsequent fractures; however, it was not the case for mortality. The
potential reason could be that the impact of the FLS intervention on mortality may
require a longer follow-up time to capture, while the studies included in the meta-
analysis for mortality had a relatively short follow-up time (the longest was 2.2 years).
Therefore, future studies should consider a follow-up duration of at least 2 years to
adequately capture the effect of FLS care on subsequent fractures and mortality.

For quality appraisal, several methodology issues were identified among the
included studies. Firstly, given it was difficult to design randomized controlled
trials (RCTs) to evaluate the outcomes of FLS, some patients’ characteristics
could be considered potential confounders and available for adjustment through
statistical methods (e.g., the multivariable cox regression model). However, due to
the retrospective nature of some studies, several potential variables such as family
fracture history, smoking/alcohol consumption, and physical activity that might
impact the results were unable to be taken into account. Besides, avoiding selection
bias during patients’ enrollment is crucial to guarantee the comparability of two
cohorts. As indicated by Huntjens et al. [19, 30], patients who were unable or not
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willing to visit the FLS should be included in the FLS group and in all analyses
although the level of health is not known in non-attenders and the effect of FLS care
can only be achieved in the attenders. Sensitivity analysis additionally included
studies with very high selection bias suggesting that these studies had no impact
on overall results of meta-analysis; however, the impact on subgroups (by study
design) was revealed. Future studies should avoid selection bias in the process of
designing a study. Moreover, we recommend that some other criteria including
“sample size is based on power calculation”, “loss to follow-up <20%”, and “at least
50% eligible patients attend the FLS” should be taken into account in future studies
to provide sufficient statistical power.

Furthermore, when analyzing subsequent fracture risk, competing mortality risk
may be an important methodological issue, which may particularly be the case in
the geriatric population. Ignoring the competing risk of subsequent fractures and
mortality could bias the results of studies on FLS care. Berry et al. [33] performed
a simulation study comparing standard survival analysis versus a competing
risk approach in a study of second hip fracture, indicating that standard survival
analysis overestimated the 5-year risk of second hip fracture by 37% and the 10-
year risk by 75% compared with competing risk estimates. Out of the 16 included
studies, four reported a competing risk survival regression analysis [23, 24, 31, 32]
(Supplementary 5). Three studies [23, 31, 32] used the method of Fine and Gray
[34], which deals with the competing risk of mortality by retaining participants
in the risk set with a diminishing weight when they die, rather than simply
censoring them at the time of death [31]. Similar results were identified in three
studies before and after accounting for competing risk of mortality, which allowed
to evaluate (partly) the effect of competing risk (of mortality) on subsequent
fractures. However, considering especially major fractures are associated with
excess mortality [4], competing risk analyses should be taken into account in future
studies to accurately estimate cumulative incidence of subsequent fracture.

The findings of this systematic review and meta-analysis is partially consistent with
the study of Wu et al. [35], which included studies up to February 2017 suggesting
that FLS programs improved outcomes of osteoporosis-related fractures, with
significant increases in BMD testing, treatment initiation, and adherence to
treatment and reductions in re-fracture incidence. Given more outcomes of interest
were investigated and a wider search strategy was applied, more studies (n=159,
including studies before CTF) were included in this previous study. By contrast,
our study had a specific focus on effectiveness defined as subsequent fractures
and mortality, and restricted inclusion of studies comparing FLS to no-FLS.
Further, more precise meta-analyses (exclude studies with selection bias) were

182



IMPACT OF FLSs ON SUBSEQUENT FRACTURES AND MORTALITY: REVIEW AND META-ANALYSIS

conducted. Besides, subgroup and sensitivity analysis could also add value to our
review. Compared to other previous reviews [13, 36], our study provides a quality
assessment, recommendations for patients’ selection, outcome measurement, and
statistical analysis provided for future studies, which would guide researchers to
design high-quality studies and further help to reduce inter-study heterogeneity,
thereby facilitating inter-study comparisons.

This systematic review and meta-analysis has certain limitations. First, we did
not conduct a systematic literature search for additional outcomes (initiation
of anti-osteoporosis treatment and BMD measurement) since they were not the
outcomes of interest in this review. The results of secondary outcomes should thus
be interpreted with caution. Second, the quality assessment tool used in our study
was generated through combining and modifying available quality assessment
tools to fit several methodological issues, and each criterion was treated equally in
scoring, the inter-validity of this tool was not verified.

CONCLUSION

This systematic review and meta-analysis suggests that FLS care is associated with
a significantly lower probability of subsequent fractures and mortality although
the latter was only found in studies comparing outcomes before and after the
introduction of an FLS. The quality assessment revealed that some important
methodological issues were unmet in the currently available studies. We therefore
provided recommendations to guide researchers to design high-quality studies for
evaluation of FLS outcomes in the future.
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ELECTRONIC SUPPLEMENTARY MATERIAL

Supplementary 1 Search strategy of the systematic review (based on PICO criteria)

Databse Population

PubMed “Bone Diseases,

Embase

Metabolic”[Mesh:NoExp]

OR “Osteoporosis”[Mesh]

OR “Bone Demineralization,
Pathologic”[Mesh] OR

“Bone Density”[MeSH] OR
“Osteoporotic Fractures”[Mesh]
OR metabolic bone disease*[tiab]
OR osteoporo*[tiab] OR bone
demineralization[tiab] OR
bone demineralisation[tiab] OR
pathologic decalcification*[tiab]
OR bone densit*[tiab] OR

bone mineral densit*[tiab] OR
bone mineral content*[tiab]

OR bone loss*[tiab] OR bone
decreas*[tiab] OR bone
deterioration*[tiab] OR
osteoporotic fracture*[tiab] OR
fragility fracture*[tiab]

exp metabolic bone disease/
OR metabolic bone disease.
ti,ab,kw. OR exp osteoporosis/
OR Osteoporosis.ti,ab,kw. OR
exp bone demineralization/ OR
bone demineralization.ti,ab,kw.
OR exp bone density/ OR bone
density.ti,ab,kw. OR exp fragility
fracture/ OR fragility fracture.
ti,ab,kw.

Intervention

“Secondary Prevention”[Mesh]
OR Fracture liaison
service*[tiab] OR FLS[tiab] OR
fracture liaison program*[tiab]
OR “Capture the fracture”[tiab]
OR nurse-led liaison[tiab]

OR osteoporosis liaison
service*[tiab] OR secondary
fracture prevention[tiab] OR
fracture liaison service*[tiab]
OR fracture liaison
program*[tiab]

exp secondary prevention/ OR
secondary prevention.ti,ab,kw.
OR Fracture liaison service.
ti,ab,kw. OR FLS.ti,ab,kw. OR
fracture liaison program.
ti,ab,kw. OR Capture the
fracture.ti,ab,kw. OR nurse-led

liaison.ti,ab,kw. OR osteoporosis

liaison service.ti,ab,kw. OR
fracture liaison program.
ti,ab,kw.

Outcome

Re-fracture*[tiab] OR
future fracture*[tiab] OR
subsequent fracture*[tiab]
OR secondary
fracture*[tiab] OR
treatment outcome*[tiab]
OR treatment effect*[tiab]
OR effectiveness[tiab] OR
patient outcome*[tiab]
OR recurrence[MeSH]

OR recurrenc*[tiab] OR
mortality[MeSH:NoExp]
OR mortality*[tiab] OR
“Mortality, Premature”
[MeSH] OR premature
mortality[tiab] OR

Re-fracture.ti,ab,kw. OR
future fracture.ti,ab,kw.

OR subsequent fracture.
ti,ab,kw. OR secondary
fracture.ti,ab,kw. OR exp
treatment outcome/ OR
treatment outcome.ti,ab,kw.
OR treatment effect.ti,ab,kw.
OR patient outcome.ti,ab,kw.
OR effectiveness.ti,ab,kw.
OR recurrence.ti,ab,kw. OR
exp mortality/ OR mortality.
ti,ab,kw. OR exp mortality
rate/ OR mortality rate.
ti,ab,kw. OR mortality

risk/ OR mortality risk.
ti,ab,kw. OR exp premature
mortality/ OR premature
mortality.ti,ab,kw. OR exp
death/ OR death.ti,ab,kw.
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Supplementary 2 Quality assessment checklist and the source of each criteria

Criteria Source
Selection & Patient baseline characteristics with no/minor significant NIH (criteria 4)
completeness of  differences between FLS and no-FLS group
follow-up All patients were included and analyzed in both FLSand  Self-designed

no-FLS cohorts

Inclusion/exclusion criteria are clearly described for FLS
and no-FLS group

At least 50% eligible patients attend FLS
Loss to follow-up <20% in FLS and no-FLS group

Exposure Clear description of care for FLS and no-FLS group

Outcome Outcomes assessed in FLS and no-FLS groups using
similar method

Statistical Analyses of outcomes accounted for relevant confounders

accuracy and

analyses

Sample size is based on power calculation

Analyses of outcomes account for competing risk of death

NIH (criteria 4)

NIH (criteria 3)
NIH (criteria 13)

Newcastle-Ottawa
(Outcome section)

NIH (criteria 9)
NIH (criteria 11)

NIH (criteria 14);

Newcastle-Ottawa
(Comparability section)

NIH (criteria 5)
Self-designed

NIH: NIH quality assessment tool for observational cohort and cross-sectional studies

Newcastle-Ottawa: Newcastle-Ottawa quality assessment tool for cohort studies
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Supplementary 3 Sensitivity analysis

FLS
Events

no-FLS

Study or Subgroup Total Events

Odds Ratio

Total Weight IV, Random, 95% CI

Odds Ratio
IV, Random, 95% CI

1.3.1 pre-FLS vs. post-FLS

Mxelsson 2016 216 2713 228 2616 9.8%
Mxelsson 2020 626 10621 B21 4828 10.2%
Bachour 2017 34 98 18 100 B.2%
Davidson 2017 34 324 25 1 B.9%
Gonzalez-Quevedo 2020 17 367 12 357 G.6%
Huntjens 2011 99 13358 191 10620 9.4%
Indetjeeth 2018 17 202 17 92 5.7%
Shin 2020 16 852 11 205 5.3%
Singh 2019 3 1M 1 54 11%
Wasfie 2019 32 215 ar 140 7.21%
Subtotal (95% CI) 16828 10454  67.4%
Total events 1084 1162

Heterogeneity: Tau®= 0.21; Chi®=73.54, df= 9 (P = 0.00001), F= 88%
Testfor overall effect Z=2.23 (P = 0.03)

1.3.2 hospital without FLS vs. hospital with FLS

Axelsson 2020% 1247 15449 513 5634 10.2%
Huntjens 2014 95 1421 130 1910 9.3%
Indetjeeth 2018% 17 202 ] 45 4.5%
Makayarna 2016 B3 515 Ta 416 8.6%
Subtotal (95% CI) 17587 8005 32.6%
Total events 1422 721

Heterogeneity: Tau®= 0.01; Chi®= 4.67 df=3 (P =0.20), F= 36%
Testfor overall effect Z=1.90 (P = 0.06)

Total (95% CI) 34415 18459 100.0%

Total events 2506 1883

Heterogeneity: Tau®= 0.16; Chi®= 125.26, df= 13 (P < 0.00001); 7= 90%

Testfor overall effect Z=2.69 (P = 0.007)
Testfor subaroun differences: Chi®=1.26, df=1 {F = 0.26), "= 20.8%

0.81 [0.75, 1.10]
0,42 [0.38, 0.48]
2.42[1.25, 4.67)
0,50 [0.28, 0.87)
1.20 [0.61, 2.69]
0.65 [0.50, 0.84]
0.41 [0.20, 0.84]
0.34 (015, 0.74]

1.65[0.17, 16.26]
0,53 [0.31, 0.91]
0.68 [0.48, 0.95]

0,88 [0.79, 0.94]
0,98 [0.75, 1.29]
042017, 1.06]
0.69 [0.48, 1.00]
0.84 [0.71, 1.01]

0.70 [0.54, 0.91]

0*“\“* “

ol

*

0.01

| |
01 10
Favours FLS Favours no-FLS

Figure 1. FLS versus no-FLS for subsequent fracture: sensitivity analysis
CI confidence interval, IV inverse variance, FLS fracture liaison service

100

FLS no-FLS Odds Ratio Odds Ratio
subgroup Events Total Events Total Weight IV, Random, 95% Cl IV, Random, 95% CI
FLS vs. post-FLS
2016 320 2713 361 2616 11.1% 0.84 [0.71, 0.588] 1
2020 1832 10621 1701 4828 11.3% 0,38 [0.35, 0.41] -

Hi 16 98 16 100 TT% 1.02[0.48, 2.18] 1
2017 67 324 16 131 3.8% 1.87 [1.04, 3.37] —
Quevedo 2020 T4 367 42 357 10.3% 0730051, 1.03] -
h2017 20 206 47 248 9.0% 0.46 [0.26, 0.81] I

2011 185 1334 343 1820 10.4% 0.60[0.49, 0.74] -

2014 33 210 22 172 8.8% 1.27[0.71, 2.37) TV
a5% CI) 15874 10372 77.8% 0.76 [0.52, 1.10] Lo

its 2817 2498

Teity: Tau®=0.24;, Chi®=123.39, df=7 (P = 0.00001), F= 94%

igrall effect Z=145(P=01%5)

Jital without FL S vs. hospital with FLS

20207 3633 15449 1228 5634 11.3% 1.06 [0.99,1.14] r
2014 162 1412 2341810 10.49% 0.83[0.75,1.15] -

a5% CI) 16861 7544  22.2% 1.03 [0.92, 1.15] [ ]

its 3685 1462

teity: Tau®=0.00;, Chi*=1.40,df=1 (F=0.24); F= 2%

igrall effect Z=0457 (P=0.57)

s Cl) 32735 17916 100.0% 0.81 [0.56, 1.17] L 3

its 6212 4060

1eity: Tau®=0.31; Chi*= 386.70, df=9 (P = 0.00001); F= 98% T o 10

wrall effect Z=111(F=0.27)
Jboroup differences: Chif= 2,42, df=1(P=0.12), F=58.7%

Figure 2. FLS versus no-FLS for mortality: sensitivity analysis

CI confidence interval, IV inverse variance, FLS fracture liaison service
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Supplementary 4 Secondary outcomes (probability of medical treatment and

BMD testing)

Comparison Medical treatment P-value BMD testing P-value
no-FLS FLS no-FLS FLS

Pre-FLS vs. post-FLS

Ruggiero et al. [20] 17.2% 48.5% P<0.0001* 14.5% 47.6% P<0.0001*

Amphansap et al. [21] 40.8% 80% P=0.0148* 28.3% 48% P=0.0053*

Axelsson et al. [22] 12.6% 31.8% P<0.001* 7.6% 39.6% P<0.001*

Bachour et al. [1] 26.0% 54.1% P<0.001* 28.0% 65.3% P<0.001*

Davidson et al. [24] 25.5% 42.6% P=0.048* 40.9% 40.5% NS

Singh et al. [26] NA NA NA 23.6% 53.0% P<0.001*

Gonzalez-Quevedo etal. [28]  12.3% 74.9% P<0.01* NA NA NA

Shin et al. [29] 5.6% 20.2% P<0.001* 12.6% 56.1% P<0.001*

Pre-FLS vs. post-FLS & hospital with FLS vs. hospital without FLS

(a) Inderjeeth et al. [12] 16.0% 46.9% P<0.05* 37.4% 78% P<0.05*

(b) Inderjeeth et al. [12] 41.5% 46.9% NS 51.0% 78.0% P<0.05*

(a) Axelsson et al. [32] 22.9% 26.6% P<0.001* NA NA NA

(b) Axelsson et al. [32] 14.0%# 25.0%# NR NA NA NA

NR not reported, NS not significant, NA not applicable, FLS fracture liaison service, BMD bone mineral density

* Statistical significant P<0.05

(a) Study compared pre-FLS to post-FLS care

(b) Study compared hospitals with and without FLS

# Calculated based on available data
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CHAPTER 6

ABSTRACT

Summary This study explored the course of health state utility value over 3 years in
patients with a recent fracture attending a Fracture Liaison Service and suggested
that the overall change in health-related quality of life was not significant, although
significant improvements were observed at 6 and 12 months compared to baseline.

Introduction To estimate the 3-year health-related quality of life (HRQoL) of
patients with a recent fracture presenting at a Fracture Liaison Service (FLS) and
to explore factors associated with health state utility value (HSUV).

Methods Patients’ HSUVs were derived from the EQ-5D-5L and SF-6D and
calculated at six time points. Multiple imputation was applied for missing data.
Linear mixed-effects regression analysis with random intercept and slope was
applied to explore the course of HSUV over 3 years. The impact of subsequent
fracture and the length of time between FLS visit and patients’ index fracture on
HSUV were also investigated. A backward stepwise elimination was applied to
identify factors associated with HSUV.

Results A total of 499 patients were included. The change of EQ-5D HSUV was
not significant over 3-year follow-up (P = 0.52), although slightly but significantly
higher HSUV was captured at 6 months (mean difference (MD): 0.015, P = 0.02)
and 12 months (MD: 0.018, P = 0.01). There was no significant difference in the
course of EQ-5D HSUV between fracture locations (P = 0.86). A significant increase
in HSUV was only captured for patients had shorter time period (< 107 days)

between FLS visit and their index fracture. Suffering a subsequent fracture was
associated with significant QoL loss (MD: - 0.078, P < 0.001). Subsequent fracture,
previous treatment with anti-osteoporosis medication, a prevalent vertebral
fracture (grade 2 or 3), use of a walking aid, previous falls, and higher BMI were
negatively associated with mean EQ-5D HSUV over 3 years. Comparable results
were found using SF-6D HSUV. The lack of HRQoL data immediately after fracture
and selection bias were two main limitations.

Conclusion The 3-year change in HSUV was not statistically significant, although
significant improvements were observed at 6 and 12 months in comparison with

baseline. Six factors were negatively associated with EQ-5D HSUV.

Keywords EQ-5D-5L e Health utility ¢ Longitudinal analysis ¢ SF-6D
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INTRODUCTION

The increasing prevalence of osteoporosis is associated with increased risk of a
bone fracture [1]. A Dutch study based on claims data from all Dutch healthcare
insurers reported an annual average of 114,116 patients with a fracture was
identified between 2009 and 2011, of which 32% were attributed to osteoporosis
[2]. Patients with a recent fracture after the age of 50 years have an increased risk
of subsequent fractures. This risk, which is referred to as imminent subsequent
fracture risk [3], is highest immediately after the initial fracture and then declines.
In addition, the majority of deaths following fractures occur within the first year;
thereafter, the excess mortality gradually declines [4]. From the perspective of
caregivers, morbidity and mortality following a fracture are important clinical
considerations, along with substantial loss of patients’ quality of life.

To improve secondary fracture prevention, Fracture Liaison Services (FLSs) are
advocated as the most appropriate and effective approach to identify, investigate,
and treat patients at risk of new fractures. The first FLS was introduced in 1999
by McLellan and colleagues in the UK [5]; since then, awareness of initiating FLSs
worldwide has increased through the Capture the Fracture (CTF) campaign in 2012
by the International Osteoporosis Foundation (IOF) [6] and by other professional
organizations [7,8]. Until May 2021, 644 FLSs (registered in CTF) have been
implemented in 48 countries; nearly half of these are in Europe.

To capture the full burden of fractures for a society, it is essential to assess their
impact on health. Insight into the loss of healthy life years can facilitate rational
decision-making when allocating resources across fracture types or diseases [9].
Health state utility value (HSUV) measures are a specified type of health-related
quality of life (HRQoL) instruments that reveal the society’s preference or value
for specific health states. HSUV is an essential component in economic evaluations,
used to establish whether the cost of a new intervention can be justified in terms
of expected health benefits [10]; it can help decision-makers in prioritizing health
interventions.

In fracture research, a large number of studies were conducted to investigate HSUV
in patients not attending an FLS. For example, the large ICUROS study [9] reported
that fractures resulted in substantial HRQoL loss directly after fracture, and the
HRQoL improved after 4 months but did not return to pre-fracture levels. In 2014,
a meta-analysis identified 62 studies that reported HSUVs after hip, vertebral, or
distal forearm fracture [13]; the study populations were heterogeneous (e.g., pre-
fracture, posthip/vertebral/wrist fracture), and most studies had a small sample
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size and were limited by short follow-up periods, indicating that fracture events
were associated with decrements in HSUVs which differed between fracture types.
Very few studies were conducted to investigate HRQoL in patients with fractures
attending an FLS [14, 15], especially the course of HSUV in the long term. Therefore,
the main objective of this study was to investigate the course of HSUV in patients
with a recent fracture presenting at an FLS in the Netherlands, as measured by
two generic preference-based instruments: the EuroQol (EQ-5D-5L) and the Short
Form Health Survey (SF-36), over a 3-year follow-up. In addition, considering
previous studies [9, 11, 16, 17] indicated that demographics and fracture-related
characteristics such as age, previous fracture, hospitalization, and treatment
initiation were significantly associated with patients’ HSUV, our secondary objective
was to identify factors associated with HSUV in patients at the FLS.

MATERIALS AND METHODS

Subject and study procedures

This study used data from the “FX MoVie Study,” which is a 3-year prospective
observational study conducted at the FLS of VieCuri Medical Center in Venlo, the
Netherlands [18]. The study protocol (registration number NL45707.072.13)
was approved by an independent Medical Ethics Committee and complied with
the Declaration of Helsinki. All patients gave written informed consent prior to
participation and after receiving oral and written information on the study:.

According to standard care, a nurse specialized in osteoporosis invited all patients
aged 50 years and older, who visited the emergency department (ED) because of a
recent clinical vertebral or non-vertebral fracture, to the FLS. All patients attending
the FLS between October 2014 and June 2016 were screened for participation in
the “FX MoVie Study.” A total of 1380 FLS attenders were screened for eligibility,
of whom 990 were eligible to participate and a total of 500 patients aged between
50 and 90 years with a recent, radiologically confirmed fracture participated.
We excluded non-Caucasian patients, patients with a fracture due to high-energy
trauma, bone metastasis, failure of prosthesis, or osteomyelitis, and patients with
cognitive impairment.

All participants received a detailed questionnaire for evaluating clinical risk factors
for fractures, such as medical history, medication, previous fractures, and calcium
and vitamin D intake, and were scheduled for dual X-ray absorptiometry (DXA)
measurement, vertebral fracture assessment (VFA), and a blood test. In addition
to the questionnaire for evaluating risk factors, HRQoL questionnaires (EQ-5D-
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5L and SF-36) were filled out at 3, 6, 12, 24, and 36 months after inclusion. Of
note, the patients’ first visits at the FLS were scheduled 3-4 months after their
fracture, so HRQoL data immediately after their fracture were not available. Three
and 6 months after inclusion, patients received the HRQoL questionnaires and a
fall diary. Furthermore, they received a telephone call from the research assistant
to verify whether they sustained a fall or a subsequent fracture and to complete the
questionnaires in case of missing data. At 12, 24, and 36 months after inclusion,
patients came to the hospital for a study visit and the questionnaires were repeated.
Bone mineral density (BMD) in the left or right hip and the lumbar spine was
determined using DXA with the Hologic QDR 4500 (Hologic, Bedford, MA, USA).
Diagnosis of osteoporosis was based on the World Health Organization criteria for
BMD [19] according to the lowest value of T-score in femoral neck, total hip, or
lumbar spine: osteoporosis as a T-score of - 2.5 or less, osteopenia as a T-score
between - 2.5 and - 1.0, and normal BMD as a T-score of — 1.0 or higher.

Assessment of vertebral fractures (VFs) was performed via vertebral fracture
assessment (VFA). VFs were graded according to the grading of Genant et al. [20]
as mild (grade 1, 20-24% reduction in vertebral body height at the anterior, mid,
or posterior location), moderate (grade 2, 25-39% reduction), or severe (grade 3,
> 40% reduction), respectively.

If laboratory results were abnormal, additional investigations were performed for
detailed evaluation of newly diagnosed contributors to secondary osteoporosis or
other metabolic bone disorders and treatment was initiated when necessary.

Demographics and disease-related characteristics

The socio-demographics included age (years at time of fracture), gender, and body
mass index (BMI). Baseline fracture-related characteristics were collected through
(1) questionnaire (and further verified during FLS visit): smoking, fracture site,
previous fracture, previous falls (last year), parental hip fracture, use of a walking
aid, visual and hearing impairment, previous treatment with anti-osteoporosis
medication (AOM), and medical history (which is classified based on International
Classification of Diseases version 10), and (2) laboratory tests: BMD, prevalent VFs,
secondary osteoporosis, and vitamin D deficiency. In addition, the specific times of
new falls and subsequent fractures were recorded for each patient during 3-year
follow-up, and we assumed that none of the patients had a fall or a subsequent
fracture between their baseline fracture (i.e., the fracture for which they were
invited to attend the FLS) and the time they attended the FLS.
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Fracture classification

Patients’ index fractures were recorded in electronic Case Report Forms. For
purpose of analyses, these fractures were grouped into ten categories according
to their location as clavicle/scapula, humerus, radius/ulna, hand/foot, vertebra,
rib/sternum, pelvis, femur, tibia/fibula/patella, and multiple fractures (if patients
had more than one index fracture). In addition, based on visual inspection, patients
with femoral, vertebral, or multiple fractures had a strikingly lower baseline HSUV
in comparison with patients with other fractures; the pre-defined ten categories
were further divided into two groups (femoral/vertebral/multiple fractures vs.
other fractures) to investigate between-group differences.

Health state utility value (outcome)

HRQoL is expressed in the form of HSUV, which is scored on a scale that assigns a
value of 1 to a state equivalent to full health and 0 to a state equivalent to death. In
our study, HSUVs were calculated according to EQ-5D-5L and SF-36 data. The EQ-
5D-5L quantifies health status in terms of five dimensions: mobility, self-care, usual
activities, pain/discomfort, and anxiety/depression. Patients score each dimension
on a five-level Likert scale (no problem, slight problem, moderate problem, severe
problem, and extreme problem). To translate the EQ-5D profiles to societal HSUVs,
a value set based on population preferences in the Netherlands was used [21]. The
predicted values for the EQ-5D-5L range from - 0.446 to 1, where HSUV below
0 represents health states considered worse than death. The SF-6D was derived
from the SF-36 health status measure (version 1, UK Programme) including 6
dimensions of health: physical functioning, social functioning, role limitations,
pain, mental health, and vitality, with each dimension having four to six levels. The
societal HSUVs were computed using the algorithm developed by Brazier et al. [22].
The predicted values for the SF-6D range from + 0.291 to + 1.

Statistical analysis

For baseline characteristics, descriptives are provided as means and standard
deviations (SD) for continuous variables, number, and percentage (%) for
categorical variables. Comparisons between groups (different fracture sites) were
conducted using the independent samples t-tests or one-way analysis of variance
(ANOVA) for continuous variables, and Pearson’s chi-square test or Fisher’s exact
test for categorical variables.

Multiple imputation (MI) with fully conditional specification was employed to
impute missing EQ-5D and SF-6D data. The number of imputations was set to 18,
given thatapproximately 18% of incomplete cases were identified. Patients’ missing
index values were drawn at six time points, using predictive mean matching. Details
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of missing data and MI were reported in Supplement 1.

Linear mixed-effects regression with random intercept and slope for patients
was applied to compare the mean HSUV between baseline and each time point,
to explore the course of the HSUV for all sites of fracture over the 3-year follow-
up, and to investigate the impact of fracture site on the course of HSUV over time
by including an interaction term of time and baseline fracture group (categorical
variable with ten pre-defined categories) in the model.

Additionally, given that the time period between index fracture and FLS visit varied
among patients, a subgroup analysis was conducted to explore the difference in
the change of HSUV. Since this time period was normally distributed, we used the
mean (107 days) as a cut-off to categorize our patients into two groups (i.e., time
between index fracture and FLS visit < 107 days vs. 2 107 days). A clustered line
graph was used to visually display the difference in HSUV change over time and
the mean difference (MD) was calculated between baseline and each time point.
Besides, considering patients’ characteristics might influence the results, we also
investigated the difference in five most relevant baseline characteristics, i.e., age,
gender, BMD, index fracture (femoral/vertebral/multiple fracture, other fractures),
and medical history (ICD-10 coded diseases) between two groups using previous
mentioned statistical method to further validate our results.

Moreover, the impact of subsequent fracture on HSUV was also investigated. Of
note, 20 patients already had a subsequent fracture before the first FLS visit and
were therefore excluded for the following analyses. First, the subsequent fracture
was treated as a time-varying variable to explore the overall association with HSUV,
both between-subjects and within-subjects interpretation were provided. Second,
for patients who had a subsequent fracture (during follow-up), the HSUVs before
and after a subsequent fracture were compared for these patients. To capture the
maximum impact of a subsequent fracture, the HSUV just before and immediately
after the subsequent fracture was treated as pre- and post-HSUV, respectively (i.e.,
if one patient had a subsequent fracture at 6 months, the HSUV at 3 months was
treated as pre-HSUV and the HSUV at 6 months as post-HSUV). Third, the impact
of different locations of subsequent fracture was also investigated. Patients were
subdivided into two groups (subsequent femoral/vertebral/multiple fractures
vs. subsequent other fractures), the HSUVs before and after a corresponding
subsequent fracture were compared for each subgroup. Fourth, we subsequently
compared the HSUVs in the group of patients without subsequent fracture to those
with a subsequent fracture and applied the median time to subsequent fracture
(which was 354 days) to both groups in order to compare HSUVs in the time period
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before and after subsequent fracture (period 1: 0-364 days vs. period 2: 365-1095
days) in both groups. Given the HSUVs were estimated at discrete time points, and
the median time to subsequent fracture was 364 days, the mean HSUV of baseline,
3 months, 6 months, and 12 months was therefore treated as pre-HSUV, and the
mean HSUV of 24 months and 36 months was treated as post-HSUV for both groups.
Through pre-testing, normal distribution was indicated for the difference (in mean
HSUV) between period 1 and 2 for both groups, and given the HSUV of each patient
was repeated measured, mean difference was therefore calculated through paired-
samples T-test.

Furthermore, the identification of factors associated with the average HSUV (over
3 years) was also conducted, using the linear mixed-effect regression model. The
abovementioned demographics and disease-related characteristics (16 baseline
and two longitudinally assessed variables) were considered potential factors and
therefore included in the model. A backward stepwise elimination was applied to
omit insignificant factors from the model.

The above-mentioned longitudinal analyses for EQ-5D HSUV were included as the
main analysis, and the analyses based on SF-6D HSUV were included as sensitivity
analysis. All mixed-effects regression analyses were adjusted for age, gender,
and baseline BMD. All analyses were conducted using SPSS (version 26.0, IBM
Statistics), and a P-value of < 0.05 was considered statistically significant.

RESULT

Baseline characteristics

After multiple imputations, 499 patients with one or more recent fractures were
included in our analyses. Of note, one patient did not complete any questionnaire
atall, so no imputation was conducted for this patient, who was therefore excluded
from the whole analysis. Baseline characteristics according to fracture site are
presented in Table 1. Patients were on average 64.6 * 8.6 years, and 71.3% were
females. One hundred ten (22.0%) patients were diagnosed with osteoporosis, 133
(26.7%) had at least one VF, and 54 (10.8%) patients reported that they have ever
used AOM, at the time of FLS visit, treatment was initiated or continued in 175
(35%) of patients. More than 90% of patients had one or more comorbidities (ICD-
10 coded disease). On average, patients attended the FLS 107 days after their index
fracture.
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EQ-5D health state utility value

The estimated EQ-5D utility scores of patients with a recent fracture attending
the FLS had an average HSUV of 0.813 (0.187), 0.822 (0.180), 0.829 (0.176), 0.833
(0.180), 0.825 (0.196), and 0.825 (0.202) at baseline, 3, 6, 12, 24, and 36 months,
respectively (Supplement 2, Table 1). In comparison with baseline (reference), the
mean HSUV of the FLS patients was slightly but significantly higher at 6 months
(MD: 0.015, 95% CI: 0.002-0.029; P = 0.02) and 12 months (MD: 0.018, 95% CI:
0.004-0.032; P = 0.01), but not at 24 and 36 months (Table 2). When grouping
patients further, significant improvement in HSUV was observed for patients with
femoral, vertebral, or multiple fractures later during follow-up (i.e., at 12 and 24
months) than for patients with other fractures (significant improvement in HSUV
was shown at 6 months).

Figure 1 shows the change in the HSUV over 3 years by the pre-defined ten
categories based on fracture site. The linear mixed-effects model (Supplement 2,
Table 2) showed that there was no association between HSUV and time regardless
of the baseline fracture location, and also significant difference was not observed
(interaction term: P = 0.86) between these ten fracture categories in terms of the
overall HSUV change. When patients were further grouped (femoral/vertebral/
multiple fractures vs. other fractures), a higher yearly increase (0.011 vs. < 0.001
units) was observed for patients with femoral/vertebral/multiple fractures
(though which was not statistically significant).
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Figure 1. The development of EQ-5D HSUV over time by fracture site

When patients were categorized into two groups according to the length of time
between index fracture and FLS visit, 258 patients had the first FLS visit < 107
days and 241 patients = 107 days after their index fracture. As seen in Table 3
and Supplement 2 (Fig. 1), a significant increase of QoL was captured at 6, 12, and
24 months for patients who had FLS visit less than 107 days, which was not the
case for the group with longer time period for FLS visit. No significant differences
between these two groups were observed for age, gender, BMD, index fracture, and
medical history.
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With regard to the impact of subsequent fracture on EQ-5D HSUV, the analyses
were performed in 479 patients of whom 50 had a subsequent fracture during
follow-up. The association between EQ-5D HSUV and subsequent fracture was
displayed in Supplement 2 (Table 3). The between subjects interpretation indicates
that the mean HSUV of patients with subsequent fracture was significantly lower
(= 0.078 units) than of patients without subsequent fracture; and the within-
subject interpretation indicates that a new subsequent fracture during follow-
up was associated with a significant 0.078 units decrease in the mean HSUV (3
years). In addition, for patients had a subsequent fracture (n = 50), as seen in Fig.
2 and Supplement 2 (Table 4), both mean and median HSUV of post-subsequent
fracture was lower than pre-subsequent fracture. The MD was - 0.078 (SD: 0.147),
indicating that the suffering of a subsequent fracture resulted in significant 0.078
units decrease (P < 0.001) in HSUV for these patients. Moreover, when patients
were subdivided into two groups, 15 patients had subsequent femoral/vertebral/
multiple fractures, and 35 had subsequent other fractures. Similar results were
indicated for both groups (i.e., significantly lower HSUV for post-subsequent
fracture) besides, compared to patients with subsequent other fractures, greater
(but not significant) HSUV decrease was observed for patients with subsequent
femoral /vertebral/multiple fractures (MD: - 0.102 vs. - 0.068, P = 0.46).

Furthermore, when median time to subsequent fracture (364 days) was applied
to compare the HSUVs in the group of patients without subsequent fracture (n =
429) to those with a subsequent fracture (n = 50), as seen in Supplement 2 (Table
5 and Fig. 2), the median and mean HSUV (in both period 1 and 2) for patients
with subsequent fracture was lower than patients without subsequent fracture. For
patients who suffered a subsequent fracture, the decrease in mean HSUV (MD: -
0.015) was observed in period 2 compared to period 1 whereas the increase (MD:
0.001) was captured for patients without subsequent fracture during the follow-
up, both were not statistically significant.
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Figure 2. The comparison of EQ-5D HSUV before and after a subsequent fracture
by the location of subsequent fracture

SF-6D health utility (sensitivity analysis)

The above-mentioned analyses were also conducted using SF-6D HSUV; the
statistical results are shown in Supplement 3. In comparison with baseline HSUV,
a statistically significant increase was also captured at 6 months (Supplement 3,
Table 2). Besides, the longitudinal regression also indicated that the change in HSUV
over time was not significant for the total cohort, and the course of SF-6D HSUV
was also not significantly different between pre-defined ten fracture categories.
In addition, when patients were categorized into two groups according to the
length of time between index fracture and FLS visit, compared to baseline HSUV, a
significant increase was also captured at 6 and 12 months for patients had FLS visit
less than 107 days, which was not the case for the group with longer time period
for FLS visit (Supplement 3, Table 3). Moreover, for patients who had a subsequent
fracture, both mean and median HSUV of post-subsequent fracture was also lower
than pre-subsequent fracture, and the suffering of a subsequent fracture resulted
in significant decrease in HSUV for these patients. The results remained when
patients were subdivided by subsequent fracture location (Supplement 3, Table 4
and Fig. 2). Furthermore, when median time to subsequent fracture (364 days)
was applied to compared the HSUVs in the group of patients without subsequent
fracture to those with a subsequent fracture, the median and mean HSUV (in both
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period 1 and 2) for patients with subsequent fracture was also lower than patients
without subsequent fracture (Supplement 3, Fig. 3).

Factors associated with EQ-5D and SF-6D HSUV

The stepwise regression analysis (Table 4) indicated the effect of covariates on
patients’ mean HSUV over 3 years (six time point). BMI, use of a walking aid, AOM
treatment, previous falls, prevalent VF (grade 2 or 3), and subsequent fracture
were identified as factors associated with mean EQ-5D HSUV. With regard to time-
varying covariates, a negative predictive relationship between subsequent fracture
and HSUV was indicated (the between- and within-subject interpretations were
similar to previously described). As for time-invariant covariates, patients using a
walking aid, taking AOM, and having experienced previous falls had significantly
lower HSUV in comparison to their counterparts. To investigate the association
between prevalent vertebral fractures (VFs) and HSUV, patients without prevalent
VFs were set as the reference; it can be seen from Table 4 that only prevalent VFs
grade 2 or 3 was identified as a factor associated with HSUV. The effect size can be
interpreted that patients with prevalent VFs grade 2 or 3 had significantly 0.050
units lower EQ-5D HSUV on average (mean HSUV of 3 years) than patients without
prevalent VFs. Other covariates like age and smoking were excluded through the
process of backward stepwise elimination based on P-value, but we found that the
increasing in patients’ age was associated with decreasing in mean HSUV (1-year
age increase was associated with 0.001 units decrease in mean HSUV), and smokers
had (0.030 units) lower HSUV than non-smokers.

In addition to the above-mentioned factors (by EQ-5D), SF-6D indicated another
two factors (gender and smoking). In comparison with males, females had a
significantly lower HSUV on average, and smokers reported significantly lower
utility in comparison with non-smokers.
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Table 4. Factors associated with HSUV

DISCUSSION

This study, to our knowledge, is the first longitudinal study using prospective data
over 3 years, with the objective of estimating the HRQoL of patients following visits
to a FLS because of a recent fracture. With regard to EQ-5D HSUV, no significant
change was captured over 3 years, although a small but statistically significant
improvement was observed at 6 and 12 months in comparison with baseline HSUV.
This short-term improvement is more likely due to natural healing of the fracture
rather than the effect of attending an FLS or having a fracture risk evaluation at the
FLS.When patients were stratified by baseline fracture (femoral /vertebral /multiple
fractures vs. other fractures), our results remained (i.e., there was no significant
overall change). We did not find any previous study investigating the long-term
HRQoL of patients attending a FLS. In contrast, two studies [14, 15] compared the
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HSUV of patients with a recent fracture before and after the introduction of a FLS;
no significant difference between two groups was identified at the 6 or 12 months
follow-up.

The primary potential reason for a non-significant change in HSUV over 3 years is
thatthe patientsincluded in our study attended the FLS 3-4 months after their index
fracture; thus, their HRQoL might have already improved through natural fracture
recovery and/or through treatment in the emergency department before attending
the FLS, resulting in non-striking change after attending FLS. This was also found
in the ICUROS studies [9, 11, 12]: although substantial loss of HRQoL was captured
in the short term after fracture, patients’ HRQoL was largely improved at 4 months.
Except for ICUROS studies, the improvement was also identified in patients who
did not attend a FLS in recent studies [14, 15], which can also be attributable to
natural healing (recovery) of the fracture. The second potential reason for lack of
significant change may be selection bias; it is likely that patients with more severe
fractures, older patients, or patients who were hospitalized did not attend the FLS.
Furthermore, approximately half of FLS attenders did not consent to participate in
this study. In this study, the average baseline HSUV was 0.81, which is a bit lower
but still comparable to the HSUV of community-dwelling Dutch residents aged 65
years and older as reported by Mangen et al. [23]. Therefore, our study included
relatively healthy patients, which may have resulted in a relatively good HRQOL
after the index fracture, without a significant change over time.

Additionally, the greater increase in QOL in patients with a shorter time period (<
107 days) between index fracture and FLS visit may be attributed to the earlier
stage of the fracture healing process, and by the timely treatment from FLS clinic
compared to patients with a longer time period to FLS visit.

Of note, although patients’ baseline HRQoL was measured 3-4 months after their
index fracture, patients with femoral, vertebral, or multiple fractures still had a
lower HSUV in comparison with patients with other fractures. Also, significant
improvement in HRQoL takes a longer time to capture (baseline HSUV as the
reference) as reported in our study. Fisher et al. [24] assessed the timeline of
functional recovery after hip fracture in seniors (aged 65 years and older) and
reported that objective functional recovery (lower extremity function) was largely
complete in the first 6 months, whereas subjective recovery (HRQoL) improved
up to 9 months after hip fracture. In addition, we also identified that the number
of baseline fractures impacted patients’ HRQoL. Patients with multiple fractures
had a significantly lower HSUV in comparison with patients with only one index
fracture such as clavicle/scapula, radius/ulna, hand/foot, rib/sternum fracture.
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This finding is supported by a previous study showing that patients with multiple
clinical fractures would experience an additive effect, resulting in disability similar
to a single hip or vertebral fracture [25] which is in line with our finding that the
absolute average HSUV (over 3 years) difference between femoral, vertebral, and
multiple fractures was not significant.

Suffering a subsequent fracture was associated with a decrease in HSUV; this
finding is supported by several previous studies [26-28] reporting that subsequent
fractures have a significantly negative impact on the QoL, greater loss of function,
and increased mortality. However, whether the effect of FLS is larger immediately
after subsequent fracture, and whether the cost-effectiveness of FLS is somewhat
better, it remains unknown based on our data and recently published studies.

Furthermore, to accurately estimate the effect of FLS on QoL is even difficult given
QoL is determined by multiple factors such as lifestyle, aging, and comorbidities;
however, it would be interesting for future studies. Also, the presence of a moderate
or severe prevalent VF was associated with alower HSUV, which is in line with recent
findings of Shah et al. [29]. Besides, patients who previously received treatment
with AOM reported lower utility in comparison with their counterparts. The lower
HSUV might be explained by two aspects: first, since the indication for treatment
(according to the Dutch guideline) is osteoporosis and/or a moderate or severe
VE, patients’ awareness of having osteoporosis and/or VFs and increased future
fracture risk might result in over cautiousness and limiting daily activities; second,
the potential side effects of oral AOM including bone, joint, or muscle pain, as well
as nausea, difficulty swallowing, and heartburn might affect patients’ HRQoL,
and the rare side effects such as osteonecrosis of the jaw and atypical femoral
fracture actually scare many patients away from taking AOM, with the result that
suboptimal persistence and adherence lead to an increased rate of fracture and
to worse HRQoL [30]. Moreover, patients’ HSUVs following a fracture are clearly
negatively associated with high BMI since excessive body fat produces inflammatory
cytokines which may stimulate bone resorption and reduce bone strength [31].
Several recent studies reported that both low and high BMI are risk factors for
fragility fracture. The study of Yan et al. [32] investigated the relationships of BMI
with HRQoL in adults 65 years and older and revealed that compared with normal-
weight people, both underweight and obese older adults reported impaired QoL,
particularly worse physical functioning and physical well-being. Furthermore,
some previous studies identified that gender [13, 16] and previous fracture [9] are
important factors; these were not captured by EQ-5D in our study.

In a sensitivity analysis using another HRQoL measure, namely the SF-6D,
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comparable results were identified and our main message remained, though
there were small differences. For example, the mean SF-6D HSUV was generally
lower than the EQ-5D HSUV, and only SF-6D indicated that the course of HSUV for
patients with hand/foot fracture was significant. Besides, when the median time to
subsequent fracture (364 days) was applied to compare the HSUVs patients without
subsequent fracture to those with a subsequent fracture, a higher median EQ-5D
HSUV was captured in period 2 for both groups, however, which was only observed
for patients without subsequent fracture by SF-6D HSUV. These discrepancies
between the two instruments might result from differences in the content of the
descriptive systems and in the variation of scoring algorithms [33]; a further head-
to-head comparison will be conducted to explore the equivalency of EQ-5D-5L
and SF-6D cross-sectionally, including scoring distribution, domain content, and
longitudinal validity.

This study has some limitations. First, relatively healthy patients were included
in this study (selection bias), so the generalizability of the findings of this study
to patients with a fracture could therefore be questionable. Second, our patients
attended the FLS approximately 3-4 months after their index fracture; we therefore
lacked HRQoL data immediately after fracture, which might limit our capturing an
overall significant change of HRQoL in the first several weeks of recovery from a
fracture. Finally, 18 patients scored an item of EQ-5D twice; we calculated their two
utility scores and used the average value for further analyses, which might affect
the results.

CONCLUSION

In patients at the FLS, subsequent fracture, previous treatment with AOM, a
prevalent VF (grade 2 or 3), use of a walking aid, previous falls, and higher BMI were
negatively associated with EQ-5D HSUV. The change in HSUV over the total course
of 3 years was not statistically significant, although significant improvements
were observed at 6- and 12-month time points compared to baseline. There
was no significant difference in the course of HSUV between the pre-defined ten
fracture categories. A significant increase in HSUV was only captured for patients
had shorter time period (< 107 days) between FLS visit and their index fracture.
Suffering a subsequent fracture was associated with significant QoL loss.
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ELECTRONIC SUPPLEMENTARY MATERIAL

Supplement 1: Missing data and multiple imputation (MI)

The number of missing utility data at each time point were shown in Table 1;
given a few patients had missing data, MI was applicable. In addition, 18% of
incomplete cases were identified; the number of imputations was therefore set to
18. The overall missing data were in a random pattern. Considering that some
patients died or stopped participation during the follow-up, different strategies of
imputation were applied. For patients who died during the follow-up period (n=5),
their HSUVs were set at 0 from that time point, and MI was applied for the period
of their participation. MI was conducted for patients who withdrew their consent
or stopped the study during the follow-up (n=15); however, for these patients,
imputed index values remained only for the period before they quit. For patients
providing two answers to one single question, a mean HSUV was calculated from
the two responses.

Table 1. The number of missing utility data at each time point

Baseline 3 months 6 months 1 year 2 years 3 years
EQ-5D 3 11 19 15 17 16
SF-6D 14 22 26 26 19 17
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HRQoL OF PATIENTS WITH A RECENT FRACTURE ATTENDING A FLS: A 3-YEAR FOLLOW-UP STUDY

Table 2. The association between time and the HSUV measured by EQ-5D (adjusted)

Fracture site Parameter Regression coefficient P-value
Total group (n=499) Intercept 0.979 0.519
Time (year) 0.002
Femoral/vertebral/multiple fractures (n=66) Intercept 0.718 0.206
Time (year) 0.011
Femur Intercept 1.014 0.605
Time (year) 0.007
Vertebra Intercept 0.636 0.376
Time (year) 0.014
Multiple fractures Intercept 0.830 0.369
Time (year) 0.014
Other fractures (n=433) Intercept 0.972 0.975
Time (year) <0.001
Clavicle/Scapula Intercept 0.861 0.778
Time (year) 0.004
Humerus Intercept 1.198 0.473
Time (year) -0.006
Radius/ulna Intercept 1.066 0.551
Time (year) -0.003
Hand/Foot Intercept 0.972 0.697
Time (year) 0.001
Rib/Sternum Intercept 1.044 0.610
Time (year) -0.005
Pelvis Intercept 0.880 0.413
Time (year) 0.009
Tibia/fibula/Patella Intercept 0.578 0.520
Time (year) 0.004

HSUV health state utility value
Adjusted: the regression analysis was adjusted for age, gender and bone mineral density (BMD)

Figure 1. The EQ-5D HSUV by the length of time period between index fracture and FLS visit
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Table 3. The association between subsequent fracture and the EQ-5D HSUV (adjusted)

Parameter Regression coefficient P-value
Intercept 0.993 <0.001*
Subsequent fracture -0.078

HSUV health state utility value
Adjusted: the regression analysis was adjusted for age, gender and BMD

Table 4. The comparison of EQ-5D HSUV before and after a subsequent fracture

Estimates Subsequent total Subsequent femoral/ Subsequent femoral/
fractures vertebral/multiple vertebral/multiple
(n=50) fractures (n=15) fractures (n=15)
Pre- Post- Pre- Post- Pre- Post-
subsequent subsequent subsequent  subsequent subsequent subsequent
fx fx fx fx fx fx

Mean (SD) 0.803 0.725 0.707 (0.211) 0.605 0.845 0.777
(0.202) (0.248) (0.302) (0.186) (0.205)

Median (IQR) 0.835 0.813 0.782 (0.274) 0.705 0.848 0.826
(0.178) (0.150) (0.485) (0.187) (0.136)

Mean difference (SD)
-0.078 (0.147)
-0.102 (0.136)
-0.068 (0.152)

P-value <0.001 0.011 0.012

fx fracture, SD standard deviation, IQR interquartile range

Table 5. The comparison of EQ-5D HSUV between patients with and without subsequent fracture
by different time periods

Subsequent fracture (n=50) No subsequent fracture (n=429)

period 1 period 2 period 1 period 2

(0-364 days) (365-1095 days) (0-364 days) (365-1095 days)
Mean (SD) 0.789 (0.180) 0.774 (0.237) 0.831 (0.159) 0.835 (0.180)
Median (IQR) 0.835 (0.163) 0.845 (0.163) 0.863 (0.145) 0.870 (0.163)
Mean difference (SD)
-0.015 (0.125)
0.001 (0.111)
P-value 0.392 0.888

SD standard deviation, IQR interquartile range
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Figure 1. The development of SF-6D HSUV over time by fracture site
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Figure 2. The comparison of SF-6D HSUV before and after a subsequent fracture
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Figure 3. The The comparison of SF-6D HSUV for patients with and without subsequent fracture
by different time periods
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ABSTRACT

Aims: This study compared the psychometric properties of EQ-5D-5L and SF-6D to
assess the interchangeability of both instruments in patients with a recent fracture
presenting at a Fracture Liaison Service (FLS).

Materials and methods: Data from a prospective observational study in a Dutch
FLS clinic were used. Over 3 years, subjects were interviewed at several time points
using EQ-5D-5L and SF-36. Floor and ceiling effects were evaluated. Agreement was
evaluated by intra-class correlation coefficients and visualized in Bland-Altman
plots. Spearman’s rank correlation coefficients were applied to assess convergent
validity. Mann-Whitney U test or Kruskal-Wallis H test as well as effect size (ES)
were used to explore known-groups validity. Responsiveness was explored using
standardized response mean (SRM) and ES. For each measurement property,
hypotheses on direction and magnitude of effects were formulated.

Results: A total of 499 patients were included. EQ-5D-5L had a considerable ceiling
effect in comparison to SF-6D (21 vs. 1.2%). Moderate agreement between the
(UK and Dutch) EQ-5D-5L and SF-6D was identified with intra-class correlation
coefficients of 0.625 and 0.654, respectively. Bland-Altman plots revealed
proportional bias as the differences in utilities between two instruments were
highly dependent on the health states. High correlation between instruments was
found (UK: rho=0.758; Dutch: rho=0.763). EQ-5D-5L and SF-6D utilities showed
high correlation with physical component score but low correlation with mental
component score of SF-36. Both instruments showed moderate discrimination (ES
> 0.5) for subgroup by baseline fracture type, and moderate responsiveness (SRM>
0.5) in patients that sustained a subsequent fracture.

Conclusion: Both EQ-5D-5L and SF-6D appeared to be valid utility instruments
in patients with fractures attending the FLS. However, they cannot be used
interchangeably given only moderate agreement was identified, and differences
in utilities and ceiling effect were revealed. Comparable construct validity and
responsiveness were indicated, and neither instrument was found to be clearly
superior.
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PLAIN LANGUAGE SUMMARY

The EQ-5D and SF-36 as generic multi-domain questionnaires are widely used
to measure the health-related quality-of-life (HRQoL) in a sample of the persons
who suffer from the diseases or the general population. Their responses could
be converted to patients or societal Health State Utility Values (HSUVs) with the
range of 0 (“death”) to 1 (“full health”). A specific application of HSUV is to calculate
quality-adjusted life years as the indicator of effectiveness to evaluate whether
the cost of a new intervention is justified in terms of health gains through cost-
utility analysis in health economics, the evidence can be further used to inform
decision-making. However, different instruments differ in construct and valuation,
potentially leading to different estimates for the person’s same “health state”, and
healthcare decisions could be compromised when researchers or decision-makers
are not aware of potential differences in HSUV. Therefore, it is important to gain
insight into the specific psychometric properties of these instruments, and to
understand whether instruments are interchangeable. Our study is based on data
from a Dutch Fracture Liaison Service (FLS is a program for secondary fracture
prevention), compared the psychometric properties and interchangeability of two
instruments (EQ-5D-5L and SF-6D) in patients with a recent fracture presenting at
the FLS, and suggested both instruments are valid in utility elicitation in our target
population. However, they cannot be used interchangeably given only moderate
agreement and differences in utilities. Neither instrument was found to be clearly
superior given comparable construct and longitudinal validity, but different
instruments values in different aspects of HRQoL assessment.
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INTRODUCTION

Patients with prior fractures are at high risk of a subsequent fracture in their
remaining lifetime, up to 86% [1]. This risk is particularly elevated in the first two
years after an initial fracture [2,3]. Bone fractures can result in acute as well as
chronic health physical impairments [4]. The high incidence and morbidity imposed
by fractures are associated with physical, psychological and social consequences
that can further affect health-related quality of life (HRQoL) [5]. Fracture Liaison
Services (FLSs) as a coordinated, multi-disciplinary model of care, are advocated
as the best practice for secondary fracture prevention. We recently reported
significant improvements in HRQoL within 12 months following the initial fracture
of patients attending FLS in the Netherlands [6].

Health state utility value (HSUV) as a specific type of HRQoL assessment which
reflects the strength of preference for a given health state. A specific application of
HSUV is to calculate quality-adjusted life years (QALYs) by integrating the time spent
in that particular health state (quantity) and its corresponding preference-based
value (HSUV) [7,8]. QALYs as the indicator of effectiveness, are used to evaluate
whether the cost of a new treatment is justified in terms of health gains through
cost-utility analysis (CUA). The evidence of economic evaluation can be further
used to inform decision making [9]. For societal decisions (e,g., reimbursement), it
is recommended to elicit the population’s preferences/values of the health states
(societal HSUV), as these are assumed to be less biased as the patients preferences,
and as the general population has a democratic right to participate (indirectly) in
such decisions [10].

HSUVs can be estimated in a variety of ways including direct and indirect methods.
The most common direct utility elicitation techniques are gambling with respect
to a hypothetical treatment that may result in perfect health or death (standard
gamble, SG) or trading-off part of future life for a shorter time in perfect health
(time trade-off, TTO) [7]. However, these choice task based techniques are
complicated, and face-to-face interview or interactive online survey is necessary,
which are time-consuming. A EuroQol visual analog scale (EQ-VAS), known as
rating scale, is a simpler direct preference elicitation method. Patients are asked
to evaluate their current health state on a graduated scale ranging from 0 to
100. Compared to SG and TTO, EQ-VAS are elicited in a choice-less context, and
respondents are not required to make trade-offs within their utility function [11],
however which is generally considered to be methodologically inferior to SG and
TTO due to measurement biases [7]. Consequently, the indirect utility elicitation
method, named multi-attribute utility instruments (MAUIs), is increasing applied
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to obtain HSUVs in recent years. These instruments consists of a generic multi-
domain HRQoL questionnaire and corresponding utility algorithm or set of weights
(tariffs) obtaining (through a scoring function) from direct utility assessment of
a sample of the persons who suffer from the diseases or general population [8]
for converting responses to patients or societal HSUVs. These indirect instruments
are widely used given the main benefit of allowing comparisons between various
diseases, interventions and health programs [1]. The EuroQol 5-dimension (EQ-
5D) is the most dominant MAUI especially given the increasing availability of
societal country-specific health utilities. The Short Form 6-dimension (SF-6D) is
also widely used, which produces societal health utilities based on an algorithm
using a subset of 11 questions from the 36-item Short Form Survey (SF-36) [12].

The use of generic indirect utilities in CUA is supported by country-specific
guidelines for economic evaluations, along with the European Society for Clinical
and Economic Aspects of Osteoporosis, Osteoarthritis and Musculoskeletal
Diseases and the US branch of the International Osteoporosis Foundation ((ESCEO-
IOF) guideline for conduct of economic evaluations in osteoporosis [13]. In the
field of bone fractures, the widespread implementation of the FLS (until 11th
April, 721 FLSs were registered across 50 countries under Capture the Fracture
Campaign initiated by International Osteoporosis Foundation) stimulated interest
into the CUA of FLS [13]. On this line, the HSUVs of patients attending the FLS have
been assessed in some of these studies using different instruments. However,
instruments differ in (i) descriptive content of the construct ‘health utility’, and
(ii) valuation method to derive the scoring algorithms (TTO for the EQ-5D, and
SG for the SF-6D), potentially leading to different estimates for the person’s same
‘health state’. This can contribute to differences in incremental cost-utility ratio
(ICUR), as indicated by a previous study [14]. Potentially, healthcare decisions
could have been compromised when researchers or decision makers are not aware
of potential differences in HSUV. Therefore, it is important to gain insight into the
specific psychometric properties of these instruments, and to understand whether
caution is needed in interpretation or whether instruments are interchangeable.

The psychometric properties of EQ-5D and SF-6D have been compared in multiple
studies in patients with different diseases including low back pain [15], coronary
heart disease [16] and diabetes [17]. Different conclusions were made regarding
the interchangeability of the questionnaires. To our knowledge, longitudinal data
on the sensitivity of HSUVs (responsiveness/longitudinal validity) are sparse
in literature, especially in the field of fractures and no studies included patients
presenting at an FLS. The objective of our study was therefore to compare
the psychometric properties (construct validity, known-group validity, and
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responsiveness/longitudinal validity) and interchangeability of EQ-5D-5L and SF-
6D in a prospective Dutch patients with a recent fracture presenting at an FLS.

METHODS

Design and study population

Patients included in the analyses participated in a 3-year prospective observational
study (‘FX MoVies Study’) conducted between October 2014 and June 2016 at the
FLS of VieCuri medical center in Venlo [18]. The study protocol was approved by
an independent Medical Ethics Committee and complied with the Declaration
of Helsinki (registration number NL45707.072.13). All patients gave written
informed consent prior to participation. Totally, 1380 FLS attenders were screened
for eligibility, of whom 990 were eligible to participate and a total of 500 relatively
healthy patients aged between 50 and 90 years with a recent radiologically
confirmed fracture participated eventually. Patients with a high-energy traumatic
fracture, bone metastasis, failure of prosthesis, or osteomyelitis; non-Caucasian
patients, and patients with cognitive problems were excluded.

After inclusion, dual X-ray absorptiometry (DXA) measurement, vertebral fracture
assessment (VFA) and a blood test were scheduled for each participant. Both
HRQoL questionnaires (EQ-5D-5L and SF-36) were completed by patients in paper,
along with a detailed questionnaire to evaluate risk factors for fractures, at the
first FLS visit following inclusion. Three and 6 months after inclusion, the HRQoL
questionnaires were posted to patients. Although EQ-5D-5L and SF-36 were self-
reported questionnaires, quality control was performed during data collection,
i.e. a research assistant conducted an additional telephone call to verify whether
patients sustained a new fall or a subsequent fracture and to provide support to
complete the questionnaires if needed. Twelve, 24, and 36 months after inclusion,
patients had a physical visit at FLS clinic and were invited again to complete the
paper versions of HRQoL questionnaires. Given patients’ first visit at FLS was
scheduled 3-4 months after their index fracture (which was regarded as baseline),
therefore no availability of immediate HRQoL data after fracture.

Demographics and disease-related characteristics

The socio-demographics included age at time of fracture, gender, and body mass
index (BMI). A detailed questionnaire was used to evaluate clinical risk factors for
fractures and collect fracture-related characteristics including medical history,
previous anti-osteoporosis medication (AOM) use, calcium and vitamin D intake,
previous fractures, previous falls (last year), parental hip fracture, use of a walking
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aid, smoking, and visual and hearing impairment. Besides, bone mineral density
(BMD) was measured by DXA, and prevalent vertebral fracture (VF) by VFA. The
definition and classification of BMD and prevalent VF has been described in detail
in previous studies [6,18]. In addition, laboratory tests were performed to detect
contributors to secondary osteoporosis and metabolic bone diseases. For all
participants, time of mortality and suffering subsequent fractures were recorded
during 3-year follow-up.

Indirect health state utility valuation

HSUVs are scored on a cardinal scale anchored at 0 (‘death’) and 1 (‘full health’),
with some instruments also allowing for negative values representing states worse
than death [7,19]. Given the unavailability of Dutch algorithm to translate SF-
36 health status measure to SF-6D societal HSUVs, the SG-based UK (version 1)
algorithm developed by Brazier et al [20] was applied. The utility values range
from +0.291 to +1. The SF-6D estimates a preference-based single index measure
for health in terms of six dimensions (physical functioning, role limitation, social
functioning, mental health, pain, and vitality), each dimensions contains four to
six levels. The EQ-5D-5L comprises five dimensions (mobility, self-care, usual
activities, pain/discomfort, and anxiety/depression) to quantify health status,
each dimension has five levels ranging from no problem to extreme problem. The
elicitation of the EQ-5D-5L uses TTO alongside discrete choice experiment (DCE),
with value sets available for many countries. For our analyses, we used both UK
and Dutch value sets for comparison [21,22]. The EQ-5D-5L utilities theoretically
range from -0.446 to +1 and -0.285 to +1 for the Netherlands and UK, respectively.
Besides, the EQ-VAS was used to evaluate/mark patients’ overall health status on
the day of the interview on a 20 cm vertical scale with end points of 0 (the worst
health you can imagine) and 100 (the best health you can imagine). The EQ-VAS
was rescaled to a 0-1 value for comparison.

Statistical analysis

Multiple imputation

Multiple imputation (MI) with fully conditional specification was employed to
impute missing EQ-5D and SF-6D utilities. Patients’ missing utilities at six time-
points were drawn using predictive mean matching. The details of MI can be found
in our previous study [6].

Patient characteristics and descriptive statistics

Baseline characteristics were reported as means and standard deviations (SD) for
continuous variables, and as number (%) for categorical variables. Baseline HSUV
for EQ-5D-5L (UKand Dutch), EQ-VAS and SF-6D were skewed and reported as mean
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(SD), observed range, median (IQR inter-quartile range). Floor and ceiling effects
were evaluated by calculating the proportion of respondents scoring the highest
(ceiling) or lowest (floor) possible score across any given domain, measuring the
sensitivity and coverage of a questionnaire at each end of the scale [23]. For EQ-
5D-5L, the proportion of patients in the worst (11111) and best (55555) possible
health states are accounted as floor and ceiling effect, respectively. For SF-6D,
the proportion of minimal (0.29) and maximal possible HSUV score (1.00) were
calculated.

Interchangeability between EQ-5D-5L and SF-6D questionnaires

Assessment of interchangeability between two questionnaires comprised of
agreement, construct validity (convergent and known-group validities) and
responsiveness (longitudinal validity). Hypotheses were established for each
analysis, as shown in Table 1. Agreement and construct validity were investigated
using baseline HSUV, and responsiveness using 3-year HSUV data.

Agreement between EQ-5D-5L and SF-6D Agreement tests the capacity to arrive
at identical results for the same subjects using different instruments/measures.
Given both EQ-5D-5L and SF-6D HSUVs measure the same ‘construct’ (i.e., the
societal preference for health on a scale anchored at 0 and 1), good agreement is
expected. The agreement between (Dutch and UK) EQ-5D-5L and SF-6D HSUVs was
evaluated using intra-class correlation coefficients (ICCs). The ICCs were calculated
based on a two-way random effects model using single measures and absolute
agreement, and was interpreted according to the following limits “poor” (ICC <
0.50), “moderate” (0.50 < ICC < 0.75), “good” (0.75 < ICC < 0.90) or “excellent”
(ICC>0.90) [24].

Additionally, the Bland-Altman plot was used to visually quantify the agreement
between measures as a function of the average of the two. For all subjects, mean
values and differences between two scores were plotted on X and Y-axis, respectively.
The mean of differences and ‘limit of agreement’ (calculated as the mean difference
+1.96 SD) were indicated by three lines in the plot. Good agreement was considered
when the calculated mean difference is close to zero and approximately 95% of
scatter points lying inside the ‘limits of agreement’[25].

Construct validity Construct validity tests whether both questionnaires measure
the same construct. First, convergent validity refers to the degree to which two
measures of constructs are correlated with that it is theoretically predicted
to correlate with, which was investigated using Spearman’s rank correlation
coefficients between EQ-5D-5L and SF-6D HSUVs, between both HSUVs and EQ-
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VAS, between both HSUVs and the Physical Component Score (PCS) and the Mental
Component Score (MCS) of the SF-36, and between both HSUVs and eight domains
(physical functioning PF, role physical RP, bodily pain BP, general health GH, vitality
VT, social functioning SF, role emotional RE, and mental health MH) of the SF-36.
The coefficients of 0.9-1.0 is considered as very highly correlated, 0.7-0.9 as highly
correlated, 0.5-0.7 as moderately correlated, and 0.3-0.5 as low correlated [26].
Hypotheses on the magnitude of effect are presented in Table 1.

“Known-groups” validity is used to assess whether a test or questionnaire can
discriminate between two or more groups known to differ on the variable of
interest. It was evaluated by calculating the EQ-5D-5L and the SF-6D HSUVs for
subgroups of patients: age (< 65 years, >65 years), gender (male, female), BMD
(normal, osteopenia, osteoporosis), baseline fracture location (femoral /vertebral/
multiple fractures, other fractures), self-reported previous fracture (yes, no),
prevalent VFs (yes, no), falls in the past year (yes, no) and the previous AOM use
(ves, no). Mann-Whitney U-tests were implemented for dichotomous variables
and Kruskal-Wallis H tests for polytomous variables. Cohen’s d, a standardized
effect size (ES) [27] was used to quantify the magnitude of differences between
groups on HSUVs. ES’s were then assigned ordinal change categories using the
Cohen'’s criteria: negligible difference (|ES| <0.2), small difference (0.2 <|ES| <0.5),
moderate difference (0.5<|ES|<0.8), or large difference ((|ES| 20.8) [27]. Different
hypotheses were made for different subgroups (see Table 1).

Responsiveness Responsiveness refers to the ability of a HSUV measure to capture
true underlying change (recovery or worsening) in the patients’ health status over
time [28] and is an important measurement property for longitudinal validity.
During 3-year follow-up, five patients died, the contribution of these patients to the
data on responsiveness is limited. In addition, based on our previous longitudinal
study [6], the change of both EQ-5D-5L and SF-6D HSUV over 3 years was not
statistically significant, as was not unexpected given patients were included upon
3 months after the fracture. Therefore recovery following a fracture would not be
situation eligible to assess responsiveness. However, significant change in HSUV
was identified for patients before and after subsequent fracture. We therefore
chosen the worsening situation and assessed the responsiveness only in this target
group (i.e., patients had subsequent fracture during 3-year follow-up, n=50). To
capture the maximum impact of a subsequent fracture, the HSUV just before and
immediately after the subsequent fracture was treated as pre- and post-HSUV,
respectively (i.e., if one patient had a subsequent fracture at 6 months, the HSUV at
3 months was treated as pre-HSUV and the HSUV at 6 months as post-HSUV) [6].
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RESULTS

Patient characteristics

Given one patient did not complete any questionnaire, who was therefore excluded
from the analysis, therefore a total of 499 patients with one or more recent fractures
were included eventually. Demographics and disease-related characteristics are
presented in Table 2. The average age of included patients was 64.6+8.6 years, most
patients were females (71.3%). 13.2% (n=66) patients reported baseline femoral
or vertebral or multiple fractures, and most patients suffered other fractures
(clavicle/scapula, humerus, radius/ulna, hand/foot, rib/sternum, pelvis, tibia/
fibula/patella fracture). Approximately 11% patients received therapy with AOM
prior to FLS visit, treatment was initiated or continued in 35% of patients after
attending the FLS. Besides, 22% patients were diagnosed with osteoporosis and
27% with at least one VF. The average time gap between patients’ baseline fracture
and the first time of FLS visit was 107 days.

Table 2. Baseline characteristics of patients with a recent fracture at FLS.
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Descriptive EQ-5D-5L and SF-6D statistics

As shown in Table 3, the mean EQ-5D-5L HSUV using the UK value set was higher
than which was estimated using the Dutch value set, both were higher than the
mean SF-6D HSUV. As presented in Figure 1, compared to the distribution of SF-6D
HSUV, the distribution of both UK and Dutch EQ-5D-5L HSUVs were highly left-
skewed. The mean difference between the SF-6D and (UK and Dutch) EQ-5D-5L
HSUV were -0.080 (SD 0.109) and -0.047 (SD 0.125), respectively. The mean EQ-
VAS was lower than (Dutch and UK) EQ-5D-5L HSUV, but higher than SF-6D HSUV.
Ceiling effect was low for SF-6D (1.2%), but relatively high for both EQ-5D-5L value
sets (21%). The EQ-VAS measured 33 (6.6%) patients having the best imaginable
health. No tool yielded a floor effect.
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Figure 1. The distribution of EQ-5D-5L and SF-6D HSUVs and EQ-VAS.

Agreement between the EQ-5D-5L and SF-6D

As shown in Table 1, the agreements between SF-6D and (UK and Dutch) EQ-5D-
5L HSUV was moderate, with ICCs of 0.625 (95% CI: 0.276-0.785) and 0.654 (95%
CI: 0.546-0.733), respectively, which did not meet our hypothesis. The agreement
between both EQ-5D-5L HSUV was excellent as we hypothesized, with an ICC of
0.968 (95% CI: 0.755-0.989).

The Bland-Altman plot (Figure 2A) of the UK EQ-5D-5L value set and the SF-6D
presented that 94.6% of the difference scores were between the limits of agreement
(-0.133 and 0.294). EQ-5D-5L index scores exceeded SF-6D index scores for the
majority of observations 85.4% (426 out of 499) with a mean difference of 0.080.
In addition, the Bland-Altman plot (Figure 2B) of the Dutch EQ-5D-5L value set
and the SF-6D presented a mean difference of 0.047 between two instruments,
but ranging over the mean average from -0.198 to 0.293, containing 94.6% of the
difference scores. 75.9% (379 out of 499) of the Dutch EQ-5D-5L index scores were
higher than the SF-6D index scores. Both figures indicated that the agreement
between EQ-5D-5L and SF-6D appeared to be relatively weak at the lower end of the
scale where utility scores were outside the limits of agreement lines, the difference
of HSUVs (absolute value) between two instruments was initially declining and
then rising with the increase of mean HSUV. The differences between the two
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measurements really depended on the health status of the individual patient. EQ-
5D-5L yielded higher score for better health state (healthy patients), whereas SF-
6D tended to produce higher score for poorer health state (unhealthy patients).
However, for those patients with mid-range index scores, the EQ-5D-5L and SF-6D
were more aligned.

The Bland-Altman plot (Figure 2C) of the UK and Dutch EQ-5D-5L value sets
showed that 94.8% of the difference scores were between the limits of agreements
(ranging from -0.029 to 0.094 over the mean average of scores). 78.2 % (390 out of
499) of the UK EQ-5D-5L values were higher than the Dutch EQ-5D-5L, 21.2% were
equal, and 0.60% were lower. The differences between UK and Dutch EQ-5D-5L
HSUV were most striking in worse health states (with lower mean utility values).

Figure 2. Bland-Altman plots of difference in utility scores between (a) the SF-6D and the EQ-5D-
5L using the UK value set, (b) the SF-6D and the EQ-5D-5L using the Dutch value set, and (c) the
EQ-5D-5L using the UK and Dutch value sets.

Convergent validity

The result of convergent validity (with Spearman’s correlation coefficients) are
presented in Table 1 and Supplement (Table 1). For HSUVs, both UK and Dutch
EQ-5D-5L HSUV were highly correlated with SF-6D HSUV (rho=0.758, 0.763,
respectively) as we hypothesized. For correlation between HSUVs and EQ-VAS, PCS/
MCS, eight domains of the SF-36, 82%, 64%, 64% hypotheses were met for SF-6D,
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Dutch EQ-5D-5L and UK EQ-5D-5L, respectively. Specifically, moderate correlation
was captured between (UK and Dutch) EQ-5D-5L HSUV and EQ-VAS (rho=0.640,
0.642, respectively), and between SF-6D HSUV and EQ-VAS (rho=0.628), which was
against our hypothesis as high correlation is expected. Both (UK and Dutch) EQ-
5D-5L (rho=0.810, 0.804, respectively) and SF-6D (rho=0.778) HSUV were highly
correlated with PCS as hypothesized, however, low correlation was identified with
MCS, especially for EQ-5D-5L utility. Moderate to high correlations were identified
between SF-6D HSUV and all eight domains of the SF-36 as hypothesized. For UK
and Dutch EQ-5D-5L HSUV, moderate to high correlations were captured with six
domains of the SF-36 (PF, RP, BP, GH, VT, SF), low correlations were seen with role
emotional and mental health.

Known-groups validity

The mean EQ-5D-5L and SF-6D HSUVs and nonparametric statistical results across
a range of different subgroups is displayed in Table 1 and Supplement (Table
2). Both (UK and Dutch) EQ-5D-5L and SF-6D indicated significant difference
(P<0.05) in HSUV regarding different genders (female<male), different baseline
fracture location (femoral/vertebral/multiple fractures<other fractures), falls in
the last year (with<without), and previous AOM use (with<without). No statistical
difference in HSUV was found in terms of different age groups, BMD, with/without
previous fracture, and with/without prevalent vertebral fracture.

However, given ES is more statistically powerful and appropriate than P value to
test the known-group validity, our hypotheses were made based on ES, and the
overall results showed that the same hypotheses (67%) were met by SF-6D, UK
and Dutch EQ-5D-5L, suggesting both instruments are valid and with comparative
validity. Specifically, our hypotheses were met for five subgroup comparisons: both
(UK and Dutch) EQ-5D-5L (|ES|=0.613, 0.607, respectively) and SF-6D (|ES|=0.647)
discriminate moderately between patients with femoral/vertebral/multiple
fractures and other fractures with |ES| larger than 0.5. Besides, as we hypothesized,
negligible to small difference was identified for patients stratified by age, gender,
and BMD (with |ES|<0.5). Finally, small difference (0.2 <|ES|<0.5) was captured
between patients who initiated AOM treatment or not as we hypothesized. However,
moderate difference (our hypothesis) was not identified between patients with/
without previous fracture, previous falls in the last year, and prevalent VFs.

Responsiveness

The responsiveness of HSUV before and after subsequent fracture was displayed
in Table 1 and Supplement (Table 3). Significant decrease in both (UK and Dutch)
EQ-5D-5L and SF-6D was identified with mean change of 0.071/0.078 and 0.052,
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respectively. Our hypothesis was met as medium responsiveness (SRM>0.5) was
captured for patients with the subsequent fracture during the 3-year follow-up.

DISCUSSION

This study compared the psychometric properties of EQ-5D-5L and SF-6D to
assess the interchangeability of these two instruments in patients with a recent
fracture presenting at a FLS. We found that although SF-6D and EQ-5D-5L utilities
were highly correlated, only moderate agreement was identified between two
instruments, and Bland-Altman plot revealed proportional bias as the differences
in utilities between two instruments were highly dependent on the health states
(mean values), moreover, EQ-5D-5L had considerable ceiling effect in comparison
to SF-6D, indicating these two instrument are not interchangeable. However, both
instruments appeared to be valid utility instruments, and comparable construct
and longitudinal validity were indicated (i.e., both instruments met or deviated
most of our hypotheses simultaneously). Given neither instrument was found to be
clearly superior, clear recommendation cannot be made, but different instruments
values in different aspects of HRQoL assessment.

One main strength of our study is the use of 3-year longitudinal data allowing
to investigate how sensitive the HSUVs are to the change in health status. To our
knowledge, only one previous study [30] was conducted in the field of bone fractures,
and no study focused on patients presenting at an FLS. The discrepancies in HSUV
were also indicated in other studies such as patients with chronic diseases [31] and
patients had undergone surgery for lumbar disc herniation [30]. Interchangeability
of EQ-5D and SF-6D was also questioned in these studies. The impact of these
discrepancies on the acceptability of cost-utility ratios was explored by a previous
study [14], indicating the incomparability of the results of CUA using different
instruments reduces the credibility of the use of incremental cost-utility ratios
for decision-making. Given no other studies investigated the interchangeability
between EQ-5D and SF-6D in the field of bone fractures (and patients attending
the FLS), we have limited evidence to confirm our findings, however, the potential
reasons for identified discrepancies in the context of patients with a recent fracture
presenting at a FLS were discussed below.

For utility values, both UK and Dutch EQ-5D-5L values were higher than SF-6D
values in the majority of observations, which is consistent with previous studies
[16,32,33]. Besides, because of the selection bias (patients with more severe
fractures, older patients, or patients who were hospitalized did not attend the
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FLS, and approximately half of FLS attenders did not consent to participate in
this study), relatively healthy patients were enrolled in our study, in line with
the literature that healthier patients have significantly higher mean scores on
the EQ-5D; whereas, less healthy patients have significantly higher mean scores
on the SF-6D [30]. Consequently, these might have potential implications in cost-
effectiveness analysis, i.e., using EQ-5D HSUV on healthier patients would lead to
higher estimated QALYs compared to using SF-6D HSUV, with potential impact on
ICUR. The relative healthy patients can also explain the considerable ceiling effect
of EQ-5D-5L.

Additionally, Bland-Altman plot revealed proportional bias as the discrepancies
in utilities between instruments were highly dependent on the health status
(mean values). Higher SF-6D scores at the lower end of the utility scale but does
not explain the relationship at the upper end of the scale, where EQ-5D-5L scores
are higher. This proportional bias could already be predicted by the difference in
the distribution of SF-6D and EQ-5D-5L HSUV. Moreover, as we mentioned before,
different techniques are used to obtain scoring function for both instruments (SG
for SF-6D and TTO for EQ-5D). Therefore the discrepancies might be attributable
to the differences in the descriptive content and the variation in scoring algorithms
(TTO vs. SG) as explained in some studies [30,32,34,35]. Considering the ICC
might be affected by scaling differences between the EQ-5D and SF-6D, ICC was
recalculated after truncating the EQ-5D-5L index score at 0, results were consistent
with those without truncation and conclusions remained.

Furthermore, increasingly there is attention for the discrepancies in clinimetric
properties in subgroups of patients. However, the question on difference in validity
of instruments by ‘subgroups’ is complex for several reasons. Stratified analyses
have been proposed, but the value is limited because other confounders might also
explain the discrepancy. In other words, even when differences across subgroups
are identified, it is still difficult to explain whether the differences are attributable
to the error or the truth. Therefore, this issue is methodologically unresolved, and
there is no agreement upon the method to uncover the source of variability in
clinimetric properties. The relevant research is definitely of future interest when
moving to stratified medicines. With regard to our study, the sample size was too
small to perform stratified analyses, therefore we investigated the association
between several variables (demographics and disease-related characteristics) and
the discrepancies in HSUV, the results indicated that the discrepancies in HSUV
was independent on these variables (Supplement Table 4). As for interpretation,
the results suggest the construct validity is likely similar between subgroups
represented by these variables. In addition, with the availability of more data and
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large sample size in the future, the discrepancies in clinimetric properties between
instruments caused by demographics and disease-related characteristics might
be investigated by conducting stratified analyses, however the results should be
interpreted by caution.

Unsurprisingly, high agreement was identified between Dutch and UK EQ-5D-5L
utilities, it can be explained that both value sets employed the EuroQoL Group’s
Valuation Technology (EQ-VT) protocol and both scoring function was based on TTO
and DCE [31]. However, some differences were also observed, the discrepancies in
utility can be explained by the cultural differences attached to aspects of health in
UK and the Netherlands.

With regard to the convergent validity, high correlation between EQ-VAS and
EQ-5D/SF-6D utility was not identified, it can be explained that respondents are
required to make trade-offs within their EQ-5D/SF-6D utility function, however,
this is not case for EQ-VAS, different techniques would lead to difference in scoring.
Besides, through inspection, we found that the correlation coefficient between EQ-
5D and EQ-VAS is a bit higher than that between SF-6D and EQ-VAS, an explanation
could be that EQ-VAS is one section of EQ-5D, and both EQ-5D and EQ-VAS use
‘today’ as the recall period, which is 4 weeks for SF-6D, difference in scoring could
be therefore caused [32]. In addition, compared to SF-6D, EQ-5D utility was more
correlated with PCS and physical health related scales of SF-36, and less correlated
with MCS and mental health related scales of SF-36. This is consistent with findings
from Richardson and colleagues that show that the EQ-5D-5L was more sensitive
to physical health than the SF-6D [36]. It can be explained that most domains of
EQ-5D (mobility, self-care, usual activities and pain) are related to physical health
whereas SF-6D has balanced domains covering both physical and psychological
health.

Some potential clinical applications were revealed, first, in real-world clinical
setting, if the researchers focus more on patients’ functional status (recovery)
attending the FLS, the EQ-5D questionnaire might be more appropriate to use.
The SF-36 seems more useful to evaluate the mental and emotional component of
health. The EQ-5D in clinical setting might underestimate the additional effect of
intervention on mental health. And the low correlation of EQ-5D HSUV with mental
health scale might be relevant when evaluating non-pharmacological trials such a
shared decision making studies or lifestyle advice. Besides, researchers can select
more appropriate instrument based on their targeted recall period (EQ-5D uses
‘today’ as the recall period, which is recent 4 weeks for SF-36).
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For known-group validity, although some studies indicated that EQ-5D was more
efficient than SF-6D at detecting clinically relevant differences [15,32], comparable
discrimination property between these two instruments was identified in our
study. Unsurprisingly, both instruments can discriminate well between patients
with femoral/vertebral/multiple fractures and other fractures. One explanation
is that patients with relatively severe fractures (hip, vertebrae) would largely
impair their physical function, incurring substantial loss in QoL at the same time.
And patients with multiple clinical fractures would experience an additive effect,
resulting in disability similar to a single hip or vertebral fracture as supported by
a previous study [37]. In addition, only minor difference between patients with/
without previous fracture, falls, and prevalent VFs was identified, it can be explained
from two aspects: first, patients in our study attended the FLS 107 days after their
index fracture on average, their previous impairments might have been recovered
through natural fracture recovery and/or through treatment in the emergency
department before attending the FLS, leading to already improved HRQoL; second,
as we mentioned, relatively healthy patients were included in our study, difference
in HSUV between subjects and their counterparts would therefore be inapparent.
Negligible to small difference was hypothesized for subgroups stratified by gender,
age and BMD as these factors are not closely and directly related to physical
function and patients’ HRQoL. As expected, small difference was identified for
patients with/without AOM treatment. Theoretically, largely improved QoL is
expected after treatment initiation, however, the potential side effect of AOM might
affect patients’ QoL, and some rare side effect (overstated by the press) even scare
some patients away, leading to poor persistence and treatment efficacy.

For responsiveness, as our hypothesis, medium responsiveness of HSUV was
observed by both instruments in the group of patients before and after subsequent
fracture. However, it should be noted that only 50 patients had subsequent
fracture during three year follow-up, the sample size is not large, therefore the
interpretation of longitudinal validity should be done with caution. In addition, as
we mentioned given patients were included upon 3 months after the fracture, we
can only investigated whether two instruments have a different ‘responsiveness’
to a worsening situation (i.e., following a subsequent fracture during follow-up),
in the future if we could obtain patients’ HRQoL data immediately after fracture,
investigating the responsiveness to recovery course would also be an option.

This study has several limitations. First, this was a single-center study from the
Netherlands, the generalizability and extrapolation of our findings should be
performed with caution. Second, as we mentioned, we had selection bias (relatively
healthy patients with fractures were included in our study) and lacked utility scores
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immediately after fracture, which limits us to accurately estimate the true HSUV
for patients after fracture, to capture the difference in HSUV between subgroups,
and to investigate the responsiveness in overall subjects. Third, we estimated SF-
6D utility and PCS/MCS using the UK value set and physical/mental factor score
coefficients given the lack of Dutch-specific norm, which might limit our estimation
to reflect the true preference of the Dutch population.

CONCLUSION

This study compared the psychometric properties of EQ-5D-5L and SF-6D to
assess the interchangeability of these two instruments. Both EQ-5D-5L and SF-6D
appears to be valid utility instruments in patients with fractures attending the FLS.
However, they cannot be used interchangeably given only moderate agreement was
identified, and differences in utilities and ceiling effect were revealed. Comparable
construct and longitudinal validity between these two instruments were indicated,
and neither instrument was found to be clearly superior.
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ELECTRONIC SUPPLEMENTARY MATERIAL:

Separate tables for the analyses of validity

Table 1. Convergent validity: correlations between utilities, EQ-VAS, summary scores and scales
of SF-36

SF-6D utility EQ-VAS SF-36

PCS MCS PF RP BP GH VT SF RE MH

EQ-5D utility (Dutch) 0.763 0.642 0.804 0.254 0.744 0.654 0.715 0.537 0.566 0.623 0.450 0.478
EQ-5D utility (UK) 0.758 0.640 0.810 0.235 0.758 0.655 0.720 0.527 0.551 0.607 0.451 0.460
SF-6D utility / 0.628 0.778 0.452 0.690 0.735 0.687 0.520 0.677 0.783 0.543 0.614

All correlations significant at 0.01 level.

PCS physical component score, MCS mental component score, PF physical functioning, RP role physical, BP
bodily pain, GH general health, VT vitality, SF social functioning, RE role emotional, MH mental health, VAS
visual analog scale
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Table 3. Responsiveness: the change of EQ-5D-5L and SF-6D utilities before and after subsequent
fracture

Follow up Instrument Mean utility (SD) Mean change (SD) |ES| |SRM|
Pre-subsequent fracture  EQ-5D (Dutch) 0.803 (0.202) Reference
EQ-5D (UK) 0.836 (0.179)
SF-6D 0.772 (0.111)
Post-subsequent fracture EQ-5D (Dutch) 0.725 (0.248) -0.078 (0.147)* 0.386  0.531
EQ-5D (UK) 0.765 (0.221) -0.071 (0.124)* 0.397 0.573
SF-6D 0.720 (0.124) -0.052 (0.100)* 0.468 0.520

SD standard deviation, ES effect size, SRM standardized response mean
* significant at 0.05 level.

Table 4. Predictors associated with discrepancies in EQ-5D-5L and SF-6D utility

Coefficients Coefficients Std. Error  P-value

Constant 0.094 0.050 0.060
Female 0.025 0.013 0.043
Age (<65 vs. >65 years) -0.001 0.001 0.108
Baseline fracture type -0.034 0.017 0.052
(femoral/vertebral/multiple fractures vs. other fractures)

Osteoporosis (yes vs. no) -0.003 0.014 0.847
Previous fracture (yes vs. no) -0.003 0.011 0.812
Prevalent vertebral fracture (yes vs. no) -0.004 0.014 0.792
Falls in the last year (yes vs. no) -0.019 0.012 0.126
Parental hip fracture (yes vs. no) -0.038 0.027 0.157
Osteoporosis in family (yes vs. no) 0.007 0.006 0.263
Previous AOM use (yes vs. no) -0.030 0.019 0.107
Current smoking (yes vs. no) -0.003 0.016 0.848
Alcohol use (yes vs. no) 0.023 0.014 0.105

AOM anti-osteoporosis medication, Std standard
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CHAPTER 8

ABSTRACT

Purpose: The study aimed to assess the potential cost-effectiveness of fracture
liaison services (FLS) from the Chinese healthcare perspective with a lifetime
horizon.

Methods: A previously validated Markov microsimulation model was adapted to
estimate the cost-effectiveness of FLS compared to no-FLS. The evaluation was
conducted in patients aged 65 years with a recent fracture. Treatment pathways
were differentiated by gender, FLS attendance, osteoporosis diagnosis, treatment
initiation, and adherence. Given the uncertainty in FLS cost, the cost in the base-
case analysis was assumed at US$200. Analyses were also performed to determine
the maximum cost for making the FLS cost-saving and cost-effective at the Chinese
Willingness-to-pay (WTP) threshold. One-way sensitivity analyses were conducted.

Results: When compared with no-FLS, the FLS was dominant (lower costs, higher
quality-adjusted life years) in our target population at the FLS cost of US$200 per
patient. For every 100 patients who were admitted to the FLS, approximately four
hip fractures, nine clinical vertebral fractures, and three wrist fractures would
be avoided over their lifetimes. Our findings were robust to numerous one-way
sensitivity analyses; however, the FLS was not cost-effective in patients aged 80
years and older.

Conclusion: FLS could potentially lead to lifetime cost-saving in patients who have
experienced a fracture. Our study informs the potential cost-effectiveness of FLS
and the knowledge gap in China; more future research incorporating Chinese-
specific real-world data are needed to confirm the results of our study and to better
evaluate the cost-effectiveness of FLS in China.

Keywords: Cost-effectiveness, Fracture liaison services, Fracture, osteoporosis
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INTRODUCTION

Osteoporosis causes loss of bone mass and deterioration of bone microarchitecture,
which is the main risk factor for fragility fractures. Osteoporosis-related fractures
can lead to an increased risk of subsequent fractures and reduced quality of life.
In the context of the aging population and increasing life expectancy, osteoporosis
places alarge medical and economic burden on healthcare systems [1]. This burden
is more profound in countries like China, which is stressed by limited healthcare
resources and a large population [2]. The estimated age-standardized lifetime
prevalence of osteoporosis was 6.46% and 29.13% for Chinese men and women
aged 50 years and older, respectively [3]. In one study performed in eight provinces
of China [4], the estimated osteoporosis-related fracture incidence rate was
160.3/100,000 person-years, with 120.0 and 213.1/100,000 person-years in men
and women aged 50 years or older, respectively. The annual cost of hospitalization
was estimated in a recent Chinese study [5], ranging from US$3,142 for hand and
wrist fractures to US$10,355 for hip fractures per patient.

Despite the availability of various effective pharmaceutical interventions for fracture
prevention, osteoporotic fractures are still undertreated [6]. One study [7] explored
the management of osteoporosis after a fragility fracture among postmenopausal
women in six Asian countries, reporting a substantial treatment gap (67%) six
months after the index fracture. The gaps were even more profound in mainland
China, where the treatment initiation rate was lower than the average in these six
Asian countries. Another Chinese study (in which the diagnosis rate of osteoporosis
was 56.8%) reported that a bone mineral density (BMD) measurement had never
been conducted in 42% of patients with fragility fractures, that nearly 30% of
patients had never received basic calcium and/or vitamin D supplementation, and
that following fragility fractures, only 28% of elderly patients were prescribed with
pharmaceutical treatment for osteoporosis besides calcium and vitamin D [8].

In response to the care gap in the elderly after fragility fractures, the International
Osteoporosis Foundation (IOF) launched the Capture the Fracture (CTF) Campaign
in 2012 to facilitate implementation of the Post-Fracture Care (PFC) coordination
program, such as fracture liaison services (FLS), for secondary fracture prevention.
FLS is advocated as the best practice covering all aspects, including patient
identification, education, risk evaluation, treatment, and long-term monitoring,
to directly improve patient care and reduce spiraling fracture-related healthcare
costs. A recently published meta-analysis indicated that FLS reduced the risk of
subsequent fractures by 30% [9]. To date (13 June, 2022), 739 FLS (registered in
the CTF Campaign) have been implemented in 50 countries worldwide. In recent

257



CHAPTER 8

years, the number of FLS in the Asia-Pacific (AP) region has risen rapidly [10],
with 41 FLS in China currently registered in the CTF Campaign (mainland China: 6;
Taiwan: 31; Hong Kong: 4). However, in comparison with European countries, the
number of FLS remains limited in China, and the intensity of implementing FLS is
inadequate.

To help the implementation of FLS, it is important to assess the cost-effectiveness of
FLS models. Given limited healthcare resources and budgets, economic evaluations
are used increasingly nowadays to support the setting of priorities in healthcare.
Accordingly, in recent years several cost-effectiveness analyses of FLS have been
conducted, and 16 studies published up to December 2016 were summarized in
a systematic review by Wu et al. [11]. This review suggested that FLS were cost-
effective compared with usual care or no treatment, regardless of the program
intensity or the country; 47% of studies even documented cost savings. However,
economic evidence regarding the FLS implementation in China is largely lacking,
and due to the limited transferability of cost-effectiveness analyses between
countries, it is important to investigate the potential economic value of FLS from
the Chinese healthcare perspective with a lifetime horizon. The objective of this
study was therefore to assess the potential cost-effectiveness of FLS in China.
Given the uncertainty in FLS costs, analyses were also performed to determine the
maximum cost that for making the FLS cost-saving and cost-effective at the Chinese
Willingness-to-pay (WTP) threshold.

METHODS

A previously validated Markov microsimulation model [12] was adapted to estimate
the cost-effectiveness of FLS compared to no-FLS with a lifetime horizon from the
Chinese healthcare perspective. The individual-level simulation allows the tracking
of patient characteristics and disease histories, and avoids unnecessary transition
restrictions [13]. In this way, the number and the type of subsequent fractures were
recorded for each individual using ‘tracker variables’. The model was developed
using TreeAge Pro 2021 software (TreeAge Pro Inc., Williamston, MA, USA) and was
conducted in line with recommendations for the conduct of economic evaluations
in osteoporosis provided by the European Society for Clinical and Economic
Aspects of Osteoporosis, Osteoarthritis and Musculoskeletal Diseases (ESCEO) and
the US branch of the International Osteoporosis Foundation (IOF) [14] and with
the Consolidated Health Economic Evaluation Reporting Standards 2022 (CHEERS
2022) Statement [15]. Appendices I and II include details of the two checklists. A
description of the model is provided here below.
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Model structure

The population of our analysis was patients who had recently suffered a fracture;
both males and females were included because of large differences in the
probability of osteoporosis, fracture incidence, and risk of subsequent fractures.
The prevalence of osteoporosis was derived from the study of Wang et al. [16];
osteoporosis was defined as individuals with BMD T scores of -2.5 or less in any
sites (lumbar spine L1 to L4, femoral neck, or total hip). The base case population
had a starting age of 65 years old, which was aligned with the mean age of most FLS
studies summarized in a systematic review on the effectiveness of FLS [9].

As displayed in Figure 1, the economic model consisted of a decision tree (to
determine the treatment pathway), followed by a Markov model. Treatment
pathways were differentiated by gender (male/female), attenders/non-attenders,
diagnosis of osteoporosis or not, treatment initiation or not, leading to a total of 18
possible pathways.

After each pathway, patients entered a Markov model (see Figure 2), where all
patients started in the health state of “a recent fracture” and could transit between
future fracture health states (hip, vertebral and wrist), their corresponding post-
fracture states, and death. Patients could experience multiple fractures at the same
site or multiple sites. If a patient died, he/she would remain in the ‘death’ state for
the rest of the simulation. In line with ESCEO-IOF guideline [14], the cycle length of
this model is 6 months; each patient would be followed until they died or reached
the age of 100 years.

The primary outcome was the incremental cost-effectiveness ratio (ICER) between
FLS and no-FLS care, expressed as incremental cost per quality-adjusted life year
(QALY) gained. The discount rate of 5% was used for both costs and QALYs as
recommended by the China Guidelines for Pharmacoeconomic Evaluations (2020
edition) [17]. Data used for the model are shown in Table 1.

Treatment pathways

The FLS pathway was differentiated from the no-FLS pathway mainly in terms of
the proportion of patients receiving actual FLS care (i.e., incurring FLS costs and
having a higher likelihood of starting anti-osteoporosis medication), treatment
adherence, and the presence of FLS costs. For both FLS and no-FLS pathways, we
assumed 57.7% of patients were females. According to a recent Chinese study
that summarized the prevalence of clinical fracture in the past five years [16], the
proportion was comparable to a recently published study (51.29% of patients
were females) which included 39,300 patients aged over 45 years with a fracture
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in Jiangsu, China [5]. To make the FLS and no-FLS pathways comparable, the same
(age and gender-specific) proportion of patients having osteoporosis was assumed.
Afterward, in both FLS and no-FLS, patients entered different branches in terms of
their treatment status (no osteoporosis, osteoporosis + no treatment, osteoporosis
+ treatment). In our model, we made a conservative assumption that patients
without osteoporosis did not initiate treatment (although some local guidelines
suggest patients with grade 2 or 3 vertebral fractures should initiate treatment
irrespective of their BMD status, the relevant data was lacking in China). For
patients diagnosed with osteoporosis, some patients would initiate treatment, the
difference between the FLS and no-FLS pathways was that a higher proportion of
patients in the FLS pathway initiated treatment compared to patients in the no-FLS
pathway (i.e., 38% for FLS vs. 17.2% for no-FLS), according to a systematic review
and meta-analysis [23]. In addition, the treatment adherence in the FLS pathway
was also higher given the positive role of the FLS coordinator who usually provided
treatment advice and long-term monitoring for patients in the FLS.

Moreover, in the FLS pathway, patients were further divided into attenders and
non-attenders. The proportion of patients who attend the FLS was defined as
the number of patients actually attending the FLS divided by the total number
of patients eligible or invited for the FLS (and thus assuming all patients with
fractures are invited). FLS attendance means that the full assessment (laboratory
test), including advice on treatment, has been executed. Based on two previous
literature reviews [9, 23], the average FLS attendance rate was estimated at 66%
and used in our study. We further assumed that attenders and non-attenders have
the same baseline fracture risk.
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Figure 1. Patient pathways for FLS and no-FLS group
(CUA cost-utility analysis, FLS fracture liaison services)

Figure 2. Structure of the Markov model
(Fx fracture, CV Fx clinical vertebral fracture)
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Osteoporosis prevalence, fracture risk, and mortality

Given the lack of osteoporosis prevalence data for patients with a recent fracture
in China, age- and gender- stratified osteoporosis prevalence rates for the Chinese
general population were used to determine the initial probability of the simulated
subjects being osteoporotic [16], for both attenders and non-attenders. The
proportion of 65 year old female and male patients having osteoporosis was 37.1%
and 5.4%, respectively. Considering that the prevalence of osteoporosis in the
fractured population might be higher than in the general population, the baseline
prevalence of osteoporosis was increased by 20% and 40% separately in one-way
sensitivity analyses.

The gender-specific annual incidence rates of hip and vertebral fracture in the
general population were derived from the Hefei osteoporosis project [18] and
the epidemiological study of Hong Kong [19], respectively. In the absence of
estimates of the annual incidence rate of wrist fracture in the Chinese population,
a Norwegian study [20] was used, multiplying by 0.72 to adjust for the Asian
population, as indicated in this article. Rates were converted to risk. In addition,
considering our patients had a fracture at baseline, the increased risk of having a
subsequent fracture was assumed (relative risk (RR) was 1.95, 3.47 for females and
males, respectively), which was taken from the Dubbo Osteoporosis Epidemiology
Study (DOES) [21]. However, given no relevant high-quality data in China on the
increased risk following a second, third subsequent fracture, etc., we therefore
conservatively did not assume, during simulation, the extra increased risk for the
occurrence of new fractures.

As patients with osteoporosis have an increased risk of fracture in comparison
with those without osteoporosis, the initial probabilities (we mentioned above)
were then adjusted to reflect the fracture risk of patients with osteoporosis. The
RR was extracted from a recently published cost-effectiveness analysis [39] which
estimated the age-stratified RR based on previous studies [24,25] using previously
validated methods [22]. Of note, given the lack of RR data for patients aged 60-
64 years (for sensitivity analysis purposes), we assumed the same RR as patients
aged 65 years. In addition, considering that not all fractures were attributable to
osteoporosis, the age- and gender-specific osteoporosis attribution probability
[40] was applied to make the further adjustment.

Baseline mortality rates for the age- and gender-stratified Chinese population were
obtained from the China Public Health Statistical Yearbook. An increased mortality
risk after hip fracture and clinical vertebral fracture was assumed for both genders
[26], which is in line with previous economic studies [41]. Given that comorbidities
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could also be a contributing factor for excess mortality, we further took into
account that only 25% of the excess mortality following fractures was attributed to
the fractures themselves [42,43].

Fracture cost

A healthcare perspective was used for cost estimation. Costs of hip and vertebral
fractures referred to hospitalization costs deriving from a recently published
Chinese study [5]. As this study classified wrist and hand fracture as one category,
the cost of wrist fracture was obtained from another Chinese study [27]. In
addition, hip fractures are also associated with long-term costs. The probability of
admission to a nursing home after a hip fracture is usually very low in China and
was assumed to be 5%, based on expert opinion. The annual costs for nursing home
residence were retrieved from a previous study [28] which was based on prices
recommended by the Chinese government. All costs were converted to the 2020 US
dollar in the analysis.

Utility values

The baseline utility value (0.70) for patients with a history of fracture was
estimated based on 12-month utility data after a fracture of the International Costs
and Utilities Related to Osteoporotic Fractures Study (ICUROS) [29]. This study
assessed the quality of life of patients with fractures from 11 countries including
2,808 patients. The health state utility values (HSUVs) for the first and subsequent
years after a fracture were calculated using a multiplicative approach. The fracture-
specific multipliers were also obtained from the ICUROS study [29].

Treatment effects

Oral bisphosphonates are commonly used as the first-line therapy for osteoporosis
management in China [44]. In this study, we therefore assumed patients
initiated treatment with weekly oral alendronate. The pooled efficacy data for
bisphosphonates of the National Institute for Clinical Health and Excellence
(NICE) was applied [30]. This study suggests that oral bisphosphonates resulted
in a relative risk (RR) of 0.67, 0.45, and 0.81 for hip, vertebral, and wrist fracture,
respectively. The treatment duration was 5 years maximum (which was consistent
with Chinese guidelines for diagnosis and treatment of osteoporosis) [44]. After
stopping medication, it was assumed a linear decrease of the effects for a duration
similar to the duration of therapy, in line with previous economic analyses of oral
bisphosphonates [45] and clinical data [46].

The real-world persistence data for weekly bisphosphonates was obtained from
a Japanese study [33]; persistence refers to the duration of time from initiation
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to discontinuation of the therapy, which was based on prescription data in 13
university hospitals in Japan, showing that the cumulative persistence rates with
weekly bisphosphonates were 50%, 33%, 21%, 12%, and 6% at the end of first,
second, third, fourth, and fifth years, respectively. The persistence rate for the first
six months (56%) was estimated according to the study of Chandran et al. [34]; the
same ratio between the 6 and 12 months persistence rates was assumed.

For FLS and no-FLS patients who initiated drug therapy, diagnostic and treatment
costs include drug costs, bone mineral density (BMD) testing costs, general
practice (GP) visit costs, and costs related to side effects. Annual drug costs, BMD
testing and GP visit costs were retrieved from the National Development and
Reform Commission of China (2018) [31]. It was assumed that subjects undergoing
therapy had one GP visit per year, and a dual-energy X-ray absorptiometry (DXA)
per two years. In addition, considering serious adverse events (i.e., osteonecrosis of
the jaw and atypical femoral fractures) associated with the use of bisphosphonate
therapy are an increasing concern in the public media and for patients recently,
which might cause extra costs; we therefore assumed that patients treated with
alendronate required 0.041 more GP consultations during the first cycle (6 months)
and 0.021 GP consultations during the following cycles of treatment, in line with a
previous cost-effectiveness analysis [32]. Treatment costs stopped when patients
discontinued therapies.

FLS effects

Given the lack of treatment initiation and adherence data following FLS in China, we
obtained relevant data from a literature review and meta-analysis [35]; these can
be regarded as the average performance of any type of FLS. Therefore, according
to the type of FLS-related data we obtained, we assumed the form of FLS in our
study to be at the average level of intensity of intervention. Adherence refers to the
extent to which a patient acts in accordance with the prescribed interval and dose
of a dosing regimen [47]. Specifically, compared to no-FLS, the effect of FLS was
included through three parameters. First, FLS are associated with costs. Estimates
of the cost of FLS in mainland China were not available, and only one Taiwanese
study [36] reported the FLS fee in their study; this was estimated to be US$133. In
order to make the FLS cost in our study comparable to other previous studies (FLS
coordinator or nurse practitioner-based care) [37,38], for base-case analysis, a one-
off FLS cost of US$200 were assumed. This cost was applied only to FLS attenders.
Second, we assumed that 38% and 17.2% of patients initiated treatment in the FLS
(attenders) and no-FLS group, respectively. Third, higher treatment adherence was
assumed for FLS (attenders) in comparison with no-FLS (57% vs. 34.1%) [35].
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With regard to FLS non-attenders, first, as we mentioned before, to make FLS
and no-FLS branches comparable, each patient entered the model with the same
baseline fracture risk, i.e. the same baseline fracture risk was assumed for FLS
attenders and non-attenders; second, FLS non-attenders did not incur one-off
FLS costs; third, given the lack of relevant research data for non-attenders, it was
assumed that FLS non-attenders had the same treatment initiation (17.2%) and
adherence (34.1%) rates as patients in the no-FLS pathway.

Outcomes and analyses

For base-case analysis, at the FLS cost of US$200 for each patient, total healthcare
costs and QALYs were estimated for both FLS and no-FLS pathways. The ICER
was computed as the difference between FLS and no-FLS in terms of total costs
(expressed in 2020 US dollars) divided by the difference in terms of QALYs. In
addition, analyses were also conducted to determine the maximum FLS cost (per
patient) that make the FLS cost-saving and cost-effective at the Chinese WTP
threshold. The WTP threshold was set at US$10,500 per QALY gained, which was
the one-time gross domestic product (GDP) per capita in China (year 2020) [48].

The one-way deterministic sensitivity analysis was conducted to assess the impact
of a single parameter on the robustness of the model. A total of 1,000,000 trials
were run for each analysis. The parameters were categorized into two types: FLS-
related parameters and other parameters. For FLS-related parameters, ten one-
way sensitivity analyses were conducted. First, considering that the cost of FLS in
China is unclear, different costs (US$400 (doubled), US$600 (tripled)) were tested.
Second, given the uncertainty of the effects of FLS on mortality, we did not include
itin the base case; however, a lower mortality rate was assumed for FLS pathway in
the sensitivity analysis (Odds ratio (OR): 0.73), based on a previous meta-analysis
[9]. Considering that a 27% reduction of mortality risk might be high, another one-
way sensitivity analysis used a decrease of 20% (with OR=0.876). Third, the FLS
attendance rate was increased/decreased by 20%. Fourth, treatment adherence in
the FLS pathway was also increased/decreased by 20%. Fifth, the proportion of
patients initiating treatment in FLS pathway was halved and doubled separately.
Of note, the increases/decreases mentioned above were in absolute percentages.

For other parameters, different values were assumed for the starting age, the
proportion of women, the proportion of nursing home admissions, prevalence
of osteoporosis, fracture costs, long-term costs, drug costs, treatment efficacy,
baseline utility, and discount rate. A total of 23 one-way sensitivity analyses were
conducted.
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RESULTS

Base-case and sensitivity analyses

Table 2 reports incremental costs and QALY, and the ICER (expressed in cost per
QALY gained) of FLS compared to no-FLS. For base case analysis, in patients aged 65
years with a fracture, FLS was associated with lower lifetime total costs of US$501
in comparison with no-FLS, but leads to 0.095 additional QALY gained, indicating
that FLS was dominant (more QALY for less total costs) at a cost of US$200 per
patient in the Chinese context. In addition, for every 100 patients (a mix of baseline
fracture types) in the FLS, about four hip fractures, nine clinical vertebral fractures
and three wrist fractures would be avoided. The maximum cost of FLS that makes
the FLS to be cost-saving in the Chinese setting was US$958, and the maximum cost
of FLS that makes the FLS to be cost-effective at the WTP threshold of US$10,500
per QALY gained was US$2,495.

For sensitivity analyses, our results were robust to numerous one-way sensitivity
analyses overall. For FLS-related parameters, the FLS was still dominant even
when the cost of FLS was tripled. In addition, the incremental cost and QALY were
markedly affected by incorporating alower mortality rate in the FLS pathway, where
the QALY gained increased substantially if we assumed that FLS is associated with
27% reduction in the risk of mortality. No apparent impact on incremental cost and
QALY were captured by varying the FLS attendance rate, medication adherence, or
proportion of treatment initiation (neither when halved nor doubled).

For other parameters, the incremental cost and/or QALY were significantly affected
by varying the starting age, the proportion of females, fracture costs, baseline
utility, and discount rate. Specifically, it can be seen that FLS was associated with
higher total costs with an incremental cost of US$196 and an additional 0.012 QALY
gained for elderly patients (80 years and older). For these patients, the ICER was
estimated at US$16,451 per QALY gained, so the FLS was not cost-effective at the
Chinese WTP threshold. In addition, we found increasing the proportion of women
led to more costs saved and QALYs gained, but if we included only male patients,
the FLS was still dominant. Moreover, the incremental cost declined markedly
compared to the base case by halving the costs of fracture. The incremental QALY
varied largely by increasing/decreasing baseline utility value. A 3% discount
rate was associated with higher incremental costs and QALYs gained. Our results
remained robust (even more economic benefits) when adjusting the prevalence of
osteoporosis to more accurately reflect the prevalence of osteoporosis in our target
populations.
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Table 2. Incremental cost, incremental QALY, and incremental cost-effectiveness ratio (cost (USD)
per QALY gained) of FLS compared with no-FLS for patients with a recent fracture

Incremental cost Incremental QALY ICER

(FLS-no FLS) (FLS-no FLS)
Base case -501 0.095 Dominant
One-way sensitivity analyses (FLS-related parameters)
FLS cost +100% -367 0.097 Dominant
FLS cost +200% -237 0.095 Dominant
Lower mortality rate for FLS pathway (OR=0.73) -146 0.513 Dominant
0dds ratio of mortality +20% -352 0.278 Dominant
FLS attendance rate -20% -534 0.095 Dominant
FLS attendance rate +20% -469 0.098 Dominant
Medication adherence in FLS -20% -525 0.096 Dominant
Medication adherence in FLS +20% -474 0.098 Dominant
One-way sensitivity analyses (other parameters)
Age Starting age: 60 -436 0.094 Dominant
Starting age: 70 -161 0.041 Dominant
Starting age: 75 -190 0.042 Dominant
Starting age: 80 196 0.012 16,451
Gender Proportion of women: 80% -677 0.119 Dominant
Proportion of women: 100% -815 0.136 Dominant
Proportion of women: 0% =72 0.040 Dominant
Proportion of patients entering nursing home +100% -531 0.098 Dominant
Proportion of patients entering nursing home -50% -489 0.100 Dominant
Osteoporosis prevalence +20% -638 0.095 Dominant
+40% =771 0.106 Dominant
Nursing home cost -50% -490 0.098 Dominant
Nursing home cost +50% -525 0.096 Dominant
Fracture cost -50% -175 0.098 Dominant
Fracture cost +50% -831 0.097 Dominant
Drug cost -50% -515 0.098 Dominant
Drug cost +50% -477 0.096 Dominant
Baseline utility -20% -507 0.077 Dominant
Baseline utility +20% -500 0.116 Dominant
Treatment efficacy -20% -507 0.096 Dominant
Treatment efficacy +20% -507 0.099 Dominant
Discount rate: 3% -660 0.128 Dominant
Discount rate: 0% -1,032 0.207 Dominant

QALY quality adjusted life years, FLS fracture liaison service, ICER incremental cost-effectiveness ratio, OR
odds ratio
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DISCUSSION

This study suggests that FLS dominated no-FLS (more QALYs, less costs) in patients
aged 65 years with a recent fracture at a one-off FLS cost of US$200 per patient
in the Chinese context. Our findings were robust to numerous one-way sensitivity
analyses. For the FLS to be cost-saving and cost-effective at the Chinese WTP, the
maximum cost of FLS was US$958 and US$2,495, respectively. For elderly patients
(80 years and older), the FLS was not cost-effective at the WTP threshold of
US$10,500 per QALY gained. It can be explained that shorter life expectancy might
render fewer opportunities for benefitting from the FLS.

An important implication of our study is that it seems potentially beneficial to
implement FLS in China, given that it can prevent subsequent fractures, and also
lead to lifetime cost savings. During the review process of our manuscript, a cost-
effectiveness analysis of FLS in Taiwan was published [36]. Authors reported the
benefits of FLS in patients with a hip fracture and concluded that post-fracture FLS
care was cost-effective in comparison with usual care. In this study, the FLS cost
was estimated to be US$133 per patient (a bit lower but still comparable to our
assumption of US$200 per patient). If we apply their FLS cost, more favorable results
were obtained (given the lower cost with a similar QALY). Of note, although results
in the Taiwanese study were comparable to ours, there are many methodological
differences. First, the Taiwanese study is a trial-based economic evaluation, which
evaluated only the short-term benefit of FLS (2 years), while we performed a
model-based economic evaluation to investigate the lifetime benefits of FLS.
Second, the Taiwanese study used survival days as the effectiveness measurement,
and reported the net monetary benefit at a specific WTP, instead of using QALY
as effectiveness and presenting the incremental cost-effectiveness ratio (as in our
study). Third, the Taiwanese study presented the effect of FLS only on patients with
a hip fracture, and only hip refractures were counted. However, our study assumed
a mix of various fractures at baseline, and subsequent hip, vertebral, and wrist
fractures were all taken into account.

Additionally, another Chinese study (which is the first reporting on FLS for
vertebral fractures in China: patients aged 50 years or older with a recent vertebral
compression fracture were recruited) [49] also reported that the dedicated fracture
service seems a solution for preventing subsequent fractures as well as decreasing
healthcare costs, and concludes that the nationwide introduction of FLS in China
is crucial. To ensure that patients with fractures are identified in a timely way and
then invited to attend the FLS, building an FLS team with members from different
fields of expertise, coordinated by a FLS coordinator, could be an alternative

270



A MODEL-BASED CEA OF FRACTURE LIAISON SERVICES IN CHINA

approach and a starting point for China. This could be similar to the FLS team in
Taiwan [36], which consists of orthopedic physicians, spine surgeons, geriatricians,
endocrinologists, rheumatologists, family physicians, and coordinators. A Canadian
study [50] indicated that hiring an osteoporosis coordinator to identify patients
with a fragility fracture and to coordinate their education, assessment, referral, and
treatment of underlying osteoporosis could reduce subsequent fractures and lead
to net hospital cost-savings. Moreover, the wide gap between fragility fractures
and secondary prevention is a worldwide concern, especially in the Asia-Pacific
region, where the IOF combined “Top Down’ with ‘Bottom Up’ activities across 18
countries, including China, in 2020-2021, with the goal of increasing by 50% the
number of patients reached, by fostering FLS and improving quality of its services,
as shown on the CTF International Map of Best Practice. This also shows that the
establishment and development of FLS would be an effective approach for China.

However, it should be noted that two systematic reviews revealed significant
heterogeneity in the form of FLS and huge variation in its effects [51,52]. Wu et
al [52] summarized 57 FLS-related high-quality studies published up to February
2017 and identified that FLS varied considerably in terms of the key persons
coordinating the FLS (physician, nurse or other healthcare professional), setting
(hospital, community), intensity (single, multiple) and duration (long or short
term), which lead to further variation in clinical and economic benefits, and
not all FLS could improve patient outcomes. This study also identified several
components which contributed to FLS success, encompassing multidisciplinary
involvement, being driven by a dedicated case manager, regular assessment and
follow-up, multifaceted interventions and patient education. In addition, the Best
Practice Framework [53] and eleven patient-level key performance indicators [54]
developed by the IOF could serve as guidelines for China in the design of adequate
FLS and improving the quality of existing services. Only FLS with relatively high-
quality and sufficient services will lead to clinical and economic benefits and have
the potential to be cost-effective.

The economic impact and cost-effectiveness of FLS studies (worldwide) published
up to 2016 were summarized in a previous systematic review [11]. In line with
several cost-effectiveness analyses [38,50,55,56], the FLS is a dominant (cost-
saving) secondary fracture prevention strategy, compared to no-FLS or usual care.
However, different assumptions were made in different studies, and our study
has several strengths in comparison with other studies on the cost-effectiveness
of FLS. First, the simulation model was adapted according to a previous Markov
microsimulation model [12], which has been validated and applied in several
prior studies [13,32,41,57]. Second, in our model, patients in the FLS pathway
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distinguished attenders and non-attenders, which is in line with reality. This
is an important differentiation, as the two groups might have different baseline
fracture risk and treatment initiation rates, and the presence of FLS costs applied
only to attenders. However, we found no previous studies differentiate between
FLS attenders and non-attenders and made similar assumptions; this might
overestimate the lifetime costs and effects in the FLS pathway and affect ICER
estimation. Third, the time-dependent persistence rate for oral bisphosphates was
assumed in our study, which is also revealed by real-world data [58] and applied
in some cost-effectiveness analyses in osteoporosis;[13,34] however, some studies
on the cost-effectiveness of FLS [55,56] just assumed a persistence rate of 100% or
that the persistence rate remained the same for the whole duration of treatment.
This is not realistic and might influence the result. Fourth, as we mentioned before,
the effect of FLS on mortality is uncertain; therefore we did not include it in the base
case. Although a lower mortality rate was assumed for FLS pathway in sensitivity
analysis, we found no previous studies incorporated the effect of FLS on mortality.
Fifth, the cost of side effects of oral bisphosphates treatment was incorporated in
our model; these costs were not included in most studies on the cost-effectiveness
of FLS.

The main limitations of our study derive primarily from a lack of precision with
several important parameters, such as the FLS attendance rate, excess mortality,
and persistence with treatment. The estimates from other countries (most are from
developed countries) were used, as there was no relevant data for China. However,
considering the heterogeneity in healthcare systems between countries, the direct
transferability of clinical and economic evidence might limit the accuracy of cost-
effectiveness analysis; therefore Chinese-specific real-world data is needed to
confirm the results of our study and to better evaluate the cost-effectiveness of FLS
in China. For future studies, we recommend collecting FLS-related real-world data,
including the FLS attendance rate, FLS costs, initiation of treatment and adherence
in FLS. In addition, country-specific fracture-related data such as fracture incidence,
excess mortality, baseline utility (for patients with a recent fracture) and fracture
disutility, fracture costs,and medicationadherence are alsoimportant. Second, given
that no relevant data was available for FLS no-attenders, it was assumed that the
probability of treatment initiation and the treatment adherence rate were the same
as for patients in the no-FLS pathway, and that FLS attenders and non-attenders
had the same baseline fracture risk; these assumptions might not reflect the reality.
Third, we assumed a mix of various fractures at baseline. The fracture type was not
taken into account given the lack of relevant data (e.g., having osteoporosis and
initiating medication according to the fracture type), therefore we did not estimate
the benefits of FLS per baseline fracture type, although the ICER estimation might
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depend on the baseline fracture type. Fourth, although a single utility of 0.7 was
estimated based on the ICUROS study and assumed for patients with a recent
fracture in our study, it might not represent the quality of life for different genders
and age groups. Therefore, more detailed age- and gender-stratified baseline
utilities should be applied to perform the estimation when relevant Chinese data
are available. Fifth, a conservative assumption was made in our study that patients
without osteoporosis did not initiate treatment. However, although according to
some local guidelines (including Chinese guidelines), patients with grade 2 or 3
vertebral fractures should initiate treatment irrespective of their BMD status, we
did not incorporate this in our model due to the lack of relevant data in China. We
note that even if it were included, this would only lead to better economic benefit
in FLS pathway. Sixth, when patients are discharged from hospital, most Chinese
families prefer home care (entering a nursing home is not very common in China).
The probability of entering a nursing home, and costs of nursing home and home
care remain uncertain in China. Therefore, expert opinion and data from previous
studies were used. Seventh, as we mentioned before, we conservatively did not
assume the extra increased risk when new fractures occurred during simulation,
underestimating the benefits of FLS. Eighth, one similar study [38] assigned the
disutility for side effects of oral bisphosphonate like dyspepsia and osteonecrosis
of jaw; this was not incorporated in our model considering the uncertainty of the
data. Ninth, the probabilistic sensitivity analysis was not conducted given the
distributional data for most parameters are lacking; accordingly, the uncertainty in
cost-effectiveness estimates could not be explored.

CONCLUSION

FLS could potentially lead to lifetime cost-saving for patients who have experienced
a fracture. Our study informs the potential cost-effectiveness of FLS and the
knowledge gap in China; more future research incorporating Chinese-specific real-
world data are needed to confirm the results of our study and to better evaluate the
cost-effectiveness of FLS in China.
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ELECTRONIC SUPPLEMENTARY MATERIAL

Appendix I: Osteoporosis-specific checklist - specific items to include when

reporting economic evaluations on osteoporosis

Item Item Recommendation Reported on page no. / line
no. no.
Transition 1 Report the transition probabilities and how  Method section + Table 1
probabilities they were estimated (including increased Subtitle: Osteoporosis
fracture risk) .
prevalence, fracture risk and
mortality
Excess mortality 2 Describe approaches and data sources used  Method section + Table 1
after fractures for the excess mortality after fractures Subtitle: Osteoporosis
prevalence, fracture risk and
mortality
Fractures costs 3 Describe approaches and data sources used Method section + Table 1
for fractures costs Subtitle: fracture cost
Fractures effectson 4 Describe approaches and data sources used Method section + Table 1
utility for the effects of fractures on utility Subtitle: utility values
Treatment effect 5 Describe fully the methods used for the Method section + Table 1
during treatment 1d.er.1t1f1cat10n., selection, and synthesis of. Subtitle: treatment effects; FLS
clinical effectiveness data (per fracture site)
effects
Treatment effect 6 Describe fully the methods used for the Method section
after discontinuation treatment effect after discontinuation Subtitle: treatment effects
Medication 7 Describe approaches and data sources used Method section + Table 1
adherence for modeling medication adherence Subtitle: treatment effects; FLS
effects
Treatment costs 8 Describe approaches and data sources used  Method section + Table 1
for therapy costs Subtitle: treatment effects; FLS
effects
Treatment side 9 Describe approaches and data sources used Method section + Table 1

effects

for costs and utilities effects of adverse
events

Subtitle: treatment effects
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Appendix II: CHEERS 2022 checklist—Items to include when reporting economic
evaluations of health interventions

Section/item Item Guidance for reporting Reported in
No. section

Title

Title 1 Identify the study as an economic evaluation Title section
and specify the interventions being compared.

Abstract

Abstract 2 Provide a structured summary that highlights Abstract section
context, key methods, results, and alternative
analyses.

Introduction

Background and objectives 3 Give the context for the study, the study Introduction
question, and its practical relevance for section
decision making in policy or practice.

Methods

Health economic analysis 4 Indicate whether a health economic analysis Method section

plan plan was developed and where available.

Study population 5 Describe characteristics of the study Method section
population (such as age range, demographics, Subtitle: Model
socioeconomic, or clinical characteristics). structure

Setting and location 6 Provide relevant contextual information that Introduction and
may influence findings. method section

Comparators 7 Describe the interventions or strategies being ~ Method section
compared and why chosen.

Perspective 8 State the perspective(s) adopted by the study Method section
and why chosen.

Time horizon 9 State the time horizon for the study and why Method section
appropriate.

Discount rate 10 Report the discount rate(s) and reason chosen. Method section
Subtitle: Model
structure

Selection of outcomes 11 Describe what outcomes were used as the Method section
measure(s) of benefit(s) and harm(s). Subtitle: Model

structure

Measurement of outcomes 12 Describe how outcomes used to capture Method section
benefit(s) and harm(s) were measured. Subtitle: Model

structure
Outcomes and
analyses

Valuation of outcomes 13 Describe the population and methods used to Method section
measure and value outcomes. Subtitle: Model

structure
Outcomes and
analyses

Measurement and valuation 14 Describe how costs were valued. Method section

of resources and costs Subtitle: Fracture
cost
Treatment effects

Currency, price date, and 15 Report the dates of the estimated resource Method section

conversion quantities and unit costs, plus the currency and Subtitle: Fracture
year of conversion. cost

Rationale and description of 16 If modeling is used, describe in detail and why  Introduction and

model

used. Report if the model is publicly available
and where it can be accessed.

method section
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(continued)
Section/item Item Guidance for reporting Reported in
No. section

Analytics and assumptions 17 Describe any methods for analysing Method section
or statistically transforming data, any Subtitle:
extrapolation methods, and approaches for Treatment
validating any model used. pathways

Osteoporosis
prevalence,
fracture risk and
mortality

Utility values
Treatment effects
FLS effects

Characterising heterogeneity 18 Describe any methods used for estimating how  Method section
the results of the study vary for subgroups. Subtitle: Outcomes

and analyses

Characterising distributional 19 Describe how impacts are distributed across NA

effects different individuals or adjustments made to
reflect priority populations.

Characterising uncertainty 20 Describe methods to characterise any sources ~ Method section
of uncertainty in the analysis. Subtitle: Outcomes

and analyses

Approach to engagement 21 Describe any approaches to engage patients NA

with patients and others or service recipients, the general public,

affected by the study communities, or stakeholders (such as
clinicians or payers) in the design of the study.

Results

Study parameters 22 Report all analytic inputs (such as values, Method section
ranges, references) including uncertainty or and Table 1
distributional assumptions.

Summary of main results 23 Report the mean values for the main Results section
categories of costs and outcomes of interest and Table 2
and summarise them in the most appropriate
overall measure.

Effect of uncertainty 24 Describe how uncertainty about analytic Results section
judgments, inputs, or projections affect and Table 2
findings. Report the effect of choice of discount
rate and time horizon, if applicable.

Effect of engagement with 25 Report on any difference patient/service NA

patients and others affected recipient, general public, community, or

by the study stakeholder involvement made to the approach
or findings of the study

Discussion

Study findings, limitations, 26 Report key findings, limitations, ethical or Discussion section

generalizability, and current equity considerations not captured, and how

knowledge these could affect patients, policy, or practice.

Other relevant information

Source of funding 27 Describe how the study was funded and any Source of funding
role of the funder in the identification, design, section
conduct, and reporting of the analysis

Conflicts of interest 28 Report authors conflicts of interest according to Conflicts of

journal or International Committee of Medical
Journal Editors requirements.

interest section

NA not applicable
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CHAPTER 9

ABSTRACT

Purpose: The objective of this study was to investigate the lifetime cost-effectiveness
of a fracture liaison service (FLS) compared to no-FLS in the Netherlands from a
societal perspective and using real-world data.

Methods: Annual fracture incidence, treatment scenarios as well as treatment
initiation in the years 2017-2019 were collected from a large secondary care
hospital in the Netherlands. An individual-level, state transition model was
designed to simulate lifetime costs and quality-adjusted life years (QALYs).
Treatment pathways were differentiated by gender, presence of osteoporosis and/
or prevalent vertebral fracture, and treatment status. Results were presented as
incremental cost-effectiveness ratios (ICER). Both one-way and probabilistic
sensitivity analyses were conducted.

Results: For patients with a recent fracture aged 50 years and older, the presence
of an FLS was associated with a lifetime €45 higher cost and 0.11 additional QALY
gained leading to an ICER of €409 per QALY gained, indicating FLS was cost-effective
compared to no-FLS at the Dutch threshold of €20,000/QALY. The FLS remained
cost-effectiveness across different age categories. Our findings were robust in all
one-way sensitivity analyses, the higher the treatment initiation rate in FLS, the
greater the cost-effective of FLS. Probabilistic sensitivity analyses revealed that
FLS was cost-effective in 90% of the simulations at the threshold of €20,000/QALY,
with women 92% versus men 84% by gender.

Conclusion: This study provides the first health-economic analysis of FLS in the
Netherlands, suggesting the implementation of FLS could lead to lifetime health-

economic benefits.

Keywords: Cost-effectiveness, Fracture liaison services, Osteoporosis, Fracture.

284



CEA OF FLSs: A MARKOV MODEL USING DUTCH REAL-WORLD DATA

INTRODUCTION

Fractures are associated with pain, disability, loss of independence, reduced
quality of life, increased subsequent fracture risk and excess mortality, resulting
in a substantial and escalating healthcare and financial burden for the society. In
the Netherlands, as reported by the SCOPE (Scorecard for Osteoporosis in Europe)
2021 study [1], the number of fragility fractures was estimated at 99,600 in 2019,
corresponding to 273 fractures per day and 11 fractures per hour, accounting for
approximately 1.8% of healthcare spending (i.e., €1.4 billion out of €75.0 billion in
2019). The projected number of fragility fractures in 2034 is 137,000, suggesting
an increase of 37.4% over a 15-year interval. A prior fracture is a strong predictor
of subsequent fracture as reported by a Dutch study [2] with the relative risk of
subsequent fracture ranging from 5.3 within 1 year to 1.4 between 6 and 10 years
after the first fracture in postmenopausal women older than 50 years compared
to those without a recent fracture. Recurrent fractures are partly preventable
by drug therapy and to a lesser extent by non-pharmacological interventions
such as lifestyle changes. Although the high risk of subsequent fractures was
acknowledged, the magnitude of drug treatment gap (defined as the percentage of
persons who are eligible for treatment but not receiving a treatment) is reported
to be highly variable throughout Europe, ranging between 25 and 95% [3], which
was estimated to vary from 60% to 72% in the Dutch population [4]. In response
to the treatment gap, post-fracture care programs such as fracture liaison services
(FLS) were introduced, which is considered as the most effective organizational
structure for secondary fracture prevention.

FLSs were first reported by McLellan et al. in 2003 [5] and internationally endorsed
by the International Osteoporosis Foundation (IOF) [6], the European Alliance
of Associations for Rheumatology (EULAR) [7], the multidisciplinary Fragility
Fracture Network (FFN) [8], and the American Society of Bone and Mineral
Research ASBMR) [9]. In the Netherlands, the guideline on osteoporosis and
fracture prevention (2011) [10] recommends to evaluate all fracture patients of
50 years or older in preferentially a nurse-led structured program. The first FLS-
related initiatives and outcomes were reported from Groningen in 2004 [11], and
the FLS in VieCuri Medical Centre of Venlo was launched in 2008. To optimize FLS
initiatives and facilitate the communication between healthcare professionals, a
formal national network (Dutch Osteoporosis Nurses Association VF&O) [12]
was launched in 2008, and a five-step approach has been proposed by van den
Bergh et al. [13] in 2012 to strive for standardized FLS care. With emphasizing the
importance of initiating FLS in hospitals by several Dutch scientific committees,
there were 90 FLS and 95 osteoporosis nurses registered in the database of VF&O
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as reported by a study published in 2015 [14].

However, the intensity and quality of implementation of FLS vary between
hospitals and countries [15,16]; patient identification and selection differed
markedly among FLS in terms of proportion of in- and outpatients with a fracture
included, age, the inclusion of women and/or men, and fracture site (any fracture
or only patients with a nonvertebral fracture) [17], potentially leading to different
clinical and economic outcomes. Worldwide, with the increasing implementation
of FLS, the effectiveness and efficacy of FLS was reported in many countries and
summarized in several systematic reviews and meta-analyses [18-20], suggesting
that FLS care is generally (cost-)effective for healthcare systems by improving
patient care, reducing secondary fracture rates, and ultimately decreasing the
burden on the healthcare system and society. However, we found most published
economic evaluations used simulation model assessing the cost-effectiveness of
FLS without use of real-world data. Considering most Dutch hospitals initiated
an FLS, its cost-effectiveness remains unknown. The objective of this study was
therefore to investigate the lifetime societal cost-effectiveness of an FLS compared
to no-FLS in the Netherlands from a societal perspective using real-world data
whenever possible.

METHODS

We adapted a previously validated Markov microsimulation model [21] to estimate
the cost-effectiveness of FLS compared to no-FLS for patients with a recent fracture
from the Dutch societal perspective with a lifetime horizon. Treatment pathways in
our model were based on Dutch guidelines on osteoporosis and fracture prevention
[10,22], recommending anti-osteoporosis drug treatment in those having
osteoporosis (bone mineral density BMD) T-score < -2.5 standard deviations at the
lumbar spine, femoral neck or total hip, and/or a clinical or prevalent vertebral
fracture (VF) (>25% reduction in vertebral body height at the anterior, mid, or
posterior location) [23]) combined with a BMD T-score < -1.

The model was built up using TreeAge Pro 2022 software (TreeAge Pro Inc.,
Williamston, MA, USA) and adhered to the osteoporosis-specific guideline of the
European Society for Clinical and Economic Aspects of Osteoporosis, Osteoarthritis
and Musculoskeletal Diseases and the US branch of the International Osteoporosis
Foundation (IOF-ESCEO) for the design, conduct and reporting of economic
evaluations [24], and also to the Consolidated Health Economic Evaluation
Reporting Standards 2022 (CHEERS 2022) Statement [25]. Details of these two

286



CEA OF FLSs: AMARKOV MODEL USING DUTCH REAL-WORLD DATA

checklists can be found in Appendix [ and II. A description of the source of real-
world data, target population, model structure and input data is provided here
below. Table 1 presents key model input parameters.

Real-world FLS setting

Our model structure was adapted to a real-world FLS setting (VieCuri Medical
Centre, a large secondary care hospital in the Netherlands) where a nurse,
specialized in osteoporosis, invites patients aged 50 years and older, who visited
the emergency department because of a recent fracture, to the FLS. Details of this
FLS care pathway were published previously [26]. In brief, patients attending the
FLS were scheduled for an outpatient visit including dual X-ray absorptiometry
(DXA) measurement to assess BMD, prevalent VF based on vertebral fracture
assessment (VFA), and a blood test. Lifestyle advice and drug treatment (when
applicable), based on presence of osteoporosis and/or prevalent VF according to
Dutch guideline [10].

As part of the FLS care, real-world data in this study were collected in the years
2017-2019 including annual fracture incidence (by age, gender, and fracture type
categories), treatment scenarios (pharmacy data) as well as treatment initiation
after (2017-2019) the implementation of FLS from the VieCuri Medical Centre.

Population

Analyses were conducted in patients with an index hip, clinical vertebral (CV) or
non-hip non-vertebral (NHNV) fracture aged 50 years and older. Both genders
were included considering differences in various model input parameters. Based
on 3-year (2017-2019) data from VieCuri Medical Centre, the population in our
study entered the model with a distribution of starting age (i.e., 11%, 13%, 13%,
13%, 13%, 11%, 10%, 8% and 5% patients had a starting age between 50-54, 55-
59, 60-64, 65-69, 70-74, 75-79, 80-84, 85-89, and 90+ years, respectively), with
women accounting for 67%.

Model structure and treatment pathways

The model structure combines a decision tree with a Markov model. The decision
tree (Figure 1) distinguished groups by the presence of FLS, gender, presence
of osteoporosis or VF and treatment with anti-osteoporosis drugs in this with
osteoporosis and/or VF (osteoporosis and/or VF + treatment, osteoporosis and/
or VF + no treatment, no osteoporosis & no VF) that is in consistent with treatment
indications suggested by Dutch guideline [10]. Patients entered both FLS and no-
FLS branches have identical gender distribution and prevalence of osteoporosis
and/or VF. A higher proportion of treatment initiation was modelled for FLS (40%)
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compared to no-FLS (5%) branch based on real-world data [27] and expert opinion,
respectively.

Of note, all patients (the combination of attenders and non-attenders) were
included in the FLS branch, lower mortality and subsequent fracture risk were
assumed for attenders with a major/hip fracture according to a Dutch study [26],
details can be found in the description of model input data section.

treatment
osteoporosis and/or VF

no treatment
women

no osteoporosis & no VF

0

treatment
osteoporosis and/or VF

no treatment

Patients with a no osteoporosis & no VF

recent fracture

!

treatment
osteoporosis and/or VF

no treatment

no osteoporosis & no VF

!

treatment
osteoporosis and/or VF

no treatment

!

no osteoporosis & no VF

Figure 1. Patient pathways for FLS and no-FLS group
(CUA cost-utility analysis, FLS fracture liaison services, VF vertebral fracture)

After allocating persons to sub-branches of the decision tree, patients entered the
Markov model (Figure 2) one-by-one to capture the long-term costs and health
benefits (expressed as quality-adjusted life year, QALY). An individual-level state
transition model was used to track individual trajectories (incorporating the
impact of history on future events), and tracker variables were used to record the
number and type of subsequent fractures. Each patient began in the ‘index fracture’
state (a recent fracture) and had a probability of having a new (subsequent) hip
fracture, clinical CV, or NHNV fracture or of dying. Patients in a subsequent fracture
state can stay in the same fracture state if they re-fracture, change to another
fracture state, die or change in the next cycle to the post subsequent fracture state.
Patients in a post subsequent fracture state might have another fracture at any
site, move to ‘recent fracture’, or die. We used a lifetime horizon and a 6-month
cycle as recommended by IOF-ESECO guideline [24]. Discount rate of 4% and 1.5%
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was used as recommended by the Dutch guideline for economic evaluations in
healthcare [28] for costs and QALYs, respectively.

Figure 2. The structure of Markov model
(fx fracture, sub subsequent, CV fx clinical vertebral fracture, NHNV fx non-hip non-vertebral
fracture)

Model input data

Osteoporosis, clinical or prevalent vertebral fracture, fracture risk

The prevalence of osteoporosis and/or clinical or prevalent VF was estimated at
49% based on a Dutch study [27] which included consecutive patients aged 50
years and older with a recent non-VF visiting the FLS of VieCuri Medical Centre.

When entering the Markov model, the annual incidence of hip, CV fracture, and
NHNYV fracture in the general Dutch population were obtained and estimated from
fracture data in VieCuri Medical Centre in the years 2017-2019. Considering the
presence of osteoporosis and/or previous fracture without treatment is associated
with higher subsequent fracture risk, adjustment were made to reflect the
increased fracture risk. Time-dependent relative risk (RR) of subsequent fracture
was modelled as reported in Dutch studies [2,29], i.e. the pooled RR for women
was 2.1 (1.7-2.6), ranging from 5.3 (4.0-6.6) within 1 year to 1.4 (1.0-1.8) within
6-10 years; 1.5 times increased risk in men relative to women was modelled; no
increased risk was assumed (RR=1) after 10 years for both genders. In addition,
to take into account the impact of osteoporosis, the increased risk of subsequent
fracture for persons with osteoporosis relative to persons without osteoporosis was
also modelled. Specifically, for patients with osteoporosis aged 50-59, 60-69, 70-
79, and over 80 years, the RRs of having a hip fracture were estimated at 5.66, 3.39,
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2.25,and 1.57, respectively. The RR for CV fracture ranged from 2.68 at 50 years to
1.51 at 100 years, which were slightly higher than the RRs for NHNV fracture [30].
Considering osteoporosis is not the only attributable factor for fractures, to avoid
over-adjustment, age- and gender-specific osteoporosis attribution probability
was modelled [31].

Mortality

Baseline mortality data for the age- and gender-stratified Dutch population was
obtained from the official registry (Centraal Bureau voor de Statistiek CBS) in the
years 2017-2019 [32]. We further modelled lifetime increased mortality risk after
hip and CV fracture in line with a meta-analysis [33] with the RR of 2.9 and 3.76 for
women and men, respectively. Considering excess mortality may also be attributable
to other factors such as comorbidities, we conservatively assumed that only 25 %
of the excess mortality following a hip or CV fracture could be attributable to the
fractures themselves [34,35].

Fracture cost

In line with Dutch guideline for economic evaluations in healthcare [28], a societal
perspective for the cost estimation was used including both direct and indirect
costs. The direct gender-stratified hip, CV, and NHNV fracture costs were estimated
from a Dutch study based on claims data (all costs were expressed in €2020) [36].
Hip fractures are also associated with long-term nursing home costs, the yearly
cost was estimated at €25,741 (Dutch standard daily nursing home cost*365),
and an average 21% of patients in the years 2017-2019 were institutionalized
following the hip fracture as reported by Dutch Hip Fracture Audit [37]. To estimate
productivity costs of employed persons sustained a fracture, maximum two-month
work absence were assumed according to the friction cost method as suggested by
the Dutch guideline for economic evaluations in healthcare [28]. Based on the work-
related absence rate estimated for different fracture types (hip 0.99, CV 0.79, NHNV
0.64) in a previous study [38] and the average annual salary in the Netherlands in
2020 [39], the productivity costs for patients with a hip (CV, NHNV) fracture aged
50-54, 55-59, and 60-64 years were estimated at €7,927 (€6,325, €5,124), €7,717
(€6,166, €4,995), and €7,319 (€5,841, €4,732), respectively. Productivity costs
were not included for patients aged over 65 years.

Utility values

The age- and gender-stratified baseline utilities in patients with a recent fracture
were obtained from a recently published Dutch study [40] which estimated age-
and gender-specific health state utility values (HSUV) by the EuroQol 5-dimension
(EQ-5D) questionnaire in patients visiting the FLS in VieCuri Medical Centre. The
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utility ranged from 0.813 (50 years) to 0.665 (90 years) in women, which was
relatively higher in men, ranging from 0.855 to 0.743. The effects of hip and clinical
vertebral fractures on utility for the first and subsequent years were derived from
the large International Costs and Utilities Related to Osteoporotic Fractures Study
(ICUROS) study [41]. We obtained disutility multipliers for NHNV fracture from a
previous cost-effectiveness analysis [42] since NHNV fractures were not included
in the ICUROS study.

Drug treatment effects and costs

As we mentioned before, in our model, 40% and 5% of patients in FLS and no-
FLS branch initiated drug therapy based on real-world data [27] and expert
opinion, respectively. When relating the prevalence of osteoporosis and/or clinical
or prevalent VF to these treatment initiation rates, it can be estimated that 80%
(40%/49% = 80%) and 10% (5%/49%=10%) of patients with osteoporosis and/
or clinical or prevalent VF received drug therapies in FLS and no-FLS branches,
respectively. These data were used in decision tree.

Treatment scenarios were obtained from pharmacy data in VieCuri Medical Centre,
i.e. for patients initiated drug therapy, 70%, 13.0%, 14.3% and 2.7% patients
received oral bisphosphonates (alendronate, risedronate, ibandronate), zoledronic
acid, denosumab and teriparatide, respectively.

The pooled treatment efficacy data for oral bisphosphonates were obtained from
a report by the National Institute for Clinical Health and Excellence (NICE) [43],
suggesting a RR of 0.67 (95% ClI: 0.48-0.96), 0.45 (95% CI: 0.31-0.65), 0.81 (95%
Cl: 0.46-1.44) for hip, CV, and NHNV fracture, respectively. Treatment efficacy
data for zoledronic acid were extracted from HORIZON Pivotal Fracture Trial [44],
reporting a RR of 0.59 (95% CI: 0.42-0.83), 0.23 (95% CI: 0.14-0.37), 0.75 (95%
CI: 0.64-0.87) for hip, CV, and NHNV fracture, respectively. Aligned with a recent
review of cost-effectiveness of denosumab [45], efficacy data from the FREEDOM
study [46] were used, suggesting that denosumab resulted in a RR of 0.6 (95% CI:
0.37-0.97), 0.31 (95% CI: 0.26-0.41), 0.8 (95% CI: 0.67-0.95) for hip, CV, and NHNV
fracture, respectively. Treatment efficacy for teriparatide were obtained from a
systematic review, reporting 0.36 (95% CI: 0.15-0.81), 0.23 (95% CI: 0.17-0.32),
0.57 (95% CI: 0.54-0.74) for hip, CV, and NHNV fracture, respectively.

Treatment duration in our model was consistent with the recommendation of Dutch
guidelines [10,47], namely maximum 5-year therapy with oral bisphosphonates,
3-year with zoledronic acid, 5-year with denosumab, and 2-year treatment with
teriparatide followed by 3-year oral bisphosphonates. For patients initiated
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treatment with oral bisphosphonates or zoledronic acid, after medication
discontinuation, a linear decrease of the effects for three years (offset time) was
assumed as suggested by clinicians. Considering the rebound effect, one-year
offset time after discontinuing denosumab was assumed. We assumed the effect
of teriparatide remained once oral bisphosphonates initiated, a linear decrease of
the effects for three years was assumed after discontinuing oral bisphosphonates.

Given treatment efficacy can be largely affected by persistence, we incorporated
persistence rates in the study. The persistence rate of oral bisphosphonates was
obtained from a Dutch study [48], reporting 75%, 61.3%, and 45.3% after 1, 3,
and 5 years, respectively. The Kaplan-Meier curve in this study indicated an
approximately linear decrease in persistence over time, we therefore estimated the
persistence rates after the treatment of 6 months, 2 years, and 4 years manually.
Persistence rates of zoledronic acid after 1, 2, and 3 years were obtained from
VieCuri Medical Centre (in the year 2018) as 100%, 69%, and 48%, respectively.
The long-term persistence rates of denosumab in the Netherlands is unknown;
persistence rates up to 3 years was extracted from the same systematic review
[49], suggesting 100%, 81%, 67%, 55%, 35%, and 26% after 6, 12, 18, 24, 30, and
36 months, respectively. We assumed the persistence remained unchanged after 36
months given the unavailability of relevant data. Two-year persistence of 75% with
teriparatide was obtained from a Dutch study [50], the persistence with sequential
oral bisphosphonates was assumed the same as the first 3-year monotherapy with
oral bisphosphonates.

Treatment costs in our study refer to drug costs and related side effect costs. Annual
drug costs for oral bisphosphonates, zoledronic acid, denosumab, and teriparatide
were retrieved from Dutch official data [51], it was estimated at €20, €258, €400
and €3,480 (in the year 2020), respectively. For side effect costs, it was assumed
that patients initiated treatment requiring 0.041 extra GP consultations during the
first cycle (6 months) and 0.021 GP consultations during the following cycles in
line with a previous study [52]; the average standard consulting cost of the general
practitioner was estimated at €34.74 (in 2020).

FLS-related model input data

Given all patients attending the FLS were registered in the diagnosis treatment
combination (DBC) system (besides the fracture DBC, all FLS attenders have an
osteoporosis DBC), we therefore used the mean DBC price (€450 in 2020) in the
Netherlands for FLS visit [53] in our analysis. Related to FLS visit, the DBC price
covers the cost of DXA, lab test, VFA, fall risk assessment etc., extra GP consultation
in the follow-up was also included (once per year).
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Compared to no-FLS branch, higher treatment initiation rate (40% vs. 5%) and
greater treatment persistence (57% vs. 34.1%, deriving from a literature review
and meta-analysis [19]) were modelled for FLS branch. In addition, we modelled
a lower mortality (hazard ratio 0.43; 95% CI, 0.34-0.56) and subsequent fracture
(subdistribution hazard ratio 0.80; 95% CI, 0.60-1.07) risk for FLS attenders with
a hip or clinical vertebral fracture as reported by a Dutch study [26], no effect was
assumed for patients with NHNV fracture.
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Analyses and outcomes

A total of 1,000,000 trials (1st-order Monte-Carlo simulation) were run for both
base-case and one-way sensitivity analyses. With regard to the base-case analysis,
total costs (including direct healthcare cost and indirect productivity cost), number
of fractures prevented and QALYs were estimated for both FLS and no-FLS branches.
The incremental cost-effectiveness ratios (ICER) were calculated as incremental
cost (expressed in €2020) per QALY gained. Besides, multiple scenario analyses
were conducted to assess the economic value of FLS in patients at different starting
ages (50-80 years).

In the Netherlands, there is no single willingness-to-pay (WTP) threshold, ranging
from €20,000 to €80,000 per QALY gained [54]. As suggested by Zorginstituut
Nederland (ZIN), the selection of WTP threshold should base on burden of
illness (BOI), the proportional shortfall (PS) method is recommended [55,56]. PS
is measured on a scale from 0 (no QALY loss) to 1 (complete loss of remaining
QALY). If PS falls between 0.10-0.40, the WTP threshold of €20,000/QALY is
recommended; the maximum reimbursement of €50,000/QALY refers to PS=0.41-
0.70; the endpoint of €80,000/QALY is in relation to the highest BOI with PS
estimated at 0.71-1.00. In our study, we used a disease burden calculator released
by Institute for Medical Technology Assessment (iMTA) [57], PS was estimated at
0.16, therefore the WTP threshold of €20,000/QALY is applied.

One-way sensitivity analyses were performed to test the robustness of the model
results by varying a single parameter each time, including a healthcare perspective,
a shorter time horizon (5 years), a different discount rate (3%, 5% for both costs
and QALYs), and some other parameters including gender (100% female or male),
FLS cost (#50%), treatment initiation rate in FLS and no-FLS (£50%), fracture costs
(£50%), drug costs (#50%), nursing home costs (¥25%), probability of nursing
home (+x50%), baseline utility (-20%), excess mortality attribution probability
(£100%), osteoporosis attribution probability (-25%), and relative risk of
subsequent fracture associated with osteoporosis/a prior fracture (-25%).

Probabilistic sensitivity analyses were also undertaken to examine the effect of
the joint uncertainty surrounding the model variables. A specific distribution was
attributed to each parameter around the point estimate used in the base-case
analysis. Specifically, a beta distribution was used for fracture incidence (i.e., the
distribution was estimated based on the number of fractures and the population
in the age range of 70-74 years) and the effects of fracture on utility (based on
90% confidence interval). Besides, log-normal distributions were assumed for the
relative risk of having subsequent fracture, excess mortality following a fracture,
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treatment efficacy, and osteoporosis attribution probability. In addition, normal
distributions with a standard deviation (SD) assumed to be 20% of the mean (given
the lack of standard error) were used for fracture cost, productivity cost, nursing
home cost, probability of nursing home admission, excess mortality attribution
probability, and treatment initiation rate. For each probabilistic sensitivity analysis,
the model was run 200 times (2nd-order Monte-Carlo simulation) based on runs
of 25,000 trials per pathway. Cost-effectiveness acceptability curves (CEAC) were
done to show the probability of the FLS being cost-effective compared to no-FLS as
a function of WTP thresholds.

RESULTS

Base-case analysis

Table 2 presents the lifetime costs, accumulated QALYs, number of fractures,
incremental cost and QALY, and the ICER (expressed in cost per QALY gained) of
FLS compared to no-FLS in patients with a recent fracture at the age of 50 years and
older. FLS was associated with a €45 higher cost and 0.11 additional QALY gained
compared to no-FLS, the ICER was thus estimated at €409 per QALY gained, lower
than the threshold of €20,000/QALY, indicating FLS was cost-effective compared
to no-FLS. In 1,000,000 simulated patients with a recent fracture, FLS led to a
reduction of total 53,090 lifetime subsequent fractures, namely the availability
of an FLS would avoid 53 subsequent fractures over the lifetime of every 1,000
patients.

Table 3 presents the ICERs of FLS compared to no-FLS in patients at different ages.
The cost per QALY gained was estimated at€1,812,€450,€627 and €421 in patients
at the age of 50, 60, 70, and 80 years, respectively, suggesting the cost-effectiveness
of FLS was remained in all age categories. Compared to younger groups, patients
aged 80 years resulted in slightly greater QALY gained.

Table 2. Lifetime total costs, QALYs, number of subsequent fractures, and incremental cost-
effectiveness ratio (cost (€) per QALY gained) of FLS compared with no-FLS at a distribution of
starting age

FLS no-FLS Incremental
Total cost 12,882 12,837 45
Total QALYs 10.32 10.21 0.11
Number of fractures 1.21247 1.26556 -0.05309
ICER (€ per QALY gained) 409

ICER incremental cost-effectiveness ratio, QALY quality-adjusted life years, FLS fracture liaison service
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Table 3. Incremental cost, QALYs, and cost-effectiveness ratio (cost (€) per QALY gained) of FLS
compared with no-FLS for patients aged 50-80 years

Incremental cost Incremental QALY ICER
50 years 145 0.08 1,812
60 years 45 0.10 450
70 years 69 0.11 627
80 years 59 0.14 421

ICER incremental cost-effectiveness ratio, QALY quality-adjusted life years, FLS fracture liaison service

Sensitivity analysis

Table 4 reports the results of the one-way sensitivity analyses. Our results were
robust in all one-way sensitivity analyses given the ICERs of FLS relative to no-
FLS remained below €20,000 per QALY gained. When conducting the analysis from
the healthcare perspective, FLS was associated with a €100 higher cost and 0.12
additional QALY gained compared to no-FLS, the ICER was thus estimated at €833
per QALY gained, suggesting FLS is still cost-effective. With a 5-year time horizon,
FLS led to a reduction of 41 fractures per 1,000 patients compared to no-FLS (i.e.,
8.1% fracture prevention). FLS was dominant (more QALY for less total costs)
in female patients, when decreasing the FLS cost (-50%) and drug costs (-50%),
and when increasing treatment initiation rate in FLS (+25%) and fracture costs
(+50%). The ICERs were shown to be markedly affected by the probability of
treatment initiation in the FLS, suggesting the higher the treatment initiation rate,
the greater the cost-effective of FLS. In addition, women in FLS incurred with higher
cumulative lifetime costs (€14,360 vs. €9,904 per patient) but also greater QALYs
(10.39 vs. 10.21 per patient) compared to men in FLS; When compared to no-FLS,
more favorable ICER was identified in female patients also; for every 1,000 female
patients with a recent fracture, the availability of an FLS would avoid 60 subsequent
fractures over their lifetime, which was 37 subsequent fractures in male patients.
Other analyses suggested that the ICERs of FLS were shown to greatly increase with
the impact from high to low when decreasing relative risk of subsequent fracture
by a prior fracture (-25%), decreasing osteoporosis attribution probability (-25%),
decreasing fracture costs (-50%), decreasing relative risk of subsequent fracture
by osteoporosis (-25%), and increasing FLS cost (+50%).
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Table 4. One-way sensitivity analyses on the incremental cost-effectiveness ratio of FLS compared
to no-FLS in patients aged 50 years and older with a recent fracture

Incremental cost Incremental QALY ICER

Base-case 45 0.11 409
Perspective healthcare 100 0.12 833
Gender female -5 0.12 dominant
male 198 0.11 1,800
FLS cost +50% 287 0.11 2,609
-50% -173 0.12 dominant
FLS treatment initiation +25% -176 0.14 dominant
-25% 273 0.10 2,730
No-FLS treatment initiation +25% 82 0.11 745
-25% 22 0.12 183
Fracture cost +50% -201 0.11 dominant
-50% 304 0.11 2,764
Nursing home cost +25% 44 0.12 367
-25% 47 0.12 392
Drug cost +50% 156 0.11 1,418
-50% -67 0.11 dominant
Probability of nursing home +50% 48 0.12 400
-50% 72 0.11 654
Excess mortality 0% -136 0.09 dominant
50% 150 0.13 1,154
Relative risk of sub. fx by osteoporosis -25% 237 0.09 2,633
Relative risk of sub. fx by a prior fx -25% 254 0.08 3,175
Osteoporosis attribution probability -25% 274 0.09 3,044
Baseline utility -20% 48 0.09 533
Discount rate 3% 60 0.09 667
5% 56 0.07 800
Time horizon 5 years 22 0.05 440

ICER incremental cost-effectiveness ratio, QALY quality-adjusted life years, sub.fx subsequent fracture

The results of the probabilistic sensitivity analyses are reported in Figures 3 and 4.
At the threshold of €20,000 per QALY gained, the cost-effectiveness acceptability
curves suggest that FLS was cost-effective compared to no-FLS in 89.5% of the
simulations (95.5% and 96.5% at the threshold of €50,000 and €80,000/QALY,
respectively). The FLS in women was associated with a higher probability to be
cost-effective compared to men (91.5% vs. 84.0%). In addition, FLS was shown
to be cost-effective in 67.0%, 78.5%, 89.5% and 98.5% of the simulations at the
age of 50, 60, 70, and 80 years, respectively, at a threshold of €20,000 per QALY
gained; which was 78.5%, 90.5%, 96.5% and 100.0% correspondingly when the
WTP threshold is €50,000 per QALY gained, and 81.0%, 93.0%, 97.5% and 100.0%
when the WTP threshold is €80,000 per QALY gained. The cost-effectiveness
results of FLS for different age and gender categories were also displayed using
cost-effectiveness plane, details can be found in Appendix III.
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Figure 3. Cost-effectiveness acceptability curves of FLS versus no-FLS in women and men aged
over 50 years with a recent fracture
(QALY quality-adjusted life years, FLS fracture liaison service)

Figure 4. Cost-effectiveness acceptability curves of FLS versus no-FLS in patients at different age
categories with a recent fracture
(QALY quality-adjusted life years, FLS fracture liaison service)



CHAPTER 9

DISCUSSION

In this study, a Markov microsimulation model from a Dutch societal perspective
and a lifetime horizon was used to estimate the cost-effectiveness of the FLS in
patients aged 50 years and older with a recent fracture. In all of the simulated
populations, the ICERs of FLS were below the Dutch accepted thresholds of
€20,000 per QALY gained, suggesting FLS is cost-effectives compared to no-FLS.
The cost-effectiveness of FLS remained favorable in all age categories. Compared
to younger groups, patients aged 80 years resulted in slightly higher QALY gained.
With fracture trackers in the model, FLS was estimated to lead to a reduction of
41 subsequent fractures in per 1,000 simulated individuals with the time horizon
of 5 years, which was comparable to a recent UK study [58] reporting FLS was
associated with a reduction of 30 subsequent fractures in per 1,000 individuals.

Our findings were robust in all one-way sensitivity analyses and probabilistic
sensitivity analyses. For women, a FLS was associated with more favorable ICER
and higher probability to be cost-effective compared to men. There are two
potential reasons: first, men have a higher baseline mortality risk and the impact
of fracture on mortality was also greater compared to women, leading to shorter
life expectancy to gain benefits from the FLS, and thus less QALY gains (compared
to women); second, women are associated with a higher risk of fracture recurrence
than men, the presence of an FLS would thus lead to more subsequent fractures
avoidance and more health benefits. Next to gender, treatment initiation in the FLS
was found to be particularly influential when varied within the model; the higher
treatment initiation rate was associated with greater cost-effective results. It is
quite reasonable since more patients are identified and treated, more subsequent
fractures are avoided, which is also the mission of post-fracture care programs.

To our knowledge, this study provides the first results about the cost-effectiveness
of the FLS in the Netherlands. Our finding supports a recently issued Dutch report
[59] suggesting FLS is associated with reduction in fragility fractures and offer
clear cost-effectiveness compared to current practice with a time horizon of five
years. Given the report related original study is not published yet, we cannot make
detailed comparison regarding the modelling strategy, model input data as well as
subsequent fracture risk estimation and relevant assumptions.

The main strength of our study is that real-world data from a Dutch hospital were
obtained and used for several model input parameters. These data are reliable and
valid since the FLS program in VieCuri Medical Centre had been implemented for
15 years, and the quality of their FLS was rated as ‘gold’ according to Best Practice
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Framework (BPF) of IOF. Besides, the success of FLS implementation largely
depends on the intensity of attendance and treatment; the performance of FLS
in VieCuri Medical Centre has a relatively high FLS attendance rate (51%) and
the initiation rate of anti-osteoporosis drugs (40% for attenders) [26], which are
comparable to rates reported by several systematic reviews and meta-analysis
[17-19], attributing to the cost-effective results of FLS in our study. One systematic
review [15] suggested that the more intensive the FLS model, the more effective
of which in subsequent fracture prevention, the greater the economic benefits.
Given we only assessed the cost-effectiveness of the FLS in one Dutch FLS clinic, the
impact of improving the intensity and quality of FLS on cost-effectiveness was not
revealed, it would be of interest for future research. To improve the quality of FLS,
the BPF and eleven patient-level key performance indicator developed by the I0OF
could serve as guidelines in the design of adequate FLSs and improving the quality
of existing FLSs. In addition to the real-world data, most recent estimates for utility
values, mortality rate, FLS cost, drug costs as well as nursing home admission were
obtained from Dutch publications or official website, assuring valid estimations in
our analysis.

Our results are in line with a previous international systematic review [20] of 23
cost-effectiveness analyses of FLS, suggesting the FLS was a cost-effective secondary
fracture prevention strategy although it was implemented in different ways and
settings. Compared to previous studies, our study has several strengths. First,
drug treatment indications in the Netherlands recommended by Dutch guidelines
[10,22] were reflected in our model, which is more consistent with real-life FLS
setting when treating patients with a recent fracture. Second, real-world treatment
scenarios including four types of medications (drug strategies as recommended by
Dutch guideline) were modelled in our study, leading to real-world cost-effectiveness
assessment of FLS rather than a hypothetical estimation. Third, age- and gender-
stratified data were retrieved for most parameters to facilitate the investigation
of differences in cost-effectiveness estimations for patients with different baseline
characteristics. Fourth, most previous studies simply assumed 100% persistence
to anti-osteoporosis medications; we took into account the impact of medication
persistence on treatment effect by incorporating data from literature.

There are however some potential limitations in this study. First, given the lack
of patients data before the implementation of FLS in VieCuri Medical Centre,
we did not have an accurate treatment initiation rate for the no-FLS branch, the
modelled rate of 5% was based on expert opinion. However, we explored the
uncertainty of this parameter in sensitivity analysis, our results were remained.
Second, for patients who suffered subsequent fractures in the simulation, the
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change in treatment strategy (extension or switch) and the corresponding (new)
therapy efficacy and duration were not modelled in our study given the lack of
relevant data and the complexity of modelling. Third, patients entered our model
with a mixture of fracture typle (hip, vertebrae, NHNV), the availability of input
data was insufficient to calculate ICER separately by type of baseline, making it
difficult to compared between groups (e.g., major vs. non-major fractures). Fourth,
the analysis in this study was conducted based on the real-life data from a single
hospital in the Netherlands, the generalizability of our results should be conducted
with caution given the intensity and quality of implementation of FLS vary between
hospitals and countries, potentially leading to different clinical and economic
outcomes. Fifth, some assumptions such as consistent prevalence of osteoporosis
and/or prevalent VF in both branches, consistence treatment efficacy, persistence,
and utility multipliers in female and male patients were made given the lack of
relevant data. Sixth, given the absence of productivity costs in the Netherlands, we
conservatively assumed patients with a fracture had a two-month work absence
at most, however, more complicated scenarios could be found in the real life given
not only disease aspects but also personal characteristics and job factors have an
influence on work ability and further on productivity costs.

CONCLUSION

This study provides the first economic results of FLS in the Netherlands, suggesting
that FLS is cost-effective compared to no-FLS in patients aged 50 years and older
with a recent fracture. The cost-effectiveness of FLS remained in all age categories.
The implementation of FLS could lead to reduced subsequent fracture risk and
lifetime economic benefits.
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ELECTRONIC SUPPLEMENTARY MATERIAL

Appendix I: Osteoporosis-specific checklist - specific items to include when

reporting economic evaluations on osteoporosis

Item Item Recommendation Reported on page no. / line no.
no.
Transition 1 Report the transition probabilities ~ Method section + Table 1
probabilities apd]h(;\./v th.ey weregsftlmtated sk Subtitle: Osteoporosis, clinical or
(including increased fracture risk) prevalent vertebral fracture, fracture risk
Excess mortality 2 Describe approaches and data Method section + Table 1
after fractures sources used for the excess Subtitle: Mortality
mortality after fractures
Fractures costs 3 Describe approaches and data Method section + Table 1
sources used for fractures costs Subtitle: Fracture cost
Fractures effects 4 Describe approaches and data Method section + Table 1
on utility sources used fc?r_ the effects of Subtitle: Utility values
fractures on utility
Treatment effect 5 Describe fully the methods used Method section + Table 1
during treatment for the 1.dent1f1'ca.tlon, seleFtlon, and Subtitle: Treatment effects and costs
synthesis of clinical effectiveness
data (per fracture site)
Treatment 6 Describe fully the methods used Method section
effeCt after . fo,r the t,reatmem effect after Subtitle: Treatment effects and costs
discontinuation discontinuation
Medication 7 Describe approaches and data Method section + Table 1
adherence sources _used for modeling Subtitle: Treatment effects and costs
medication adherence
Treatment costs 8 Describe approaches and data Method section + Table 1
sources used for therapy costs Subtitle: Treatment effects and costs
Treatment side 9 Describe approaches and data Method section + Table 1

effects

sources used for costs and utilities
effects of adverse events

Subtitle: Treatment effects and costs
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Appendix II: CHEERS 2022 checklist—Items to include when reporting economic
evaluations of health interventions

Section/item Item Guidance for reporting Reported in section
No.

Title

Title 1 Identify the study as an economic evaluation Title section
and specify the interventions being compared.

Abstract

Abstract 2 Provide a structured summary that highlights ~ Abstract section
context, key methods, results, and alternative
analyses.

Introduction

Background and 3 Give the context for the study, the study Introduction section

objectives question, and its practical relevance for
decision making in policy or practice.

Methods

Health economic 4 Indicate whether a health economic analysis NA

analysis plan plan was developed and where available.

Study population 5 Describe characteristics of the study Method section
population (such as age range, demographics, ~ Subtitle: Population
socioeconomic, or clinical characteristics).

Setting and location 6 Provide relevant contextual information that Introduction and method
may influence findings. section

Subtitle: Model structure
and treatment pathways

Comparators 7 Describe the interventions or strategies being ~ Method section
compared and why chosen.

Perspective 8 State the perspective(s) adopted by the study Introduction and method
and why chosen. section

Time horizon 9 State the time horizon for the study and why Introduction and method
appropriate. section

Discount rate 10 Report the discount rate(s) and reason chosen. Method section

Subtitle: Model structure
and treatment pathways

Selection of outcomes 11 Describe what outcomes were used as the Method section
measure(s) of benefit(s) and harm(s). Subtitle: Model structure

and treatment pathways
Analyses and outcomes

Measurement of 12 Describe how outcomes used to capture Method section

outcomes benefit(s) and harm(s) were measured. Subtitle: Analyses and

outcomes

Valuation of outcomes 13 Describe the population and methods used to Method section
measure and value outcomes. Subtitle: Analyses and

outcomes

Measurement and 14 Describe how costs were valued. Method section

valuation of resources
and costs
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(continued)
Section/item Item Guidance for reporting Reported in section
No.
Currency, price date, 15 Report the dates of the estimated resource Method section and
and conversion quantities and unit costs, plus the currency and Table 1
year of conversion. Subtitle: Fracture cost
Treatment effects and
costs
Rationale and 16 If modeling is used, describe in detail and why =~ Method section and
description of model used. Report if the model is publicly available Figure 1,2
and where it can be accessed.
Analytics and 17 Describe any methods for analysing Method section
assumptions or statistically transforming data, any Subtitle: Osteoporosis,
extrapolation methods, and approaches for prevalent vertebral
validating any model used. fracture, fracture risk
Mortality
Utility values
Treatment effects and
costs
Characterising 18 Describe any methods used for estimating how Method section
heterogeneity the results of the study vary for subgroups. Subtitle: Analyses and
outcomes
Characterising 19 Describe how impacts are distributed across NA
distributional effects different individuals or adjustments made to
reflect priority populations.
Characterising 20 Describe methods to characterise any sources ~ Method section
uncertainty of uncertainty in the analysis. Subtitle: Analyses and
outcomes
Approach to 21 Describe any approaches to engage patients NA
engagement with or service recipients, the general public,
patients and others communities, or stakeholders (such as
affected by the study clinicians or payers) in the design of the study.
Results
Study parameters 22 Report all analytic inputs (such as values, Method section and
ranges, references) including uncertainty or Table 1
distributional assumptions.
Summary of main 23 Report the mean values for the main Results section and
results categories of costs and outcomes of interest Table 2, 3
and summarise them in the most appropriate
overall measure.
Effect of uncertainty 24 Describe how uncertainty about analytic Results section and
judgments, inputs, or projections affect Table 4, Figure 3, 4
findings. Report the effect of choice of discount  Appendix III
rate and time horizon, if applicable.
Effect of engagement 25 Report on any difference patient/service NA
with patients and recipient, general public, community, or
others affected by the stakeholder involvement made to the approach
study or findings of the study
Discussion
Study findings, 26 Report key findings, limitations, ethical or Discussion section

limitations,
generalizability, and
current knowledge

Other relevant information

equity considerations not captured, and how
these could affect patients, policy, or practice.
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(continued)
Section/item Item Guidance for reporting Reported in section
No.
Source of funding 27 Describe how the study was funded and any Source of funding
role of the funder in the identification, design, section
conduct, and reporting of the analysis
Conflicts of interest 28 Report authors conflicts of interest according to Conflicts of interest

journal or International Committee of Medical
Journal Editors requirements.

section

NA not applicable
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Appendix III: Results displayed by the cost-effectiveness plane

(a) patients at 50 years (b) patients at 60 years

(c) patients at 70 years (d) patients at 80 years

Figure 1 Cost-effectiveness plane of FLS versus no-FLS in patients at different age categories

(a) women (b) men

Figure 2 Cost-effectiveness plane of FLS versus no-FLS in patients at different genders
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Osteoporosis, (bone) fractures and metabolic bone diseases are associated with
significant morbidity, reduction in health-related quality of life, excess mortality as
well as considerable healthcare expenditures, representing therefore an important
public heath challenge. A prior fracture is a well-documented major risk factor for
subsequent fractures. Pharmacological treatments including anabolic and anti-
resorptives agents as well as sequential therapy have proven efficacy in reducing
increased fracture risk. Despite the wide availability of these pharmacologic
interventions, a substantial proportion of patients with osteoporosis or at high
risk of (recurrent) fractures remain underdiagnosed and/or undertreated, leading
to substantial treatment gap. Poor adherence and persistence to osteoporotic
medication remains a major problem increasing the treatment gap. In further
response to this treatment gap, post-fracture care program such as fracture
liaison service (FLS), is nowadays widely advocated as the most appropriate and
effective approach for secondary fracture prevention in persons aged 50 years and
older with a recent bone fracture. Recently, with the international endorsement
by scientific societies, an increasing number of FLSs have been implemented
throughout the world. Several questions remain concerning the effect of the FLS
on various outcomes. Correspondingly, studies were conducted to investigate the
effectiveness and cost-effectiveness of anti-osteoporosis medications as well as the
implementation of an FLS in country-specific hospital settings.

PartI of this dissertation focused on economic evaluations in both women and men
with osteoporosis, on factors involved in adherence or persistence to medication
and behaviours; and on understanding the complexities of the communication of
fracture risk to an individual.

Part I contains three chapters. In Chapter 2, we conducted a systematic review
to update information on cost-effectiveness of drugs in women with osteoporosis
and critically appraised the quality of included economic evaluations using an
osteoporosis-specific guideline. In this chapter, 27 studies published between 1
July, 2013 and 31 December, 2019 were included, representing the perspective
of 15 countries and evaluating 12 different active drugs. Compared to traditional
oral bisphosphonates, newer interventions (denosumab, zoledronic acid, gastro-
resistant risedronate, and teriparatide) were generally cost-effective or even
dominant (better health outcome for lower costs) in women aged 50 years and older
with osteoporosis. Sequential therapy (anabolic first followed by an antiresorptive)
opposed to monotherapy (such as oral alendronate) as initial treatment in
postmenopausal women indicated extra health benefits (larger gains in quality-
adjusted life years), and potential cost-effectiveness in very high risk population
although the cost-effectiveness of sequential therapy depends on acquisition costs
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of anabolic agents even when accounting for low costs of bisphosponates that were
out of patent. In terms of study quality, the average score for quality assessment
was 17 out of 25 (range 2-15). Items such as ‘an additional effect on costs and/
or utility after multiple fractures’, ‘adverse events’ as well as ‘proportion of excess
mortality attributed to the fracture’ were frequently unreported and room for
improvement was observed for most studies which could potentially be explained
by the fact that most studies were published prior to the osteoporosis-specific
guideline. We concluded that newer interventions were generally cost-effective
or even dominant when compared to oral bisphosphonates. Greater adherence to
guideline recommendations (in particular the ESCEO-IOF guideline) was expected
for future studies.

In Chapter 3, a systematic review was conducted to summarize information on
the cost-effectiveness of treating men with osteoporosis, to compare the cost-
effectiveness results between men and women, and to critically appraise study
quality including inspection the source of model input data. In this chapter, a total
of 25 studies published between 1 January, 2000 and 30 June, 2022 were included.
These studies were classified into economic evaluations of active anti-osteoporosis
drugs (n=8) or nutrition supplements (n=4), medication intervention thresholds
(n=5), screening strategies (n=6), and post-fracture care programs (n=2). Most
studies were conducted in European countries, followed by North America.
Bisphosphonates and nutrition supplements were shown to be generally cost-
effective compared to no treatment in men aged over 60 years with osteoporosis
or prior fractures. Two studies suggested that denosumab was cost-effective in
men aged 75 years and older with osteoporosis compared to bisphosphates and
teriparatide. Intervention thresholds at which bisphosphonates were found to be
cost-effective varied among studies focusing on men with a 10-year probability
of a major osteoporotic fracture ranging from 8.9% to 34.2% for different age
categories. A few studies suggested cost-effectiveness of screening strategies and
post-fracture care programs in men aged 65 years and older with osteoporosis or
a recent fracture. Similar findings regarding the cost-effectiveness of drugs and
intervention thresholds in women and men were captured, with slightly greater
ICERs in men. The quality of the studies included had an average score of 18.8 out of
25 (range 13-23.5). Hip fracture incidence and mortality risk were mainly derived
from studies in men, while fracture cost, treatment efficacy, and disutility were
commonly derived from studies in women or studies combining both sexes. We
concluded that medicines and nutrition supplements are generally cost-effective
in men over 60 years of age with osteoporosis or prior fractures, reimbursement
for these active drugs should be considered as part of the standard of care. Similar
findings regarding the cost-effectiveness of interventions in women and men
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with osteoporosis were captured, fracture risk reduction should therefore be the
primary consideration in the treatment for osteoporosis irrespective of sex.

In Chapter 4, we conducted a scoping review to study the current status of patient
adherence to osteoporosis medications, the determinants and consequences of
non-adherence as well as the complexities of fracture risk communication. Low
adherence to osteoporotic medications is well recognized by published studies,
leading to increased risk of fractures and representing a substantial clinical and
economic burden. Studies reported that multiple factors were identified for non-
adherence, including patient-related factors such as older age and misconceptions
about osteoporosis, therapy-related factors such as higher dosing frequency
and medication side effects. Besides, patient perceptions and preferences for
osteoporosis medications were also shown to impact adherence behavior
including persistence. Interventions including patient education, drug regimen
implementation, monitoring and supervision, interdisciplinary collaboration,
and shared decision-making were common initiatives to facilitate interaction/
communication between patients and doctors, to help patients improve health
literacy related to osteoporosis or fracture, and to further improve the medication
adherence. To quantify individuals’ fracture risk, several risk algorithms have been
developed, the majority of guidelines internationally use FRAX® as the measure
of fracture risk over 10 years. Developing online tools to convert output of those
fracture risk algorithms into friendly and visual presentation could facilitate
professionals communicating with patients about fracture risk. Using available and
effective educational materials in daily practice to communicate in a highly efficient
manner about risk could be an important step in enhancing patient education, self-
management of the disease, acceptance of treatment and, ultimately, adherence to
treatment. We concluded that patient understanding of risk of fracture should be
confirmed by making sure that patients feel free to ask questions and express their
concerns. This will contribute to an optimal patient-centered approach. Visual
aids could help patients understand their fracture risk and further improve their
adherence to medication.

Part II of this dissertation focuses on clinical and economic outcomes of FLS. Five
chapters were contained in Part II. In Chapter 5, we summarized the current
evidence by conducting a systematic review and meta-analysis to investigate the
impact of FLS on subsequent fractures and mortality. A total of 16 studies published
between January 1, 2010, and April 30, 2020 and comparing FLS to no-FLS were
included. Twelve studies compared outcomes before (pre-FLS) and after (post-
FLS) FLS implementation, two studies compared outcomes between hospitals
with and without FLS, and two other studies performed both comparisons. The

318



SUMMARY

meta-analysis suggested that the FLS care was associated with a significantly lower
probability of subsequent fractures (odds ratio: 0.70, 95% CI: 0.52-0.93, P=0.01).
The reduction was even larger (odds ratio: 0.57, 95% CI: 0.34-0.94, P=0.03) in
studies with relatively longer follow-up (>2 years). Overall, no significant difference
in mortality was observed (odds ratio: 0.73, 95% CI: 0.49-1.09, P=0.12), however,
a significantly lower probability of mortality was identified in the six pre-post
FLS comparisons (odds ratio: 0.65, 95% CI: 0.44-0.95, P=0.03). No difference was
further observed in mortality stratified by follow-up time. The average score for
quality assessment using self-designed tool (by combining and modifying criteria
of existing quality assessment tools, i.e. ROBINS-I, Newcastle-Ottawa scale, and
NIH tool) was 5.4 out of 10 (range 3-8.5). Only 50% of studies fulfilled more than
half of the criteria. We concluded that FLS is associated with a significantly lower
probability of subsequent fractures and mortality although the latter was only found
in studies comparing outcomes before and after the introduction of an FLS. Some
important methodological issues were unmet in the currently available studies,
the most important one was all eligible patients (not only attenders) should be
included in the FLS group and all analyses, otherwise the results would be biased
(these studies were regarded as very high selection bias and were excluded from
the main meta-analysis in our study, i.e. only tested in sensitivity analysis).

In Chapter 6, we assessed the 3-year health state utility value (HSUV) (as measured
by EQ-5D-5L and SF-6D) in patients with a recent fracture presenting at an FLS
after a mean of 3.5 months (SD: 1.0) post-fracture, and explored factors associated
with HSUV. We found that the EQ-5D HSUV in patients aged 50 years and older
presenting the FLS because of a recent fracture did not change significantly over 3
years following their first visit (P=0.52), although slightly but significantly higher
HSUV was captured at 6 months (mean difference: 0.015, P=0.02) and 12 months
(mean difference: 0.018, P=0.01). There was no significant difference in the course
of EQ-5D HSUV across fracture locations (P=0.86). A significant increase in HSUV
was only captured for patients had shorter time period (<107 days) between FLS
visitand their index fracture, indicating the recovery from the fracture in this group.
Sustaining a subsequent fracture was associated with significant loss of health
utility (mean difference: -0.078, P<0.001). Subsequent fracture, previous treatment
with anti-osteoporosis medication, a prevalent vertebral fracture (grade 2 or 3),
use of a walking aid, previous falls, and higher BMI were negatively associated with
mean EQ-5D HSUV over 3 years. We concluded that the 3-year change in HSUV was
not statistically significant, although significant improvements were observed at 6
and 12 months post-fracture in comparison with baseline.
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In Chapter 7, we compared the psychometric properties (construct validity,
known-group validity, and responsiveness/longitudinal validity) of EQ-5D-5L
and SF-6D to assess the interchangeability of both instruments in patients with
a recent fracture presenting at an FLS. Moderate agreement between the (UK and
Dutch) EQ-5D-5L and SF-6D was identified with intra-class correlation coefficients
of 0.625 and 0.654, respectively. Bland-Altman plots revealed proportional bias, as
the differences in utilities between two instruments were highly dependent on the
health states. Notwithstanding, high correlation between instruments was found
(UK: rho=0.758; Dutch: rho=0.763). EQ-5D-5L and SF-6D utilities showed high
correlation with physical component but low correlation with mental component
score of SF-36. Both instruments showed moderate discrimination (effect size
(ES)>0.5) for subgroup by baseline fracture type, and moderate responsiveness
(0.5<standardized response mean (SRM)<0.8) in patients that sustained a
subsequent fracture. We concluded that both EQ-5D-5L and SF-6D appeared to be
valid utility instruments in patients with fractures attending the FLS. Construct
validity and responsiveness (change after recurrent fracture) were comparable.
However, these two instruments cannot be used interchangeably given only
moderate agreement and differences in utilities and ceiling effect were revealed. Of
note, trial discrimination could not be tested.

In Chapter 8, weassessed the potentialeconomicbenefits ofthe FLS from the Chinese
healthcare perspective with a lifetime horizon using a Markov microsimulation
model. We found when compared with no-FLS, that FLS was dominant (lower costs,
higher QALYs) in China at the FLS cost of $200 per patient. The FLS was however
not cost-effective in patients aged 80 years and older. We concluded that FLS care
could potentially lead to lifetime cost-saving in patients who have experienced a
fracture in China. More future research incorporating Chinese-specific real-world
data are needed to confirm the results of our study and to better evaluate the cost-
effectiveness of FLS in China.

In Chapter 9, we assessed the cost-effectiveness of FLS in patients with a recent
fracture from the Dutch societal perspective using real-life data. We found that for
patients with a recent fracture aged 50 years and older, the availability of an FLS
was associated with a €45 higher cost and 0.11 additional QALY gained leading
to an ICER of €409 per QALY gained, indicating FLS was cost-effective compared
to no-FLS at the Dutch threshold of €20,000/QALY. For every 1,000 patients
attending the FLS, 53 subsequent fractures were avoided during their lifetime. For
patients at the ages of 50, 60, 70 and 80 years, FLS was consistently cost-effective;
patients aged 80 years resulted in slightly greater QALY gained compared to
younger groups. Our results were robust in all one-way sensitivity analyses. At a
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threshold of €20,000 per QALY gained, FLS was cost-effective compared to no-FLS
in 90% of the simulations. This study provides the first economic results of FLS
in the Netherlands. We concluded that the availability of an FLS is cost-effective
compared to no-FLS in patients with a recent fracture aged 50 years and older in
the Netherlands. The implementation of FLS could lead to lifetime health-economic
benefits.
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Given the increasing burden of osteoporosis and fractures, the wide implementation
of fracture liaison services (FLSs) for secondary fracture prevention and the
importance of economic evaluations when prioritizing health interventions and
informing decision-making, the aim of this dissertation was to study the cost-
effectiveness of osteoporosis management as well as to explore the clinical and
economic effectiveness of FLS.

Thisdissertation consists oftwo parts.Inthe first part (Chapters 2-4) we performed a
systematic review of cost-effectiveness analyses of drugs for osteoporosis (Chapter
2), provided an overview of cost-effectiveness of treating men with osteoporosis
(Chapter 3), and summarized evidence on effective tools for communicating risk
of fracture (Chapter 4). The second part (Chapters 5-9) addressed the clinical and
economic outcomes of FLS care in the Netherlands and China. We evaluated the
impact of FLS on subsequent fractures and mortality (Chapter 5), explored the
health-related quality of life (HRQoL) using longitudinal data and compared the
psychometric properties of EQ-5D-5L and SF-6D to assess the interchangeability
of these two instruments in patients with a recent fracture presenting at an FLS in
Chapters 6 and 7, and assessed the cost-effectiveness of FLS in mainland China and
the Netherlands in Chapters 8 and 9.

In this chapter, we first discuss methodological aspects of this dissertation; we
then summarize key points/messages and implications for clinical practice and
research, and finally provide future perspectives regarding osteoporosis and
fracture prevention.

METHODOLOGICAL CONSIDERATIONS

Reviewing the literature

Four chapters (Chapters 2, 3, 4, 5) of this dissertation concern a review of literature
published in peer-reviewed journals. Two systematic narrative reviews (Chapters
2, 3) were performed to summarize information on the cost-effectiveness
of treating women or men with osteoporosis respectively. A scoping review
(Chapter 4) was conducted to investigate medication adherence for osteoporosis
and communication strategies regarding risk of fracture. Finally, a systematic
review with meta-analysis was performed to capture the effectiveness of FLS on
subsequent fracture and mortality (Chapter 5).

Different reviews focus on different aspects in evidence collection and
interpretation. A systematic narrative review is usually conducted to provide
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a descriptive and qualitative summary of available evidence mainly from peer-
reviewed publications and to evaluate the quality of studies; a scoping review
with the purpose of scoping a body of literature to identify knowledge gaps. By
contrast, a quantitative systematic literature review or meta-analysis aims to
synthesize data across included studies quantitatively and thus provides estimates
of the magnitude of effects. In this dissertation, a meta-analysis (Chapter 5) was
performed to evaluate the magnitude of effects of the FLS on subsequent fracture
and mortality, however, we found it difficult to conduct a meaningful meta-analysis
for economic evaluations given the main limitation of heterogeneity in populations,
intervention details as well as outcomes, therefore only qualitative systematic
reviews were conducted in Chapter 2 and 3. We also found several published
studies [1,2] have explored the possibilities and methods of performing meta-
analyses of economic evaluation studies [3], it remains challenging as reported for
two main reasons. First, economic evaluations are heterogeneous, which can be
caused by model type, model structure, population, willingness to pay, perspective,
time horizon, and discount rate [2]. Second, the health economic evaluations are
context-specific, usually conducted in individual country settings, causing model
input data differ greatly between countries (i.e. transferability between regions/
countries). Besides, the Cochrane handbook for Systematic Reviews of Interventions
as well as a recent working group of ISPOR also indicated that there are no agreed
methods for pooling estimates of cost-effectiveness (synthesizing ICERs) [4].
Improving the quality, transparency and transferability of economic evaluations
across jurisdictions could be helpful to synthesize health economic data.

For economic evaluations, several reporting guidelines have been developed to
assess the quality underlying studies of systematic reviews. Currently, checklists
such as CHEERS/CHEERS 2022 statement, defining the minimum amount of
information required, are commonly used to conduct the quality assessment.
However, CHEERS has been used inappropriately as indicated by CHEERS 2022 [5],
i.e. CHEERS is nota quality appraisal tool, buta tool to help reporting and potentially
to assess the quality reporting (but poor reporting does not mean poor quality).
In addition, guidelines for economic evaluation often lack disease specificities,
therefore disease-specific checklists are important to be developed and applied to
assess whether methodological standards were fully met in economic evaluation
studies.

In the field of osteoporosis, an ESCEO-IOF guideline was developed and published
in 2019 which provides guidance for the design, conduct, and reporting of economic
evaluations in osteoporosis to improve their transparency, comparability, and
methodologic standards [6]. This osteoporosis-specific guideline was used in our
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two systematic reviews (Chapters 2, 3) to appraise the quality of included economic
evaluation studies. We found several issues should receive more attention. First, not
all economic analyses have included an increased risk after fracture events within
the model though it has been reported by extensive studies, and the increased risk
was often constrained to a specific fracture site rather than multiple sites, and the
additional effect on costs and/or utility after multiple fractures was also scarcely
included (Chapters 2, 3). The main reason is the lack of relevant data, therefore
future studies would be needed to know the effects of fractures at the same and
different sites on fracture risk as well as costs and utility. Second, excess mortality
caused by vertebral fracture (most papers only included the effect caused by hip
fracture) and to what extent the mortality is attributable to fracture event were
not taken into account by some economic evaluations (Chapters 2, 3). Neglecting
these issues would overestimate patients’ life years as well as the effect of fracture
on mortality. Third, the misuse of model input data in economic evaluations of men
with osteoporosis raised a major issue. As we indicated in our study (Chapter 3)
that in the case of lacking male-specific data such as utility and treatment efficacy,
it might not weaken the analysis to use female data given similarities in women
and men were revealed by research, however, it is important that male-specific
data should be used for several parameters, in particular for fracture incidence,
increased risk after subsequent fractures, excess mortality, and fracture costs
owing to the differences between men and women.

Chapter 4 is the first scoping review summarizing evidence on effective tools for
communicating risk of fracture. All studies identified in this review agreed that
communication of risk is an essential component in the care of patients, however
the implementation in clinical practice remains inadequate even though most
clinicians may feel that shared decision making is already standard in their practice.
We found the common method for communicating risk of fracture in clinical practice
is sending patients an individualized letter, after a DXA test, with information
about the risk of fracture and educational material about osteoporosis. However,
these information with medical and statistical jargons cannot be well understood
by most patients without extra verbal explanations and are largely neglected. We
identified the ways in which information is presented by clinicians, the ability of
the clinician to modify their language according to the needs of the patient, and the
relationship between clinicians and patients are important issues that should be
taken into account in clinical practice. A growing body of research supports the use
of visual presentation of diagnostic and health risk information as an efficient way
to communicate risk, detailed information about our recommendations for clinical
practice can be found in latter section (key points and implications for clinical
practice).
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A systematic review and meta-analysis was conducted in Chapter 5 to assess
the effect of FLS on subsequent fracture and mortality. Some methodological
considerations were highlighted in our study. First, selection bias during patients’
enrollment was identified in some studies, i.e., only FLS attenders were included in
FLS cohortleading to a comparison between all patients before the implementation
of FLS (or in a hospital without FLS) versus FLS attenders, results could be biased
as we know FLS non-attenders are generally older patients with more severe
fractures, or patients who were hospitalized, ignoring these patients would
overestimate the effect of FLS. Second, very few studies have taken into account the
competing risk of mortality, potentially leading to an overestimation of the fracture
incidence. Third, the immortal time between fracture and FLS visit was ignored by
most studies, resulting in bias in estimation. Fourth, studies included in the meta-
analysis had a relatively short follow-up time, limiting the possibility to capture
the effect of FLS in particular on mortality. Recommendations for these frequently
ignored issues can also be found in latter section (key points and implications for
research).

Health utilities in patients attending the FLS

Two chapters (Chapters 6, 7) of this dissertation explored the health-related
quality of life (HRQoL), one addressing the course of utility over time and the other
the comparative validity of two different measurement instruments, the EQ-5D
and SF-6D. The main methodological issues specifically relevant for findings from
Chapter 6 concern selection bias (relatively healthy patients were included) and
the lack of utility values before and immediately after fracture, as utilities were
only collected following the first visit to the FLS, which was on average 3.5 months
after the fracture. This limits accurate estimation of the evolution/responsiveness
of HSUV related to fractures within and between (groups of) patients. In addition,
the data that were used in both chapters were obtained from a single center from
the Netherlands. Therefore, these findings cannot be generalized and extrapolated
without caution. For the study exploring the interchangeability of different
instruments (Chapter 7), country-specific value set for utilities instruments is not
available in each country, in this case, the UK or the US valuation set is commonly
used, however, populations norms differ greatly between countries, ignoring the
patient perspective might lead to biased estimations. Therefore, applying a value
set of which the population norm is comparable to the target country would be
important.

Economic evaluations of the FLS in different countries

We applied two cost-effectiveness analyses on the health-economic benefits of FLS,
one for China and another for the Netherlands (Chapters 8, 9). Both studies were
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model-based economic evaluation (adapted from a previously validated Markov
microsimulation model) and used a lifetime horizon with cycle length of 6 months.
However, the cost-effectiveness estimation in China was more uncertain given the
lack of country-specific FLS-related data, whereas real-world FLS and fracture-
related data were collected and used in the Dutch model, leading to more precise
and valid estimations. Besides, a healthcare perspective was taken in the Chinese
model while the Dutch model also included a societal perspective was presented
in line with the guideline of conducting economic evaluations in both countries. In
addition, the real-world treatment scenarios and all fracture types (hip, vertebrae,
non-hip non-vertebrae) were included in the Dutch model (Chapter 9), however,
assumptions were made for treatment scenarios in China and only three types
of fracture (hip, vertebrae, wrist) were modeled due to the lack of data (Chapter
8). Moreover, outdated and non-country-specific data were the main issue in the
Chinese model (data from other countries were used for some model parameters).
By contrast, most Dutch data were available and obtained from Dutch official
website or Dutch publications. Both studies posed challenges that often relate to
the absence of relevant data to parameterize the models. More future research
incorporating Chinese-specific real-world data is needed to confirm the results
of our study and to better evaluate the cost-effectiveness of FLS in China. In the
Netherlands, it also remains difficult to assess the cost-effective of FLS because
current data on the natural course of health and costs after a fracture are difficult
to capture and not available; besides, long-term data on fractures, medication
adherence and mortality are not available, and specification was not separately
made for FLS attenders and non-attenders. In addition, it should be noted that
although the FLS was widely implemented in the Netherlands, the comparison
between FLSs is still challenging given that FLSs varied in terms of the key persons
coordinating the FLS (physician, nurse, or other healthcare professional), setting
(hospital, community), intensity (single, multiple), and duration (long or short
term), which lead to further variation in clinical and economic benefits.

KEY POINTS AND IMPLICATIONS FOR CLINICAL
PRACTICE AND RESEARCH

Based on the findings in these chapters, we have summarized key points and
implications for clinical practice and research (Table 1).

Systematic reviews of cost-effectiveness of interventions for osteoporosis

The two systematic reviews of cost-effectiveness of interventions for osteoporosis
in men and women (Chapters 2, 3) suggest that anti-osteoporotic drugs and
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nutrition supplements are generally cost-effective in men and women aged 60 years
and older with prior fractures or with osteoporosis (with slightly higher ICERs in
men). This has important implications when prioritizing health interventions for
patients with osteoporosis, and it seems not necessary to differentiate men and
women in the process of decision-making. The additional health benefits indicated
by sequential therapy (compared to monotherapy) and potential cost-effectiveness
in very high risk population would be useful and insightful for clinical practice.
Future studies adhering to ESCEO-IOF guideline in the design and conduct cost-
effectiveness analysis (CEA) in the field of osteoporosis is recommended. More
attention should be paid on frequently unreported items such as “increased risk
of fractures after fracture”, “excess mortality” and “additional effect on costs/
utility caused by multiple fracture sites”. In addition, male-specific data should be
used especially for fracture incidence, increased risk after subsequent fractures,
excess mortality, and fracture costs in future economic evaluations in men with
osteoporosis.

Medication adherence and fracture risk communication

With regard to medication adherence and fracture risk communication (Chapter
4), it is obvious that low adherence to osteoporosis medication could lead to
increased risk of fractures, representing a substantial clinical and economic burden.
Interventions are needed in clinical practice to make patients understand their
fracture risk and improve the medication adherence. In current clinical practice,
after a DXA test, an individualized letter containing information about the risk of
fracture are usually sent to patients. However, the written content of the letter is
poorly expressed and/or not well understood by the patient given their limited
health literacy. We therefore recommend to use simplified language (e.g., avoidance
of clinical or statistical jargon, use of simple and well-structured sentences).
Numeric data (e.g., frequencies, percentage, probabilities data) should be adapted
to the literacy levels of patients. Besides, pictorial representations of fracture risk
(visual aid) would also be a good way to communicate fracture risk. A previous
study [7] provided preferences of patients for four different visual depictions of
fracture risk (faces array, arrow, bar and stoplight) and indicated bar graphs and
stoplight color systems seem to be the most preferred and understandable visual
methods for communicating information about risk of fracture. faces array is rated
as the most difficult one. In addition, FRAX® as a tool for assessing individuals'risk
of fractures is also found helpful in improving participants’ perception of the risk
of fracture, their desire to change bone health habits and acceptance of treatment.
One study [8] suggested that FRAX® should be integrated into bone densitometry
reporting or incorporated into comprehensive, user-friendly, decision aids.
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With regard to future research, we did not identify any study that looked at whether
there could be any differences between risk communication with patients having
osteoporosis and patients with a prior fracture, as different populations could
potentially differ in their preferences and needs. Therefore it would be interesting
for future studies to explore whether similar or different communication strategies
are required for different populations. Besides, the effect of emerging methods and
tools on fracture risk communication should be investigated. In addition, it would
be of interest to understand cultural differences on the understanding of health
information and fractures risks by investigating patients from different countries/
backgrounds.

Clinical outcomes of FLS

Based on the findings in Chapter 5, FLS care is associated with a significantly lower
subsequent fracture and mortality risk. Therefore, the wide implementation of
FLSs should be supported to increase deployment of FLS for patients. Here below
are some key points for studies when exploring the clinical outcomes of FLS.
First, avoiding selection bias during patients’ enrollment is crucial to guarantee
the comparability of two cohorts, i.e. patients who were unable or not willing to
visit the FLS should be included in the FLS group and in all analyses, according to
the intention-to-treat principle when a FLS population is compared to a non-FLS
population. Second, when analyzing subsequent fracture risk, the competing risk
of mortality should be considered. A competing risk survival regression analysis
should be a standard procedure when analyzing subsequent fracture risk in FLS
research. The method of Fine and Gray [9] is commonly used which deals with
the competing risk of mortality by retaining participants in the risk set with a
diminishing weight when they die, rather than simply censoring them at the time
of death [10]. Third, when comparing FLS versus no FLS care, it is also important to
take into account the immortal time bias. Compared with a situation without FLS,
patients have to be alive to attend the FLS, therefore these patients are essentially
‘immortal’ in the time between fracture and FLS visit. Therefore, the immortal time
between the time of fracture and FLS attendance should be corrected for [11]. In
most cases the study cannot be designed to avoid immortal time bias, however
which can be avoided by acknowledging a change in exposure status using a
time-dependent covariate [12]. Fourth, future studies should consider a follow-
up duration of at least 2 years to adequately capture the effect of FLS on clinical
outcomes. Fifth, to ensure the sufficient statistical power, researchers should
estimate the minimum sample size required when studying the clinical outcomes
of FLS, at least 80% patients should present during follow-up period, and at least
50% invited/eligible patients with a recent fracture are expected to attend the FLS.
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Health utilities in patients attending the FLS

In Chapter 6 we performed a longitudinal study exploring the change of health-
related quality of life (HRQoL) in patients with a recent fracture presenting at an
FLS for the first time. No significant change in health state utility value (HSUV) was
captured over 3 years. The primary potential reason is the lack of patients’ utility
values immediately after fracture and the inclusion of relatively healthy patients.
Therefore for studies investigating the long-term effect of FLS on patients’ quality
of life, it is important to gain their HSUV immediately after fracture, otherwise it
is difficult to conclude the improvement in HRQoL is attributable to the natural
healing process of fracture or the effect of FLS. However, it might be challenging for
FLS clinic to timely identified and invited patients with a recent fracture, this raises
another consideration, i.e. implementing a clear and efficient fracture pathway in
digital hospital systems is essential for case-finding and FLS invitation, further
minimizing the time gap between fracture and FLS visit. In addition, selection bias
should be avoided during patients’ enrollment, reaching patients with more severe
fractures, older patients, or patients who were hospitalized to collect their QoL
data is challenging but still doable.

In Chapter 7, although our study indicated both EQ-5D and SF-6D appeared to
be valid utility instruments in patients with fractures attending the FLS, the
differences in HSUV should be interpreted with caution. For clinical practice/
research, the selection of instrument should be based on the research question
and the time dimension. We found EQ-5D HSUV is more sensitive to physical
health however SF-6D to mental health, therefore if the researchers focus more on
patients’ functional status (recovery) attending the FLS, the EQ-5D questionnaire
might be more appropriate to use. The SF-36 seems more useful to evaluate the
mental and emotional component of health. In addition, EQ-5D uses “today” as the
recall period while the SF-36 used the recent 4 weeks, researchers should choose
the appropriate instrument which is aligned to their targeted time dimension.

Economic evaluations of the FLS

Two model-based economic evaluations (Chapters 8, 9) suggested the cost-effective
of FLS care in both China and the Netherlands. It could be a positive signal for
Chinese to introduce and implement FLSs in China. For clinical practice, building
an FLS team with members from different fields of expertise (rheumatologists,
endocrinologists, geriatricians) coordinated by a FLS nurse, could be astarting point.
Besides, IOF has developed a Mentorship program to enable the implementation of
the Post-Fracture Care (PFC) coordination programs (such as FLSs) by connecting
experienced PFC program champions with any institutions willing to establish a
new PFC program. The mentorship program is also beneficial for China to learn
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some experience of setting up FLSs from countries with similar healthcare system.
Knowledge gap (whether FLS is cost-effective in China) should be closed by future
studies based on real-life data. We recommend future studies collect FLS-related
real-life data, including FLS attendance rate, FLS costs, treatment scenarios,
initiation of treatment, and adherence in FLS. In addition, country-specific detailed
epidemiology related to osteoporosis/bone fracture such as gender- and age-
specific osteoporosis prevalence, incidence of fracture and healthcare costs of
osteoporotic fractures are also important to perform a high-quality economic
evaluation, which is also necessary to formulation projections and assist policy
development.

In the Netherlands, although patients attending FLS were evaluated, treated and
followed in high compliance with the IOF standards and associated with clinical
and economic benefits, these positive initiatives need to be reinforced. First, given
attendance and treatment initiation are two important factors for the success of
FLS, ensuring there is a clear and open pathway for FLS invitation is important.
Besides, a better coordination between secondary care health professionals and
primary care physicians could attribute to a better long-term adherence to anti-
osteoporosis medication. Adequate reimbursement might improve FLS attendance
rates including the use of Dual-energy X-ray absorptiometry (DXA) with vertebral
fracture assessment (VFA) in patients with a recent fracture. Second, the Best
Practice Framework (BPF) and eleven patient-level key performance indicator
(KPIs) developed by the International Osteoporosis Foundation (IOF) could serve
as guidelines in the design of adequate FLS and improving the quality of existing
services. Our study also provides information for the development of future
economic evaluations of FLSs given the wide implementation in the Netherlands.
In addition, studies reporting on long-term follow-up of FLS outcomes such as
medication adherence, subsequent fractures and mortality are anticipated.

FUTURE PERSPECTIVES

Osteoporosis/fracture prevention management

Osteoporosis remains largely underdiagnosed and undertreated, poor medication
intake and adherence is especially marked in high-risk patients [13]. Considering
the escalating health and financial burden caused by fractures in the context of the
ageing population, it is important to reinforce osteoporosis and fracture prevention
strategies despite several initiatives that are already in place. Investigation of
reasons behind underdiagnosis and undertreatment as well as poor medication
adherence is the first step to come up with targeted solutions. For example, in some
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countries, DXA assessment is not covered by health care insurance, resulting in
substantial out-of-pocket costs, financial incentives might be helpful to get more
patients diagnosed (e.g. incorporating osteoporosis screening into standard
annual elderly health check). Besides, osteoporosis as a silent disease is often
overlooked, increasing awareness of osteoporosis and fractures in both lay and
healthcare spheres via education/training program and effectively communicating
patients’ risk of fracture via simplified language (adapted to the literacy levels of
patients) and/or decision aids (e.g. bar graphs and stoplight color systems) could
get more patients treated. In addition, better coordination between primary care
physicians, secondary care health professionals and pharmacists is helpful in
monitoring adherence to therapy. Moreover, although the clinical and economic
benefits of anti-osteoporosis were revealed by extensive studies, the proper
management of patients with osteoporosis is still ongoing, clinicians must know
not only how to select the best available therapy in each clinical situation, but also
how to discontinue or change treatment at a certain point in the evolution of the
disease. Furthermore, discrepancies between national (updated) guidelines for
osteoporosis and fracture prevention and how they were enforced by healthcare
professionals were well recognized, proper implementation of guidelines should
be improved in clinical practice.

Optimization of FLS implementation

Despite the recognized benefits of FLS in reducing the risk of fractures, FLS
implementation could be optimized. First, in most FLS settings, patients were
identified and invited from the emergency department (ED) because of a recent
fracture. However, not all patients were properly registered in ED, which led to
suboptimal case finding (hence lower screening and treatment rates). Therefore
implementing a clear and efficient fracture pathway in digital hospital systems
could get more patients identified and invited. Second, poor attendance rates have
been recognized as a huge problem in most FLS clinics. It is therefore important to
explore the reasons and develop tailored solutions. For example, some patients are
relatively elderly with major fractures and cannot physically visit the FLS, home visit
might be an option to provide proper therapy. Third, although specialist nurses and
nurse practitioners are central to the activities of FLS in most hospitals, reinforcing
the collaboration between healthcare professionals is important to optimize long-
term adherence. Fourth, the lack of human resources was highlighted in FLS clinic
[13] (leading to the low detection rates of osteoporosis), financial incentives could
be supportive to improve the efficiency of the FLS care.

Research exploring clinical and economic outcomes of the medication/FLS
For research exploring the clinical outcomes of the FLS, several frequently
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neglected methodological issues such as a design with comparison of total pre-
and post FLS (not attenders versus non-attenders), competing risk of mortality,
immortal time bias as well as longer follow-up period should be taken into
account. With regard to economic evaluations of anti-osteoporosis medication/
FLS, future studies adhering to ESCEO-IOF guideline is recommended. Frequently
unreported items such as “increased risk of fractures after fracture”, “excess
mortality” and “additional effect on costs/utility caused by multiple fracture sites”
should be included in the economic model; in the case of lacking relevant national
data, estimations from systematic review, meta-analysis, or other jurisdictions
with similar population characteristics could be used. Besides, more studies are
anticipated to be conducted in male population given the lacking evidence, and
male-specific data in particular fracture incidence, increased risk after subsequent
fractures, excess mortality, and fracture costs should be used in future economic
evaluations in men with osteoporosis. In addition, real-world FLS-related data such
as treatment initiation and scenarios, FLS attendance and costs are important to
assess real-life cost-effectiveness of FLS.
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IMPACT OF THE DISSERTATION

This dissertation contributes to optimize osteoporosis (bone fracture) management
and in particular the knowledge on clinical effectiveness and economic value
of the fracture liaison service (FLS). An important strategy to optimize fracture
prevention is to ensure that patients at highest risk of (subsequent) fractures are
timely diagnosed and treated. That is the main focus of FLS care, which is nowadays
widely advocated as the most appropriate and effective approach for secondary
fracture prevention, including patient identification, education, risk evaluation,
treatment, and long-term monitoring. This chapter reflects on the impact of the
research described in this dissertation on clinical practice, science, and society.

Clinical practice

The findings of this dissertation provide useful information for clinical practice.
With regard to osteoporosis (bone fracture) management, our studies reveal that
anti-osteoporosis drugs are generally cost-effective in men and women aged 60
years and older with prior fractures or with osteoporosis, patients can gain not
only clinical benefits (prevent fractures) but also economic benefits. Besides,
the additional health benefits indicated by sequential therapy (compared to
monotherapy) and potential cost-effectiveness in very high risk population
provides more options for clinical practice since it is important for clinician to
know how to discontinue or change treatment at a certain point in the evolution
of the disease to maintain the efficacy of prior therapy. In addition, exploring the
reasons behind poor medication adherence and making patients understand their
fracture risk is crucial for osteoporosis management. We found the awareness of
osteoporosis in both patients and healthcare professionals is low, contributing to
missed opportunities to prevent future fractures. To communicate patients’ fracture
risk, the written content of the letter (e.g. using clinical or statistical jargon) from
the healthcare professionals is poorly expressed and/or not well understood by
the patient given their limited health literacy. Using simplified plain language in
the combination of online tools to convert the probability of fracture into patient-
friendly visual presentations (e.g. bar graphs or stoplight color systems) could
facilitate communication between healthcare professionals and patients. An
optimal patient-centered approach by making sure that patients feel free to ask
questions and express their concerns could also be helpful.

Regarding post fracture care program such as the fracture liaison service (FLS),
on the one hand, we indicated wide implementation in clinical practice should be
encouraged as FLS is associated with reduced subsequent fracture rate as well
as economic benefits in patients with a recent fracture. On the other hand, the
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intensity and quality of the FLS seem important to determine the success of the
FLS implementation, therefore positive initiatives should be reinforced in clinical
practice. For example, implementing a clear and efficient fracture pathway in digital
hospital systems is important for case finding; understanding the reasons behind
non-attendance and tailored care could be helpful to increase the attendance
rate and get more patients treated; setting up the collaboration between primary
care physicians, secondary care health professionals and pharmacists could
monitor adherence to therapy; using online tools and resources provided by the
International Osteoporosis Foundation could also optimize the national clinical
management of FLS.

Science (research)

Withregard to scientificimpact, several studiesin this dissertation fill the knowledge
gap and contribute to science in the field of osteoporosis (bone fracture). First, two
systematic reviews (Chapters 2,3) were conducted and provided an overview of
cost-effectiveness of interventions for osteoporosis in men and women separately
and issues regarding the study quality were reported. Given the increasing role
of economic evaluation in informing decision-making about resource allocation,
the research results would be relevant/interesting for reimbursement process,
suggesting anti-osteoporosis medications are a good way of allocating resources.
Besides, we marked the knowledge gap in economic evaluation in men with
osteoporosis, the most frequently unreported criteria as well as the inappropriate
use of model input data (especially in male studies) would be helpful for future
researchers to close the knowledge gap and to improve the transparency and quality
of the economic evaluation in the field of osteoporosis. Second, a scoping review
(Chapter 4) was conducted to explore the current status of medication adherence,
the reasons of non-adherence as well as strategies for fracture risk communication.
The information would contribute to optimize osteoporosis management in
clinical practice and address the importance of awareness of osteoporosis in
both lay and healthcare spheres. Effective communication and shared decision
making could increasingly put into practice. Third, a systematic review and meta-
analysis (Chapter 5) was performed to investigate the impact of FLS on subsequent
fracture and mortality rate. Although this is not the first study exploring the clinical
effectiveness of FLS, our study was conducted with strict inclusion criteria and
highlighted the frequently neglected methodological issues (such as comparability
of two cohorts, competing risk of mortality, immortal time bias, and longer follow-
up period). Our recommendations would be useful for future research to improve
study quality and obtain valid estimation of clinical effectiveness of FLS. Fourth,
another two studies (Chapters 6,7) placed the first study exploring health-related
quality of life and the interchangeability instruments in patients with a recent
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fracture presenting at an FLS. We highlighted the importance of avoiding selection
bias in the stage of study design and noticing the differences in utilities by different
instruments given healthcare decisions could be compromised when researchers
or decision-makers are not aware of potential differences in utilities. Fifth, two
model-based economic evaluations (Chapters 8,9) suggested the cost-effectiveness
of FLS, provided positive signal to widely implement FLS and highlighted the
necessity of reinforcing positive initiatives to improve the quality of FLS. These
information would be useful for informing policy/regulatory/financial incentives
and optimizing the implementation of FLS in real-life settings.

Society

Osteoporosis and bone fractures are a major concern for public health and are
associated with substantial and escalating health and financial burden given
the aging population. However, osteoporosis as a silent disease remains largely
underdiagnosed and undertreated, poor treatment initiation and adherence
is especially marked in high-risk patients. In the face of these challenges, this
dissertation has important societal impact as it is directed to the management
of patients with osteoporosis and bone fractures as well as the optimization of
post-fracture care program. More specifically, it has impact on practical and policy
implications to reduce healthcare and economic burden in the society.

This dissertation suggests anti-osteoporosis medications are a good way of
allocating resources and the FLS is associated with clinical and economic benefits.
It also highlights the necessity of increasing awareness of osteoporosis in both lay
and healthcare spheres, the importance of effective communication (using patient-
centered approach) to make patients understand their fracture risk and better
adhere to therapy, and the benefits of widely implementing FLSs and optimizing
the quality of the FLSs. These information provided by this dissertation would be
useful for decision makers (can be payers, politicians, clinicians or other member
of decision-making boards) in the healthcare setting to introduce some positive
initiativesin clinical practice to identify more patients atrisk of fracture and get more
patients treated and adhered to therapy, to stimulate policy or financial incentives
to support and optimize the osteoporosis management and FLS implementation,
and finally in turn to lower the fracture risk and reduce the burden clinically and
financially.
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