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Purpose: To assess the cost-effectiveness of a Fracture Liaison Service (FLS) compared with standard care for the secondary
prevention of fragility fractures in Spain.
Methods: Patients with osteoporosis and an initial fragility fracture who were candidates to initiate osteoporosis treatment (mean age
65 years, 90.7% female) were included in the model. Disease progression was simulated with a Markov model through seven health
states (with and without osteoporosis treatment, subsequent hip, vertebral, forearm and humerus fracture, and death). A time horizon of
10 years and a 6-month duration per cycle was set. Clinical, economic, and quality of life parameters were estimated from the literature
and Spanish clinical practice. Resource use and treatment patterns were validated by an expert panel. The Spanish National Health
System (SNS) perspective was adopted, taking direct costs (€; 2020) into account. Effectiveness was measured in life-years gained
(LYG) and quality-adjusted life years gained (QALYs). A discount rate of 3% was applied to costs and outcomes. The uncertainty of
the parameters was assessed using deterministic, scenario and probabilistic sensitivity analyses (1000 iterations).
Results: Setting up a FLS for the secondary prevention of fragility fractures in Spain would provide better osteoporosis treatment
initiation and persistence. This would reduce subsequent fragility fractures, disutilities and deaths. FLS would have greater clinical
benefits (0.008 and 0.082 LYG and QALY gained per patient, respectively) and higher costs (€563.69 per patient) compared with
standard care, leading to an incremental cost-utility ratio of €6855.23 per QALY gained over the 10 years horizon. The sensitivity
analyses showed limited dispersion of the base case results, corroborating their robustness.
Conclusion: From the SNS perspective and considering Spanish willingness-to-pay thresholds, the introduction of FLS for the
secondary prevention of fragility fractures would be a cost-effective strategy.
Keywords: economic evaluation, osteoporotic fracture prevention, fracture liaison service, Spain

Introduction
Fragility fractures are caused by a force which does not normally cause fractures, such as a fall from the height of the
foot or lower.1 Patients with osteoporosis are likely to have more fragility fractures, given that osteoporosis promotes
bone weakness and fragility.1

Fragility fractures and associated complications are a significant healthcare problem, especially considering the aging
of the population and the increase in chronic diseases. In Spain, osteoporosis is estimated to affect 32% of women aged
>50 years and 52% of those aged >70 years.2 An incidence rate of fragility fractures of 86.9/10,000 person-years in Spain
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is estimated.3 In 2017, up to 330,000 fragility fractures occurred in Spain, with an estimated associated cost of 4.2 billion
euros.4

Subsequent fragility fractures account for a considerable number of hospitalizations and are, therefore, a significant
public healthcare problem.5–8 They represent a significant direct healthcare cost attributable to surgeries and associated
indirect costs, and may also lead to life-threatening events: 15.8% to 30.0% of patients with osteoporotic hip fracture are
estimated to die during the following year due to associated complications.9–11 Fragility fractures are associated with
high age- and gender-dependent mortality rates.12 Additionally, any fragility fracture doubles the risk of subsequent
fractures.13,14

Fracture Liaison Services (FLS) aim to reduce the risk of new fragility fractures in patients aged ≥ 50 years with
a history of fragility fractures,15 by correct identification of the fracture risk, proper pharmacological therapy, patient
monitoring and clinical and educational activities whose objective is to increase therapeutic adherence, minimizing the
appearance of medication-related errors and, ultimately, reducing the risk of new fragility fractures.

FLS have been shown to improve the management and secondary prevention of fragility fractures, improving bone
densitometry (BMD) testing rates, therapeutic initiation and persistence, and significantly reducing the risk of refractures
and deaths.16 Many studies have evaluated the efficiency of healthcare interventions aimed at addressing the risk of new
fragility fractures. A systematic review of economic evaluations by Wu et al16 showed that FLS are cost-effective
strategies for the secondary prevention of fragility fractures in patients with osteoporosis compared with usual clinical
management, regardless of the intensity of the program and the geographical or healthcare setting. Therefore, evidence of
favorable pharmacoeconomic arguments in terms of efficiency would encourage and support the application and
implementation of FLS programs.17

However, no published economic assessments have been identified assessing the efficiency of FLS in Spain.
Therefore, this study aimed to evaluate the efficiency of FLS compared with the standard of care (SOC) in the secondary
prevention of fragility fractures in Spain.

Materials and Methods
Study Design
A structured literature review was conducted to identify pharmacoeconomic evaluations of FLS, the methodology used,
and the main inputs required. A panel of two clinical experts (a rheumatologist and an epidemiologist, with wide
experience in the implementation and evaluation of FLS programs and osteoporosis therapy persistence monitoring in
Spanish clinical practice), participated in the design of the study, input selection, validation and interpretation of the
structural assumptions, in addition to the validation and transferability of the results.

Population and Comparative Treatments
The study population consisted of a hypothetical cohort of patients aged ≥ 50 years with a history of fragility fracture
who were either identified by an FLS or received SOC for the secondary prevention of fragility fracture. On one hand, to
model the clinical and economic consequences of FLS, data from publications reporting the extensive experience of FLS
implementation in the Gran Canaria North healthcare area was included.10,18–20 On the other hand, Spanish clinical data
on the persistence of osteoporosis medication were considered to model the clinical and economic consequences of
SOC.21,22

Therefore, the study population in both arms of the study was defined as a cohort of patients with fragility fracture
who were candidates to initiate osteoporosis treatment, with a mean age of 65 years (range: 52–78 years) and who were
90.7% female (range: 72.5–100%). This was aligned with data from the study by Martín Merino et al, which described
the evolution of the pharmacotherapeutic persistence of 95,057 patients who initiated osteoporosis treatment between
2001 and 2013, based on the Database for Pharmacoepidemiologic Research in Primary Care, which contained clinical
information from six Spanish healthcare regions representing 8.9% of the Spanish population.22

FLS consisted of an active identification of patients with fragility fracture and, after agreeing to participate, patients
are clinically assessed and followed-up. The evaluation included initial nurse and specialist visits to train patients how to
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manage their disease and medication, and to conduct initial BMD and biochemical tests. Subsequent presential and
telematic nurse and specialist follow-up visits were also provided to patients included into FLS. Patients with standard
management follow the usual pathway after a fracture, that is emergency department, orthopedics and, in some cases
physical therapy. Usually less than 20% of patients initiate a treatment to prevent new fractures,23 are not systematically
evaluated and are followed-up in an unstructured manner because usual care is highly dependent on each doctor and each
patient.

All inputs considered in the current study were available from the literature and validated through an expert panel.
Therefore, this study did not require ethical review board or committee approval neither to obtain patient consent.

Type of Analysis
A cost-effectiveness model was developed to compare the costs (monetary value) and effectiveness (health benefits) of
FLS versus SOC in the secondary prevention of fragility fracture. The results were expressed as the incremental cost-
effectiveness ratio (ICER), according to the following formula: ICER = (Cost FLS – Cost soc)/(Effectiveness FLS –
Effectiveness SOC). Cost FLS and Cost SOC represent the cost associated with FLS and SOC, respectively. Effectiveness
FLS and Effectiveness SOC represent the clinical consequences in terms of life years gained (LYG) and quality-adjusted
life years (QALY) gained.

Cost-utility analysis was selected mainly because it permits comparisons using QALYs, a homogeneous result
measure that unifies the quantity and quality of life gained. The analysis was carried out from the Spanish National
Health System (SNS) perspective, considering only direct disease-related healthcare costs. In line with previous
economic evaluations of FLS and due to the lack of differential information for each alternative compared, the social
perspective was not included.16 In addition, direct healthcare costs have the greatest relevance from the SNS perspective.

Pharmacoeconomic Model
The economic evaluation consisted of two stages. Initially, a decision tree was established to compare treatment initiation and
pharmacotherapeutic persistence in the cohort established, through FLS or SOC (Figure 1A). Afterwards, a Markov model
estimated the clinical and economic consequences through seven mutually exclusive health states (“Treated with anti-
osteoporotic medication”, “Without anti-osteoporotic medication”, “Subsequent hip fracture”, “Subsequent vertebral frac-
ture”, “Subsequent forearm fracture”, “Subsequent humerus fracture” and “Death”), allowing disease progression modeling
in terms of subsequent fractures and their respective economic consequences, morbidity, and mortality (Figure 1B).

Patients initiated the Markov model in the health state “Treated with anti-osteoporotic medication” or “Without anti-
osteoporotic medication” depending on whether they were included in an FLS or not. According to the persistence of
pharmacological treatment in each cohort, a probability of subsequent fragility fractures was established. When patients
presented subsequent fragility fractures, their transition to the health state “Treated with anti-osteoporotic medication” or
“Without anti-osteoporotic medication” was established at the end of the subsequent fragility fracture cycle, depending
on whether they were treated in an FLS. The health state “Death” is an absorbing state and transition to this state was
estimated from the Spanish general population mortality rates, differentiated according to age and gender,24 and
considering an increase in the standardized mortality ratio due to the main reported subsequent fragility fractures.25,26

Time Horizon and Cycle Length
The time horizon of the study was 10 years, aligned with previous FLS economic assessments.16,25–28 According to Spanish
methodological recommendations for health technology assessments,29–31 sensitivity analyses were conducted across alter-
native time horizons. A cycle duration of 6 months was established to resemble the usual monitoring period of osteoporotic
patients, which is aligned with specific methodological recommendations for economic evaluations of osteoporosis.32

Discount Rate
Aligned with Spanish recommendations for health technology assessment,29,30 a time-preference discount rate of 3% was
applied to costs and health outcomes. According to Spanish methodological recommendations,29–31 sensitivity analyses
were conducted through a range of variations in the discount rate.
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Clinical Parameters
Effectiveness
The proportion of patients initiating treatment after the fragility fracture was considered differentially in the FLS and
SOC groups. For the SOC group, we considered the percentage of antiresorptive treatment prescription at 6 months after
the index fracture found in a retrospective study carried out at the University Hospital of Gran Canaria Doctor Negrín
(HUGCDN), which included 167 patients treated in the emergency department in October 2012 with a diagnosis of
fragility fracture.33 For the FLS group, the percentage was estimated from the degree of eligibility to initiate osteoporosis
treatment in patients with fragility fracture according to the 2018 criteria of the Spanish Society of Rheumatology,34 and
the degree of FLS acceptability of the HUGCDN.33

The effectiveness of the FLS after a mean follow-up of four years, defined as the relative increase in osteoporosis
treatment persistence, was obtained from the study by Ojeda et al,20 which described the clinical benefits attributed to the
implementation of a secondary prevention program of fragility fractures by the HUGCDN.

The risk of subsequent fragility fractures was taken from the study by García Renedo et al, in which a cohort of
patients with a history of non-surgical fragility fracture was retrospectively assessed over a time horizon of 10 years.21

The risk is assumed to be dependent whether patient are persistent or not to their anti-osteoporotic treatment.
To capture the risk in terms of morbidity and mortality associated with subsequent fragility fractures, in line with

previously published economic evaluations,25,26 an increase in the standardized mortality ratio due to the main
subsequent fragility fractures described in the literature was established. The main clinical parameters evaluated were
validated by the panel of experts (Table 1).

Quality of Life
The impact in terms of perceived quality of life was represented by using specific utility values for each health state
evaluated on a scale of 0 (death) to 1 (perfect health).

The utility values for the general population were estimated according to the 2014 Spanish National Health Survey by
the Spanish National Institute of Statistics.35 Given the lack of Spanish data on the disutilities attributed to the safety and
tolerability profile of bisphosphonates, and of subsequent fragility fractures in patients with osteoporosis, these para-
meters were obtained from previous reports,25,36 and were validated by the expert panel (Table 2).

Figure 1 Model structure. (A) decision tree. (B) Markov model.
Abbreviations: FLS, Fracture Liaison Service; Fx, fracture; SOC, standard of care.
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Resource Use and Costs
In line with Spanish methodological recommendations,29–31 the following categories of direct healthcare costs were
considered: healthcare resource use and costs associated with the secondary prevention program of fragility fractures,
pharmacological costs associated with osteoporosis therapy, costs attributed to subsequent fragility fractures and end-of-
life costs. All costs were expressed in 2020 euros (Table 3).

Table 1 Clinical Parameters Considered in the Base Case

Parameter Value Source

Proportion of patients initiating osteoporosis treatment after fragility fracture;
SOC group

13.7% Naranjo et al 201433

Proportion of patients initiating osteoporosis treatment after fragility fracture;
FLS group

55.1% Estimated from Rubiño et al 2021 and Naranjo et al
201433,34

Relative increase in persistence attributed to FLS (4 years) 3.33 Ojeda-Bruno et al 201120

10-year risk of subsequent fractures in osteoporotic patients without treatment 27.9% García Renedo et al 200921

10-year risk of subsequent fractures in osteoporotic patients with treatment 11.1%

Increased SMR due to hip fracture 6.28 Solomon et al 201425

Increase in SMR due to vertebral fracture 2.01 Estimated from Cooper et al 201226

Increased SMR due to forearm fracture 2.01

Increase in SMR due to humerus fracture 2.01

Abbreviations: FLS, Fracture Liaison Service; SMR, standardized mortality rate; SOC, standard of care.

Table 2 Utilities and Disutilities Considered in the Base Case

Age Range Value Source

Utility in the general population, females

60–64 years 0.865 Estimated from the Spanish National Health Survey 201435

65–69 years 0.846

70–74 years 0.793
75–79 years 0.770

80–84 years 0.663

≥85 years 0.511

Utility in the general population, males

60–64 years 0.922 Estimated from the Spanish National Health Survey 201435

65–69 years 0.923

70–74 years 0.897
75–79 years 0.846

80–84 years 0.777

≥85 years 0.673

Disutilities

Treatment with bisphosphonates − 0.006 Estimated from Solomon et al 201425

Hip fracture − 0.170 Solomon et al 201425

Vertebral fracture − 0.230

Forearm fracture − 0.060

Humerus fracture − 0.090 Estimated from Hiligsmann et al 200836
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In line with Spanish methodological recommendations,29–31 the cost of dispensing drugs through community
pharmacies was estimated using the retail price,36 applying value added tax (VAT) and the deduction corresponding to
Royal Decree Law (RDL) 08/2010.37 The dose was based on the recommendations of the respective Summary of Product
Characteristics,37 and the distribution of the treatments was validated by the expert panel (Tables S1 and S2).

The resource use attributed to the FLS was obtained from publications describing the experience of the FLS
implemented in the Gran Canaria North healthcare area for the secondary prevention of fragility fractures.10,18,20,38

The degree of real-word applicability of these healthcare resources was validated by the expert panel. Unit costs were
identified in Spanish healthcare cost databases (Tables S1 and S2).39,40

The resource use associated with subsequent fragility fractures and the end-of-life were validated by the expert panel
and were identified in Spanish healthcare cost databases (Tables S1 and S2).39,40

Sensitivity Analysis
The uncertainty associated with the study variables and the robustness of the results were evaluated using scenario
analysis, deterministic sensitivity analysis (DSA) and probabilistic sensitivity analysis (PSA).

Scenario Analysis
To evaluate the uncertainty inherent in the discrete quantitative parameters, and the structural parameters of the current
economic assessment, various scenario analyses were simulated (Table 4).

Deterministic Sensitivity Analysis
The DSA were generated by applying a maximum univariate variation of ±20% to the continuous quantitative variables.
Inputs and ranges of variability considered in DSA are detailed in the Supplementary Material (Tables S3 and S4). The
results of the DSA are represented in tornado diagrams.

Probabilistic Sensitivity Analysis
A PSA was conducted to assess how the results of the base case would be modified due to the uncertainty inherent in the
parameters considered. This was done using a Monte Carlo simulation, with 1000 random iterations across the confidence
intervals of the continuous quantitative parameters. Inputs and ranges of variability considered in PSA are detailed in the
Supplementary Material (Tables S5 and S6). The results are shown through an incremental cost-effectiveness plane.

Table 3 Economic Parameters Considered in the Base Case

Parameter Cost (€, 2020)

Pharmacological costs

Pharmacological cost per cycle; SOC group 200.90

Pharmacological cost per cycle; FLS group 203.23

Costs attributed to FLS

FLS cost per patient (initial evaluation) 362.36

FLS cost per patient (subsequent follow-up) 157.17

Costs attributed to subsequent fractures

Hip fracture 9201.84

Vertebral fracture 2063.86

Forearm fracture 803.36
Humerus fracture 844.06

End-of-life costs

End-of-life costs (last month) 2965.33

Abbreviations: FLS, Fracture Liaison Service; SOC, standard of care.
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Results
Base Case
Implementing FLS provides health benefits for osteoporotic patients. Due to the higher proportion of therapeutic
initiation and persistence of patients managed by the FLS, an increase in LYG was observed in the state “Treated with
anti-osteoporotic medication” (2.078 years) compared with a decrease in LYG in the states “Without anti-osteoporotic
medication” (−1.983 years) and “Subsequent fractures” (−0.065 years). There was an increase in the cost of the “Treated
with anti-osteoporotic medication” health state due to the FLS (€ 845.36) and savings in the “Subsequent fractures” (€
−561.51) and “Death” (€ −3.72) health states.

Over a time-horizon of 10 years, setting up FLS would generate an increase of 0.008 LYG and 0.082 additional
QALYs per patient with limited incremental costs of € 563.69 per patient. This would result in an incremental cost-utility
ratio (ICUR) of €6855.23 per QALY gained (Table 5). Therefore, from the SNS perspective, implementing an FLS would
be a cost-effective strategy compared with SOC for the secondary prevention of fragility fractures according to the
willingness-to-pay threshold commonly accepted in Spain (€20,000 to €30,000 per QALY gained).29,41,42

Table 4 Description of Scenario Analyses Evaluated

Scenario Justification of the Analysis

Time horizon: 2 years Aligned with Spanish methodological recommendations and previous
economic assessments29–31,53

Time horizon: 5 years

Time horizon: 7 years

Cost of hospitalizations: 100% hospital admission for fragility

fracture

Requested by the panel of experts

Definition of persistence: 30 days without dispensing osteoporosis

treatment

Aligned with Martin-Merino et al 201722

Definition of persistence: 180 days without dispensing osteoporosis

treatment

Aligned with Martin-Merino et al 201722

Assume equivalent increase in FLS persistence >4 years Consider that FLS continues to affect persistence from 4 years after its

implementation

Considering alternative data for 10-year risk of subsequent fractures Requested by the panel of experts in order to reflect the 10-year

probability of fracture based on FRAX tool48

50% increase in osteoporosis pharmacological cost due to FLS

activity

To assess potential heterogeneities in terms of pharmacological costs

derived from the prescription profile of osteoporosis medication. Aligned

with previous economic assessments56
50% reduction in osteoporosis pharmacological cost due to FLS

activity

More conservative FLS (−20% initiation of osteoporosis treatment

and persistence)

To assess the degree of efficiency of the application of FLS with lower

screening capacity and clinical coordination

More conservative FLS with lower resource capability (−20%
initiation of osteoporosis treatment, persistence, and associated

costs)

To assess the degree of efficiency of the application of FLS with lower

screening capacity, clinical coordination, and subsequent monitoring of

patients

Considering the hospital perspective (only hospital costs, healthcare

resources and benefits are considered)

Requested by the panel of experts

Considering recent long-term persistence data from the HUGCDN Requested by the panel of experts to assess potential alternative results in

case of including 5-years persistence data for FLS group recently
published50

Abbreviations: FLS, Fracture Liaison Service; FRAX, Fracture Risk Assessment Tool; HUGCDN, University Hospital of Gran Canaria Doctor Negrín.
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Sensitivity Analysis
All scenario analyses indicated that FLS, compared with SOC, would provide increases of between 0.031 and 0.093
QALYs and an increase in direct healthcare costs from € 111.58 to € 1015.80, except for the scenario using the hospital
perspective, which implied a cost reduction of € 281.48. The scenario analysis results showed an ICUR range of between
€ 1356.99 and € 14,457.18 per QALY gained, remaining below Spanish willingness-to-pay thresholds.29,41,42 In the
hospital-perspective sensitivity analysis, the FLS was a dominant strategy over SOC by providing incremental clinical
benefits along with economic savings (Table 6).

The results of the DSA show the 16 parameters that generated the greatest variation in the ICUR obtained in the base
case. Considering Spanish willingness-to-pay thresholds,29,41,42 in all results from the DSA, FLS were cost-effective
strategies compared with SOC for secondary prevention of fragility fractures. The probability of subsequent fractures, the
pharmacological cost associated with osteoporosis therapy, and the cost attributed to subsequent fractures, were the
parameters which most conditioned the results of the base case. The variability of the ICUR resulting from the DSA
showed a homogeneous trend (Figure 2).

All PSA simulations indicated that FLS would provide QALY increases compared with SOC for the secondary
prevention of fragility fractures. Between 97.1% and 99.6% of PSA simulations were below the Spanish willingness-to-
pay thresholds,29,41,42 supporting the robustness of the results of the base case (Figure 3).

Discussion
Fragility fractures and their associated complications are a growing healthcare problem. In 2017, costs related to fragility
fractures in France, Germany, Italy, Spain, Sweden and the United Kingdom amounted to 37.5 billion euros and are
expected to increase by 27% in 2030, reaching 47.4 billion euros.43

FLS are fracture coordination units that aim to reduce the risk of subsequent fragility fractures by identifying and
systematically treating patients aged ≥ 50 years with fragility fractures.44

Many economic evaluations have analyzed the efficiency of FLS. The systematic review by Wu et al16 found that
various healthcare interventions aimed at reducing the risk of subsequent fractures were cost-effective. However, there is

Table 5 Results of the Base Case

Parameter SOC FLS Differential (FLS vs SOC)

Cost results

Associated with FLS € - € 283.56 € 283.56

In osteoporosis treatment € 58.86 € 904.22 € 845.36
Subsequent hip fracture € 2275.18 € 1875.05 € −400.13
Subsequent vertebral fracture € 510.30 € 420.55 € −89.74
Subsequent forearm fracture € 198.63 € 163.70 € −34.93
Subsequent humerus fracture € 208.70 € 171.99 € −36.70
Death € 247.21 € 243.49 € −3.72
Total € 3498.88 € 4062.57 € 563.69

Health outcomes

LYG 8.167 8.175 0.008

Treated with anti-osteoporotic medication 0.146 2.225 2.078
Without anti-osteoporotic medication 7.526 5.543 −1.983
Subsequent fractures 0.371 0.306 −0.065

QALY 6.271 6.354 0.082
ICER (€/LYG) - - 68,474.10

ICUR (€/QALY) - - 6855.23

Abbreviations: FLS, Fracture Liaison Service; ICER, incremental cost-effectiveness ratio; ICUR, incremental cost-utility ratio; LYG, life years gained; QALY, quality-
adjusted life years; SOC, standard of care.
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a lack of published economic evaluations assessing the efficiency of implementing FLS in the Spanish setting. The
present study represents, to our knowledge, the first economic assessment of FLS from the Spanish perspective.

The base case results show that introducing FLS programs in Spain would provide clinical benefits for the secondary
prevention of fragility fractures, with 0.008 LYG and 0.082 QALY gained per patient along with a slight cost increase of
€563.69 per patient over a 10-year time horizon. This would lead to an ICUR of € 6855.23 per QALY gained. Considering the
Spanish commonly-accepted willingness-to-pay thresholds,29,41,42 FLS would be a cost-effective strategy compared with
SOC for secondary prevention of fragility fractures. The results of the deterministic, probabilistic and scenario sensitivity
analyses showed limited dispersion of the results, which corroborated the robustness of the base-case results.

The clinical results are attributable to higher percentage of patients who start anti-osteoporotic medication, a better
adherence in anti-osteoporosis medication, but also to clinical and pedagogical recommendations on diet, exercise and
balance provided by healthcare professionals to patients and relatives. Being part of a FLS also contributes to an increase
in patients’ awareness regarding their disease and treatment, leading to a better monitoring of the disease, medication
persistence and contributing to achieve better clinical results.

The efficacy of FLS in terms of fewer subsequent fractures and lower mortality is higher than expected only due to the effect
of the medication,45 which suggests that non-pharmacological measures could be significantly influencing the results of FLS.

Patients with fragility fractures usually present an initial fracture with low morbidity and mortality, such as fractures of the
forearm or humerus, while subsequent fractures, such as vertebral or hip fractures, have greater morbidity and mortality.46 Our
results suggest that FLS produces savings in subsequent hip fractures (-€400.13), showing the importance of introducing FLS
to prevent secondary fractures with higher morbidity and mortality and economic impact.

Table 6 Results of the Scenario Analysis

Scenario Differential
QALYs

Differential
Cost (€)

ICUR
(€/QALY)

Base case 0.082 563.69 6855.23

Time horizon: 2 years 0.031 442.46 14,457.18

Time horizon: 5 years 0.075 546.92 7273.49

Time horizon: 7 years 0.078 554.36 7091.74

Cost hospitalizations: 100% hospital admission for fragility fracture 0.082 207.45 2522.90

Definition persistence: 30 days without dispensing osteoporosis treatment 0.054 436.57 8149.57

Definition persistence: 180 days without dispensing osteoporosis treatment 0.083 569.20 6822.87

Assume equivalent increment in FLS persistence >4 years 0.093 615.71 6595.68

Considering alternative data for 10-year risk of subsequent fractures 0.085 550.61 6512.17

50% increase in osteoporosis pharmacological cost due to FLS activity 0.082 1015.80 12,353.47

50% reduction in osteoporosis pharmacological cost due to FLS activity 0.082 111.58 1356.99

More conservative FLS (−20% initiation of osteoporosis treatment and persistence) 0.062 285.51 4618.87

More conservative FLS with lower resource capability (−20% initiation of osteoporosis

treatment, persistence, and associated costs)

0.062 393.65 6368.22

Considering the hospital perspective (only hospital costs, healthcare resources and benefits

are considered)

0.082 −281.48 −3423.13
(dominant)

Considering recent long-term persistence data from the HUGCDN 0.035 356.32 10,107.91

Abbreviations: FLS, Fracture Liaison Service; HUGCDN, University Hospital of Gran Canaria Doctor Negrín; ICUR, incremental cost-utility ratio; QALY, quality-adjusted life years.
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Figure 2 Tornado diagram.
Abbreviations: ICUR, incremental cost-utility ratio; FLS, Fracture Liaison Service; SOC, standard of care; OP, osteoporosis.

Figure 3 Incremental cost-effectiveness plane resulting from probabilistic sensitivity analysis.
Abbreviation: QALY, quality-adjusted life years.
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This study was carried using a simulated model and thus its theoretical nature is an inherent limitation because it may
not reflect real clinical practice. Thus, the results should be interpreted with caution. To overcome this limitation, we tried
to adopt premises and assumptions that provided clinical plausibility compatible with real clinical practice. Additionally,
a large range of sensitivity analyses were carried out to confirm the conclusions of the analysis under different
assumptions.

Given the lack of direct comparisons regarding the risk reduction of subsequent fractures due to Spanish FLS versus
SOC, an indirect comparison generated from the evidence identified in the literature was necessary to carry out. Despite
the intrinsic limitations of indirect comparisons, they provide useful information when there is no head-to-head clinical
evidence.47 For this input, we used the risk of subsequent fractures with and without osteoporotic treatment reported by
García-Renedo et al,21 refracture in 77 women with initial vertebral fracture with and without antiresorptive therapy was
evaluated over a time horizon of 10 years. Due to the limited sample size, deterministic, probabilistic and scenario
sensitivity analyses were performed to assess the potential inherent uncertainty of this input.

To determine the proportion of patients initiating osteoporosis treatment, an indirect comparison with data retrieved
from the literature was made. For the SOC group, the prescription of antiresorptive treatment at 6 months post-fracture
reported in a retrospective study conducted by the HUGCDN, which included 167 patients treated in the emergency
department in October 2012 for fracture was considered.32 For the FLS group, it was estimated from the treatment
initiation criteria of the Spanish Society of Rheumatology,34 and the degree of FLS acceptability described by the
HUGCDN.33 Despite being an estimated value, it was aligned with FLS reported from other countries.16,44 This input
was also subjected to deterministic, probabilistic and scenario sensitivity analyses.

Many studies have identified risk factors for fragility fractures, such as the FRAX index. Based on available data on
the evolution of antiresorptive treatment persistence in patients with osteoporosis,22 we could not develop modelling
exercises based on the risk of refracture indices. However, among the sensitivity scenarios included, we assessed the
results of applying a 10-years probability of fracture based on FRAX tool developed by the University of Sheffield,48

using patients’ characteristics described by Martín-Merino et al study and the location of fragility fractures according to
local clinical practice. The findings from this scenario were congruent and aligned with the results obtained in the base
case.

Given the lack of specific Spanish data on the disutilities associated with subsequent fractures and treatment with
bisphosphonates, these inputs were obtained from the literature.25,36 Their clinical suitability to the Spanish setting was
validated by the expert panel. This limitation is common in economic assessments in our setting given the usual lack of
this type of data.

Despite evidence showing that FLS do not increase total pharmacological expenditure associated with the manage-
ment of osteoporosis,19 we conservatively included some modulation of prescribed osteoporosis medication in patients
included in the FLS through a relative increase in the prescription of treatments with higher efficacy, tolerability and
convenience profiles. This implies an increase in the estimated pharmacological cost for patients included in an FLS
compared with SOC, which increases the cost per patient managed with FLS and, therefore, represents a conservative
approach. In addition, as the distribution of treatments could present significant variations linked to Spanish clinical
practice, deterministic, probabilistic and scenario sensitivity analyses were performed to address this input.

The study by Martín-Merino et al22 reported on the evolution of pharmacotherapeutic persistence in patients with
osteoporosis according to the osteoporosis treatment initially prescribed. However, there is a lack of Spanish information
on the increase in pharmacotherapeutic persistence due to the FLS according to the type of osteoporosis treatment used.
Therefore, we were unable to construct models based on the pharmacological prescription profile. In this regard, the
interpretation of such analyses should be considered with caution, given the difficulties in discerning between the factors
associated with increases in osteoporosis pharmacotherapeutic persistence, ie, whether the increase in persistence can be
attributed to patient monitoring, clinical and teaching activities linked to the FLS or to potential changes in the
prescription profile.

An additional limitation, due to the lack of reliable data, are the benefits attributed to exercise and diet in reducing
fractures. These recommendations are a fundamental part of FLS activity, including activities focused on fall prevention
based on practicing and reinforcing balancing exercises.49 We could not assess the effectiveness of recommendations to
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reduce falls on the incidence of new fractures in the FLS arm, highlighting the conservative nature of current economic
assessment.

Due to the nature of the FLS implemented in the HUGCDN, the results cannot be extrapolated for all current FLS
activity in the SNS. To address uncertainty about the degree of efficiency of FLS with less experience, resource
capability and clinical coordination, multiple scenario analyses were conducted. These sensitivity analyses showed
that the introduction of more conservative FLS also would provide favorable efficiency results from the SNS
perspective. As recent data on the evolution of persistence in FLS become available at Spanish level,50

a sensitivity scenario analysis was conducted supporting the results of the base case. Although the results of this
scenario should be treated with caution due to differences in patient characteristics between studies, it also suggested
that implementing an FLS program would provide clinical benefits to patients (0.003 LY and 0.035 QALY per patient)
with limited incremental costs of € 356,32 per patient, resulting in an ICUR below the commonly accepted
willingness-to-pay thresholds.29,41,42 A recent publication from an FLS of Virgen Macarena University Hospital
showed adherence of 96% in the first year of the program,51 data aligned with the estimated persistence in the base
case of this study.

Our results are aligned with most international studies assessing the efficiency of secondary prevention programs in
patients with osteoporosis. In line with the reports by Inderjeeth et al,52 Yates et al,53 Cooper et al,26 Yong et al,54

Moriwaki et al55 and Majumdar et al,56 the introduction of FLS in Spain resulted a cost-effective strategy compared with
SOC for the secondary prevention of fragility fractures. With a lower degree of agreement, the study by Majumdar et al57

presented results with a dominant cost-effectiveness ratio, meaning that FLS would increase the clinical benefits and
economic savings in some healthcare settings. This study evaluated four main activities: patient education, organization
and interpretation of bone densitometry, medication prescriptions and advice, and communication with primary care
physicians. The analysis was conducted from the perspective of the Canadian healthcare system and included patients
aged ≥74 years with hip fractures with a lifetime time horizon, suggesting that the longer the time horizon, the greater the
clinical and economic benefits associated with FLS. Although our results are aligned with economic assessments
conducted in other countries, the generalization and extrapolation of these results to other setting should be made with
caution.

Likewise, the scenario analysis conducted from the hospital perspective found that the degree of efficiency of
implementing FLS compared with SOC for secondary prevention of fragility fractures was a dominant strategy, as it
provided incremental clinical benefits together with economic savings. In this analysis, the pharmacological costs
associated with antiresorptive treatment occur mainly in the outpatient setting, and therefore are irrelevant from the
hospital perspective. Thus, these costs would have been omitted from this scenario analysis, which justifies the estimated
economic savings in the hospital setting after the implementation of the FLS.

The overall results of our study align with the conclusions of the main international pharmacoeconomic evidence on
FLS, and similarities were observed in terms of clinical outcomes despite methodological, geographic, FLS clinical
modality and patient profile differences. We found an incremental benefit compared with SOC of 0.082 QALYs per
patient, which was in the range of the results identified in the literature (from 0.004 to 0.118 QALY gained per patient,
according to the geographic setting, the FLS clinical modality and patient profile assessed).26,53–56

Conclusion
This cost-utility analysis found that the implementation in Spain of FLS, ie, structured programs for secondary
prevention of fragility fractures, would be a cost-effective strategy compared with SOC, providing health benefits
(0.082 additional QALYs over a time-horizon of 10 years) with a limited incremental cost (€ 563.69 per patient over
a time-horizon of 10 years). This would result in an ICUR of € 6855.23 per QALY gained, markedly below the
commonly accepted Spanish willingness-to-pay thresholds. The results of the base case were corroborated by a wide
range of deterministic, probabilistic and scenario sensitivity analyses performed on the inputs, assumptions, structure,
and variables considered.
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Abbreviations
LYG, life years gained; QALY, quality-adjusted life years; B€, billions of euros; BIFAP, Database for
Pharmacoepidemiological Research in Primary Care; BMD, bone densitometry; DSA, deterministic sensitivity analysis;
FLS, Fracture Liaison Service; HUGCDN, University Hospital of Gran Canaria Doctor Negrín; PSA, probabilistic
sensitivity analysis; ICER, incremental cost-effectiveness ratio; ICUR, incremental cost-utility ratio; RDL, Royal Decree
Law; SNS, Spanish National Health System; SOC, standard of care.
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