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Abstract. The criteria required for an effective 
screening strategy for osteoporosis are largely met in 
Caucasian women. The disease is common and readily 
diagnosed by the measurement of bone mineral with 
single- or dual-energy absorptiometry. Such measure- 
ments have high specificity but lower sensitivity, so that 
the value of the technique is greater for those identified 
as being at higher risk. Against this background there is 
little evidence that osteoporosis can usefully be tackled 
by a public health policy to influence risk factors such as 
smoking, exercise and nutrition. This suggests that it is 
appropriate to consider targetting of treatment with 
agents affecting bone metabolism to susceptible individ- 
uals. Since the main benefits of the use of hormone 
replacement therapy (HRT) are probably on cardiovas- 
cular morbidity, the major role for selective screening is 
to direct non-HRT interventions. An appropriate time 
to consider screening and intervention is at the meno- 
pause, but screening at later ages is also worthy of 
consideration. Since the cost of screening is low and that 
of bone-active drugs is high, the selective use of screen- 
ing techniques will improve the cost-benefit ratio of 
intervention. 
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Introduction 

In the past decade osteoporosis has been widely recog- 
nized as a major health issue by both the medical 
profession and the general public. Public awareness has 
increased the demands on healthcare agencies, particu- 
larly in the areas of hormone replacement therapy 
(HRT) and women's health. The response of the medi- 
cal profession, however, has been variable [1,2]. On the 
one hand, medical interest among experts in bone 
disease is very high, and the number of papers, con- 
gresses and journals devoted to the subject is growing 
rapidly. On the other hand, many general practitioners 
remain unaware of the problem; in one survey in the 
United Kingdom 20% of general practitioners had 
'never seen a case' [3]. Others are reluctant either to 
assess patients or to prescribe interventions. Nonethe- 
less, attitudes seem to be changing, as indicated by the 
growing number of consultations to general practitioners 
for osteoporosis and by the prescription of bone-specific 
agents, which is continuing to rise in many countries. 

The views of bone experts are not, however, consist- 
ent. In the past few years several consensus develop- 
ment conferences have reviewed these problems [4-7]. 
Although partly a reflection of the increasing awareness 
of the problem, such conferences also indicate the 
difficulties that experts have on matters of substantial 
importance. The areas of disagreement apply less to the 
efficacy of interventions available for prevention or 
treatment than to the question of whom to treat [8-12]. 
In the case of HRT, for example, some advocate 
universal screening of postmenopausal women to 
identify those who would most benefit from HRT [11]. 
Others advocate the universal use of HRT in postmeno- 
pausal women, while a minority hold the view that the 
risks outweigh any benefits and that few, if any, women 
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should receive HRT. Yet others argue that screening for 
fracture risk is either uneconomic or impractical [8,12]. 
Inevitably, such widely differing attitudes (the evangel- 
ists and the snails) [13] have a significant impact on the 
use of healthcare resources for screening or inter- 
ventions, or both. 

For these reasons the World Health Organization, in 
collaboration with the European Foundation for Osteo- 
porosis and Bone Disease, convened a Study Group 
Meeting on the assessment of fracture risk and its 
application to screening for postmenopausal osteopor- 
osis [14]. This paper reviews the major findings of the 
Study Group. 

Osteoporosis  

Osteoporosis is a skeletal disease characterized by low 
bone mass and microarchitectural deterioration of bone 
tissue with a consequent increase in bone fragility and 
susceptibility to fracture [7]. For women, osteoporosis 
can be diagnosed when a value for bone mineral density 
(BMD) or bone mineral content (BMC) is 2.5 standard 
deviations or more below the mean of the young adult 
reference range [14,15]. Utilizing this cut-off point, the 
prevalence of osteoporosis varies from 16% to 30% in 
Caucasian women, depending upon the number of sites 
measured (Table 1). 

Table 1. Percentage of white women by age with osteoporosis defined 
as a bone mass below 2.5 SD of the young adult reference mean at the 
spine, hip or mid-radius 

Age range Osteoporosis of: 
(yr) 

Any site (%) Hip alone (%) 

30-39 0 0 
40-49 0 0 
50-59 14.8 3.9 
60.69 21.6 8.0 
70.79 38.5 24.5 
80+ 70.0 47.5 

/>50 30.3 16.2 

From WHO [14]. 

The clinical significance of osteoporosis lies in the 
fractures which occur. Most occur at the spine, wrist and 
hip, but many fractures at other sites are also associated 
with a low bone mass independently of age, and should 
be considered to be osteoporotic [16]. Women are at 
particular risk for fracture, and the incidence in women 
is twice that in men in many countries [11,17,18]. 
Reasons include the lower bone mass of women at the 
time of maturity (peak bone mass), the accelerated loss 
of bone that occurs after the menopause and the greater 
likelihood of falls amongst elderly women [19]. Women 
also live significantly longer than men, so that women 
account for 75% of osteoporotic fractures in most 

Table 2. Estimated lifetime fracture risk in women (95% confidence 
intervals) at the age of 50 years 

Fracture site Women Men 

Proximal femur 17.5 (16.8-18.2) 6.0 (5.6-6.5) 
Vertebra a 15.6 (14.8--16.3) 5.0 (4.6-5.4) 
Distal forearm 16.0 (t5.%16.7) 2.5 (2.2-3.1) 
Any of the above 39.7 (38.740.6) 13.1 (12.4-13.7) 

From Melton et al. [20]. 
aClinically diagnosed fractures 

Western countries. The remaining lifetime risk of osteo- 
porotic fractures in women at the menopause is at least 
30% and probably closer to 40% [20-22] (Table 2). 

Fractures of the hip incur the greatest morbidity and 
direct costs for health services [11,23,24]. A tenth of 
women who sustain a hip fracture become functionally 
dependent in the activities of daily living (taking func- 
tional status before fracture into account) and 19% 
require long-term care in a nursing home as a direct 
result of fracture. These figures, derived from the 
United States [25], are similar to those from many other 
countries [26,27]. Deaths attributable to hip fracture 
increase with age, in part related to the high co- 
morbidity associated with this fracture. About  20% of 
patients with hip fracture will die within 1 year of 
fracture, often after an extended hospital stay. Osteo- 
porotic fractures of the vertebrae and forearm are of 
less economic significance, but also give rise to signifi- 
cant morbidity [28-32]. There are, however, problems 
in identifying the frequency of vertebral fracture and its 
attendant morbidity [31,33]. 

The total costs of osteoporosis are difficult to assess 
because they include acute hospital care, loss of working 
days and long-term care in the home or nursing homes. 
Cost estimates are based on many assumptions that are 
difficult to test. The cost of osteoporotic fractures in the 
United States are estimated at $7-10 billion annually for 
a population of 250 million [34], in England and Wales 
at £614 million annually for a population of 50 million 
[35] and FF3.7 billion in France [36], excluding verte- 
bral fractures. 

The frequency of osteoporotic fractures is certain to 
increase in both men and women as a result of the aging 
of populations. Of the 1.7 million hip fractures which 
are estimated to have occurred world-wide in 1990 [37], 
demographic changes alone could cause the annual 
number of hip fractures to more than double by the year 
2040. However, the elderly population in the United 
States has been growing even faster than predicted by 
the most optimistic assumptions about improving life 
expectancy. If these trends continue the number of hip 
fractures could be more than tripled over this period 
[38]. The major increase will occur in countries outside 
Europe and the United States (Fig. 1). Such projections 
assume that race-specific hip fracture incidence rates 
will not change. However, rates have increased substan- 
tially in all areas of the world, though age-adjusted rates 
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Fig. 1. Estimated number of fractures (in thousands) for men and women in different regions of the world in 1990, 2025 and 2050. (Modified from 
Cooper et al. [37].) 

appear to have levelled off somewhat in Sweden, the 
United Kingdom and the United States [39-42]. 

Elderly women represent the major problem in terms 
of numbers of fractures, which suggests that screening 
and prevention would be most effective if aimed at this 
segment of the population. Although the problem is 
also significant in men and likely to increase in the 
future, the effects of intervention are less certain. From 
a healthcare viewpoint, what constitutes an acceptable 
or unacceptable risk of fracture in different countries 
is somewhat arbitrary and is likely to be determined 
largely by the priorities that must compete for health- 
care resources. 

Bone Mass and Bone Loss 

BMD in the postmenopausal years is a function of peak 
bone mass and postmenopausal losses. Bone mass and 
bone loss in women are continuously distributed in the 
general population and appear to vary from site to site 
in the skeleton. A most important cause of osteoporosis 
is the bone loss that occurs after the menopause. A great 
deal of evidence indicates that postmenopausal bone 
loss is causally related to gonadal deficiency at the time 
of the menopause. The pattern of bone loss has been 
derived largely from cross-sectional population studies 
which are difficult to interpret accurately, and may 
underestimate the degree of loss with age [43]. Prospec- 
tive studies show that the rate of postmenopausal bone 
loss varies, not only from site to site but also from one 
woman to another, ranging from less than 1% to more 
than 5% per year. On this basis, postmenopausal 

women have been stratified into two populations, with 
25 %-30% belonging to a group of particularly fast bone 
losers who may be especially vulnerable to osteoporotic 
fractures in later life [44]. Such observations provide the 
rationale for including assessments of bone loss in 
screening programmes. There is, however, no compel- 
ling evidence to suggest that the distribution of bone loss 
is bimodal [45-47]. 

Postmenopausal bone loss is also associated with a 
disruption of skeletal microarchitecture which appears 
to be irreversible [48-50]. The selective destruction of 
trabecular elements leads to a loss of mechanical com- 
petence that is disproportionate to the amount of 
material removed. At present there is no widely applic- 
able method of restoring skeletal strength once it has 
been lost, and this argues for assessment and inter- 
vention as early as possible in the natural history of the 
disorder. 

These skeletal abnormalities (Table 3) do not reflect 
all the factors relating to fracture risk. Density-indepen- 
dent components of fracture risk are clearly important 
for hip fracture, but have also been shown in other 

Table 3. Pathogenesis of osteoporotic fracture 

Skeletal 
Bone mass 
Spatial organization of bone 
Turnover of bone 
Quality of bone (plasticity) 

Extraskeletal 
Falls: frequency, type and severity 
Response to trauma: neuromuscular coordination 
Soft tissue cushion 
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fractures [51-60]. These determinants of skeletal com- 
petence assume greater importance with advancing 
years [54,61]. This does not imply that the prevention of 
early bone loss would have less impact on the elderly 
since the contribution of low bone density to fracture 
risk is not decreased with age [62]. Of the various 
contributing factors, only bone mass can currently be 
measured as a predictor of future fracture risk, and only 
bone mass can be manipulated in mid-life in the hope of 
preventing fractures decades later. 

Table 4. Characteristics of the healthy female population and the 
accuracy of bone density measured by single- and dual-photon 
absorptiometry (SPA, DPA), dual-energy X-ray absorptiometry 
(DXA) and quantitative computed axial tomography (QCT) 

SPA DPA DXA QCT 

A. Population coefficient 
of variation (%) 13.3 12.1 14.0 17.9 

B. Accuracy (%) 2-5 8-10 75-8 5-10 
A/B 2.6-6.7 1.2-1.5 1.8-2.8 1.8-3.6 

Assessment of Bone Mass 

Many methods of assessing BMD or BMC are available. 
These include single-photon and X-ray absorptiometry 
(SPA and SXA) of the forearm and the heel, dual- 
energy X-ray absorptiometry (DXA) and dual-photon 
absorptiometry (DPA) of the lumbar spine, proximal 
femur, whole body or particular regions thereof, and 
quantitative computed tomography (QCT) of the spine 
or appendicular sites. All these techniques have suffi- 
cient specificity and sensitivity for the diagnosis of low 
bone mass. Measurements of ultrasound and radio- 
graphic photodensity are additional techniques which 
may be of value in screening, but they have been less 
well validated. 

The requirements for a single screening test of BMD 
are the ability to predict fractures, low error of accur- 
acy, reliability, rapidity and low radiation dose. These 
requirements are largely met by SPA, SXA and DXA 
and less adequately by DPA and QCT as described 
below. 

Accuracy (the ability to measure bone mineral in the 
region studied) is of importance in the correct stratifi- 
cation of individuals within the population reference 
range of BMD. The accuracy error of SPA in cadaveric 
studies varies from 2% to 5% [63,64], and for DPA 
from 6% to 12% when compared with ash weight [65]. 
There have been no formal estimates of accuracy in 
cadaveric studies with DXA, but comparative data 
suggest a comparable accuracy [66]. The errors of 
accuracy of the various techniques that are commonly 
utilized for screening (Table 4) must be considered in 
parallel with the variance of BMD in the population to 
be examined, which ranges from 10% to 50% depend- 
ing upon the technique used and any normalization 
procedure applied [68]. Of the candidates for a screen- 
ing test, the accuracy performance in relation to the 
population variance is highest in the case of SPA by a 
factor of about 2. This might suggest that SPA should be 
the technique of choice for a screening test utilizing a 
single estimate of bone density, but this is counter- 
balanced by the fact that an appendicular measurement 
(e.g. at the wrist) is less accurate than DXA in predict- 
ing osteoporotic events [69]. 

In the context of screening the ultimate index of 
accuracy is the ability to predict from bone assessment 
at one site the probability of future osteoporotic frac- 
ture. This contrasts with the use of bone mineral 

From Kanis et al. [67]. 
The ratio A/B provides an index of the relative power of each 
technique to position correctly a single estimate of bone density within 
a population reference range. 

measurements to diagnose osteoporosis, where accur- 
acy is the ability to measure bone mineral density at that 
site. There are now many studies which have examined 
future fracture risk in cohorts of women at varying ages 
for up to 20 years with different techniques [54-57,69- 
79]. Estimates consistently show a gradient of risk 
between 1.5 and 3.1 for each standard deviation 
decrease in bone mineral density with all the absorptio- 
metric techniques (Fig. 2). 

The gradient of risk of fracture with low mineral 
measurements is somewhat steeper than those reported 
for the risk of coronary artery disease with elevated 
serum cholesterol or hypertension [80] (Fig. 3). The 
gradient of risk is also similar to that reported in women 
for systolic blood pressure and the risk of stroke- 
associated mortality [81]. 

The gradient of risk for each standard deviation 
difference in initial BMD is broadly similar between 
fracture types and between measurement sites. There 
is, however, a higher gradient of risk when the tech- 
nique measures the specific site of future fractures 
[69,77]. Thus, if the goal is to predict any type of 
osteoporotic fracture, SPA and DXA perform compar- 
ably well at many sites. If the goal is to predict hip 
fractures, DXA of the hip currently provides the best 
estimate. 

Traditional concepts of sensitivity and specificity are 
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Fig. 2. The gradient of risk (change in relative risk) for each standard 
deviation decrease in bone mineral density derived from prospective 
cohort studies (From WHO [14].) 
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Fig. 3. Relative risk (RR) of hip fracture estimated from forearm bone 
mineral content (BMC) in a cohort of 399 women aged 40-70 years 
followed up for 10 years. The relative risks in the population are 
shown by quartiles of BMC. The lower panel shows the change in 
relative risk for coronary artery disease according to quartiles of 
serum cholesterol in women (From WHO [14].) 

not appropriate  when continuous variables such as bone 
mass are considered [82]. In the context of a lifetime risk 
rather  than the presence of fracture,  sensitivity is 
defined as the proport ion of individuals who would in 
their lifetime sustain a fracture with a bone mineral 
value below a defined cut-off value. Specificity is 
defined as the proport ion of subjects who would not 
fracture in their lifetime with BMD values above the 
cut-off. It should be noted that the terms 'sensitivity' 
and 'specificity' used in this way do not denote the 
presence or absence of fractures in individuals at the 

t ime of the test (the diagnosis of established osteopor-  
osis is clinically obvious);  instead they reflect the pro- 
port ion who do or do not suffer fractures in the future. 

Table 5 provides estimates of  such sensitivity and 
specificity under a number  of  different conditions. The  
gradient of future fracture for each standard deviation 
shift in BMD is modelled at 1.5, 2.0 or 2.5, i.e. within 
the range identified in prospective studies. The average 
lifetime risk of fracture is modelled at 15% and 30%; 
the former  is an accurate assessment of hip fracture risk 
in many Western countries and the latter a very con- 
servative estimate of the risk of  any osteoporot ic  frac- 
ture. The specificity and sensitivity are calculated 
assuming the high-risk category to include either 6.5% 
or 30% of the per imenopausal  populat ion (i.e. the 
range over  which intervention might be contemplated).  
When considered in this way the false positive rate is 
close to zero, indicating that the specificity of bone 
mineral measurements  is high since the lifetime risk of 
fracture is close to 100% using the 6.5% cut-off. When a 
30% cut-off is used, the specificity remains high over  all 
ranges of relative risk. In contrast,  the test lacks 
sensitivity (29%-80% depending upon the assumptions 
made) .  The relatively low sensitivity indicates that  a 
substantial proport ion of fractures will occur in women 
who lie in the lower-risk groups (i.e. higher values for 
BMD) when BMD is used as a single test to assess 
fracture risk over  a lifetime. 

The inability of a single test to identify all individuals 
at risk reduces the impact  of screening on the total 
incidence of osteoporotic fracture. However ,  effective- 
ness of a screening p rogramme in the general commun-  
ity- has to be  balanced against its effectiveness in a 
subgroup at very high risk. In a screening p rogramme 
for women it is suggested that  the risk should be 
quantified as a lifetime risk of  all fractures or hip 
fractures, depending upon the goals of screening. If  the 
goal is to identify those at risk f rom any fracture, a high- 
risk group comprises the highest fifth of the distribution 
of risk (the lowest quintile of BMD).  An intermediate 
risk group comprises the next fifth if subsequent screen- 

Table 5. Estimates of sensitivity and specificity of a single measurement of bone mass to predict hip fracture (15% lifetime risk) or any 
osteoporotic fracture (30% risk) in postmenopausal women 

High risk category (% population) 

6.5 30 

Gradient Lifetime Sensitivity Spec i f ic i ty  A c c u r a c y  S e n s i t i v i t y  Spec i f i c i ty  Accuracy 
of risk risk (%) (%) (%) (%) (%) (%) (%) 

1.5 15 38 98 89 65 75 74 
30 29 100 79 58 78 72 

2 15 47 100 92 75 77 77 
30 31 100 79 68 80 76 

2.5 15 52 100 93 81 77 78 
30 35 100 81 74 80 78 

From Kanis [83]. 
Values are given where the risk of fracture is assumed to increase by 1.5, 2.0 or 2.5 for each standard deviation decrease in bone mineral density. 
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ing or biochemical testing is contemplated to help in the 
assessment of rates of bone loss (see below). 

The accuracy of the test depends on the cut-off value 
chosen, which in turn depends on the goal of screening. 
If the goal is solely to prevent hip fracture more rigorous 
cut-offs should be selected to attain high specificity than 
if the goal is to prevent all types of osteoporotic 
fractures. 

Assessment of Bone Loss 

Individuals who lose bone at faster rates after the 
menopause are more likely to reach a threshold of bone 
density below which the risk of fracture is unacceptably 
high [67]. Techniques appropriate to screening involve 
the repeated estimation of bone mass. In addition, there 
is some evidence to indicate that rates of loss can be 
predicted from biochemical estimates of bone formation 
and resorption in the early postmenopausal years. 

The additional requirements of bone density tech- 
niques for assessment of bone loss are low errors of 
reproducibility and evidence that such measurements 
improve the prediction of fracture risk. For the meas- 
urement of bone loss in individuals the estimate of 
reproducibility should be determined in vivo in healthy 
individuals or patients with osteoporosis. In healthy 
individuals the precision errors for SPA vary from 1.1% 
to 2.2% [84-88]. For DXA of the lumbar spine esti- 
mates vary from 0.8 to 1.3 [66,88]. In osteoporotic 
patients with a reduced BMC the coefficients of vari- 
ation are higher. These precision errors must be judged 
against the rates of bone loss expected in a population, 
which vary from site to site. The ratio of loss to precision 
error is more favourable in the case of DXA than SPA, 
but an interval of 5 years is more than adequate to assess 
rates of loss in the majority of individuals with any of the 
techniques. This time interval may be appropriate for 
screening programmes but is less than optimal for 
clinical purposes such as the assessment of responses to 
treatment. 

The contribution of bone loss to fracture risk (com- 
pared with bone mass at the menopause) increases with 
time. The influence of initial bone mass on current bone 
mass is generally greater than that of bone loss in 
women up to the age of 70 years [74,79,89]. In other 
words, fracture may be more accurately predicted from 
assessment of bone mass rather than from the rate of 
bone loss. However, the more appropriate consider- 
ation is the extent to which the combined assessment 
increases accuracy. Twelve years after the menopause 
approximately 30% of the variance in density measure- 
ments may be explained on the basis of differential rates 
of bone loss. If rates of bone loss vary markedly 
between individuals thereafter, the rate of loss would 
assume progressively greater importance with time. The 
longer the interval between menopause and a second 
assessment, the larger the effect of bone loss. Thus, 
assessments of loss become progressively more import- 
ant with advancing years, in parallel with the increasing 
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Fig. 4. Observed (Obs) bone mineral content at baseline (1977) and 12 
years later (1989) compared with values predicted (Pred) by baseline 
bone mass and biochemical tests for slow, intermediate and fast losers 
of bone in the postmenopausal period. (Modified from Hansen et at. 
[441.) 

risk of fracture. By the age of 70 years the contributions 
of initial mass and rates of bone loss approach statistical 
equality [90], but the errors of repeated measurements 
are greater, so that a minority of the variance is 
accounted for by bone loss. 

A number of biochemical markers of bone turnover 
have been evaluated in the context of postmenopausal 
bone loss [91-95]. The sensitivity and specificity of each 
of the markers of bone loss is variable but low. How- 
ever, multivariate analysis of a panel of markers offers 
greater accuracy than a single measurement 
[44,46,96,97]. Prospective studies over a 12-year period 
[44] suggest that 80% of women can be correctly 
characterized as fast or slow bone losers (true positives, 
true negatives) (Fig. 4). The biochemical tests have 50% 
efficiency or more compared with direct methods of 
assessment by repeated measurements of bone loss. The 
convenience, but lower accuracy of these biochemical 
tests must be balanced against the inconvenience of 
repeated measurements of bone mineral in any screen- 
ing strategy. 

The present evidence suggests that knowledge of 
losses over the first 5 years after the menopause will 
improve the estimate of ultimate bone density by about 
50% [44]. Similar conclusions are derived from mathe- 
matical models [98]. It is likely that the power of tests to 
predict fracture risk can be improved still further by the 
development of more accurate assessment of bone mass 
and more specific biochemical markers. 

Clinical Assessment of Risk 

Surveys of risk factors for osteoporosis have focused 
largely on patients with fractures [21,58,99-104] or low 
bone density [105-109]. Many of the factors implicated 
in the causation or aggravation of bone loss are derived 
from retrospective epidemiological studies comparing 
individuals where the effect of confounding variables is 
uncertain. A good example is caffeine consumption, 
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Fig. 5. Observed femoral neck bone mineral density plotted against 
risk factor score. (From Slemenda et al. [113].) 

where causality is inferential [110]. Apart from age, sex 
and race, many of the risk factors identified are compar- 
atively rare and their value for use in screening is 
correspondingly low. In a large retrospective survey of 
hip fracture cases the impact of all identifiable risk 
factors including height and weight was comparatively 
high, but not better than BMD (the MEDOS Study, 
unpublished results). One important predisposing 
factor, however, is a prior fragility fracture [70,111]. 
Nonetheless, fracture occurrence is a late indicator of 
risk and may not be optimal for use in a screening 
programme if this were to be targetted at the time of the 
menopause. 

Several studies have found that such information does 
not predict bone mass with sufficient precision to be 
useful in the management of individuals [44,112,113]. 
For mineral density of the femoral neck, the best 
predictive model accounts for only 17% of the vari- 
ability in bone mineral measurements of the hip and 
correctly classifies only 65% of perimenopausal women 
whose bone mass was in the lowest tertile (Fig. 5) [113]. 
This level of precision is not adequate for patient care 
nor for screening since BMD can be measured directly 
with fewer errors of misclassification [89,105,112,114- 
116]. In contrast, the risk of falls contributes to fracture 
risk independently of BMD [117], but has uncertain 
value at the time of the menopause. 

Risks and Benefits of  Intervent ion 

The assessment of osteoporotic fracture risk needs to be 
placed in the context of the power of therapeutic 
intervention. It is possible that peak bone mass in early 
adult life can be maximized by factors such as adequate 
nutrition, exercise and avoidance of smoking. However, 
the extent to which lifestyle changes in childhood or 
early adult life will alter peak bone mass and the 
subsequent risk of fracture is unknown. Regular exer- 
cise appears to have the greatest effect, but the elements 

required for a successful programme are not well 
quantified. For this reason, a population-based 
approach to shifting the distribution of bone mass by 
means of a public health campaign is of uncertain value. 
Nevertheless, since lifestyle factors are known to be 
important for general health, avoidance of smoking, 
regular exercise and good nutrition can justifiably be 
promoted as part of a general health strategy. 

Because the ability to modify peak bone mass is 
limited at present and since the causal impact of putative 
risk factors on fracture frequency is uncertain, the 
assessment of bone mineral before or at the time of 
skeletal maturity is not worthwhile at present, but is an 
important area for research. 

In contrast, there is now good evidence that pharma- 
cological intervention can decrease substantially the risk 
of fractures in later life. HRT is an effective method of 
reducing bone loss, and much epidemiological evidence 
and more direct studies suggest that the incidence of all 
osteoporotic fractures is substantially reduced by 30%- 
50% with an exposure of 3-10 years [118-121]. There is 
uncertainty whether the effects of HRT persist or 
whether 'catch-up' bone toss occurs [8,9,122]. This is an 
important issue since HRT is commonly recommended 
for up to 10 years but the vast majority of fractures occur 
after the age of 70 years, 20 years or more after the 
menopause. Most direct evidence suggests that bone 
that has been preserved is not rapidly lost when 
oestrogen treatment is stopped and that loss occurs at 
the same rate as it did immediately before therapy was 
instituted [113,123-125]. The epidemiological data from 
case-control or observational studies in the elderly take 
no account of deaths. In view of the increased co- 
morbidity and the higher death rate of osteoporotic 
individuals [126,127] it is to be expected that the relative 
risk of hip fracture among oestrogen users would be 
lower the more elderly the population. The case for a 
transient effect of oestrogens thus appears to be weak, 
but is an important area for further research. 

Oestrogen replacement therapy is probably safe but 
there are concerns that it may increase the risk of some 
forms of cancer. In women with intact uteri, added 
progestogen avoids the increased risk of endometrial 
cancer. There is a plausible association between 
oestrogen exposure and breast cancer, but no evidence 
of a significant increase in risk, particularly in terms of 
mortality, above that expected in fertile women of the 
same age [128-131]. The effect of added progestogens 
on the risk of breast cancer is unknown. 

The greatest single potential benefit of HRT is on 
cardiovascular morbidity and mortality which, largely 
on the basis of epidemiological studies, appears to be 
substantially reduced by oestrogens [120,132-135]. The 
effects of added progestogens are less certain [136,137]. 
Studies suggest that the risk of coronary heart disease is 
reduced among women taking oestrogen plus progesto- 
gen, but there are inadequate data to determine 
whether this protective effect is as great as that of 
oestrogen alone. These effects of HRT on ischaemic 
heart disease have significant implications for screening 
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Table 6. The net change in life expectancy for a 50-year-old woman 
(USA) treated with long-term HRT (15 years) according to the 
presence of risk factors 

Life expectancy Change in life 
(yr) expectancy (yr) 

E E+P ~ E + P  b 

No risk factors 82.8 +0.8 +0.9 +0.1 
With hysterectomy 82.8 + 1.0 - - 
History of coronary 
heart disease 76.0 +1.8 +1.8 +0.9 
Risk of coronary 
heart disease 79.6 +1.3 +1.4 +0.5 
At risk of 
breast cancer 81.8 +0.4 +0.4 -1.0 
At risk of 
hip fracture 82.4 +0.9 +l.0 +0.2 

From Grady et al. [120[. 
E, treatment with oestrogen alone; E+P, the combination of 
oestrogen with progestins. 
Assumes that P decreases all risk of endometrial cancer. 

b Assumes that P additionally decreases cardiovascular benefit 
(RR=0.8) by one-third, increases the relative risk of breast cancer 
from 1.3 to 2.0, but has no effect on fracture frequency (RR=0.7). 

strategies. The greater are the benefits of H R T  for 
cardiovascular risk, the poorer  is the case for targetting 
intervention on the basis of BMD. 

Under  most assumptions the perceived benefits of 
H R T  outweigh the risks [138-140] (Table 6). 

Alternative therapies for the prevention of osteopor- 
osis are used in most countries. Widely approved 
treatments include calcium, calcitonin and the bisphos- 
phonates. In older women there is some evidence for 
the efficacy of anabolic steroids and various forms of 
vitamin D. In some countries, particularly in north- 
western Europe,  vitamin D deficiency is common in the 
elderly and there is evidence for the preventive efficacy 
of vitamin D supplements in such patients [141]. 

Calcium is widely available throughout  the world and 
is the major  non -HRT :intervention used in osteopor- 
osis. The effects on bone mass are less complete than 
those of oestrogens, but several studies suggest that 
bone loss may be halved [84,91,142,143]. A large 
retrospective case-control  study has shown a significant 
effect of calcium supplements on hip fracture risk [144]. 
A controlled prospective study in elderly women in 
sheltered accommodation showed that calcium and 
vitamin D significantly reduced the risk of hip fracture 
[141]. Caldtonin and bisphosphonates are currently 
used more in the t reatment  of established osteoporosis, 
but they may be acceptable for prevention in the 
foreseeable future [145-149]. The effect of these inter- 
ventions on fracture frequency has been less well 
studied but a decrease in vertebral  fracture frequency 
has been reported with the bisphosphonates [145,146] 
and with calcitonin [150,151]. In a retrospective case- 
control study [144] calcitonin has also been shown to 
reduce the risk of hip fracture. 

Other  interventions which appear to benefit patients 

include the vitamin D derivatives such as alfacalcidol 
and calcitriol [152,153], thiazide diuretics [154-156], 
anabolic steroids [157] and sodium fluoride [158-161]. 
Some of these agents might be considered for use in 
screening strategies if the strategies included an assess- 
ment of risk in the elderly and the identification of those 
with osteoporosis. 

In addition to effects on fracture frequency, several 
other  aspects of non-HRT treatment are of interest in 
the context of screening. The first relates to the cost of 
treatment,  which represents a substantial proport ion of 
the cost of screening [9,122]. The more expensive the 
intervention the stronger the case for directing its use in 
a rational manner,  i.e. targetting individuals at high risk 
and with a known decrease in bone mass. A second 
important difference relates to the extraskeletal risks 
and benefits, which are negligible in the case of calcium 
and calcitonin and probably also the bisphosphonates. 
Thus, the indications for use of these non-HRT inter- 
ventions are almost exclusively related to osteoporosis. 
This strengthens the argument for using bone density 
measurements for targetting these treatments,  in con- 
trast to the case for oestrogens. A third important 
difference is that non-HRT interventions are generally 
more acceptable later in life. Their side-effects are 
fewer and their uptake by patients and patient com- 
pliance are known to be much greater than that of H R T  
[143]. Since there is evidence for their efficacy in 
individuals even with established bone loss, there is a 
case to be made for late intervention. Finally, some of 
these agents, for example, calcium and vitamin D, can 
be given safely for prolonged periods, indeed over a 
lifetime, which is tess certain and not currently recom- 
mended for HRT.  These considerations significantly 
affect screening strategies, particularly the ages at which 
screening might be offered. 

Screening 

There is little evidence that osteoporosis can usefully be 
tackled by a public health policy to influence risk factors 
such as smoking, exercise and nutrition. Although 
exercise at all ages and nutritional factors after the 
menopause are particularly important,  the effectiveness 
of population-based strategies to reduce fracture inci- 
dence by altering these lifestyle characteristics on a 
large scale is not known. The evidence that peak bone 
mass can be improved is also weak. Thus, the most 
practical time to assess fracture risk in women is at or 
after the menopause when several treatments in addi- 
tion to H R T  are available for the prevention or treat- 
ment of osteoporosis. Their  use is increasing markedly 
and strengthens the case for targetting them appropri- 
ately to those most in need so that unnecessary treat- 
ment is avoided. The cost of preventive measures may 
possibly outstrip the savings made by preventing frac- 
tures. However ,  if preventive measures are to be used, 
effective screening will improve the cost-benefit  ratio of 
intervention. 
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Bone mass measurements, with or without an assess- 
ment of bone loss, meet many of the essential criteria of 
a screening test. The test correctly identifies individuals 
at high risk and the number of individuals identified as 
being at high risk who do not sustain a fracture is very 
tow. However, many individuals who subsequently 
fracture will not have been correctly identified. Thus, 
the value of screening is greater for those individuals 
identified as being at high risk, but less for those 
identified as low risk. 

Since the major benefit of HRT is likely to lie 
elsewhere than its effects on bone, measurement of 
density as a central component of a screening policy 
involving a treatment with HRT is inappropriate. BMD 
measurements do have a role, however, in the assess- 
ment of individuals who would accept HRT if results 
showed them to be in a high-risk category. Since HRT is 
a major intervention utilized and its use is increasing, 
the argument for screening all women is poor. 

Non-HRT interventions are increasingly used and 
available in many countries. Whereas some are prob- 
ably less effective than oestrogen, they have fewer 
extraskeletal risks and benefits and in some cases can be 
given for life. The more widespread their acceptance 
and use, the greater the justification for targetting 
intervention by screening. Conversely, the increasing 
use of HRT is likely to alter the requirements for 
screening tests and the design of a screening strategy. A 
clearly defined policy on use of HRT would, therefore, 
be advantageous to complement a screening strategy. 
The Study Group recommended that perimenopausal 
women should receive professional advice on the risks 
of osteoporosis and the risks and benefits of HRT. 

Selective screening is worthwhile for women within 5 
years of the menopause to stratify risk and offer inter- 
vention. There is, however, no requirements for testing 
women who elect to take long-term HRT,  nor is there a 
requirement where the results of the test will not change 
the decision to accept an intervention. In women the 
optimum time for using many interventions is at the 
time of the menopause. This does not necessarily 
suggest that this is the optimum time for a screening test 
since many women who elect to take HRT are likely to 
do so for relatively short periods. Indeed, there is a 
good case for screening women in older age groups. An 
alternative age is at 65 years, at which time bone loss has 
had a substantial influence on bone mass, the risk of hip 
fracture is still low, effective interventions are available 
and the cost-effectiveness is favourable. Analyses of 
cost-effectiveness [138] suggest that screening pro- 
grammes might be financially more attractive than 
universal prescription of non-HRT interventions where 
the compliance to treatment is higher in the screened 
group than in the unscreened and treated group. 

In addition to the costs of intervention [9,122,138] the 
cost of a screening programme depends upon a number 
of additional factors including the cut-off point used to 
target treatment, the age of the individual and the 
efficacy and duration of treatment. When direct medical 
costs for acute hip fracture care, screening and treat- 

Table 7. The effect of age, cut-off point and treatment on the costs of 
preventing fractures 

Age Cut-off  Lifetime No. of Cost per 
(yr) (%)a probability fractures fracture 

of fracture b prevented ¢ prevented 
(£P 

50 38 2.5 1.43 2080 
8 5 2.58 776 

60 38 1.5 0.73 3000 
8 3.15 1.38 1600 

70 38 0.86 0.32 4700 
8 1.9 0.63 2380 

From WHO [14]. 
a Perimenopausal reference range. 
u All fractures. 
Fifty per cent decrease in bone loss. 

a Assumes an annual cost of £100. 

merit are considered, the cost per fracture prevented 
increases with age irrespective of the cut-off point 
(Table 7). When a more stringent cut-off is used, the 
cost is lower (but more fractures would be missed). 
There have been relatively few detailed assessments of 
cost-effectiveness and these have principally been con- 
cerned with the use of HRT [9,138,162]. It is particu- 
larly interesting that targeting interventions appears to 
be more cost-effective at the age of 65 years than at the 
age of 50 years when the costs of long-term nursing 
home care are considered in addition to direct medical 
costs. However, it is less cost-effective to target inter- 
ventions at the age of 70 than at 65 years. This is largely 
because of the higher costs of long-term nursing home 
care in the more elderly population. This suggests that 
selective screening strategies at the age of 65 years or 
thereabouts are worthy of further consideration. 

The uptake of screening is likely to be high (70%). 
The long-term compliance with non-HRT interventions 
is unknown but, depending on the type of agent, the 
side-effects and the perceived advantages, is likely to be 
higher than for HRT. Variations in uptake and com- 
pliance rates markedly affect the impact of screening, 
though not the costs, and may be amenable to change by 
education. 

The lowest quintile of BMD is considered to be an 
appropriate cut-off point where the aims of treatment 
and subsequent intervention are to reduce the risk of all 
osteoporotic fractures. More stringent cut-offs are 
appropriate if the aim were solely to prevent hip 
fractures. Moreover, if hip fractures were the only 
concern it would be more appropriate to measure risk at 
the hip where the gradient of risk is greater, which 
would identify a larger proportion of individuals at risk. 
It is important to recognize that the foregoing consider- 
ations may not be applicable worldwide since there is no 
universally agreed definition of acceptable risk in the 
community and since the incidence of osteoporotic 
fractures varies markedly (more than enfold in different 
European countries) [18]. The choice of intervention 
thresholds in most elderly women can be based on 
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Fig. 6. Estimated lifetime risk of hip fracture in white women 
according to age and bone mineraI density (BMD) at the wrist. The 
gradient of risk is set at a 1.65 increase in risk for every standard 
deviation decrement in BMD. Mean BMD at age 50 years is 0.44 g/ 
cm 2 (Z-score = 0), with a standard deviation of 0.085g/cm 2 (each SD 
= a score of 1). (From Suman et al. [164].) 

considerations similar to those applied to younger 
women. The remaining lifetime risk of fractures of the 
wrist and hip are similar at all ages after the menopause 
[21,22,98]. At all ages the risk of osteoporotic fractures 
increases as BMD decreases. Thus, chosing the lowest 
quintile for BMD of an appropriate age-matched popu- 
lation will have a similar specificity. An alternative 
approach is to set an intervention threshold more 
closely related to a given lifetime risk [71,163] (Fig. 6). 

Conclusions 

Various sets of criteria for the evaluation of screening 
programmes have been proposed [82,164,165]. These 
differ in their emphasis but the major criteria are 
summarized in Table 8. They include consideration of 
the disease, the test, the intervention and the complete 
programme. The principles for screening are to a large 
extent met in relation to osteoporosis. Suggested cri- 
teria for selection of women for screening are that they 

Table 8. Major criteria for the evaluation of screening programmes 

The disease 

] 'he test 

The intervention available 

The programme 

An important social problem 
Natural history adequately under- 
stood 
Simple and safe 
Acceptable to the population 
Effective: sensitive and specific 
Accepted and effective treatment 
Agreed policy on whom to treat 
Facilities for diagnosis and treatment 
Cost-effective 

are of perimenopausal or postmenopausal status, not 
receiving long-term HRT for other reasons, and are 
willing to accept HRT or a non-HRT intervention 
depending on the test result. Techniques suitable for 
selective screening include the measurement of bone 
mineral by single- and dual-energy absorptiometry, 
which have high specificity at all ages after the meno- 
pause. Where the goal is to prevent any osteoporotic 
fracture measurements may be made at one of many 
sites. Where the aims are to prevent hip fracture, 
measurements at that site have greater predictive value. 
The use of clinically derived risk factors are an inap- 
propriate screening test. An appropriate intervention 
threshold for bone mineral measurement in Caucasian 
populations is to target intervention at the lowest 
quintile of BMD, except where hip fractures are the 
only concern, when it is more appropriate to measure 
risk at the hip and select perhaps a lower proportion for 
intervention. 

In theory the optimal time for intervention in women 
is at the time of the menopause, but screening the 
intervention at later ages is justified. The cost of 
screening is low compared with the costs of the inter- 
vention used. In many countries that treat osteoporosis 
the proportion of the population treated would still be 
comparable to the current situation in the United States 
and most European countries but screening would 
redirect interventions to those at greatest risk. The 
major use of bone density measurements is with the 
non-HRT interventions where the extraskeletal benefits 
and risks are less. The uptake of screening is likely to be 
high and long-term compliance with non-HRT inter- 
ventions, although unknown, is likely to be higher than 
for HRT. 

The conclusions for screening are based largely on 
clincial considerations but have many logistic and eco- 
nomic consequences which should be addressed. Of 
particular importance is a formal assessment of the costs 
of any proposed strategy with sensitivity analyses to 
determine the effect of differences in any assumptions 
used. In addition, a policy on the use of HRT is lacking 
in many countries, but is required where the use of 
screening tests is contemplated. 

Appendix: Members of the WHO Study 
Group 

L. Alexeeva, Senior Researcher, Institute of Rheum- 
atology, Department of Epidemiology, Moscow, Rus- 
sian Federation; J.-P. Bonjour, Division of Clinical 
Pathophysiology, WHO Collaborating Center for 
Osteoporosis and Bone Disease, Department of Medi- 
cine, University Hospital, Geneva, Switzerland; P. 
Burkhardt, Department of Internal Medicine, Univer- 
sity Hospital, Lausanne, Switzerland; C. Christiansen, 
Center for Clinical and Basic Research (CCBR), Bal- 
lerup, Denmark; C. Cooper, MRC Environmental 
Epidemiology Unit, Southampton General Hospital, 
Southampton, UK; P. Delmas, University of Lyon, 
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