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Abstract

Summary Guidance is provided in a European setting on the

assessment and treatment of postmenopausal women at risk

of fractures due to osteoporosis.

Introduction The International Osteoporosis Foundation

and European Society for Clinical and Economic Aspects

of Osteoporosis and Osteoarthritis published guidance for

the diagnosis and management of osteoporosis in 2008. This

manuscript updates these in a European setting.

Methods Systematic literature reviews.

Results The following areas are reviewed: the role of bone

mineral density measurement for the diagnosis of osteoporosis

and assessment of fracture risk, general and pharmacological

management of osteoporosis, monitoring of treatment, assess-

ment of fracture risk, case finding strategies, investigation of

patients and health economics of treatment.

Conclusions A platform is provided on which specific

guidelines can be developed for national use.

Keywords Bone mineral density . Diagnosis of

osteoporosis . Fracture risk assessment . FRAX . Health

economics . Treatment of osteoporosis

Introduction

In 1997, the European Foundation for Osteoporosis and

Bone Disease (subsequently the International Osteoporosis

Foundation, IOF) published guidelines for the diagnosis and

management of osteoporosis [1], subsequently updated in

2008 by the IOF and European Society for Clinical and

Economic Evaluation of Osteoporosis and Osteoarthritis

(ESCEO) [2]. Since then, there have been significant advan-

ces in the field of osteoporosis. These include the develop-

ment of new techniques for measuring bone mineral,

improved methods of assessing fracture risk and new treat-

ments that have been shown to significantly reduce the risk

of fractures at vulnerable sites. Against this background, the

Scientific Advisory Board of the ESCEO, in collaboration

with the IOF, has recognised a need to update the guidance

which is detailed below. The high societal and personal
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costs of osteoporosis pose challenges to public health and

physicians, particularly since most patients with osteoporo-

sis remain untreated. Indeed, less than 20 % of patients with

a fragility fracture receive therapy to reduce future fracture

within the year following fracture [3–5]. The aim of this

guidance is to stimulate a cohesive approach to the manage-

ment of osteoporosis in Europe. The term guidance rather

than guidelines is used, to avoid any prescriptive connota-

tions since country- or region-specific guidelines are now

widely available in many European countries and continue

to evolve. Rather, the guidance can inform the development

of new guidelines or the revision of existing guidelines.

Whilst focussed on a European perspective and on postmen-

opausal women, the principles may be of some assistance in

other regions of the world and in men.

Osteoporosis in Europe

Osteoporosis is defined as a systemic skeletal disease

characterised by low bone mass and microarchitectural

deterioration of bone tissue, with a consequent increase

in bone fragility and susceptibility to fracture [6]. Al-

though the diagnosis of the disease relies on the quan-

titative assessment of bone mineral density, which is a

major determinant of bone strength, the clinical signifi-

cance of osteoporosis lies in the fractures that arise. In

this respect, there are some analogies with other multi-

factorial chronic diseases. For example, hypertension is

diagnosed on the basis of blood pressure whereas an

important clinical consequence of hypertension is stroke.

Because a variety of non-skeletal factors contribute to

fracture risk [7–9], the diagnosis of osteoporosis by the

use of bone mineral density (BMD) measurements is at

the same time an assessment of a risk factor for the

clinical outcome of fracture. For these reasons, there is

a distinction to be made between the use of BMD for

diagnosis and for risk assessment.

Common sites for osteoporotic fracture are the spine, hip,

distal forearm and proximal humerus. The remaining life-

time probability in women, at menopause, of a fracture at

any one of these sites exceeds that of breast cancer (approx-

imately 12 %), and the likelihood of a fracture at any of

these sites is 40 % or more in Western Europe [10] (Table 1),

a figure close to the probability of coronary heart disease.

In the year 2000, there were estimated to be 620,000 new

fractures at the hip, 574,000 at the forearm, 250,000 at the

proximal humerus and 620,000 clinical spine fractures in

men and women aged 50 years or more in Europe. These

fractures accounted for 34.8 % of such fractures worldwide

[11]. Osteoporotic fractures also occur at many other sites

including the pelvis, ribs and distal femur and tibia. Collec-

tively, all osteoporotic fractures account for 2.7 million

fractures in men and women in Europe at a direct cost

(2006) of €36 billion [12]. A more recent estimate (for

2010) calculated the direct costs at €29 billion in the five

largest EU countries (France, Germany, Italy, Spain and

UK) [13] and €38.7 billion in the 27 EU countries [14].

Osteoporotic fractures are a major cause of morbidity in

the population. Hip fractures cause acute pain and loss of

function, and nearly always lead to hospitalisation. Recov-

ery is slow, and rehabilitation is often incomplete, with

many patients permanently institutionalised in nursing

homes. Vertebral fractures may cause acute pain and loss

of function but may also occur without serious symptoms.

Vertebral fractures often recur, however, and the consequent

disability increases with the number of fractures. Distal

radial fractures also lead to acute pain and loss of function,

but functional recovery is usually good or excellent.

It is widely recognised that osteoporosis and the consequent

fractures are associated with increased mortality, with the

exception of forearm fractures [15]. In the case of hip fracture,

most deaths occur in the first 3–6 months following the event,

of which 20–30 % are causally related to the fracture event

itself [16]. In Sweden, the number of deaths that are causally

related to hip fracture account for more than 1 % of all deaths,

somewhat higher than the deaths attributed to pancreatic can-

cer and somewhat lower than the deaths attributed to breast

cancer [16]. In 2010, the number of deaths causally related to

osteoporotic fractures was estimated at 43,000 in the European

Union [14]. Approximately 50 % of fracture-related deaths in

womenwere due to hip fractures, 28% to clinical vertebral and

22 % to other fractures. In Europe, osteoporosis accounted for

more disability and life years lost than rheumatoid arthritis, but

less than osteoarthritis. With regard to neoplastic diseases, the

burden of osteoporosis was greater than for all sites of cancer,

with the exception of lung cancers [11].

Bone mineral measurements

The objectives of bone mineral measurements are to provide

diagnostic criteria, prognostic information on the probability

Table 1 Remaining lifetime probability of a major fracture at the age

of 50 and 80 years in men and women from Sweden [10] (with kind

permission from Springer Science and Business Media)

Site At 50 years At 80 years

Men Women Men Women

Forearm 4.6 20.8 1.6 8.9

Hip 10.7 22.9 9.1 19.3

Spine 8.3 15.1 4.7 8.7

Humerus 4.1 12.9 2.5 7.7

Any of these 22.4 46.4 15.3 31.7

24 Osteoporos Int (2013) 24:23–57



of future fractures and a baseline on which to monitor the

natural history of the treated or untreated patient. BMD is

the amount of bone mass per unit volume (volumetric den-

sity), or per unit area (areal density), and both can be

measured in vivo by densitometric techniques.

A wide variety of techniques is available to assess bone

mineral that are reviewed elsewhere [17–19]. The most

widely used are based on X-ray absorptiometry of bone,

particularly dual energy X-ray absorptiometry (DXA), since

the absorption of X-rays is very sensitive to the calcium

content of the tissue of which bone is the most important

source. Other techniques include quantitative ultrasound

(QUS), quantitative computed tomography (QCT) applied

both to the appendicular skeleton and to the spine, periph-

eral DXA, digital X-ray radiogrammetry, radiographic

absorptiometry, and other radiographic techniques. Other

important determinants of bone strength for both cortical

and trabecular bone include macro-and microarchitecture

(e.g. cross-sectional moment of inertia, hip axis length,

cortical thickness, trabecular bone score, Hurst parameters).

X-ray-based technology is becoming available to estimate

these components of bone strength which may have a future

role in fracture risk assessment [20–23].

DXA is the most widely used bone densitometric tech-

nique. It is versatile in the sense that it can be used to assess

bone mineral density/bone mineral content of the whole

skeleton as well as specific sites, including those most

vulnerable to fracture [17, 24, 25]. Areal density (in grams

per square centimetre) rather than a true volumetric density

(in grams per cubic centimetre) is measured since the scan is

two dimensional. Areal BMD accounts for about two thirds

of the variance of bone strength as determined in vitro on

isolated bones, such as the vertebral body or proximal

femur.

DXA can also be used to visualise lateral images of

the spine from T4 to L4 to detect deformities of the

vertebral bodies [26–30]. Vertebral fracture assessment

(VFA) may improve fracture risk evaluation, since many

patients with vertebral fracture may not have a BMD T-

score classified as osteoporosis. This procedure involves

less radiation and is less expensive than a conventional

X-ray examination. Whereas whole body bone, fat and

lean mass can also be measured using DXA, these

measurements are useful for research; they do not assist

in the routine diagnosis or assessment of osteoporosis.

The performance characteristics of many measure-

ment techniques have been well documented [31, 32].

For the purpose of risk assessment and for diagnosis, a

characteristic of major importance is the ability of a

technique to predict fractures. This is traditionally

expressed as the increase in the relative risk of fracture

per standard deviation unit decrease in bone mineral

measurement—termed the gradient of risk.

Limitations of BMD

There are a number of technical limitations in the general

application of DXA for diagnosis which should be recog-

nised [1, 33]. The presence of osteomalacia, a complication

of poor nutrition in the elderly, will underestimate total bone

matrix because of decreased mineralization of bone. Osteo-

arthrosis or osteoarthritis at the spine or hip are common in

the elderly and contribute to the density measurement, but

not necessarily to skeletal strength. Heterogeneity of density

due to osteoarthrosis, previous fracture or scoliosis can often

be detected on the scan and in some cases excluded from the

analysis. Some of these problems can be overcome with

adequately trained staff and rigorous quality control.

Diagnosis of osteoporosis

Bone mineral density is most often described as a T- or Z-

score, both of which are units of standard deviation (SD).

The T-score describes the number of SDs by which the

BMD in an individual differs from the mean value expected

in young healthy individuals. The operational definition of

osteoporosis is based on the T-score for BMD [7, 34]

assessed at the femoral neck and is defined as a value for

BMD 2.5 SD or more below the young female adult mean

(T-score less than or equal to −2.5 SD) [8, 35]. The Z-score

describes the number of SDs by which the BMD in an

individual differs from the mean value expected for age

and sex. It is mostly used in children and adolescents.

The reference range recommended by the IOF, ISCD,WHO

and NOF for calculating the T-score [8, 36] is the National

Health and Nutrition Examination Survey (NHANES) III ref-

erence database for femoral neck measurements in Caucasian

women aged 20–29 years [37]. Note that the diagnostic criteria

for men use the same female reference range as that forwomen.

This arises fortuitously because for any age and BMD at the

femoral neck, the risk of hip fracture or a major osteoporotic

fracture is the same in men and women [38–40]. However, the

T-score cannot be used interchangeably with different techni-

ques and at different sites, since the prevalence of osteoporosis

and proportion of individuals allocated to any diagnostic cat-

egory would vary (Table 2), as does the risk of fracture.

These considerations have led to the adoption of the femoral

neck as the reference site [36], but do not preclude the use of

other sites and technologies in clinical practice, though it should

be recognised that the information derived from the T-score will

differ from that provided by BMD at the femoral neck.

Measurement of multiple skeletal sites

A number of guidelines favour the concurrent use of BMD

at the proximal femur and at the lumbar spine for patient

Osteoporos Int (2013) 24:23–57 25



assessment. Patients are defined as having osteoporosis

on the basis of the lower of two T-scores [41, 42]. The

prediction of fracture is, however, not improved overall

by the use of multiple sites [43–45]. Selection of

patients on the basis of a minimum value from two or

more tests will, however, increase the number of

patients selected. The same result can be achieved by

less stringent criteria for the definition of osteoporosis,

by defining osteoporosis, for example, as a T-score of

≤−2.0 SD rather than ≤−2.5 SD. Notwithstanding, the

measurement of more than one site can aid in the

assessment of individuals (discussed below).

Osteopenia

It is recommended that diagnostic criteria be reserved

for osteoporosis and that osteopenia should not be con-

sidered a disease category. Rather, the description of

osteopenia is solely intended for purposes of epidemio-

logical description.

Prevalence of osteoporosis

Because the distribution of BMD in the young healthy

population is normally distributed and bone loss occurs

with advancing age, the prevalence of osteoporosis

increases with age. The prevalence of osteoporosis in

the largest countries in the EU (Germany, France, Italy,

Spain and UK) using the WHO criteria is shown for

women in Table 3 [13, 46]. Approximately 21 % of

women aged 50–84 years are classified as having oste-

oporosis accounting for more than 12 million women in

these countries.

These data assume that the distribution of femoral neck

BMD is the same in these index countries. There may be

small differences in the age- and sex-specific BMD in

different European countries as well as within countries. If

so, these differences in BMD are relatively small and insuf-

ficient to account for the observed differences in fracture

rates (see below).

Risk factors for fracture

BMD

Assessment of BMD has provided a crucial determinant of

fracture risk, and many guidelines have used BMD thresholds

to determine whether treatments should be recommended.

Intervention thresholds have ranged from T-scores of −3 SD

to −1.5 SD depending on the clinical context, the country or

health economic factors [1, 47–51]. The use of bone mass

measurements for prognosis depends upon accuracy. Accura-

cy in this context is the ability of the measurement to predict

fracture. In general, all densitometric techniques have high

specificity but low sensitivity which varies with the cutoff

chosen to designate high risk.

At the age of 50 years, for example, the proportion of

women with osteoporosis who will fracture their hip, spine,

forearm or proximal humerus in the next 10 years (i.e. positive

predictive value) is approximately 45 %. Despite this, the

overall detection rate for these fractures (sensitivity) is low,

and 96 % of fractures at the spine, hip, forearm or proximal

humerus will occur in women without osteoporosis [52]. The

low sensitivity is one of the reasons why widespread

population-based screening with BMD is not widely recom-

mended in women at the time of the menopause [7].

Table 2 Estimates of T-scores

and the prevalence of osteopo-

rosis according to site and tech-

nique [36]

Measurement site Technique T-score at 60 years WHO classification Prevalence of

osteoporosis (%)

Spine QCT −2.5 Osteoporosis 50

Spine Lateral DXA −2.2 Low bone mass 38

Spine DXA −1.3 Low bone mass 14

Forearm DXA −1. 4 Low bone mass 12

Heel Achilles −1.5 Low bone mass 11

Total hip DXA −0.9 Normal 6

Heel Sahara −0.7 Normal 3

Table 3 Number (in thousands) of women with osteoporosis accord-

ing to age in the EU5 using female-derived reference ranges at the

femoral neck [13]

Age group (years) France UK Germany Italy Spain EU5

50–54 135 127 192 128 95 695

55–59 200 175 265 180 126 974

60–64 286 276 328 276 175 1,385

65–69 271 308 489 335 215 1,672

70–74 364 365 718 464 270 2,236

75–79 484 411 672 546 368 2,543

80–84 526 417 686 558 357 2,612

50–84 2,266 2,079 3,350 2,487 1,606 12,117

26 Osteoporos Int (2013) 24:23–57



Many cross-sectional and prospective population studies

indicate that the risk for fracture increases by a factor of 1.5 to

3.0 for each standard deviation decrease in bone mineral density

[31]. 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 [7]. There are, however, significant differences in the

performance of different techniques at different skeletal sites. In

addition, the performance depends on the type of fracture that

one wishes to predict [31, 53]. For example, BMD assessments

by DXA to predict hip fracture are more predictive when

measurements are made at the hip rather than at the spine or

forearm (Table 4). For the prediction of hip fracture, the gradient

of risk provided by hip BMD in a meta-analysis is 2.6 [31]. In

other words, the fracture risk increases 2.6-fold for each SD

decrease in hip BMD. Thus, an individual with a Z-score of −3

at the hip would have a 2.63 or greater than 15-fold higher risk

than an individual of the same age with a Z-score of 0. Where

the intention is to predict any osteoporotic fracture, the com-

monly used techniques are comparable: The risk of fracture

increases approximately 1.5-fold for each standard deviation

decrease in the measurement so that an individual with a mea-

surement of 3 standard deviations below the average value for

age would have a 1.53 or greater than 3-fold higher risk than an

individual with an average BMD. Note that the risk of fracture

in individuals with an average BMD is lower than the average

fracture risk, since fracture risk is a convex function of BMD.

The performance characteristics of ultrasound are similar.

Most studies suggest that measurements of broadband ultra-

sound attenuation or speed of sound at the heel are associated

with a 1.5- to 2-fold increase in risk for each standard deviation

decrease in the measured variable [32, 54]. Comparative studies

indicate that these gradients of risk are very similar to those

provided by peripheral assessment of bone mineral density at

appendicular sites by absorptiometric techniques to predict any

osteoporotic fracture [31]. However, the WHO criteria for the

diagnosis of osteoporosis cannot be applied to ultrasound results.

Clinical risk factors

A large number of risk factors for fracture have been identified

[55–57]. For the purposes of improving risk assessment, interest

lies in those factors that contribute significantly to fracture risk

over and above that provided by bone mineral density measure-

ments or age [58]. A good example is age. The same T-score

with the same technique at any one site has a different signifi-

cance at different ages. For any BMD, fracture risk is much

higher in the elderly than in the young [59]. This is because age

contributes to risk independently of BMD. At the threshold for

osteoporosis (T-score0−2.5 SD), the 10-year probability of hip

fracture ranges 5-fold inwomen fromSweden depending on age

(Fig. 1) [52]. Thus, the consideration of age and BMD together

increases the range of risk that can be identified.

Over the past few years, a series of meta-analyses has been

undertaken to identify additional clinical risk factors that

could be used in case finding strategies, with or without the

use of BMD. There are a number of factors to be considered in

the selection of risk factors for case finding. Of particular

importance, in the setting of primary care, is the ease with

which they might be used. For a globally applicable tool, the

chosen risk factors should also be valid in an international

setting and their predictive value stable over time. A further

and critical consideration is the reversibility of risk, i.e. is there

evidence that the risk identified by a risk factor is amenable to

therapeutic intervention (reversibility of risk—not reversible

risk). Age is an example of an irreversible risk factor, but the

risk of fracture identified by age has reversibility. The risk

factors that are used for clinical assessment with FRAX are

summarised in Table 5 [8, 38, 60–65]. Each of these risk

factors has been shown to identify reversibility of risk [66].

In the case of causes of secondary osteoporoses, the

increase in fracture risk is presumed to be mediated by

low BMD. The exceptions are glucocorticoid exposure and

rheumatoid arthritis for which risks have been identified that

are independent of BMD. A further candidate is type 2

diabetes mellitus since recent evidence suggests an impor-

tant independent risk [67, 68].

It should be noted that falls risk is not included in Table 5,

though it has been used in some risk engines [69, 70], since

the risk of fracture that is identified may not be associated

with reversibility of risk. For example, patients selected on

the basis of risk factors for falling may respond less to

agents that preserve bone mass than those selected on the

basis of low BMD [71].

Table 4 Age-adjusted increase in risk of fracture (with 95 % confidence interval) in women for every 1 SD decrease in bone mineral density (by

absorptiometry) below the mean value for age (amended from [31], with permission from the BMJ Publishing Group)

Site of measurement Outcome

Forearm fracture Hip fracture Vertebral fracture All fractures

Distal radius 1.7 (1.4–2.0) 1.8 (1.4–2.2) 1.7 (1.4–2.1) 1.4 (1.3–1.6)

Femoral neck 1.4 (1.4–1.6) 2.6 (2.0–3.5) 1.8 (1.1–2.7) 1.6 (1.4–1.8)

Lumbar spine 1.5 (1.3–1.8) 1.6 (1.2–2.2) 2.3 (1.9–2.8) 1.5 (1.4–1.7)

Osteoporos Int (2013) 24:23–57 27



Biochemical assessment of fracture risk

Bonemarkers are increased after themenopause, and in several

studies, the rate of bone loss varies according to the marker

value [72]. Thus, a potential clinical application of biochemical

indices of skeletal metabolism is in assessing fracture risk.

Several prospective studies have shown that the serum levels

and urinary excretion of markers of bone turnover correlate

with subsequent risk of fractures in postmenopausal women

[72, 73]. Thus, women that have marker values of bone turn-

over above the premenopausal range (25–40 % of postmeno-

pausal women) have been shown in several—but not all—

studies to have approximately a 2-fold increased risk of verte-

bral and non-vertebral fractures, including those at the hip,

independently of age and of BMD. Currently, markers of bone

turnover have not been validated sufficiently for fracture risk

prediction, a topic that remains on the research agenda [74].

Assessment of fracture risk

Whereas BMD provides the cornerstone for the diagnosis of

osteoporosis, the use of BMD alone is less than optimal as an

intervention threshold for several reasons. Firstly, the fracture

risk varies markedly in different countries, but the T-score

varies only by a small amount. Secondly, the significance of

any given T-score to fracture risk in women from any one

country depends on age (see Fig. 1) and the presence of

clinical risk factors. Intervention thresholds will also be deter-

mined in part by the cost and benefits of treatment. Whereas

assessment guidelines have traditionally been based on BMD,

the limitations above have stimulated the development of risk

engines that integrate several risk factors for fracture. These

include the Garvan fracture risk calculator [69], QFracture™

[70] and FRAX® [8, 75]. Of these, FRAX has been the most

extensively used.

Introduction to FRAX

FRAX® is a computer-based algorithm (http://www.shef.ac.

uk/FRAX) that calculates the 10-year probability of a major

fracture (hip, clinical spine, humerus or wrist fracture) and the

10-year probability of hip fracture [8, 75, 76].

Fracture risk is calculated from age, body mass index and

dichotomized risk factors comprising prior fragility fracture,

parental history of hip fracture, current tobacco smoking, ever

use of long-term oral glucocorticoids, rheumatoid arthritis,

other causes of secondary osteoporosis and alcohol consump-

tion (Fig. 2). Femoral neck BMD can be optionally input to

enhance fracture risk prediction [77]. Fracture probability is

computed taking both the risk of fracture and the risk of death

into account. The use of clinical risk factors in conjunction

with BMD and age improves sensitivity of fracture prediction

without adverse effects on specificity [77].

Table 5 Clinical risk factors used for the assessment of fracture

probability ([8] with permission from the WHO Collaborating Centre,

University of Sheffield, UK)

Age

Sex

Low body mass index

Previous fragility fracture, particularly of the hip, wrist and spine,

including morphometric vertebral fracture in adult life

Parental history of hip fracture

Glucocorticoid treatment (≥5 mg prednisolone daily or equivalent for

3 months or more)

Current smoking

Alcohol intake 3 or more units daily

Causes of secondary osteoporosis

•Rheumatoid arthritis

•Untreated hypogonadism in men and women, e.g. premature

menopause, bilateral oophorectomy or orchidectomy, anorexia

nervosa, chemotherapy for breast cancer, hypopituitarism, androgen

deprivation therapy in men with prostate cancer

•Inflammatory bowel disease, e.g. Crohn's disease and ulcerative

colitis. It should be noted that the risk is in part dependent on the use

of glucocorticoids, but an independent risk remains after adjustment

for glucocorticoid exposure.

•Prolonged immobility, e.g. spinal cord injury, Parkinson's disease,

stroke, muscular dystrophy, ankylosing spondylitis

•Organ transplantation

•Type 1 and type 2 diabetes

•Thyroid disorders, e.g. untreated hyperthyroidism, thyroid hormone

suppressive therapy

•Chronic obstructive pulmonary disease

T-score (SD)

-3 -2 -1 0 1

0

10

20

Fracture probability (%)

50

60

70

80

Age (years) Women 00ca104

Fig. 1 Ten-year probability of hip fracture in women from Sweden

according to age and T-score for femoral neck BMD [52] with kind

permission from Springer Science and Business Media
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Fracture probability differs markedly in different regions

of the world [78]. The heterogeneity in Europe is shown in

Fig. 3. For this reason, FRAX is calibrated to those countries

where the epidemiology of fracture and death is known

(currently 45 countries).

Limitations of FRAX

The limitations of FRAX have been reviewed recently

[79, 80]. The FRAX assessment takes no account of

dose responses for several risk factors. For example,

two prior fractures carry a much higher risk than a

single prior fracture [79]. Dose responses are also evi-

dent for glucocorticoid exposure [81], cigarette smoking

[82] and alcohol intake [62]. Since it is not possible to

accommodate all such scenarios with the FRAX algo-

rithm, these limitations should temper clinical judge-

ment. Relatively simple arithmetic procedures have

been formulated which, if validated, can be applied to

conventional FRAX estimates of probabilities of hip

fracture and a major fracture to adjust the probability

assessment with knowledge of the dose of glucocorti-

coids (Table 6) [83]. For example, a woman aged

60 years from the UK taking glucocorticoids for

rheumatoid arthritis (no other risk factors and BMI of

24 kg/m2) has a 10-year probability for a major fracture

of 13 %. If she is on a higher than average dose of

prednisolone (>7.5 mg daily), then the revised probabil-

ity should be 15 % (13×1.15).

A further limitation is that the FRAX algorithm uses

T-scores for femoral neck BMD. Whereas the perfor-

mance characteristics of BMD at this site are as good as

or better than other sites, the question arises whether T-

scores from other sites and technologies can be used.

Unfortunately, the T- and Z-scores vary according to the

technology used and the site measured. Lumbar spine

BMD is frequently measured by DXA and indeed is

incorporated into several clinical guidelines [49–51,

84–86]. It is the site favoured for monitoring treatment,

and there is thus much interest in the incorporation into

FRAX of measurements at the lumbar spine. The same

is true for peripheral measurements (and QUS) where

there are no facilities for central DXA.

Although the measurement of two skeletal sites does

not improve the general performance characteristics

(sensitivity/specificity) of the BMD test in a given pop-

ulation [43], there are situations where there is a large

discordance in the T-score at different skeletal sites in

Fig. 2 Screen page for input of data and format of results in the UK version of the FRAX® tool (UK model, version 3.5. http://www.shef.ac.uk/FRAX)

[With permission of the World Health Organization Collaborating Centre for Metabolic Bone Diseases, University of Sheffield Medical School, UK]
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individuals for whom the use of this information will

enhance the accuracy for the characterisation of risk,

particularly if they lie close to an intervention threshold.

The impact of spine/femoral neck T-score discordance

has recently been explored in a large BMD-referral

population from Manitoba, Canada. Fracture outcomes

were available over a 10-year time frame. There was an

approximately 10 % change in fracture risk for each

unit of T-score discordance [87, 88]. On this basis, the

authors propose that the clinician may ‘Increase/decrease

FRAX estimate for a major fracture by one-tenth for

each rounded T-score difference between the lumbar

spine and femoral neck’.

Assessment of risk

At present, there is no universally accepted policy for

population screening in Europe to identify patients with

osteoporosis or those at high risk of fracture. With the

increasing development of effective agents and price

reductions, this view may change, particularly for elder-

ly people. In the absence of such policies, patients are

identified opportunistically using a case finding strategy

on the finding of a previous fragility fracture or the

presence of significant risk factors. The risk factors that

are used for clinical assessment, summarised in Table 5,

may be used, but in principle, any risk factor that alerts

the physician to the possibility of osteoporosis is a

candidate. Examples are height loss, thoracic kyphosis

and the many other less well characterised causes of

secondary osteoporosis.

A general approach to risk assessment is shown in

Fig. 4 [89]. The process begins with the assessment of

fracture probability and the categorization of fracture

risk on the basis of age, sex, BMI and the clinical risk

factors. On this information alone, some patients at

high risk may be considered for treatment without

recourse to BMD testing. For example, many guidelines

in Europe [1, 47, 89–98] recommend treatment in the

absence of information on BMD in women with a

previous fragility fracture (a prior vertebral or hip frac-

ture in North America) [84, 99]. Many physicians

would also perform a BMD test, but frequently, this

is for reasons other than to decide on intervention, for

Women aged 65 years, T-score -2.5 SD, prior fracture
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Ten-year probability (%)Fig. 3 Ten year probability (in

percent) of a hip fracture in

women from different European

countries. BMI set to 24 kg/m2

Table 6 Average adjustment of 10-year probabilities of a hip fracture

or a major osteoporotic fracture in postmenopausal women and older

men according to dose of glucocorticoids (adapted from [83], with kind

permission from Springer Science+Business Media B.V.)

Dose Prednisolone equivalent

(mg/day)

Average adjustment

over all ages

Hip fracture

Low <2.5 0.65

Medium 2.5–7.5 No adjustment

High ≥7.5 1.20

Major osteoporotic fracture

Low <2.5 0.8

Medium 2.5–7.5 No adjustment

High ≥7.5 1.15
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example, as a baseline to monitor treatment. There will be

other instances where the probability is so low that a

decision not to treat can be made without BMD. Thus,

not all individuals require a BMD test. The size of the

intermediate category in Fig. 4 will vary in different

countries. In countries that provide reimbursement for

DXA, this will be a large category, whereas in a large

number of countries with limited or no access to densi-

tometry, the size of the intermediate group will neces-

sarily be small. In other countries (e.g. the UK), where

provision for BMD testing is sub-optimal [100], the

intermediate category will lie between the two extremes.

Intervention thresholds

The use of FRAX in clinical practice demands a consideration

of the fracture probability at which to intervene, both for

treatment (an intervention threshold) and for BMD testing

(assessment thresholds). Many approaches have been used

to set intervention thresholds with FRAX [2, 84, 89, 99,

101–115]. The thresholds used have varied since they depend

critically on local factors such as reimbursement issues, health

economic assessment, willingness to pay for health care in

osteoporosis and access to DXA. For this reason, it is not

possible or desirable to recommend a unified intervention

strategy. The strategy given below draws on that most com-

monly applied in Europe in the context of postmenopausal

osteoporosis, but takes account that access to DXA varies

markedly in different European countries [13, 100].

Since many guidelines recommend that women with a

prior fragility fracture may be considered for intervention

without the necessity for a BMD test (other than to monitor

treatment), a prior fracture can be considered to carry a

sufficient risk that treatment can be recommended. For this

reason, the intervention threshold in women without a prior

fracture can be set at the age-specific fracture probability

equivalent to women with a prior fragility fracture [89] and

therefore rises with age from a 10-year probability of 8 to

33 % in the UK. In other words, the intervention threshold is

set at the ‘fracture threshold’. This is the approach to inter-

vention thresholds used in France, Switzerland and by the

National Osteoporosis Guideline Group (NOGG) for the

UK [101, 102, 116]. Incidentally, the same intervention

threshold is applied to men, since the effectiveness and

cost-effectiveness of intervention in men are broadly similar

to that in women for equivalent risk [40, 117, 118]. The

approach used has been well validated and the intervention

strategy shown to be cost-effective [89, 119–124].

Using the same criteria, the intervention threshold will

vary from country to country because the population risks

(of fracture and death) vary [13, 78]. The fracture probabil-

ity in women with a prior fracture in the five major EU

countries is shown in Fig. 5. Probabilities are highest in the

UK and lowest in Spain. The difference between countries is

most evident at younger ages and becomes progressively less

with advancing age.

For the purposes of illustration in this guidance, an aggre-

gate value is chosen. Thus, for the countries shown in Fig. 5,

the mean probability of a major fracture in women with a prior

fracture is 6.3 % between the ages of 50 and 55 years. The

mean is weighted for population size in each age interval in

each country. The probability rises with age (Table 7) and can

be taken as an intervention threshold. Countries with much

higher or lower probabilities may wish to develop in-

tervention thresholds based on country-specific risks as

has been proposed for the UK and Switzerland.

Assessment thresholds for BMD testing

The assessment strategy outlined in Fig. 4 requires the

determination of assessment thresholds for making recom-

mendations for the measurement of BMD. There are, in

principle, two assessment thresholds [89]:

A threshold probability below which neither treatment

nor a BMD test should be considered (lower assessment

threshold)

A threshold probability above which treatment may be

recommended irrespective of BMD (upper assessment

threshold)

Most countries adopt a case finding strategy where indi-

viduals with clinical risk factors are identified for further

assessment [8]. For this scenario, the lower assessment

threshold can be set to exclude a requirement for BMD

testing in women without clinical risk factors, as given in

CRFs

Fracture

probability

High

Treat

Intermediate Low

BMD

Reassess

probability

High Low

Treat

Fig. 4 Management algorithm for the assessment of individuals at risk

of fracture [89] with kind permission from Springer Science and

Business Media
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previous European guidelines [1, 2, 102, 111]. The proba-

bility equivalents are given in Table 7. In a few countries,

population-based assessment with BMD is recommended

(Germany and France in Europe). In such cases, there would

be no lower assessment threshold

An upper threshold can be chosen to minimise the prob-

ability that a patient characterised to be at high risk on the

basis of clinical risk factors alone would be reclassified to be

at low risk with additional information on BMD [119]. In

the UK, the upper assessment threshold was set at 1.2 times

the intervention threshold [89]. The rationale is that reclas-

sification of risk with the addition of a BMD test (from high

risk to low risk and vice versa) is high when fracture

probabilities estimated without BMD are close to the inter-

vention threshold and the likelihood of reclassification

decreases the further away the probability estimate is from

the intervention threshold [119]. When patients have a frac-

ture probability that is 20 % or more than the intervention

threshold, almost no individuals will be reclassified (from

high to low risk) when probabilities are recomputed with the

addition of BMD to FRAX [119, 120, 123]. Thus, a quotient

of 1.2 is applied to the intervention threshold, illustrated for

the European example in Table 7. An attraction of the

approach is that efficient use is made of BMD testing.

Application of probability thresholds

The application of these assessment thresholds depends criti-

cally on the availability (and reimbursement) of densitometry

Table 7 Intervention thresholds as set by FRAX-based 10-year prob-

ability (in percent) of a major osteoporotic fracture equivalent to

women with a previous fracture (no other clinical risk factors, a body

mass index of 24 kg/m2 and without BMD)

Age range

(years)

10-year fracture probability (%)

Intervention

threshold

Lower assessment

threshold

Upper assessment

threshold

40–44 5.2 2.3 6.2

45–49 5.4 2.4 6.5

50–54 6.3 2.9 7.6

55–59 7.6 3.6 9.1

60–64 9.9 4.9 11.9

65–69 13.4 6.9 16.1

70–74 17.6 9.7 21.5

75–79 23.0 13.7 27.6

80–84 29.1 18.7 34.9

85–89 31.8 20.9 38.2

90–94 31.7 20.8 38.0

95–99 32.2 21.1 38.6

100+ 32.5 21.3 39.0

The lower assessment thresholds set by FRAX is based on the 10-year

probability (in percent) of a major osteoporotic fracture equivalent to

women without clinical risk factors (a body mass index of 24 kg/m2

and without BMD). The upper assessment threshold is set at 1.2 times

the intervention threshold. Population weighted mean values for the

five major EU countries
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Age (years)

Probability (%)Fig. 5 The 10-year probability

of a major osteoporotic fracture

by age in women with a prior

fracture and no other clinical

risk factors in the five major EU

countries as determined with

FRAX (version 3.5). Body

mass index was set to 24 kg/m2

without BMD
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which varies from country to country. It has been estimated

that the requirements to service osteoporosis amount to ap-

proximately 11 DXA units/million of the general population

[100], though this estimate probably requires updating to take

account of population demography. The availability of DXA

falls above this estimate in a minority of European countries

(Fig. 6). The large variation in resources for BMD testing

demands the consideration of three assessment scenarios that

depend on the access to central densitometry.

Unrestricted access to densitometry

Where resources for BMD testing are adequate, BMD tests

can be undertaken in women with any clinical risk factors as

shown in Fig. 7. Treatment is recommended where fracture

probability exceeds the intervention threshold. Note that the

lower assessment threshold is set as equivalent to women

without clinical risk factors (see above). In those countries

where screening of women without risk factors is recom-

mended, there would be no lower assessment threshold. An

additional option is to recommend treatment in women with

a prior fragility fracture without recourse to BMD (though

BMD might be undertaken to monitor treatment).

The assessment algorithm is summarised in Box 1. BMD

tests are recommended in all postmenopausal women with a

clinical risk factor.
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Fig. 7 Assessment of fracture risk in countries with high access to DXA.

DXA is undertaken in women with a clinical risk factor. Assessment with

DXA and/or treatment is not recommended where the FRAX probability

is lower than the lower assessment threshold (green area). BMD is

recommended in other women and treatment recommended where the

fracture probability exceeds the intervention threshold (dotted line). The

intervention threshold used is that derived from Table 7
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Limited access to densitometry

Several countries must take a parsimonious approach to the

use of BMD, and this is reflected in the NOGG guidelines

used in the UK. The guidance recommends that postmeno-

pausal women with a prior fragility fracture may be consid-

ered for intervention without the necessity for a BMD test. In

women without a fragility fracture but with one or more other

clinical risk factors (CRF), the intervention threshold set by

NOGG is at the age-specific fracture probability equivalent to

women with a prior fragility fracture and BMD testing is

recommended in those in whom fracture probability lies be-

tween the upper and lower assessment threshold as described

above [89]. This approach, adapted to the common EU thresh-

olds shown in Table 7, is illustrated in Fig. 8.

The assessment algorithm is summarised in Box 2.

BOX 1 Assessment of fracture risk with FRAX with unlimited access to BMD

Fracture risk should be assessed in postmenopausal women with one or more clinical risk factor where 

assessment would influence management. 

Women with a prior fragility fracture might be considered for treatment without the need for further 

risk assessment although BMD measurement may sometimes be appropriate.  

In women without a prior fragility fracture, the 10 year probabilities of a major osteoporotic fracture 

(clinical spine, hip, forearm or humerus) and hip fracture should be determined using FRAX without 

BMD.  In the absence of other clinical considerations, men and women with probabilities below the 

assessment threshold can be reassured.  

Those with probabilities above the assessment threshold can be considered for testing with BMD using 

DXA and their fracture probability reassessed. Thereafter, women with probabilities above the 

intervention threshold should be considered for treatment. 

Fracture risk should be assessed in postmenopausal  women with one or more clinical risk factor where 

assessment would influence management . 

Women with a prior fragility fracture should be considered for treatment without the need for further risk 

assessment although BMD measurement may sometimes be appropriate, particularly in younger 

postmenopausal women. 

In women without a prior fragility fracture, the 10 year probabilities of a major osteoporotic fracture 

(clinical spine, hip, forearm or humerus) and hip fracture should be determined using FRAX without BMD.  

In the absence of other clinical  considerations, men and women with probabilities below the lower 

assessment threshold can be reassured and those with probabilities above the upper assessment threshold can 

be considered for treatment.   

Those with probabilities above the lower assessment threshold but below the upper assessment threshold can 

be considered for testing with BMD using DXA and their fracture probability reassessed.  Thereafter, 

women with probabilities above the intervention threshold should be considered for treatment. 

BOX 2 Assessment of fracture risk with FRAX with limited access to BMD

34 Osteoporos Int (2013) 24:23–57



No access or patchy access to densitometry

In countries with very limited or no access to DXA,

FRAX can be used without BMD. For the purpose of risk

assessment, a characteristic of major importance is the

ability of a technique to predict fractures, traditionally

expressed as the increase in relative risk per SD unit

decrease in risk score—termed the gradient of risk. The

gradient of risk with FRAX is shown in Table 8 for the

use of the clinical risk factors alone, femoral neck BMD

and the combination [77].

The use of clinical risk factors alone provides a gradient

of risk (GR) that lies between 1.4 and 2.1, depending upon

age and the type of fracture predicted. These gradients are

comparable to the use of BMD alone to predict fractures

[31, 38]. For example, for the prediction of any osteoporotic

fracture, the GR at the age of 70 years was 1.5 with femoral

neck BMD [31]. With peripheral BMD, the gradient of risk

is somewhat, though not significantly, lower (GR01.4/SD;

95 % CI01.3−1.5/SD). These data suggest that clinical risk

factors alone are of value and can be used, therefore, in the

many countries where DXA facilities are insufficient (Box

3). The rationale for the use of FRAX in the absence of

access to BMD or limited access has been recently

reviewed [66, 79]. Briefly, most of the risk factors

incorporated within FRAX contribute to fracture risk

independently of BMD but are not totally independent

of BMD; thus, higher risk is associated with lower

underlying BMD [119, 124].

Alternative approaches to intervention thresholds

An alternative approach to intervention thresholds has

been applied in Germany which uses a country-specific

algorithm to estimate the 10-year incidence (not proba-

bility) of fracture [125]. A further important feature is

that the output of the Dachverband Osteologie (DVO)

model includes morphometric vertebral fractures, whereas
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Fig. 8 Assessment guidelines based on the 10-year probability of a

major fracture (in percent). The dotted line denotes the intervention

threshold. Where assessment is made in the absence of BMD, a BMD

test is recommended for individuals where the probability assessment

lies in the orange region. The intervention threshold and BMD assess-

ment thresholds used are those derived from Table 7

Fracture risk should be assessed in postmenopausal women with one or more clinical risk factor where

assessment would influence management. 

Women with a prior fragility fracture should be considered for treatment without the need for further 

risk assessment. 

In men, and in women without a prior fragility fracture, the 10 year probabilities of a major osteoporotic 

fracture (clinical spine, hip, forearm or humerus) and hip fracture should be determined using FRAX 

without BMD.  In the absence of other clinical considerations, men and women with probabilities below 

the intervention threshold can be reassured.  

Treatment can be considered in those in whom fracture probabilities lie above the intervention 

threshold. 

BOX 3 Assessment of fracture risk with FRAX without BMD
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the FRAX model considers clinically evident fractures.

Rather than choosing a fracture threshold, a fixed thresh-

old across all ages is used on the grounds that the use of

the ‘fracture threshold’ is unfair age discrimination. The

approach used is that patients are eligible for testing with

BMD if the 10-year incidence of fracture is 20 % or

greater. Patients are eligible for treatment where the T-

score is −2.0 SD or less. Eligibility for testing is age and

sex dependent. For example, a woman with a parental

history of hip fracture is not eligible for assessment

between the ages of 50 and 60 years, but becomes

eligible for assessment from the age of 60 years. The

corresponding age-dependent thresholds for men are 60–

70 and >70 years, respectively.

The impact of using a fixed intervention threshold is

shown in Fig. 9 for postmenopausal women in the UK.

At high thresholds, e.g. >20 % fracture probability,

17 % of postmenopausal women would be eligible for

treatment. A problem that arises is that very few women

under the age of 60 years would ever attain this thresh-

old. On the other hand, if a less stringent threshold

were chosen, say 10 %, then 10 % of women at the

age of 50 years would exceed this threshold, the vast

majority of women over the age of 65 would be eligible

and the treatment threshold would be exceeded in 50 %

of all postmenopausal women. Both scenarios could be

justified on health economic criteria in the UK, but both

are counterintuitive to clinical practice. In practice, this

misdistribution is mitigated in the DVO guidelines in

that patients with a prior hip fracture or two or more

vertebral fractures are eligible for treatment without

recourse to testing with BMD.

An alternative approach has also been used in the

USA. The National Osteoporosis Foundation recommends

treatment for women who have had a prior spine or hip

fracture and for women with a BMD at or below a T-

score of −2.5 SD [99]. Treatment is not recommended in

women with a T-score of >−1.0 SD. Thus, FRAX

becomes relevant only in women with a T-score between

−1 and −2.5 SD. Treatment is recommended in patients in

whom the 10-year probability of a major fracture

exceeds 20 % or when the 10-year probability of a

hip fracture exceeds 3 %. The strategy differs from

NOGG in that FRAX is always used with BMD. In-

deed, a BMD test is a prerequisite. Additionally, a fixed

intervention threshold is used at all ages, whereas the

NOGG strategy uses an age-dependent threshold. The

rationale for a fixed threshold is based on the fracture

probability at which intervention becomes cost-effective

in the USA and the 20% threshold is, therefore, not

relevant for any other country.

Other assessment models

As well as the FRAX tool, other fracture risk calcula-

tors are available online which include the Garvan frac-

ture risk calculator and QFracture™ [69, 70]. Their

comparative features are summarised in Table 9. The

QFracture™ tool is based on a UK prospective open

cohort study of routinely collected data from 357 gen-

eral practices on over 2 million men and women aged

30–85 years (www.qfracture.org). Like the FRAX tool,

it takes into account history of smoking, alcohol, corti-

costeroid use, parental history (of hip fracture or osteo-

porosis) and several secondary causes of osteoporosis.

Unlike FRAX, it also includes a history of falls (yes/no

only over an unspecified time frame) and excludes previous

fracture history and BMD. It has been internally validated (i.e.

from a stratum of the same population) and also externally

validated in the UK [126].

Table 8 Gradients of risk (the

increase in fracture risk per SD

change in risk score) with 95 %

confidence intervals with the use

of BMD at the femoral neck,

clinical risk factors or the com-

bination ([77] with kind permis-

sion from Springer Science

+Business Media B.V.)

Age (years) Gradient of risk

BMD only Clinical risk factors alone Clinical risk factors+BMD

(a) Hip fracture

50 3.68 (2.61–5.19) 2.05 (1.58–2.65) 4.23 (3.12–5.73)

60 3.07 (2.42–3.89) 1.95 (1.63–2.33) 3.51 (2.85–4.33)

70 2.78 (2.39–3.23) 1.84 (1.65–2.05) 2.91 (2.56–3.31)

80 2.28 (2.09–2.50) 1.75 (1.62–1.90) 2.42 (2.18–2.69)

90 1.70 (1.50–1.93) 1.66 (1.47–1.87) 2.02 (1.71–2.38)

(b) Other osteoporotic fractures

50 1.19 (1.05–1.34) 1.41 (1.28–1.56) 1.44 (1.30–1.59)

60 1.28 (1.18–1.39) 1.48 (1.39–1.58) 1.52 (1.42–1.62)

70 1.39 (1.30–1.48) 1.55 (1.48–1.62) 1.61 (1.54–1.68)

80 1.54 (1.44–1.65) 1.63 (1.54–1.72) 1.71 (1.62–1.80)

90 1.56 (1.40–1.75) 1.72 (1.58–1.88) 1.81 (1.67–1.97)
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The Garvan tool (www.garvan.org.au) is based on

data from participants enrolled in the Australian Dubbo

Osteoporosis epidemiology study of approximately

2,500 men and women age 60 years or more. It differs

from FRAX by including a history of falls (categorised

as 0, 1, 2 and >2 in the previous year) and the number

of previous fragility fractures (categorised as 0, 1, 2 and

>2), but does not include other FRAX variables. The

output of the tool differs from FRAX in that it reports

the risk of a larger number of fracture sites (additionally

includes fractures of the distal femur, proximal tibia/

fibula, distal tibia/fibula, patella, pelvis, ribs sternum,

hands and feet excluding digits). As in the case of the

QFracture, the Garvan tool captures fall risk.

A fundamental difference between these risk models

and FRAX is that the parameters of risk differ (inci-

dence vs. probabilities) so that comparative data are not

readily interpreted [127] (Fig. 10). In FRAX, fracture

probability is computed taking both the risk of fracture

and the risk of death into account. This is important

because some of the risk factors affect the risk of death

as well as the fracture risk. Examples include increasing

age, sex, low BMI, low BMD, use of glucocorticoids

and smoking.

General management

Mobility and falls

Immobilisation is an important cause of bone loss. Immobi-

lised patients may lose as much bone in a week when confined

to bed than theywould otherwise lose in a year. For this reason,

immobility should, wherever possible, be avoided. The

amount of weight-bearing exercise that is optimal for skeletal

health in patients with osteoporosis is not known, but exercise

forms an integral component of management [128–130]. Phys-

iotherapy is an important component of rehabilitation after

fracture. At all times, increased strength may prevent falls by

improving confidence and coordination as well as maintaining

bone mass by stimulating bone formation and by decreasing

bone resorption, and by preserving muscle strength.

Such measures together can be coupled with a programme

to reduce the likelihood of falls in those at high risk. Risk

factors for falling are shown in Table 10 [131]. Modifiable

factors such as correcting decreased visual acuity, reducing

consumption of medication that alters alertness and balance

and improving the home environment (slippery floors,

obstacles, insufficient lighting, handrails) are important meas-

ures aimed at preventing falls [132, 133]. Although large trials
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Table 9 Comparative features

of three fracture risk assessment

algorithms

aAnd number of falls/prior

fractures

Dubbo/Garvan Qfracture FRAX

Externally validated Yes (a few countries) Yes (UK only) Yes

Calibrated No Yes (UK only) Yes

Applicability Unknown UK 45 countries

Falls as an input variable Yesa Yes No

BMD as an input variable Yes No Yes

Prior fracture as an input variable Yesa No Yes

Family history as an input variable No Yes Yes

Output Incidence Incidence Probability

Treatment responses assessed No No Yes
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have shown that it is possible to reduce falls [134, 135],

randomised studies have not shown any significant decrease

in fracture risk. Some randomised trials have shown that

wearing hip protectors can markedly reduce hip fracture risk,

particularly in the elderly living in nursing homes. A meta-

analysis of well-conducted randomised controlled trials has,

however, cast some doubt about the anti-fracture efficacy of

this preventive measure [136–139].

Nutrition

At every stage of life, adequate dietary intakes of key

bone nutrients such as calcium, vitamin D and protein

contribute to bone health and reduce thereby the risk of

osteoporosis and of fracture later in life [140]. Dietary

sources of calcium are the preferred option, and calcium

supplementation should only be targeted to those who

do not get sufficient calcium from their diet and who

are at high risk for osteoporosis. Calcium-rich foods

such as dairy products contain additional nutrients that

may also contribute to bone health [141].

The Recommended Nutrient Intakes (RNI) are at least

1,000 mg of calcium and 800 IU of vitamin D per day in

men and women over the age of 50 years [142]. As calcium

is mainly provided in dairies, calcium- and vitamin D-

fortified dairy products (yoghurt, milk) providing at least

40 % of the RNI of calcium (400 mg) and 200 IU of vitamin

D per portion are valuable options (e.g. yoghurt, such as

Danone Densia/Danaos, or milk, such as Valio Plus Hyla)

that are likely to improve long-term adherence.

There is a high prevalence of calcium, protein and vitamin

D insufficiency in the elderly. Combined calcium and vitamin

D supplements in a daily dose of 0.5–1.2 g and 400–800 IU,

respectively, are generally recommended in patients receiving

bone protective therapy, since most randomised controlled

trial evidence for the efficacy of interventions is based on

co-administration of the agent with calcium and vitamin D

supplements [13]. Calcium and vitamin D supplements de-

crease secondary hyperparathyroidism and reduce the risk of

proximal femur fracture, particularly in the elderly living in

nursing homes. Intakes of at least 1,000 mg/day of calcium,

800 IU of vitamin D and of 1 g/kg body weight of protein can

be recommended in the general management of patients with

osteoporosis [140, 143].

Vitamin D supplements alone may reduce the risk of frac-

ture and of falling provided the daily dose of vitamin D is

greater than 700 IU [144]. In contrast, studies with large

annual doses of vitamin D have reported an increased risk of

hip fracture and, in one study, also of falls [145, 146]. Meta-

analyses also indicate that vitamin D may have a small ben-

eficial effect on cardiovascular risk and mortality [147, 148].

In contrast, a recent meta-analysis concluded that calcium

supplements without co-administered vitamin D were associ-

ated with an increase in the risk of myocardial infarction by

around 30 % [149]. Cardiovascular outcomes were not pri-

mary endpoints in any of the studies, and the association

remains the subject of some controversy [150–156].

Whereas a gradual decline in caloric intake with age can

be considered as an appropriate adjustment to the progres-

sive reduction in energy expenditure, the parallel reduction

in protein intake may be detrimental for maintaining the

integrity and function of several organs or systems, includ-

ing skeletal muscle and bone. Sufficient protein intakes are

necessary to maintain the function of the musculoskeletal

system, but they also decrease the complications that occur

after an osteoporotic fracture. Correction of poor protein

nutrition in patients with a recent hip fracture has been

shown to improve the subsequent clinical course by signif-

icantly lowering the rate of complications, such as bedsores,

severe anaemia, and intercurrent lung or renal infection. The

duration of hospital stay of elderly patients with hip can thus

be shortened [157].
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Fig. 10 The risk of hip fracture with age in a model that considers 10-

year fracture risk alone (the Garvan tool) and FRAX which computes

the probability of hip fracture from the fracture and death hazards

(FRAX). The T-scores are set differently in the two models so that

the risks are approximately equal at the age of 60 years. Data are

computed from the respective websites [127]. With kind permission

from Springer Science and Business Media

Table 10 Risk factors

associated with falls

(adapted from [131]

with permission from

Elsevier)

1. Impaired mobility, disability

2. Impaired gait and balance

3. Neuromuscular or musculoskeletal

disorders

4. Age

5. Impaired vision

6. Neurological, heart disorders

7. History of falls

8. Medication

9. Cognitive impairment
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Major pharmacological interventions

The most commonly used agents in Europe are raloxifene; the

bisphosphonates alendronate, ibandronate, risedronate and

zoledronic acid; agents derived from parathyroid hormone;

denosumab and strontium ranelate. Until recently, hormone

replacement treatment was also widely used. They have all

been shown to reduce the risk of vertebral fracture. Some have

also been shown to reduce the risk of non-vertebral fractures,

and in some cases, agents have been shown specifically to

decrease fracture risk at the hip (Table 11) [158, 159].

Selective oestrogen-receptor modulators

Selective oestrogen-receptor modulators (SERMs) are non-

steroidal agents that bind to the oestrogen receptor and act as

oestrogen agonists or antagonists, depending on the target

tissue. The concept of SERMs was triggered by the obser-

vation that tamoxifen, which is an oestrogen antagonist in

breast tissue, is a partial agonist on bone, reducing the rate

of bone loss in postmenopausal women. Raloxifene is the

only SERM widely available for the prevention and treat-

ment of postmenopausal osteoporosis. Raloxifene prevents

bone loss [160] and reduces the risk of vertebral fractures by

30–50 % in postmenopausal women with low bone mass

and with osteoporosis with or without prior vertebral frac-

tures as shown in the Multiple Outcomes of Raloxifene

Evaluation (MORE) trial [161]. There was no significant

reduction of non-vertebral fractures. In women with severe

vertebral fractures at baseline (i.e. at highest risk of

subsequent fractures), a post hoc analysis showed a signif-

icant reduction of non-vertebral fractures [160].

In the MORE study and its placebo controlled 4-year

follow-up, the only severe (but rare) adverse event was an

increase of deep venous thromboembolism. Hot flushes and

lower limb cramps are commonly reported. There was a

significant and sustained decrease of the risk of invasive breast

cancer (by about 60 %) [162] that has been subsequently

confirmed in two other large cohorts, including the STAR

study that showed similar breast cancer incidences with ralox-

ifene and tamoxifen in high-risk populations [163]. The

RUTH study, performed in postmenopausal women at high

risk of cardiovascular disease [164], showed that raloxifene

had no effect on cardiovascular death and on the incidence of

coronary heart disease and stroke [165]. The efficacy of

raloxifene has been shown in women with osteopenia [166]

and is not dependent on the level of fracture risk assessed by

FRAX [167]. In summary, the overall risk benefit ratio of

raloxifene is favourable, and the drug is approved widely for

the prevention and treatment of postmenopausal osteoporosis.

Bazedoxifene is a selective oestrogen receptor modulator

that has been approved in Europe but is only available in

Spain and Germany. In phase 3 clinical trials, bazedoxifene

was shown to significantly reduce the risk of new vertebral

fracture, with favourable effects on bonemineral density, bone

turnover markers and the lipid profile [168, 169]. In a sub-

group of women at increased risk of fracture, bazedoxifene

significantly decreased non-vertebral fracture risk. In contrast

to raloxifene, the efficacy of bazedoxifene is dependent on the

level of fracture risk assessed by FRAX [170]. In common

Table 11 Anti-fracture efficacy of the most frequently used treatments for postmenopausal osteoporosis when given with calcium and vitamin D,

as derived from randomised controlled trials (updated from [2])

Effect on vertebral fracture risk Effect on non-vertebral fracture risk

Osteoporosis Established

osteoporosisa
Osteoporosis Established

osteoporosisa

Alendronate + + NA + (Including hip)

Risedronate + + NA + (Including hip)

Ibandronate NA + NA +b

Zoledronic acid + + NA +c

HRT + + + + (Including hip)

Raloxifene + + NA NA

Teriparatide and PTH NA + NA +d

Strontium ranelate + + + (Including hipb) + (Including hipb)

Denosumab + +c + (Including hip) +c

NA no evidence available, + effective drug
aWomen with a prior vertebral fracture
b In subsets of patients only (post hoc analysis)
cMixed group of patients with or without prevalent vertebral fractures
d Shown for teriparatide only
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with raloxifene, venous thromboembolic events, primarily

deep vein thromboses, leg cramps and hot flushes were more

frequently reported in the active treatment groups compared

with the placebo group [171].

Bisphosphonates

Bisphosphonates are stable analogues of pyrophosphate char-

acterised by a P–C–P bond. A variety of bisphosphonates has

been synthesized, the potency of which depends on the length

and structure of the side chain. Bisphosphonates have a strong

affinity for bone apatite, both in vitro and in vivo, which is the

basis for their clinical use. They are potent inhibitors of bone

resorption and produce their effect by reducing the recruit-

ment and activity of osteoclasts and increasing their apoptosis.

The potency and chemical affinity to bone of bisphosphonates

determines their effect to inhibit bone resorption and varies

greatly from compound to compound. Potency differences

can range 10,000-fold in vitro, so that the doses used clinically

also vary. The mechanism of action on osteoclasts includes

inhibition of the proton vacuolar adenosine triphosphatase

(ATPase) and alteration of the cytoskeleton and the ruffled

border. Aminobisphosphonates also inhibit the farnesyl pyro-

phosphate synthase step in the mevalonate pathway, thereby

modifying the isoprenylation of guanosine triphosphate bind-

ing proteins.

Oral bioavailability of bisphosphonates is low, around

1 % of the dose ingested, and is impaired by food, calcium,

iron, coffee, tea and orange juice. Bisphosphonates are

quickly cleared from plasma, about 50 % being deposited

in bone and the remainder excreted in urine. Their half-life

in bone is very prolonged [172].

Alendronate 70 mg once weekly and risedronate 35 mg

once weekly are the most commonly used bisphosphonates

worldwide. In the Fracture Intervention study, alendronate

was shown to reduce the incidence of vertebral, wrist and hip

fractures by approximately half in women with prevalent

vertebral fractures [173–175]. In women without prevalent

vertebral fractures, there was no significant decrease in clin-

ical fractures in the overall population, but the reduction was

significant in one third of patients that had a baseline hip

BMD T-score lower than −2.5 SD [176]. Risedronate in

women with prevalent vertebral fractures has been shown

to reduce the incidence of vertebral and non-vertebral frac-

tures by 40–50 and 30–36 %, respectively [177, 178]. In a

large population of elderly women, risedronate decreased

significantly the risk of hip fractures (by 30 %), an effect

that was greater in osteoporotic women aged 70–79 years

(−40 %), while the decrease was not significant in women

over the age of 80 years without documented evidence of

osteoporosis [71].

Ibandronate given daily (2.5 mg) reduces the risk of verte-

bral fractures by 50–60 %, whereas an effect on non-vertebral

fractures was only demonstrated in a post hoc analysis of

women with a baseline of BMD T-score below −3 SD

[179–181]. Bridging studies have shown that oral ibandronate

150 mg once monthly is equivalent or superior to daily

ibandronate in increasing BMD and decreasing biochemical

markers of bone turnover, giving rise to its approval for the

prevention of vertebral fracture in postmenopausal osteoporo-

sis [182]. Similarly, bridging studies comparing intermittent

intravenous ibandronate to daily oral treatment have led to the

approval of intravenous ibandronate 3 mg every 3 months for

the same indication [183].

Based on the result of a phase II study [184], a large

phase III trial in over 7,700 postmenopausal osteoporot-

ic patients assessed the efficacy of yearly infusion of

zoledronic acid 5 mg over 3 years. As compared to the

placebo group, zoledronic acid was found to reduce the

incidence of vertebral fractures by 70 % and that of hip

fractures by 40 % [185], and is now available for the

treatment of postmenopausal osteoporosis. Intravenous

zoledronic acid has also been shown to decrease the

risk of fracture and mortality when given shortly after

a first hip fracture [186].

The overall safety profile of bisphosphonates is favourable.

Oral bisphosphonates are associated with mild gastrointestinal

disturbances, and some aminobisphosphonates (alendronate

and pamidronate) can rarely cause oesophagitis. Intravenous

amino-bisphosphonates can induce a transient acute-phase

reaction with fever and bone and muscle pain that ameliorates

or disappears after subsequent courses [187]. Osteonecrosis of

the jaw has been described in cancer patients receiving high

doses of intravenous pamidronate or zoledronate. The inci-

dence in osteoporosis patients treated with oral and intrave-

nous bisphosphonates appears to be very rare (in the order of

1/100,000 cases), and its causal relationship with bisphosph-

onate therapy has not been confirmed [157]. Recently, con-

cerns have been raised about a possible association between

bisphosphonate therapy and atrial fibrillation. Subsequent

studies have produced conflicting results but have not exclud-

ed the possibility of such an association, and further investi-

gation is warranted [188]. The possibility that bisphosphonate

therapy is associated with increased risk of oesophageal

cancer has been raised. Two recent studies from the Gen-

eral Practice Research Database in the UK have produced

conflicting results, one failing to show any association but

another concluding that there was an increased risk with

extended use over 5 years [189, 190]. Finally, bisphosph-

onate use may be associated with atypical subtrochanteric

fractures, but the case is unproven and requires further

research [191]. Likewise, associations between bisphosph-

onate exposure and lower risks of mortality and cancer

also require further scrutiny [192–195]. The risk–benefit

ratio remains favourable for the use of bisphosphonates to

prevent fractures [196].
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A substantial body of evidence indicates that many ge-

neric formulations of alendronate are more poorly tolerated

than the proprietary preparations which results in signifi-

cantly poorer adherence and thus effectiveness [197].

Peptides of the parathyroid hormone family

The continuous endogenous production of parathyroid hor-

mone (PTH), as seen in primary or secondary hyperparathy-

roidism, or its exogenous administration can lead to deleterious

consequences for the skeleton, particularly on cortical bone.

However, intermittent administration of PTH (e.g. with daily

subcutaneous injections) results in an increase of the number

and activity of osteoblasts, leading to an increase in bone mass

and in an improvement in skeletal architecture at both cancel-

lous and cortical skeletal sites.

The intact molecule (amino acids 1-84) and the 1-34 N-

terminal fragment (teriparatide) are used for the manage-

ment of osteoporosis. Based on their respective molecular

weights, the equivalent dose of the teriparatide, relative to

the 1-84 molecule, is 25 % (i.e. 20 and 40 μg of teriparatide

is equivalent to 80 and 160 μg of 1-84 PTH, respectively).

Treatment with either agent has been shown to reduce

significantly the risk of vertebral fractures, whereas teripara-

tide has been shown to have an effect also on non-vertebral

fractures. The recommended doses are, respectively, 20 μg

of teriparatide and 100 μg of PTH (1-84) daily, given as

a subcutaneous injection [198, 199]. Treatment with PTH

has been studied when given for 18 to 24 months, and

beneficial effects on non-vertebral fracture with teripara-

tide have been shown to persist for up to 30 months

after stopping teriparatide [200].

The most common reported adverse events in patients

treated with PTH or teriparatide are nausea, pain in the

limbs, headache and dizziness. In normocalcaemic patients,

slight and transient elevations of serum calcium concentra-

tions have been observed following the injection PTH or

teriparatide. Serum calcium concentrations reach a maxi-

mum between 4 and 6 h and return to baseline 16 to 24 h

after each dose. The change is small, and routine monitoring

of serum calcium during therapy is not required. PTH and

teriparatide may cause small increases in urine calcium

excretion, but the incidence of hypercalciuria does not differ

from that in placebo-treated patients. However, these agents

should be used with caution in patients with active or recent

urolithiasis because of their potential to exacerbate the dis-

order. Isolated episodes of transient orthostatic hypotension

are also reported. They typically resolve within minutes to a

few hours and do not preclude continued treatment.

The use of peptides of the PTH family is contra-

indicated in conditions characterised by abnormally in-

creased bone turnover (e.g. pre-existing hypercalcaemia;

metabolic bone diseases other than primary osteoporosis,

including hyperparathyroidism and Paget's disease of the

bone; unexplained elevation of alkaline phosphatase;

prior external beam or implant radiation therapy to the

skeleton or in patients with skeletal malignancies or

bone metastasis). Severe renal impairment is also a

contraindication. Studies in rats have indicated an in-

creased incidence of osteosarcoma, with long-term ad-

ministration of very high doses of teriparatide from the

time of weaning. These findings have not been consid-

ered relevant for patients treated with very much smaller

doses of teriparatide.

Strontium ranelate

Strontium ranelate is registered and marketed for the treat-

ment of postmenopausal osteoporosis, to reduce the risk of

vertebral and hip fractures. Whilst animal studies suggest

that strontium ranelate may uncouple the bone remodelling

process, the mechanism of action in human subjects remains

unclear. Nonetheless, studies conducted up to 5 years have

shown fracture efficacy of strontium ranelate, at spinal and

non-vertebral sites, in a wide range of patients, from osteo-

penia subjects to women over the age of 80 years, including

osteoporotic patients with or without prior vertebral frac-

tures [201, 202]. Like raloxifene, a meta-analysis of the

phase 3 studies indicates that the efficacy of strontium

ranelate appears independent of the level of fracture risk

assessed by FRAX [203]. In contrast, a reduction in hip

fracture rates has been reported in one study for women over

the age of 74 years with low bone density at the femoral

neck [202]. The decrease in fracture rates observed with

strontium ranelate is of similar magnitude to that described

for the oral bisphosphonates [201, 202]. In an open-label

extension study, BMD increased continuously with stron-

tium ranelate over 10 years in osteoporotic women. Verte-

bral (−35 %) and non-vertebral (−38 %) fracture incidence

were lower between 5 and 10 years than those in a matched

placebo group studied over 5 years [204].

The recommended daily dose is one 2-g sachet once daily

by mouth. The absorption of strontium ranelate is reduced

by food, milk and its derivative products, and the drug

should be administered, therefore, between meals. Ideally,

it should be taken at bedtime, preferably at least 2 h after

eating. No dosage adjustment is required in relation to age

or in patients with mild to moderate renal impairment (cre-

atinine clearance 30–70 ml/min). Strontium ranelate is not

recommended for patients with severe renal impairment

(creatinine clearance below 30 ml/min).

Adverse events observed with strontium ranelate are usu-

ally mild and transient. The most common adverse events are

nausea and diarrhoea which are generally reported at the

beginning of treatment and usually disappear after the third

month of treatment. An increase in the incidence of venous
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thromboembolism (VTE) (relative risk, 1.42; confidence in-

terval, CI, 1.02, 1.98) has been reported when pooling all

phase III studies in osteoporosis [205]. A causal relationship

with VTE and the use of strontium ranelate has not been

established. However, strontium ranelate is contraindicated

in patients with a past history of thrombophlebitis. Treatment

should be stopped in patients in high-risk situations for VTE

such as prolonged immobilisation without appropriate preven-

tive measures taken.

The post-marketing experience of patients treated with

strontium ranelate reported cases of the drug reaction with

eosinophilia and systemic symptoms syndrome (<20 for

570,000 patient-years of exposure) [206]. This incidence is in

the vicinity of what has been previously reported as severe skin

reactions, with most of the other currently marketed anti-

osteoporosis medications [207]. A causative link has not been

firmly established, as strontium is a trace element naturally

present in the human body, and ranelic acid is poorly absorbed.

Owing to the possible fatality linked to this syndrome, how-

ever, it is important to discontinue immediately strontium

ranelate and other concomitant treatment known to induce

the syndrome in the case of suspicious major skin disorders

that occur within 2 months of starting treatment [208].

Denosumab

Critical molecules for the differentiation, activation and

survival of osteoclasts are the receptor activator of nuclear

factor NFkB (RANK); its ligand RANKL, a member of the

tumour necrosis factor superfamily, and OPG, which acts as

a decoy receptor for RANKL. A fully human antibody

against RANKL has been developed. This antibody, deno-

sumab, has been shown to specifically bind to RANKL with

a very high affinity, preventing its interaction with the

receptor RANK [209].

The anti-fracture efficacy of 60 mg denosumab given

subcutaneously every 6 months has been evaluated in post-

menopausal osteoporotic women. After 3 years, there was a

68 % reduction in the incidence of new vertebral fractures.

The incidence of clinical vertebral fractures was similarly

reduced by 69 %. The incidence of non-vertebral fractures

was reduced by 20 % and of hip fractures by 40 % [210].

After completing the first 3 years of the study, women from

the denosumab group had two more years of denosumab

treatment (long-term group), and those from the placebo

group had 2 years of denosumab exposure (cross-over

group). In the long-term group, lumbar spine and total hip

BMD increased further. Yearly fracture incidences for both

groups were below rates observed in the placebo group of

the 3-year trial and below rates projected for a ‘virtual

untreated twin’ cohort [211]. The effects of denosumab on

fracture risk are particularly marked in patients at high

fracture probability [212].

Adverse events did not increase with long-term adminis-

tration of denosumab. Two adverse events in the cross-over

group were adjudicated as consistent with osteonecrosis of

the jaw [211]. In a meta-analysis of four clinical trials, the

relative risk of serious adverse events for the denosumab

group compared with the placebo group was 1.33; of serious

adverse events related to infection, 2.10; of neoplasm, 1.11;

of study discontinuation due to adverse events, 1.10, and of

death, 0.78. These risks were all non-significant [213].

The effects of the major pharmacological interven-

tions on vertebral and hip fracture risk are summarised

in Table 12.

Combination and sequential treatments

These treatment regimens include the concomitant or sequen-

tial use of compounds sharing the same mode of action (e.g.

two or more inhibitors of bone resorption) or agents with

differing activities (e.g. an inhibitor of resorption plus an

anabolic agent). The hope that synergies might be found by

combination treatments has not yet been realised [2]. Howev-

er, there are data that suggest that the administration of an

inhibitor of resorption (bisphosphonate or SERM) after treat-

ment with PTH analogues maintains or even potentiates the

skeletal benefit observed during anabolic treatment [214,

215]. Conversely, the prior administration of bisphosphonates,

particularly if associated with greater suppression of bone

turnover, blunts or retards the effects of subsequent adminis-

tration of bisphosphonates[216], PTH [217–219], denosumab

[220] and strontium ranelate [221, 222].

Other pharmacological interventions

Calcitonin

Calcitonin is an endogenous polypeptide hormone that

inhibits osteoclastic bone resorption [223]. Salmon calci-

tonin is approximately 40–50 times more potent than

human calcitonin, and the majority of clinical trials have

been performed with salmon calcitonin [224]. For clinical

use, it can be administrated either by injection or nasal

application, which provides a biological activity of 25–

50 % compared with the injectable formulation (200 IU

nasal calcitonin would be equivalent to 50 IU of the

injectable formulation).

Calcitonin modestly increases bone mineral density at

the lumbar spine and forearm [175, 225]. Calcitonin

likely reduces the risk of vertebral fracture; however,

the magnitude of the impact on these fractures remains

questionable [175]. An effect on non-vertebral fractures

remains equivocal [226, 227]. In addition, calcitonin may

have an analgesic effect in women with acute vertebral
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Table 12 Study details and anti-fracture efficacy (relative risk (RR) and 95 % CI) of the major pharmacological treatments used for postmeno-

pausal osteoporosis when given with calcium and vitamin D, as derived from randomised controlled trials

Intervention Study Entry criteria Mean age (years) Number of patients

randomised

Fracture incidence

(% over 3 years)a
RR (95%CI)

Placebo Drug

a. Vertebral fracture (high-risk population)

Alendronate, 5–10 mg [173] Vertebral fractures; BMD,

≤0.68 g/m2
71 2,027 15.0 8.0 0.53 (0.41–0.68)

Risedronate, 5 mg [177] 2 vertebral fractures or

1 vertebral fracture

and T-score ≤−2.0

69 2,458 16.3 11.3 0.59 (0.43–0.82)

Risedronate, 5 mg [178] 2 or more vertebral

fractures—no

BMD entry criteria

71 1,226 29.0 18.0 0.51 (0.36–0.73)

Raloxifene, 60 mg [161] Vertebral fractures—no

BMD entry criteria

66 7,705 21.2 14.7 0.70 (0.60–0.90)

Teriparatide, 20 μgc [198] Vertebral fractures and

FN or LS T-score

≤−1 if less than 2

moderate fractures

69 1,637 14.0 5.0 0.35 (0.22–0.55)

Ibandronate, 2.5 mg [179] Vertebral fractures and

LS −5<T-score≤−2.0

69 2,946 9.6 4.7 0.38 (0.25–0.59)

Ibandronate, 20 mg [291] Vertebral fractures and

LS −5<T-score≤−2.0

70 708 9.6 4.9 0.50 (0.34–0.74)

Strontium ranelate, 2 g [201] Vertebral fractures, LS

BMD ≤0.840 g/m2
69 1,649 32.8 20.9 0.59 (0.48–0.73)

Zoledronic acid, 5 mg [185] FN T-score ≤−2.5, ± vertebral

fracture, or T-score ≤−1.5

and 2+ mild or 1 moderate

vertebral fracture

73 7,765 10.9 3.3 0.30 (0.24–0.38)

b. Vertebral fracture (low-risk population)

Alendronate, 5–10 mgd [176] FN T-score ≤−2 68 4,432 3.8 2.1 0.56 (0.39–0.80)

Alendronate, 5–10 mg d [176] Subgroup of women, T-score <2.5 NA 1,631 4.0 2.0 0.50 (0.31–0.82)

Raloxifene, 60 mg [161] FN or LS T-score ≤−2.5,

± vertebral fractures

66 7,705 4.5 2.3 0.50 (0.40–0.80)

Denosumab, 60 mg [210] TH or LS ≤−2.5 and >−4;

60–90 years

72 7,868 7.2 2.3 0.32 (0.26–0.41)

c. Hip fracture

Alendronate, 5–0 mg [173] Vertebral fractures with

BMD ≤0.68 g/m2

71 2,027 2.2 1.1 0.49 (0.23–0.99)

Alendronate, 5–10 mg d [176] FN T-score ≤−2b 68 4,432 0.8 0.7 0.79 (0.43–1.44)

Alendronate, 5–10 mg d [176] FN T-score ≤−2.5b

(subgroup analysis)

NA 1,631 1.6 0.7 0.44 (0.18–1.97)

Risedronate, 2.5 and 5 mg [71] T-score <−3b or <−2b and

≥1 non-skeletal risk factor

for hip fracture (subgroup

analysis osteoporotic

patients 70–79 years)

77 9,331 3.2 1.9 0.60 (0.40–0.90)

Raloxifene, 60 and 120 mg [161] FN or LS T-score ≤−2.5,

± vertebral fractures

66 7,705 0.7 0.8 1.10 (0.60–1.90)

Strontium ranelate, 2 g [202] Osteoporosis (T-score <−2.5)

with or without prior fracture

77 4,932 3.4 2.9 0.85 (0.61–1.19)

Strontium ranelate, 2 g [202] Age ≥74 with T-score

≤−2.4b (subgroup analysis)

80 1,977 6.4 4.3 0.64 (0.412–0.997)

Zoledronic acid, 5 mg [185] FN T-score ≤−2.5 or less,

± vertebral fracture, or

T-score ≤−1.5 and 2+ mild

or 1 moderate vertebral fracture

73 7,765 1.4 2.5 0.59 (0.42–0.83)

Denosumab, 60 mg [210] TH or LS ≤−2.5 and >−4;

age 60–90 years

72 7,868 1.2 0.7 0.60 (0.37–0.97)

FN femoral neck, LS lumbar spine, NA not available
aExcept where indicated in column 1
bBMD adjusted to NHANES population
c 20-month study
d 4.2-year study
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fracture, which appears to be independent of its effect on

osteoclastic resorption [224].

In conclusion, the drawbacks of repeated injections

and the high costs of the nasal formulation preclude the

long-term use of calcitonin as a first line in the treat-

ment of osteoporosis. Analgesic properties may, howev-

er, be an interesting option for acute pain following a

spinal fracture.

Hormone replacement therapy

Oestrogens reduce the accelerated bone turnover induced

by menopause and prevent bone loss at all skeletal sites

regardless of age and duration of therapy. Results from

observational studies and randomised placebo controlled

trials have shown that oestrogens decrease the risk of

vertebral and non-vertebral fractures (including hip frac-

ture) by about 30 %, regardless of baseline BMD [158,

228, 229]. When hormone replacement therapy (HRT) is

stopped, bone loss resumes at the same rate as after

menopause, but fracture protection may persist arguably

for several years [230, 231].

The Women's Health Initiative suggests, however, that

the long-term risks of HRT outweigh the benefits. In this

large cohort of postmenopausal women in their 60s, the

combined use of conjugated oestrogen and medroxyproges-

terone acetate was associated with a 30 % increased risk of

coronary heart disease (CHD) and breast cancer, and with a

40 % increase in stroke [232–234]. There was also a slight

increase in the risk of dementia [235] and no clinically

meaningful effect on health-related quality of life such as

sleep disturbance or vasomotor symptoms [236]. In a sub-

sequent analysis, the increase in breast cancer risk was much

less in women not previously exposed to HRT [234]. In

hysterectomized women receiving conjugated oestrogen

alone, there was also a significant increase in stroke, but

not of CHD and breast cancer, suggesting a deleterious

effect of medroxyprogesterone acetate [237]. It has been

postulated that the benefits of HRT outweigh the risks in

younger postmenopausal women [238, 239], but so far,

there is no placebo controlled study showing the long-term

safety of such approaches. In most countries, HRT is only

recommended for climacteric symptoms, at a dose as small

as possible and for a limited period of time.

Etidronate

Etidronate is a weak bisphosphonate that has been

shown to reduce vertebral fractures over 2 years but

not subsequently, with no significant effect on non-

vertebral fractures [240]. Thus, etidronate is not recom-

mended as a first-line therapy for osteoporosis in most

European countries.

Vitamin D derivatives

Alfacalcidol is a synthetic analogue of the vitamin D me-

tabolite calcitriol (1,25-dihydroxyvitamin D3), and it is me-

tabolized to calcitriol by its 25-hydroxylation in the liver. It

is somewhat less potent than calcitriol. Both alfacalcidol and

calcitriol are used in some countries for the treatment of

osteoporosis. Several but not all studies show decreases in

vertebral fracture risk [241–243]. The effects on bone min-

eral density have been less extensively studied. A few

reports have suggested that alfacalcidol and calcitriol exert

a direct action on muscle strength and decrease the likeli-

hood of falling in elderly subjects [244].

The major problem with the use of the vitamin D deriv-

atives is the risk of hypercalcaemia and hypercalciuria.

Adverse effects of prolonged hypercalcaemia include im-

pairment of renal function and nephrocalcinosis. The narrow

therapeutic window demands the frequent surveillance of

serum and possibly urine calcium in patients exposed to

these agents. Calcium supplementation of the diet should

be avoided or used with care.

Clodronate

Clodronate is a relatively weak bisphosphonate but has

been shown to decrease the risk of vertebral and non-

vertebral fractures in randomised controlled studies

[245, 246]. It is widely available for the treatment of

neoplastic bone disease but licenced for use in osteopo-

rosis in only a few countries.

Vertebroplasty and kyphoplasty

In patients with recent vertebral fracture in whom pain

persists for 2 to 3 weeks despite a well-conducted analgesic

programme, injection of cement in the fractured vertebral

body without (vertebroplasty) or with preceding balloon

inflation (kyphoplasty) may lead to short-term reduction of

pain. Whether this is related to the cement itself or to local

anaesthetic is still unclear [247].

Adherence and monitoring of treatment

Adherence to treatment

When discussing adherence, there is a need to define the

terminology [248], since a wide variety of definitions is

used in the literature.

1. Adherence is a general term encompassing the aspects

mentioned below.
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2. Persistence describes for how long the medication is

taken. Persistence could be expressed as number of days

until drop-out or the proportion of the cohort still on the

medication after a given time since first prescription.

Non-persistence is assumed to be the same as discon-

tinuation if a treatment gap is longer than a set number

of days.

3. Compliance denotes the proximity to the treatment rec-

ommendation as given in the official product informa-

tion (SPC). It is often simplified to mean the number of

doses taken divided by the number of prescribed doses.

This simplification does not include some important

aspects of compliance, such as taking medication with

food (for the oral bisphosphonates), at the correct time

of the day, too-large doses to compensate for forgotten

doses, pill dumping, etc.

4. Primary non-adherence is when the patient is prescribed

a drug and then never fills the prescription.

Non-adherence to medical therapy is a widespread public

health problem. It is estimated that only half of the patients

comply with long-term therapy of which a substantial mi-

nority do not even redeem their prescription. Overcoming

non-adherence presents particular challenges in asymptom-

atic bone diseases and other chronic, asymptomatic condi-

tions. In such settings, the level of perceived threat to health

does not motivate the patient to adhere to therapy. In addi-

tion, risk of non-adherence with any therapy increases with

increased duration of treatment [249].

Poor adherence to medication is associated with adverse

effects on outcomes in osteoporosis or osteopenia, and non-

adherent patients have smaller decreases in rates of bone

turnover, smaller gains in BMD and a significantly greater

risk of fracture [182, 250–252]. Partial adherence also has a

significant impact on cost-effectiveness [253]. Further, re-

search is required to optimize thresholds of compliance and

persistence, the impact of gap length, offset times and frac-

tion of benefit [254].

Improving adherence to osteoporosis therapy requires

effective patient/provider communication and close patient

monitoring for the early identification of declining adher-

ence. Patients' belief in a medication contributes to better

adherence and can be improved by firmly associating treat-

ment with expected benefits such as reduced risk of fracture

and thereby an improved quality of life. Patients may be

encouraged to adhere when presented with measurements of

biochemical markers of bone turnover or their BMD results

together with an explanation of how these measures relate to

risk reduction. Another primary component of improving

adherence is to use simplified or user-friendly treatment

programmes [255, 256].

It should be noted that inadequate adherence can also

take the form of improper drug administration, even when

doses are not missed. An example is the malabsorption of

oral bisphosphonates when taken with food. Such non-

adherence poses the potential problems of decreased drug

absorption and increased risk of adverse effects [257].

Monitoring of treatment with densitometry

The goal of bone-targeted drug therapy in a patient with

osteoporosis is to significantly increase bone strength, in

order to decrease the risk of fracture. In untreated men and

women, BMDis one of the major determinants of bone

strength, and low BMD is an important predictor of fracture.

Whether the long-term anti-fracture efficacy of anti-

osteoporotic drugs depends on the extent to which treatment

can increase or maintain BMD is controversial [258]. Meta-

regressions, based on summary statistics, demonstrate a

stronger correlation between the change in BMD and frac-

ture risk reduction than results based on the individual

patient data [259, 260].

Whereas 16 % of vertebral fracture risk reduction after

treatment with alendronate was attributed to an increase in

BMD at the lumbar spine [261], larger increases in BMD at

both the spine and hip, observed with alendronate, were

associated with greater reductions in the risk of non-

vertebral fractures. However, for patients treated with risedr-

onate or raloxifene, changes in BMD predict even more

poorly the degree of reduction in vertebral (raloxifene) or

non-vertebral (risedronate) fractures. Of the effects of risedr-

onate to reduce non-vertebral fractures, 12 and 7 % were

attributed to changes in the spine and femoral neck BMD,

respectively [262]. For raloxifene, the percentage changes in

BMD accounted for 4 % of the observed vertebral fracture

risk reduction [263]. Percent changes in total hip BMD at

month 36 explained up to 35 % of the effect of denosumab

to reduce new or worsening vertebral fractures and up to

84 % of the reduction in non-vertebral fracture risk [264]. It

is reasonable to conclude, however, that early monitoring of

BMD has limited value in the prediction of treatment

responses with inhibitors of bone resorption.

For bone-forming agents, increases in BMD account for

approximately one third of the vertebral fracture risk reduc-

tion with teriparatide [265]. Preliminary data suggest that a

larger proportion (up to 74 %) of the anti-fracture efficacy of

strontium ranelate might be explained by changes in total

hip or femoral neck BMD [266, 267]. Further data are

needed on the role of BMD monitoring in patients treated

with bone-forming agents, but appear to be of greater value

than their use with inhibitors of bone resorption.

In postmenopausal osteoporosis, treatment-induced

increments in BMD with inhibitors of bone turnover are

modest (typically 2 % per year) in comparison to the preci-

sion error of repeat measurements (typically 1–2 %) so that

the time interval of repeat estimates must be sufficiently
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long in order to determine whether any change is real [268].

In the absence of other clinical imperatives, a 5-year interval

may be appropriate. For other agents such as strontium

ranelate and PTH derivatives, the treatment-induced incre-

ment (or apparent increment in the case of strontium rane-

late) is much more rapid, and more frequent BMD tests may

be considered.

Monitoring of treatment with biochemical markers of bone

turnover

Several markers have been developed over the past 20 years

that reflect the overall rate of bone formation and/or bone

resorption. Most are immunoassays using antibodies that

recognise specifically a component of bone matrix (i.e. type

I collagen or non-collagenous proteins) that is released in

the bloodstream during the process of either osteoblastic

bone formation or osteoclastic resorption. Other assays rec-

ognise an enzymatic activity associated with the osteoblast

(bone alkaline phosphatase) or the osteoclast (tartrate resis-

tant acid phosphatase). The most informative ones for the

monitoring of osteoporosis are procollagen I N-terminal

extension peptide (P1NP) for assessing bone formation

and C-telopeptide breakdown products (especially serum

CTX) to assess bone resorption [72, 74, 269].

Treatment-induced changes in bone markers are more

rapid than changes in BMD and are typically measured 3–

6 months or so after starting treatment when treatment-

induced changes are expected to be most evident. In a

research setting, a significant association has been reported

between the short-term decrease in markers of bone turnover

with the use of antiresoptive agents and gains in BMD [270,

271]. More importantly, significant associations have been

reported between the short-term decrease in markers of bone

turnover and the reduction in risk of vertebral and non-

vertebral fractures with the use of antiresorptive agents

(raloxifene and bisphosphonates) [74, 272–276]. Changes

in markers of bone turnover with strontium ranelate are of

small magnitude and are unlikely to be clinically useful for

the monitoring of treatment [201]. More research is required

using standardised analytes before robust evidence-based

recommendations can be given [74].

Investigation of patients with osteoporosis

Diagnostic workup

The same diagnostic approach should be undertaken in

all patients with osteoporosis irrespective of the pres-

ence or absence of fragility fractures. However, the

range of clinical and biological tests will depend on

the severity of the disease, the age at presentation and

the presence or absence of vertebral fractures. The aims

of the clinical history, physical examination and clinical

tests are:

& To exclude a disease which can mimic osteoporosis (e.g.

osteomalacia, myelomatosis)

& To elucidate causes of osteoporosis and contributory

factors

& To assess the severity of osteoporosis to determine the

prognosis of the disease, i.e. the risk of subsequent

fractures

& To select the most appropriate form of treatment

& To perform baseline measurements for subsequent mon-

itoring of treatment

The procedures that may be relevant to the investigation

of osteoporosis are shown in Table 13. These investigations

may be used to:

& Establish the diagnosis of osteoporosis (e.g. DXA or

X-rays)

& Establish the cause (e.g. thyroid function tests for hy-

perthyroidism and urinary free cortisol for Cushing

syndrome)

& Establish differential diagnosis (e.g. protein electropho-

resis for myeloma, and serum calcium and alkaline

phosphatase for osteomalacia)

Investigations commonly conducted in secondary care

include a full blood count, ESR, serum calcium and

phosphate, liver function tests and tests of renal function.

Additional measurements include the biochemical indices

of bone turnover, serum parathyroid hormone, serum 25-

hydroxyvitamin D, serum or urine protein electrophoresis,

fasting and 24-h urinary calcium, urinary free cortisol,

thyroid function tests, IgA anti-tissue transglutaminase

antibody or IgA endomysial antibody and (rarely) tran-

siliac bone biopsy. Free testosterone, gonadotrophin and

prolactin measurements may be of value in men. Assess-

ment is guided by the clinical findings, and some

Table 13 Routine procedures proposed in the investigation of

osteoporosis

Routine

History including the FRAX clinical risk factors

Examination including height and weight

Blood cell count, sedimentation rate, serum calcium, albumin,

creatinine, phosphate, alkaline phosphatase and liver transaminases

Lateral radiograph of lumbar and thoracic spine

Bone densitometry (dual energy X-ray absorptiometry

at hip and spine)

Other procedures

Lateral imaging DXA for vertebral fracture assessment (VFA)

Markers of bone turnover, when available
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patients who apparently have primary osteoporosis are

subsequently found to have mild hyperparathyroidism or

hyperthyroidism, systemic mastocytosis, the late appear-

ance of osteogenesis imperfecta or osteomalacia.

Differential diagnosis of osteoporosis

Osteomalacia and malignancy commonly induce bone

loss and fractures. Osteomalacia is characterised by a

defect of mineralization of bone matrix most commonly

attributable to impaired intake, production or metabo-

lism of vitamin D. Other causes include impaired phos-

phate transport or the chronic use of some drugs such

as aluminium salts (and other phosphate binding ant-

acids), high doses of fluoride or etidronate and the

chronic use of some anticonvulsants. In most cases,

the diagnosis of osteomalacia is suspected by the clin-

ical history and by abnormalities in biochemical tests

such as low values of serum and urinary calcium, serum

phosphate and 25-hydroxyvitamin D, and high values

for alkaline phosphatase and parathyroid hormone. A

transiliac bone biopsy after tetracycline labelling may

be necessary to demonstrate unequivocally a defect in

mineralization.

Diffuse osteoporosis with or without pathological

fracture is common in patients with multiple myeloma,

a condition suspected by the severity of bone pain,

increased sedimentation rate and Bence Jones protein-

uria, and identified by marrow aspirate and serum and

urine (immuno) electrophoresis of proteins. Similarly,

pathological fractures resulting from metastatic malig-

nancies can mimic osteoporosis and can be excluded

by clinical and radiological examination, biological tests

such as tumour markers, and scintigraphy or other im-

aging techniques. Vertebral fractures in osteoporosis

should be differentiated from vertebral deformities at-

tributable to other disorders such as scoliosis, osteoarth-

rosis and Scheuermann's disease.

Health economics

There is an increasing need for management strategies to be

placed in an appropriate health economic perspective for

guideline development and for reimbursement. The type of

evaluation used is principally cost-utility analysis as a mea-

sure of cost-effectiveness. In the context of evaluating treat-

ments, this takes account not only of fractures avoided, but

also of any change in morbidity and mortality from both

beneficial and unwanted effects. Quality-adjusted life years

(QALYs) are the accepted unit of measurement in health

economic assessment of interventions using cost-utility

analysis. In order to estimate QALYs, each year of life is

valued according to its utility to the patient. Values range

from 0, the least desirable health state, to 1, or perfect

health. The decrement in utility associated with fractures is

Table 14 Comparison of the

cost-effectiveness of alendronate

with other interventions in

women aged 70 years from the

UK (data for treatments other

than alendronate from [122],

with permission from Elsevier)

Intervention T-score0−2.5 SD No BMD

No prior fracture Prior fracture Prior fracture

Alendronate 6,225 4,727 6,294

Etidronate 12,869 10,098 9,093

Ibandronate daily 20,956 14,617 14,694

Ibandronate intermittent 31,154 21,587 21,745

Raloxifene 11,184 10,379 10,808

Raloxifene without breast cancer 34,011 23,544 23,755

Risedronate 18,271 12,659 13,853

Strontium ranelate 25,677 18,332 19,221

Strontium ranelate, post hoc analysis 18,628 13,077 13,673

0

10

20

30

40

0 20 40 60 80

Probability of major osteoporotic fracture (%)

Cost/QALY gained (£000)

Fig. 11 Correlation between the 10-year probability of a major fracture

(calculated with BMD) and cost-effectiveness of generic alendronate at

the age of 50 years in women. Each point represents a particular combi-

nation of BMD and clinical risk factors (all possible combinations of

CRFs at BMD T-scores between 0 and −3.5 SD in 0.5 SD steps—512

combinations) with a BMI set to 26 kg/m2. The horizontal line denotes

the threshold for cost-effectiveness (a willingness to pay of £20,000/

QALY gained) ([122], with permission from Elsevier)
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the cumulative loss of utility over time. There is, at present,

little international consensus as to when treatment can be

considered to be cost-effective [277–279]. One approach is to

base the threshold value on a measure of a country's economic

performance, and a value of about two times the GDP/capita

has been suggested as a threshold that can be applied to

Western economies [280]. On this basis, threshold values

would be about €32,000 in the UK, close to the recommenda-

tion of the National Institute for Health and Clinical Excellence

[50, 51]. Although the GDP per capita provides an index of

affordability, there is also a marked heterogeneity in the pro-

portion of GDP that countries are willing to devote to health

care and in the proportion of the population at risk from

osteoporotic fracture (i.e. elderly people). These factors will

also affect what is an acceptable price to pay which need to be

defined on a country by country basis [8].

Studies of intervention

There has been a rapid expansion of research on the cost-

utility of interventions in osteoporosis which has been the

subject of several reviews [50, 51, 118, 174, 281–283].

Despite the use of different models, different settings and

payer perspectives, analyses suggest that there are cost-

effective scenarios that can be found in the context of the

management of osteoporosis for all but the most expensive

interventions (Table 14). A pan-European study from 2004

estimated the cost-effectiveness of branded alendronate in

nine countries [284]. In this study, alendronate was shown to

be cost saving compared to no treatment in women with

osteoporosis (with and without previous vertebral fracture)

from the Nordic countries (Norway, Sweden and Denmark).

The cost-effectiveness of alendronate compared to no treat-

ment was also within acceptable ranges in Belgium, France,

Germany, Italy, Spain, Switzerland and the UK. However,

with the decreased price of generic alendronate, analyses

based on a branded drug price have become obsolete and

would require an update.

The advent of probability-based assessment has promp-

ted the cost-effectiveness of interventions as a function of

fracture probability. Several studies have examined the cost-

effectiveness of intervention thresholds expressed in terms

of fracture probability [109, 110, 117, 122, 285, 286]. In a

study from the UK by Kanis et al. [122], generic alendronate

was shown to be cost-effective in the prevention and treat-

ment of fractures in postmenopausal women with a 10-year

fracture probability for a major fracture that exceeded 7.5 %

(Fig. 11). There was rather little difference in the threshold

at different ages with a mean value of 7.0 %. Thus, the vast

majority of treatment scenarios with alendronate can be

considered as cost-effective (see Table 7).

Other drugs that are approved for osteoporosis are asso-

ciated with higher cost-effectiveness ratios compared to no

treatment mainly due to their higher price. A recent study by

Borgström et al. [287], again conducted in a UK setting,

showed that risedronate was cost-effective above a 10-year

probability of 13 % for a major osteoporotic fracture. Other

studies have examined strontium ranelate and denosumab in

this way [288, 289]. However, the cost-effectiveness of

different interventions will vary between countries due to

differences in drug costs, fracture risk, costs of treating

fractures, utility estimates and willingness to pay.

Despite differences in apparent cost-effectiveness, there

is, however, no proven difference in efficacy between the

majority of treatments [47, 290], and head-to-head compar-

isons of interventions with fracture outcomes are not avail-

able. For these reasons, the value of an incremental analysis

between the individual treatments is questionable, since any

resulting hierarchy of treatments is dependent largely on

price, but otherwise meaningless in clinical terms. In addi-

tion, the large number of untreated patients makes ‘no

treatment’ a relevant comparator. Notwithstanding, alendro-

nate has been considered as a first-line intervention. The

view arises, not because of apparent differences in efficacy

between treatments, but because of cost. However, the poor

effectiveness and side effect profile of many generic formu-

lations challenge this view [197].
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