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Summary
Objective: To provide a summary of the available scientific evidence on the performance of bone density measurement (BDM) techniques and the effectiveness of BDM screening and related interventions
- hormone replacement therapy (HRT) and intranasal salmon calcitonin SCT(N)) - in menopausal
women to prevent fractures in later life.
Methods: Synthesis of systematic reviews of evidence on BDM, HRT and SCT(N) updatted by primary studies identified through additional literature searches. The evidence was evaluated using an
internationally accepted classification system incorporating study design and quality.
Main Findings: The analytical performance of BDM technologies in the routine clinical situation has
not been adequately assessed. Fair evidence from prospective cohort studies suggests that BDM can
predict the risk of fractures, though not with high accuracy. Although good evidence exists to support
the efficacy of HRT and SCT(N) in preserving bone mass during treatment, there is also fair evidence
that the effect wears off after cessation of therapy. Fair evidence, from low quality RCTs and observational studies, suggests that these therapies are efficacious in preventing fractures. However, when this
evidence is used to evaluate the potential effectiveness of BDM screening of menopausal women in
combination with these therapies it is estimated, using realistic assumptions, that only 1-7% of hip
fractures might be prevented.
Conclusion: The currently available evidence does not support the use of BDM screening in combination with HRT or SCT(N) treatment.
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Introduction
Osteoporosis predisposes women to bone fractures that occur most commonly at the hip, wrist and
spine. Hip fractures are of particular concern because of their high costs in terms of morbidity, mortality and social burden.
Consequently, there is growing international interest in approaches to identify individuals at high risk
for fractures and in interventions that might help to prevent these events. Various techniques to measure bone density have been developed for detecting those at high risk of having a fracture. These
individuals are commonly prescribed treatments in the form of hormone replacement therapy (HRT),
and in some Mediterranean countries, calcitonin (CT).
Scope
This review has been produced through a collaboration between national and regional agencies which
undertake health technology assessment.
• The objective is to assess the available scientific evidence regarding the performance of bone density
measurement (BDM) and its effectiveness in preventing fractures when used in conjunction with
prophylactic treatments (HRT and intranasal salmon calcitonin) in menopausal women.
• The main outcome measures are bone density and fractures. Evaluation is in terms of the relative
risk of fracture for a 1 SD decrease in bone mineral density below the age adjusted mean; the
percentage of fractures potentially prevented by BDM screening linked to treatments; and the
number of individuals who would need to be invited for screening in order to prevent one hip
fracture. Treatment effects of HRT and SCT(N) for preserving bone density are expressed as relative risks or odds ratios for fractures.
• This paper does not assess other approaches to identify individuals at high risk for fracture nor any
alternative interventions such as exercise, hip protector pads, vitamin D and bisphosphonates. The
impact of BDM and associated treatments is considered only in terms of their effect on the risk of
fractures in women.
Methodology
This paper is based primarily on systematic reviews of evidence undertaken by health technology assessment agencies and other systematic reviews that were relevant. These sources were updated by
adding primary studies identified through additional literature searches. The search for relevant research was supplemented by two surveys of organisations that had produced reports addressing the
issues of BDM and HRT.
The conclusions in this paper are based on a classification system that considers the type of study design
and conditions of scientific rigour (Table 1). Further details about the methodology are available in the
background documents.
Results
1. Methods for Bone Density Measurement
1.1
Various methods are currently used for measuring bone density, but x-ray based methods
dominate the market. Ultrasound methods are increasingly used, but their analytical performance still requires validation.
1.2
The precision and accuracy of BDM technologies are generally poorly defined in the routine
clinical situation for all available methods.
Table 2 describes the performance characteristics of BDM methods in common use. Most available
data are from measurements taken in a single centre over a short period by expert operators. Consequently, they tend to reflect the efficacy of the individual methods, and are likely to underestimate the
error in routine clinical practice.
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1.3

The performance characteristics of BDM methods impose constraints on specific applications of these techniques.

Given the performance levels of currently available methods, many individuals will be wrongly classified with regard to their risk of fracture, either as false positives or false negatives. This problem is
compounded by systematic differences in ‘normal’ values in population (e.g. ethnic groups) from those
used to set reference values for BDM equipment.
1.4
If bone density measurements are to be undertaken, it is essential that scrupulous quality
control is followed.
2. The use of BDM to predict fractures in individuals (2)
2.1
There are no randomised controlled trials which have evaluated the efficacy of using BDM to
screen menopausal women and prevent fractures.
Ideally, there should be data available from controlled trials where menopausal women are randomised
to a screening programme or no screening programme and subsequently followed for 20-30 years (at
the age when most fractures occur) to determine the effect on the number of individuals in whom
fractures are prevented. No data studies with designs corresponding to Levels I-V (Table 1) are currently available.
2.2
There is FAIR evidence that BDM can predict the risk of fracture in menopausal women.
However, because of the considerable overlap between the distribution of bone mineral density for individuals who have and do not have fractures, BDM cannot reliably distinguish
those who will have a fracture from those who will not.
A recent meta analysis of prospective cohort studies (Level VI), shows that there is an inverse association between bone density and the risk of future fractures. The relative risk for a decrease in bone
density of 1 SD below the age adjusted mean for all types of fractures at all sites was 1.5.
Most of the studies have short follow up and the extent to which the results can be extrapolated to the
prediction of fractures in individuals which will occur in 20 to 30 years in the future is not known. The
ability of BDM to predict fracture risk will not be the same for all age groups because of the increased
importance of other risk factors with increasing age.
On the basis of data from case - control studies (Level VII) of hip fracture, BDM does not accurately
distinguish between patients with recent (non-traumatic) fractures and those without fractures.
2.3

Low bone density is only one of a number of risk factors for fracture in menopausal women,
some of which have similar estimates for risk association with fractures.

Scientific evidence of similar strength (Level VI) exists regarding many other risk factors in menopausal
women that have similar independent predictive ability for fracture to that of bone mineral density.
These include a history of maternal hip fracture, previous fractures of any type after the age of 50, selfrated health as fair to poor, previous hyperthyroidism, inability to rise from a chair without using one’s
arms, a faster resting pulse rate, and poorer depth perception.
2.4

There appears to be no consensus about the appropriate applications of BDM between organisations that had published a report on this topic.

A survey (Level VIII) of reports on the applications of BDM technologies suggests that there is wide
variation in the views taken on the appropriate use of BDM for clinical and screening purposes. Studies based on more systematic review methods tended to be more conservative in their conclusions about
the potential uses of BDM.
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3. Effect of HRT in preventing fractures and preserving bone mass (3)
3.1

There is FAIR evidence that ever-use of HRT is associated with a decrease in fractures of all
types.

Data from one small RCT (Level III) show a reduction in new vertebral fractures with HRT used for
secondary prevention. However, the number of individuals who experienced a new vertebral fracture
was reduced by a smaller amount (37%) and was not statistically significant.
For all other types of fracture, data are available only from cohort and case - control studies (Levels VI
and VII). Pooled estimates from these observational studies show a tendency to a modest reduction in
relative risk for hip fracture with ever use of HRT.
3.2

There is FAIR evidence that current long-term use of HRT has a protective effect for fractures.

Data from cohort and case – control studies (Levels VI and VII) comparing long term and short term
users show a trend towards risk reduction for fractures with long term use of HRT. However, results
from some studies did not reach statistical significance.
3.3

There is FAIR evidence that there is no decrease in risk for hip fracture at older ages with ever
use of HRT.

Data from cohort and case – control studies (Levels VI and VII)) showed a decrease in the potential
protective effect for hip fracture with age. At older ages, when most hip fractures occur, there was no
statistically significant difference in fracture risk between ever and never users of HRT (Table 3).
3.4

There is FAIR evidence that the longer the period since cessation of therapy, the smaller the
protective effect of HRT on risk of hip fracture.

Pooling the results from two cohort studies (Level VI) gives an estimated protective effect on hip
fracture between former and never users of RR=0.88 when 2-14 years have elapsed since last estrogen
use. After more than 15 years since estrogen treatment there was no evidence of benefit (RR=1.07).
3.5

There is GOOD evidence that HRT, used alone or in combination with progestogens and /
or calcium, for primary and secondary prevention, has a protective effect against bone mass
loss, as measured by various BDM techniques at the forearm, spine and hip.

A meta analysis of RCTs (Level I) showed a trend towards a positive effect of HRT on bone mass both
in primary and secondary prevention. Effect sizes in the forearm and spine in studies of secondary
prevention were larger than in studies of primary prevention and had wider confidence intervals.
3.6

The effect of HRT in reducing bone loss has mainly been studied in women shortly after
menopause. However, there is GOOD evidence that age does not attenuate the short term
response to treatment.

When the results of 43 RCTs examining skeletal response in women of various ages are examined, the
protective effect of HRT appears to be the same for women who are under 60 years and those who are
over 60 years old.
3.7

There is FAIR evidence that the protective effect of HRT on the loss of bone mass may
decline over time when therapy is started soon after the menopause, and that the protective
effect wears off after cessation of treatment.

Data from RCTs, case - control studies and case series (Levels III, VII and VIII) indicate that the
protective effect of HRT on bone loss is only maintained when currently used. The protective effect
appears to disappear progressively after cessation of therapy, reaching a rate of bone loss equal to that in
untreated or placebo treated women (2-3% per year) within a few years after withdrawal of treatment.
This point is critically important since therapy with HRT is generally prescribed around or soon after
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the menopause and generally not for more than ten years, consequently leaving a period of 15-20 years
between the cessation of treatment and the time when most fractures occur (> 75 years of age).
3.8

Long term compliance with HRT is likely to be less than 50% for menopausal women.

Data from different surveys (Level VIII) suggest that long term compliance with HRT is low (approximately 30%). This is mainly because of the presence of various side effects (e.g. breast tenderness,
bleeding, depression), fear of cancer, dislike of taking tablets and failure to continue treatment when
climacteric symptoms disappear. This is an important factor to take into account when considering the
effectiveness of HRT, given the findings of reduced protective effect of HRT after cessation of therapy.
4. Effect of intranasal salmon calcitonin in preventing fractures and preserving bone mass
4.1

There is FAIR evidence to support the efficacy of intranasal salmon calcitonin in decreasing
the risk of fractures.

Data from RCTs and case – control studies (Levels I, II, III and IV) provide mixed results about the
protective effect of SCT(N) on the risk of fractures. However, a recent meta analysis of RCTs (Level I)
concluded that the anti-fracture efficacy of calcitonin still remains to be established.4.2
There is
GOOD evidence demonstrating the short term efficacy of intranasal salmon calcitonin (SCT(N)) in
preserving bone mass in both primary and secondary prevention in postmenopausal women.
Several RCTs have shown that SCT(N) decreases bone loss and/or preserves bone mass in postmenopausal women. This is the case in both primary and secondary prevention, after both natural and
surgical menopause.
4.3

There is FAIR evidence demonstrating the long term preservation (5 year) of bone mass
using SCT(N), but no data are available about the long term effect when treatment is started
early after menopause.

One RCT (Level III ) in primary prevention with a duration of five years shows a statistically significant
increase in vertebral bone mass after 42 months of treatment compared with those women not treated,
but not at the end of the five years.
4.4

There are no prospective studies comparing the efficacy or the effectiveness of HRT andintranasal calcitonin.

Discussion
Using the classification system for evidence outlined in Table 1, there is:
• FAIR evidence from prospective cohort studies suggesting that BDM can assess the risk of future
fracture occurrence in populations over the short term, but not with a high degree of accuracy;
• FAIR evidence, from low quality RCTs and observational studies, showing the efficacy of HRT and
SCT(N) in preventing fractures during therapy;
• GOOD evidence demonstrating the efficacy of HRT and SCT(N) in preserving bone mass during
therapy;
• FAIR evidence that the effect of HRT diminishes and may eventually wear off after cessation of
therapy.
Common limitations of the studies that have been undertaken are that sample sizes are small and
follow up periods too short. Because many of these summaries of the evidence are based only on
observational studies, it is not certain that they reflect a causal relationship. In addition, these studies
are subject to various errors and biases.
Due to the relatively short follow up of the available studies, it is not possible to assess the ability of
BDM to predict fractures which occur many years after measurement. Similarly, the long term positive
and negative effects of HRT and SCT(N) are not known.
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There is particular interest in the potential use of BDM for population screening programmes and in
opportunistic screening for women around the menopause who seek advice from medical practitioners.
Current evidence is insufficient to provide firm conclusions about the value of BDM screening. However, if it possible to get some indication of its potential effectiveness in preventing hip fractures.
Table 4 presents a number of scenarios, using realistic assumptions, for a BDM screening program
linked to treatment with HRT in a hypothetical cohort of 20,000 menopausal women. For the scenario with 50% screening uptake, 30% long term compliance with treatment and 30% reduction in
life-time fracture risk with HRT, one hip fracture would be avoided for every nine women identified
through screening as being at risk, and who comply with therapy for 30 years. This apparently promising estimate represents the optimum benefit achievable, and has to be put in the context of the overall
screening process.
Of the 20,000 women invited for screening, 10,000 are likely at attend for BDM. Of these, 1,600 will
be identified as having a bone density of less than one SD below the population mean (assuming a
Gaussian distribution) and will be offered HRT. Of those offered HRT, 576 will have been correctly
identified (true positives) and 0173 (30%) of them will comply with therapy, so preventing 52 fractures. There will, however, also be 1,024 false positives, so that almost two thirds of women advised to
take HRT would be unnecessarily having this treatment since they would not have had a fracture,
under the assumptions used here.
Furthermore, under this scenario, of 10,000 women who present for screening, 948 who will go on to
have a hip fracture will be advised that they are not at high risk (false negatives). Nearly two thirds of
those who will sustain a fracture and who have a BDM will, therefore, have been falsely reassured.
When this broader perspective is considered, 393 women would need to be invited for screening and
197 actually attend in order to avoid one fracture. Thus, the overall impact of the program would be to
reduce the number of fractures over the remaining lifetime of the cohort of 20,000 women from 3,050
to 2,998, that is, by 1.7%.
When all the scenarios presented in Table 4 are considered, a BDM screening program aimed at menopausal women might prevent between 1 and 7% of fractures. Taken together, these estimates of the
effectiveness of such a program are not particularly encouraging from a public health perspective and
are unlikely to represent good value for money.
For those formulating policy and considering offering such interventions to their patients, there are
other potential effects to be considered. Current data suggest that use of HRT is associated with a 4050% reduction in the risk of coronary heart disease among postmenopausal women and an increased
risk of 30-70% for breast cancer, independent of levels of bone mass. A number of important social
and ethical concerns must also be addressed and alternative approaches to preventing and treating
osteoporosis require further consideration.
The currently available evidence does not support the use of BDM screening of menopausal women in
combination with HRT or SCT(N) in the context of population or opportunistic screening for the
prevention of fractions, and estimates based on what data are available are not encouraging about its
potential effectiveness.
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