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Abstract The diagnosis of osteoporosis is based on the
measurement of bone mineral density (BMD). There are
a number of clinical risk factors that provide information on fracture risk over and above that given by BMD.
The assessment of fracture risk thus needs to be distinguished from diagnosis to take account of the independent value of the clinical risk factors. These include age,
a prior fragility fracture, a parental history of hip fracture, smoking, use of systemic corticosteroids, excess
alcohol intake and rheumatoid arthritis. The independent contribution of these risk factors can be integrated
by the calculation of fracture probability with or without the use of BMD. Treatment can then be oﬀered to
those identiﬁed to have a fracture probability greater
than an intervention threshold.
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Introduction
The increasing prevalence and awareness of osteoporosis, together with the development of treatments of
proven eﬃcacy, will increase the demand for management of patients with osteoporosis. This in turn will
require widespread facilities for the assessment of osteoporosis. Measurements of bone mineral are a central
component of any provision that arises from the internationally agreed description of osteoporosis: a systemic
disease characterised by low bone mass and microarchitectural deterioration of bone tissue, with a consequent increase in bone fragility and susceptibility to
fracture [1]. The diagnosis thus centres on the assessment
of bone mass and quality. There are no satisfactory
clinical tools available to assess bone quality independently of bone density, so that for practical purposes the
diagnosis of osteoporosis depends upon the measurement of skeletal mass, as assessed by measurements of
bone mineral density (BMD).
The clinical signiﬁcance of osteoporosis is the fractures that arise with their attendant morbidity and
mortality. Although bone mass is an important component of the risk of fracture, other abnormalities occur
in the skeleton that contribute to fragility. In addition, a
variety of non-skeletal factors, such as the liability to fall
and force of impact, contribute to fracture risk. Since
BMD forms but one component of fracture risk, accurate assessment of fracture risk should ideally take into
account other readily measured indices of fracture risk
that add further information to that provided by BMD.
The identiﬁcation of risk factors for fracture has been
widely used in case ﬁnding strategies. In such schemes,
patients are identiﬁed on the basis of clinical risk factors.
Examples include a family history of fragility fracture, a
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previous fragility fracture, low body mass index and the
long-term use of corticosteroids. Patients so identiﬁed
are referred for bone mineral density measurements, and
intervention oﬀered if bone mineral density falls below a
given threshold. Current guidelines in Europe suggest
that intervention should be oﬀered in those individuals
subsequently shown to have osteoporosis (i.e. a T-score
of –2.5 SD or less) [2,3]. In the USA, a less stringent
threshold is recommended of –2.0 SD in the absence of
signiﬁcant risk factors, and –1.5 SD in the presence of
risk factors [4]. This case ﬁnding strategy is conservative.
Individuals must have one of the chosen risk factors
before they are referred for bone mineral density under
the current guidance of the International Osteoporosis
Foundation (IOF). Moreover, the vast majority of
fractures will occur in those individuals who are never
assessed. Against this background, a growing view is
that the assessment of fracture risk should encompass all
aspects of risk and that intervention should not be guided solely on the basis of BMD [5,6]. There is a distinction to be made, therefore, between diagnosis of
osteoporosis and the assessment of fracture risk, that in
turn implies a distinction between diagnostic and intervention thresholds. This paper reviews the extent that
this can be achieved in clinical practice.

Table 1 Prevalence (%) of osteoporosis at the age interval shown
in Sweden using female-derived thresholds from the young population aged 20–29 years

Bone mineral density

Assessment of risk

The cornerstone for the diagnosis of osteoporosis lies in
the assessment of BMD. In 1994, an expert panel of the
World Health Organisation recommended thresholds of
bone mineral density in women to deﬁne osteoporosis [7–
9] that have been widely, but not universally, accepted by
the international scientiﬁc community and by regulatory
agencies [10–12]. Osteoporosis in postmenopausal Caucasian women is deﬁned as a value for bone mineral
density (BMD) of >2.5 SD below the young average
value, i.e. a T-score of £ 2.5 SD. Severe osteoporosis
(established osteoporosis) uses the same threshold, but
with one or more prior fragility fractures. The preferred
site for diagnostic purposes are BMD measurements
made at the hip, either at the total hip or the femoral neck
[5]. For men, the same threshold as utilised for women is
appropriate, since for any given BMD, the age adjusted
fracture risk is more or less the same [13–16].
The diagnostic threshold identiﬁes approximately
20% of postmenopausal women as having osteoporosis
when measurements using dual energy X-ray absorptiometry (DXA) are made at the hip [7–9] (Table 1). The
diagnostic use of the T-score cannot be used interchangeably with diﬀerent techniques and at diﬀerent
sites, since the same T-score derived from diﬀerent sites
and techniques yields diﬀerent information on fracture
risk [17]. For example, in women at the age of 60 years
the average T-score ranges from –0.7 to –2.5 SD,
depending on the technique used [5,17]. Reasons include
diﬀerences in the gradient of risk with which techniques
predict fracture, discrepancies in the population stan-

The use of bone mass measurements for prognosis depends upon accuracy. Accuracy in this context is the
ability of the measurement to predict fracture. In general, all absorptiometric techniques have high speciﬁcity
but low sensitivity that varies with the cut-oﬀ chosen to
designate high risk. Many cross-sectional and prospective population studies indicate that the risk for fracture
increases by a factor of 1.4–2.6 for each standard deviation decrease in bone mineral density (Table 2) [19].
The ability of bone mineral density to predict fracture is
comparable to the use of blood pressure to predict
stroke, and substantially better than serum cholesterol
to predict myocardial infarction [11,19,20]. Accuracy is
improved by site-speciﬁc measurements (see Table 2), so
that for forearm fractures, the risk might ideally be
measured at the forearm, and for hip fracture, measurements made at the hip. In the immediate postmenopausal population, measurements at any site (hip, spine
and wrist) predict any osteoporotic fracture equally well
with a gradient of risk of approximately 1.5 per standard
deviation decrease in bone mineral density.
The highest gradient of risk is found at the hip to
predict hip fracture where the gradient of risk is 2.6.
Thus, an individual with a T-score of –3 SD at the hip
would have a 2.63 or greater than 15-fold higher risk
than an individual with a T-score of 0 SD. By contrast,
the same T-score at the spine would yield much lower
risk estimate—approximately 4-fold increased (1.63).
This emphasises the importance of accuracy or gradient
of risk in the categorisation of fracture risk.
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Age range (years)

Men (%)

Women (%)

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

2.5
3.5
5.8
7.4
7.8
10.3
16.6
6.3

6.3
9.6
14.3
20.2
27.9
37.5
47.2
21.2

dard deviation, and diﬀerences in the apparent rates of
site-speciﬁc bone loss with age. A further problem is that
inter-site correlations, although usually of statistical
signiﬁcance, are inadequate for predictive purposes in
individuals giving rise to errors of mis-classiﬁcation [18].
This does not mean that sites and techniques other than
DXA at the hip cannot be used for risk assessment—only that the performance characteristics of the
diﬀerent techniques diﬀer, and that less confusion arises
when the T-score is reserved for diagnostic use with
DXA at the hip.
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Table 2 Age-adjusted relative
increase in risk of fracture (with
95% conﬁdence interval) in
women for every 1 SD decrease
in bone mineral density
(absorptiometry) below the
mean value for age (from 19)

Site of
measurement

Forearm
fracture

Hip
fracture

Vertebral
fracture

All
fractures

Distal radius
Femoral neck
Lumbar spine

1.7 (1.4–2.0)
1.4 (1.4–1.6)
1.5 (1.3–1.8)

1.8 (1.4–2.2)
2.6 (2.0–3.5)
1.6 (1.2–2.2)

1.7 (1.4–2.1)
1.8 (1.1–2.7)
2.3 (1.9–2.8)

1.4 (1.3–1.6)
1.6 (1.4–1.8)
1.5 (1.4–1.7)

Despite these performance characteristics, it should
be recognised that, just because bone mineral density is
normal, there is no guarantee that a fracture will not
occur—only that the risk is decreased. Indeed, most
fractures will occur in patients without osteoporosis [7].
Conversely, if bone mineral density is in the osteoporotic
range, then fractures are more likely, but not invariable.
Consider, for example, the use of BMD at the age of 65
years and assume that the test predicts osteoporotic
fractures (clinical spine, proximal humerus, hip and
forearm fractures) with a gradient of risk of 2.0/SD
change in BMD. At this age, the average 10-year probability of any one of these fractures is 12.4% [21]. If it
were decided to target, say, 10% of the population at
this age with the lowest BMD, 23% of fractures occurring over the next 10 years would be correctly identiﬁed
by the test (i.e. sensitivity). Thus, 76% of all fractures
would occur in women with a negative test [21]. The low
sensitivity is one of the reasons why widespread population based screening is not widely recommended in
women at the time of the menopause [7].

Fracture probability
Fracture risk is commonly expressed as a relative risk,
but this has diﬀerent meanings in diﬀerent contexts. In
the case of bone density measurements, gradients of risk
are used, e.g. a 2.6-fold increase in hip fracture risk for
each SD decrease in BMD. For dichotomous risk factors, risk is commonly expressed as the risk in individuals with a risk factor compared to the risk in those
without the risk factor, or, as a risk compared with the
general population. In order to compare risks, risk
estimates need to be expressed in a standardised manner,
e.g. as the risk relative to the population risk or as
gradients of risk. Algorithms are now available for their
conversion to be computed [21,22]. Nevertheless, the use
of relative risks can be problematic. For example, at a
given BMD, the relative risk of fracture decreases with
age (since more of the population has osteoporosis) [22].
This is confusing for clinicians. For this and other reasons mentioned below, there has been interest in
expressing risk in absolute terms, namely the probability
or likelihood of fractures over a given period of time.
The absolute risk of fracture depends upon age and
life expectancy as well as the current relative risk. In
general, remaining lifetime risk of fracture increases with
age up to the age of 70 years or so. Thereafter, probability plateaus and then decreases, since the risk of death
with age outstrips the increasing incidence of fracture
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with age. Estimates of lifetime risk are of value in considering the burden of osteoporosis in the community,
and the eﬀects of intervention strategies. For several
reasons, they are less relevant for assessing risk of
individuals in whom treatment might be envisaged.
Firstly, treatments are not presently given for a lifetime,
due variably to side eﬀects of continued treatment (e.g.
hormone replacement treatment) or low continuance
(most treatments). Moreover, the feasibility of life-long
interventions has never been tested, either using high
risk or global strategies. Secondly, the predictive value
of low bone mineral density and some other risk factors
for fracture risk may be attenuated over time [23]. Finally, the conﬁdence in estimates decreases with time
due to the uncertainties concerning future mortality
trends [24]. For this reason, the IOF and the NOF recommend that risk of fracture should be expressed as a
ﬁxed-term absolute risk, i.e. probability over a 10-year
interval [6]. The period of 10 years covers the likely
duration of treatment and any beneﬁts that may continue once treatment is stopped.
A further advantage of utilising fracture probability
in risk assessment is that it standardizes the output from
the multiple techniques and sites used for assessment.
The estimated probability will, of course, depend upon
the performance characteristics (gradient of risk) provided by any BMD technique at any one site. Moreover,
it also permits the presence or absence of risk factors
other than BMD to be incorporated with (or without)
information on BMD as a single metric. This is important because there are many risk factors that give
information over and above that provided by BMD. The
most important of these is age.

Age and BMD
The same T-score with the same technique at any one
site has a diﬀerent signiﬁcance at diﬀerent ages. For any
given T-score, fracture risk is much higher in the elderly
than in the young [25]. This is because age contributes to
risk independently of BMD. Indeed, from knowledge of
the relationship between BMD and fracture risk, it
would be predicted that hip fracture risk might increase
4-fold between the ages of 50 and 80 years. In reality, for
hip fracture the risk increases 30-fold, indicating that
over a lifetime, changes in age are approximately 7-fold
more important than changes in BMD. It also indicates
the independent value of assessing age.
The relationship between age, BMD and fracture
probability at the spine and hip is given in Tables 3 and
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4 [26]. At the threshold for osteoporosis (T-score=)2.5 SD), the 10-year probability of hip fracture
ranges from 1.4 to 14.2% in men and women depending
on age (see Table 3) [26]. Any diﬀerence in probability
between men and women is not marked, since the same
BMD at the hip carries a similar fracture risk in both
sexes. The relationship between T-score and 10-year
spine fracture probability is shown in Table 4 [26]. At
the threshold of osteoporosis, there is approximately a 2fold increase in probability with age between the ages of
50 and 85 years. As in the case of hip fracture, there is
little diﬀerence in probabilities between men and
women. For any given age, there is approximately a 4- to
5-fold increase in probability between a T-score of 0 and
–2.5 SD. Thus, the consideration of age and BMD
together increases the range of risk that can be identiﬁed.
Imagine for the sake of argument that one wished to
treat individuals with a greater than 10% 10-year
probability of spine fracture, then very few individuals
would be identiﬁed at the age of 50 years on the basis of
BMD. The addition of age as a risk factor would,
however, identify a substantial minority of individuals
above this threshold risk. It is important to note that
these data are applicable to individuals from Sweden.
Hip fracture probabilities vary markedly around the
world, much more than BMD, and fracture probabilities
need to be calculated for each country.

Table 4 Ten-year probability of clinically apparent spine fracture
in Swedish men and women by age and T-score at the femoral neck
[26]
Age (years)

Men
50
55
60
65
70
75
80
85
Women
50
55
60
65
70
75
80
85

T-score
+1

0

)1

)2.0

)2.5

)3.0

)4.0

0.5
0.6
0.7
0.9
1.1
1.1
1.3
1.2

0.9
1.0
1.1
1.4
1.8
1.9
2.1
1.9

1.5
1.7
1.9
2.2
2.9
3.3
3.4
2.9

2.5
2.9
3.1
3.4
4.7
5.6
5.5
4.4

3.2
3.8
3.9
4.2
6.0
7.2
6.9
5.4

4.1
5.0
5.0
5.3
7.6
9.4
8.7
6.7

6.9
8.5
8.1
8.3
12.2
15.6
13.7
10.1

0.4
0.4
0.6
0.8
0.8
0.7
0.7
0.6

0.6
0.7
1.0
1.4
1.6
1.3
1.2
1.1

1.1
1.4
1.9
2.6
2.9
2.5
2.4
2.1

2.0
2.5
3.4
4.7
5.5
5.0
4.6
4.0

2.6
3.4
4.6
6.2
7.4
6.9
6.3
5.5

3.5
4.6
6.1
8.3
10.0
9.5
8.7
7.5

6.1
8.3
11.0
14.6
18.0
17.9
16.1
13.6

risk of fracture is high, but treatment with agents
aﬀecting bone metabolism may have little eﬀect on risk.
Other risk factors such as prior fragility fractures contribute to a risk that is responsive to intervention.

Other risk factors
Clinical risk factors
A large number of additional risk factors for fracture
have been identiﬁed. For the purposes of risk assessment
in conjunction with a BMD test, interest lies in those
factors that contribute signiﬁcantly to fracture risk over
and above that provided by bone mineral density measurements or age. Indeed, the consideration of such risk
factors can be used to enhance a case ﬁnding strategy in
osteoporosis by increasing the dynamic range of risk
stratiﬁcation. A caveat is that some risk factors are not
amenable to particular treatments, so that the relationship between absolute probability of fracture and
reversible risk is important for case-ﬁnding strategies.
Liability to falls is an appropriate example where the

Table 3 Ten-year probability of
hip fracture in Swedish men and
women according to age and
BMD at the femoral neck [26]

Age (years)

45
50
55
60
65
70
75
80
85
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Many risk factors for osteoporotic fracture have been
identiﬁed (Table 5) [27]. In general, risk factor scores
show relatively poor speciﬁcity and sensitivity in predicting either bone mineral density or fracture risk [28–
34]. Moreover, some risk factors vary in importance
according to age. For example, risk factors for falling
such as visual impairment, reduced mobility and treatment with sedatives, are more strongly predictive of
fracture in the elderly than in younger individuals [35].
The choice of risk factor to use depends not only
upon the concept of identifying reversible risk, but also
on their ease of application. Many studies indicate for

Men

Women

Population

T-score
)1

T-score
)2.5

T-score
£ )2.5

Population

T-score
)1

T-score
)2.5

T-score
£ )2.5

0.5
0.8
0.8
1.2
2.1
3.4
5.9
7.6
7.1

0.7
1.1
0.9
1.2
1.9
2.7
4.1
4.6
7.6

2.2
3.4
3.1
3.7
5.3
8.5
14.2
13.7
10.5

3.4
5.1
4.9
6.0
8.8
14.3
24.2
24.3
19.9

0.4
0.6
1.2
2.3
3.9
7.3
11.7
15.5
16.1

0.4
0.5
0.7
1.1
1.5
2.0
2.3
2.5
2.1

1.4
1.7
2.9
4.4
5.9
8.8
11.1
11.5
10.0

2.2
2.9
4.9
7.8
11.3
18.3
24.6
27.9
25.8
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Table 5 Risks for osteoporotic fractures [27]
Female gender
Agea
Asian or Caucasian race
Low BMD
High bone turnovera
Poor visual acuitya
Neuromuscular disordersa

Premature menopause
Primary or secondary amenorrhoea
Primary and secondary
hypogonadism in men
Previous fragility fracturea
Glucocorticoid therapya
Family history of hip fracturea
Low body weighta
Cigarette smokinga
Excessive alcohol consumptiona
Prolonged immobilisation
Low dietary calcium intake
Vitamin D deﬁciency

a
These characteristics capture aspects of fracture risk over and
above that provided by BMD

example that low intakes of calcium are a risk factor for
hip fracture, but the quantiﬁcation of calcium intake is
not readily undertaken in general practice. A further
consideration is the international validity. A series of
recent meta-analyses from population-based cohorts has
shown remarkable international consistency for low
body mass index, a prior history of fracture, a family
history of hip fracture, current smoking, high intake of
alcohol and rheumatoid arthritis [36–41]. All provide
information on fracture risk that is in part independent
of BMD (Table 6).
Glucocorticoids are an important cause of osteoporosis and fractures [42,43]. Bone loss is believed to be
most rapid in the ﬁrst few months of treatment, and
aﬀects both axial and appendicular sites. Loss is most
marked at the spine where cancellous bone predominates. The fracture risk conferred by the use of corticosteroids is, however, not solely dependent upon bone
loss, and BMD independent risks have been identiﬁed
(see Table 6) [37]. In this meta-analysis, the relative risk
of hip fracture was increased 2.1- to 4.4-fold, depending
upon age (higher at younger ages).
Many studies indicate that history of fragility fracture
is an important risk factor for further fracture [44,45].
Fracture risk is approximately doubled in the presence
of a prior fracture. The increase in risk is even more
marked for a vertebral fracture following a previous
spine fracture. For example, the presence of 2 or more
prevalent vertebral fractures was associated with a

Table 6 Risk ratio for hip
fracture associated with risk
factors adjusted for age, with
and without adjustment for
BMD
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12-fold increase in fracture risk for any given bone
mineral density [46]. A recent meta-analysis showing
risks according to the site of a prior fracture is given in
Table 7 [45]. These risks are not adjusted for BMD. In
general, adjustment for BMD would decrease the relative risk by 10–20% (see Table 6) [4,36].
Low body mass index is a well recognised risk factor
for fractures. The risk is most marked for lean individuals with a BMI of <20 kg/m2. Above 20 kg/m2 increments in weight have little protective eﬀect, so that
leanness is the risk factor rather than obesity being a
protective factor (see Table 6). The association of fracture risk with leanness is largely dependent on BMD. In
the case of hip fracture risk, a modest risk persists after
adjustment for BMD [40].
Smoking, high intakes of alcohol (>2 units daily)
and the ever use of corticosteroids provide risk indicators that are largely independent of BMD (see Table 6).
Biochemical assessment of fracture risk
Bone markers are increased after the menopause, and in
several studies the rate of bone loss varies according to
the marker value [46]. Thus, a potential clinical application of biochemical indices of skeletal metabolism is in
assessing fracture risk. Prospective studies have shown
an association of osteoporotic fracture with indices of
bone turnover independent of bone mineral density in
women at the time of the menopause and elderly women
[48–50]. In elderly women with values for resorption
markers exceeding the reference range for premenopausal women, fracture risk is increased approximately
2-fold after adjusting for bone mineral density. These
studies suggest that a combined approach using bone
mineral density with indices of bone turnover may improve fracture prediction in postmenopausal women
[51].

Integrating risk factors
How can the combined intelligence of the presence
or absence of risk factors, BMD and age be factored
into estimates of fracture probability? The general

Risk indicator

(20 vs 25 kg/m2)
(30 vs 25 kg/m2)
Prior fracture after 50 years
Parental history of hip fracture
Current smoking
Ever use of systemic corticosteroids
Alcohol intake >2 units daily
Rheumatoid arthritis

Body mass index

Without BMD

With BMD

RR

95% CI

RR

95% CI

1.95
0.83
1.85
2.27
1.84
2.31
1.68
1.95

1.71–2.22
0.69–0.99
1.58–2.17
1.47–3.49
1.52–2.22
1.67–3.20
1.19–2.36
1.11–3.42

1.42
1.00
1.62
2.28
1.60
2.25
1.70
1.73

1.23–1.65
0.82–1.21
1.30–2.01
1.48–3.51
1.27–2.02
1.60–3.15
1.20–2.42
0.94–3.20
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Table 7 Meta-analysis of the risk of fracture in women with a prior
fracture at the sites shown (adapted from [43])
Site of prior

Risk of subsequent fracture at

Fracture

Hip

Spine

Forearm

Minor fracture

Hip
Spine
Forearm
Minor fracture

2.3
2.3
1.9
2.0

2.5
4.4
1.7
1.9

1.4
1.4
3.3
1.8

1.9
1.8
2.4
1.9

relationship between relative risk and 10-year probability of hip and other fractures is shown in Table 8 [21].
For example, a woman at the age of 60 years has on
average a 10-year probability of hip fracture of 2.4%
(see Table 8). In the presence of a prior fragility fracture
this risk is increased approximately 2-fold and the
probability increases to 4.8%. The integration of risk
factors is not new and has been successfully applied in
the management of coronary heart disease [51].
There are, however, a number of problems to be resolved before combinations of apparently independent
risk factors can be utilised. Although corticosteroid
treatment confers a risk over and above that aﬀorded by
age and BMD, as does a prior fragility fracture, the
relationship between corticosteroid use and prior fragility fracture has not yet been explored. Until these
interrelationships are established and validated on an
international basis, the use of multiple risk factors must
be cautiously applied.

Table 8 Ten-year probability of fracture in men and women from
Sweden according to age and the risk (RR) relative to the average
population [21]
RR

Age (years)
50

60

70

Hip fracture
Men
1
0.8
1.3
3.7
2
1.7
2.5
7.2
3
2.5
3.7
10.6
4
3.3
4.9
13.8
Women
1
0.6
2.4
7.9
2
1.1
4.8
15.1
3
1.7
7.0
21.7
4
2.3
9.3
27.7
Hip, clinical spine, humeral or Colles’ fracture
Men
1
3.3
4.7
7.0
2
6.5
9.1
13.5
3
9.6
13.3
19.4
4
12.6
17.3
24.9
Women
1
5.8
9.6
16.1
2
11.3
18.2
29.4
3
16.5
26.0
40.0
4
21.4
33.1
49.5

80

9.5
17.9
25.3
31.8
18.0
32.0
42.9
51.6
12.6
23.1
13.9
39.3
21.5
37.4
49.2
58.1

Intervention thresholds
Of all osteoporotic fractures, hip fracture confers the
greatest morbidity and economic consequences and has
been the subject of much research. When hip fracture
alone is considered, a 10-year probability of 10% or
more provides a cost eﬀective threshold for women in
Sweden [52]. However, many fractures other than hip
fracture also contribute to morbidity, particularly in the
young, in whom hip fractures are rare. An approach to
integrating all osteoporotic fractures is to weight the
incidence of osteoporotic fractures at diﬀerent ages
according to their morbidity assessed as disutility (i.e.
the cumulative loss in quality of life). For example, in
terms of disutility, two vertebral fractures might equate
to one hip fracture [53]. When the incidence by age is
weighted in this way the morbidity from osteoporotic
fractures at the age of 50 years is approximately 5-fold
greater than that due to hip fracture at this age. Conversely, at the age of 80 years the ratio is approximately
1.2. On the assumption that the ratio between morbidity
from hip fracture and from other fractures is similar to
the costs of hip fracture and other fractures, intervention
thresholds can be established on the basis of cost utility
[54]. When hip fracture alone is considered, a 10-year hip
fracture probability of 10% or more is a cost eﬀective
threshold for women in Sweden or the UK. When account is taken of other fractures, the threshold for hip
fracture probability at which interventions become cost
eﬀective decreases, particularly in younger individuals
(Table 9) [55]. For example, at the age of 50 years the
10-year probability of hip fracture at which intervention
becomes cost-eﬀective is 1.1 (equivalent to a relative risk
of 3.8). The reason that the threshold probability is
lower at younger ages is that many fractures other than
hip fractures are contributing to the calculation of costeﬀectiveness. In other words, hip fracture probability is
being used as a risk indicator that takes account of the
costs and consequences of the complete range of fracture
outcomes at any given age. These thresholds for intervention correspond to a BMD value that lies between –2
and –3 SD over all ages (in the absence of other risk
factors) (Fig. 1) [27].

Table 9 Ten-year hip fracture probability (%) according to age
and risk relative to the general female population from the UK at
which intervention is cost-eﬀective (from [53])
Age (years)

RR

Probability (%)

50
55
60
65
70
75
80
85
90

3.8
2.6
1.9
1.4
1.1
0.9
7.8
0.6
0.5

1.10
1.81
2.64
3.70
5.24
6.87
8.52
8.99
7.12
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Fig. 1 Ten-year probability of hip fracture in Swedish women
according to T-scores assessed at the femoral neck by DXA. The
diagonal dotted lines denote the probability at which interventions
are cost eﬀective (from [27])

Optimisation of a case finding strategy
It is evident that the consideration of multiple risk factors improves risk stratiﬁcation of individuals and
thereby enhances a case-ﬁnding strategy. The interrelationship between BMD, age and a single independent
clinical risk factor is now established, though the relationship between all the clinical risk factors has yet to be
formalised. It is likely, however, that the risk conferred
by the combination of several independent clinical risk
factors would be suﬃciently high that it exceeds an
intervention threshold.
These considerations suggest that a BMD test may
not be required in all individuals who are oﬀered treatment. The value of pharmacological agents in decreasing
fracture risk has been best quantiﬁed in those identiﬁed
on the basis of low BMD. Indeed, for some interventions, treatment of individuals without osteoporosis may
yield less in terms of fracture dividends, but in other
studies, individuals with osteopenia respond to treatment with the same relative risk reduction. In this regard, the question arises whether patients identiﬁed on
the basis of clinical risk factors alone have a risk identiﬁed that would be amenable to therapeutic manipulation. Although risk factors such as a prior fragility
fracture are ‘‘independent’’ of BMD, they are not totally
independent in the sense that patients, for example,
identiﬁed on the basis of fragility fracture, do have low
BMD. Indeed, patients selected only on the basis of
fracture have been shown to respond to therapeutic
intervention with bisphosphonates [56]. Thus, individuals selected on the basis of clinical risk factors are likely
to have a low BMD. The same holds true for many other
clinical risk factors.
If this assumption is accepted, then the following
strategy can be envisaged. The ﬁrst step is an assessment

of fracture probability that is based solely on clinical risk
factors. This is expected to identify three groups of
individuals. The ﬁrst are those at very high risk above an
intervention threshold in whom a BMD test would not
alter their classiﬁcation. These patients can be oﬀered
treatment irrespective of BMD. In practice, BMD might
be measured, say at the lumbar spine, so that response to
treatment can be monitored.
A second group comprises individuals who on the
basis of clinical risk factor assessment have a very low
probability of osteoporotic fracture, so low that the
estimate of BMD would not alter their stratiﬁcation to
be above a given level of risk. An intermediate group are
those in whom fracture probability is close to an intervention threshold where the probability is high that a
BMD test might re-categorise individuals at high to low
risk (or vice versa). The formalisation of this approach is
not yet complete, but preliminary evidence from a
variety of prospectively studied cohorts suggests that a
minority of individuals would require a BMD test on
this basis [57].

Conclusions
The diagnosis of osteoporosis centres on the assessment
of bone mineral density at the hip using DXA. However,
other sites and validated techniques can be used for
fracture prediction. Several clinical risk factors contribute to fracture risk, in part independently of BMD.
These include age, prior fragility fracture, premature
menopause, a family history of hip fracture and the use
of oral corticosteroids. Since several of these risk factors
are partly dependent on BMD, their use in conjunction
with BMD improves sensitivity of fracture prediction
without adverse eﬀects on speciﬁcity.
In the absence of validated population screening
strategies, a case ﬁnding strategy can be developed based
on the assessment of fracture probability utilising clinical risk factors, and where appropriate additional testing
such as BMD. Because of the multiple techniques
available for fracture risk assessment, and the multiple
fracture outcomes, the desirable measurement to determine intervention thresholds is 10-year probability of
fracture. Many treatments can be given cost eﬀectively
to men and women where hip fracture probability over
10 years ranges from 1 to 10% depending on age.
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