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Abstract

Summary This study assessed the lifetime cost-effectiveness of a fracture liaison service (FLS) compared to no-FLS in the
Netherlands from a societal perspective and suggested that FLS was cost-effective in patients with a recent fracture aged
50 years and older. The implementation of FLS could lead to lifetime health-economic benefits.

Introduction 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 osteo-
porosis 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 - Fracture liaison services - Osteoporosis
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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, corre-
sponding 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
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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. Recur-
rent 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 frac-
tures 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 Osteoporo-
sis Foundation (IOF) [6], the European Alliance of Associa-
tions 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 out-
comes 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 commu-
nication 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 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 frac-
ture included, age, the inclusion of women and/or men, and
fracture site (any fracture or only patients with a nonver-
tebral fracture) [17], potentially leading to different clini-
cal and economic outcomes. Worldwide, with the increas-
ing 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 sec-
ondary fracture rates, and ultimately decreasing the burden
on the healthcare system and society. However, we found

@ Springer

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 soci-
etal 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 com-
pared 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 devia-
tions 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, Osteo-
arthritis and Musculoskeletal Diseases and the US branch
of the International Osteoporosis Foundation (IOF-ESCEO)
for the design, conduct, and reporting of economic evalua-
tions [24], and also to the Consolidated Health Economic
Evaluation Reporting Standards 2022 (CHEERS 2022)
Statement [25]. Details of these two checklists can be found
in Appendices I and II of the Supplementary information. A
description of the source of real-world data, target popula-
tion, 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 previ-
ously [26]. In brief, patients attending the FL.S were sched-
uled for an outpatient visit including dual X-ray absorpti-
ometry (DXA) measurement to assess BMD, prevalent VF
based on vertebral fracture assessment (VFA), and a blood
test. Lifestyle advice and drug treatment (when applicable),
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Table 1 (continued)

Data source

Data

Parameter

Men

‘Women

(51]

Oral bisphosphonates: 20

Zoledronic acid: 258
Denosumab: 400

Drug cost (annually)

Teriparatide: 3,480

(52]

1.42 (1st cycle), 0.73 (subsequent cycles)

Side effect cost

FLS-related data

(53]

450

FLS cost (€2020)
Treatment initiation

[26]; expert opinion

[19]

FLS: 40% no-FLS: 5%

FLS: 57% no-FLS: 34.1%

Treatment persistence

CV clinical vertebral fracture, NHNV non-hip non-vertebral fracture, FLS fracture liaison service, RR relative risk, C/PVF clinical or prevalent vertebral fracture

based on presence of osteoporosis and/or prevalent VF
according to Dutch guideline [10]. Patients attending the
FLS who are diagnosed with osteoporosis or vertebral frac-
tures will initiate anti-osteoporosis treatment and be sched-
uled for a follow-up consultation of the FLS and be advised
to have a yearly extra general practitioner (GP) visit during
their treatment period after the first year in FLS.

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, clini-
cal vertebral (CV) or non-hip non-vertebral (NHNV) frac-
ture 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 (Fig. 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 sug-
gested 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%) com-
pared 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. To adjust
for prognostic differences between attenders and non-attend-
ers, we reduced the future fracture and mortality risk of the
attenders who had a hip and vertebral fracture compared to the
non-attenders. This is supported by a recent systematic review
and meta-analysis [18] and a Dutch study (patients in VieCuri

@ Springer
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Fig. 1 Patient pathways for FLS
and no-FLS group. CUA cost-
utility analysis, FLS fracture
liaison services, VF vertebral
fracture

Patients with a
recent fracture

Medical Center as our study) [26], details can be found in the
description of model input data section.

After allocating persons to sub-branches of the decision
tree, patients entered the Markov model (Fig. 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 trajecto-
ries (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 frac-
ture” state (a recent fracture) and had a probability of hav-
ing 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

treatment
osteoporosis and/or VF

no treatment
women

no osteoporosis & no VF

!

treatment
osteoporosis and/or VF

no treatment

i

no osteoporosis & no VF

treatment
osteoporosis and/or VF

no treatment
women

no osteoporosis & no VF

i

treatment
osteoporosis and/or VF

no treatment

no osteoporosis & no VF

I

[24]. Discount rate of 4% and 1.5% was used as recommended
by the Dutch guideline for economic evaluations in healthcare
[28] for costs and QALYs, respectively.

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 NHNV fracture in the general
Dutch population were obtained and estimated from frac-
ture data in VieCuri Medical Centre in the years 2017-2019.
Considering the presence of osteoporosis and/or previous

Fig.2 The structure of Markov
model (fx, fracture; sub, subse-
quent; CV, fx clinical vertebral
fracture; NHNV fx, non-hip
non-vertebral fracture)

post sub-hip

Post sub-NHNV

» sub-NHNV fx

m 1

>

F

> sub-CV fx <

H

post sub-CV

[\
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fracture without treatment is associated with higher sub-
sequent 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, 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 NHNYV fracture [30]. As fractures could be
non-osteoporosis related (especially non-hip non-vertebral
fracture NHNV), an adjustment was made to only include
osteoporotic fractures in the model. Specifically, the osteo-
porosis-related probability of future fracture was dependent
on fracture type, age and gender. For female patients with
an index hip fracture at the age of 50—64 years, 65-84 years,
and 85 + years, the probability of 0.8, 0.9, and 0.95 were
modelled, respectively. Compared to hip and vertebral frac-
ture, the osteoporosis attribution probability for patients with
NHNYV fracture is much lower with 0.575, 0.60, and 0.70 for
female patients at the age of 50-64 years, 65-84 years, and
85 + years, respectively [31].

Mortality

Baseline mortality data for the age- and gender-stratified
Dutch population was obtained from the official regis-
try (Centraal Bureau voor de Statistieck 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 mortal-
ity 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 estima-
tion 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 2-month work absence were assumed according
to the friction cost method as suggested by the Dutch guide-
line 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 €7927 (€6325, €5124), €7717 (€6166, €4995),
and €7319 (€5841, €4732), 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 pub-
lished 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 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 disu-
tility 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, respec-
tively. 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.
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The pooled treatment efficacy data for oral bispho-
sphonates were obtained from a report by the National
Institute for Clinical Health and Excellence (NICE) [43],
suggesting a RR of 0.67 (95% CI: 0.48-0.96), 0.45 (95%
CI: 0.31-0.65), 0.81 (95% CI: 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 NHNYV fracture, respectively.
Aligned with a recent review of cost-effectiveness of deno-
sumab [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 frac-
ture, 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 NHNYV 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
treatment with zoledronic acid, 5-year treatment with deno-
sumab, and 2-year treatment with teriparatide followed by
3-year oral bisphosphonates. For patients initiated treatment
with oral bisphosphonates or zoledronic acid, after medi-
cation discontinuation, a linear decrease of the effects for
3 years (offset time) was assumed as suggested by clinicians.
Considering the rebound effect, 1-year offset time after dis-
continuing denosumab was assumed. We assumed the effect
of teriparatide remained once oral bisphosphonates initiated,
a linear decrease of the effects for 3 years was assumed after
discontinuing oral bisphosphonates.

Given treatment efficacy can be largely affected by per-
sistence, 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 per-
sistence 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 Neth-
erlands 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 persis-
tence remained unchanged after 36 months given the una-
vailability of relevant data. Two-year persistence of 75%
with teriparatide was obtained from a Dutch study [50],
the persistence with sequential oral bisphosphonates was
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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 bisphos-
phonates, zoledronic acid, denosumab, and teriparatide were
retrieved from Dutch official data [51], it was estimated at
€20, €258, €400, and €3480 (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).

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.

Analyses and outcomes

A total of 1,000,000 trials (1st-order Monte-Carlo simula-
tion) were run for both base-case and one-way sensitivity
analyses. With regard to the base-case analysis, we applied
point estimates of model input parameters to estimate total
costs (including direct healthcare cost and indirect produc-
tivity cost), number of fractures prevented, and total QALY's
for both FLS and no-FLS branches. In addition, incremental
costs, incremental QALYs and the incremental cost/effec-
tiveness ratio (ICER) were also estimated. The 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
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QALY gained [54]. As suggested by Zorginstituut Nederland
(ZIN), the selection of WTP threshold should base on bur-
den 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 and 0.40, the WTP threshold of
€20,000/QALY is recommended; the maximum reimburse-
ment of €50,000/QALY refers to PS=0.41-0.70; the end-
point 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 perspec-
tive, 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
(£50%), baseline utility (—20%), excess mortality attribu-
tion probability (+ 100%), osteoporosis attribution prob-
ability (—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 (the uncertainty surrounding the point
estimate used in the base-case analysis under a range of
thresholds for willingness to pay). A specific distribution
was attributed to each parameter around the point estimate
used in the base-case analysis. Specifically, a beta distribu-
tion 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 mortal-
ity following a fracture, treatment efficacy, and osteopo-
rosis attribution probability. In addition, normal distribu-
tions 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, prob-
ability of nursing home admission, excess mortality attri-
bution 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 com-
pared 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 simu-
lated 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 1000 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 €1812, €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.

Table2 Lifetime total costs, QALYs, number of subsequent frac-
tures, 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

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 1812
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
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Sensitivity analysis

Table 4 reports the results of the one-way sensitivity analy-
ses. Our results were robust in all one-way sensitivity analy-
ses 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 1000 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, suggest-
ing 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. €9904 per
patient) but also greater QALY's (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 1000 female patients with a recent fracture, the avail-
ability 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 attribu-
tion probability (—25%), decreasing fracture costs (—50%),
decreasing relative risk of subsequent fracture by osteopo-
rosis (—25%), and increasing FLS cost (+50%).

The results of the probabilistic sensitivity analyses are
reported in Figs. 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

Table 4 One-way sensitivity

. Incremental cost Incremental ICER
analyses on the 1ncrementa1 QALY
cost-effectiveness ratio of FLS
compared to no-FLS in patients Base-case 45 0.11 409
feg:;inf (f)rz Sfurrsca“d older with a 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
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ICER incremental cost-effectiveness ratio, QALY quality-adjusted life years, FLS fracture liaison service,

sub.fx subsequent fracture
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89.5% of the simulations (95.5% and 96.5% at the thresh-
old 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 addi-
tion, 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 cat-
egories were also displayed using cost-effectiveness plane,

details can be found in Appendix III of the Supplementary
information.

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
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cost-effectiveness of FLS remained favorable in all age cat-
egories. Compared to younger groups, patients aged 80 years
resulted in slightly higher QALY gained. With fracture track-
ers 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 1000 individuals.

Our findings were robust in all one-way sensitivity analy-
ses and probabilistic sensitivity analyses. For women, a FL.S
was associated with more favorable ICER and higher prob-
ability 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 avoid-
ance 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 initia-
tion 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 frac-
tures and offer clear cost-effectiveness compared to current
practice with a time horizon of 5 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 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 rela-
tively 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
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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 devel-
oped by the IOF 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 publi-
cations or official website, assuring valid estimations in our
analysis.

Although the absolute benefits of FLS in terms of QALY
gained or fractures avoided could be consider as low, the
results of our study 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. And the QALY gained in these
23 articles were reported from 0.004 to 0.118 per patient,
which is comparable to our study (on average 0.11 QALY
gained per patient). As we mentioned before, the number of
fracture prevented in our study is also comparable to a recent
UK study [58]. 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 patient data before the implementa-
tion 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 sensitiv-
ity analysis, our results were remained. Second, for patients
who suffered subsequent fractures in the simulation, the
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 type (hip, vertebraec, NHNV), the
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availability of input data was insufficient to calculate ICER
separately by type of baseline, making it difficult to com-
pared 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 lead-
ing 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 Neth-
erlands, we conservatively assumed patients with a fracture
had a 2-month work absence at most; however, more com-
plicated 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 com-
pared 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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