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A B S T R A C T   

Objective: Treatment is usually withheld from women with osteopenia even though they are the source of over 
70% of all women having fragility fractures. As microstructural deterioration increases fracture risk and zole
dronate reduces it, we aimed to determine whether identifying and treating women with osteopenia and severe 
microstructural deterioration is cost-effective. We also compared the health economic outcomes of ‘global’ 
versus ‘targeted’ treatment using SFS of women aged ≥70 years with osteopenia. 
Design: We assessed the cost-effectiveness from using a Markov model that simulated 10-year follow up of 
women with osteopenia. Decision analysis compared measurement of distal radial microstructure using high 
resolution peripheral computed tomography (at a cost of USD $210) to target women with severe micro
structural deterioration for zoledronate treatment, compared to standard care defined as measurement of bone 
mineral density (BMD) with treatment recommended when femoral neck BMD T score is ≤−2.5 SD with or 
without a prevalent fracture. In the ‘global’ treatment approach, high resolution peripheral quantitative tomo
graphy (HRpQCT) was not undertaken. 
Setting: US healthcare system. 
Participants: A hypothetical cohort of 1000 women aged ≥70 years with osteopenia and no previous fractures 
was studied. 
Measures: Fractures, deaths, years of life lived, quality-adjusted life years (QALYs) lived and costs. Data inputs 
were obtained from published sources. A 3% annual discount rate was applied to future health benefits and costs. 
Results: Women in the standard care group incurred 327 fractures during 7341.0 years and 4914.2 QALYs lived. 
Women in the intervention group incurred 300 fractures (number needed to treat 37) during 7359.2 years and 
4928.8 QALYs lived. Net costs were USD $4,862,669 and $4,952,004, respectively, equating to 18.1 years of life 
saved and 14.6 QALYs saved, and incremental cost-effectiveness ratios of $4992 per year of life saved and $6135 
per QALY saved. These ratios are well within the threshold considered to be cost-effective. Sensitivity analyses 
indicated the results were robust. 

Relative to standard of care, ‘global’ and ‘targeted’ treatment respectively resulted in 0.0364 vs. 0.0181 years of life 
(YoLS) saved per person, and 0.0292 and 0.0146 QALYs saved per person. The net costs per person for the respective 
approaches were $US 359 and $US 89. The incremental cost-effectiveness ratios were $9864 per YoLS and $12,290 per 
QALY saved for the ‘global’ approach and $4992 per YoLS and $6135 per QALY saved for the ‘targeted’ approach. 
Conclusion: Identifying and treating women ≥70 years of age with osteopenia and microstructural deterioration 
with zoledronate cost-effectively reduces the morbidity and mortality imposed by fragility fractures. This ‘tar
geted’ approach is more cost-effective than a ‘global’ approach and incurs only 25% of total costs. 
Implication: Women with osteopenia with bone fragility due to microstructural deterioration should be identified 
and targeted for treatment. 
Summary: Women with osteopenia have 70% of fractures. Treating those with microstructural deterioration 
conferred an incremental cost-effectiveness ratio of $4992/year of life saved and $6135 per QALY saved.   
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1. Introduction 

Advancing age is associated with bone fragility and an increased 
fracture risk [1]. The fracture burden is rising because longevity is in
creasing the number of older people in the community [2]. The term 
‘osteoporosis’ is assigned to persons with bone mineral density (BMD) 
T-score of ≤−2.5 standardized deviations (SDs) below the pre
menopausal mean (1), but bone fragility is not confined to women with 
osteoporosis. Postmenopausal women with more modest deficits in 
BMD categorized as osteopenia, a BMD T-score between −1 and −2.5 
SD, have a lower risk of fracture than women with osteoporosis, but 
they are not free of fracture risk [3]. 

Over 70% of all fragility fractures arise among the majority of 
postmenopausal women in the population with osteopenia [3–5]. This 
is similar to the burden of cardiovascular disease; most events arise 
from individuals with moderately hypertension or hyperlipidemia [6]. 
Thus, confining treatment to only women with osteoporosis fails to 
address the population burden of fractures. 

Most fractures, particularly non-vertebral and hip fractures, which 
comprise over 70% of all fractures, occur in women over 70 years of 
age. Measurement of bone density forms part of the standard assess
ment of fracture risk in women presenting following a first fragility 
fracture or concerned about the possibility of a first fracture. However, 
uptake of therapy remains suboptimal, especially in women found to 
have osteopenia, even in the presence of a fragility fracture [7]. 

To curb this burden requires a strategy to identify and target post
menopausal women with osteopenia with bone fragility. Women with 
osteopenia at imminent risk (within 1–2 years) and intermediate risk 
(within 2–4 years) for fracture have bone fragility partly due to mi
crostructural deterioration [7–11]. BMD does not capture this fragility 
because microstructural deterioration increases fragility dis
proportionately to the bone loss producing it and the modest BMD 
deficits of osteopenia [12]. 

These women can be identified by measuring microstructural de
terioration using high resolution peripheral quantitative tomography 
(HRpQCT) and targeting them for therapy. We have quantified cortical 
and trabecular microstructural deterioration and expressed this dete
rioration as a structural fragility score. We reported using a threshold 

denoting severe structural deterioration captures a large proportion of 
women with osteopenia sustaining fractures before the event [3]. 
Treating women with osteopenia using zoledronate reduces fracture 
risk [13]. However, it is uncertain whether complementing a BMD 
measurement with additional measurement of the structural fragility 
score using HRpQCT to identify those at high risk with microstructural 
deterioration is cost-effective compared to current standard of care. We 
addressed this issue in the present study, adopting the perspective of 
the US healthcare system. We also evaluated and compared the eco
nomic outcomes of a ‘global approach of treating all women ≥70 years 
of age with osteopenia compared to current standard of care. 

2. Methods 

2.1. Model 

A state-transition Markov model was developed in Microsoft Excel 
to simulate the progress of women aged ≥70 years with osteopenia, no 
previous fractures and a SFS of ≥70 at baseline [14]. The model 
comprised three health states: ‘Alive, no prior fracture’, ‘Alive, post 
fracture’ and ‘Dead’ (Fig. 1). ‘Fracture’ comprised major fragility frac
ture involving the hip, vertebra or wrist. All subjects began the simu
lation in the health state ‘Alive, no fracture’, and over yearly cycles, 
could develop a fracture (hip, vertebra or wrist) and survive or die 
within a year of that episode. If they survived, they transitioned to the 
health state ‘Alive, post fracture’. Subjects in the health state ‘Alive, 
post fracture’ could experience recurrent fractures, but returned to the 
same health state if they survived. In all cycles, subjects were at risk of 
death from other (non-fracture related) causes. Decision analysis was 
used to compare the downstream health outcomes and costs of HRpQCT 
to screen fracture-free women aged ≥70 years with osteopenia to 
identify and pre-emptively treat those with SFS ≥70 with zoledronate 
5 mg given every 18 months (‘Intervention Group’) versus no screening 
or treatment (‘Standard Care Group’) [15]. In a secondary analysis, we 
also evaluated and compared the economic outcomes of a ‘global ap
proach of treating all women ≥70 years of age with osteopenia. 

Fig. 1. Conceptualization of the model. 
Model of comparator and intervention with three states, alive, no prior fracture, post fracture or dead. See text. 
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2.2. Model subjects 

Model subjects comprised women initially aged ≥70 and < 85  
years with osteopenia. Three cohorts were assembled comprising 

women aged 70–74, 75–79 and 80–84 years at baseline. Follow-up was 
simulated for 10 years. The ≥70 years age range was selected because 
the most o fractures arise from women aged ≥70 years with osteopenia 
[3,16], especially women having hip and other major fragility fractures 
which predispose to further fractures [17]. Subjects were profiled on 
participants in the Os des Femmes de Lyon (OFELY) and QUAlité Os
seuse LYon Orleans (QUALYOR) cohorts of 566 women aged ≥70 years 
of age with BMD categorized as osteopenia followed prospectively 
following baseline assessment of microstructure [3,18,19]. The OFELY 
cohort of 1039 women mean age 68 years with a baseline measurement 
of microstructure have been followed for a median of 9.4 years. The 
QUALYOR cohort comprised 1539 women followed for 5 years; 1042 
were recruited in Lyon and 497 in Orléans, France, based on having 
osteopenia with clinical risk factors for fracture, or T score −3.0 SD 
without clinical risk factor. Consent was obtained from all participants. 
These studies were approved by the CPP Sud-Est II institutional review 
board, Lyon, France. Images at the ultradistal radius were obtained and 
analysed using HRpQCT (XtremeCT, Scanco Medical AG, Switzerland) 
and StrAx1.0 (StraxCorp, Melbourne, Australia) [20,21,22]. 

2.3. Data inputs 

Key data inputs, and their values used in the base case and sensi
tivity analyses, are summarized in Table 1. Data regarding the annual 
risks of first hip, vertebral or wrist fracture were obtained from the 
OFELY and QUAYLOR cohorts. At baseline, none of the 1539 women in 
the QUALYOR cohort had previous fractures, while 63 of the 295 
women with osteopenia in the OFELY cohort had previous fractures. In 
these two cohorts, among women aged ≥70 years with osteopenia and 
a SFS of ≥70, the cumulative proportions with hip, vertebral and wrist 
fractures at two, four and eight years were 8.0%, 14.7% and 27.7%, 
respectively [3]. A polynomial function (with an excellent fit, 

R2 = 0.999) was applied to these data points to derive one-year risks 
over a ten-year period (Supplementary Fig. S1). Among women aged 
≥70 years with osteopenia and a SFS of < 70, the observed rates of 
fractures at 2, 4 and 8 years were 0.87%, 3.2% and 8.6%, respectively. 

In the model, we assumed that compared to women without pre
vious fractures, those who experienced major fragility fracture were 
1.61 times more likely to incur another fracture, as reported by Morin 
et al. (relative risk [RR] 1.61 95% confidence interval [CI] 1.47–1.77) 
[23]. 

Brauer et al. estimated that 1-year mortality among US women who 
suffered hip fractures was 21.9% (95% CI 21.4% - 22.4%) [24]. There 
were no equivalent data for US women who suffered vertebral and wrist 
fractures and so we estimated these from Morin et al. [25], who fol
lowed 49,197 women from Manitoba, Canada. In 2006/2007, the 1- 
year mortality rates (per 1000) among women who suffered hip, ver
tebral or wrist fractures were 182.8, 125.0 and 18.3 respectively. We 
used the proportional differences in 1-year mortality reported by Morin 
et al. for hip versus vertebral and wrist fractures to estimate absolute 1- 
year mortality post-vertebral fracture (21.9%*[125.0/182.9] = 15.0%) 
and post-wrist fracture (21.9%*[18.3/182.9] = 2.2%). To derive a 
weighted-average 1-year mortality for all three fractures, we applied 1- 
year mortality estimates for hip (21.9%), vertebral (15.0%) and wrist 
(2.2%) fractures to data on the proportional distribution of these three 
types of fractures published by Burge et al. [26] These investigators 
estimated that in 2005, of all hip, vertebral and wrist fractures occur
ring in the US among women aged 65 to 84 years, 28.7%, 45.3% and 
26.0% were in the hip, vertebra and wrist, respectively. Based on these 
data, the weighted-average 1-year mortality was 13.6%. 

In the group having microstructure quantified using HRpQCT, we 
assumed in the base case analysis that 25% of subjects would have a SFS 
of ≥70 units based on published findings [3]. These subjects were all 
assumed to be given prophylactic zoledronate which is reported to 
produce a 36% relative fracture risk reduction based on combining 
efficacy data for each of hip (RR 1.0), vertebral (RR 0.45) and wrist (RR 
0.56) fractures [13] and data on the proportional distribution of these 
three types of fractures [26]. Because Reid et al.13 found that the 

Table 1 
Data inputs used in the model.      

Input parameter Base-case value Uncertainty range Source  

Cost of HRpQCT USD $210 USD $500  
Underlying prevalence of SFS 70+ among women who 

undergo testinga 
25% 15% - 35% Base case value: Charpurlat 2020 [3] 

Uncertainty range: assumption 
Annual risk of hip, vertebral or wrist fractureb Age-dependent  ± 20% OFELY and QUAYLOR cohorts (personal communication) 
Relative risk of fracture among people with previous fracturesb 1.61 1.47–1.77 Morin 2014 [23] 
1-year mortality among people who have fractures Dominant   Brauer 2009 [24] and Morin 2011 [25] 

Hip 21.9% 21.4% - 22.4% 
Vertebral 15.0% N/A 
Wrist 2.2% N/A  

> 1-year standardized mortality ratio among people who have 
fractures   

Melton 2013 [29 (average of standardized mortality ratios for 1–5 years 
and  >  5 ears.) 

Hip 1.4 1.1–1.7 
Vertebral 1.5 1.2–1.7 
Wrist 1.0 0.7–1.3 

Utility: no prior fracture (multiplier)b 1.00 N/A Nayak 2019 [30] 
Utility: post fracture# (multiplier)b 0.97 N/A Nayak 2019 [30] 
Acute cost of fracture (USD)b $5128  ± 20% Base case value: Burge 2007 [26] 

Uncertainty range: assumption 
Annual cost: no fracture (USD)b $0 N/A Assumption 
Annual cost: post fracture (USD)b $1297  ± 20% Base case value: Burge 2007 [26] 

Uncertainty range: assumption 
Adherence to zoledronate 100% 80% Assumption 
Relative risk for fractures associated with zoledronateb   Reid 2018 [13] 

Hip 1.0 N/A 
Vertebra 0.45 0.27–0.75 
Wrist 0.56 0.37–0.85 

Unit cost of zoledronate (USD) $375 N/A Nayak 2019 [30] 

a All subjects identified as having osteopenia would undergo treatment with zoledronic acid every 18 months. 
b Weighted-average values for hip, vertebral and wrist fractures.  

D. Liew, et al.   Bone 142 (2021) 115682

3



benefit conferred by zoledronate for risk of hip fracture was not sta
tistically significant, we assumed no benefit for this outcome in the 
model (RR 1.0). In the base-case analysis, we assumed that all women 
assigned to zoledronate treatment were fully adherent. In sensitivity 
analyses, we reduced adherence to 80%. 

In the secondary evaluation of ‘global treatment of all women, 
HRpQCT was not used. Instead, all women in the intervention group 
were given zoledronate. All other model parameters were the same as 
used in the primary evaluation. 

Data on the distribution of the model subjects by age were drawn 
from the US Census Bureau [27] for the year 2017 and data on age- 
related probabilities of ‘background’ mortality from the Centres for 
Disease Control and Prevention [28] (Supplementary Table S1). Sub
jects in the health state ‘Alive, post fracture’ had a higher probability of 
‘background’ mortality (standardized mortality ratio [SMR] of 1.22) 
based on mortality risks for people post fracture published by Melton 
et al. [29] The authors estimated SMRs 1–5 years post hip, vertebral 
and wrist fractures among women to be 1.2, 1.7 and 0.8, respectively, 
while equivalent SMRs > 5 years post fracture were 1.5, 1.2 and 1.0. 
For each fracture type, we took the average of the SMRs for the 1–5 
and > 5-year periods and derived a weighted-average based on the 
proportional distribution of hip, vertebral and wrist fractures [26]. 

Costs were limited to direct costs from the perspective of the US 
healthcare system. The cost of HRpQCT was assumed to be USD $210 
per person and increased in a sensitivity analysis to US $500. In the 
model, an arbitrary number of 1000 women had a HRpQCT measure
ment of whom 250 (25%) were assumed to have a SFS of ≥70 units and 

so were targeted for treatment with zoledronate 5 mg every 18 months. 
The cost per dose of zoledronate was USD $375 ($176 drug cost and 
$199 administration cost) (30). If given every 18 months, the annual 
cost was USD $250 ($375*[12/18]). In the Standard Care Group, no 
subjects received zoledronate. In both the targeted and Standard Care 
Groups, all subjects were assumed to be taking zoledronate after a major 
fragility fracture. 

Weighted-average acute hospitalization costs occurring among US 
women aged 65–84 years published by Burge et al. were USD $24,043 
for hip fractures, $788 for vertebral fractures and $551 for wrist frac
tures for the year 2005 (26). (Supplementary Table S2). These were 
updated to 2020 values using the personal consumption expenditures 
(PCE) health price index [31], and a weighted-average cost derived by 
applying the costs of each type of fracture to their proportional dis
tribution estimated by Burge et al. [26] This was USD $10,111. 

The distribution of fractures in the Burge et al. cohort from which 
costs were derived [26] and our cohort was similar; respectively (Burge 
versus the French cohorts): vertebral fractures (27% vs. 29%), hip 
fractures (14% vs.11%), non-vertebral non-hip fractures (59% vs. 60%). 
Long term annual costs published by Burge et al. were USD $3977 
following hip fractures, $3237 following vertebral fractures and $0 
following wrist fractures, relevant to the year 2005 [26]. The weighted- 
average cost updated to a 2020 value was $1762. For subjects re
maining fracture free, we assumed that they did not incur any health
care costs related to management of fragility fractures. 

Data on utility (health-related quality of life) associated with frac
tures were drawn from Nayak et al. [30] As with costs, the weighted- 

Table 2 
Results of the sensitivity analyses.      

ICER: USD per year of life saved ICER: USD per QALY saved  

Base case $4922 $6135 
Cost of HRpQCT (USD)   

$500 $20,901 $26,049 
Proportion with SF ≥ 70 among population undergoing SFS testing   

15% $12,636 $15,749 
35% $1616 $2014 

Annual risk of hip, vertebral or wrist fracture   
−20% $13,291 $16,471 
+20% Dominanta Dominanta 

Relative risk of fracture in people with previous fractures   
1.47 $5089 $6333 
1.77 $4735 $5911 

1-year mortality among people who have hip fractures   
21.4% $4972 $6173 
22.4% $4874 $6098  

> 1-year standardized mortality ratio among people who have hip, vertebral and wrist fractures   
Lower limits of 95% confidence intervals $5359 $6441 
Upper limits of 95% confidence intervals $4589 $5885 

Acute cost of fracture (USD)   
$8089 (−20%) $7587 $9456 
$12,133 (+20%) $2257 $2813 

Acute cost of vertebral and wrist fractures (USD)   
Five-fold increase to estimates by Burge et al. (25) $1313 $1636 
Ten-fold increase to estimates by Burge et al. (25) Dominanta Dominanta 

Annual cost: post fracture (USD)   
$1410 (−20%) $6573 $8192 
$2114 (+20%) $3272 $4078 

Adherence to zoledronate in the HRpQCT Group   
80% $7897 $9842 

Relative risk for vertebral fractures associated with zoledronate   
0.27 $65 $81 
0.75 $20,649 $25,822 

Relative risk for wrist fractures associated with zoledronate   
0.37 $1751 $2179 
0.87 $12,449 $15,546 

Time horizon   
15 years $535 $700 

Annual discount rate   
0% $3033 $3792 

a Dominant: intervention associated with both improved health outcomes and lesser costs.  
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average utility of each fracture (0.96) was obtained by applying specific 
utilities for hip (0.90), vertebral (0.97) and wrist (1.00) fractures [30] 
to the proportional distribution of these three types of fractures (26). 
These utility values were factors by which age-related ‘background’ 
utilities [32] were multiplied (Supplementary Table S3). 

2.4. Economic evaluation 

The model compared outcomes between the HRpQCT and Standard 
Care Groups in terms of the number of fractures, years of life lived, 
quality-adjusted life years (QALYs) lived and costs over a 10-year time 
horizon. A 3% annual discount rate was applied to future health ben
efits and costs, in line with US guidelines [33]. For the economic eva
luation, the outputs of interest were incremental cost-effectiveness ratio 
(ICERs) in terms of net costs (USD) per QALYs saved and per year of life 
saved. 

2.5. Sensitivity analyses 

In sensitivity analyses, we varied the key input parameters ac
cording to the limits of the uncertainty ranges described in Table 1. 
Annual discount rates were reduced to 0%. Furthermore, because the 
acute hospitalization costs estimated by Burge et al. for vertebral and 
wrist fractures were up to 10-fold less compared that reported [34,35], 
we multiplied their costs by factors of 5 and 10. 

3. Results 

The model predicted that in the Standard Care Group, 327 fractures 
(284 first and 43 recurrent) would have occurred over the 10-year time 
horizon among the 1000 subjects compared to 300 fractures (261 first 
and 39 recurrent) in the Intervention Group assessed using HRpQCT 
and treated based on finding SFS to be ≥70 units. Hence, targeting 
treatment based on the presence of severe microstructural deterioration 
prevented 27 fractures over the 10-year period, equating to a number 
needed to treat (number needed to screen) of 37. 

The model predicted that in the Standard Care Group, subjects lived 
7341.0 years (discounted) and 4914.2 QALYs (discounted) over the 10- 
year time horizon, compared to 7359.2 years (discounted) and 4928.8 
QALYs (discounted) in the Intervention Group, equating to 18.1 years 
of life saved and 14.6 QALYs saved. 

In terms of costs, subjects in the Standard Care Group were pre
dicted to incur a total of USD $4,862,669 (discounted) in direct 
healthcare costs related to the prevention and management of fractures 
over the 10-year time horizon, compared to USD $4,742,004 (dis
counted) in the Intervention Group, representing a saving of USD 
$120,666. However, with the addition of USD $210,000 costs of 
HRpQCT at $210,000, the total costs of the Intervention Group was 
USD $4,952,004, representing a net difference of $89,334. 

Thus, quantifying bone microstructure in women aged ≥70 years 
with osteopenia and treating the 25% found to have SFS of ≥70 led to 
0.0181 years of life saved and 0.0146 QALYs saved per person over a 
10-year time horizon, at a cost of USD $89 per person. These equated to 
ICERs of USD $4992 per year of life saved and USD $6135 per QALY 
saved. These ICERs fall well within the threshold considered to be cost- 
effective [36]. 

The results of the sensitivity analyses are presented in Table 2. Input 
parameters to which the cost-effectiveness results were most sensitive 
were the cost of HRpQCT, the underlying risk of hip, vertebral and wrist 
fractures and the efficacy of zoledronate in preventing these. Even the 
ICERs representing the most conservative assumptions (that is, the 
highest ICERs) fall within the threshold considered to be cost-effective 
[36]. 

The secondary evaluation of ‘global treatment predicted that there 
would be 0.0364 years of life (discounted) and 0.0292 QALYs (dis
counted) saved per person, at a net cost per person of $US 359 

(discounted). The incremental cost-effectiveness ratios were $9864 per 
YoLS and $12,290 per QALY saved. 

4. Discussion 

Measurement of severe microstructural deterioration identifies 
women aged ≥70 years with osteopenia at imminent risk for fracture 
[3]. Over 70% of the fracture burden in the community arises among 
women with osteopenia or normal BMD [3–5,10]. The preliminary 
health economic analyses in that report [3], provided an indicative 
measure of cost-effectiveness using a simplified model structure and 
key data inputs with a modelled time horizon to five years. The para
meters of the present evaluation was more reflective of real world ex
perience; namely, that the risks and case-fatality of fragility fractures 
were weighted by the different sites of their occurrence, women could 
experience recurrent fractures, there was not always 100% adherence 
to prophylactic treatment and the modelled time horizon was ten years. 

We report here that the additional cost of measuring bone micro
structure and targeting treatment to women over 70 years of age with 
osteopenia and severe microstructural deterioration is likely to be cost- 
effective. Targeting therapy in this way to 1000 women prevents 37 
fractures over a 10-year period and saves 18.1 years of life and 14.6 
QALYs, at a cost of USD $89.334. These equate to ICERs of USD $4992 
per year of life saved and USD $6135 per QALY saved, which fall within 
the threshold considered to be cost-effective. According to the World 
Health Organization, the threshold ICER to determine cost-effectiveness 
should be referenced against a country's gross domestic product (GDP) 
per capita [36]. ICERs less than one times GDP per capita are con
sidered ‘high value’, while ICERs 1 to 3 times GDP per capita are con
sidered ‘intermediate value’. The World Bank estimated that the GDP 
per capita in the US in 2018 was USD $62,795 [37]. 

Our base case analysis adopted highly conservative data inputs, 
especially pertaining to the benefit of zoledronate on hip fractures (zero 
benefit) and other non-vertebral and non-wrist fractures (zero benefit), 
as well as the acute hospitalization costs of vertebral and wrist fractures 
(less than USD $1000 each). This reinforces the conclusion that the 
intervention is cost-effective. 

Most studies focus on women with osteoporosis. This will not reduce 
the population burden of fractures because these women contribute only 
15–20% of all fractures in the community. Over 70–80% of fractures 
arises among the great many postmenopausal women with osteopenia 
[3–5,10]. Even in women aged 70–90 years, only 40% have osteo
porosis; 60% have osteopenia or normal BMD [38]. These women 
usually remain untreated because this diagnostic threshold for ‘osteo
porosis’ is often used as a treatment threshold. Even in the presence of a 
fracture, treatment is often withheld when BMD is less severely reduced 
than – 2.5 SD [7]. 

Women aged over 70 years account for 45–60% of all major fragility 
fractures [3]. This age group is also responsible for over 75% of the 
costs of fragility fractures [38], reflecting the frequency of fractures in 
older women and the higher cost of managing fractures. This highlights 
the need to identify and treat women aged ≥70 years with osteopenia 
[3]. Measuring microstructural deterioration identifies these women. 
This study suggests that a targeted preventive strategy would be cost- 
effective, and constitute a ‘high value’ intervention, according to World 
Health Organization definitions. 

Relative to current standard of care, targeted treatment using SFS 
would be more cost-effective than ‘global treatment, and only comprise 
25% of the total costs. Assuming that there are 8.5 million women in 
the US aged ≥70 years with osteopenia [39], the net costs of the 
‘global’ treatment approach would amount to $US 3.05 billion over 
10 years. 

This study has several limitations. The input data were based on 
cohorts of French women with osteopenia and cannot be assumed to be 
representative of the US population. However, many multinational 
studies confirm that microstructural deterioration increases fracture 
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risk in all persons [3,8–11], and multinational studies support the 
consistency of antifracture efficacy of drugs in different populations 
[49–42]. Modelled analyses contain assumptions but we selected con
servative values for the base-case input parameters and tested a rea
sonable range of values in sensitivity analyses. Input parameters with 
the greatest uncertainty concerned costs of managing fragility fractures 
and the short- and long-term mortality associated with fragility frac
tures. However, the cost-effectiveness results were not sensitive to these 
inputs (Table 2). 

The efficacy of zoledronate influenced cost-effectiveness, but even 
assuming that hip fracture risk was not reduced and conservative 
margins of efficacy (upper limits of the 95%CIs for relative risk) for 
vertebral and wrist fractures, testing and treating the targeted women 
over 70 years of age with osteopenia and microstructural deterioration 
remained cost-effective. Furthermore, only fractures of the wrists, spine 
and hips were considered. Zoledronate may also reduce the incidence of 
fractures at other sites, and so the cost-effectiveness of the intervention 
is likely to have been under-estimated. Only zoledronate treatment was 
modelled [13]. Less costly medications are also efficacious in women 
with osteopenia [43,44]. HR-pQCT is not widely available. However, a 
new smaller HR-pQCT device has been developed which is FDA cleared 
and CE marked (conforming with health, safety, and environmental 
protection standards within European Economic Area) and is becoming 
available for clinical use. It improves access to assessment at similar 
costs to DXA and provides a visual assessment of the deterioration with 
3–5 microsievert radiation exposure per scan. 

4.1. Conclusion and implications 

The population burden of fractures will not be addressed by treat
ment to women with osteoporosis alone. Women with osteopenia at risk 
of fracture can be cost-effectively identified by measuring micro
structural deterioration and promptly treated [13,40–45]. This ap
proach is likely to curtail the growth morbidity, mortality, and eco
nomic burden of fractures accompanying longevity. 
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