Osteoporos Int (2015) 26:2091–2099
DOI 10.1007/s00198-015-3176-0

POSITION PAPER

FRAX-based assessment and intervention thresholds—
an exploration of thresholds in women aged 50 years
and older in the UK
E. McCloskey 1 & J. A. Kanis 2 & H. Johansson 2 & N. Harvey 3 & A. Odén 4 &
A. Cooper 5 & C. Cooper 3,6 & R. M. Francis 7 & D. M. Reid 8 & D. Marsh 9 &
P. Selby 10 & F. Thompson 11 & S. Hewitt 11 & J. Compston 12

Received: 5 March 2015 / Accepted: 13 May 2015 / Published online: 16 June 2015
# International Osteoporosis Foundation and National Osteoporosis Foundation 2015

Abstract
Summary Under current guidelines, based on prior fracture
probability thresholds, inequalities in access to therapy arise
especially at older ages (≥70 years) depending on the presence
or absence of a prior fracture. An alternative threshold (a fixed
threshold from the age of 70 years) reduces this disparity,
increases treatment access and decreases the need for bone
densitometry.
Introduction Several international guidelines set age-specific
intervention thresholds at the 10-year probability of fracture
equivalent to a woman of average BMI with a prior fracture.
At older ages (≥70 years), women with prior fracture selected
for treatment are at lower average absolute risk than those selected for treatment in the absence of prior fracture, prompting
consideration of alternative thresholds in this age group.
Methods Using a simulated population of 50,633 women
aged 50–90 years in the UK, with a distribution of risk factors
similar to that in the European FRAX derivation cohorts and a
UK-matched age distribution, the current NOGG intervention
and assessment thresholds were compared to one where the
thresholds remained constant from 70 years upwards.
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Results Under current thresholds, 45.1 % of women aged
≥70 years would be eligible for therapy, comprising 37.5 %
with prior fracture, 2.2 % with high risk but no prior fracture
and 5.4 % selected for treatment after bone mineral density
(BMD) measurement. Mean hip fracture probability was 11.3,
23.3 and 17.6 %, respectively, in these groups. Under the
alternative thresholds, the overall proportion of women treated
increased from 45.1 to 52.9 %, with 8.4 % at high risk but no
prior fracture and 7.0 % selected for treatment after BMD
measurement. In the latter group, the mean probability of hip
fracture was identical to that observed in women with prior
fracture (11.3 %). The alternative threshold also reduced the
need for BMD measurement, particularly at older ages
(>80 years).
Conclusions The alternative thresholds equilibrate fracture
risk, particularly hip fracture risk, in those with or without
prior fracture selected for treatment and reduce BMD usage
at older ages.
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Introduction
The development of fracture risk assessment tools has enabled
a step change in the management of osteoporosis as patients
can now be selected for therapy on the basis of absolute fracture risk rather than bone mineral density (BMD) T-score
alone. Of the several assessment tools available, the most
widely used is FRAX® which is recommended in several
national and international guidelines [1–7].
The clinical use of any risk assessment requires the establishment of assessment and/or intervention thresholds that
guide the clinician to undertake further assessment or initiate
therapy. In the UK, the National Institute of Health and Care
Excellence (NICE) recommends the use of two risk assessment tools, QFracture or FRAX [7–9]. The latter is the most
widely validated tool and has the advantage over QFracture of
incorporating measurements of femoral neck BMD, a wellestablished predictor of fracture risk that may also influence
skeletal responsiveness to therapy. The launch of FRAX in
April 2008 was shortly followed by the National Osteoporosis
Guideline Group (NOGG) thresholds, with an easy-to-use link
via the FRAX UK calculator website. Briefly, the NOGG
guidance Btranslated^ the preceding Royal College of Physicians (RCP) guideline which indicated that women with a
prior fragility fracture may be considered for intervention
without the necessity for a BMD test for the purpose of making the treatment decision [3, 10]. The NOGG intervention
threshold therefore reflects the age-specific fracture probability equivalent to a woman of average BMI (24 kg/m2) with a
prior fragility fracture, no additional risk factors and without
knowledge of BMD (Fig. 1). This FRAX-based approach is
similar to that recently adopted by the International Osteoporosis Foundation (IOF), European Society for Clinical and
Economic aspects of Osteoporosis and Osteoarthritis
(ESCEO) and European Calcified Tissue Society for postmenopausal osteoporosis and/or glucocorticoid-induced osteoporosis in Europe [1, 6] and several other country-specific guidelines in addition to the UK [2, 5, 11, 12].
In addition to intervention thresholds, assessment thresholds for BMD testing were devised to represent threshold
probabilities below which neither treatment nor a BMD test
should be considered (lower assessment threshold; i.e. a patient with no risk factors) and a threshold probability above
which treatment may be recommended without the need for
BMD (upper assessment threshold; i.e. a 1.2-fold increase on
the intervention threshold) (Fig. 1). The latter threshold was
chosen to minimise the probability that a patient characterised
to be at high risk on the basis of clinical risk factors alone
would be reclassified as low risk with additional information
on BMD [13].
Recently, a published comparison of the RCP and NOGG
guidance in postmenopausal women demonstrated that both
approaches identified patients at similar risk at younger ages,
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regardless of fracture status, but the NOGG thresholds were
somewhat more conservative at older ages in women without
prior fracture [14]. Thus, NOGG identified fewer older women without fracture as eligible for treatment, and those identified were at higher risk than those identified by prior fracture
[14]. The lower risk in older women with fracture reflects the
approach, endorsed by many agencies including NOGG and
NICE, that such women can be treated without recourse to
FRAX or BMD, so that some are treated at fracture probabilities below the NOGG-recommended intervention threshold
[3, 15]. For example, the NOGG intervention threshold assumes an average BMI, but input of actual BMI and other risk
factors in the calculation of an individual’s actual probability
might yield a value which is somewhat lower than the threshold, but treatment would still be indicated in the presence of
fracture. The very high threshold at older ages for women
without fracture might be seen to disadvantage more elderly
individuals.
A confusing situation can also arise where clinicians
choose to measure BMD in older women with fracture, as
many of these will come to lie below the intervention threshold after the inclusion of BMD in the FRAX calculation. The
impact of acquiring a BMD measurement and recalculating
the fracture probability on the decision to treat in older women
with fracture has not been formally assessed.
In this study, we have undertaken an evaluation of the
current NOGG assessment and intervention thresholds and
examined the impact of a potential change to the thresholds
at older ages.

Methods
The first step involved the production of a simulated population of women aged 50–90 years based on the UK agedistribution and European age-specific prevalence of risk factors. The multivariate distribution of the clinical risk factors by
age was estimated by determination of a set of conditional
distributions using cohorts of European women used in the
development of FRAX. Except for BMD and BMI, the variables are zero-one (at a given age). The probability that a zeroone variable, representing the dichotomous present/absent
clinical risk factors in FRAX, assumes the value one was
estimated by multivariable logistic regression analysis including other variables that were significantly correlated to the
current zero-one variable. The product of such conditional
distributions yields the multivariate distribution given age.
Normal two-dimensional variables were simulated, so they
perfectly fitted a special matrix of covariance, and the dichotomous risk variables were simulated according to the results
of the logistic regression analyses. A simulated population of
50,633 women aged 50–90 years in the UK was generated.
Simulations of greater numbers of women (up to 100,000)
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Fig. 1 Graphs of intervention
and assessment thresholds
showing the current NOGG
thresholds in the UK (a) and the
alternative thresholds (b). The
dotted line represents the
intervention threshold while the
assessment thresholds enclose the
amber area (see text for details)
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indicated that this number provided stability of the estimates
of the risk factor distribution.
Under the NOGG strategy, the risk of fracture is assessed
on clinical risk factors alone which in turn provides guidance
whether a BMD measurement or treatment is indicated, an
approach that has been endorsed by NICE [7]. The initial
decision is based on the presence of a prior fragility fracture
with treatment to be considered in such patients without necessarily undertaking a BMD measurement, though the latter
may still be useful in younger postmenopausal women. For
the purpose of the main analysis, we have assumed that treatment would be considered in all women with prior fracture.
In the absence of fracture, the decision is based on the 10year probability of major osteoporotic fracture with some individuals deemed at high risk (treatment without BMD), some
at or near the intervention threshold (BMD indicated to finalise risk evaluation and stratification) and some at low risk
(lifestyle advice, reassurance and re-evaluation in the future).
Once BMD is entered into the calculation, the decision to treat
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or not is based on a comparison to age-specific thresholds
for both major osteoporotic and hip fracture probability; a
probability at or above either threshold indicates therapy.
The current NOGG strategy was examined to see what
proportion of the female population between the ages of
50 and 90 years would qualify for BMD measurement
and/or treatment, with a particular emphasis on women
aged 70 years and over. The thresholds for assessment
and treatment were estimated for each age (in years)
(Fig. 1a).
An alternative strategy was also examined. Considerations
in choosing a new intervention threshold included the aim of
capturing the vast majority of women aged 75 years and older
with a prior fracture. The initiation of treatment without further assessment, for example BMD, in such women has been
espoused in NICE guidance [15]. The fifth percentile of major
osteoporotic fracture probability in UK women aged 75 years
and older with prior fracture was 19.2 %. This value approximates to the mean value of major osteoporotic fracture
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probability at the age of 70 (20.3 %) so that for ease of translation, it was decided that the intervention and assessment
thresholds would remain identical to those in the current
NOGG strategy up until the age of 70 years but thereafter
would remain constant at older ages (i.e. the thresholds at
70 years were applied to older ages) (Fig. 1b). The threshold
of 20.3 % still captures approximately 92 % of the fracture
cases over 75 years. The upper and lower BMD assessment
thresholds were 11.08 and 24.41 %, respectively. The alternative threshold for intervention based on hip fracture probability, defined as the probability in women with BMI 24 kg/m2
and a prior fracture, was established to be 5.4 % at 70 years
and was applied to women aged 70 years and above.
A formal statistical analysis was not conducted as the
study represents a simple comparison of the two thresholds
using an identical ‘population’. Differences in advice about
whether or not to treat older women with fracture before
and after BMD measurements were also explored for both
thresholds.

Results
The characteristics of the simulated representative sample of
women aged 50–90 years in the UK are shown in Table 1. As
expected, there was a decline in the size of the age groups with
increasing age (NB the 85–90 age group comprises 6 rather
5 years). Prior fracture was the most common risk factor and
increased in prevalence from 22 % at 50–54 years to 43 % at
85–90 years. Other risk factors that increased in prevalence
with increasing age included parental hip fracture and glucocorticoid use. The prevalence of low BMI (≤19 kg/m2) and
rheumatoid arthritis was relatively stable across the ages,
while current smoking, alcohol intake (≥3 units per day) and
causes of secondary osteoporosis showed a decline with age,
particularly marked for smoking.

Current and alternative NOGG thresholds
Given that prior fracture is an indication for therapy in both
strategies, the proportion of women recommended for therapy
for this reason was identical in both scenarios and rose with
age. Overall, the current NOGG thresholds advocated therapy
in 37.9 % of women between 50 and 90 years, comprising
30.1 % with prior fracture, 1.4 % with high risk in the absence
of fracture and 6.4 % with high risk following BMD assessment (Table 2). The proportion indicated for treatment increased from 31.2 % at age 50–54 years to 49.5 % at 85–
90 years (Table 2). As demonstrated previously, there was a
discordance in the risk of fracture in the three groups identified
for therapy under the current thresholds, and this discordance
was most marked in women aged 70 years and over (Table 2,
Fig. 2). For example, in women without fracture, the mean 10year probability of hip fracture was 23.3 and 17.6 % in those
deemed to be at high risk or selected for treatment after BMD
compared with a mean of only 11.3 % in women with prior
fracture (Table 2, Fig. 2). The corresponding mean probabilities of major osteoporotic fracture were 33.0 and 28.7 % compared with 25.5 % (Table 2).
The alternative thresholds only slightly increased the total
proportion of women aged 50–90 years selected for treatment
(37.9 to 40.8 %) despite a more marked impact on treatment
and BMD assessment at older ages (Table 2). For example, the
proportion of 70–90-year-old women recommended for therapy increased from 45.1 to 52.9 % (Table 2, Fig. 3a) with a
doubling of the proportion treated in the absence of a prior
fracture (15.4 compared to 7.7 % under current thresholds)
(Table 2). The latter was predominantly mediated by an increase in the number of women identified at high risk without
the need for BMD (8.4 from 2.2 %) with a small increase in
the proportion treated after BMD (7 from 5.4 %) (Table 2). It
is important to note that the small increase in those aged
70 years and over treated following BMD was achieved

Table 1 The characteristics of the representative population sample of women aged 50–90 years in the UK. Numbers for the risk factors represent the
prevalence (%) within the age groups
Age
group

% of
population

Low
BMI

Prior
fracture

Current
smoking

Alcohol
intake

Parental hip
fracture

Rheumatoid
arthritis

Glucocorticoid
use

Secondary
osteoporosis

Any
CRF

50–54
55–59
60–64
65–69
70–74
75–79
80–84
85–90
≥50

17.4
16.6
16.9
13.2
11.4
9.4
7.5
7.6
100

1.2
0.9
0.9
0.9
0.8
0.7
0.9
1.9
1.0

22.3
24.9
27.8
29.8
33.8
36.4
38.9
42.9
30.1

21.5
18.4
16.4
12.9
11.3
9.1
7.7
6.5
14.5

12.0
11.0
11.0
10.1
10.1
9.8
9.8
9.5
10.6

5.8
5.6
5.9
6.4
6.0
6.8
7.4
7.3
6.2

4.7
5.4
5.4
5.7
5.6
5.5
5.7
5.4
5.4

5.1
5.1
6.6
7.1
7.4
8.8
9.6
10.7
7.0

22.3
20.2
19.5
17.0
16.3
14.9
12.8
11.3
17.9

61.0
60.1
61.2
60.4
60.6
62.0
63.1
64.7
61.3

CRF clinical risk factor

85–90
≥50
≥70

50–54
55–59
60–64
65–69
70–74
75–79
80–84

Age group

42.9 (29.4, 15.6)
30.1 (19.2, 6.8)
37.5 (25.5, 11.3)

22.3 (9.9, 1.9)
24.9 (11.9, 2.4)
27.8 (15.6, 3.6)
29.8 (19.0, 4.9)
33.8 (21.7, 7.4)
36.4 (24.3, 10.1)
38.9 (27.4, 12.9)

Prior fracture

2.9 (38.1, 30.6)
1.4 (25.8, 14.6)
2.2 (33.0, 23.3)

1.0 (11.0, 1.2)
0.9 (13.9, 1.7)
1.0 (18.3, 3.9)
1.1 (23.9, 8.1)
1.5 (26.9, 14.0)
2.0 (30.8, 20.7)
2.8 (34.9, 25.5)

Current

Treat without BMD

16.9 (26.2, 16.8)
3.7 (24.5, 14.0)
8.4 (26.2, 16.1)

2.0 (25.3, 13.2)
5.3 (26.3, 16.0)
13.7 (26.2, 16.0)

Alternative

16.9 (22.8, 13.2)
26.3 (11.2, 3.6)
19.7 (18.7, 8.8)

34.1 (5.5, 0.8)
30.0 (7.4, 1.4)
29.0 (9.7, 2.0)
26.1 (12.9, 3.3)
21.7 (15.0, 5.3)
20.5 (18.4, 8.4)
18.5 (21.9, 11.7)

Current

Referred for BMD
Alternative

6.7 (22.9, 11.2)
9.9 (22.2, 11.3)
6.6 (21.8, 11.5)
3.9 (19.9, 10.9)
7.0 (16.6, 7.0)
7.0 (22.1, 11.3)

Current
7.5 (8.8, 2.5)
7.3 (11.8, 3.9)
6.8 (15.6, 5.4)
6.3 (20.8, 8.2)
5.6 (24.1, 12.4)
6.4 (27.9, 16.7)
5.6 (33.0, 22.0)
3.6 (35.1, 25.0)
6.4 (18.2, 8.6)
5.4 (28.7, 17.6)

Alternative

22.6 (14.7, 5.1)
20.0 (16.9, 7.2)
10.5 (18.1, 8.5)
4.9 (18.2, 9.5)
24.9 (10.1, 2.8)
15.7 (16.1, 6.6)

Treated after BMD

49.4 (30.3, 17.2)
38.0 (19.3, 7.4)
45.1 (26.3, 12.6)

30.8 (9.7, 2.1)
33.1 (11.9, 2.7)
35.5 (15.6, 3.9)
37.2 (19.4, 5.6)
41.0 (22.2, 8.4)
44.8 (25.1, 11.5)
47.4 (28.5, 14.7)

Current

Total treated

63.7 (28.0, 15.6)
40.8 (19.2, 7.5)
52.9 (25.1, 12.0)

42.6 (22.1, 8.3)
51.6 (24.1, 10.9)
59.2 (26.5, 13.4)

Alternative

Table 2 Application of the current and alternative NOGG thresholds with prior fracture as an indication for treatment. Apart from age group (years), the numbers represent the proportion (%) of the
population of women in each age category. The numbers in parentheses represent the average probability (calculated including BMD) of a major osteoporotic fracture and a hip fracture within the group
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Fig. 2 Mean probability of hip fracture in patients identified for
consideration of treatment under the current thresholds (open bars) and
the alternative thresholds (solid bars). High risk captures those falling into
the red areas in Fig. 1a and b, while those selected after BMD capture
those within the amber zones that come to lay above the intervention
threshold after BMD assessment

despite a decrease in the proportion referred for BMD measurements (15.7 vs 19.7 %) (Fig. 3b). The impact on the proportion identified for treatment and the reduction in BMD
requirement was more marked in the older age groups
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Fig. 3 Proportion of the population of women within each age band that
would be recommended for consideration of treatment (a) or bone
mineral density measurement (b) under current thresholds (open bars)
and the alternative thresholds (solid bars)

56.2
(27.1, 11.2)
75.4
(27.4, 12.4)
91.8
(28.5, 13.7)
98.7
(29.6, 15.8)
79.1
(28.3, 13.5)
48.7
(28.3, 12.1)
48.0
(31.9, 16.1)
41.8
(36.5, 20.7)
40.1
(38.4, 24.1)
45.0
(33.1, 17.5)
23.5
(27.6, 11.3)
18.4
(26.0, 10.3)
8.9
(24.0, 9.3)
4.1
(23.0, 9.7)
14.3
(26.3, 10.6)
21.1
(29.3, 12.7)
21.0
(32.0, 15.1)
16.5
(36.3, 19.2)
13.6
(39.1, 22.5)
18.3
(33.2, 16.4)
67.1
(19.3, 5.7)
42.7
(19.6, 6.1)
16.9
(19.9, 6.7)
5.3
(21.0, 8.4)
35.1
(19.5, 6.0)
71.8
(19.5, 5.8)
71.0
(21.7, 7.7)
73.0
(24.5, 10.0)
70.8
(26.5, 12.5)
71.6
(22.8, 8.8)
32.7
(26.8, 11.1)
57.0
(27.8, 13.1)
82.9
(29.0, 14.1)
94.6
(29.9, 16.1)
64.7
(28.7, 14.1)
≥70

85–90

80–84

75–79

27.6
(27.6, 11.7)
27.0
(31.9, 16.9)
25.3
(36.6, 21.6)
26.6
(38.1, 24.9)
26.7
(33.1, 18.3)
70–74

Alternative
Current
Current
Alternative
Current

Alternative

Current

Alternative

Total treated
Treated after BMD
Referred for BMD

This analysis explored the impact of the preference of many
clinicians to still undertake BMD in older women with fracture, prior to deciding about therapy, i.e. prior fracture is not
regarded as an absolute indication for therapy but rather as a
risk factor. The impact of the current NOGG and alternative
thresholds in women aged 70–90 years with prior fracture is
shown in Table 3 and Fig. 4.
Using current thresholds, a significant proportion (26.7 %)
of women aged 70–90 years with fracture had FRAX major
osteoporotic fracture probabilities above the upper assessment
threshold where treatment is indicated without the need for
BMD (Table 3). It is important to note that a small proportion
of women with prior fracture actually had FRAX major osteoporotic fracture probabilities that lay below the lower threshold for BMD assessment. Overall, this occurs in 1.7 % of older
women with prior fracture, ranging from 0.6 % at 70–74 years
to 2.6 % at 85–90 years. The majority of older women with
fracture (71.6 %) would be referred for a BMD measurement,
and most would subsequently not be treated following entry of
the BMD value into FRAX and NOGG; for example, of the
71.6 % referred for a scan, only a quarter (18.3/71.6, 25.6 %)
would have treatment indicated when the FRAX probability is
recalculated including the BMD result (Table 3). Overall, only
45 % of women aged 70 and above with prior fracture would
have treatment indicated (Table 3, Fig. 4); this falls slightly
further to 43.4 % in women aged 75 years and older if clinicians did not follow NOGG advice to treat all such women
and instead processed them through BMD scanning and reapplication of the NOGG algorithm.
Compared to the current NOGG thresholds, the proportion
of women aged 70 years and over with prior fracture treated
using the alternative thresholds increased from 45.0 (Table 3) to
79.1 % (Table 3). The proportion treated without BMD increased from 26.7 to 64.7 %, with treatment recommended
without BMD in 94.6 % of women with prior fracture at 85–

Treat without BMD

Impact of current and alternative thresholds in older
women with prior fracture (prior fracture handled
as a risk factor)

Age group

(Table 2, Fig. 3a, b). Importantly, in women without prior
fracture who were identified for treatment, the alternative
thresholds were associated with a reduction in average probability of major osteoporotic and hip fracture. These values were
similar to those observed in women with a prior fracture
(Table 2, Fig. 2). Indeed, the mean probability of hip fracture
was identical in those identified by prior fracture and those
identified after BMD (Table 2, Fig. 2). The mean probability
of major osteoporotic fracture was slightly lower in those without prior fracture compared with those with fracture (22.1 vs
25.5 %). It is important to note, however, that all of the women
without prior fracture will have a probability of at least 20.3 %,
whereas this is not true for all the women with prior fracture.

Osteoporos Int (2015) 26:2091–2099
Table 3 Application of the current and alternative NOGG thresholds in women aged 70–90 years with prior fracture but with the fracture considered as a risk factor rather than an absolute indication for
treatment. Apart from age group (years), the numbers represent the proportion (%) of the population of women in each age category. The numbers in parentheses represent the average probability (calculated
including BMD) of a major osteoporotic fracture and a hip fracture within the group
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Proportion of women with fractures recommended
treatment (%)
100
90

Current

Alternative

80
70
60
50
40
30
20
10
0
70-74

75-79

80-84

85-90

70

Fig. 4 Proportion of the women with prior fracture selected for treatment
if fracture is considered as a risk factor rather than a direct indication for
therapy (open bars—current thresholds; solid bars—alternative
thresholds)

90 years (Table 3). Only a very small proportion of women with
prior fracture have FRAX major osteoporotic fracture probabilities that lie below the lower threshold for BMD assessment,
and this is stable across the age groups (0.1–0.3 %). As more
women with prior fracture are directly indicated for treatment at
older ages, the total proportion referred for BMD also declined
markedly from 71.6 to 35.1 %; only 16.9 and 5.3 % of 80–84
and 85–90-year olds, respectively, would be referred for scans.
Despite the 51 % reduction in scanning requirement, the proportion identified for treatment after scans was similar (24.3 vs.
18.3 %; only a 22 % reduction) thus improving the yield from
the BMD scans. Under the new thresholds, the majority of
women with fracture would merit therapy, ranging from
56.2 % of 70–74-year olds to 91.8 and 98.7 % at the ages of
80–84 and 85–90 years, respectively (Table 3, Fig. 4).

Discussion
In this study, we have explored the impact of adjusting the
NOGG thresholds for women aged over 70 years of age in a
UK setting. We have demonstrated that the current thresholds
require a higher risk of fracture, particularly hip fracture, for
treatment to be indicated in older women without a prior fracture than those qualifying on the basis of fracture alone. Furthermore, if clinicians undertake BMD measurements in
women aged 75 years and older with fracture, we have demonstrated a discordance in the current advice of NOGG to treat
all such women and the recommendation that follows the inclusion of BMD in the risk assessment. The analysis suggests
that the use of the tested alternative thresholds in women aged
70–90 years can address both of these anomalies; fracture risk
is more comparable in the groups of women identified for
therapy, and treatment is recommended in the majority of
older women with fracture, with or without the inclusion of
BMD, thus reducing the need for BMD measurement.

In osteoporosis, a number of criteria have been advocated
as thresholds for intervention with the presence of a prior
fracture being the most widely adopted and present in one
form or another in most national and international guidelines
[1, 3, 6, 12, 16–18]. The use of absolute fracture risk allows
comparison across groups identified by different risk profiles
and highlights some of the disparities in selecting patients for
therapy. For example, in an analysis of a large DXA database
in Manitoba, Leslie and colleagues examined the proportions
of patients, predominantly women, at low (<10 % probability), medium (10–20 %) and high (>20 %) risk of fracture
identified by different criteria within the National Osteoporosis Foundation guidance from the USA. There were marked
differences in the risk profiles of patients identified by Tscore≤−2.5, prior fracture or economically defined FRAX
thresholds (>3 % hip fracture probability or >20 % major
fracture probability). In patients aged 65 years and over, only
39.6 % of patients selected for treatment with a T-score≤−2.5
had a fracture probability greater than 20 %, while in the same
age category, patients with osteopenia had 77.3 % lying above
the 20 % threshold. The concept that women without fracture
merit treatment if their risk of fracture is similar to or exceeds
that of an average woman with a prior fracture is a concept that
attempts to embrace fairness and equity of access to treatment.
However, our previous analysis of the NOGG thresholds also
indicated a disparity in risk between women at older ages with
and without fracture qualifying for therapy [14]. This reflects
the setting of the threshold using a prior fracture in a woman of
average BMI (24 kg/m2) so that one might expect half of
women with a prior fracture to actually lie below the threshold
due to the distribution of BMI. The advice to treat all older
women with prior fracture necessarily lowers the probability
of fracture in this group relative to that observed in women
without fracture who still have to achieve the intervention
threshold. It is important to appreciate, however, that despite
the Blowering^ of risk, the average probability of fracture in
older women with fracture still remains very high. In all women aged 70+ years with fracture, the average probabilities of
major osteoporotic fracture and hip fracture were 25.5 and
11.3 %, respectively; these were even higher in women aged
85–90 years being 29.4 and 15.6 %, respectively.
It is important to place the current and alternative thresholds in a health economic perspective. In the context of osteoporosis and fracture risk, the intervention threshold that is
relevant for payers can be defined as the probability of fracture
at which intervention becomes cost-effective. This approach
has not been used in the UK by NOGG, but it is still important
to underpin the chosen intervention thresholds by cost-effectiveness. Both strategies included in this analysis are highly
cost-effective. In a previous paper, the relationship between
FRAX probabilities and cost-effectiveness was examined for
all possible combinations of clinical risk factors with BMD Tscores ranging between 0 and −3.5 SD [19]. In that analysis,
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treatment with generic alendronic acid was modelled at £95
per year, which is a very conservative figure since the current
price has subsequently fallen to approximately £12. At the
higher price, cost-effectiveness with a willingness-to-pay of
£20,000 per quality-adjusted life year (QALY) was demonstrated for FRAX major osteoporotic fracture probabilities
that exceeded 7–8 %. A similar analysis with risedronate,
which cost £264 at the time, showed cost-effectiveness at a
probability threshold of 19 % [20], close to the alternative
intervention threshold studied in this paper. The eightfold reduction in the cost of alendronic acid since then and the more
recent availability of cheap generic forms of other osteoporosis agents including risedronate, ibandronic acid and zoledronic acid support the notion that both thresholds comfortably
represent highly cost-effective scenarios.
The alternative thresholds examined in this paper have important implications for the decision to undertake BMD measurements in older women with prior fracture before making
treatment decisions. As we have demonstrated, if the NOGG
advice to treat all women aged 75 years and over with prior
fracture is ignored and a BMD is requested, treatment would
be indicated only in a minority of such women (e.g. 41.8 % of
80–84-year olds). Confusion over the advice to treat is a likely
result. Using the alternative thresholds, the majority (82.9 %)
of women aged 80–84 years with a fracture would lie in the
high-risk area, and the total proportion selected for treatment
would increase to 91.8 % following BMD; the latter only undertaken in 16.9 % of the age group. The fact that almost 92 %
of women aged 80–84 years with fracture would be selected
for therapy suggests that the use of BMD to identify patients
suitable for therapy in this age group is irrational and supports
the current NICE and NOGG advice to treat older women with
fracture without necessarily measuring BMD. Certainly, in the
absence of easy access to BMD or to make better use of limited
BMD resources, the alternative thresholds are consistent with
the recommendation to consider treatment in all older women
with prior fracture. This would, of course, not preclude the
measurement of BMD for other purposes such as monitoring
response or assessment prior to accessing high-cost therapies.
This analysis has a number of strengths and limitations.
One limitation is that the studied population is a simulated
cohort rather than a real population sample. However, the
analysis is a comparison of two sets of thresholds within the
same population so that conclusions drawn about the relative
performance of the thresholds are largely independent of the
study population. Furthermore, the simulation allows the impact of any changes in thresholds to be modelled at a population level rather than in subsets of the population. The present
analysis has only been conducted in a cohort modelled on the
age distribution of the UK, but given that the risk factor prevalences were derived from several European cohorts, it is likely that similar conclusions would be drawn across other European countries, with the only differences being driven by
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variations in the age distributions within these countries. The
present analysis does not allow an examination of the impact
of threshold changes in men beyond the obvious conclusion
that more men at older ages would be selected for treatment
under the alternative thresholds compared to existing thresholds. It should be noted that whereas the alternative threshold
appears markedly different at older ages, the overall impact on
the proportion of women selected for treatment is relatively
small. Indeed the proportion of the population aged 50 years
and over only increases from 38.0 to 40.8 %; the largest increase in proportion is observed in the most elderly with
63.7 % of 85–90-year olds being considered for treatment
compared to 49.4 % under the current thresholds. In practice,
it is unlikely that 63.7 % of women aged 85–90 years would
initiate osteoporosis therapy due to other health considerations, so this proportion simply represents a theoretical maximum if the guidance was fully implemented. The approach is
still somewhat conservative compared to other national guidance such as that endorsed by the National Osteoporosis
Foundation where over 87 % of 80+ year-old non-Hispanic
women would be selected for treatment [16, 21]. Finally, it
should be acknowledged that the identification of a threshold
for major osteoporotic fracture at or around 20 % is not a
validation of this threshold on a global scale but rather represents a chance occurrence. Fortuitously, this is the probability
at the age of 70 years in a woman with a prior fracture in the
UK, but will differ if the same NOGG-like approach is taken
to determining fracture thresholds in other populations.
The goal of setting intervention thresholds in a chronic
disease is to maximise the benefit on outcomes while limiting
the risks and costs that accompany the intervention. It is a
complex process that includes consideration of countryspecific factors such as reimbursement, cost-effectiveness
and society’s willingness to pay [1]. Within a country, it would
seem desirable that at any given age, the selection criteria for
intervention results in equitable access to therapy for patients
with the same age-specific absolute probability of fracture. We
conclude that the alternative thresholds examined here achieve
this objective and may indicate the need for a revision of the
current thresholds at older ages in the UK guidance and that
using similar approaches elsewhere.
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