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Bone is hard tissue that is in a constant state of flux, being built up by bone-
forming cells called osteoblasts while also being broken down or resorbed by
cells known as osteoclasts. During childhood and adolescence, bone forma-
tion is dominant; bone length and girth increase with age, ending at early
adulthood when peak bone mass is attained. Males generally exhibit a longer
growth period, resulting in bones of greater size and overall strength. In males
after the age of 20, bone resorbtion becomes predominant, and bone mineral
content declines about 4% per decade. Females tend to maintain peak
mineral content until menopause, after which time it declines about 15% per
decade.

Osteoporosis is a disease characterized by low bone mass and structural
deterioration of bone tissue, leading to bone fragility and an increased
susceptibility to fractures, especially of the hip, spine, and wrist. Osteoporosis
occurs primarily as a result of normal ageing, but can arise as a result of
impaired development of peak bone mass (e.g. due to delayed puberty or
undernutrition) or excessive bone loss during adulthood (e.g. due to estrogen
deficiency in women, undernutrition, or corticosteroid use).

Osteoporosis-induced fractures cause a great burden to society. Hip fractures
are the most serious, as they nearly always result in hospitalization, are fatal
about 20% of the time, and produce permanent disability about half the time.
Fracture rates increase rapidly with age and the lifetime risk of fracture in 50
year-old women is about 40%, similar to that for coronary heart disease. In
1990, there were 1.7 million hip fractures alone worldwide; with changes in
population demographics, this figure is expected to rise to 6 million by 2050.

To help describe the nature and consequences of osteoporosis, as well as
strategies for its prevention and management, a WHO Scientific Group
meeting of international experts was held in Geneva, which resulted in this
technical report. This monograph describes in detail normal bone development
and the causes and risk factors for developing osteoporosis. The burden of
osteoporosis is characterized in terms of mortality, morbidity, and economic
costs. Methods for its prevention and treatment are discussed in detail for
both pharmacological and non-pharmacological approaches. For each
approach, the strength of the scientific evidence is presented. The report also
provides cost-analysis information for potential interventions, and discusses
important aspects of developing national policies to deal with osteoporosis.
Recommendations are made to the general population, care providers, health
administrators, and researchers. Lastly, national organizations and support
groups are listed by country.
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The World Health Organization was established in 1948 as a specialized agency
of the United Nations serving as the directing and coordinating authority for
international health matters and public health. One of WHO’s constitutional func-
tions is to provide objective and reliable information and advice in the field of
human health, a responsibility that it fulfils in part through its extensive programme
of publications.

The Organization seeks through its publications to support national health strat-
egies and address the most pressing public health concerns of populations
around the world. To respond to the needs of Member States at all levels of
development, WHO publishes practical manuals, handbooks and training material
for specific categories of health workers; internationally applicable guidelines and
standards; reviews and analyses of health policies, programmes and research;
and state-of-the-art consensus reports that offer technical advice and recommen-
dations for decision-makers. These books are closely tied to the Organization’s
priority activities, encompassing disease prevention and control, the development
of equitable health systems based on primary health care, and health promotion for
individuals and communities. Progress towards better health for all also demands
the global dissemination and exchange of information that draws on the knowledge
and experience of all WHO’s Member countries and the collaboration of world
leaders in public health and the biomedical sciences.

To ensure the widest possible availability of authoritative information and guidance
on health matters, WHO secures the broad international distribution of its publica-
tions and encourages their translation and adaptation. By helping to promote and
protect health and prevent and control disease throughout the world, WHO’s books
contribute to achieving the Organization’s principal objective — the attainment by
all people of the highest possible level of health.

The WHO Technical Report Series makes available the findings of various interna-
tional groups of experts that provide WHO with the latest scientific and technical
advice on a broad range of medical and public health subjects. Members of such
expert groups serve without remuneration in their personal capacities rather than
as representatives of governments or other bodies; their views do not necessarily
reflect the decisions or the stated policy of WHO. An annual subscription to this
series, comprising about six such reports, costs Sw. fr. 132.– or US$ 106.– (Sw. fr.
92.40 in developing countries). For further information, please contact Marketing
and Dissemination, World Health Organization, 20 avenue Appia, 1211 Geneva
27, Switzerland (tel.: +41 22 791 2476; fax: +41 22 791 4857; e-mail:
bookorders@who.int).
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1. Introduction

A WHO Scientific Group on Prevention and Management of Os-
teoporosis met in Geneva from 7 to 10 April 2000. The meeting was
opened by Dr N. Khaltaev, Responsible Officer for Chronic Respira-
tory Diseases and Arthritis, who welcomed the participants on behalf
of the Director-General of the World Health Organization.

1.1 Background

Osteoporosis is an established and well-defined disease that affects
more than 75 million people in Europe, Japan and the USA, and
causes more than 2.3 million fractures annually in Europe and the
USA alone. The lifetime risk for hip, vertebral and forearm (wrist)
fractures has been estimated to be approximately 40%, similar to that
for coronary heart disease. Osteoporosis does not only cause frac-
tures, it also causes people to become bedridden with secondary
complications that may be life threatening in the elderly. Since os-
teoporosis also causes back pain and loss of height, prevention of the
disease and its associated fractures is essential for maintaining health,
quality of life, and independence among the elderly. In May 1998, the
Fifty-first World Health Assembly, having considered The World
Health Report 1997 (1), which described the high rates of mortality,
morbidity and disability from major noncommunicable diseases, in-
cluding osteoporosis, requested the Director-General to formulate a
global strategy for prevention and control of noncommunicable dis-
eases (2). In direct response to this resolution, WHO established a
task force to develop a strategy for the management and prevention
of osteoporosis. The resulting project is aimed at improving the diag-
nosis and care of osteoporosis patients worldwide, but especially
those in developing countries.

The first step of the project was the meeting of the WHO Scientific
Group on the Prevention and Management of Osteoporosis, which
resulted in the development of this report. An interim version of this
report was published in 1999 (3). This final report has been reviewed
by the major academic, governmental and nongovernmental organi-
zations concerned with osteoporosis and approved by WHO.

This report will be used as a basis for the preparation of a series of
practical guides for the management of osteoporosis aimed at primary
care physicians throughout the world. Educational materials will also
be developed for use in conjunction with the guides, and are expected
to have a major impact on osteoporosis management throughout the
world.

PMO text 8/11/04, 9:52 AM1
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1.2 Definition of the problem

Osteoporosis is a systemic skeletal disease characterized by low bone
density and microarchitectural deterioration of bone tissue with a
consequent increase in bone fragility (4). Early osteoporosis is not
usually diagnosed and remains asymptomatic; it does not become
clinically evident until fractures occur. Loss of bone density occurs
with advancing age and rates of fracture increase markedly with age,
giving rise to significant morbidity and some mortality (5).

Osteoporosis is three times more common in women than in men,
partly because women have a lower peak bone mass and partly be-
cause of the hormonal changes that occur at the menopause. Estro-
gens have an important function in preserving bone mass during
adulthood, and bone loss occurs as levels decline, usually from around
the age of 50 years. In addition, women live longer than men (6) and
therefore have greater reductions in bone mass.

Increasing life expectancy in many parts of the world means that
women now live more than one-third of their lives after the meno-
pause, and that the number of postmenopausal women is increasing.
In Europe, for example, the number of women over 50 years of age is
projected to increase by 30%–40% between 1990 and 2025 (6).
Among men over 50 years, the projected increase is expected to be
even higher (50%). This trend is even more marked in other areas of
the world. In North America, the proportion of the population over
50 years is expected nearly to double. The proportionate increases
will be greatest in Africa, Asia and Latin America, but Asia will have
the highest absolute increase because it has the largest population.

An estimated 1.3–1.7 million hip fractures occurred worldwide in
1990 (7, 8). By 2025, this number is expected to increase to almost 3
million (Figure 1). This is probably an underestimate, since in many
regions, hip fracture rates have increased even after age has been
taken into consideration (8) (see section 2.4). These projected esti-
mates are relatively robust, since the group they apply to has already
been born.

1.3 The burden of disease

In osteoporosis, the morbidity of the disease arises from the associ-
ated fractures. The pathogenesis of fractures depends on many factors
other than osteoporosis. For example, extraskeletal factors, such as
the risk of falling, increase with age and contribute to the risk of
fracture (see section 2.5). However, fractures associated with os-
teoporosis have a clear pattern. The most common fractures are those
of the hip, vertebrae and forearm. In addition, many fractures at other

PMO text 8/11/04, 9:53 AM2
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sites are also associated with low bone density independently of age,
and are at least partly due to osteoporosis (9). Although fractures due
to osteoporosis usually heal normally, they are attended by an in-
creased risk of serious functional impairment and institutionalization
(10).

1.3.1 Hip fracture

The most serious osteoporotic fracture is that of the hip. Hip fractures
typically result from falls, but some occur spontaneously. Women are
more often affected than men and the incidence rates rise exponen-
tially with age. The lifetime risk of hip fracture lies between 14% and
20% among Caucasian women in Europe and the USA, and is likely
to increase as mortality for other conditions declines (11). In most
countries rates among men are substantially lower (12–14). In those
countries where the risk in women is very low, the sex ratio is much
smaller. Indeed, in several regions the risk is higher in men than in
women (13).

Hip fractures are usually painful, and nearly always necessitate hospi-
talization. In many countries, the mean hospital stay is 30 days. The

HIP fractures (thousands)
2000
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0
1950 1965 1980 1995 2010 2025 1950 1965 1980 1995 2010 2025
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Figure 1
Estimates of the number of hip fractures between 1950 and 2025 by gender and
regiona

ROW: rest of the world.
a

Modified from reference 8.
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number of hospital bed-days accounted for by hip fracture among
women is similar to that for cardiovascular disease, breast cancer and
chronic obstructive pulmonary disease (15) (Figure 2).

Most hip fractures heal, but with a high degree of morbidity and
appreciable mortality, depending in part on the patient’s age, the
treatment given and associated morbidity (16). Furthermore, immo-
bility increases the risk of complications. The prognosis is much
poorer where surgery is delayed for more than 3 days. Up to 20% of
patients die in the first year following hip fracture, mostly as a result
of a preexisting medical condition (17), and only about one-third of
survivors regain their original level of function (10). In the USA,
approximately 20% of hip fracture patients require long-term care
in a nursing home (18). Similar rates are reported for many other
countries.

Persons already in poor health may suffer more hip fractures than the
general community, and the greater coexisting morbidity in patients
with hip fracture than in those without hip fracture supports this view.
The implications of this comorbidity for the cost and benefits
of interventions are important to consider since treatment may not
avoid all deaths associated with hip fracture.

Figure 2
Hospital bed-days for hip fracture and other chronic diseases in women aged 45
years or more from the Trent Region of the United Kingdoma
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Adapted from reference 15 with permission from Springer-Verlag and the authors.
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1.3.2 Vertebral fracture

Identifying the incidence of vertebral fractures and their attendant
morbidity may be difficult because many are asymptomatic or cause
too few symptoms to provoke investigation (19, 20). Available data
indicate that the incidence of vertebral fractures, like that of other
osteoporotic fractures, is greater among women than among men and
increases with age. Between the ages of 60 and 90 years, the incidence
rises 20-fold in women but only 10-fold in men (21). This age-related
increase is less than that observed for hip fractures and there is also
less variation in incidence rates among countries than for hip fractures
(22).

Vertebral fractures that come to clinical attention cause a significant
decrease in the quality of life, although the impact is less than that of
hip fractures. Approximately 4% of women with a vertebral fracture
need assistance in conducting activities of daily living (10). Quality of
life becomes progressively impaired as the number and severity of
vertebral fractures increases (23).

Vertebral fracture rarely leads to hospitalization; in the United King-
dom, as few as 2% of patients may be admitted, although this figure
may be an underestimate depending on the accuracy of coding clinical
cases (21). The economic burden is mainly due to outpatient care,
provision of nursing care and lost working days. Most of these costs
are confined to those with severe or multiple vertebral deformities
(24). As shown in Table 1, however, the adverse influence of vertebral
fractures on many of the activities of daily living is almost as great as
that seen for hip fractures (25). In contrast to hip fractures, vertebral
fractures do not increase the risk of premature mortality. Instead,
survival appears to worsen with the passage of time, probably as the
result of underlying diseases that increase the risk both of vertebral
fracture and of death (26).

1.3.3 Forearm fracture

Fractures of the distal forearm are common among the middle-aged
and elderly and are generally caused by a fall on the outstretched
hand (5). The incidence in women typically increases markedly within
5 years of the menopause, reaches a peak between the ages of 60 and
70 years and levels off thereafter. Age-related increases in fracture
rates are much less marked among men.

Although fractures of the wrist cause less morbidity than hip fractures
(see Table 1), are rarely fatal and seldom require hospitalization,
the consequences are often underestimated. Forearm fractures are
painful, and usually require one or more surgical or manipulative

PMO text 8/11/04, 9:53 AM5
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procedures to reposition the bones, and 4–6 weeks of immobilization
in plaster. Approximately 1% of patients with forearm fracture be-
come dependent on others for activities of daily living as a result of
the fracture (10), but nearly half report only fair or poor functional
outcomes at 6 months (27). Algodystrophy is common, which gives
rise to pain, tenderness, stiffness, swelling of the hand, and more
rarely, frozen shoulder syndrome (28). Forearm fractures increase the
risk of other osteoporotic fractures in later life (29), but do not in-
crease mortality (26).

1.3.4 Costs

The total cost of osteoporosis is difficult to calculate because it in-
cludes the costs of acute hospital care, loss of working days for family
carers, long-term care and medication. Cost estimates are based on
many assumptions, making cost comparisons between countries diffi-
cult if not impossible. In addition, few direct international compari-
sons have been made utilizing the same instruments (see section 6.3).

The bulk of the cost of osteoporosis is attributable to hip fracture
because of the need for hospitalization and subsequent home care or
nursing home care. In the United States, hip fractures account for
more than half of all osteoporosis-related admissions (5). In England

Table 1
Physical and functional impairment associated with selected minimal trauma
fractures among women in Rancho Bernardo, CA, USA

Physical or functional Odds of impairment (95% CI)a

impairment Hip fracture Spine fracture Wrist fracture

Movements
Bend 2.73 (1.09–6.84) 3.06 (1.20–7.80) 1.23 (0.61–2.48)
Lift 1.11 (0.34–3.62) 3.42 (1.23–9.50) 1.26 (0.62–2.56)
Reach 1.46 (0.48–4.48) 0.69 (0.17–3.06) 1.78 (0.86–3.67)
Walk 3.57 (1.42–8.95) 2.66 (0.96–7.39) 1.61 (0.77–3.40)
Climb stairs 2.57 (0.95–6.96) 2.23 (0.74–6.70) 1.81 (0.90–3.65)
Descend stairs 4.12 (1.53–11.11) 4.21 (1.52–11.64) 2.54 (1.21–5.34)
Get into/out of car 1.33 (0.50–3.50) 2.13 (0.80–5.62) 1.26 (0.64–2.47)

Activities
Put socks on 1.63 (0.61–4.36) 1.66 (0.60–4.64) 1.08 (0.53–2.22)
Cook meals 11.14 (2.40–51.72) 6.93 (1.55–30.99) 10.19 (3.25–31.90)
Shop 4.60 (1.35–15.70) 5.20 (1.61–16.78) 3.26 (1.34–7.96)
Heavy housework 2.81 (1.00–7.87) 2.10 (0.79–5.58) 1.60 (0.88–2.91)

CI, confidence interval.
a Likelihood of having the impaired movement or activity following fracture after adjusting for

age, body mass index, estrogen use, visual impairment and reduced mental status.
Modified from reference 25.
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and Wales, hip fracture patients occupy one fifth of all orthopaedic
beds and account for nearly 90% of the acute hospital costs of os-
teoporotic fractures (16). Similar figures have been derived from
other European countries (30).

1.4 Possibilities for the future

Until recently, osteoporosis was an under-recognized disease and
considered an inevitable consequence of ageing. However, percep-
tions have changed, as epidemiological studies have highlighted the
high burden of the disease and its costs to society and health care
systems. Improvements in diagnostic technology and assessment fa-
cilities over the past decade now mean that it is possible to detect the
disease before fractures occur.

The cornerstone of diagnosis is the measurement of bone mineral
density. Diagnostic thresholds offered by the World Health Organiza-
tion have been widely accepted (31). These are optimally applied at
the hip with dual energy X-ray absorptiometry. In addition, many
other techniques and clinical risk factors for fractures have been
identified and can be used to select patients for assessment and inter-
vention (see section 4). Furthermore, the development and use of
treatments of demonstrated efficacy have begun to reduce the burden
of osteoporotic fractures (see section 5).

Against this background, WHO considers osteoporosis to be of in-
creasing importance. The Director-General of the World Health Or-
ganization has stated (3), “WHO sees the need for a global strategy
for prevention and control of osteoporosis focusing on three major
functions: prevention, management and surveillance”. To amplify the
existing and past activities of WHO in osteoporosis, this report pro-
vides a core resource for developing guidelines for clinical care, diag-
nosis and policy with the goal of enhancing the management of
osteoporosis throughout the world.
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2. Pathogenesis of osteoporosis and related
fractures

2.1 Normal characteristics of bone
2.1.1 Morphology

The bones of the adult skeleton comprise two types of tissue, cortical
or compact, and cancellous or spongy bone. Most bones consist of an
outer cortical sheath enclosing a trabecular network of cancellous
bone that houses the marrow. The cortical sheath is bounded outside
and inside by the periosteal and endosteal surfaces, respectively. The
endosteal surface of the cortical sheath is connected to cancellous
bone and consists of interconnected rods and plates. This structure
maximizes strength while minimizing weight. The rods and plates of
the cancellous network are preferentially oriented along the lines of
mechanical strain of the bone.

In adults, 80% of the skeleton is cortical bone. However, the relative
proportions of cortical and cancellous bone vary in different parts of
the skeleton. For instance, in the lumbar spine, cancellous bone ac-
counts for about 70% of the total bone tissue, whereas in the femoral
neck and radial diaphysis, it accounts for about 50% and 5%, respec-
tively (1–3).

2.1.2 Composition of bone
Bone mineral
The mineral component of bone accounts for about 65% of its
total dry weight. Chemically, it is predominantly hydroxyapatite,
Ca10(PO4)6(OH)2. Other constituents, such as carbonates, citrate,
magnesium, sodium, fluoride and strontium, are either incorporated
into the hydroxyapatite crystal lattice or adsorbed on to the surface.
Some substances, e.g. bisphosphonates, have a special affinity for
bone mineral (1–3).

Bone organic matrix
The organic matrix accounts for approximately 35% of the total dry
weight of bone. Approximately 90% of this matrix consists of
bone-specific collagen; the remainder consists of non-collagenous
proteins, such as osteonectin, osteocalcin (formerly referred to as
bone Gla protein), osteopontin and bone sialoprotein. The matrix
proteins are synthesized and laid down by osteoblasts. Collagen fibres
are usually oriented in a preferential direction, giving rise to a typical
lamellar structure. The lamellae are generally parallel to each other if
deposited along a flat surface such as the surface of the trabecular
network or the periosteum, or concentric if synthesized within cortical
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bone on a surface that borders a channel centered on a blood vessel.
These concentric structures within cortical bone are known as osteons
or haversian systems (4, 5). The plasma concentration and/or the
urinary excretion of collagen products and certain non-collagenous
proteins such as osteocalcin reflect the rate of bone formation and
resorption (6) and are used clinically as biochemical markers of bone
turnover (see section 4.4.3).

Bone cells
Osteoblasts are bone-forming cells. They originate from local
mesenchymal stem cells (bone marrow stroma or connective tissue
mesenchyme), which undergo proliferation and differentiate
to preosteoblasts and then to mature osteoblasts (7). The osteoblasts
form a unidirectional epithelial-like structure at the surface of the
organic matrix. The thickness of this layer, called osteoid, depends on
the time between matrix formation and its subsequent calcification —
termed primary mineralization. Transport systems located in the
plasma membrane of osteoblasts are responsible for the transfer of
bone mineral ions, mainly calcium and phosphate, from the extracel-
lular space of the bone marrow to the osteoid layer (8). The plasma
membrane of osteoblasts is rich in alkaline phosphatase, which enters
the systemic circulation. The plasma concentration of this enzyme is
used as a biochemical marker of bone formation. Towards the end of
the production of the bone matrix and the deposition of mineral ions,
the osteoblasts become either flat lining cells or osteocytes (9). A slow
process of mineral deposition (secondary mineralization) completes
the process of bone formation (10).

Osteocytes originate from osteoblasts embedded in the organic bone
matrix, which subsequently become mineralized. They have numer-
ous long cell processes forming a network of thin canaliculi that
connects them with active osteoblasts and flat lining cells. Fluid from
the extracellular space in the bone marrow circulates in this network.
Osteocytes probably play a role in the homeostasis of this extracellu-
lar fluid and in the local activation of bone formation and/or resorp-
tion in response to mechanical loads (9).

Osteoclasts are giant cells containing 4–20 nuclei that resorb bone.
They originate from haematopoietic stem cells, probably of the
mononuclear/phagocytic lineage (11), and are found in contact with
the calcified bone surface within cavities called Howship’s lacunae
(also known as resorptive lacunae) that result from their resorptive
activity. Osteoclastic resorption takes place at the cell/bone interface
in a sealed-off microenvironment (12, 13). In this regard, the most
prominent ultrastructural feature of osteoclasts is the deep folding of
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the plasma membrane, called the ruffled border, in the area apposed
to the bone matrix. This structure is surrounded by a peripheral
ring tightly adherent to the bone matrix, which seals off the sub-
osteoclastic resorbing compartment.

The mechanism of bone resorption involves the secretion of hydrogen
ions and proteolytic enzymes into the sub-osteoclastic resorbing
compartment. The hydrogen ions dissolve the bone minerals, thereby
exposing the organic matrix to the proteolytic enzymes (12, 13). These
enzymes, which include collagenases and cathepsins, are responsible
for the breakdown of the organic matrix. The process releases the
minerals that contribute to calcium and phosphate homeostasis.
Accordingly, biochemical markers of collagen degradation, such as
hydroxyproline and pyridinoline crosslinks, which are found in
plasma and urine, can provide estimates of the bone resorption rate
(5, 6).

2.1.3 Physiology

Both the shape and structure of bone are continuously renovated and
modified by the processes of modelling and remodelling.

Bone modelling
Bone modelling begins with the development of the skeleton during
fetal life and continues until the end of the second decade, when the
longitudinal growth of the skeleton is completed. In the modelling
process, bone is formed at locations that differ from the sites of
resorption, leading to a change in the shape or macroarchitecture of
the skeleton. Longitudinal growth of a typical long bone, such as the
tibia, depends on the proliferation and differentiation of cartilage
cells in the epiphyseal (growth) plate. Cross-sectional growth, such as
the increase in girth of the radial diaphysis, occurs as new bone is laid
down beneath the periosteum. Simultaneously bone is resorbed at the
endosteal surface.

Bone modelling may continue, but to a lesser extent, during adult life
when resorption at the end endosteal surface increases the mechani-
cal strain on the remaining cortical bone, leading to the stimulation of
periosteal bone apposition. This phenomenon, which increases with
ageing and is somewhat more pronounced in men than in women,
offsets in part the negative effects of bone resorption at the endosteal
surface on mechanical strength (1–3).

Bone remodelling
Bone remodelling occurs simultaneously with modelling from fetal
life through to skeletal maturity, when it becomes the predominant
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process that occurs throughout adult life. Remodelling maintains the
mechanical integrity of the skeleton by replacing old bone with new.
Bone resorption and bone formation occur at the same place, so that
there is no change in the shape of the bone. This constant process of
turnover enables the skeleton to release calcium phosphate whenever
the net intestinal absorption of this mineral is less than the amount
excreted in urine (14).

In the adult skeleton, approximately 5–10% of the existing bone
is replaced every year through remodelling. This does not occur
uniformly throughout the skeleton, but in focal or discrete sites. The
morphological dynamic structure of turnover is the “basic multicellu-
lar unit” (BMU), also called the “bone remodelling unit” (BRU). The
morphological entity formed when the process is terminated is called
the “bone structural unit” (BSU) (15). The BSU corresponds to a
“packet” in cancellous bone, and to an osteon in cortical bone.

In both cortical and cancellous bone, the remodelling process begins
with bone resorption by osteoclasts. This phase is over within a few
days and is followed by the departure of multinucleated osteoclasts
and the reversal phase.

In the reversal phase, mononuclear cells line the resorption lacunae
and deposit a cement line marking the limit of prior erosion and the
newly formed bone. These mononuclear cells are subsequently re-
placed by osteoprogenitor cells, which differentiate into cuboidal-
shaped osteoblasts. Organic matrix is then laid down, followed by
the deposition of minerals. The lacunae are gradually filled with
new bone over several months. Thereafter, the osteoblasts change
shape and eventually become flattened lining cells, and the osteoid
seam narrows and eventually disappears. This process of bone resorp-
tion followed by formation at the same locus is termed “coupling”
(16–18).

The remodelling process is controlled by systemic and locally
produced cytokines (16–19). The maintenance of a normal, healthy,
mechanically competent skeletal mass depends on keeping the pro-
cess of bone resorption and formation in balance. Failure to match
bone formation with bone resorption results in net bone loss. This is
what occurs in osteoporosis, whether as a result of deficiency of sex
hormone, primary hyperparathyroidism, hyperthyroidism or endo-
genous or exogenous exposure to excess glucocorticoids.

Communication between osteoblasts and osteoclasts
Osteoclast formation is controlled by several circulating hormones,
including parathyroid hormone 1a,25-dihydroxycholecalciferol
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(calcitriol), and the gonadal steroids, estrogen and testosterone (18).
The microenvironment of the bone marrow also plays an essential
role as a source of cytokines such as tumour necrosis factors (TNFs)
and interleukins (20, 21), which also regulate osteoclast formation
and activity. These systemic and local factors regulate osteoclast for-
mation and activity.

Hormones and cytokines act on the osteoblastic lineage cells, which
possess a cell surface molecule known as RANK ligand (RANKL,
formerly known as osteoclast differentiation factor, TRANCE), and a
cell surface receptor, osteoprotegerin (22). RANKL is a member of
the TNF ligand family that is present in osteoblastic lineage cells and
interacts with osteoclast precursors from the haematopoietic lineage.
This interaction promotes the differentiation and fusion of the osteo-
clast precursor, thus leading to the formation of mature osteoclasts.
Osteoprotegerin is a soluble member of the TNF receptor superfam-
ily that is produced by osteoblast lineage cells and inhibits osteoclast
formation (22).

Mechanisms of hormone action. Calcitonin inhibits bone resorption by
acting directly on mature osteoclasts (23). Bisphosphonates, which
are used in treating osteoporosis, also inhibit osteoclasts, probably by
interfering with the system of communication between osteoblasts
and osteoclasts (3). They also reduce the number of osteoclasts by
inhibiting either their recruitment or their survival. Estrogen and
probably testosterone exert their effects on the bone resorption by
inhibiting the production of cytokines, particularly TNFs, interleukin-
1 and interleukin-6 (20, 21, 24, 25).

Growth factors. Osteoblast formation requires a transcription factor
named cbfa1 osf2, which controls osteoblast differentiation and bone
formation in the developing skeletons as well as the function of ma-
ture differentiated osteoblasts (26, 27). Several growth factors, includ-
ing insulin-like growth factors (IGFs), transforming growth factor-b,
fibroblast growth factors, platelet-derived growth factor, bone mor-
phogenetic proteins and prostaglandins can stimulate the prolifera-
tion of osteoblasts in vitro (28). Their respective importance in vivo is
not yet clear. Nevertheless, it has been suggested that the production
and action of growth factors are vital to the stimulation of bone
formation in response to systemic hormones such as parathyroid hor-
mone (PTH), osteogenic agents such as fluoride, and mechanical
strain (17).
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2.1.4 Calcium homeostasis

Virtually all (99%) of the body’s calcium is located in bone and teeth.
Only 0.1% is in the extracellular compartment and the remainder is
within cells. The maintenance of a constant extracellular concentra-
tion of ionized calcium is essential, because calcium influences many
physiological functions and biochemical pathways.

The extracellular concentration of calcium is regulated by a dynamic
equilibrium between the levels calcium in the intestine, kidney and
bone (14). In young adults, the rates of calcium entering and leaving
the extracellular compartment are equal. Net intestinal absorption of
calcium corresponds to the difference between the amount of calcium
absorbed and that diffusing from the extracellular compartment to
the intestinal lumen. The urinary excretion of calcium represents the
difference between the amount filtered and that reabsorbed. In a
steady state, urinary calcium excretion corresponds roughly to the net
calcium fluxes entering the extracellular compartment from the intes-
tine and bone. In the kidney 98% of the calcium filtered by the
glomerulus is reabsorbed in the renal tubule.

The major regulator of the intestinal absorption of calcium is
calcitriol, an active metabolite of vitamin D3 (29, 30), which acts as a
hormone. It is formed in the kidney, and its production is controlled
by PTH, IGF-1, and the extracellular concentrations of calcium and
phosphate (30, 31).

The main regulator of the tubular reabsorption of calcium is PTH
(32), secretion of which is controlled by the extracellular concentra-
tion of calcium (32).

2.2 Gain of bone
2.2.1 Peak bone mass

The “peak bone mass” is the amount of bone tissue present at the end
of skeletal maturation (33). It is a major determinant of the risk of
fracture due to osteoporosis since the mass of bone tissue at any time
during adult life is the difference between the amount accumulated at
maturity and that lost with ageing. There is, therefore, considerable
interest in exploring ways to increase peak bone mass. Epidemiologi-
cal studies indicate a 10% increase in peak bone mass in the Cauca-
sian female population would decrease the risk of hip fracture by
about 30% (34). Such an increase would roughly correspond to the
difference between male and female peak bone mass as measured at
the radial or femoral diaphyseal site.
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2.2.2 Measurement of bone mass

Most information in the characteristics of skeletal growth during
childhood and adolescence has been obtained by non-invasive tech-
niques that enable bone mass to be measured at various sites in the
skeleton with great precision and accuracy. The bone mass of a par-
ticular part of the skeleton is directly dependent on both the volume
or size of the part concerned and the density of the mineralized tissue
contained within its periosteal envelope. The mean volumetric min-
eral density of bony tissue (in g of hydroxyapatite per cm3) can be
determined non-invasively by quantitative computed tomography
(QCT) (35). The so-called “areal” or “surface” bone mineral density
(BMD in g of hydroxyapatite per cm2) can be determined by single- or
dual-energy X-ray absorptiometry (SXA and DXA). The values gen-
erated by these techniques are directly dependent on both the size
and integrated mineral density of the scanned skeletal tissue. The
integrated mineral density is determined by cortical thickness, the
number and thickness of the trabeculae, and the “true” mineral den-
sity corresponding to the amount of hydroxyapatite per unit volume
of the bone organic matrix.

Although the term BMD, without the additional “areal” qualification,
is widely used, SXA and DXA do not measure the volumetric density.
The BMD is the summation of several structural components which
may evolve differently in response to genetic and environmental fac-
tors (36). Nevertheless, the term remains of clinical relevance in the
assessment of gain or loss of bone mass (see sections 4.2–4.4), since
BMD is directly proportional to bone strength, i.e. to the resistance of
the skeleton to mechanical stress, both in vivo and in vitro.

2.2.3 Development of bone mass

There is no evidence for sex differences in bone mass of either the
axial or appendicular skeleton at birth. Similarly, the volumetric
BMD appears to be the same in female and male newborns. This
absence of a substantial sex difference in bone mass is maintained
until the onset of puberty (37). The difference following puberty is
characterized by a more prolonged period of bone maturation in
males than in females, resulting in a greater increase in bone size and
cortical thickness. Puberty has a much greater effect on bone size than
on the volumetric mineral density (37, 38). There is no significant sex
difference in the volumetric trabecular density at the end of puberty.
During puberty, the rate of accumulation of BMD at both the lumbar
spine and femoral neck increases 4–6-fold over a 3- and 4-year period
in females and males, respectively. The rate of increase in bone mass
is less marked in the disphysis of long bones than elsewhere. There is
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an asynchrony between the gain in standing height and the growth of
bone mineral mass during puberty (39). This phenomenon may be
responsible for the transient fragility that may contribute to the
higher incidence of fracture that occurs near puberty when the disso-
ciation between the rate of statural growth and mineral mass accrual
is maximal (40).

2.2.4 Attainment of peak bone mass

In adolescent girls, the gain in BMD declines rapidly after menarche
and is insignificant 2 years later. In adolescent boys, the gain in BMD
or in bone mineral content (BMC) is particularly rapid between the
ages of 13 and 17 years but declines markedly thereafter in all sites
except the lumbar spine and mid-femur, where growth continues until
the age of 20 years. However, no significant increase in BMD is
observed at the femoral neck. During late puberty, when height is
increasing by less than 1cm/year, the gain in bone mass is still
significant in males but not in females (39). This suggests an important
sex difference in the magnitude and/or duration of the so-called “con-
solidation” phase that contributes to the ultimate peak bone mass.

Studies using QCT also indicate that the peak volumetric mineral
density of the lumbar spine is also achieved soon after menarche. No
difference was observed between the mean values of subjects aged 16
and 30 years (41). This is consistent with many observations indicating
that bone mass does not change significantly between the third and
fifth decades. However, a few studies, mainly of a cross-sectional
nature, suggest that bone mass may still be increasing during the third
and fourth decades (37, 42). It has been suggested that environmental
factors such as dietary calcium and/or physical activity might modify
the time of attainment of peak bone mass.

Despite peak bone mass being essentially maximal at the end of
puberty, radiogrammetry measurements of external diameter indi-
cate that the external shape of many bones enlarges during adult life
(43, 44). This may be secondary to increased bone resorption at the
endosteal surface with enlargement of the internal diameter.

2.2.5 Variance in peak bone mass

At the beginning of the third decade, there is a large variability in the
normal values of BMD in the axial and appendicular skeleton (33),
particularly at sites susceptible to osteoporotic fractures, such as the
lumbar spine and femoral neck. This variance is not substantially
reduced by correction for standing height, and does not appear to
increase significantly during adult life (39). It is already present before
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puberty, and appears to increase still further during puberty at sites
such as the lumbar spine and femoral neck. In young healthy adults,
the variance in BMC of the lumbar spine is 4–5 times that of standing
height (45). The variance in standing height does not increase during
puberty (39).

2.2.6 Determinants of peak bone mass

Determinants of peak bone mass include heredity, sex, dietary
factors, endocrine factors, mechanical forces and exposure to risk
factors.

Heredity
Twin and family studies suggest that genetic or inherited factors may
account for up to 50% or more of the variance in BMD and BMC
values in the population (46, 47). Measurement of BMD at critical
sites, such as the lumbar spine and femoral neck, as well as the distal
forearm, indicates that monozygotic (identical) twins are much more
similar to each other than dizygotic (non-identical) twins. This dispar-
ity between monozygotic and dizygotic twins is attributed to genetic
factors, but differences in intrauterine nutrition may also contribute.
The contribution of genetic factors to bone mineral mass and density
is slightly less at the proximal femur and the forearm than at the
lumbar spine, suggesting that the impact of genetic (or genetic and
environmental factors) varies according to the skeletal site (46).
Genetic determinants appear to be expressed before puberty as
shown by correlation in BMD, BMC, bone size, and the estimated
volumetric BMD between prepubertal daughters and their premeno-
pausal mothers, a model in which half of the genes are common (48).
During puberty, as for height, accrual of bone mineral mass follows a
predictable track, as indicated by the close correlations that are
formed between age-adjusted values of BMD recorded at yearly in-
tervals in prepubertal girls (48).

The heritability of peak bone mass is likely to be polygenic. Several
potential candidate genes have been explored in linkage and associa-
tion studies (49). Some studies have indicated that polymorphisms of
the vitamin D receptor gene are strongly related to bone mass, while
others have reported that the relationship between genotype and
phenotype is the opposite of that originally described (50). Polymor-
phisms in the promoter region of the COLIal gene were recently
reported to be significantly related to bone mass in the spine and to
the presence or absence of vertebral fractures, but further studies are
required. Other candidate genes include the estrogen and calcitonin
receptor genes and genes for various cytokines and growth factors
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such as transforming growth factor b1 and interleukin-6. However,
the functional significance of genotype differences has yet to be un-
equivocally demonstrated for any of these genes. The exact nature of
the genetic determinant of peak bone mass is still not known. Because
of the biological complexity of bone development, a large array of
genes is probably involved in the determination of peak bone mass
and strength at various skeletal sites.

Endocrine factors and calcium phosphate metabolism during growth
Various endocrine factors, including gonadal sex hormones and adre-
nal androgens (dehydroepiandrosterone and androstenedione) influ-
ence bone growth. The production of these steroids increases before
and during puberty, but the time-course of their production does not
match the accelerated gain in bone mass (37). In contrast, IGF-1 and
calcitriol concentrations and the tubular reabsorption of inorganic
phosphate and plasma phosphate rise with the accrual of bone mass.
This may be an adaptive response to the increased demand for cal-
cium and phosphate (37).

External factors
Modification of environmental factors can cause an individual to
change the track of bone accrual. Nutritional factors are particularly
important determinants of peak bone mass and rate of gain of bone
mass. In addition to the non-specific influence of caloric intake, both
experimental and clinical evidence indicate that the amount of cal-
cium and protein in the diet modulate the gain in bone mass (see
section 3.5.5). Several intervention studies report that calcium supple-
mentation significantly enhances the rate of BMD in children and
adolescents (see section 5.2.1). The role of physical activity is dis-
cussed later (see section 3.5.6).

Interactions between environmental factors such as dietary intake
and physical exercise, as well as between genetic and environmental
factors, might play an important role in the acquisition of bone min-
eral mass. Some data suggest that the magnitude of the bone response
to calcium supplementation in prepubertal children varies according
to the genotype of the vitamin D receptor (51, 52). However, prospec-
tive studies in groups of children randomized by genotype are re-
quired to establish whether such an interaction exists.

2.2.7 Disorders impairing peak bone mass

Various disorders impair the optimal acquisition of bone mass
during childhood and adolescence (53). In certain disorders, such
as Turner syndrome, Klinefelter syndrome, glucocorticoid excess,
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hyperthyroidism or growth hormone deficiency, low peak bone mass
has been attributed to abnormalities in a single hormone. In diseases
such as anorexia nervosa and exercise-associated amenorrhoea, mal-
nutrition, sex steroid deficiency and other factors combine to increase
the risk of osteopenia or low bone mass (see below). This is probably
also the case for various chronic diseases, which in addition may
require therapies that affect bone metabolism.

Delayed puberty
Delayed puberty is defined as the absence of any sign of puberty at
the attainment of the upper normal limit of chronological age for its
onset (54); in boys, this means no increase in testicular volume at 14
years of age, and in girls, no breast development at 13 years of age.
Epidemiological studies have provided indirect evidence that late
menarche decreases peak bone mass and is a risk factor for os-
teoporosis. In addition, osteopenia has been reported in a cohort of
men with a history of delayed puberty (55).

The causes of delayed puberty have been classified into permanent
and temporary disorders (54). The permanent causes are due to
failure of the hypothalamo-pituitary-gonadal axis (54). Among the
temporary causes, many are due to chronic systemic diseases, nutri-
tional disorders, psychological stress, intensive competitive training,
or hormonal disturbances such as hyposecretion of thyroid hormones
or growth hormone, or hypercortisolism (54). However, the most
common cause of delayed puberty is the so-called “constitutional
delay of growth and puberty”. It is a transient disorder with, in some
cases, a familial history of late menarche of the mother or sisters, or a
delayed growth spurt in the father. This condition has been consid-
ered as an extreme form of the physiological variation of the timing of
the onset of puberty for which the “normal” range is about 8–12 and
9–13 years of age in girls and boys, respectively. The onset of puberty
is a complex process involving the activation of the hypothalamic-
pituitary-gonadal axis and other endocrine systems such as the growth
hormone-IGF axis of which the targets include factors influencing the
bone mineral balance and the growth rate of the skeleton. Several
mechanisms have been suggested whereby constitutional delay of
growth and puberty leads to a low peak bone mass (56).

Anorexia nervosa
Significant deficits in both cancellous and cortical bone are observed
in young adult women with chronic anorexia nervosa, and may be
severe enough to result in osteoporotic fractures. Several factors con-
tribute to the reduced acquisition of bone mass in anorexia nervosa,
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including low protein intake resulting in a reduction in IGF-1 produc-
tion, and thereby decreased bone formation, low calcium intake
enhancing bone resorption, estrogen deficiency, and glucocorticoid
excess (53).

Exercise-associated amenorrhoea
The acquisition of bone mass may be impaired when women with
hypogonadism and low body weight engage in intensive physical
activity. As in anorexia nervosa, both nutritional and hormonal fac-
tors probably contribute. Intake of energy, protein and calcium may
be inadequate, because athletes follow diets designed to maintain an
optimal physique for their sport. Intensive training during childhood
may contribute to the later onset and completion of puberty. Hypogo-
nadism, as expressed by oligomenorrhoea or amenorrhoea, may give
rise to bone loss in females who begin training intensively after men-
arche (53).

2.3 Loss of bone

The onset of substantial bone loss is usually around age 65 years in
men and 50 years in women (57). Nevertheless, even in the absence of
risk factors, some bone loss can be detected before the menopause at
certain skeletal sites. Indeed, a decrease in BMD of the proximal
femur has been described in the third decade. There is little variation
in bone size throughout life, beyond continuous, slight expansion of
the outer dimensions. This phenomenon is more marked in men than
in women, and affects both the axial and the peripheral skeleton (43,
44). The expansion of the periosteal surface is less than the increase in
space occupied by the bone marrow which results from a greater
resorption at the endosteal surface. Under these conditions, the bone
cortex becomes thinner. This process, together with increasing poros-
ity of cortical bone and destruction of trabeculae through thinning
and perforation, accounts for age-dependent bone loss.

2.3.1 Endocrine factors
Estrogen deficiency
Estrogen is necessary, not only for maximizing peak bone mass in
men and women (58–60), but also for maintaining it. It controls bone
remodelling in reproductively active women (61, 62) and in ageing
men (63, 64). Even a shortening of the luteal phase may be associated
with abnormal bone in women (65). Estrogen deficiency and low bone
mass also result from conditions such as anorexia nervosa, or exer-
cise-induced amenorrhoea, or from the use of substances that inhibit
gonadotropin secretion (53, 66, 67). Estrogen deficiency accelerates
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the rate of bone turnover, thereby altering the balance between bone
formation and bone resorption, and appears to be the main cause of
osteoporosis in women after the fifth decade, and possibly in men. It
is thus directly implicated in the age-related increase in the incidence
of fragility fractures (62). It is now clearly established that the rate of
bone loss does not decrease with age, but continues throughout the
whole of life, at least at peripheral skeletal sites (68).

Several cytokines released in the bone marrow increase the rate of
bone turnover (20, 21). TNF-a, interleukin-1 and interleukin-6, all
stimulate bone resorption in vitro and in vivo, and may initiate the
bone loss induced by estrogen deficiency.

In a study using the transgenic mouse model in which the activity of
TNF-a was permanently prevented by the presence of high levels of
circulating soluble TNF-a receptor 1 (24), no decrease in bone mass
or increase in bone turnover was observed after oophorectomy in
transgenic mice when compared with control mice, suggesting a key
role for TNF-a. While there is evidence that TNF-a, interleukin-1 and
interleukin-6 are all involved in bone remodelling and show a consid-
erable degree of interplay (21), only TNF-a appears to be required
for the enhanced bone remodelling that occurs after estrogen deple-
tion. This evidence is also consistent with the role of osteoprotegerin,
an inhibitor of osteoclast formation. As osteoprotegerin is a soluble
member of the TNF receptor superfamily (22), it has the capacity to
neutralize the activity of TNF on osteoclastogenesis.

Other endocrine causes of bone loss
In addition to gonadal deficiency, which is an important cause of
osteoporosis in men, other endocrine diseases can also cause bone
loss by affecting the remodelling of bone (see section 3, Table 5).

Primary hyperparathyroidism and hyperthyroidism increase the rate
of bone turnover, thereby inducing bone loss (69, 70). In contrast,
excess glucocorticoids reduce bone formation. In addition, adminis-
tration of glucocorticoids in pharmacological excess may decrease the
intestinal absorption of calcium and possibly also its reabsorption by
the renal tubules. These latter two effects would lead to a negative
calcium balance and result in increased bone resorption through a
mechanism which may include secondary hyperparathyroidism (71).
Daily doses of 7.5mg of prednisolone are sufficient to induce skeletal
losses (72).

2.3.2 Nutritional factors

Among nutritional factors that cause bone loss, deficiencies in cal-
cium, vitamin D (73–75), and more recently, protein (76) have been
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shown to be associated with deficient skeletal growth or accelerated
bone loss. Vitamin K deficiency may also be associated with risk of
hip fracture (75) (see section 3.5.5).

Dietary intake of phosphates may be increasing in some populations
as a result of their use as food additives and the increase in intake of
carbonated drinks. These drinks may have a deleterious effect on
bone, because they have replaced milk in the diet of some young
people, and because high intakes of phosphates stimulate the secre-
tion of PTH, but there is no evidence so far that high phosphate
intakes accelerate bone loss in humans.

Calcium intake, vitamin D and osteoporosis
In the elderly, several factors contribute to negative calcium balance.
With ageing, calcium intake decreases because of reduced consump-
tion of dairy products, and the absorptive capacity of the intestinal
epithelium to adapt to low calcium intake is impaired. Exposure to
sunlight and the capacity of the skin to produce vitamin D are also
reduced. The capacity of the renal tubule to reabsorb calcium, and its
responsiveness to PTH are impaired. Finally, the decease in glomeru-
lar filtration rate observed in the elderly may contribute to chronic
hyperparathyroidism, favouring a negative bone mineral balance and
thus osteoporosis. Increasing calcium intake is certainly an important
strategy which is relatively easier to implement than other possible
preventive measures (see section 5.2.1).

Protein intake and osteoporosis
The mechanism whereby a low protein intake has adverse effects on
bone (see section 3.5.5) may be due to inadequate production of IGF-
1, which exerts anabolic effects on bone mass, not only during growth,
but also during adulthood (76). Protein replenishment in patients with
hip fracture can improve not only BMD, but also muscle mass and
strength. These two variables are important determinants of the like-
lihood and consequences of falling and thus incidence of osteoporotic
fractures.

This observation underlines the importance of weight-bearing in the
maintenance of bone mass (77). At the tissue level, immobilization
results in bone resorption being greater than bone formation. At the
cellular level, immobilization increases bone reabsorption by osteo-
clasts associated with a decrease in osteoblastic formation (17). The
molecular signal(s) perceiving the reduction in mechanical strain as-
sociated with immobility has not been identified.
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2.4 Determinants of osteoporotic fractures
2.4.1 Skeletal

Bone mineral mass
Numerous studies have shown an inverse relationship between BMD
and the incidence of osteoporotic fractures. However, other skeletal
components also influence bone strength, including both the macro-
and microarchitecture of bone.

The bending strength of bones is influenced not only by the amount of
bone, but also by its geometrical distribution. In some (but not all)
studies, the hip axis length of the femur has been shown to be a
predictor of fracture risk independent of BMD.

Other important determinants of bone strength for both cortical and
cancellous bone include the degree of mineralization of the matrix as
well as the crystal characteristics (78). In cortical bone, mechanical
strength is affected by the histological structure, including the pres-
ence of primary versus osteonal bone, the orientation of the collagen
fibres, the number and orientation of the cement lines, and the pres-
ence of microdamage (78). In cancellous bone, mechanical strength is
affected by the microstructural arrangement of the trabeculae, includ-
ing their orientation, connectivity, thickness, and numbers.

The macro- and microarchitectural components of bone strength
could explain, at least in part, clinical observations that variations in
bone mineral mass are not closely correlated with changes in fracture
rate. The risk of fragility fractures also depends on several
extraskeletal factors (see section 2.4.2).

Effect of bone remodelling on bone fragility
The degree of bone remodelling, as assessed by the measurement of
biochemical indices of bone resorption, has been shown to be a pre-
dictor of osteoporotic hip fractures that is independent of BMD (79).
This observation suggests that increased bone resorption may in-
crease skeletal fragility because of net bone loss, a deterioration of the
bone microarchitecture due to an increase in trabecular plate perfora-
tion, or both.

2.4.2 Extraskeletal

A fracture is a structural failure of the bone that occurs when the
forces applied to it exceed its load-bearing capacity (78). Thus, inde-
pendently of the size, geometry and physical properties of the bone,
the direction and magnitude of the applied load will determine
whether a bone will fracture in a given situation (78). Almost all
fractures, even those designated as “low trauma” fractures, occur as
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the result of some injury. Usually, this is the result of a fall (see section
3.5), or of a specific loading event in some vertebral fractures, such as
bending forward to lift a heavy object with arms extended.
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3. Epidemiology and risk factors

Osteoporosis is characterized by low bone mass (1) which may be the
consequence of development of the skeleton during adolescence (low
“peak” bone mass) and/or excessive bone loss thereafter. Its clinical
and social consequences, however, are the result mainly of the associ-
ated fractures. Fractures of the proximal femur (hip), vertebrae
(spine) and distal forearm (wrist) are those most commonly associ-
ated with osteoporosis, but most fractures in the elderly are related,
at least in part, to skeletal fragility (2), and are usually the result of a
fall, particularly a sideways fall onto the hip. About one-third of the
elderly fall annually; of these, 5% will experience some type of
fracture and 1% will suffer a hip fracture (3). In the following sec-
tions, the incidence and prevalence of osteoporosis and fractures, and
the risk factors for low bone mass and trauma will be reviewed.

3.1 The burden of osteoporosis

The prevalence of low bone density in the general population can be
assessed by means of the WHO diagnostic criteria. According to these
criteria, women with bone density levels more than 2.5 standard
deviations below the young adult reference mean are considered to
have osteoporosis (4). Persons with bone density below this threshold
who also sustain a fracture meet the definition of “established or
severe osteoporosis”. In a large probability sample in the USA, 17%
of postmenopausal Caucasian women had osteoporosis of the hip
compared to 12% of Hispanic-American women and only 8% of
African-American women (5). Assessing additional skeletal sites in-
creases the prevalence of osteoporosis. Thus, about one-third of post-
menopausal Caucasian women in the USA have osteoporosis of the
hip, spine or forearm (6). Prevalence also increases dramatically with
age. Among British women aged 50–59 years, for example, the preva-
lence of osteoporosis (as defined by a WHO Study Group) at the
femoral neck of the hip is 4% and at any site is 15%. These figures rise
to 48% and 70%, respectively, in women aged 80 years and over. Less
is known about the prevalence of osteoporosis in men, but in the USA
7% of Caucasian, 5% of African-American and 3% of Hispanic-
American men have bone density of the hip more than 2.5 standard
deviations below the mean for normal young men (5).

The social burden of osteoporosis varies with the incidence of
fractures. Fracture rates vary markedly in different countries, being
highest in North America and Europe, particularly in Scandinavia
(7–9). The risk of osteoporotic fractures is lower in Africa and
Asia, but worldwide projections show that it will probably increase
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markedly in the future (10, 11). Osteoporotic fractures are much less
common among men than in women because of their peak bone mass
at skeletal maturity (12), and their slower rate of bone loss (Figure 3).
In addition, the shorter male life expectancy means that they are
exposed to the effects of lower BMD for a shorter period. Men lose
15–45% of cancellous bone and 5–15% of cortical bone with advanc-
ing age, whereas women lose 35–50% of cancellous bone and 25–30%
of cortical bone (13).

Lifetime fracture risk depends both on fracture incidence and life
expectancy. At age 50 years the lifetime risk of hip fracture in Scan-
dinavian women exceeds 20%, and is nearly as high in North
America. In the USA, the lifetime risk of hip, spine or forearm
fracture has been estimated at 40% in Caucasian women from age 50
years onwards and 13% in Caucasian men (2) (Table 2). In the United
Kingdom, the lifetime risk of hip fractures among women at age 50
years is 14% while the corresponding figure for men of the same age
is 3%. This may be compared with lifetime risks of 11% and 2% for
clinically diagnosed vertebral fractures and 13% and 2% for forearm
fractures in Caucasian women and men, respectively. These figures

Figure 3
Forearm bone mineral content (percentage of average values for premenopausal
women ± SD) as a function of age in men and womena
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Based on data from reference 12.
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are conservative since they take account only of vertebral fractures
that have come to clinical attention and do not include osteoporotic
fractures at other sites (14).

In addition, it has been assumed, in calculations of lifetime risk,
that life expectancy will no longer continue to improve; in view of
past trends, this is an unreasonable assumption, and any such
improvements in life expectancy will increase lifetime fracture risks.
Based on current mortality in Swedish men and women, the lifetime
risks of hip fracture are 8.1% and 19.5%, respectively, but rise to
11.1% and 22.7%, respectively, if life expectancy does increase as
expected (15).

Estimates of the cost of osteoporotic fractures are given in section
6.3.1.

3.2 Common osteoporotic fractures

The definition of an osteoporotic fracture is not straightforward. An
approach adopted widely is to consider low-energy fractures as being
osteoporotic, which has the advantage of recognizing the multifacto-
rial causation of fracture. However, osteoporotic individuals are also
more likely to fracture than their normal counterparts following high-
energy impact (16). In addition, low-energy fractures differ from
those associated with reductions in BMD (17). An alternative
approach is to characterize fractures as osteoporotic where they are
associated with low bone mass and rising incidence after age 50 years.
The most common fractures associated with these conditions are
those of the hip, spine and wrist. Fractures of the humerus, ribs, tibia
(in women), pelvis and other femoral fractures would be included.
Their neglect underestimates the burden of osteoporosis, particularly
in younger individuals.

Table 2
Estimated lifetime risk of fracture in Caucasian men and women at age 50 years
in Rochester, MN, USA

Fracture site Lifetime risk of fracture (%) (95% CI)

Women Men

Proximal femur 17.5 (16.8–18.2) 6.0 (5.6–6.5)
Vertebraa 15.6 (14.8–16.3) 5.0 (4.6–5.4)
Distal forearm 16.0 (15.7–16.7) 2.5 (2.2–3.1)
Any of the above 39.7 (38.7–40.6) 13.1 (12.4–13.7)

CI, confidence interval.
a Clinically diagnosed fractures.
Reproduced from reference 13 with the permission of the publisher.
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3.2.1 Hip fractures

Hip fractures are the most serious osteoporotic fractures and most of
them follow a fall from the standing position, although they may also
occur spontaneously (2). They are painful and nearly always necessi-
tate hospitalization. There are, broadly speaking, two types of hip
fracture, intracapsular (cervical or femoral neck fractures) and extra-
capsular (lateral or trochanteric) fractures, which differ somewhat in
both natural history and treatment. Trochanteric fractures are more
characteristically osteoporotic, and the increase in age- and sex-
specific risk of hip fracture is greater for trochanteric than for cervical
fractures, and is more commonly associated with prior fragility
fractures. In many countries they occur with equal frequency, though
the average age of patients with trochanteric fractures is approxi-
mately 5 years older than that for patients with cervical fractures.

As shown in Figure 4, incidence rates for hip fractures increase expo-
nentially with age in both sexes, reaching about 3% annually among
Caucasian women aged 85 years and over; rates for Caucasian men of
all ages are about half as much (2). Overall, 90% of hip fractures
occur among people aged 50 years and over, and 80% occur in
women. The average age at which osteoporotic hip fractures occur is
about 80 years in developed countries but is less in countries with
lower life expectancies. Age-adjusted and sex-adjusted hip fracture

Figure 4
Age-specific incidence rates of hip, vertebral and Colles (forearm) fracture in
Rochester, MN, USAa
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rates are generally higher in Caucasian than in black or Asian popu-
lations (18), although urbanization has led to higher hip fracture rates
in Asia and certain parts of Africa. Furthermore, the pronounced
female preponderance observed in white populations is not seen
among blacks or Asians, in whom male and female rates are similar
(19).

3.2.2 Vertebral fractures

Epidemiological information on vertebral fractures is limited by the
lack of a universally accepted definition of what constitutes a verte-
bral deformity and because a substantial proportion of such deformi-
ties are clinically silent or not due to osteoporosis. Scheuermann
disease and vertebral osteoarthrosis are common examples of con-
ditions other than osteoporosis that cause vertebral deformities.

Radiographic surveys indicate that 19–26% of postmenopausal
Caucasian women have vertebral deformities (21–24), most of which
involve the mid-thoracic vertebrae or the thoracolumbar junction, the
weakest regions of the spine. Vertebral deformities are as frequent in
Asian as Caucasian women (25, 26), but are less common in African-
American (27) and Hispanic (28) populations (28). The overall
incidence of new vertebral deformities among postmenopausal Cau-
casian women has been estimated to be approximately three times
that of hip fracture, but the incidence of clinically diagnosed vertebral
fractures is only about 30% of this figure. The age-adjusted female-to-
male incidence ratio for these fractures is about 2 :1 (29). However,
the prevalence of vertebral deformities in men is as great as it is in
women up to age 60 years (24), possibly because some deformities in
men are the consequence of occupational stresses rather than frac-
tures. In addition, severe trauma (e.g. motor vehicle accidents), which
occur more often in the course of daily activities, may account for
over one-third of clinically detected vertebral fractures in men but
only about 10% of those in women (24).

3.2.3 Forearm fractures

The pattern of occurrence of forearm fractures differs from that of
hip or vertebral fractures. The rates reported in many studies increase
linearly in white women between the ages of 40 and 65 years and
then stabilize (see Figure 4). In some countries, e.g. Sweden, inci-
dence rises progressively with age. In men, the incidence remains
constant between the ages of 20 and 80 years and at a much lower rate
than in women (2). The reason for the plateau in female incidence in
some countries remains obscure, but may relate to a change in the
pattern of falling with advancing age (30). As in the case of hip
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fracture, the majority of forearm fractures occur in women and
around half occur among women aged 65 years and over. For-
earm fractures are less frequent in African-American (31, 32), and
Japanese populations (33), but there is still a substantial female ex-
cess. In Africa and south-east Asia, however, distal forearm fractures
are less common and rates for women are little higher than those for
men (19, 34).

3.3 Geographical variation

The absolute risk of fractures due to osteoporosis varies markedly
from country to country (2, 7–9, 18). The most reliable data available
are those for hip fracture, which show that incidence rates vary
substantially from one population to another (9, 18). Thus, age-
adjusted hip fracture incidence rates are higher among Caucasian
residents of Scandinavia than comparable people in North America
or Oceania. Even within Europe, hip fracture rates vary more than
7-fold from one country to another (8, 9), and a somewhat less
marked variation has also been reported for vertebral fractures (24).
The marked variation in fracture incidence within specific countries
suggests that environmental factors are important. The higher
incidence of hip fractures in urban as opposed to rural districts
has been explained on the basis of the lower bone mass of urban
residents (35). However, regional differences in the USA do not seem
to be accounted for by differences in the levels of physical activity,
obesity, cigarette smoking or alcohol consumption or by Scandina-
vian descent (36). Other factors that may contribute to regional
differences include water hardness, sunlight exposure, poverty
levels, and the proportion of agricultural land. Further studies are
needed to identify the environmental factors responsible for such
marked regional differences.

Fracture rates at different skeletal sites tend to be correlated within a
given population (Table 3) (2). For example, both forearm and hip
fracture rates in the United Kingdom are about 30% lower than those
in the USA.

3.4 Secular trends

The financial and health-related costs of osteoporosis will inevitably
increase in the future (37), since life expectancy is increasing every-
where with a consequent increase in the number of elderly individu-
als. The number of individuals aged 65 years or over, currently
estimated at 323 million, is expected to reach 1555 million by the year
2050. These demographic changes alone can be expected to cause an
increase in the number of hip fractures occurring among people aged
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35 years and over throughout the world from about 1.5 million in 1990
to 4.5–6.3 million in 2050 (10, 11). Based on current hip fracture
incidence rates in various parts of the world, approximately half of all
hip fractures among elderly people in 1990 are believed to have
occurred in Europe and North America. By 2050, thanks to rapid
ageing of the Asian and Latin American populations, the European
and North American contribution will fall to only 25%, and over half
of all hip fractures will occur in Asia. It is clear, therefore, that
osteoporosis will become a global problem over the next half century
and that measures are urgently required to avert this.

These projections may be underestimates because fracture incidence
rates in some countries are increasing (38). Although age-adjusted hip
fracture rates appear to have levelled off in the northern region of the
USA, parts of Sweden and the United Kingdom (39–42), rates in the
Hong Kong Special Administrative Region of China rose substan-
tially between 1966 and 1985 (43). Increases in regions other than
Europe and North America might cause fracture rates to double to
over 8 million by 2050 (11).

There are three possible explanations for these secular trends. First,
they may reflect the influence of some increasingly prevalent risk
factor for bone density loss or falling, but time trends for a number of
possible risk factors, including oophorectomy, hormone replacement

Table 3
Age-adjusted incidencea (per 100000 person-years) of distal forearm fractures
compared to hip fractures in different populations of persons at age 35 years
or over

Geographical locality Distal forearm Proximal femur

Women Men Women Men

Oslo, Norway 767 202 421 230
Malmö, Sweden 732 178 378 241
Stockholm, Sweden 637 145 340 214
Rochester, Minnesota, USA 410 85 320 177
Trent Region, England 405 97 294 169
Oxford–Dundee, UK 309 73 142 69
Yugoslavia:

High-calcium area 228 95 44 44
Low-calcium area 196 110 105 94

Tottori, Japan 149 59 108 54
Singapore 59 63 42 73
Nigeria 3 4 1 3

a Age-adjusted to the population structure of Caucasians 35 years and older in the USA in 1985.
Reproduced from reference 2 with the permission of the publisher.
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therapy (HRT), cigarette smoking, alcohol consumption and dietary
calcium intake, do not match those observed for hip fractures. Physi-
cal activity, however, appears to be a likely candidate, since there is
ample epidemiological evidence linking inactivity to an increased risk
of hip fracture (44, 45), an effect that may be mediated through a
decrease in bone density, an increased risk of falls, or both. There may
also be important secular trends in environmental factors and the
surfaces on to which individuals fall, since urbanization has resulted in
a progressive increase in harder surfaces. The second possible expla-
nation for these secular trends is that the elderly population is becom-
ing increasingly frail. The prevalence of disability is known to increase
with age, and to be greater among women than men at any age. Since
many of the disorders contributing to frailty are independently asso-
ciated with osteoporosis and the likelihood of falling, this tendency
may have contributed to the secular increases in fracture risk in the
developed countries during the twentieth century. Finally, the trends
may be the consequence of cohort phenomenon, i.e. an adverse
influence on bone mass or risk of falling which acted at an earlier time
is now being manifested as an increase in the incidence of fractures in
successive generations of the elderly (46). Such generational effects
explain some of the secular trends in adult height during the twentieth
century, and similar effects on the skeleton are likely, and may be
mediated through intrauterine or early postnatal programming, as
well as childhood nutrition and physical activity.

3.5 Risk factors for osteoporotic fracture

Although many risk factors for osteoporotic fracture have been iden-
tified, risk factors for different fractures may differ. For example, an
early menopause is a strong risk factor for vertebral fractures, but not
for hip fracture in later life. Risk factors may be causally related or
indirect. While the former are amenable to personal modification,
environmental or therapeutic manipulation, even indirect factors may
be useful in identifying individuals at high risk. The mechanisms
whereby these risk factors give rise to increased fragility are reviewed
in section 2.

3.5.1 Trauma

Fractures occur when skeletal loads, whether from trauma or the
activities of daily living in the case of some spine fractures, exceed the
breaking strength of bone. Falls are the most common cause of trau-
matic osteoporotic fractures. The annual risk of falling increases from
about 20% in women aged 35–49 years to nearly 50% in women
aged 85 years and over, and is 33% in elderly men (47). Although
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environmental hazards play a role in many falls, up to half the falls
among the elderly are associated with organic dysfunction, including
diminished perceptions of the lower extremities and postural control,
gait abnormalities, muscular weakness, decreased reflexes or poor
vision. In addition, chronic illnesses such as neurological disorders,
heart disease, stroke, urinary incontinence, depression and impaired
cognitive function increase the risk of falling. The proportion of falls
associated with these problems increases with age (48), and the risk of
falling is correlated with the number of comorbid conditions present.
Medications such as hypnotics, antidepressants or sedatives are also
associated with falls (49). Potential hazards in the home include slip-
pery floors, unstable furniture and poor lighting (49).

The mechanics of falling are such that only about 5% of falls lead to
a fracture. The likelihood of a hip fracture depends on the orientation
of the fall (backwards or to the side), and is greater the higher the
potential energy of the faller, the lesser the amount of soft tissue
padding over the hip and the lower the bone density of the proximal
femur (49, 50).

3.5.2 Low bone density

Risk factors for low bone density include inadequate peak bone mass
and excessive bone loss (51). In addition to the accelerated bone loss
seen at the menopause, bone loss may also result from age-related
conditions such as reduced calcium absorption from the gut and sec-
ondary hyperparathyroidism (see section 2.3.2). In addition, certain
medical and surgical conditions can produce so-called “secondary”
osteoporosis. In the most comprehensive study to date, the Study of
Osteoporotic Fractures (52) (Table 4), the determinants of BMD at
various skeletal sites were assessed in a large number of Caucasian or
Asian-American women aged 65 years or over, and included greater
age at menopause, estrogen or thiazide use, non-insulin-dependent
diabetes (NIDDM), and greater height, weight, strength and dietary
calcium intake, all of which were positively associated with greater
BMD at the distal radius. In contrast, older age, cigarette smoking,
caffeine intake, prior gastric surgery and maternal history of fracture
were negatively associated with BMD at that site (53). For the spine,
greater weight, older age at menopause, a history of osteoarthritis,
greater physical activity, moderate consumption of alcoholic bever-
ages, treatment with diuretics and current HRT were associated with
greater BMD, while later age at menarche and a maternal history of
fracture were associated with lower BMD (52). Increasing age posi-
tively correlated with spinal BMD in these elderly women, probably
because of hypertrophic changes in the spine. Greater BMD of the

PMO text 8/11/04, 9:55 AM39



40

G

femoral neck was positively associated with most of the same factors
as those listed for the spine, together with quadriceps strength, cal-
cium intake, and a history of NIDDM (52). A history of maternal
fracture and of prior wrist fracture was associated with low femoral
neck BMD. Greater age was a risk factor for low BMD of the femoral
neck, as it was for low BMD of the radius. Risk factors are reviewed
in greater detail below.

3.5.3 Previous fracture

The occurrence of one osteoporotic fracture may increase the risk of
future fractures. Thus in both men and women who have suffered a
distal fracture of the forearm, the risk of subsequent fractures of the
proximal femur and other skeletal sites is approximately doubled (54–
57). In recent cohort studies, a 1.8–3.8-fold excess of subsequent hip
fractures has been reported among women with a prevalent vertebral

Table 4
Risk factors (�) and protective factors (�) for axial and appendicular bone
mineral density in women at age 65 years and overa

Variable Skeletal site

Lumbar spine Femoral neck Distal radius
(DXA) (DXA) (SPA)

Age -- --
Weight +++ +++ +++
Fracture in mother -- -- --
Age at menopause + + ++
Estrogen use +++ +++ +++
Quadriceps strength ++
Grip strength +++
Thiazide use +++ ++ +++
Non-thiazide diuretic use ++
Current smoker --
Number of alcoholic drinks in +

lifetime
Dietary calcium intake ++ +
Lifetime caffeine intake -
Non-insulin-dependent diabetes +++ +++

mellitus
Gastric surgery --
Recent or past physical activity + +

DXA, dual-energy X-ray absorptiometry; SPA, single-energy photon absorptiometry.
a The strength of the correlations from multivariate analyses is indicated by the number of

symbols: three symbols indicate 3% or greater change in bone mineral density per unit
change in the variable; two symbols, a 1–3% change; and one symbol, a change of less than
1%.

Based on data from reference 52.
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fracture at cohort inception (58, 59), accompanied by even greater
increases in the risk of additional vertebral fractures (60). In a com-
prehensive analysis (61), incident clinically diagnosed vertebral frac-
tures significantly increased the risk of any future fracture (relative
risk (RR) = 2.8; 95% CI 2.5–3.1). The greatest increase was observed
for additional vertebral fracture (RR = 12.6; 95% CI 11–14), while
lesser increases were also observed for hip (RR = 2.3; 95% CI 1.8–2.9)
and forearm fractures (RR = 1.6; 95% CI 1.0–2.4).

3.5.4 Genetics

Up to 50% of the variance in peak bone mass and some aspects of
bone architecture and geometry relevant to bone strength may be
determined genetically (62, 63) (see section 2.2.6). A family history of
fragility fracture, and particularly of hip fracture, can be used in
the risk assessment of patients (see section 4.4.4).

3.5.5 Nutrition

Dietary factors influence peak bone mass, age-related bone loss and
fracture risk. Calcium and vitamin D are particularly important since
deficiencies are potentially correctable (61).

Calcium
Intervention and cross-sectional studies have reported a positive ef-
fect of a higher intake of calcium on bone mass in children and
adolescents. In a prospective study, dietary calcium intake in child-
hood was positively related to BMD in young women (64, 65). In a
meta-analysis of 33 studies, an association between higher calcium
intake and higher bone mass was found in premenopausal women;
however, no conclusions could be drawn about this relationship in
men because of insufficient data (66). In general, the most consistent
effects of calcium supplementation are observed in the appendicular
skeleton, while effects on spinal bone appear to be transient. Older
women seem to be more responsive to such supplementation than
younger postmenopausal women (see section 5.2.1).

The relationship between calcium intake and fracture rate is less
clear. While inverse correlations between dietary calcium intake and
fracture (mainly of the hip) have been found in some studies, no
significant correlation has been found in others and some have even
shown a positive correlation between calcium intake and hip fracture.
However, in a recent meta-analysis, it was reported that each addi-
tional gram of calcium in the diet was associated with a 25% reduction
in hip fracture risk (67).
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Vitamin D
Severe and prolonged deficiency of vitamin D results in rickets in
children and osteomalacia in adults, conditions characterized by
defective mineralization of bone. Osteomalacia will aggravate
osteoporosis, since both increase the risk of fracture. Vitamin D defi-
ciency is rare in Europe and the USA, but is still common in the
Middle East and the Asian subcontinent.

Lesser degrees of vitamin D deficiency (vitamin D insufficiency) are
associated with an increase in PTH production, resulting in increased
bone turnover and bone loss in the absence of any significant miner-
alization defect (68). Low levels of circulating vitamin D are common
in elderly populations in many regions of the world and may con-
tribute to fractures, particularly at the hip (see also section 2.3.2).
A positive association between serum 1a,25-dihydroxycholecalciferol
concentration and BMD was found in middle-aged and elderly
women, whereas an inverse relationship between serum PTH levels
and BMD has been reported. Vitamin D supplementation prevents
the reduction in BMD that occurs during the winter months in normal
subjects. Trials of the administration of calcium and vitamin D to
institutionalized elderly people have shown that relatively small
amounts of vitamin D reduce non-vertebral fracture rates (see section
5.2.2) (69). Maintaining an adequate vitamin D status in the elderly
may also improve muscle strength and reduce both the risk and
consequences of falling (70).

Protein
Malnutrition continues to be common, particularly in parts of Africa
and Asia. Low protein intake is an important determinant of peak
bone mass and therefore of the risk of osteoporosis in later life
(71). Elsewhere, the prevalence of malnutrition and undernutrition
increase with advancing age and in patients with hip fracture. In the
elderly, an association between low protein intake, low BMD
and reduced mobility has been reported (72). This does not seem
to be due to ageing itself, since healthy active elderly people and
young adults are nutritionally not very different, in contrast to the
acutely and chronically ill elderly population in whom signs of
malnutrition are common (73, 74). Undernutrition may increase the
propensity to falls both by impairing coordination and reducing
muscle strength. It is also an important determinant of the conse-
quences of falling, since a reduction in the protective layer of soft
tissue padding decreases the force required to fracture an os-
teoporotic hip (73–76).
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Phosphate
A high dietary intake of phosphate in combination with a low intake
of calcium increases serum PTH concentrations and may reduce
BMD.

Vitamin K
Low plasma levels of vitamin K1 and K2 have been reported in pa-
tients with hip fracture. Vitamin K is essential for the production of
gamma-carboxylated glutamyl residues present in several coagulation
factors and bone proteins, particularly osteocalcin (65, 77, 78). Vita-
min K deficiency can be assessed by measuring the undercarboxy-
lated fraction of osteocalcin. This fraction increases with age and
is therefore negatively related to BMD in elderly women.
Undercarboxylated osteocalcin has been reported to be a predictor of
hip fracture. However, protein–energy malnutrition is usually associ-
ated with multiple deficiencies so that the particular contribution of
vitamin K deficiency to bone loss in undernourished patients sustain-
ing hip fracture is unknown.

Magnesium and other trace elements and vitamins
Magnesium interferes with both the production and action of PTH,
and thus indirectly affects bone metabolism. However, a specific role
of magnesium in the maintenance of bone mass during adulthood has
not yet been identified. Several trace elements are required for
normal bone metabolism. Various animal and/or ecological studies
in humans suggest that aluminum, boron, copper, fluoride (at doses
lower than those used in the treatment of osteoporosis), manganese,
silicon, and zinc, as well as vitamins B6, B12 and C, may all play a
protective role in the normal metabolism of bone tissue (79). Selec-
tive intervention studies are still required to identify their respective
roles in the maintenance of bone mass, particularly in the elderly.

3.5.6 Physical inactivity

Immobility is an important cause of bone loss, and its detrimental
effect on bone mass is far greater than the beneficial effect of addi-
tional exercise in an already ambulatory subject (80). Enforced immo-
bility in healthy volunteers decreases bone mineral mass, as do motor
deficits due to neurological disorders such as hemiplegia or para-
plegia. Bone mineral mass also decreases during space flights
despite vigorous physical exercise.

In contrast, bone density increases in response to physical loading and
mechanical stress. In many cross-sectional studies, a beneficial effect
of weight-bearing exercise on peak bone mass has been reported (81,

PMO text 8/11/04, 9:55 AM43



44

G

82). The observation that retired adult gymnasts have higher BMD
than age-matched sedentary controls suggests the benefits of physical
activity outlast the termination of such activity (82), and the results of
randomized controlled trials suggest that certain forms of exercise
may retard bone loss. These studies also show that the skeletal site
which is maximally loaded demonstrates the greatest effect.

The type of loading also influences skeletal response. High-impact
exercise appears to result in greater increases in bone density than
low-impact ones. A recent meta-analysis of 18 studies of postmeno-
pausal women reported a significant protective effect against bone
loss at the lumbar spine, but a less clear effect at the femoral neck
(45). Other studies, although not randomized, have demonstrated a
relationship between customary physical inactivity in the elderly and
a lower risk of hip and vertebral fracture. This effect may, in part, be
due to the reduced risk of falling, rather than to increased bone
strength alone.

3.5.7 Cigarette smoking

Cigarette smoking reduces BMD as a result, inter alia, of the conse-
quent earlier menopause, reduced body weight and enhanced meta-
bolic breakdown of exogenous estrogen in women (83). In contrast to
the large number of studies documenting the adverse effects of ciga-
rette smoking on peak bone mass, few studies of the relationship
between cigarette smoking and bone loss have been carried out. A
recent meta-analysis of the results of 48 published studies (84) showed
that, although no significant difference in bone density at age 50 years
between smokers and non-smokers existed, bone density in women
who smoked diminished by about 2% for each 10-year increase in age,
with a 6% difference at age 80 years between smokers and non-
smokers. These data are borne out by longitudinal observational
studies. Epidemiological studies have also shown an independent
effect of cigarette smoking on the risk of hip fracture (84).

3.5.8 Alcohol consumption

Studies of people dependent on alcohol have suggested that high
levels of alcohol consumption may be detrimental to bone, possibly as
a result, inter alia, of protein and calcium metabolism, mobility, go-
nadal function and a direct toxic effect on the osteoblast (see section
2.3.3). However, moderate consumption of alcohol has not consis-
tently been associated with increased risk of fracture or reduced bone
density. In postmenopausal women, alcohol consumption appears
to reduce both bone loss at the hip and the risk of vertebral fracture
(83, 85).
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3.5.9 Body mass index

Low body mass index (BMI) is associated with lower peak bone mass,
and an adverse influence on bone loss (86, 87). This may be the
consequence of reduced peripheral estrogen production by adipose
tissue among thin women, less mechanical loading of the skeleton,
and metabolic influences on body composition. Excessive leanness is
also a risk factor for hip and vertebral fracture, and longitudinal
epidemiological studies have shown that accelerated weight loss is an
important determinant of the risk of hip fracture (88). In Europeans,
the risk of hip fracture is increased below a threshold BMI of 19kg/m2

(89, 90). It is not known whether this threshold is also applicable to
other populations.

3.5.10Sex hormone deficiency

Primary hypogonadism in both sexes is associated with low bone
mass, and decline in estrogen production at the menopause is the
most important factor contributing to osteoporosis in later life (91,
92). In addition, secondary amenorrhoea, as the result, e.g. of
anorexia nervosa, excessive exercise or chronic disease, results in
lower peak bone mass and increased risk of osteoporosis. Late
menarche may be associated with lower peak bone mass and higher
fracture risk (90). Finally, some studies indicate that the use of oral
contraceptives may be associated with higher bone mass, although
this finding has not been universal. A premature menopause, particu-
larly when surgically induced before age 45 years, is a strong determi-
nant of bone density and increased risk of fracture.

3.5.11Other causes of osteoporosis

An increased risk of osteoporosis is associated with a host of other
diseases and disorders (91), including endocrine and metabolic dis-
orders, and malignant disease (Table 5), and with the use of certain
drugs (Table 6).

3.6 Conclusions

Osteoporosis is a common condition which is clinically important
because of its association with fractures. The incidence of os-
teoporotic fractures depends both on bone strength and propensity to
trauma. Bone mass is a key determinant of bone strength, and
depends both on peak bone mass at early adulthood and on the
subsequent rate of bone loss. Up to 50% of the variation in peak bone
mass may be genetically determined, and polymorphisms for several
candidate genes are currently being investigated. Sex hormone
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deficiency is a key factor in the pathogenesis of osteoporosis in post-
menopausal women and may also contribute to bone loss in ageing
men (92). The use of glucocorticosteroids is also an important cause
of accelerated bone loss and osteoporosis. In addition, nutrition,
physical activity, alcohol consumption and cigarette smoking also
affect bone mass. Modification of these factors on a population-wide
basis could have a significant impact on the incidence of osteoporotic
fracture in future generations (see section 6.4).

Table 5
Diseases and disorders associated with an increased risk of generalized
osteoporosis in adults

Endocrine
Thyrotoxicosis
Hyperparathyroidism
Cushing syndrome
Insulin-dependent diabetes mellitus
Adrenal atrophy and Addison disease
Ectopic adrenocorticotropic hormone syndrome
Sarcoidosis (ectopic calcitriol production)

Gastrointestinal
Severe liver disease — especially primary biliary cirrhosis
Gastrectomy
Malabsorption syndromes including coeliac disease

Metabolic and nutritional
Haemophilia
Hypophosphatasia
Congenital erythrocytic porphyria
Chronic renal disease
Idiopathic hypercalciuria
Haemochromatosis
Osteogenesis imperfecta
Mastocytosis
Amyloidosis
Thalassaemia and chronic haemolytic disease
Parenteral nutrition

Neoplasia
Myelomatosis
Tumour secretion of parathyroid hormone-related peptide
Lymphoma and leukaemia

Other
Chronic obstructive pulmonary disease
Epidermolysis bullosa
Pregnancy

Adapted from reference 91 with permission from the publisher.
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4. Diagnosis and assessment

4.1 Introduction

Increasing awareness of osteoporosis and the development of treat-
ments of proven efficacy is likely to increase the demand for the care
of patients with this condition. This in turn will require more facilities
for the diagnosis and assessment of osteoporosis, and particularly for
the measurement of bone mineral, which is central to the definition of
osteoporosis.

The internationally agreed description of osteoporosis is that it is a
systemic skeletal disease characterized by low bone mass and micro-
architectural deterioration of bone tissue, with a consequent increase
in bone fragility and susceptibility to fracture (1, 2). This view of
osteoporosis embodies the concept that bone mass is an important
factor in the risk of fracture, but that other skeletal abnormalities
contribute to skeletal fragility, while some non-skeletal factors also
affect fracture risk. The assessment of fracture risk should therefore
encompass all these factors. This section summarizes and updates the
extent to which this is possible in clinical practice (3).

4.2 Methods of measuring bone mass or density
4.2.1 Single- and dual-energy X-ray absorptiometry

Single and dual X-ray absorptiometry (SXA, DXA) are methods of
assessing the mineral content of the whole skeleton, as well as of
specific sites, including those most vulnerable to fracture (4). The
term “bone mineral content” describes the amount of mineral in the
specific bone site scanned, from which a value for BMD can be
derived by dividing the bone mineral content by the area or volume
measured. With both SXA and DXA this is an areal density rather
than a true volumetric density, since the scan is two-dimensional, as
illustrated in Figure 5. The results of a typical scan of the lumbar spine
in a 53-year-old perimenopausal woman are shown in Table 7.

In single-energy absorptiometry, bone mineral is measured at appen-
dicular sites, such as the heel or wrist. SXA is widely available for
forearm mineral measurements, and is more precise than single-
photon absorptiometry (SPA), which also has the disadvantage of
requiring the use of isotopes such as 125I.

Dual-energy absorptiometry (dual-photon absorptiometry (DPA) or
DXA) measures bone mineral at sites such as the spine and hip; it can
also measure total body bone mineral. SPA and SXA cannot be used
for these sites. DXA is also being increasingly used for measurements
at appendicular sites.
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Of the many techniques developed to assess bone mass, bone mineral
or other related aspects of skeletal mass or structure, the most highly
developed technically and the most thoroughly validated biologically
is DXA, which is regarded as the “gold standard”, with which the
performance characteristics of less well-established techniques can
be compared. All these techniques are used for the diagnosis of
osteoporosis, prognosis (fracture prediction), monitoring the natural
history of the disorder, and assessing response to treatment.

Figure 5
Two-dimensional DXA scan of the lumbar spine and hip in a young healthy adult
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4.2.2 Ultrasound

Quantitative ultrasound (QUS) has recently been used to assess
skeletal status in osteoporosis. The methods thoroughly evaluated are
broad-band ultrasound attenuation (BUA) and speed of sound (SOS)
(or ultrasound velocity) at the heel. These methods have the advan-
tage in that they do not involve ionizing radiation and may provide
information on the structural organization of bone in addition to bone
mass.

QUS techniques have been evaluated in a large number of studies
(5, 6). They cannot at the present time provide diagnostic criteria for
osteoporosis, but on current evidence they are suitable for the assess-
ment of fracture risk in elderly women, and their prognostic value for
future hip fracture is reportedly as good as that of several other
peripheral assessments (7, 8). Performance is less satisfactory in other
uses. Their use has been best established for calcaneal systems. Its low
cost and portability make QUS more attractive for use in assessing
the risk of fractures in larger populations than may be appropriate for
bone densitometry by X-ray absorptiometry.

4.2.3 Computed tomography

Quantitative computed tomography (QCT) has been applied both to
the appendicular skeleton and to the spine (9, 10), but not yet to the
proximal femur, although this is likely to change with the increasing
use of spiral CT scanners. Cancellous bone in the spine and radius is
highly suitable for assessment by QCT. Conventional whole body CT
scanners, which typically generate density information in terms of
Hounsfield units, need to be transformed to convert their results
into units relevant to BMD. For spine QCT, the patient is usually
scanned simultaneously with a calibration phantom for automatic

Table 7
Measurements made from anteroposterior scan using DXA at the lumbar spine
in a perimenopausal woman aged 53 yearsa

Region Area BMC BMD T-score Z-score
(cm2) (g) (g/cm2) (SD units) (SD units)

L1 12.24 10.29 0.841
L2 13.03 13.04 1.000
L3 14.51 15.00 1.034
L4 15.08 15.81 1.048

Total 54.86 54.14 0.987 -0.55 +0.41

a BMD values are expressed in relation to the young adult mean (T-score) or age-matched
controls (Z-score).

PMO text 8/11/04, 9:56 AM55



56

G

standardization. Dedicated equipment for assessing density at periph-
eral sites (pQCT) is widely used in Europe (11). The major advantage
of QCT in the assessment of cancellous bone density, as compared
with DXA, is that it measures true volumetric density, rather than
providing an area-adjusted result as does DXA. Cancellous bone is
more responsive to many interventions than is cortical bone, so that
this technique is also suitable for monitoring treatment (4). It is also
unaffected by degenerative disease, which is a particular problem
with spinal DXA. Although QCT also provides information on the
shape and macroarchitecture of bone, the resolution of cancellous
bone structure is less than optimal. Its major disadvantages are high
radiation exposure, difficulties with quality control and high cost com-
pared with DXA.

4.2.4 Radiography

Osteoporosis can often be diagnosed by visual inspection of plain
radiographs, albeit with low sensitivity (see section 4.4.2). In addition,
some quantitative techniques may be useful in assessing risk. The
most widely used is the estimate of the cortical width of the second,
third and fourth metacarpals. Since the size of tubular bones increases
with age, thinning of the cortex represents an increase in net
endocortical bone resorption. The ratio of the cortical width to the
total width or of the cortical area to the total cross-sectional area are
therefore commonly used indices (12). Evaluation can be improved
by magnification and the use of fine-grain films. Another technique is
radiographic absorptiometry using a step-wedge fountain incorpo-
rated into the film, thus permitting an estimate of areal density to be
made. Common sites of assessment include the metacarpals, the distal
phalanges and the distal forearm. Both absorptiometry and mor-
phometry have been used for many years, but their usefulness in
assessing fracture risk is only now being validated in prospective
studies.

In recent years it has become apparent that vertebral deformity is a
very strong risk factor for subsequent fractures, both at new vertebral
sites and at other sites susceptible to osteoporosis. There is, therefore,
great interest in identifying vertebral deformities due to osteoporosis
that may not have otherwise come to clinical attention.

4.2.5 Magnetic resonance imaging

Magnetic resonance imaging (MRI) initially appeared unsuitable for
assessing bone, which emits a rapidly decaying signal thanks to its
solid crystalline structure that prevents protons in the matrix from
aligning themselves within the magnetic field. However, interest has
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grown with the realization that X-ray CT will never be able to resolve
the microstructure of cancellous bone fully because of the unaccept-
ably high radiation dose that would be required. Although MRI pro-
vides no direct information on density, with the positive background
given by all types of bone marrow, it provides some resolution of the
internal structure of cancellous bone (4, 10). At present, MRI inves-
tigation of the skeleton remains a research procedure because of its
high costs and complexity.

4.3 Diagnosis

The most straightforward approach to the diagnosis of osteoporosis
by bone density measurements is to define a threshold, namely a
cut-off point for BMD that will encompass most patients with os-
teoporotic fractures. Bone density measurements are, however, also
used to assess future risk of fracture, so that more than one threshold
will be needed.

4.3.1 Thresholds

Skeletal mass and density remain relatively constant once growth has
ceased, until approximately age 50 years in females and 65 years in
males (13). The distribution of bone mineral content or density in
young healthy adults (peak bone mass) is approximately normal irre-
spective of the measurement technique used. With this distribution,
individual bone density values are expressed in relation to a reference
population in standard deviation units. This reduces the effects of
differences in calibration between instruments. Standard deviation
units used in relation to the young healthy population are called
T-scores.

The following four general diagnostic categories for women have
been proposed by a WHO Study Group based on measurements by
DXA (14):

• Normal. A value of BMD within 1 standard deviation of the young
adult reference mean (T-score ≥ -1).

• Low bone mass (osteopenia). A value of BMD more than 1 stan-
dard deviation below the young adult mean, but less than 2 stan-
dard deviations below this value (T-score < -1 and > -2.5).

• Osteoporosis. A value of BMD 2.5 standard deviations or more
below the young adult mean (T-score £ -2.5).

• Severe osteoporosis (established osteoporosis). A value of BMD 2.5
standard deviations or more below the young adult mean in the
presence of one or more fragility fractures.
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In women, bone loss occurs predominantly after the menopause. In
the young healthy population, about 15% of women will have T-
scores less than -1 and thus meet the criteria for low bone mass or
osteopenia (Figure 6). By this definition, approximately 0.6% of the
young healthy population have T-scores of -2.5 or less and thus have
osteoporosis.

Since the distribution of BMD in the population is normal, the pro-
portion of women affected by osteoporosis at any one site increases
markedly with age in much the same way as fracture risk increases
with age (15) (Figure 7). Indeed, the increase in prevalence is approxi-
mately exponential and is in line with the increasing incidence of
many osteoporotic fractures among ageing women. The extent of the
problem can be seen from Table 8. For example, the prevalence of
osteoporosis of the hip in Caucasian women aged 50 years or over is
about 1 in 6, comparable to the lifetime risk of hip fracture. At any of
the most vulnerable sites, i.e. spine, wrist and hip, the prevalence is

Figure 6
Distribution of BMD in young healthy women aged 30–40 yearsa

0.6 15 50 85 >99

-4 -3 -2 -1 0 1 2 3 4

(SD units or T-score)

Percentage of population

BMD

Osteoporosis Osteopenia Normal

WHO 03.160

Because the distribution of bone density is normal, approximately 15% of the population have a T-score of -1
or lower (low bone mass or osteopenia) and about 0.6% of the population have a T-score below -2.5
(osteoporosis).
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Figure 7
Distribution of BMD in women at different ages, and the prevalence of
osteoporosisa

BMD is normally distributed at all ages, but values decrease progressively with age. The proportion of patients
with osteoporosis increases approximately exponentially with age.
a Reproduced from reference 15 with permission from the American Society for Bone and Mineral Research.
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30–40% in postmenopausal women, equivalent to the lifetime risk of
any of these fractures (16).

4.3.2 Sites and techniques

With the introduction of a working definition of osteoporosis, several
problems have arisen in its application to epidemiology, clinical trials
and patient care. The first is the plethora of new measurement tech-
niques applied to many different sites, so that the same T-score de-
rived from different sites and techniques yields different information
on fracture risk. These differences arise from differences in the
gradient of risk from the various techniques used to predict fracture
(17, 18), discrepancies in the population standard deviation at differ-
ent sites and with different equipment (19, 20), and differences in the
apparent rates of bone loss with age (21). A second problem is that
intersite correlations, though usually statistically significant, are
inadequate for prediction (22–24) because of biological variation and
measurement inaccuracy (17).

As a result, T-scores obtained by different techniques and at different
sites cannot be used interchangeably. A “gold standard” for diagnosis
should therefore be based on a particular site and technology. Mea-
surements of T-scores at the hip are the best predictors of hip frac-
ture, and this has been well established in many prospective studies
(25). Moreover, the hip is the site of greatest biological and clinical
relevance, since hip fracture is the dominant complication of os-
teoporosis in terms of morbidity and cost. The T-score measured at
the hip with DXA therefore provides the best diagnostic criteria (17).
The same holds true in principle for many other multifactorial dis-
eases. For example, in hypertension, measurements made at the leg

Table 8
Prevalence of osteoporosis in Western women assessed by measurements of
BMD at the hip alone, or hip, spine and forearm combined

Age range (years) Osteoporosis site

Any site (%) Hip alone (%)

30–39 <1 <1
40–49 <1 <1
50–59 14.8 3.9
60–69 21.6 8.0
70–79 38.5 24.5
80+ 70.0 47.6
50+ 30.3 16.2

Reproduced from reference 14 with the permission of the publisher.
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may differ substantially from those made at the arm. In this field, it
is appropriate to select a standardized site for the purpose of diagno-
sis, but this does not prevent the use of other techniques for risk
assessment.

Similarly, in osteoporosis, these considerations should not be taken to
imply that other techniques are not useful where they have been
shown to provide information on fracture risk. The selection of a
standardized site and technology for diagnosis does not preclude a
valuable role for other techniques in the assessment of fracture risk.
For other sites and techniques, however, deviations of measurements
from normal values should be expressed in units of measurement or
units of risk (26).

Problems will arise in some countries, e.g. Brazil and the USA, where
diagnosis is linked to reimbursement of costs. To facilitate reimburse-
ment for densitometry, it will be necessary to replace T-scores by
measurements that lie in the range of “unacceptable risk of fracture”.
This is true for all techniques, including DXA at the hip, since the
absolute risk of fracture at a given T-score varies markedly with age.
These considerations demand that both clinicians and regulatory
agencies should accept the notion that a given risk of osteoporotic
fracture provides a diagnostic or intervention threshold.

4.3.3 Diagnosis in men

Diagnostic cut-off values for men are not well established. However,
population studies and a prospective study have both suggested that
the cut-off value for spine or hip BMD used in women, i.e. 2.5 stan-
dard deviations or more below the average, can be used for the
diagnosis of osteoporosis in men since the risks of hip and vertebral
fractures are similar in men and women for any given BMD (27–30).
This threshold value may require adjustment for body size in some
populations (31).

4.3.4 Accuracy and diagnosis

The ability of DXA and of other techniques to provide a diagnosis of
osteoporosis depends critically on their performance characteristics
(Table 9). In the diagnostic use of these techniques, accuracy is the
degree to which a given test measures BMD correctly and thus the
extent to which it correctly stratifies an individual within the normal
distribution for BMD. The accuracy of DXA at the hip exceeds 90%.
Residual errors arise for a variety of reasons, related to the technique
itself and the manner in which the technique is applied.
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Standard DXA techniques use a two-dimensional projection and
do not, therefore, measure BMD (g/cm3), but rather areal density
(g/cm2). Thus, the size of the bone affects the apparent density since
the relationship between area and volume is non-linear. Paradoxi-
cally, this error may improve the value of BMD for fracture predic-
tion, since bone size is also a determinant of skeletal strength.
Systematic inaccuracies with DXA occur particularly at the spine
since the vertebrae are irregular in shape and apparent density, and
mineral content will depend, in part, on the algorithm used for edge
detection. This systematic error in measured BMD when different
machines are used can be partially avoided by using T-scores.

Non-systematic errors of accuracy also occur which mean that ash
weight will be predicted less confidently from BMD. The largest
source of error arises because of variable soft tissue density (17).

The sources of error in the diagnosis of osteoporosis by means of
DXA are listed in Table 10 (32). Thus osteomalacia, a complication of
poor nutrition in the elderly, causes bone mass to be underestimated.
Osteoarthritis at the spine or the hip is common in the elderly,
and contributes to the density measurement but not necessarily to
skeletal strength. Heterogeneity of density due to osteoarthrosis or
previous fracture can often be detected on the scan and sometimes
excluded from the analysis. In the case of the hip, other regions of

Table 9
Performance characteristics of various techniques of bone mass measurement
at various sites

Technique Site Cancellous Precision Accuracy Effective
bone (%) error error dose

in vivo (%) in vivo (%) equivalent (mSv)

SXA Forearm — distal 5 1–2 2–5 <1
Forearm ultradistal 40 1–2 2–5 <1
Heel 95 1–2 2–5 <1

DXA Lumbar — AP 50 1–1.5 5–8 1
Lumbar — lateral 90 2–3 5–10 3
Proximal — femur 40 1.5–3 5–8 1
Forearm 5 1 5 <1
Total body 20 1 3 3

QCT Spine — trabecular 100 2–4 5–15 50
Spine — integral 75 2–4 4–8 50

pQCT Radius — trabecular 100 1–2 ? 1
Radius — total 40 1–2 2–8 1

QUS: SOS Calcaneus/tibia 95/0 0.3–1.2 ? 0
QUS: BUA Calcaneus 95 1.3–3.8 ? 0

BUA, broad-band ultrasound attenvation; DXA, dual x-ray absorptiometry; QCT, grantitative
computed tomography; SOS, speed of sound; SXA, single x-ray absorptiometry.
Based on data from references 4 and 14.
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interest can be selected to exclude the joint. Some of these problems
can be overcome with adequately trained staff and rigorous quality
control.

4.3.5 Reference ranges

Normal reference ranges for BMD must be taken from appropriate
populations. Small differences between ranges have a large impact on
the numbers of patients with a BMD below a diagnostic threshold.
For some populations, the use of appropriately derived reference
ranges rather than those provided by the manufacturers is essential.
All reference ranges should be based on samples of adequate size
drawn randomly from representative populations. The International
Osteoporosis Foundation recommends the use of the National Health
and Nutrition Examination Survey (NHANES) data for women aged
20–29 years (17).

4.4 Assessment of fracture risk
4.4.1 Dual-energy X-ray absorptiometry and quantitative ultrasound

densitometry

Osteoporosis is clinically significant as a predictor of fractures, and it
is for this reason that BMD measurements are of such great interest.
From this point of view, the importance of BMD measurements is not
how closely they measure BMD or BMC, but their sensitivity and
specificity in predicting future fractures. Many well-controlled pro-
spective studies with DXA indicate that the age-adjusted relative
increase in risk of fracture approximately doubles for each standard
deviation decrease in BMD (see Table 11) (25).

Table 10
Sources of error in the diagnosis of osteoporosis by DXA

Osteomalacia
Osteoarthritis (spine but also the hip)
Soft tissue calcification (especially the spine)
Overlying metal objects
Contrast media
Previous fracture (spine, hip and wrist)
Severe scoliosis
Extreme obesity or ascites
Vertebral deformities due to osteoarthritis or Scheuermann disease
Inadequate reference ranges
Inadequate operating procedures (e.g. calibration region selection, acquisition mode,

positioning)

Modified from reference 32.
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Average lifetime risks of common osteoporotic fractures in Caucasian
men and women are approximately 13% and 40%, respectively, at
age 50 years. These risks are nearly doubled in individuals with low
bone mass and nearly 4-fold greater in women with osteoporosis
(50% lifetime risk at age 50 years) compared to women with an
average BMD (13% lifetime risk at age 50 years) (3). The risk can be
doubled again when individuals have had a fragility fracture.

Estimating fracture risk from BMD measurements is comparable to
assessing the risk of stroke from blood pressure readings. Blood pres-
sure values are continuously distributed in the population, as is BMD.
In the same way that a patient above a cut-off level for blood pressure
is diagnosed as hypertensive, the diagnosis of osteoporosis is based on
a value for BMD below a cut-off threshold, but there is no absolute
threshold of BMD that discriminates absolutely between those who
will or will not fracture. The performance of BMD in predicting
fracture is, however, at least as good as that of blood pressure in
predicting stroke, and considerably better than the use of serum
cholesterol to predict coronary artery disease (14, 25, 33) (Figure 8).
Nevertheless, it should be recognized that a normal BMD does not in
itself guarantee that fracture will not occur, only that the risk is
decreased. If, however, BMD is in the osteoporotic range, fractures
are likely. The low detection rate is one of the reasons why wide-
spread screening of population bases is not recommended for women
at the time of the menopause (see section 6.5).

The gradient of risk depends on the technique used, the site measured
and the fracture of interest. In general, site-specific measurements
show the higher gradients of risk for their respective sites. For ex-
ample, measurements at the hip predict hip fracture with greater
power than do measurements at the heel, lumbar spine or forearm
(25, 34). Gradients of risk range from 1.5 to 3.0 for each standard

Table 11
Age-adjusted relative increase in risk of fracture (with 95% confidence interval)
in women for each standard deviation decrease in BMD (absorptiometry) below
the age-adjusted mean

Site of Forearm Hip fracture Vertebral All fractures
measurement fracture fracture

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)

Modified from reference 25.
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deviation decrease BMD (see Table 11). In this sense, the perfor-
mance characteristics of ultrasound are similar. Most studies suggest
that measurements of BUA or SOS are associated with a 1.5–2-fold
increase in risk for each standard deviation decrease in BMD (5).
Comparative studies indicate that these gradients of risk are very
similar to those provided by peripheral assessment of BMD at
appendicular sites by absorptiometric techniques to predict any os-
teoporotic fracture (23, 35).

Several studies suggest that ultrasound measures some aspects of
skeletal status and fragility that cannot be measured using
absorptiometric techniques alone. In the EPIDOS study, for example,
the relative risk of hip fracture increased 1.9-fold for each standard
deviation decrease in femoral BMD (8). A similar gradient of risk was
observed for BUA (relative risk = 2.0) and for SOS (relative risk =
1.7). When these relative risks were adjusted for femoral BMD,

Figure 8
Relative risk of clinical outcomes according to risk factors categorized by
quartilesa
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Those in the lowest quartile are accorded a risk of 1.0. The 25% of the population with the lowest BMD has a
greater than 10-fold increase in hip fracture risk. BMD measurements perform as well as measurements of
blood pressure (BP) to predict stroke, and better than serum cholesterol to predict myocardial infarction (MI)
in men.
a Reproduced from reference 33 with the permission of Oxford University Press.
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an effect of attenuation and speed of sound persisted (relative risks
1.7 and 1.4 respectively). This may be due to a component of risk
uniquely detected by ultrasound measurement or merely a conse-
quence of measurements at multiple sites by techniques with different
sources of error. Indeed, measurement of BMD by absorptiometric
techniques at more than one site improves the prediction of fractures
(36).

Whether ultrasound adds a dimension of risk that would not also be
obtained by an absorptiometric measurement at another site is a
question which at present remains open (37). The choice of site for
assessment will depend both on the reason for the assessment and
on the age of the patient. For example, spinal osteoarthritis and
osteoarthrosis are particularly common in the elderly, in whom this
site is less suitable for diagnostic purposes. However, changes in the
spine resulting from treatment of estrogen deficiency are often more
marked and can be detected earlier than those at the hip or wrist.
Since hip fracture is the major concern in the elderly, measurement at
that site is preferable since such measurements predict hip fractures
most accurately. Thus, measurements made at the wrist, heel, spine or
hip may be useful in younger individuals, e.g. at the time of meno-
pause (to assess the risk of future fractures) while those at the hip
alone are useful in the elderly.

4.4.2 Radiographic assessment

Although the “gold standard” for the diagnosis of osteoporosis is
DXA, it can often be diagnosed from X-rays (38), which, in many
regions of the world, will be the only tool available. A decrease in the
apparent density of bone detected radiographically is not specific for
osteoporosis and is more appropriately termed osteopenia. In addi-
tion to osteopenia, osteoporosis is associated with abnormalities in
the trabecular architecture, a decrease in cortical width and visible
evidence of past fractures. Fractures are prominent in the spine and,
of the vertebral deformities on X-ray, approximately one-third will
come to clinical attention (see section 1.3.2).

In postmenopausal osteoporosis, the numbers of trabeculae are de-
creased, and those remaining hypertrophy, particularly the vertebral
trabeculae. The preferential loss of horizontal trabeculae gives rise to
a striated appearance. These changes in trabecular markings differ
from those observed in glucocorticoid-induced osteoporosis or in os-
teomalacia. In these disorders, trabecular markings usually become
indistinct, giving rise to a fuzzy or ground glass appearance. In corti-
costeroid-induced osteoporosis, pseudo-callus may also be found in
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the absence of overt vertebral deformities. It is important to recog-
nize that vertebral deformities are not invariably due to osteoporosis.
As mentioned earlier, other common causes include scoliosis,
Scheuermann disease and osteoarthrosis.

The proximal femur has a distinctive pattern of trabecular architec-
ture which is disturbed in the course of osteoporosis. The pattern
of loss provides a semiquantitative estimate of trabecular losses. At
cortical bone sites, osteoporosis induces thinning of the cortex and an
increase in cortical porosity, both of which may be visible on X-rays.
A number of quantitative techniques have been developed for their
assessment, including metacarpal radiogrammetry and radiographic
absorptiometric techniques, and may be of value where other tech-
nologies are not available (38).

4.4.3 Biochemical assessment of fracture risk

Biochemical markers of bone turnover may be divided into two
groups, namely markers of bone resorption and markers of bone
formation (39). The principal markers of bone formation are total
alkaline phosphatase, the bone isoenzyme of alkaline phosphatase,
osteocalcin, and the procollagen propeptides of type I collagen.
The most widely used markers of bone resorption are hydroxy-
proline, pyridinium cross-links, and their peptides. Tartrate-resistant
acid phosphatase and hydroxylysine glycosides are less commonly
used. Fasting urinary calcium excretion (calcium/creatinine ratio)
provides a net index of the balance between bone resorption and
formation.

While breakdown markers may change within 1 or 2 months of start-
ing a bone treatment, several months of treatment are required be-
fore any significant change in formation markers becomes apparent.
Since BMD changes even more slowly, the rapid changes in markers
induced by treatment may be useful in monitoring treatment. Their
measurement has provided valuable insights into the pharmacody-
namics of bone treatments, but their use in monitoring individuals
requires further study because of their precision errors and biological
variation.

Several studies with these markers have found sustained increases in
bone turnover in late postmenopausal and elderly women, which
appear to be triggered by the menopause. These changes are insuf-
ficiently discriminatory, however, to provide a diagnostic test for
osteoporosis.
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Biochemical indices of skeletal metabolism are of greatest value in
assessing fracture risk. Prospective studies have shown an association
of osteoporotic fracture with indices of bone turnover, independent of
bone density, in women at the time of the menopause (40, 41) and in
elderly women (42). In the latter, when values for resorption markers
exceed the reference range for premenopausal women, the risk of hip
fracture is increased approximately 2-fold. An increase in risk persists
even after adjusting for BMD. These studies suggest that combining
BMD measurements with indices of bone turnover may improve
fracture prediction.

4.4.4 Clinical risk factors

Many risk factors for osteoporosis have been identified (Table 3; see
also sections 2 and 3). In general, the specificity and sensitivity of risk
factor scores in predicting either BMD, or fracture risk are relatively
poor (43–46), partly because common but relatively weak risk factors,
such as cigarette smoking and physical inactivity, have a much greater
influence on such scores than relatively uncommon but strong risk
factors such as previous glucocorticoid therapy and hypogonadism.
Risk factors for falling, such as visual impairment, reduced mobility
and treatment with sedatives, are more strongly predictive of fracture
in the elderly than in younger individuals (47).

Hypogonadism is an important risk factor for osteoporosis in both
sexes. In young women, it may be primary or secondary to conditions
such as anorexia nervosa, exercise-induced amenorrhoea, chronic ill-
ness, hyperprolactinaemia and gynaecological disorders. Premature
menopause, whether spontaneous or the result of surgery, chemo-
therapy or radiotherapy, also increases the risk of osteoporosis. In
men, hypogonadism may be caused, inter alia, by Klinefelter syn-
drome, hypopituitarism, hyperprolactinaemia and castration, e.g. af-
ter prostatic surgery.

As shown in Table 12, glucocorticoids are a risk factor for osteoporo-
sis. They are widely used for the treatment of a number of conditions,
including rheumatic disorders, asthma and other lung conditions, in-
flammatory bowel disease, skin disorders, and vasculitic syndromes.
Bone loss is believed to be most rapid during the first few months of
treatment; it affects both the axial and appendicular skeleton, but is
most marked in the spine, where cancellous bone predominates. It
occurs with both parenteral and oral glucocorticoid therapy, but with
inhaled glucocorticoid therapy is less well documented. However,
high doses of inhaled glucocorticoids may have adverse skeletal
effects. Although the skeletal response to glucocorticoids varies, high
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doses are generally associated with greater adverse skeletal effects.
Daily doses of prednisolone below 7.5mg are less likely to result in
increased rates of bone loss and fracture (48).

As previously mentioned (see section 3.5.3), a history of fragility
fracture is an important independent risk factor for further fracture.
For example, the presence of two or more prevalent vertebral frac-
tures was associated with a 12-fold increase in fracture risk for any
given BMD (25), and women with a past history of non-vertebral
fractures were found to have a 3-fold increase in the risk of subse-
quent spine fractures (34).

Case–control studies of hip fractures in both men and women have
shown that, with disorders associated with secondary osteoporosis,
such as previous hyperthyroidism, gastric surgery and hypogonadism,
the risk of fracture is increased (43, 49–51). The risk also increased
with conditions causing an increased risk of falling, such as hemipar-
esis, Parkinson disease, dementia, vertigo, alcoholism and blindness
(49). A prospective study in Australia showed a higher risk of hip
fracture with low bone density, quadriceps weakness, increased body
sway, falls in the previous year and previous fractures (52).

Of the endogenous and exogenous risk factors shown in Table 12,
smoking, excessive alcohol consumption and low dietary calcium in-
take are relatively weak risks. Complete immobility leads to rapid
bone loss at the sites concerned but the effects of lesser degrees of
physical inactivity on the risk of osteoporosis are less well docu-
mented. Low BMI is an important risk factor for both osteoporosis
and fractures, probably because of its association with bone size.

Table 12
Risk factors for osteoporosis

Endogenous Exogenous

Female sex Premature menopause
Age Primary or secondary amenorrhoea
Slight body build Primary and secondary hypogonadism in men
Asian or Caucasian race Previous fragility fracture

Glucocorticoid therapy
Maternal history of hip fracture
Low body weight
Cigarette smoking
Excessive alcohol consumption
Prolonged immobilization
Low dietary calcium intake
Vitamin D deficiency
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Finally, a parental history of hip fracture is an independent risk factor
for fracture. For any given BMD, the risk of hip fracture is increased
approximately 2-fold (44).

The value of identifying risk factors to target treatment is discussed in
section 4.5.3.

4.5 Assessment of osteoporosis
4.5.1 Diagnostic work up

The same diagnostic approach would be adopted in all patients
with osteoporosis irrespective of the presence or absence of fragility
fractures. The range of clinical and biological tests used to assess
osteoporosis will depend on the severity of the disease, the age at
presentation, the presence or absence of vertebral fractures, and the
reason for the assessment, which may be to:

— exclude a disease which can mimic osteoporosis;
— elucidate the causes of osteoporosis and the contributory factors

(see Tables 5 and 6);
— assess the severity of osteoporosis and thus to determine the risk

of subsequent fractures;
— select the most appropriate treatment;
— establish baseline measurements for subsequent monitoring of

treatment.

Table 13 lists the diagnostic procedures used to investigate osteoporo-
sis. These may be used to:

— establish the diagnosis of osteoporosis (e.g. DXA or X-rays);
— establish the cause (e.g. thyroid function tests for hyperthyroid-

ism, and urinary free cortisol for Cushing syndrome);
— establish the differential diagnosis (e.g. protein electrophoresis

for myeloma, and serum calcium and alkaline phosphatase for
osteomalacia).

Investigators commonly carried out in specialized centres include
determination of the biochemical indices of bone turnover, serum

Table 13
Diagnostic procedures used to investigate osteoporosis

History and physical examination
Laboratory findings: blood cell count, measurement of sedimentation rate, serum

calcium, albumin, creatinine, phosphate, alkaline phosphatase, liver transaminases
Lateral radiography of lumbar and thoracic spinal column
Bone densitometry (DXA or SXA)
Sex hormones (particularly in men)
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PTH, and serum 1a,25-dihydroxycholecalciferol, serum or urine
protein electrophoresis, measurement of fasting and 24-hour urinary
calcium, and urinary free cortisol, and thyroid function tests and
transiliac bone biopsy.

4.5.2 Differential diagnosis

Underlying causes of bone loss are more commonly found in men
than in women. In over 50% of men presenting with symptomatic
vertebral crush fractures, an underlying cause of osteoporosis, such as
hypogonadism, oral steroid therapy and alcohol dependence, is iden-
tified (53, 54). A significantly increased risk of vertebral fractures was
found to be associated with smoking, alcohol consumption and under-
lying causes of osteoporosis (55). A recent case–control study in men
in Newcastle upon Tyne, England, showed an increased risk of verte-
bral fractures with oral steroid therapy, anticonvulsant treatment,
smoking, alcohol dependence and hypogonadism (56). For hip frac-
tures, however, the risk factors in men are similar to those in women
(49, 51).

Both osteomalacia and malignancy commonly induce bone loss and
fractures. Osteomalacia is characterized by a defect of mineralization
of bone matrix most commonly due to impaired intake, production or
metabolism of vitamin D. Other causes include impaired phosphate
transport, the chronic use of some drugs such as aluminium salts,
other phosphate-binding antacids and anticonvulsants, and high doses
of fluoride or etidronate. In most cases, osteomalacia is suspected
based on the clinical history and biochemical abnormalities, such as
low values of serum and urinary calcium, serum phosphate and 1a,25-
dihydroxycholecalciferol, and high values of alkaline phosphatase
and PTH. A transiliac bone biopsy after tetracycline labelling can
unequivocally demonstrate defects in mineralization.

Diffuse osteoporosis with or without pathological fractures is
common in patients with multiple myeloma, a condition characterized
by severe bone pain, increased sedimentation rate, and Bence Jones
proteinuria. The diagnosis can be confirmed by bone marrow
aspiration, and serum and urine protein electrophoresis. Similarly,
pathological fractures due to metastatic malignancies can mimic
osteoporosis but can be excluded by clinical and radiological exami-
nation, biological tests, e.g. for tumour markers, and scintigraphy
or other imaging techniques. Finally, vertebral fractures in osteo-
porosis should be differentiated from vertebral deformities due to
other disorders such as scoliosis, osteoarthrosis and Scheuermann
disease.
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4.5.3 Identification of cases for treatment

No universally accepted policy exists at present on screening to iden-
tify patients at high risk of fracture. The test used to diagnose os-
teoporosis, bone densitometry, has high specificity but low sensitivity.
Thus, the risk of fracture is very high when osteoporosis is present,
but by no means negligible when BMD is normal (Figure 9). In the
absence of a generally accepted screening policy, a case-finding strat-
egy can identify people with fragility fractures or other strong risk
factors for fracture. The use of risk factors that add information on
fracture risk independently of BMD will improve the predictive value
of the assessment (23, 40, 42, 44, 57).

Examples of risk factors for hip fracture in women that are indepen-
dent of BMD (Table 14) include a high biochemical index of bone
resorption (prospective studies suggest an approximately 2-fold in-
crease in fracture risk in women, independently of BMD) (40, 42),
low body weight or low BMI (44, 58), prior osteoporotic fracture (42,
59, 60), a family history of fragility fracture, and cigarette smoking
(43). Some of these have been incorporated into practice guidelines
(32, 61, 62). Some studies suggest that the geometry of the hip is also
a BMD-independent risk factor for hip fracture. The risk increases

Figure 9
Remaining lifetime risk of hip fracture in women at age 50 years based on BMD
at the femoral neck
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approximately 2-fold in women with the length of the femoral neck
(63) after adjustment for BMD, but may be a measurement artifact
(64). Density-independent components of fracture risk, such as falls
and postural instability, are clearly important for hip fracture. A
variety of simple tests have been devised to detect postural instability
and poor visual acuity, both of which have been shown to be associ-
ated with increased risk of hip fracture independently of BMD (51,
59). Some care is required in the use of density-independent risk
factors to identify individuals for pharmacological interventions that
affect skeletal metabolism since, e.g. inhibitors of bone turnover may
not be effective in populations selected on the basis of falling. With
this proviso, any of these risk factors may be used to increase the
value of BMD in predicting fractures. For example, an individual with
a BMD 1 standard deviation below the population average and poor
visual acuity would have a relative risk of approximately 3 (2.6 ¥ 2.0
¥ adjustment factor).

The reason why the true relative risk is not a multiple of the risks
given in Table 14 relates to the need to adjust risks to population
risks. In the example given above, poor visual acuity was associated
with a relative risk of 2.0 compared to individuals with better acuity.

Table 14
Examples of significant relative risks of hip fracture in women with and without
adjustment for BMD

Risk factor Relative risk

Crude Adjusted for BMD

Hip BMD 1 SD (standard deviation) below mean 2.6
population value

Non-carboxylated osteocalcin above normal range 2.0 1.8

Biochemical index of bone resorption (CTX) 2.2 2.0
above premenopausal range

Prior fragility fracture after age 50 years 1.4 1.3

Body weight below 57.8kg 1.8 1.4

First-degree relative with a history of fragility 1.7 1.5
fractures and aged 50 years or over

Maternal family history of hip fracture 2.0 1.9

Current cigarette smoking 1.9 1.2

Poor visual acuity (<2/10) 2.0 2.0

Low gait speed (1 SD decrease) 1.4 1.3

Increase in body sway (1 SD increase) 1.9 1.7

Reproduced from reference 57 with the permission of Springer-Verlag and the authors.
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Poor visual acuity was found in 7.3% of the population. The relative
risk adjusted for the population is approximately:

RR / (p ¥ RR + (1- p))

Where p is the prevalence of the risk factor and RR the unadjusted
value of the relative risk. In the example given above, the relative risk
with poor visual acuity adjusted to the general population is:

2.0 / (0.073 ¥ 2.0 + (1 - 0.073)) = 1.86

Further examples of the adjustments required are provided in Table
15. The stronger the risk factor and the higher the prevalence, the
larger the adjustment.

Downward adjustment of the risk factor associated with a low BMD
is also required (57, 65). Hip fracture rates increase logarithmically
with decreasing BMD, but BMD is normally distributed. For this
reason, individuals with a BMD equal to the mean have a risk of hip
fracture that is lower than the average risk. On the assumption that
the risk increases 2.6-fold for each standard deviation decrease in
BMD, the risk of hip fracture of an individual with a T-score of -1
would be 1.65 (57). Thus, in the individual with poor visual acuity and
a BMD 1 standard deviation below the population average, the rela-
tive risk of hip fracture is 1.65 ¥ 1.86 = 3.0.

The examples given in Table 14 of risk estimates adjusted for BMD
are not otherwise adjusted. For example, the increase in risk associ-
ated with low body weight is not adjusted for postural instability. It
will be necessary to make such adjustments from several large popu-
lation studies before these can be used as independent and additive
risk functions.

Table 15
Estimates of population relative risks derived from relative risks in
epidemiological studies (RR cases versus controls) according to the prevalence
of risk factors in the population

Prevalence of RR
risk factor (%) 1.5 2.0 2.5 3.0

5 1.46 1.90 2.33 2.73
10 1.43 1.82 2.17 2.50
20 1.37 1.67 1.92 2.14
30 1.30 1.54 1.72 1.88
50 1.20 1.33 1.43 1.50
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The multiple factors that contribute to fracture risk more or less
independently suggest that the gradient of risk between those charac-
terized as high or low risk can be increased by multiple assessments
that contribute to risk independently. The use of multiple risk factors
increases the sensitivity of assessment substantially without any de-
crease in specificity (57). The assessment of absolute risk is more
useful than that of relative risk in deciding the intervention threshold
for an individual. Absolute risk depends on age and life expectancy as
well as current relative risk. For example, the lifetime risk of hip
fracture in a Swedish woman at age 50 years with osteoporosis would
be approximately 43%, but the remaining lifetime risk of an os-
teoporotic fracture at 85 years would be 19%.

In the case of hip fracture, average lifetime risks remain relatively
constant with age. Although the absolute risk of hip fracture increases
with age, so too does mortality and the two factors tend to cancel each
other out. For Swedish women at age 50 years, the lifetime risk of hip
fracture is 22.7% and decreases with age, but remains relatively high
at 19% at age 85 years. Average lifetime risks for men are approxi-
mately half those for women (9.6–11%) due to the lower absolute risk
and lower life expectancy. The effect of increases in relative risk on
lifetime risks is shown in Table 16 for Swedish women and men (57).
As would be expected, lifetime risk increases with relative risk at all
ages for both sexes.

Further examples are provided by the interaction of biochemical
markers of skeletal turnover and BMD. The EPIDOS (Epidémilogie
de l’Ostéoporose [epidemiology of osteoporosis]) study has shown
that BMD and urinary C-terminal cross-link peptide of collagen
(CTX) contribute independently to hip fracture risk in women at age
81 years (66), when the average lifetime risk of hip fracture is 21%. In
women with osteoporosis, the lifetime risk for hip fractures rises to
32% at this age, while in those with values of urinary CTX above the
premenopausal range the lifetime risk is 34%. As would be expected,
combining risk factors has a marked effect, and the combination of
low hip BMD and high CTX gives a lifetime risk of fracture of 45%.
Similarly, combining high CTX with a history of fracture has a life-
time risk of 52% at age 81 years (67). These data show the value of
adding risk factors together and thus obtaining lifetime risks of frac-
ture that exceed intervention thresholds.

The predictive value of BMD and other risk factors over a lifetime is
unknown. In the case of BMD there is reasonable evidence to suggest
that risks of fracture assessed in the short term overestimate such
risks in the long term (65). For this reason, 10-year risks are more
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accurate, and also take account of the fact that many treatments are
given only for a few years (up to 5 years) because of the slow attenu-
ation of effect after stopping treatment, e.g. when bisphosphonates
and HRT are used (68). The International Osteoporosis Foundation
has recently recommended that assessments of the risk of fracture
should be expressed as absolute 10-year risks (17), particularly when
technologies other than DXA, where the T-score is misleading, are
used.

Evaluating fracture risk accurately is essential if interventions are to
be targeted only to those at highest risk. The choice of a cut-off value
for relative risk or 10-year probability that provides an intervention
threshold will depend on clinical practice, the effectiveness of treat-
ment (compliance, continuance and efficacy), the type of fracture
expected as well as the costs of treatment and of fractures. For hip
fractures, interventions are reasonable in terms of cost–utility where
the 10-year probability of hip fracture exceeds 10–15%. Ten-year

Table 16
Lifetime risk of hip fracture in men and women in Sweden according to relative
risk (RR) at the ages showna

Relative Age (years)
risk 50 55 60 65 70 75 80 85

Women
1.0 22.7 22.3 21.9 21.5 21.2 20.9 20.0 18.9
1.5 30.9 30.3 29.9 29.4 29.1 28.7 27.6 26.3
2.0 37.6 37.0 36.5 36.0 35.6 35.3 34.0 32.6
2.5 43.2 42.5 42.0 41.5 41.1 40.8 39.5 38.1
3.0 47.9 47.2 46.6 46.1 45.8 45.5 44.2 42.8
3.5 51.8 51.1 50.6 50.1 49.8 49.6 48.3 47.0
4.0 55.2 54.5 54.0 53.5 53.3 53.1 51.9 50.6
5.0 60.7 60.0 59.6 59.1 59.0 58.9 57.7 56.7
6.0 64.9 64.3 63.9 63.5 63.5 63.5 62.4 61.5

Men
1.0 11.1 10.6 10.1 9.8 9.6 9.6 10.1 10.7
1.5 15.7 14.9 14.4 13.9 13.6 13.7 14.4 15.3
2.0 19.8 18.9 18.2 17.7 17.3 17.4 18.2 19.4
2.5 23.4 22.4 21.6 21.0 20.6 20.7 21.8 23.1
3.0 26.7 25.6 24.7 24.1 23.6 23.8 25.0 26.5
3.5 29.7 28.5 27.6 26.9 26.4 26.6 27.9 29.6
4.0 32.4 31.1 30.2 29.5 29.0 29.2 30.6 32.5
5.0 37.2 35.8 34.8 34.0 33.5 33.8 35.4 37.6
6.0 41.3 39.8 38.7 38.0 37.4 37.8 39.6 42.0

a Lifetime risk at any age is determined from the competing probabilities of death or hip fracture.
Modified from reference 57.
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probabilities of hip fracture according to population relative risks are
shown in Figure 10 for men and women in Sweden (57). The 10-year
probability of 10–15% is exceeded in Swedish women aged 80 years
and over. For individuals with a population relative risk of 2.0, the
threshold is exceeded at 70 years, so that the higher the relative risk,
the younger the age that interventions aimed at preventing hip frac-
ture are cost-effective.

In addition, hip fracture is only one possible outcome, so that inter-
vention thresholds also depend on the probability of other os-
teoporotic fractures. Several groups in Europe and the USA have
drawn up evidence-based practice guidelines in which intervention
thresholds are based on economic analyses (32, 61, 62, 69). While
there are major differences between these guidelines (70), for most
interventions envisaged, they agree that individuals with osteoporosis
should be offered treatment, and that this can be justified from a
health economics perspective. This corresponds to a relative risk of
approximately 3.0 in women within 10 years of the menopause when

Figure 10
Ten-year probability of hip fracture in Swedish men and women according to
population relative risksa
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The horizontal dotted lines denote the probability at which interventions are cost-effective.
a Based on data from reference 57.
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adjusted to the risk of the general population. A combination of risk
factors yielding a high relative risk exceeding this threshold of risk is
an indication for intervention. For example, combining the fracture
risk associated with menopause below age 50 years and a prior fragil-
ity fracture gives a relative risk of 2.7, so that the threshold would be
exceeded by the addition of any further risk factor with a relative risk
exceeding 1.1 (e.g. smoking or low body weight). In this example,
therefore, combining risk factors without measuring BMD indicates
when intervention is necessary. The same combination of risk factors
and BMD or ultrasound values in the lower half of the reference
range would also exceed this threshold.

The above notwithstanding, the assessment of BMD provides the
most sensitive and specific assessment of osteoporosis available to
date and forms the cornerstone of case-finding strategies. Treatment
is justified in patients with low BMD in the presence of relatively
weak risk factors.

Risk factors providing indications for bone mineral densitometry are
give in Table 17, which is based on published guidelines (32, 62).
Patients with the risk factors listed have BMD values lower than that
of the general community and where “osteoporosis is confirmed” the
risk of fracture is high. Although this strategy does not benefit all
individuals at high risk and is therefore conservative, it can be justified
from the perspective of health economics.

These indications for bone densitometry do not mean that all patients
with such risk factors require diagnostic assessment. For example,
patients with more than one fragility fracture should be offered treat-
ment irrespective of their BMD, but the latter may be required in the
monitoring of treatment.

4.5.4 National guidelines

National strategies for the assessment and diagnosis of osteoporosis
will depend on many considerations, but the size of the problem
expressed both in absolute terms and relative to other health care
needs is of greatest importance. In many Western countries the like-
lihood that any individual will suffer an osteoporotic fracture is rela-
tively high. The estimated lifetime risk of a hip fracture in Caucasian
women in the United Kingdom and the USA at menopause ranges
from 14 to 23% (71, 72). The risk of other common types of os-
teoporotic fractures is nearly as high (73), so that the combined frac-
ture risk is 30–45% (16, 72). Thus, more than one-third of adult
women in the United Kingdom will sustain one or more osteoporotic
fractures during their lifetime. This estimate is conservative because it
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does not include fractures at other sites and only takes into account
those vertebral fractures which come to clinical attention, so that the
true risk of fracture must be higher. In addition, not all estimates take
into account the steady increase in life expectancy (74).

The risk of fracture varies, however, in different regions of the world
(see section 3.3). Even within Europe, the risk of hip fracture varies
more than 10-fold among countries (75, 76), and variation in the rate
of hospitalization for vertebral fracture is comparable (77). The low-
est prevalence of hip fracture is found in developing countries, in part
because of the lower risk but also because of lower life expectancy. A
caveat is that countries need to take into account the priority that
osteoporosis has over other health care needs. In addition, the size of
the burden of osteoporosis in a particular country cannot be deduced
merely from a knowledge of the demography of that country.

The frequency of osteoporotic fracture is increasing worldwide. In
many countries, the age- and sex-specific risks of fracture have in-
creased (see section 3.4). There is some evidence that this trend has

Table 17
Risk factors providing indications for diagnostic use of bone mineral
densitometry

1. Strong risk factors:
Estrogen status:

Premature menopause (<45 years)
Prolonged secondary amenorrhoea (>1 year)
Primary hypogonadism

Corticosteroid therapy — prednisolone (or equivalent) 7.5mg/day or more with an
expected use of more than 6 months

Maternal family history of hip fracture
Low body mass index (<19kg/m2)
Other disorders associated with osteoporosis:

Anorexia nervosa
Malabsorption syndromes, including chronic liver disease, and inflammatory

bowel disease
Primary hyperparathyroidism
Post-transplantation
Chronic renal failure
Hyperthyroidism
Prolonged immobilization
Cushing syndrome

2. Radiographic evidence of osteopenia and/or vertebral deformity
3. Previous fragility fracture, particularly of the spine or wrist
4. Loss of height, thoracic kyphosis (after radiographic confirmation of vertebral

deformities)

Reproduced from reference 32 with the permission of Springer-Verlag and the authors.
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levelled off, at least for hip fracture rates in some Western countries,
but the number of fractures will increase because of the marked
increase in the elderly population everywhere, but particularly in Asia
(78). However, case-finding strategies need to be tailored to the size
of the current problem of fragility fractures. The absolute risk of
fractures will depend on estimates of current risk and future mortal-
ity. Examples of lifetime risk in different countries are shown in
Figure 11 according to the relative risk of the individual. Thus, a
Swedish woman aged 70 years with a relative risk of hip fracture of 4.0
might be considered to require treatment whereas the same absolute
risk in a woman in the Hong Kong Special Administrative Region
(SAR) of China would require more or stronger risk factors than a
woman in Stockholm to require treatment using the same threshold.
Each country will therefore need to develop its own case-finding
strategies until such time as international guidelines can be drawn up
that cater for the variation in risks between countries.

Figure 11
Remaining lifetime risk of hip fracturesa in women aged 50 years or more from
Argentina, Hong Kong SAR, and Sweden, according to relative risk

Lifetime risk (%)
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The horizontal dotted line indicates a lifetime risk of 40% and corresponds to a relative risk of 2.2 in Swedish
women aged 50 years, but a relative risk of 4.1 and 3.8 in women of the same age from Argentina and Hong
Kong SAR, respectively.
a Based on data from references 74 (Sweden), 79 (Argentina) and 78 (Hong Kong SAR). Life expectancy is
based on unpublished WHO figures for 1995.

PMO text 8/11/04, 9:58 AM80



81

G

References
1. Anonymous. Consensus development conference: prophylaxis and

treatment of osteoporosis. American Journal of Medicine, 1991, 90:170–110.

2. Anonymous. Consensus development conference: diagnosis, prophylaxis
and treatment of osteoporosis. American Journal of Medicine, 1993, 94:
646–650.

3. Kanis JA et al. Clinical assessment of low bone mass, quality and
architecture. Osteoporosis International, 1999, 9(suppl. 2):S24–S28.

4. Genant HK et al. Non invasive assessment of bone mineral and structure:
state of the art. Journal of Bone and Mineral Research, 1996, 11:707–730.

5. Glüer CC. Quantitative ultrasound techniques for the assessment of
osteoporosis: expert agreement on current status. The International
Quantitative Ultrasound Consensus Group. Journal of Bone and Mineral
Research, 1997, 12:1280–1288.

6. Gregg EW et al. The epidemiology of quantitative ultrasound. A review of
the relationship with bone mass, osteoporosis and fracture risk.
Osteoporosis International, 1997, 7:89–99.

7. Porter RW et al. Prediction of hip fractures in elderly women; a prospective
study. British Medical Journal, 1990, 301:638–641.

8. Hans D et al. Ultrasonographic heel measurements to predict hip fracture in
elderly women: the EPIDOS prospective study. Lancet, 1996, 348:511–514.

9. Genant HK et al. Qualitative computed tomography of vertebral spongiosa:
a sensitive method for detecting early bone loss after oophorectomy. Annals
of Internal Medicine, 1982, 97:699–705.

10. Lang T et al. Non-invasive assessment of bone density and structure using
computed tomography and magnetic resonance. Bone, 1998, 2:149–153.

11. Ruegsegger P et al. Quantification of bone mineralisation using computed
tomography. Radiology, 1976, 121:93–97.

12. Exton-Smith AN et al. Method for measuring quantity of bone. Lancet, 1969,
2:1153–1154.

13. Bonjour JP, Rizzoli R. Bone acquisition in adolescence. In: Marcus R,
Feldman D, Kelsey J, eds. Osteoporosis. San Diego, CA, Academic Press,
1996:465–476.

14. Assessment of fracture risk and its application to screening for
postmenopausal osteoporosis. Report of a WHO Study Group. Geneva,
World Health Organization, 1994 (WHO Technical Report Series, No. 843).

15. Kanis JA et al. The diagnosis of osteoporosis. Journal of Bone and Mineral
Research, 1994, 9:1137–1141.

16. Melton LJ et al. How many women have osteoporosis. Journal of Bone
Mineral Research, 1992, 7:1005–1010.

17. Kanis JA, Glüer CC. An update on the diagnosis and assessment of
osteoporosis with densitometry. Committee of Scientific Advisors,
International Osteoporosis Foundation. Osteoporosis International, 2000,
11:192–202.

PMO text 8/11/04, 9:58 AM81



82

G

18. Kroger H et al. Bone density reduction in various measurement sites in men
and women with osteoporotic fractures of spine and hip: the European
quantitation of osteoporosis study. Calcified Tissue International, 1999,
64:191–199.

19. Gregg EW et al. The epidemiology of quantitative ultrasound: a review of
the relationships with bone mass, osteoporosis and fracture risk.
Osteoporosis International, 1997, 7:89–99.

20. Simmons AD et al. The effects of standardization and reference values on
patient classification for spine and femur dual-energy X-ray absorptiometry.
Osteoporosis International, 1997, 7:200–206.

21. Faulkner KG, von Stetten E, Miller P. Discordance in patient classification
using T-scores. Journal of Clinical Densitometry, 1999, 2:343–350.

22. Arlot ME et al. Apparent pre- and postmenopausal bone loss evaluated by
DXA at different skeletal sites in women: the OFELY cohort. Journal of Bone
Mineral Research, 1997, 12:683–690.

23. Grampp S et al. Comparisons of non-invasive bone mineral measurement
in assessing age-related loss, fracture discrimination, and diagnostic
classification. Journal of Bone and Mineral Research, 1997, 12:697–711.

24. Sosa M et al. The range of bone mineral density in healthy Canarian women
by dual x-ray absorptiometry, radiography and quantitative computer
tomography. Journal of Clinical Densitometry, 1998, 1:385–393.

25. Marshall D, Johnell O, Wedel H. Meta-analysis of how well measures of
bone mineral density predict occurrence of osteoporotic fractures. British
Medical Journal, 1996, 312:1254–1259.

26. Kanis JA. An update on the diagnosis of osteoporosis. Current
Rheumatology Reports, 1999, 2:62–66.

27. DeLaet CED et al. Bone density and risk of hip fracture in men and
women: cross sectional analysis. British Medical Journal, 1997, 315:
221–225.

28. DeLaet CEDH et al. Hip fracture prediction in elderly men and women:
validation in the Rotterdam Study. Journal of Bone and Mineral Research,
1998, 13:1587–1593.

29. Wasnich RD, Davis JW, Ross PD. Spine fracture risk is predicted by non-
spine fractures. Osteoporosis International, 1994, 4:1–5.

30. DeLaet CEDH et al. Risk indicators for incident vertebral fractures in men
and women: the Rotterdam Study. Journal of Bone Mineral Research, 2003,
in press.

31. Melton LJ et al. Bone density and fracture risk in men. Journal of Bone and
Mineral Research, 1999, 13:1915–1923.

32. Kanis JA et al. Guidelines for diagnosis and management of osteoporosis.
The European Foundation for Osteoporosis and Bone Disease. Osteoporosis
International, 1997, 7:390–406.

33. Cooper C, Aihie A. Osteoporosis: recent advances in pathogenesis and
treatment. Quarterly Journal of Medicine, 1994, 87:203–209.

PMO text 8/11/04, 9:58 AM82



83

G

34. Cummings SR et al. Bone density at various sites for prediction of hip
fractures. The Study of Osteoporotic Fractures Research Group. Lancet,
1993, 341:72–75.

35. Ross PD et al. Predicting vertebral fracture incidence from prevalent
fractures and bone density among non-black, osteoporotic women.
Osteoporosis International, 1993, 3:120–126.

36. Ross P et al. Predicting vertebral deformity using bone densitometry
at various skeletal sites and calcaneous ultrasound. Bone, 1995,
16:325–332.

37. Heaney RP, Kanis JA. The interpretation and utility of ultrasound
measurements of bone. Bone, 1996, 18:491–492.

38. Kanis JA. Assessment of bone mass. In: Textbook of osteoporosis. Oxford,
Blackwell Science, 1996:226–278.

39. Delmas PD. Biochemical markers of bone turnover in osteoporosis. In:
Riggs BL, Melton LJ, eds. Osteoporosis: etiology, diagnosis and
management. New York, NY, Raven Press, 1998:297.

40. Riis BJ. The role of bone loss. American Journal of Medicine, 1995,
98:29–32.

41. Hansen M et al. Role of peak bone mass and bone loss in postmenopausal
osteoporosis: 12-year study. British Medical Journal, 1991, 303:961–964.

42. Garnero P et al. Markers of bone turnover predict hip fractures in elderly
women. The EPIDOS prospective study. Journal of Bone and Mineral
Research, 1996, 11:1531–1538.

43. Johnell O et al. Risk factors for hip fracture in European women: The
MEDOS Study. Mediterranean Osteoporosis Study. Journal of Bone and
Mineral Research, 1995, 10:1802–1815.

44. Cummings SR et al. Risk factors for hip fracture in white women. New
England Journal of Medicine, 1995, 332:767–773.

45. Compston JE. Risk factors for osteoporosis. Clinical Endocrinology, 1992,
36:223–224.

46. Ribot C et al. Assessment of the risk of postmenopausal osteoporosis using
clinical risk factors. Clinical Endocrinology, 1992, 36:225–228.

47. Kanis JA, McCloskey EV. Evaluation of the risk of hip fracture. Bone, 1996,
18:127–132.

48. van Staa TP. Pharmacoepidemiologic risk evaluation in bone diseases
[Dissertation]. Utrecht, University of Utrecht, 1999.

49. Poor G et al. Predictors of hip fractures in elderly men. Journal of Bone and
Mineral Research, 1995, 10:1900–1907.

50. Stanley HL et al. Does hypogonadism contribute to the occurrence of a
minimal trauma hip fracture in elderly men? Journal of American Geriatric
Society, 1991, 39:766–771.

51. Kanis JA et al. Risk factors for hip fracture in men from southern Europe:
the MEDOS study. Mediterranean Osteoporosis Study. Osteoporosis
International, 1999, 9:45–54.

PMO text 8/11/04, 9:58 AM83



84

G

52. Nguyen T et al. Prediction of osteoporotic fractures by postural instability
and bone density. British Medical Journal, 1993, 307:1111–1115.

53. Francis RM et al. Spinal osteoporosis in men. Bone and Mineral, 1989,
5:347–357.

54. Baillie SP et al. Pathogenesis of vertebral crush fractures in men. Age and
Ageing, 1992, 21:139–141.

55. Seeman E et al. Risk factors for spinal osteoporosis in men. American
Journal of Medicine, 1983, 75:977–983.

56. Scane AC et al. Case-control study of vertebral fractures in men. Age and
Ageing, 1996, 25:6.

57. Kanis JA et al. Risk of hip fracture in Sweden according to relative risk: an
analysis applied to the population of Sweden. Osteoporosis International,
2000, 11:120–127.

58. Gardsell P, Johnell O, Nilsson BE. Predicting fractures using forearm bone
densitometry. Calcified Tissue International, 1989, 44:235–242.

59. Dargent-Molina P et al. Fall-related factors and risk of hip fracture: the
EPIDOS prospective study. Lancet, 1996, 348:145–149.

60. Lauritzen JB et al. Radial and humeral fractures as predictors of
subsequent hip, radial or humeral fractures in women and their seasonal
variation. Osteoporosis International, 1993, 3:133–137.

61. National Osteoporosis Foundation. Analyses of the effectiveness and
cost of screening and treatment strategies for osteoporosis: a basis for
development of practice guidelines. Osteoporosis International, 1998,
8:1–88.

62. Clinical guidelines for the prevention and treatment of osteoporosis. London,
Royal College of Physicians, 1999.

63. Faulkner KG et al. Simple measurement of femoral geometry predicts hip
fracture: the study of osteoporotic fractures. Journal of Bone Mineral
Research, 1993, 8:1211–1217.

64. Michelotti J, Clark J. Femoral neck length and hip fracture risk. Journal of
Bone Mineral Research, 1999, 14:1714–1720.

65. Kanis JA et al. Prediction of fracture from low bone mineral density
measurements overestimates risk. Bone, 2000, 26:387–391.

66. Garnero P et al. Do markers of bone resorption add to bone mineral density
and ultrasonographic heel measurement for the prediction of hip fracture in
elderly women? The EPIDOS prospective study. Osteoporosis International,
1998, 8:563–569.

67. Johnell O et al. Assessment of fracture risk from bone mineral density and
bone markers. In: Eastell R et al., eds. Biochemical markers of bone
metabolism. London, Martin Dunitz, 2001:197–201.

68. Jonsson B et al. Effect and offset of effect of treatments for hip fracture on
health outcomes. Osteoporosis International, 1999, 10:193–199.

69. Compston JE, Cooper C, Kanis JA. Bone densitometry in clinical practice.
British Medical Journal, 1995, 310:1507–1510.

PMO text 8/11/04, 9:58 AM84



85

G

70. Kanis JA, Torgerson D, Cooper C. Comparison of the European and US
practice guidelines for osteoporosis. Trends in Endocrinology & Metabolism,
2000, 11:28–32.

71. Suman VJ et al. A nomogram for predicting lifetime hip fracture risk from
radius bone mineral density and age. Bone, 1993, 14:843–846.

72. Cooper C. Epidemiology and definition of osteoporosis. In: Compston JE,
ed. Osteoporosis. New perspectives on causes, prevention and treatment.
London, Royal College of Physicians of London, 1996:1–10.

73. Kanis JA, Pitt FA. Epidemiology of osteoporosis. Bone, 1992,
13(suppl.): S7–S15.

74. Oden A et al. Lifetime risk of hip fracture is underestimated. Osteoporosis
International, 1999, 8:599–603.

75. Elffors I et al. The variable incidence of hip fracture in southern Europe: the
MEDOS Study. Osteoporosis International, 1994, 4:253–263.

76. Johnell O et al. The apparent incidence of hip fracture in Europe: a study of
national register sources. Osteoporosis International, 1992, 2:298–302.

77. Johnell O, Gullberg B, Kanis JA. The hospital burden of vertebral fracture in
Europe: a study of national register sources. Osteoporosis International,
1997, 7:138–144.

78. Gullberg B, Johnell O, Kanis JA. Worldwide projections for hip fracture.
Osteoporosis International, 1997, 7:407–413.

79. Bagur A, Mautalen C, Rubin Z. Epidemiology of hip fractures in an urban
population of central Argentina. Osteoporosis International, 1994, 4:332–
335.

PMO text 8/11/04, 9:58 AM85



86

G

5. Prevention and treatment

5.1 Introduction

A large number of bone-active agents have been used to treat
osteoporosis, and patterns of use vary greatly from country to coun-
try. For example, fluoride is widely used in Germany, but is not
licensed for use in the United Kingdom or the USA. Calcitonin is
available in many countries, but is used mainly in Japan and the USA.
The wide differences in prescribing practices pose problems in de-
scribing the treatment of osteoporosis in a manner appropriate for all
countries. Moreover, few comparative studies of different treatments
have been conducted so that it is difficult to decide which are the most
effective. The choice of agent will depend not only on effective-
ness but also on other considerations such as side-effects, cost and
availability.

In the management of many diseases, the strategies used are classified
as primary, secondary or tertiary prevention, depending on the extent
to which the individual being treated already manifests the condition.
In this context, the aims of intervention are to prevent bone loss in
individuals at risk of osteoporosis or in patients with osteoporosis.
Treatments may be aimed at maintaining bone mass or rectifying
skeletal deficits and architectural abnormalities, though in practice
the latter remains experimental. The objectives are the same — to
reduce the incidence of osteoporotic fractures. Interventions may be
directed at specific populations e.g. postmenopausal women, men,
and people with osteoporosis due to secondary causes. All these
distinctions are somewhat artificial for a number of reasons. First, loss
of bone mass is almost universal in older people, and about 50% of
postmenopausal women will eventually sustain a fracture of some
kind. Many vertebral fractures are asymptomatic, and the definition
of a vertebral fracture remains the subject of controversy. The distinc-
tion between those who already manifest the condition (i.e. have
fractures) and those who are at risk, therefore becomes blurred.
Second, osteoporosis is defined operationally by BMD, which again
blurs the distinction between those with the clinical consequences of
osteoporosis and those merely at risk, since diagnostic thresholds
derived from continuous variables are arbitrary. Third, the difference
between prevention and treatment is difficult to define because the
same interventions are used for both purposes. For example, an early
postmenopausal woman who also has already had several fractures
will be given the same advice on exercise, calcium intake and smoking
cessation, and may be offered similar drugs. Nevertheless, some
agents may be more suitable for younger women at the menopause,

PMO text 8/11/04, 9:58 AM86



87

G

whereas others may be more suitable for the elderly. For these rea-
sons, the prevention and treatment of osteoporosis are discussed
together in this section.

The choice of intervention and the cost-effectiveness of any manage-
ment strategy will be determined partly by the absolute fracture risk.
Thus, younger people in whom short-term fracture risk is low are
probably best served by the recommendations on lifestyle outlined
below, whereas pharmacological interventions are indicated in those
at higher risk. The management of osteoporosis is intended to prevent
either the first or any subsequent fracture by maximizing skeletal
strength and/or minimizing skeletal trauma (see section 2.5). Changes
in lifestyle, e.g. in nutrition, exercise and avoidance of immobility, are
helpful, but individuals at high fracture risk will often also require
pharmacological interventions. Possible methods of achieving these
goals are reviewed in this section.

5.2 Non-pharmacological interventions

Skeletal strength in later life, when fracture risk is highest, is deter-
mined by the accrual of skeletal mass during childhood and adoles-
cence, the extent to which peak bone mass is maintained during young
adulthood, and the amount of bone lost in later life. Because these
processes differ in each of these periods, and because it is theoreti-
cally possible that lifestyle factors may vary in importance from one
period to another, the role of various lifestyle interventions should be
assessed for each period. Thus lifestyle interventions directed at chil-
dren will be delivered in quite a different way from those directed at
adults. Nevertheless, all non-pharmacological interventions through-
out the lifespan will have something in common. Attention has been
focused on the role of diet (particularly calcium intake), exercise (as
an anabolic stimulus and to optimize skeletal load-bearing efficiency),
the maintenance of body weight, the timely onset of puberty, the
maintenance of sex hormone production during adulthood, and the
avoidance of skeletal insults (e.g. smoking, high alcohol intake, gluco-
corticoid drugs, etc.). Many of these are relevant at all ages (e.g.
calcium intake and exercise), whereas others tend to be more impor-
tant at particular stages of the life-cycle.

5.2.1 Diet
Calcium
Calcium is absorbed in the duodenum by an active mechanism regu-
lated by 1a,25-dihydroxycholecalciferol, and also passively in the
more distal bowel. The efficiency of absorption declines with age. The
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calcium content of some common foods is shown in Table 18. In
addition, in some areas, water (including some bottled mineral
waters) may supply several hundred mg of calcium per litre.

Childhood and adolescence. If calcium intake during childhood and
adolescence was a limiting factor for bone accrual, optimization of
intake could have a substantial impact on peak bone density and the
subsequent risk of osteoporotic fractures in old age. In a number of
cross-sectional studies, the effects of dietary calcium intake on the
bone density of young subjects has been assessed. These have often
found that bone density is weakly related to calcium intake, but the
relationship is not consistently statistically significant (1–3). There
have also been studies on the effect of calcium supplementation on
bone accrual in the young. Retrospective studies in which the bone
density of older individuals has been assessed in relation to their

Table 18
Calcium content of some common foods

Food Calcium content Calcium per
(mg/100g) serving (mg)

Whole milk:
Cow 120 280
Goat 150 360

Skim milk 130 300
Yoghurt 130 260
Ice cream 140 100
Cheese:

Hard 600–1000 150–250
Soft 300–400 80–100

Cottage cheese 60 15
Broccoli, cabbage 80 80
Cauliflower, lettuce 20 10
Small fish (e.g. sardines, including bones) 460 280
Nuts (cashews/almonds) 40–250 260
Tofu 105
Bread:

European 30–40 10
Arabic 60–90 15–20

Vine leaves 390 18
Rice 9 96
Semolina 48
Seeds

Sesame 1200
Watermelon 50
Pine 14
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recalled calcium intake earlier in their lives have fairly consistently
shown positive correlations between calcium intake earlier in life and
adult bone density (4–6).

Giving calcium supplements to neonates, children and adolescents
produces statistically significant increases in bone density (7–11), but
these increases are generally of the order of only 1% of baseline bone
density, and are consistent with the calcium supplement causing a
reduction in bone remodelling space rather than a sustained incre-
ment in bone accretion. Thus of four studies in children followed up
after stopping calcium supplementation, none showed any residual
effect of the supplements, suggesting that the initially observed ben-
efit was a remodelling transient (12–15). In contrast, one study did
show some persisting benefit after the conclusion of a 1-year food-
based intervention (7). Determining the extent to which such tran-
sients contributed to the results of the other studies will require larger
studies of longer duration, extending from childhood to early adult
life.

The baseline calcium intake is also important in assessing the re-
sponse to calcium. Sustained beneficial effects are more likely to
occur in subjects with low calcium intakes (7). Thus, the widespread
use of calcium supplementation in young people consuming a bal-
anced Western diet is hard to justify at present. In those with very
low calcium intakes, either by choice or because of intolerance of
dairy products, dietary modification or calcium supplementation is
advisable.

Adults. There is some evidence that calcium supplementation in
young women before the menopause is beneficial, but most research
on the effects of calcium intake on bone has been in postmenopausal
subjects. The considerable, but often contradictory observational
data can now be replaced by the increasing amount of data from more
than 20 randomized controlled trials, most of which have recently
been reviewed and tabulated (16). Almost all of these studies show a
small increase in BMD (~1%) in calcium-treated subjects. In the great
majority of these studies, this increase is statistically significant at one
or more skeletal sites (e.g. the forearm, spine, proximal femur or total
body). The benefits appear to be more marked in late postmeno-
pausal life than at the perimenopause (17), although some studies
have found beneficial effects in this latter group also (18). The greater
variation in rates of bone loss in perimenopausal women may obscure
the relatively small effect of calcium supplementation. Some studies
have reported that such effects are greater in those on lower calcium
intakes (17).
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A number of studies have suggested that the beneficial effect of
calcium supplements is most marked in the first year of treatment,
particularly at the sites where cancellous bone predominates (19).
This effect is probably the result of a fall in circulating PTH concen-
trations, which decreases the number of bone remodelling units on
the surface of cancellous bone. However, there is also a smaller re-
sidual positive effect on BMD of about 0.25% per year after the first
year (19). If this were to continue over 30 years of postmenopausal
life, a cumulative benefit of 7.5% would be expected, which would
reduce fracture risk by about one-third. Furthermore, three studies
have found a significant effect of calcium monotherapy on fracture
incidence despite observed between-group differences in bone den-
sity of <2% (19–21). However, when all randomized clinical trials
reporting fractures are meta-analysed, calcium supplementation is
associated with a relative risk (RR) of vertebral fracture of 0.77 (95%
confidence interval [CI] 0.54–1.09) and a relative risk of non-vertebral
fracture of 0.86 (95% CI 0.43–1.72) (22). A large, international case–
control study found that hip fractures were less frequent in those
receiving calcium supplements (RR 0.75, 95% CI 0.60–0.94) (23).

Based on this evidence, a number of agencies have adopted re-
commendations for dietary calcium intake throughout life (see
Table 19). These vary widely from country to country, reflecting some
of the scientific uncertainties (24). The fractional absorption of cal-
cium from dairy products is higher than that from vegetables, and
cheese may be marginally superior to milk in this respect (25).

Table 19
Recommended dietary calcium intakes

Recommending Body Population Age (years) Intake (mg/day)

Institute of Medicine 0–0.5 210
(USA): Adequate 0.5–1.0 270
intake for calcium 1–3 500
(1997) 4–8 800

9–13 1300
14–18 1300
19–30 1000
31–50 1000
51–70 1200
>70 1200

Pregnant females 18 1300
19–50 1000

Lactating females 18 1300
19–50 1000
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Table 19 (continued)
Recommended dietary calcium intakes

Recommending Body Population Age (years) Intake (mg/day)

European Community 6–11 months 400
1–3 years 400

4–6 450
7–10 550

Male adolescents 11–17 1000
Female adolescents 11–17 800
Adults (both sexes) PRI 700

AR 550
LTI 400

Pregnant females 700
Lactating females 1200

National Institute of Infants 0–0.5 400
Health (USA): 0.5–1.0 600
optimal calcium Children 1–5 800
intake (1994) 6–10 800–1200

Males 11–24 1200–1500
25–65 1000
>65 1500

Females 11–24 1200–1500
25–50 1000
50–65 1500
>65 1500

Females using estrogen 50–65 1000
Pregnant females 1200
Lactating females 1200

Nordic nutrition Infants 0–0.5 360
recommendations 0.5–1.0 540
(1996) Children 1–3 600

4–6 600
7–10 700

Males 11–20 900
20–60 800
>60 800

Females 11–20 900
20–60 800
>60a 800

Pregnant females 900
Lactating females 1200

PRI, Population reference intake (intake sufficient for practically all healthy people in a
population); AR, average requirements; LTI, lowest threshold limit (intake below which, based on
current knowledge, almost all individuals will be unlikely to maintain metabolic integrity
according to criterion chosen).
a Supplementation with 500–1000mg/day may delay bone loss.
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Calcium supplements are generally well tolerated and reports of sig-
nificant side-effects are rare (26), but some individuals complain of
constipation when taking them. The possibility that high calcium
intakes might lead to urinary calculi in susceptible subjects was a
cause for concern, and it was found in an observational study that
whereas dietary calcium intake was inversely related to the risk of
stone formation, the use of calcium supplements increased this risk by
20% (27). This apparent inconsistency may arise from the reduction
in intestinal oxalate absorption that occurs when calcium is taken with
meals. It has been suggested that high calcium intakes are associated
with a reduced risk of colorectal cancer (28), reduced blood pressure
(29) and reduced serum lipid concentrations (30), but these associa-
tions require further investigation.

Vitamin D
Vitamin D3, or cholecalciferol, is produced in the skin as a result of the
action of ultraviolet light on 7-dehydrocholesterol. The efficiency of
this conversion is reduced with age, skin pigmentation, and poten-
tially with the extensive use of sunscreens applied on the skin. Where
foods are not fortified, the diet is relatively unimportant in determin-
ing vitamin D status, the principal dietary source being fatty fish and
the oils derived from them. Severe and marked vitamin D deficiency
still occurs in many regions of the world, causing rickets in childhood
and osteomalacia in adults. Recently it has been increasingly recog-
nized that vitamin D insufficiency is common in the elderly, and
particularly those who are no longer fully independent and therefore
less exposed to sunlight. This problem is greater at higher latitudes. In
addition, vitamin D insufficiency leads to secondary hyperparathy-
roidism and consequently to greater bone loss. It also impairs muscle
metabolism and may increase the likelihood of falls.

When nutritional status with regard to vitamin D is assessed, the
“normal” range — which varies with latitude — may not necessarily
be optimal. It has been shown (31) that vitamin D supplementation
suppressed levels of PTH only in subjects whose baseline serum 25-
hydroxycholecalciferol was less than 50nmol/l (20mg/l). This suggests
that 50nmol/l is an appropriate threshold concentration for serum
25-hydroxycholecalciferol, below which individuals are at risk. How-
ever, some cross-sectional studies suggest that this threshold may be
as high as 100nmol/l (40mg/l) (32).

Physiological supplements of calciferol (e.g. 400–800IU/day) reduce
PTH concentrations in elderly subjects and increase bone density,
particularly at the femoral neck (33–36). Similar changes in biochemi-
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cal end-points have been reported with regular exposure to sunlight
for 15–30 minutes daily (35). The effect of calciferol supplementation
alone on fracture rates has been assessed in two large studies. In the
first (36), no difference in fracture incidence was found in 2578 Dutch
men and women over the age of 70 years randomized to calciferol
400 IU/day or placebo. In the second (37), however, 150000 IU of
vitamin D annually reduced symptomatic fracture rates by 25% in a
cohort of 800 elderly subjects in Finland. In another study, in which
calcium was co-administered with calciferol to elderly subjects (38), a
reduction of more than one-quarter in all non-vertebral and hip frac-
ture rates was reported in a cohort of 3000 elderly women given
800 IU of vitamin D and 1200mg of calcium daily over a period of 3
years. A further randomized study comparing calcium (500mg/d) plus
vitamin D (700IU/d) to placebo in 400 older men and women showed
a reduction in non-vertebral fracture rates of more than one-half (39).
Whether the calcium, the vitamin D or both together were respon-
sible for reducing fracture rates is impossible to determine, though
the most consistent results are in the two studies that used calcium
plus vitamin D in the elderly (38, 39) (RRs of 0.45 and 0.75 in the
respective studies, P < 0.05 for each). These studies show that it may
be possible to markedly reduce morbidity in the elderly by means of
a safe and inexpensive intervention.

Vitamin D supplements appear to produce no benefit in early post-
menopausal women who are vitamin D replete (40). Their use as a
physiological supplement is fundamentally different from the use of
high doses of calciferol or 1a-hydroxylated derivatives of vitamin D
to manipulate intestinal calcium absorption pharmacologically. These
agents bypass the normal homeostatic control of vitamin D metabo-
lism and therefore incur a significant risk of hypercalcaemia and
hypercalciuria. The use of pharmacological doses of calciferol has not
been demonstrated to confer any beneficial effects on bone density
(41).

In conclusion, suboptimal vitamin D status is very common in the
elderly, mainly because of reduced exposure to sunlight. A daily
intake of 400–800 IU of vitamin D is a straightforward, safe and
inexpensive means of prevention.

Other dietary factors
While much research has been focused on calcium intake, other di-
etary components may also be important. High intakes of protein,
sodium and caffeine have all been reported to increase urinary
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calcium loss in young adults, though reductions in bone density or
elevations in fracture risk as a result have not been consistently dem-
onstrated (see section 3.5).

Among the elderly, however, malnutrition does occur, e.g. as a result
of a reduction in spontaneous food intake, malabsorption and inter-
current illness (42). The most common nutritional deficiency in the
elderly is protein–energy malnutrition. Ageing is associated with a
reduction in lean body mass which, combined with a decrease in
physical activity, results in a significant decrease in energy require-
ments with advancing age (43, 44). In contrast to energy require-
ments, however, the need for other nutrients does not decline
significantly with age. Whereas the recommended dietary allowance
of protein in young adults is 0.8g/kg of body weight, studies in the
elderly have shown that, even when healthy, their requirement for
protein is modestly increased, and a daily intake of 1g/kg is recom-
mended. Protein intake is therefore often inadequate in the elderly
and protein restriction may be inappropriate.

In addition, randomized controlled trials have shown that protein
supplementation in patients with recent hip fractures reduces subse-
quent bone loss and shortens hospital stays (45, 46). The clinical
outcome is significantly improved by a daily oral protein supplement
that normalizes protein intake, as shown by a reduction in complica-
tions such as bedsores, severe anaemia, and intercurrent lung or renal
infections, and in the median duration of hospital stay (47). Other
studies have confirmed normalization of protein intake, indepen-
dently of energy, calcium or vitamin D, is responsible for this im-
proved outcome (48).

It is possible that phytoestrogens, plant products with variable estro-
gen-like actions, may have a role in preventing postmenopausal
osteoporosis. Laboratory and animal studies indicate that these com-
pounds have beneficial effects on bone, but data from substantial
clinical trials are not yet available. Low intakes of vitamin K may also
increase the risk of hip fracture in women (49).

5.2.2 Exercise

The marked bone loss that follows skeletal disuse, e.g. in an immobi-
lized limb or during prolonged bed-rest (see section 3.5.6), suggests
that exercise may stimulate skeletal growth. In addition, a large num-
ber of cross-sectional studies in both sexes and at all stages of life have
shown that bone density depends on customary activity levels (6).
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However, such studies may be misleading since it is not clear whether
physical attributes determine activity levels or the other way round,
e.g. individuals with large muscles and therefore large bones, are
more likely to take up weightlifting or other physically demanding
pastimes.

While bone density is related to exercise levels, it is much less clear
that customary exercise levels affect fracture risk. The European
Vertebral Osteoporosis Study (EVOS) (50) suggested that high levels
of physical activity were associated with increased risk of fracture in
men, though the opposite was true in women. In contrast, the Tromso
study (51) suggested that high levels of physical activity were protec-
tive against axial fractures in middle-aged men but not in women. The
Study of Osteoporotic Fractures (SOF) (52) found that high levels of
physical activity were associated with fewer hip fractures, but were
unrelated to the risk of wrist or vertebral fractures. The interpretation
of the results of these observational studies is complicated by the
interaction of the effects of exercise on bone density, on the one hand,
and on exposure to skeletal trauma on the other.

Because of the difficulties associated with observational studies men-
tioned above, randomized controlled studies have been used to deter-
mine the effects of exercise on bone. Such studies in prepubertal girls
(53), premenopausal and postmenopausal women (54), and men (55)
have found that exercise does have beneficial skeletal effects. Meta-
analysis (56) of the effects of exercise on lumbar spine BMD showed
a 1.6% (95% CI 1.0–2.2%) benefit on bone loss from impact exercise,
and a 1.0% (95% CI 0.4%–1.6%) benefit from non-impact pro-
grammes in postmenopausal women. Results for premenopausal
women were similar (1.5% [95% CI 0.6%–2.4%] benefit after impact
exercise and 1.2% [95% CI 0.7%–1.7%] after non-impact exercise).
Impact exercise programmes appeared to have a positive effect at
the femoral neck in postmenopausal women (1.0%, 95% CI 0.4%–
1.6%) and possibly in premenopausal women (0.9%, 95% CI 0.2%–
2.0%). There were too few trials to draw conclusions from
meta-analyses of the effect of non-impact exercise on BMD of the
femoral neck.

These small benefits appear to be lost if individuals revert to an
inactive lifestyle (57). Long-term compliance with intensive exercise
regimens may also be poor. Drop-out rates approaching 50% have
been recorded in some long-term clinical trials, and higher drop-out
rates would be expected in the general population. In addition, some
studies have found an increase in falls in subjects participating
in exercise programmes (58). These factors suggest that such
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programmes in older individuals will only have a small impact on
fracture rates, and that the principal contribution of exercise may be
to maintain muscle strength and thus prevent falls (see section 5.5).

The skeleton appears to be most susceptible to the benefits of exercise
in childhood and adolescence. One randomized controlled trial in
premenarcheal girls reported a 10% increase in femoral neck bone
density among exercisers (53), and observational studies in which
bone density in the playing arm of tennis and squash players was
compared with that in the other arm, confirm that intense exercise
during growth can result in residual skeletal benefits of this magnitude
(59). Based on these findings, moderate physical activity should be
encouraged throughout life but should be particularly emphasized
during childhood and adolescence — the rapid expansion of elec-
tronic entertainment for children is a significant cause for concern in
this regard. However, there is, as yet, no randomized controlled trial
evidence that exercise prevents fractures. While exercise should be
encouraged, it is not by itself an adequate therapy for those at high
risk of fractures.

5.2.3 Other measures

Other lifestyle changes may also improve skeletal health, including
cessation of smoking (section 3.5.7), avoidance of excessive alcohol
consumption (section 3.5.8), and the maintenance of ideal body
weight (see section 3.5.9). High body weight is associated with early
puberty, particularly in girls. Delayed puberty in either sex is associ-
ated with persisting deficits in BMD throughout life.

5.3 Pharmacological interventions in postmenopausal
osteoporosis

Several pharmacological agents have been approved or are being
evaluated for the treatment of osteoporosis, and beneficial effects of
these agents on bone turnover and/or BMD in postmenopausal
women with or without prevalent fractures have been reported. How-
ever, adequate randomized controlled studies of their effects on frac-
ture rates are not available for all agents. Available therapies include
estrogens, estrogen derivatives and selective estrogen receptor modu-
lators (SERMs), bisphosphonates, vitamin D and its analogues, and
calcitonin. These act mainly by reducing bone resorption and bone
turnover. The results of studies of the effects of antiresorptive agents
on fracture incidence are summarized in the following sections. All
patients undergoing pharmacological treatment for osteoporosis
should be calcium and vitamin D replete. Finally, these studies were
performed mainly in women with postmenopausal osteoporosis, and
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their results cannot necessarily be extrapolated to men or to patients
with other forms of osteoporosis. The evidence for the efficacy of the
various therapies is summarized in Table 20. The different levels of
evidence shown do not imply that one treatment is better than an-
other, and comparisons between treatments have been made in only
a few studies. Rather, the levels of evidence reflect the quality of the
information on which efficacy is judged.

5.3.1 Estrogens

A wealth of evidence indicates that estrogens reduce bone turnover
and prevent bone loss. Calcium supplementation amplifies this effect
(60). Estrogen receptors have been demonstrated on osteoblasts and
on other cells in the bone microenvironment but the precise mecha-
nism of estrogen action is still unclear.

Many large observational studies have provided evidence of the anti-
fracture efficacy of estrogens (61–67). However, fracture data from
randomized, controlled trials in women with osteoporosis are scarce.
A 10-year intervention study of 100 oophorectomized women found
that estrogen reduced height loss and the number of vertebral

Table 20
Evidence for the efficacy of therapies in osteoporosis

Intervention BMD Vertebral Non-vertebral Hip fracture
fracture fracture

Calcium A B B D
Calcium + vitamin D A — A A
Estrogens A A A A
Tibolone A — — —
Alendronate A A A A
Etidronate A B D D
Risedronate A A A A
Ibandronate A — — —
Calcitonin A C C D
Fluoride A C — —
Anabolic steroids A — — D
Calcitriol C C C —
Alfacalcidol C C — D
Raloxifene A A — —
Ipriflavone B — — —
Menatetrenone B B — —

Evidence A, positive evidence from one or more, adequately powered, randomized controlled
trials; B, positive evidence from smaller non-definitive randomized controlled trials; C,
inconsistent results from randomized controlled trials; D, positive results from observational
studies; —, efficacy not established or not tested.
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fractures (68). Another controlled study in 164 women found no
fractures in the hormone replacement group and seven fractures in
the placebo group during 10 years of treatment (69). In a 1-year study
of the effect of transdermal estrogen and oral progesterone on the
incidence of fractures in 75 women with one or more prior vertebral
fractures (70), the incidence of new vertebral fractures was signi-
ficantly reduced (8 in the estrogen group versus 20 in the placebo
group) but not the number of patients with new fractures (7 versus 12,
respectively). A randomized controlled trial in 464 early postmeno-
pausal women reported a reduction in the incidence of non-vertebral
fractures in those taking hormone replacement therapy (HRT) with
vitamin D (71). Although no anti-fracture effect was found in a large
study of HRT in women with pre-existing cardiovascular disease (72)
a much larger clinical trial of 16000 women followed for 5 years
showed a significant effect on a number of fracture end-points (hazard
ratios for hip and vertebral fractures were both 0.66, and that for any
fracture was 0.76, P < 0.05 for each) (73). These studies together with
the observational data indicate that estrogens are an effective treat-
ment for osteoporosis.

The optimal duration of estrogen treatment for skeletal health is not
known, but observational data indicate that antifracture efficacy is
reduced or lost 10 to 15 years after stopping treatment. This suggests
that, as with other antiresorptive agents, long-term, continuous or
intermittent treatment is required to achieve optimal effects. A vari-
ety of female hormone preparations are available, but all appear to
have comparable effects on bone density if given in appropriate
doses. Whether the addition of a progestin increases the effect of
estrogen on bone is unclear (74, 75), although norethisterone, which
has a mixture of progesteronic, estrogenic, and androgenic effects,
does have positive effects on BMD (76).

Estrogen affects many tissues other than the skeleton. Epidemiologi-
cal evidence has suggested that it may reduce the risk of cardiovascu-
lar disease (77), but recent randomized controlled trials have not
confirmed this and have suggested an increase in risk (72, 73). Uncer-
tainty surrounds the effects of estrogen on cognitive function in
women with and without Alzheimer disease (78). However, estrogen
use for more than 5 years increases breast cancer risk (73, 79). Use of
estrogen alone is known to increase endometrial cancer risk about
4-fold but the addition of continuous low-dose cyclic progesterone
essentially eliminates this risk (73, 80). Estrogen use also increases the
risk of venous thromboembolism 2- or 3-fold (71, 72). Many women
will experience the return of menstrual bleeding, breast tenderness or
headaches. These and other factors have contributed to generally
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poor continuance with estrogens. They should not usually be taken by
women with thrombophlebitis or thromboembolic disorders, breast,
uterine or other estrogen-sensitive cancers, or postmenopausal bleed-
ing of undetermined cause. Breast cancer in a first degree relative is
sometimes considered to be a contraindication to estrogen use.
Women taking estrogens should be monitored and undergo mammo-
grams and regular breast examinations.

Although the cost of estrogen is low compared with that of other
antiosteoporosis therapies of comparable efficacy, current uncertain-
ties about extraskeletal effects make the formulation of policy
difficult. All women considering the use of estrogen should be
counselled regarding its risks and benefits. Long-term use of
estrogen plus progestin appears questionable at this time, because of
the recent evidence that it results in a net increase in adverse events
(73).

5.3.2 Tibolone

Tibolone is a synthetic steroid with combined estrogenic, progestoge-
nic and androgenic properties related to variable receptor affinity of
the parent compound and its metabolites. Its effects on bone density
are comparable to those of estrogen or combined HRT (81). Its
efficacy in reducing fracture risk has not yet been assessed. It is
effective in controlling hot flushes and sweats and can also improve
mood and libido. It does not cause endometrial proliferation in a dose
of 2.5mg daily, and withdrawal bleeds are therefore comparatively
rare.

Women who receive tibolone should be at least one year postmeno-
pausal to reduce the likelihood of uterine bleeding. Women who
change from combined HRT to tibolone should be given cyclical
progestagens until withdrawal bleeding ceases. The long-term effects
of tibolone on cardiovascular morbidity have not been evaluated, but
decreases in both very low-density lipoprotein (VLDL) and low-
density lipoprotein (LDL) have been reported. The effects on high-
density lipoprotein (HDL) are modest, if any.

5.3.3 Selective estrogen receptor modulators

Raloxifene was the first selective estrogen receptor modulator
(SERM) to be approved for the treatment and prevention of post-
menopausal osteoporosis. It is a nonsteroidal benzothiophene com-
pound with tissue-specific estrogen agonist and antagonist actions. It
has beneficial effects on the skeleton and blood lipid levels, but does
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not stimulate breast or uterine tissue. The recommended dose is
60 mg/day.

In a study of 601 early postmenopausal women of mean age 55 years
randomized to raloxifene or placebo, raloxifene prevented bone loss
and induced a 1–2% gain in BMD in the spine, femoral neck, and total
body (82). All the women in the study received 400 to 600mg of
calcium daily, but raloxifene with calcium caused gains in BMD
smaller than those usually seen with estrogens or potent bis-
phosphonates combined with calcium (60). It also lowered circulating
levels of several bone turnover markers, including urinary type I
collagen C-telopeptide and serum osteocalcin, but again these reduc-
tions were smaller than those seen with estrogens or bisphosphonates
(82). In spite of the modest gains in BMD, a trial in 7703 osteoporotic
postmenopausal women with or without prior vertebral fractures
showed that raloxifene reduced the incidence of both clinical and
radiographic vertebral fractures by about 30–50% after 3 years (RR
of vertebral fracture 0.7, 95% CI 0.5–0.8, for the 60mg dose) (83). The
study did not detect an effect on non-vertebral fractures (relative risk
0.9, 95% CI 0.8–1.1).

Among its non-skeletal effects, raloxifene lowers serum LDL choles-
terol by 8–10% and total cholesterol by about 6% but, unlike estro-
gen, it does not raise HDL cholesterol levels (82). The effects on
cardiovascular disease risk are not yet defined, though post hoc analy-
ses suggest reduced vascular event rates associated with raloxifene
use in those at high baseline risk (84). Use of raloxifene over 40
months was associated with a 76% reduction in new diagnoses of
breast cancer when compared with placebo and, as seen with estro-
gens, an increase in incidence of venous thromboembolism (85).
As expected, the drug does not cause breast tenderness or pain, nor
does it induce endometrial thickening as determined by intrauterine
ultrasound, or uterine bleeding. It does increase the incidence of hot
flushes in a minority of women. The overall importance of raloxifene
for postmenopausal women with osteoporosis will depend on the
results of ongoing studies of its effects on cardiovascular disease and
breast cancer risk.

Tamoxifen, a clomiphene analogue with weak estrogenic activity and
one of the first SERMs to be developed for clinical use, is not licensed
for use in osteoporosis, but has bone-sparing activity (86) and
antifracture efficacy has been suggested (87). However, its use is
associated with an increased risk of endometrial hyperplasia and
occasionally carcinoma (88). It has been widely used in the adjuvant
treatment of breast cancer and is undergoing evaluation in breast
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cancer prevention. The use of tamoxifen (and possibly also
raloxifene) may accelerate rather than prevent bone loss in premeno-
pausal women.

5.3.4 Bisphosphonates

Bisphosphonates are synthetic analogues of pyrophosphate which
suppress bone resorption and thereby reduce bone turnover. Nitro-
gen-containing bisphosphonates, such as alendronate, risedronate
and pamidronate, may suppress bone resorption by a different
mechanism from that of etidronate or clodronate, which do not con-
tain nitrogen. A number of agents in this class have been evaluated in
clinical studies, including etidronate, alendronate, risedronate,
pamidronate, clodronate, tiludronate, ibandronate and zoledronate.
Etidronate, alendronate and risedronate are most widely used in
osteoporosis management at present.

Etidronate
Etidronate is given intermittently at 400mg daily for 2 weeks followed
by calcium 500mg daily, in 13-week cycles. The efficacy of cyclical
etidronate in preventing fractures in postmenopausal women with
prevalent vertebral fractures has been investigated in several studies
of similar design (89–91). Despite methodological problems in frac-
ture assessment and limited statistical power, the combined results of
these studies indicated that cyclical etidronate is probably effective in
preventing new vertebral fractures in postmenopausal osteoporosis
(RR 0.63, 95% CI 0.44–0.92) (22, 92). In contrast, meta-analysis does
not indicate an effect on non-vertebral fractures (RR 0.99, 95% CI
0.69–1.42), though the total number of subjects studied is inadequate
to address this question authoritatively (22, 92). There is no evidence
from randomized controlled trials of the effect of cyclical etidronate
on the risk of hip fracture, but post-marketing data suggest that it
reduces the risk of non-vertebral fractures, including those of the hip
(93). Cyclical etidronate therapy may also reduce the risk of fracture
in glucocorticoid-treated postmenopausal women (94).

Alendronate
Alendronate has been studied extensively in randomized controlled
trials. Most studies have assessed the effects of daily doses of 5 or
10 mg, though weekly doses of 70mg have recently been shown to
have effects on bone turnover and BMD comparable to those of the
daily regimens, and are now widely used. In the initial 3-year study,
alendronate was given in a range of doses to osteoporotic women
(20% of whom had prevalent vertebral deformities), it significantly
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reduced the incidence of new vertebral deformities (95). This effect
was demonstrated when, as planned, the data for all the doses used
were pooled. Its efficacy has since been investigated in two large
populations of postmenopausal women, one with and one without
pre-existing vertebral fractures (96, 97). All participants received
supplementary calcium and vitamin D. In the vertebral fracture arm
of this study (the Fracture Intervention Trial, FIT), 2027 women of
mean age 71 years and with at least one vertebral fracture were
treated with 5mg daily for 2 years and 10mg daily for the third year,
or with placebo for 3 years (96). Treatment with alendronate reduced
the incidence of clinical spine, hip and wrist fractures by about 50%
(P < 0.05 for each). The treatment also decreased the incidence of
new radiographically detected vertebral fractures from 15% over
3 years in the placebo group to 8% in the alendronate-treated group
(P < 0.05).

The efficacy of alendronate in preventing fractures has also been
investigated in 4432 postmenopausal women with no prior vertebral
fractures (97). Women with hip BMD of 0.68g/cm2 or less (by Hologic
scanner) were treated with placebo or alendronate 5mg daily for 2
years and then 10mg daily for the remainder of the 4-year trial. As in
a previous study (95), alendronate increased BMD at all measured
sites. Treatment with alendronate significantly reduced radiographic
vertebral fractures (risk ratio 0.56, 95% CI 0.39–0.80) and there was a
trend towards a reduction in all clinical fractures (risk ratio 0.86, 95%
CI 0.73–1.01). A pre-planned subset analysis of the clinical fracture
data, however, revealed that the treatment significantly reduced frac-
ture rates among women with initial T scores below -2.5 (risk ratio
0.64, 95% CI 0.50–0.82) but not among women with T scores of -2.5
and above (risk ratio 1.08, 95% CI 0.87–1.35). The Fosamax Interna-
tional Trial (FOSIT) study has demonstrated a reduction in non-
vertebral fracture incidence in postmenopausal women with a T-score
below -2.0 (98), confirming that alendronate decreases clinical frac-
ture rates in postmenopausal women with osteoporosis.

While alendronate prevents bone loss in normal postmenopausal
women (99), its efficacy in preventing fractures in this group has not
been demonstrated. It may also reduce the risk of fractures in gluco-
corticoid-treated postmenopausal women (100).

Risedronate
Risedronate has recently been shown to prevent fractures in os-
teoporotic women. In a randomized controlled trial of 2458 post-
menopausal women with one or more vertebral fractures at trial
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entry, treatment with risedronate 5mg daily reduced the incidence of
vertebral fractures by 41% (95% CI 18–58%) at the end of 3 years
(101). In the same study, risedronate also significantly lowered the
incidence of non-vertebral fractures by 39% (95% CI 6–61%). It has
been shown to decrease the risk of hip fracture in a study of 9331
elderly women (RR 0.7; 95% CI 0.6–0.9) (102). In the subgroup of
study participants with osteoporosis, the relative risk of hip fracture
was 0.6 (95% CI 0.4–0.9), but in those selected primarily on the basis
of non-skeletal risk factors, hip fracture risk was not significantly
reduced. Meta-analysis of all risedronate studies shows a relative risk
of vertebral fracture of 0.64 (95% CI 0.54–0.77), and of non-vertebral
fracture of 0.73 (95% CI 0.6–0.87) (22).

Adverse effects of bisphosphonates
Bisphosphonates are poorly absorbed by the intestine and their ab-
sorption is further reduced by food, especially if it contains calcium.
They should, therefore, be taken in the fasting state 30 to 60 minutes
before a meal and only with water. At high doses, etidronate can
cause osteomalacia. With the regimen used for osteoporosis, no clini-
cally significant osteomalacia was reported in two large studies (103,
104), although there have been anecdotal reports of histologically
confirmed osteomalacia in a small number of subjects (105, 106).
Neither alendronate nor risedronate given to patients for up to 3
years impaired mineralization of newly formed bone (101, 107).
Alendronate can cause irritation of the oesophageal and gastric
mucosa, resulting in dyspepsia, heartburn, and nausea or vomiting.
Although no differences in adverse effects between placebo and
alendronate-treated patients were observed in clinical trials, a few
cases of severe oesophagitis have been reported (108). Like
alendronate, risedronate also has a safe profile in clinical trials.
Post-marketing safety data are not yet available. Oral
aminobisphosphonates should be used with caution in patients with
oesophageal pathology (e.g. gastric reflux or achalasia) and instruc-
tions for their use should be carefully followed.

5.3.5 Calcitonin

Calcitonin is a peptide hormone with antiresorptive properties in
bone. It can be administered either by subcutaneous injection or as a
nasal spray. Nasal calcitonin reduces bone loss from the spine and hip
in postmenopausal osteoporotic women (109, 110). A randomized
prospective study of 134 women found a significant effect of intrana-
sal calcitonin on the frequency of vertebral fracture when results for
the three doses studied were combined (111). In a 5-year study of
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1255 postmenopausal women of mean age 68 years with one or more
prior vertebral fractures, nasal calcitonin 200IU daily significantly
decreased the incidence of vertebral fractures by 36% (112). How-
ever, no reduction in fracture incidence was seen in women given
either 100 or 400IU calcitonin daily. Both the calcitonin and control
groups received 1000mg of calcium and 400 IU of vitamin D daily. A
recent meta-analysis of the efficacy of calcitonin concluded that there
was significant heterogeneity in the published results, suggestive of
publication bias, since the largest study showed the smallest effects
(22, 113). They concluded, therefore, that the results of this large
study (RR vertebral fracture 0.79, 95% CI 0.62–1.00; RR non-
vertebral fracture 0.80, 95% CI 0.50–1.09) were the most reliable
measure of the effect of calcitonin.

Nasal calcitonin has no serious toxicity and the only side-effect re-
ported is rhinitis (23% for active treatment versus 7% for placebo)
(109). Randomized controlled trials of both intranasal and parenteral
calcitonin have shown that pain is decreased and remobilization
hastened in patients with acute vertebral crush fracture syndrome
(114).

5.3.6 Vitamin D metabolites

The 1a-hydroxylated metabolites of vitamin D are possible therapies
for osteoporosis, but the results of controlled trials are inconsistent.
Studies on Danish women in their fifties (115) and seventies (116, 117)
showed no beneficial effects of calcitriol on bone loss, and suggested
that it accelerated the rate of vertebral height loss. Similar negative
findings in osteoporotic women have been reported (118, 119). How-
ever, increases in bone density in osteoporotic patients treated with
calcitriol have also been reported (120, 121). A large but unblinded
randomized controlled study found fewer fractures in patients receiv-
ing calcitriol in comparison with those treated with calcium alone
(122). There are similar inconsistencies in the data available for
alfacalcidol (123), though an observational study in Japan has sug-
gested that hip fractures are less frequent in women taking this drug
(124). A recent meta-analysis has found a reduced risk of vertebral
fractures with vitamin D metabolites (RR 0.64, 95% CI 0.44–0.92)
and a beneficial trend in non-vertebral fractures (RR 0.87, 95% CI
0.29–2.59) (125), though these findings are dominated by a single
study (122).

Since a number of studies conducted in Japan have given positive
results, it is possible that there are racial differences in responsive-
ness to these agents (126). Such differences might also be related to

PMO text 8/11/04, 9:59 AM104



105

G

differences in customary dietary calcium intakes, which are low in
Japan, or differences in phenotype for the vitamin D receptor gene
(127). Also, patients with low intakes of calcium may tolerate larger
doses of vitamin D metabolites than those with higher intakes.

Several recent studies have suggested that vitamin D metabolites
may have a role as an adjunctive therapy when given with an
antiresorptive agent. Such a combination has a theoretical appeal
since co-administration of these agents with an antiresorptive will
minimize their capacity to stimulate bone resorption while leaving
their beneficial effects on intestinal calcium absorption intact. Benefi-
cial effects on BMD have been reported following the addition of
calcitriol to alendronate (128), etidronate (129), and HRT (130), but
no data on fracture rates are available.

5.3.7 Fluoride

Fluoride has been used for many years in the treatment of osteoporo-
sis, although at much higher doses than those used in preventing
dental caries. Several formulations of fluoride are available, including
enteric-coated sodium fluoride, sustained-release preparations, and
monofluorophosphates. The various formulations differ in their
bioavailability and side-effects.

Fluoride has a direct anabolic effect on the osteoblast, possibly by
potentiating the effects of endogenous growth factors (131). In os-
teoporotic patients, it induces substantial increases in BMD at sites of
cancellous bone, particularly in the spine. Annual rates of increase of
spinal BMD as high as 8% have been reported over 4 years (132).
However, high fluoride concentrations can interfere with normal
bone mineralization; this may explain why fluoride-induced increases
in bone density do not consistently reduce fracture rates (132, 133). In
those studies that have suggested that fluoride use reduces fracture
rate (134–136), these positive results may be related to the use of
slow-release preparations (134) or to low fluoride doses (136) al-
though, in the Fluoride and Vertebral Osteoporosis Study (FAVOS),
neither the dose nor the type of formulation influenced outcome
(133). Recent meta-analyses (22) suggest a decrease in vertebral frac-
tures (RR 0.67, 95% CI 0.38–1.19) but confirm that there is significant
heterogeneity in the data. For non-vertebral fractures, the trend
found in the meta-analysis is in the opposite direction (RR 1.46, 95%
CI 0.92–2.32).

Because of the inconsistency of the data, fluoride has not been recom-
mended for widespread use in the management of osteoporosis, and is
best reserved for use by specialists. In some countries, very high
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concentrations of fluoride are found in water supplies and give rise to
endemic fluorosis, so that the therapeutic use of fluoride salts should
be undertaken with even greater caution in individuals from these
areas.

5.3.8 Other agents
Thiazides
The use of thiazide diuretics is associated with reduced urinary cal-
cium excretion, and some observational studies have found that thia-
zide users have higher BMD and reduced risk of hip fracture (137).
However, these findings might be accounted for by higher body
weight and higher bone mass in hypertensive patients, the principal
group using thiazides. Two randomized controlled trials of thiazides
in normal older women have recently documented increases in BMD
of about 1% over treatment periods of 2 to 3 years (138, 139). These
small effects on BMD may be large enough to influence fracture risk
with long-term use. Thus, like calcium, thiazides may have a role as
a preventive intervention, but are unlikely to be adequate as
monotherapy for established osteoporosis.

Anabolic steroids
Anabolic steroids are testosterone analogues modified to reduce their
virilizing effects. However, these modifications are only partially suc-
cessful, and the long-term clinical use of 17b-esterified derivatives
such as nandrolone is limited by the development of acne, hirsutism
and voice changes. Nevertheless, anabolic steroids do produce in-
creases in bone density comparable to those associated with HRT
(140). The 17a-alkylated agents, such as stanozolol, have significantly
less virilizing effects, but prolonged use may increase hepatic tran-
saminases. No prospective randomized studies to determine whether
anabolic steroids reduce fracture frequency have been carried out. A
case–control study has shown that the use of anabolic steroids in
women was associated with a significant decrease in the risk of hip
fracture (141). The extent to which anabolic steroids function as
promoters of bone growth in vivo is uncertain, and some studies
suggest that their major effect is to decrease the rate of endocortical
bone resorption.

Ipriflavone
Ipriflavone is a synthetic flavinoid which appears to have some estro-
genic activity, and is available in some countries for the treatment of
osteoporosis. Randomized clinical trials have produced inconsistent

PMO text 8/11/04, 9:59 AM106



107

G

effects on bone density (142, 143) and there are no data from random-
ized controlled studies on its ability to reduce fracture rates.

Vitamin K
Low serum concentrations of vitamins K1 and K2 have been reported in
patients with osteoporosis, and serum osteocalcin appears to be
undercarboxylated in these individuals, a process dependent on vita-
min K. Undercarboxylated osteocalcin is also a significant risk for
hip fracture. Clinical studies in Japan suggest that menatetrenone
(vitamin K2) reduces skeletal losses and, in a small randomized clinical
trial, it reduced the rate of vertebral fractures (144). Menatetrenone is
currently used in Japan, the Republic of Korea and Thailand.

Parathyroid hormone
Parathyroid hormone (PTH) and its analogues have shown marked
effects on BMD and fracture rates, both when used alone (145) and in
combination with an antiresorptive agent (146). The largest study to
date (145), randomized 1637 postmenopausal women with prior ver-
tebral fractures to receive 20 or 40mg of parathyroid hormone [1–34]
or placebo daily for a median duration of 21 months. New vertebral
fractures occurred in 14% of the women in the placebo group and in
5% and 4%, respectively, of the women in the 20mg and 40mg par-
athyroid hormone groups. The respective relative risks of fracture in
the 20mg and 40mg groups, as compared with the placebo group, were
0.35 and 0.31 (95% CIs 0.22–0.55 and 0.19–0.50). New non-vertebral
fractures occurred in 6% of the women in the placebo group and in
3% of those in each parathyroid hormone group (RR, 0.47 and 0.46,
respectively; 95% CIs 0.25–0.88 and 0.25–0.86). PTH is well tolerated
in human studies, though occurrences of bone tumours have been
reported in long-term, high-dose safety studies in rats. PTH is not yet
available for clinical use.

5.3.9 Future therapies

Many combinations of different agents have shown additive effects on
BMD, but there is currently no evidence that such combinations have
greater effects on fracture risk than single agents. Much research
is currently being done to develop new pharmaceuticals for the
treatment of osteoporosis, particularly those with anabolic effects on
osteoblasts. Strontium, statins and osteoprotegerin, among others,
are currently being investigated.
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5.4 Pharmacological intervention in other contexts
5.4.1 Men

Despite the growing acknowledgement that osteoporosis is also a
problem in men, few trials of strategies for its management have been
conducted. There is anecdotal evidence supporting the use of tes-
tosterone replacement in hypogonadal men, and of etidronate. Ran-
domized controlled trials have shown beneficial effects of fluoride
(147) and alendronate (148) in men, but a much larger experience in
men is required before recommendations can be made.

5.4.2 Glucocorticosteroid-induced osteoporosis

Osteoporosis resulting from the long-term use of glucocorticoid drugs
is one of the secondary osteoporoses for which interventions have
been assessed (149). Discontinuation of corticosteroid results in a
modest increase of BMD, but alternate-day steroid regimens appear
to have effects on bone density comparable to those of daily adminis-
tration. The local administration of glucocorticoids substantially re-
duces their systemic effects, though some systemic availability occurs
with virtually all routes of administration. The efficacy of calcium and
calciferol is uncertain, since recent studies of this combination have
produced contradictory results (150, 151). The bisphosphonates have
produced positive effects on bone density in a number of studies, and
there is evidence of fracture prevention with alendronate (100),
risedronate (152), and possibly etidronate (94). Sex hormone replace-
ment increases bone density in both steroid-treated men (153) and
women (154). There is also some evidence supporting the use
of calcitonin (155), fluoride (156), calcitriol (157) and alfacalcidol
(158).

5.5 Minimization of skeletal trauma

Skeletal trauma may be reduced either by preventing falls or by
minimizing their consequences. Normal vitamin D status probably
makes an important contribution to optimal muscle function and thus
to fall prevention. Exercise may reduce fracture risk by increasing
postural stability and decreasing the frequency of falls (159). A meta-
analysis of seven trials of exercise intervention in the elderly found
a 10% reduction in the fall frequency (160). Comprehensive
programmes aimed at preventing falls that also involve interventions
such as assessment by a physician with adjustment of medications,
assessment by an occupational therapist with appropriate referral,
behavioural instruction, and attention to environmental safety (e.g.
improving lighting, removing rugs and cords likely to cause falls,
providing hand rails) can reduce the frequency of falls by 30–60%
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(161–163). Because of the importance of falls in the etiology of hip
fracture in particular, programmes such as these in the frail elderly
could reduce the frequency of fractures. No study to date, however,
has found a significant reduction in fracture rates. Prevention of falls
is nevertheless important since the fear of further injury may result in
decreased activity, further muscle loss, and thus an increased risk of
further falls.

The minimization of skeletal trauma following falls is a new area of
research. There is evidence that the use of hip protectors can reduce
fracture rates by more than 50% (164, 165), though achieving compli-
ance with these devices has been difficult. The use of shock-absorbing
surfaces in the home, particularly on floors, may also reduce the
likelihood of fracture following a fall (166).

5.6 Other measures

This section has dealt mainly with pharmaceutical interventions for
fracture prevention, but the management of osteoporosis must be
more broadly based. Other measures include the prevention and
treatment of falls and the use of physiotherapy and physical exercises
in patients with established osteoporosis. In addition, physical
therapy is of particular value, following fractures.
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6. Socioeconomic aspects

6.1 Introduction

The need for socioeconomic factors to be taken into account is
increasing in all types of health care since the resources available are
limited but demand continues to increase. With the exception of the
USA, most countries allocate less than 10% of their gross domestic
product (GDP) to health care, and this is usually all that they are
prepared to spend. A careful choice of priorities is therefore neces-
sary, and osteoporosis is unlikely to be given a high priority since a
consensus definition of this condition was accepted only 10 years ago
(1), and only in 1994 were operational definitions established (2, 3).
Osteoporosis, therefore, unlike other chronic diseases, is not widely
accepted as a major burden to society, nor is it generally agreed that
it can effectively be identified and treated.

The first step in any socioeconomic evaluation is to determine the
burden of the disease in question. For osteoporosis, this is usually the
burden of fractures, which can be expressed in terms either of
the number of fractures or of the resulting costs. However, the risk of
osteoporotic fractures varies widely, and the various types of os-
teoporotic fracture differ markedly in clinical significance at different
ages and in costs in different regions. Nevertheless, such evaluations
are useful in highlighting the impact of osteoporosis and the savings
that prevention or treatment can bring.

6.2 Methods of socioeconomic evaluation

The burden of osteoporosis can be expressed either in numerical or
financial terms. This is an important step in documenting its impact
and in comparing it with other major diseases. Economic consider-
ations are also important in patient management and in therapeutics,
where pharmacoeconomic models are used to assess treatment and
prevention strategies, to justify intervention thresholds and to plan
future strategies, including drug development. However, societies,
patients, physicians, pharmaceutical companies, regulatory agencies
and health care purchasers all have quite different perspectives, so
that what may be of advantage to one segment of the community may
not be to another. In addition, if osteoporosis is treated, something
else may have to be neglected. For this reason, it is useful to express
the outcome of various interventions in common terms so as to make
comparisons possible.
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6.2.1 Types of evaluation

The most straightforward type of pharmacoeconomic evaluation is
cost-minimization analysis, which can be used when two strategies or
pharmaceutical agents have identical effects, e.g. both decrease frac-
ture rates by a certain percentage and neither has adverse effects. The
advantage of one over the other will then only be in the cost, either of
the treatment or of the whole strategy. The price of a drug adminis-
tered orally, for example, may be the same as that of one given
intravenously, but the total cost may differ markedly.

In practice, the benefits and risks of different strategies are rarely the
same and this difference is taken into account in determinations of
cost-effectiveness. Outcomes are therefore expressed in terms of, e.g.
the cost per life-year saved, the decrease in time to remission or the
cost per fracture saved. However, comparisons between diseases are
difficult, and difficulties also arise even with the same disease. The
cost per fracture averted, for example, is not the same for a hip
fracture and a forearm fracture.

A widely used measure in osteoporosis is the “number needed
to treat” (NNT) to prevent a fracture. For example, if a treatment
reduces the incidence of vertebral fractures from 10% to 5% during a
trial, five fractures are saved for each 100 patients treated, which gives
a NNT of 20. However, the NNT takes no account of the cost of
intervention, and its use is relevant only to the trial population. In the
example quoted, the efficacy of the intervention is 50%, but for the
same efficacy in other populations at different risk, the NNT changes.
Thus, if the background risk is, say, 5% and treatment reduces this
by half, NNT = 40. A further problem with the use of NNT is that it
takes no account of the offset of the effect of therapeutic intervention
(4).

Expressing benefits in terms of costs rather than events is therefore
preferred. Cost–benefit analysis expresses both benefits and costs in
monetary units, but this type of analysis cannot take account of differ-
ences in the morbidity associated with different events or strategies.
This is important in chronic diseases such as osteoporosis, where the
consequences of fracture, and particularly hip fracture, may be vastly
greater than the financial cost.

These considerations have led to the development of cost–utility
analysis, which takes account not only of fractures avoided, but also of
any change in their attendant morbidity. Quality-adjusted life-years
(QALYs) are accepted units of measurement in the evaluation of
interventions based on cost–utility. To estimate QALYs, each year of
life is valued according to its utility, which may vary from 0, the least
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desirable health state to 1, or perfect health. The decrease in utility
associated with fractures is the cumulative loss of utility over time.
WHO favours disability-adjusted life-years (DALYs), which have
been extensively used to characterize the burden of disease world-
wide (5), but not yet of osteoporosis.

6.2.2 Nature of costs

Direct costs include direct hospital costs, which differ from direct
health-care costs, and those, in turn, differ from direct non-medical
costs, such as the costs of transporting patients to and from hospitals
and the cost, e.g. of buying calcium supplements. Indirect costs are
usually those associated with the patient’s loss of income, e.g. as a
result of taking time off work following a fracture, but, in addition, for
some fractures, the impact on careers and the household in general is
not negligible. Intangible costs are, by definition, those that are
difficult to quantify in monetary units and, in osteoporosis, are mainly
those of the morbidity associated with osteoporotic fractures.

Economic evaluations of osteoporosis are summarized below.

6.3 Burden of illness

The burden of osteoporosis in terms of the number of fractures has
been evaluated in several national studies, but little information is
available on the numbers of osteoporotic fractures worldwide. An
exception is hip fracture, and future trends are reviewed in sections
1.3 and 3.1. No cohesive attempt has been made to translate this into
a global economic burden, because the costs of health care differ as
widely as do the patterns of treatment. For example in the United
Kingdom, the average duration of hospital stay after a hip fracture is
close to 30 days (6), whereas in Sweden it is closer to 15 days. In a
large southern European study, the Mediterranean Osteoporosis
study (MEDOS), a substantial minority of hip fractures were treated
conservatively in Portugal, whereas in many other countries the over-
whelming majority were treated surgically (7). Even characterizing
the burden of disease in a single country is problematic in the sense
that there are many different types of fracture, each with different
consequences. The vast majority of hip, forearm, vertebral and proxi-
mal humeral fractures after the age of 50 years are osteoporotic in
nature. The incidence of several other fractures increases with
age, and these have been associated with low BMD (8), but there is no
consensus on what constitutes an osteoporotic fracture. In women,
candidates include rib and tibial fractures and, if these are neglected
the burden of disease will be underestimated, to the disadvantage,
in particular, of the younger age groups, in whom the ratio of
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these fractures to hip fracture, for example, is much higher than in
later life.

6.3.1 Economic cost

All estimates indicate very substantial costs. In England and Wales,
for example, the cost was recently estimated at £942 million each year
(9), and this figure will probably increase as the numbers of elderly
people increase. In the USA, direct medical expenditures on os-
teoporotic fractures (see Table 21) were estimated at US$ 13.8 billion
in 1995 (10).

Financial analyses of the costs of osteoporosis have been mainly,
though not exclusively, of the classic osteoporotic fractures (11). Such
analyses clearly indicate that hip fracture has the highest costs of all
osteoporotic fractures. For example, in the USA, the average direct
cost of hip fracture was estimated at US$ 21 000 in the first year, that
of a vertebral fracture was US$ 1200 and that of a Colles fracture
US$ 800 (11). In other countries, the costs are lower but hip fractures
are still the most costly. Thus the cost of a hip fracture in the Hong
Kong SAR was estimated at US$ 10 820 in the first year and that of a
Colles fracture at US$ 600 (12). Age also affects costs, and direct costs
for hip fracture are twice as high in the elderly than in younger
patients. The type of treatment and length of hospital stay of the
patient are very important determinants of fracture costs. Thus, the
proportion of the total expenditure accounted for by hip fractures
compared with other fractures is greater the longer the survival of
individuals (and therefore the average age) within a particular geo-
graphical region. Hip fracture costs are the highest because of the
long duration of hospital stay. In the USA, hip fractures account for
63% of the total health care expenditure on osteoporosis (13). In the
Netherlands, they account for about 85% of the hospital costs of
osteoporosis (Figure 12), of which 80% is due to hospitalization
(Figure 13) (14, 15). In the United Kingdom, hip fracture accounts for
more than 90% of hospital bed-days due to osteoporosis (6). Indeed,
hospitalization for hip fracture accounts for direct medical costs com-
parable with those for many other chronic diseases in the Netherlands
(14), Sweden (16) (Figure 14) and the United Kingdom (6).

Several national studies have quantified the current costs of all os-
teoporotic fractures. In the USA, for example, the annual direct
medical costs of osteoporosis were estimated to be US$ 5200 million
(17) in women aged 45 years and older in 1986. Inpatient care
accounted for US$ 2800 million, nursing home care for US$ 2100
million and outpatient care for US$ 200 million. It has been estimated
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Figure 12
Total direct medical costs per year of hip and other osteoporotic fractures by
age in the Netherlandsa
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Hip fractures accounted for 85% of total direct medical costs.
a Reproduced from reference 14 with the permission of the authors.
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Figure 13
Contribution of different types of care to the total annual cost of osteoporotic
fractures in the Netherlands, 1993a

a Reproduced from reference 14 with the permission of the authors.
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(18) that, in the next decade, there would be 5.2 million hip, spine and
forearm fractures among women over the age of 45 years in the
USA, and therefore 2 million person-years of fracture-related
functional impairment, and US$ 45200 million of total health care
expenditures.

From prospective data from Australia, it has been estimated that the
average cost of fractures treated in hospitals was US$ 7000 and that of
fractures treated in outpatient clinics was US$ 300 (13). Femoral neck
fractures were the most expensive to treat, at US$ 10700 each. Of the
direct costs of all osteoporotic fractures, 95% were incurred by hospi-
talized patients. In a worldwide projection of the annual cost of hip
fractures, current costs were estimated at US$ 3600 million in men
and US$ 19300 million in women. By 2050, these costs would rise to
US$ 14000 million for men and US$ 73000 million for women. Such
estimates are, of course, highly conjectural.

In the USA, medical expenditure has been assessed by sex and
ethnicity (19). Of US$ 13 800 million spent on the treatment of os-
teoporotic fractures in 1995 for persons aged 45 years and over 75%
was spent on treating white women, 18% for treating white men, 5%
for treating non-white women and 2% for treating non-white men

Figure 14
Burden of disease as measured by hospital bed-days in Swedena
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a Based on data from reference 16.
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(19). Of the total cost, 62.4% was for inpatient care, 28.2% for nursing
home care and 9.4% for outpatient care, consistent with estimates
from other Western countries. These relative costs cannot be univer-
sally applied because the risk of fracture and the sex ratio vary widely,
e.g. in some developing countries, osteoporotic fractures are as preva-
lent in men as in women (20–22).

6.3.2 Morbidity

Different types of fracture cause different degrees of morbidity (23),
as shown schematically in Figure 15. Colles fractures almost invari-
ably have only short-term sequelae, whereas the morbidity from
vertebral fractures increases with the number of fractures and, with
multiple fractures, can result in permanent impairment. The most
serious fracture is hip fracture, which typically causes long-lasting
morbidity. Since hip fracture accounts for the highest morbidity, and
hip fracture rates increase with age, morbidity is also expected to

Figure 15
Morbidity associated with different osteoporotic fractures with agea

Morbidity

Hip fracture

Vertebral fracture

Colles fracture

50 60 70 80 90

WHO 03.169
Age (years)

Cumulative morbidity from osteoporosis (darker shaded area) adds to baseline morbidity changes (lighter
shaded area) with age. Colles fracture commonly occurs in women in their mid-50s and has short-term
sequelae. Repeated vertebral fractures occurring at a later age may give rise to permanent morbidity. Hip
fractures usually occur on average at the age of 80 years in developed countries and usually give rise to
permanent morbidity.
a Reproduced from reference 23 with the permission of the publisher.
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increase with age. However, other osteoporotic fractures contribute
to morbidity and are therefore important in younger individuals.

The National Osteoporosis Foundation has estimated the morbidity
arising from different types of osteoporotic fracture (24). As ex-
pected, morbidity in terms of utility losses is greater for hip fracture
than for most other fractures (Table 22), but the method of deriving
the weights used by the expert panel differ from those used in other
studies (25–27). Patients with osteoporosis tend to put less emphasis
on their disability than that accorded by the general population (25).
Nevertheless, rank order of disability from different fracture types is
likely to be similar.

6.4 Population-based prevention strategy

Most of the world’s ageing population lives in developing countries
where neither bone densitometry nor drugs for osteoporosis are avail-
able. The population-based prevention strategy is therefore the only
practicable choice in these countries.

In contrast to screening (see section 6.5), the population-based pre-
vention strategy aims to raise the average BMD by nationwide inter-
vention (Figure 16). A rise in BMD by 10% in the whole population
might be expected to decrease fracture rates by 20% (28), although
this estimate may be conservative.

Eliminating the risk factors that have been identified might signifi-
cantly reduce the burden of osteoporosis. Obvious interventions
include raising levels of exercise, stopping smoking, and increasing
dietary intake of calcium (28–30). There are, however, several prob-
lems with these approaches. Thus not all of these factors are necessar-
ily causally related to osteoporosis. In addition, although several

Table 22
Utility loss associated with different osteoporotic fractures

Fracture site First year Subsequent years

Vertebra 0.0502 0.0490
Ribs 0.0502 0.0490
Pelvis 0.0502 0.0490
Humerus 0.0464 0.006
Clavicle, scapula, sternum 0.0464 0.006
Hip 0.4681 0.1695
Other femoral fractures 0.4681 0.1695
Tibia and fibula 0.4681 0.1695
Distal forearm 0.0464 0.006

Based on data from reference 24.
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clinical trials have shown the beneficial effects of exercise on bone
mass or loss, this would probably need to be sustained for a lifetime.
Bone loss is likely to occur soon after exercise is stopped, and long-
term continuance is likely to be very low. The value of exercise for 5
years to a patient at the age of 40 years is therefore questionable when
the individual reaches the age of 75 years. In the case of exercise, the
optimum type and duration are also not known.

Of the prevention strategies available, the strongest case can be made
for increasing calcium intake. Both epidemiological and randomized
controlled trials show that high intakes of calcium reduce rates of
bone loss and prevent fractures (see section 5.2.1). The impact on hip
fracture risk of a population approach aimed at increasing calcium
intake has recently been assessed (31), based on the MEDOS study in
southern Europe, where high intakes of calcium were associated with
a decreased risk of hip fracture. From estimates of attributable risk,
causality and reversibility, such a strategy might prevent only up to
1.67% of hip fractures in an elderly community because only about
10% of the population has a low intake of calcium. The impact would
be much greater in populations where low intakes of calcium (or
vitamin D) are more prevalent, e.g. in nursing homes. The selection of
high-risk groups increases the attributable risk (Table 23) and thus
the potential impact of eliminating the risk factor.

Figure 16
Distinction between a population-based strategy and screening strategy to alter
bone mineral density

Move entire distribution by
intervening in everyone

Bone mineral density

Target those with a low bone mineral density

Bone mineral density

A B
–1 SD Mean +1 SD

WHO 03.170

The population-based strategy (left panel) aims to shift the population distribution to the right, whereas the
screening strategy (right panel) targets individuals with low BMD.
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This does not mean that lifestyle advice and encouraging exercise are
not worth while, since the benefits of some interventions are not
limited to skeletal health. An example is provided by exercise since
exercise programmes for subjects over the age of 65 years have been
found to be cost effective with a cost per quality of life-years saved
ranging from £100 to £15000 (32). Studies aimed at evaluating the
impact and feasibility of population programmes in osteoporosis pre-
vention are strongly recommended.

6.5 Screening

Screening is used to select healthy individuals for intervention, and
differs from opportunistic case-finding, which is sometimes also
called screening. The advantage of screening is that it is an extension
of the physician/patient relationship in the sense that the inter-
vention is considered appropriate by the individuals concerned and
motivation on the part of both patients and physicians is high. Disad-
vantages include the costs of screening as well as the limited contribu-
tion to disease prevention in the community as a whole. Major criteria
for the evaluation of screening programmes are summarized in Table
24 (2).

To justify a screening programme a disease must have been demon-
strated to be an important health problem and its natural history must
be adequately understood. Both these criteria may be assumed to be
met by osteoporosis in Caucasian populations (see sections 1.3 and
3.1). The natural history of osteoporosis, in the context of screening,
is also well delineated. The pattern of change in BMD with age is
reasonably clearly understood, and the independent contribution of
BMD to fracture risk has been unequivocally demonstrated.

Table 23
Estimates of attributable risk derived from the prevalence of risk factors and
their relative risk

Population with risk (%) Relative risk

1.5 2 2.5 3

5 2.4 4.7 7 9.1
10 4.8 9.1 13 16.7
20 9.1 16.7 23.1 28.6
30 13 23.1 31 37.5
50 20 33.3 42.9 50
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6.5.1 Screening at the menopause

Because bone loss in women occurs at menopause, a readily diagnos-
able event, it has been argued that screening of women by means of
bone densitometry at the menopause should be considered. There
are, however, several problems with respect to the test that might be
used for screening. The most obvious candidate is testing of BMD.
Many relatively short-term prospective studies indicate a 1.5–2.5-fold
increase in fracture risk with each standard deviation reduction in
BMD (see section 4.4).

There have been several analyses of the potential utility of screening
at the menopause (2, 33–39) all of which found that the cost of
screening is not the dominant factor since most treatments are rela-
tively expensive. Opinions vary on the use of BMD (33), but wide-
spread screening at the menopause on the basis of BMD alone is not
generally recommended because of the poor sensitivity and specificity
of BMD measurement when used for screening. Screening is aimed at
directing interventions to those in need and to avoiding the treatment
of healthy individuals who have a low risk of fracture. Tests should
therefore be of high specificity, perhaps of the order of 90% or more.
To achieve this degree of specificity, approximately 10% of the post-
menopausal population might be selected as a high-risk category (40)
(Table 25). On this assumption, the sensitivity of the test is low. If
it is assumed risk increases 1.5-fold for each standard deviation
decrease in BMD, the sensitivity or detection rate is only 18%.
If a gradient of risk of 2.5 per standard deviation decrease (i.e. the
prediction of hip fracture from hip BMD) is taken, sensitivity is still
only 34% (40). In this scenario, 1000 patients would need to be
screened to detect 100 for treatment, and the maximal impact on the

Table 24
Major criteria for the evaluation of screening programmes

Aspect Criteria

Disease — An important social problem
— Natural history adequately understood

The test — Simple and safe
— Acceptable to the population
— Effective: sensitive and specific

The intervention — Accepted and effective treatment available
— Agreed policy on whom to treat

The programme — Facilities for diagnosis and treatment
— Cost-effective

Adapted from reference 2 with permission from the publisher.
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community after menopause (percentage of hip fractures saved)
would be approximately 7% (40). This assumes 50% efficacy of
intervention and 100% compliance over 15 years, somewhat over-
optimistic assumptions indeed.

There are also problems with treatment following screening at the
menopause. While randomized controlled studies show that treat-
ments are effective (see section 5.3), continuance with treatment is
poor. Thus with HRT, only about 10% of women in the USA con-
tinue treatment for more than 1 year (28), but uptake and continu-
ance are likely to be improved by screening (41), so that the return on
investment is correspondingly low. Even where treatments are taken
for extended periods, their ultimate effect depends not only on the
effect induced, but also on the offset of effect when treatment is
stopped. Where effects persist after stopping treatment, the fractures
saved and benefit are greater than where the effects wear off rapidly
(42). A recent analysis of cost-effectiveness quantified the importance
of “offset time” (4). In health economic terms, costs of US$ 30000 per
QALY gained represent reasonable cost-effectiveness in developed
countries. If it is assumed that the effect of a treatment wears off after
about 5 years, targeting treatment at women with a relative risk of 2.0
at age 50 years would cost US$ 370000 per QALY gained for an
expensive treatment, and US$ 269000 for a cheaper one (4). Estro-
gens and biphosphonates probably have a relatively slow offset time,
but this is much shorter than the 5 years for other therapeutic modali-
ties. On the reasonable assumption that women at age 50 years are
unlikely to take lifelong treatments, it would be difficult to persuade
health care agencies that such an approach is worth while. Moreover,
the costs of screening have not been included.

6.5.2 Screening in later life

Screening may, however, be justified if higher-risk individuals can be
selected. In one approach, individuals much older than 50 years are
selected because the risk of fractures increases exponentially with age
(43, 44). Indeed, there is an age above which the risk of fracture is
sufficiently high to justify intervention without screening. A possible
example is the use of vitamin D in the elderly, where it has been
estimated that if such a regimen prevented 10% of hip fractures,
there would be savings to the health care system (44). Another ap-
proach is to select individuals at higher risk than is suggested on the
basis of age or BMD alone. Combining BMD with other risk factors,
such as clinical risk factors, biochemical markers or bone turnover,
has been reviewed in section 4.5. There may, therefore, be a case for
screening in later life with the use of factors that add to the value of
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BMD. Such approaches substantially increase the sensitivity of as-
sessments without any loss of specificity (40).

6.6 Case-finding

Because of the problems associated with population screening at the
menopause, and because screening at later ages has not yet been
validated, attention has turned towards case-finding (opportunistic
screening), as outlined in section 4.5. In this scenario, patients with
clinical risk factors are identified for further assessment, most com-
monly by the measurement of BMD. Guidelines on the indications
for BMD measurement have been published by the International
Osteoporosis Foundation (formerly the European Foundation), the
US National Osteoporosis Foundation, the Osteoporosis Society of
Canada and the Royal College of Physicians in the United Kingdom
(24, 29, 45–47).

Economic analyses of the European guidelines indicate that treat-
ment can be cost-effective. Typical costs are US$ 2100 per fracture
averted for a treatment that costs US$ 300 per year, and compare
favourably with those for the management of other chronic disorders.
Moreover, using BMD assessment in conjunction with risk factors
increases cost-effectiveness. For a treatment that costs US$ 75 per
year and reduces fracture by 50%, skeletal assessment is of uncertain
benefit. While BMD assessment saves resources compared with as-
sessment of risk factors alone, the amount saved is small. However,
cost-effectiveness increases as the cost of treatment increases. A
treatment costing US$ 300 per patient per year and reducing fracture
risk by 50% over a 5-year period gives a cost per fracture averted of
US$ 550 using densitometry as compared to US$ 1800 without BMD
assessment. Thus, the cost-effectiveness of the case-finding strategy
increases as the costs of the treatment rise (45).

The National Osteoporosis Foundation has published a detailed
economic assessment set within a target of intervening at costs below
US$ 30000 per quality of life-year saved (24). Unlike the European
guidelines (45), they recognize that individuals with a combination of
risk factors might benefit from treatment at a BMD less than the
criterion for osteoporosis adopted by a WHO Study Group (see sec-
tion 4.3.1). The National Osteoporosis Foundation has published a
practical guide for physicians (46), in which assessment by BMD
measurement is recommended for all women aged 65 years and over.
For postmenopausal women under 65 years, BMD measurement is
recommended in the presence of one or more risk factors, including
Caucasian race and female sex. The National Osteoporosis Founda-
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tion guidelines recommend that physicians should offer treatment if
the T-score is less than -2.0 in the absence of risk factors and less than
-1.5 when they are present. The differences between the recommen-
dations in different countries (48) indicate the need for strategies that
can be applied worldwide but also that take into account local factors,
e.g. the very different risks that exist in different countries.

6.7 Cost-effectiveness of pharmaceutical intervention

The vast majority of economic evaluations have been devoted to
HRT (49–58). The use of HRT for menopausal symptoms has been
found to be cost-effective, with a cost of £700–£6200 per QALY
gained (52). Most authors have also found favourable cost–
effectiveness ratios with long-term use (53–58), while the cost per
life-year gained fell as the duration of treatment increased (58). In
addition, a combination of estrogen and progestogen was more cost-
effective than estrogen alone (54). However, all these analyses are
extremely sensitive to assumptions that may be erroneous about the
effects of HRT on cardiovascular disease.

Fewer data are available for treatments that affect skeletal metabo-
lism alone (50). There is also a paucity of information on indirect
costs, so that true costs may be considerably underestimated. The use
of a model (59) showed treatments with an efficacy of approximately
50% were cost-effective and that their cost-effectiveness compared
favourably to that of the treatment of mild hypertension. However, in
this analysis, it was assumed that the effects of treatment over a 5-year
period would persist for the remainder of life after treatment was
stopped, whereas the available evidence suggests that this is not
correct (43). The most extensive analysis is that carried out by the
National Osteoporosis Foundation (24), but some details of the types
of costs used are not given. Other economic analyses have either
made unreasonable assumptions (e.g. treatment for life) (60), or used
denominators that do not apply to other health care environments
(61).

Nevertheless, several broad conclusions can be drawn. First, treating
more elderly individuals is more cost-effective since the absolute risk
of fracture is higher. Similarly, the selection of individuals at high risk
due to age is more cost-effective. Second, a high cost of intervention
adversely affects cost-effectiveness, and third, the offset time has a
marked impact (4). Some of these factors are illustrated for hip frac-
ture in women in Table 26 (4). With a threshold of US$ 30 000 per
QALY gained, it is cost-effective to prevent hip fracture in women
aged 70 years or over who have a 2-fold increase of hip fracture where
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the cost of intervention is US$ 625 per year. With a cheaper treatment
(US$ 250 per year), it is cost-effective to treat 60-year-old women at
high risk. Although much further work needs to be done, it is clear
that the treatment of high-risk patients can be cost-effective, but more
precise definitions of high risk are needed and the assumptions made
must be reasonable.
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7. Delivery of care and education

Concerted action is needed at both international and national levels
to develop a coordinated strategy to deal with osteoporosis and re-
duce its burden on society. Increasingly, national and international
nongovernmental agencies have brought together health profession-
als, government officials and the public to promote health care, health
policy, and health education on osteoporosis and public awareness of
the disease. A number of international guidelines have been devel-
oped (1–3), and their principles should be incorporated into local
protocols and formularies.

This section is concerned with the organization of osteoporosis care at
the national level and the education of the different segments of the
population.

7.1 Delivery of care

Proper provision for osteoporosis needs a clear structure, adequate
facilities and arrangements for the reimbursement of health care
costs, effective guidelines, and mechanisms for monitoring the
system.

7.1.1 Structure of provision

In the past, osteoporosis has largely been managed by specialists, but
its prevalence and the increasing number of patients identified sug-
gest that its management will be the responsibility of primary care
physicians, who will, however, need expert advice and specialist diag-
nostic facilities.

The ability of primary care physicians to manage osteoporosis effec-
tively is severely restricted in a health system without specialized
services for osteoporosis. A combination of primary care and special-
ist multidisciplinary facilities, and strategies that are developed na-
tionally and interpreted locally, will ensure an integrated approach to
the care of patients with osteoporosis (4).

The primary care sector is becoming increasingly responsible for the
clinical care of chronic conditions such as osteoporosis as a conse-
quence of changes in clinical practice. Primary health care teams are
likely, therefore, to be responsible for, or advise on, activities that
include health promotion for the general population, identification
and follow-up of high-risk individuals, early identification and man-
agement of patients, and their referral, when appropriate, for diag-
nostic investigation and specialist advice.
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The objective of a specialist-based (often hospital-based) facility is to
provide a comprehensive clinical service in support of primary care.
This clinical service should be reserved for patients with complicated
or difficult problems on which consultant advice will be required. In
addition, referrals to central facilities will be required for assessment
by bone densitometry and other diagnostic investigations, such as
biochemical tests or X-rays, for the early detection of osteoporosis
and for monitoring progress. These assessments may be offered inde-
pendently of a full-scale clinical service. Specialists, in association
with primary care teams, should also develop local guidelines to en-
sure consistent management of osteoporosis and provide standards
for audit and quality assurance. Expert clinicians can provide special-
ist input in health promotion programmes, and can also update gener-
alists in the management of osteoporosis. An effective osteoporosis
service requires a multidisciplinary team of health professionals,
headed by a clinician with expertise in osteoporosis.

A local strategy for osteoporosis care and the proper organization of
health professionals within the district should be developed by local
osteoporosis planning and coordinating teams that include represen-
tatives of primary and secondary care, and local health care com-
missioners. These commissioners should incorporate the local
osteoporosis strategies into their purchasing plans and allocate re-
sources for the clinical service. A district strategy for osteoporosis
should depend on evidence-based recommendations developed at
the national level, but also on other priorities and resources. Such
recommendations should be formulated by an appropriately skilled
and experienced national osteoporosis planning and coordinating
group, which should be responsible for launching a comprehensive
national osteoporosis programme. Countries differ markedly in socio-
economic development, culture and environment so that the priori-
ties and problems of such groups will vary considerably. Some of the
issues that need to be considered are shown in Table 27, while poten-
tial members of such groups are listed in Table 28. National groups
should work closely with national scientific and patient societies, the
ministry of health, associations of health professionals, insurance
companies and medical schools. WHO’s global strategy for os-
teoporosis may also be implemented by such national groups.

The proposed structure of osteoporosis care is shown in Figure 17 and
has been found to be effective in Hungary (5).

7.1.2 Facilities for diagnosis and treatment

Facilities for the diagnosis and treatment of osteoporosis are inad-
equate in many countries. Radiological examinations and routine
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biochemical tests for calcium metabolism (serum and urinary calcium,
serum and urinary phosphate, serum alkaline phosphatase) are avail-
able in most primary and secondary care establishments. However,
access to investigations for the exclusion of other metabolic diseases
and secondary causes of osteoporosis (serum, PTH, 1a,25-
dihydroxycholecalciferol, TSH (thyroid-stimulating hormone), test-
osterone, gonadotropins, free cortisol) is rather limited worldwide.
Although specific serum and urinary markers of bone turnover may

Table 28
Possible members of a national osteoporosis planning and coordinating group

• Lead specialist
• Other specialists in rheumatology, endocrinology, gynaecology, orthopaedic

surgery, paediatrics and geriatrics
• Primary care physicians
• Nurses/exercise therapists
• Health commissioners and policy-makers
• Health educational specialists
• Health economists
• Medical sociologists
• Representatives of patient support groups
• Journalists, mass media specialists

Table 27
Checklist of issues that need to be considered by national osteoporosis
planning and coordinating groups

• What is the size of the problem of osteoporosis in the country?
• How should osteoporosis care be structured?
• What arrangements will be made for shared care among different health care

providers (primary and secondary care physicians, nurses, etc.)?
• How will medical care be linked to community health facilities and educational

initiatives?
• What are the major preventable causes of osteoporosis in the country?
• Which population groups are at special risk?
• What treatments are currently used?
• What other treatments are available and affordable?
• Who will be responsible for the education of health professionals?
• Who will be responsible for the education of patients?
• How can osteoporosis education and prevention be integrated into other

programmes?
• How can graduate medical education on bone diseases be improved?
• How can facilities and reimbursement of costs for the diagnosis and treatment of

osteoporosis be improved?
• How can the effectiveness and quality of care be monitored?
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be helpful in monitoring treatment, their availability is even more
limited.

Measurement of BMD can be used to assess fracture risk, confirm the
diagnosis of osteoporosis, and monitor the effects of treatment. Early
detection of bone loss is the key to preventing unwanted complica-
tions. Although BMD measurements provide the best method for the
diagnosis of osteoporosis, population-based screening cannot be jus-
tified and only patients at high risk should be selected for densito-
metry (see sections 4.5, 6.4 and 6.5) (1, 2).

The availability of bone densitometry systems throughout the world
varies greatly (Figure 18). Many doctors and their patients do not
currently have access to bone density measurements, particularly
in many Asian countries. There are also marked variations in avail-
able resources even between countries of the European Union (3),
where the average number of bone densitometers and ultrasound
units ranged from 6 to 40 per million of the population. Similar
variations are found in other geographical regions (3, 6) (see Figure
18). Access to bone densitometry can be increased by the use of

Figure 17
Proposed structure of osteoporosis care
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mobile equipment, but quality control of such systems must also be
ensured.

The number of hospital beds dedicated to patients with hip and ver-
tebral fractures is inadequate in most regions of the world. The inci-
dence of osteoporotic fractures will rise steeply in the future, so the
need for orthopaedic beds will also increase. Since the incidence of
hip and vertebral fractures is approximately the same and about 10%
of patients with vertebral fractures need hospital care in the acute
phase, hospital admissions for both fracture types can be estimated to
be 110% of the incidence of hip fracture (7). The total number of
hospital beds available in the countries of the European Union cur-
rently exceeds 2.8 million. If there is no significant increase in this
number the proportion used for patients with hip and vertebral frac-
ture will rise from 0.88% to 1.97% (3). This may be offset by measures
designed to reduce the duration of hospital stay, but only a few
countries have the effective and unified rehabilitation programmes
necessary for the early discharge of patients with osteoporotic
fractures.

Figure 18
Estimated numbers of bone densitometry systems (per million population)
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Apart from the shortage of densitometry equipment and hospital
beds, there are too few specialists with adequate expertise in bone
diseases. The unique biology of bone and the increasing burden of
osteoporosis suggest that the management of bone disease should be
a distinct medical specialty or, in some countries, a recognized compo-
nent of accreditation in another specialty. A consultant with specialist
knowledge of osteoporosis and metabolic bone diseases is required to
lead the secondary care service and the local osteoporosis planning
and coordinating teams. This expert may be drawn from one of the
many clinical specialties involved in osteoporosis management, and
should head a team including related specialists, densitometry assis-
tants, physiotherapists and nurses. Those performing bone densito-
metry and interpreting the results must have undergone the necessary
training and obtained a certificate to that effect (8, 9).

7.1.3 Reimbursement of health care costs

The costs of conventional radiological and laboratory investigations
are usually adequately reimbursed, as are those for hospital care for
patients with osteoporotic fractures. Reimbursement of bone densito-
metry measurements, however, is lacking, partial or restricted in
many countries, and this limits their use even where resources are
available. In many countries which offer reimbursement, methods of
reimbursement will have to be changed if interventions are based on
risk of fracture, rather than a given diagnostic threshold. Biochemical
markers are used in several countries, but their use is reimbursed only
in a few countries.

Effective drugs are available for the prevention and treatment of
osteoporosis and others are being developed. Unfortunately, many
patients do not have access to these drugs in several African, Asian,
and South American countries and also in some European countries.
Mechanisms for the reimbursement of bone-active agents differ
markedly, and the extent of reimbursement varies from 0% to 100%
in different countries. The proportion of osteoporotic individuals who
receive treatment is usually not higher than 5–10%, even in devel-
oped countries.

7.1.4 Guidelines

Guidelines on the diagnosis and management of osteoporosis help to
set standards of clinical care and may serve as a basis for audit. They
can also provide a starting point in the education of health profession-
als, and may therefore be used to ensure that all members of primary
or secondary care teams are aware of the goals and methods of
management of osteoporosis.
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Several comprehensive international guidelines on the assessment
and management of osteoporosis have been developed, including
those formulated by the European Foundation for Osteoporosis (now
the International Osteoporosis Foundation) and the report on os-
teoporosis by the European Community (1, 3, 10). However, interna-
tional guidelines may improve quality of care and reduce morbidity
only if they are adapted at national and local levels so as to increase
the sense of ownership and relevance. Guidelines should therefore
always be adapted and distributed by local osteoporosis teams that
are aware of the regional characteristics of the population and of
osteoporosis care. They are often most useful when they include
summary charts of the key recommendations for diagnosis and man-
agement, because such charts can easily be copied so that health
professionals can use them when advising patients.

7.1.5 Monitoring care process and outcome

In addition to systems to deliver care to patients with osteoporosis, a
system for monitoring the effectiveness and quality of care is also
essential. Monitoring involves the surveillance of conventional
epidemiological parameters, such as the prevalence and incidence of
osteoporosis and fractures, as well as the audit of both care process
and outcome. To do this effectively, minimum sets of data to be
audited should be defined. Each country should determine its own
minimum targets for audit.

The auditing process should cover the implementation of guidelines
in clinical practice relating to diagnostics, differential diagnosis and
treatment, and the presence or absence of counselling on diet, exer-
cises and lifestyle. Auditing outcome may relate to the effect of
pharmacological and non-pharmacological interventions on BMD,
the occurrence of different fractures, pain and the quality of life of
patients.

7.2 Education

Ignorance about osteoporosis is still common among health profes-
sionals, patients and the public; education is therefore needed by all
these groups. The aim of a programme of education and communica-
tion is to increase knowledge of bone physiology and osteoporosis, to
raise awareness of major risk factors, and to provide information on
the possibilities of primary and secondary prevention, and the man-
agement of osteoporosis. Good education should reduce morbidity
and mortality, keep people at work, and decrease direct health costs.
There is an increasing need for nongovernmental organizations to
interact with health professionals, government agencies and the
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public to adopt common approaches to public awareness, education
and policy. Web-based education may also be useful.

7.2.1 Education of health professionals

The education of health professionals should be coordinated in
each country by the national group (see section 7.1.1) and local
osteoporosis planning and coordinating teams and may be targeted
to specialists, primary care physicians, nurses, densitometry assis-
tants, physiotherapists, exercise therapists, occupational therapists,
dietitians, social workers, pharmacists, employees of pharmaceutical
companies, diagnostic and insurance companies and officials of
the ministry of health. The methods used in continuing education
differ widely and include lectures, training courses, scientific jour-
nals, video cassettes and the Internet. Teaching should include
mechanisms to perpetuate the messages and thereby increase its
effectiveness.

Information on bone and mineral physiology and bone diseases
should be provided, not only in postgraduate courses, but also as part
of undergraduate education. Bone and mineral metabolism should be
recognized either as part of a wider specialty or as an independent
specialty. When no specialty is responsible, no one will take the lead
in education or the delivery of care. Postgraduate courses at both the
international and local level are also needed to inform specialists on
progress in bone diseases.

7.2.2 Patient education

In patient education programmes, the emphasis should be on the
development of an ongoing partnership between health professionals,
the patient and the patient’s family, so that patients can contribute to
their own well-being. The aims of patient education are:

— to increase understanding among patients;
— to increase skills;
— to increase satisfaction among patients;
— to increase confidence; and
— to increase continuance of treatment and self-management.

Because better education of health professionals ensures that patients
receive the most appropriate treatment, a concerted effort is required
to ensure adequate continuance. Continuance of medication by
patients with osteoporosis can be increased if:

— the patient believes that his or her disease is, or will be, a problem;
— the patient believes that he or she is at risk;

PMO text 8/11/04, 10:02 AM149



150

G

— the patient believes that the treatment is safe;
— the patient feels in control; and
— there is good communication between the patient and the health

professional.

Noncompliance may be defined as the failure of the patient to take
the treatment as directed by the health professional. Factors involved
in noncompliance are listed in Table 29.

Patient education should provide the patient with suitable informa-
tion and training. Patients can acquire information about the disease
and its treatment by:

— listening to health professionals;
— reading books or leaflets, watching videos, or listening to

audio tapes;
— attending courses on osteoporosis;
— attending public meetings or patient support groups to learn from

other patients with osteoporosis;
— reading articles in magazines or newspapers;
— watching television programmes or listening to the radio;
— accessing Web-based information that may be available world-

wide;
— other activities such as World Osteoporosis Day (20 October)

organized by the International Osteoporosis Foundation.

The basic information to be given to patients with osteoporosis is
outlined in Table 30.

Patient education is aimed at changing behaviour, and not just provid-
ing information. Change will occur only if patients are given an ad-
equate opportunity as part of the educational process to express their

Table 29
Factors involved in noncompliance

Drug factors Non-drug factors

• Cost of medication • Misunderstanding or lack of instruction
• Distance from pharmacies • Dissatisfaction with health professionals
• Dislike of medication • Poor supervision, training or follow up
• Awkward regime • Underestimation of severity
• Side-effects • Anger about condition or its treatment
• Difficulties with administration • Fears about side-effects

(nasal spray, injections, etc.) • Inappropriate expectations
• Cultural practices or religious beliefs
• Forgetfulness
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fears and concerns. They must be able to discuss with health profes-
sionals their expectations in the context of the condition and its treat-
ment, and be told how realistic those expectations are. Social and
psychological support may also be required to maintain positive
behavioural change, and there is an important role here for patient
support groups.

Core information must be personalized and given to the patient in
a number of stages. At the initial consultation, the patient with os-
teoporosis needs information about the nature of the disorder, the
types of treatment available, and the rationale for the specific thera-
peutic interventions being recommended. Verbal information should
be supplemented by written (or pictorial, for patients with poor lit-
eracy) information about osteoporosis. In early consultations, an
individualized activity plan should be drawn up specifying what the
patient must avoid or undertake. At follow-up consultations, the
patient’s questions should be answered, and any problems with os-
teoporosis and its initial pharmacological and non-pharmacological
treatment discussed. The patient’s understanding of the information
and management skills should be assessed periodically.

The purpose of self-help or support groups is to help patients to help
themselves to manage their illness. Many patients benefit from joining
such groups as an adjunct to education by health care professionals.
Their activities vary from country to country and area to area, but
most provide information, opportunities for group education, discus-
sion and mutual support. Teaching osteoporosis patients and their
families how to cope psychologically and to take charge of their
lives is as important as medication. Self-help groups can help
patients to avoid hospitalization and institutional care and thereby
reduce the considerable burden of osteoporosis. A recent study in
Germany demonstrated that anxiety was reduced and bone density

Table 30
Basic information for patients with osteoporosis

• Understanding of the disease and its consequences
• Methods of diagnosis
• Results of the BMD measurements
• Types of treatment available
• Expectations of both the disease and its treatment
• Diet, exercise, lifestyle, other risk factors
• Methods of preventing falls and fractures
• Individual activity plan for the future
• Regular supervision and reinforcement
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significantly increased in the members of an osteoporosis self-help
group compared to non-members receiving identical therapy (11).
Such patient support groups exist in a number of countries, and some
are listed in the Annex.

7.2.3 Education of the general public and other groups

The education of the general public about osteoporosis is helpful
since it enables members of the public to recognize the symptoms of
the disease and to identify individuals at risk. The press, radio and
television can play a valuable part here, provided that information
is disseminated responsibly. Politicians and health administrators
also need an adequate knowledge of the disease. Schoolteachers,
and especially those teaching physical education and biology, can help
young adults to maximize their peak bone mass.
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8. Summary

8.1 Epidemiology of osteoporosis

The prevalence of osteoporosis increases markedly with age in
women. According to the criteria suggested by a WHO Study Group,
namely a BMD 2.5 standard deviations or more below the average for
the young healthy female population, by age 75 years, approximately
30% of Caucasian women would be classified as having osteoporosis,
based on BMD at the femoral neck of the hip. The clinical conse-
quences of osteoporosis are the result of fractures, the incidence of
which increases as BMD decreases.

Hip, forearm and vertebral fractures are most closely associated
with osteoporosis although fracture risks in other bones are increased
among those with osteoporosis. Hip fractures account for most of the
morbidity, mortality and costs of the disease. For example, among
those living independently before a hip fracture, only about half are
able to do so after it. Hip fracture rates increase exponentially with
age. At 80 years, a Caucasian woman has about a 3% annual risk of
hip fracture.

Important clinical risk factors for hip fracture include low body
weight, tallness, a personal history of fracture, a family history of
fracture, smoking, use of glucocorticoid steroids and physical inactiv-
ity. Genetic factors are important, although specific genes remain to
be identified. Few studies of risk factors have been conducted on hip
fractures in ethnic groups other than Caucasians or in men.

Vertebral fractures are also strongly related to age, but even more
strongly to menopause. They are also more common in women than
in men, and more common among Caucasians than among African-
Americans. Rates among Asians are variable but are generally
midway between those in Caucasians and African-Americans. The
consequences of vertebral fractures include back pain and disability,
kyphosis and height loss. The risk of osteoporotic fractures in the
future is greatly increased among those with vertebral fractures. Little
is known about other clinical risk factors for vertebral fractures.

In some countries the incidence of forearm fracture increases 10-fold
in women in the 15 years following menopause, but remains fairly
constant thereafter.

Independently of age, the risk of fracture for postmenopausal women
is about three times that for men: the lifetime fracture risk for a
Caucasian woman is about 15%. Compared with Caucasians, blacks
have about one-third, and Asians and Hispanics about half the risk of
hip fracture.

PMO text 8/11/04, 10:02 AM154



155

G

An estimated 1.7 million hip fractures occurred throughout the world
in 1990. Since both world population and life expectancy are increas-
ing, that number is expected to rise to 6.3 million by 2050. Currently,
the majority of hip fractures occur in Europe and North America.
However, demographic shifts over the next 50 years will lead to huge
increases in the numbers of the elderly in Africa, Asia and South
America. Consequently, the burden of the disease will shift from the
developed to the developing countries. By 2050, 75% of the estimated
6.3 million hip fractures will occur in the developing countries. Pre-
vention strategies suitable for these countries will therefore need to
be developed and implemented.

8.2 Pathogenesis of osteoporosis and related fractures

Bone serves several important functions in the body: protection
against trauma, locomotion and provision of a calcium phosphate
reservoir. It is a specialized form of connective tissue composed of an
organic matrix mineralized by the deposition of calcium phosphate.
This gives rigidity and strength to the skeleton together with some
elasticity. Morphologically, there are two forms of bone: cortical or
compact, and cancellous or spongy.

Bone is a living tissue, and is constantly resorbed and formed by the
process known as remodelling, so that bone formation takes place not
only during growth but also throughout life. Osteoblasts are the cells
responsible for bone formation while osteoclasts are specialized cells
that resorb bone. During growth, bone formation exceeds bone re-
sorption. From the age of 30 to about 50 years, the amount of bone
formed approximately equals the amount resorbed. From the time of
the menopause in women and perhaps later in men, bone resorption
exceeds bone formation. The mass of bony tissue present at any time
during adult life is the difference between the amount accumulated,
i.e. the so-called peak bone mass, and that lost with ageing.

Pathogenetic factors favouring the osteoporotic process are those
impairing bone mass accumulation during growth and those acceler-
ating bone loss during later life. Individuals vary markedly in peak
bone mass, which is mainly determined by body size. Heredity is also
a determinant of peak bone mass, as are the degree of physical activ-
ity and calcium intake.

The acquisition of bone mass during growth may be impaired by
factors such as bed rest due to illness, and undernutrition or malnutri-
tion, particularly when associated with low calcium and protein in-
takes. Several paediatric disorders impair optimal gain of bone mass.
In some diseases, such as glucocorticoid excess or growth hormone
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deficiency, the abnormal bone mass accrual can be attributed to a
change in a single hormone. In other disorders, such as anorexia
nervosa and exercise-associated amenorrhoea, the cause is a combi-
nation of malnutrition and deficiency of sex steroid hormones. Severe
chronic paediatric diseases requiring immunosuppressive treatment
that may include glucocorticosteroids and chemotherapies or radio-
therapies can adversely affect bone formation.

During late adulthood, hypogonadism is a major cause of bone loss
and is the main cause of postmenopausal osteoporosis. At the meno-
pause, estrogen deficiency causes an increase in bone turnover result-
ing in an imbalance between bone formation and resorption. The
pathophysiological mechanism involves the release in the bone mar-
row of cytokines, such as tumour necrosis factors and interleukins,
that stimulate osteoclastic bone resorption. In men, loss of bone may
be associated with low rates of bone formation rather than high rates
of bone resorption, which in turn may be due to declining levels of
gonadal hormones. Other endocrine diseases such as primary hyper-
parathyroidism, hyperthyroidism and hypercortisolism can induce
bone loss. In the elderly, low calcium intake associated with a reduced
endogenous production of vitamin D (vitamin D insufficiency) accel-
erates bone loss, probably by increasing the secretion of PTH.

8.3 Diagnosis and assessment

Osteoporosis was not classified as a disease until relatively recently,
since it was considered to be a condition that expressed itself as
fractures. Now, an internationally accepted definition describes os-
teoporosis as a systemic disease characterized by low bone mass and
microarchitectural deterioration of bone tissue, with a consequent
increase in bone fragility and susceptibility to fracture. This provides
the framework for an operational definition on the basis of BMD
measurements. As previously mentioned, a WHO Study Group de-
fined osteoporosis in women as a BMD 2.5 standard deviations or
more below the average for the young healthy female population.
The same absolute BMD value can provisionally be used for men,
although data on BMD and fracture risk in men are sparse.

There is considerable lack of uniformity in the presentation of BMD
values, in part due to technical differences in equipment, differences
in normal ranges, and the complexity of the computer output. Uni-
form criteria should be used for diagnosis using the T-score for BMD
measured at the hip.

The hip is the preferred site for diagnostic assessment, particularly in
the elderly, using dual-energy X-ray absorptiometry, although other
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sites and techniques are useful in assessing risk and in some cases,
response to treatment. The emphasis on hip measurement arises from
the clinical importance of hip fracture and the strength of the relation-
ship between BMD at this site and the risk of hip fracture. Prospective
studies have shown, however, that the risk of fracture in general
increases progressively the lower the BMD, regardless of measure-
ment site. For each standard deviation decrease in BMD, fracture risk
increases by approximately 50%. The ability of BMD to predict hip
fractures is better or at least as good as that of the measurement of
blood pressure to predict stroke.

Although bone loss occurs in women at the menopause, universal
screening by BMD is not justifiable at this time. The use of other risk
factors in addition to BMD improves performance characteristics, as
does the assessment of older people. Until such strategies are vali-
dated, a case-finding approach is appropriate.

Other techniques for assessing skeletal status have been less well
validated than absorptiometric techniques, but quantitative ultra-
sound and computed tomography are helpful in the assessment of
fracture risk. The T-score cannot be used interchangeably. All risk
assessments, whatever the method used, should permit an assessment
of absolute risk of fracture.

BMD measurements may also be used to monitor response to treat-
ment or compliance with treatment, but their optimal use for this
purpose requires further research.

Biochemical indices for skeletal turnover may be useful in risk assess-
ment, but further research is needed to determine their value in
clinical practice to monitor treatment.

Assessment of individuals with suspected osteoporosis should include
the measurement of BMD where available and indicated (see below).
Other factors to consider in assessment are the differential diagnosis,
the cause of the osteoporosis, and the management of any associated
morbidity. Recommendations are included for the routine investiga-
tion of patients with osteoporosis.

Bone densitometry is recommended in the presence of:

— radiographic evidence of osteopenia and/or vertebral deformity;
— loss of height, thoracic kyphosis (after radiographic confirmation

of vertebral deformity);
— previous low-trauma fragility fracture;
— prolonged therapy with corticosteroids (e.g. prednisolone at

7.5 mg daily for 6 months);
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— premature menopause (age <45 years);
— prolonged secondary amenorrhoea (>1 year);
— primary or secondary hypogonadism;
— chronic disorders associated with osteoporosis;
— a maternal history of hip fracture;
— a low BMI.

Men and women with BMD values 2.5 standard deviations or more
below the average for the young healthy female population (i.e. os-
teoporosis) should be offered appropriate intervention. Intervention
can also be offered to individuals with osteopenia who have strong
risk factors that increase their risk of fracture.

The use of BMD assessment to target treatment in this way costs less
per fracture averted than treatments given on a basis of risk factors
alone. Although this strategy is not applicable to all individuals and is
therefore conservative, it is justified from a health economics perspec-
tive. To overcome these limitations, further research on optimizing a
case-finding strategy is recommended.

8.4 Prevention and treatment of osteoporosis

Many interventions may reduce the number of osteoporotic fractures,
but not all have been rigorously evaluated. Interventions for which
there is broad support, based on observational data or randomized
trials with surrogate end-points, include:

— the provision of a balanced diet which prevents low body weight
throughout life and provides a calcium intake equal to the recom-
mended dietary allowance (generally < 800mg daily) from late
childhood;

— encouragement of a physically active lifestyle;
— maintenance of eugonadism (in women until age 45–50 years);
— avoidance of smoking and of high alcohol intake;
— minimization of glucocorticoid use and consideration of prophy-

laxis against osteoporosis when such agents are used;
— promotion of vitamin D supplementation and/or adequate time

spent outdoors (to permit endogenous synthesis of vitamin D) in
the elderly;

— programmes aimed at preventing falls among the elderly, and use
of hip protectors in those at very high risk of falls.

The menopause provides an opportunity for women to be counselled
on the consequences of estrogen deficiency and on the benefits and
risks associated with long-term HRT.
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Interventions for which there is consistent evidence from randomized
controlled trials of antifracture efficacy include supplementation
with calcium and vitamin D in the elderly and treatment with
bisphosphonates in postmenopausal women with osteoporosis. Selec-
tive estrogen receptor modulators also prevent vertebral fractures.
There is less evidence for the beneficial effects of HRT and calcitonin
on fracture risk. Inconsistent results from trials with fluorides
preclude their widespread use in the treatment of osteoporosis at
present.

In general pharmacological interventions are expensive and may have
adverse effects; to be most cost-effective, they should therefore be
targeted to those at highest risk of fracture. Current ability to predict
fractures means that intervention is possible before fracture has oc-
curred. It is, however, never too late to intervene in patients with
osteoporosis.

8.5 Socioeconomic aspects

Osteoporosis and the fractures associated with it constitute a
major public health concern. Hip fractures account for significant
morbidity, disability, decreased quality of life, and mortality. The
adverse effects of vertebral and forearm fractures on most of the
activities of daily living are also significant, although not as great as
those of hip fracture. The cost of care is high and the implications for
public health expenditure are serious. In both developed and devel-
oping countries, osteoporosis will become a major burden as the
population ages.

Socioeconomic evaluation of osteoporosis can be undertaken to esti-
mate the cost of disease, the effectiveness of treatments, and the
effects of strategies to identify patients at high risk such as screening
and case-finding, or to assess global strategies. The costs of osteoporo-
sis can be divided into direct (fracture-related) and indirect costs. The
indirect costs depend on a number of assumptions, and in particular
on the impact of working definitions of osteoporosis based on bone
density threshold and on indices of vertebral fracture. The indirect
costs of osteoporosis require further investigation.

The costs of osteoporosis are considerable and are comparable with
those of many other chronic disorders in women including breast
cancer, arthritis, diabetes and chronic obstructive pulmonary disease.
Hip fracture accounts for more than half of all direct costs.

The usefulness of screening the general population by means of BMD
has been the subject of much discussion. The case for screening
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women by measuring BMD at the time of the menopause is weak,
inter alia, because of the performance characteristics of densitometry,
the low absolute risk of fracture at this time and the poor continuance
of treatments. The case is stronger in older individuals because the
absolute risk of fracture is higher and because clinical risk factors are
more common. Such factors can be used to enhance the performance
of densitometry, but a screening strategy in the elderly has yet to be
developed and tested.

In the absence of screening, a case-finding strategy is advocated. The
use of risk factors to direct further assessment with densitometry gives
a cost–benefit ratio greater than that obtained with each clinical factor
alone.

Treatments for osteoporosis can be cost-effective provided that pa-
tients are at sufficiently high risk of fracture. Important determinants
of cost-effectiveness include age, clinical risk factors, costs of inter-
vention and the offset of therapeutic activity once treatment is
stopped.

Global strategies aimed at increasing the BMD of the general popu-
lation have not been adequately tested, but general advice on lifestyle
is an important component of patient care.

8.6 Delivery of care and education

Proper provision for osteoporosis requires a clearly defined structure,
sufficient facilities with provision for the reimbursement of costs,
effective guidelines, and mechanisms for monitoring the system.

A shared approach involving both primary care and specialist facili-
ties will ensure an integrated approach to the care of patients with
osteoporosis. A local strategy for osteoporosis care and proper
organization of health professionals within a district should be devel-
oped by local osteoporosis planning and coordinating teams, based
on national and international consensus. Concerted action in each
country should be coordinated by an appropriately skilled and expe-
rienced national osteoporosis planning and coordinating group, which
should be responsible for launching a comprehensive national os-
teoporosis programme.

Facilities for the diagnosis and treatment of osteoporosis are inad-
equate in many countries. This applies particularly to the availability
of bone densitometry systems. In some parts of the world, the number
of hospital beds dedicated to patients with hip and certain other
fractures is not sufficient to meet the expected increase in the number
of fractures. Apart from the shortage of densitometry equipment and
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hospital beds, there are still too few specialists with adequate exper-
tise in bone diseases.

Reimbursement of the cost of bone densitometry measurements is
not available, partial or restricted in many countries, thus limiting the
use of this procedure even where resources are available. Reimburse-
ment of effective bone-active agents varies from 0% to 100% depend-
ing on the country.

Comprehensive and useful international guidelines on osteoporosis
have been developed and published. However, guidelines should al-
ways be adapted and distributed by local osteoporosis teams taking
into account characteristics of the population and osteoporosis care in
the area concerned. In addition to setting up a system to deliver care
to patients, it is also essential to monitor effectiveness and the appro-
priate use of diagnostic tools, and implement quality control.

Ignorance about osteoporosis is still common among health profes-
sionals, patients and the public, so that the education of all of these
groups is necessary. The aim should be to increase knowledge of
bone physiology and osteoporosis, raise the awareness of major risk
factors, and provide information on possibilities of primary and sec-
ondary prevention and the management of the disease. Patient com-
pliance can be increased by using effective methods of patient
education and individualizing education in a stepwise manner.
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9. Recommendations

The scientific group made the following recommendations:

1. The general population should:
— maintain a physically active lifestyle with adequate exposure to

sunlight; this applies particularly to the elderly in extreme
latitudes;

— avoid smoking and high alcohol intakes;
— ensure that dietary intake of calcium is that recommended for

the country or region concerned;
— maintain an appropriate body weight.

2. International agencies should:
— Provide accurate Web-based information that is available

worldwide.
3. Physicians should:

— consider a diagnosis of osteoporosis in individuals with a
fragility fracture;

— remember that the prevention of osteoporosis begins with the
acquisition of optimal bone mass during growth. Anything
hindering the acquisition of bone mass such as malnutrition,
should be identified and dealt with during childhood;

— address known factors that stimulate bone resorption or
inhibit bone formation, including hypogonadism, primary
hyperparathyroidism, hyperthyroidism and hypercortisolism;

— make use of bone densitometry, where available, for defined
indications as mentioned in this report;

— remember that the diagnostic threshold is not necessarily an
intervention threshold. Whereas all patients with osteoporosis
should be offered appropriate treatment, this can also be given
to individuals who have osteopenia and important risk factors
that contribute to fracture risk;

— consider vitamin D and calcium supplementation in the elderly
and in other high-risk groups;

— develop programmes aimed at preventing falls among the
elderly. Hip protectors should be considered for those at very
high risk;

— minimize glucocorticoid use and consider prophylaxis against
osteoporosis when these drugs are used.

4. Health authorities should:
— use BMD in a case-finding approach in which individuals are

identified by the presence of one or more strong risk factors,
since universal screening of asymptomatic postmenopausal
women has not been shown to be cost-effective at present;
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— facilitate access to bone densitometry and other methods
of risk assessment for individuals at risk of osteoporosis to
allow appropriate targeting of therapies, ensure that staff are
properly trained and that the systems and technical procedures
are subject to quality control;

— consider reducing the risk of fracture by environmental
measures such as enriching widely used foods with calcium,
vitamin D, or both if necessary;

— take into account the WHO Guidelines for preclinical
evaluation and clinical trials in osteoporosisa when considering
the approval of new drugs for osteoporosis;

— support the comprehensive education of health professionals,
including general practitioners, in the management of
osteoporosis;

— support patient education and the establishment of self-help
groups regionally and locally, and raise awareness of risk
factors for osteoporosis and prevention strategies;

— support national osteoporosis programmes instituted in
association with the WHO and with other national and
international organizations;

— encourage the development of a subspecialty or specialty of
metabolic bone disease.

5. Research should be carried out on:
— fundamental aspects of bone biology, taking into account

progress in molecular genetics;
— factors influencing the acquisition of bone mass during growth

and bone loss during adult life in different countries, as shown
by well designed clinical investigations;

— the evaluation of biochemical markers of bone turnover in
clinical practice;

— the development of cheap diagnostic tools for osteoporosis and
their assessment in monitoring treatment;

— the development of risk-based guidelines for assessment that
are relevant to men and women worldwide;

— the development of agents to stimulate bone formation;
— the effects of lifestyle and dietary interventions on fracture risk,

as shown by feasibility studies and clinical trials;
— the effectiveness of combination therapies and comparisons

between therapies, as shown by controlled trials;
— patterns of fracture and epidemiology in various parts of the

world;

a Guidelines for preclinical evaluation and clinical trials in osteoporosis. Geneva, World
Health Organization, 1998.
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— the development of inexpensive strategies for the prevention of
osteoporosis suitable for use in developing countries;

— the measurement of the global burden of osteoporosis, using
methods that permit comparisons with other chronic disorders.
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Annex
Patient support groups and national and
international osteoporosis organizations

Additional information on contacts for organizations can be found
at the International Osteoporosis Foundation Internet site at:
http://www.osteofound.org

Argentina

Sociedad Argentina De Osteoporosis
Av. Santa Fé 2036 E
C 1123 Buenos Aires
Tel: +54 11 4823 0497
Fax: +54 11 4823 0497
Asociacion Argentina De Osteologia Y Metabolismo Mineral
Gador S.A.
Darwin 429
C 1414 CUI Buenos Aires
Tel: +54 11 4858 9000
Fax: +54 11 4856 2868

Australia

Australian and New Zealand Bone and Mineral Society
145 Macquarie Street
Sydney
NSW 2000
Tel: +61 2 9256 5405
Fax: +61 2 9251 8174
Osteoporosis Australia
GPO Box 121
Sydney
NSW 2001
Tel: +61 2 9518 8140
Fax: +61 2 9518 6306

Austria

Austrian Menopause Society
Department of Orthopaedic Surgery
University of Vienna Medical School
Waehringer Guertel 18–20
1090 Wien
Tel: +43 1 404 00 4078
Fax: +43 1 404 00 4077
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Austrian Society for Bone & Mineral Research
Department of Internal Medicine, Division of Endocrinology and
Nuclear Medicine
Karl-Franzens University
Auenbruggerplatz 15
8036 Graz
Tel: +43 316 385 2383
Fax: +43 316 385 3428

Aktion Gesunde Knochen
Breitenweg 7C/1
A-8042 Graz
Tel: +43 316 483 248
Fax: +43 316 474 266

Dachverband der Österreichischen Osteoporose-Selbsthilfegruppen
Breitenweg 7C/1
8042 Graz
Tel: +43 316 483 248
Fax: +43 316 474 266

Bahrain

Bahrain Osteoporosis Society
PO Box 28040
Bahrain
Tel: +973 766008
Fax: +973 405252

Belarus

National NGO Woman and Family
Str 60 Minsk
220015 Belskogo
Tel: +375 172 860 145
Fax: +375 172 860 145

Belgium

Belgian Bone Club
Institut Bordet
Service Medicine Interne
Rue Heger Bordet 1
10000 Brussels
Tel: +32 25 41 33 03
Fax: +32 25 41 33 10
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Belgian Association for Osteoporosis Patients
Sint Laureisstraat 85
2018 Antwerpen
Tel: +32 3 272 5227
Fax: +32 3 216 3864

Société Royale Belge de Rhumatologie Asbl
Bredabaan 646
2170 Merksem
Tel: +32 3 64 592 00
Fax: +32 3 64 429 34

Brazil

Brazilian Society of Osteoporosis (Sobrao)
Avenida Brigadeiro Luiz Antonio n°4510
Cep : 01402-002
São Paulo
Tel: +55 11 3887 2977
Fax: +55 11 3887 2104

Bulgaria

Bulgarian Society for Clinical Densitometry
1-G. Sofiyski Street
Endocrinology Clinic
Alexander’s Hospital
1431 Sofia
Tel: +3592 9230 528
Fax: +3592 9230 779

Association Women Without Osteoporosis
PO Box 369
1618 Sofia
Tel: +359 2 963 47 15
Fax: +359 2 550 412

Bulgarian League for the Prevention of Osteoporosis
6 Damian Grouev Street
1303 Sofia
Tel: +359 29 88 49 33
Fax: +359 29 88 49 33

Canada

Osteoporosis Society of Canada
33 Laird Drive
Toronto
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Ontario M4G 3S8
Tel: +1 416 696 2663
Fax: +1 416 696 2673

Chile

Fundacion Chilena De Osteoporosis
Paseo Presidente Errazuriz Echaurren
2615 Providencia
Santiago
Tel: +56 2 232 1127
Fax: +56 2 232 3596

Chilean Society of Osteology and Mineral Metabolism
Paseo Presidente Errazuriz Echaurren
2615 Providencia
Casilla 104 Correo 35
Santiago
Tel: +56 2 232 11 27
Fax: +56 2 232 35 96

China

Osteoporosis Society of Hong Kong
Department of Medicine
The University of Hong Kong
Queen Mary Hospital
Hong Kong
Tel: +852 2855 4769
Fax: +852 2816 2187

Asian Pacific Osteoporosis Foundation
The Chinese University of Hong Kong
Jockey Club Centre for Osteoporosis Care and Control
3rd floor School of Public Health, Prince of Wales Hospital
Shatin N.T.
Hong Kong
Tel: +852 2252 8887
Fax: +852 2604 8091

Osteoporosis Committee of China Gerontological Society
Room 05F, Building A
9 Xiaoying Road
Beijing 100101
Tel: +86 10 6493 6211
Fax: +86 10 6498 5881
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China Osteoporosis Foundation
Rm 3914
Hong Kong Plaza
188 Connaught Rd
Hong Kong
Tel: +852 2884 4040
Fax: +852 2547 6719

Hong Kong Osteoporosis Foundation
The CUHK Jockey Club Center for Osteoporosis Care and Control
The Chinese University of Hong Kong
3rd Floor, School of Public Health, Prince of Wales Hospital,
Shatin, New Territories, Hong Kong
Tel: +852 2252 8887
Fax: +852 2604 8091

Colombia

Asociación Colombiana de Osteología y Metabolismo Mineral
Carrera 16A No. 77–11 Of 303
Bogota D.C.
Tel: +57 125 60 350
Fax: +57 153 03 383

Asociación Colombiana de Endocrinologia
Carrera 23 # 47 Cons 315
Bogota
Tel: +57 1 256 0350
Fax: +57 1 621 7541

Liga Colombiana de Lucha contra la Osteoporosis
Calle 125 N 42-37
Bogota
Tel: +571 481 7688
Fax: +571 481 4022

Costa Rica

Asociación Costarricense de Climaterio y Menopausia
PO Box 4395
1000 San José 1000
Tel: +506 221 3836
Fax: +506 208 1434

Fundación Costarricense de Osteoporosis
100 metros este de la galera
Curridabat
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Tel: +506 271 2838
Fax: +506 234 6639

Croatia

Croatian Osteoporosis Society
F. Vrancica 2
10000 Zagreb
Tel: +385 1 6150 115
Fax: +385 1 2388 045

Croatian League Against Rheumatism
Vinogradska 29
Zagreb
Tel: +385 1 378 7248
Fax: +385 1 376 9067

Cuba

Sociedad Cubana de Reumatologia
Centro Investigaciones Medico-quirurgicas
Calle 216 y 11 B
Siboney Playa
Aparatdo 6096
Habanan 6 C de la Habana
Tel: +53 7 21 84 24
Fax: +53 7 33 90 86

Cyprus

Cyprus Society Against Osteoporosis and Myoskeletal Diseases
Lefkotheou Avenue 20
2054 — Strovolos
2064 Nicosia
Tel: +357 22 356 617
Fax: +357 22 590 119

Czech Republic

Czech Society for Metabolic Skeletal Diseases
Department of Paediatrics
1st Medical Faculty / Charles University — Ke Karlovu 2
12808 Praha 2
Tel: +420 22 49 22 217
Fax: +420 22 49 11 453
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Democratic Republic of the Congo

Société Congolaise D’Ostéoporose
Q. Kimbangu I C/Kalamu
7eme rue no5
BP 16 229
Kinshasa I
Tel: +243 12 999 1746

Denmark

Danish Bone Society
Department of Endocrinology
Odense University Hospital
5000 Odense C
Tel: +45 6611 1523
Fax: +45 6611 1523

Osteoporoseforeningen
Park allé 5
Postbox 5069
8100 Aarhus C
Tel: +45 86 13 91 11
Fax: +45 86 13 64 47

Dominican Republic

Consejo Dominicano Contra la Osteoporosis
Fantino Falco 12
Grupo Medico Naco
Santo Domingo
Tel: +1 809 683 6592
Fax: +1 809 683 6699

Ecuador

Sociedad Ecuatoriana de Metabolismo Mineral
Centro Medico Alemania
Alemania 237 y Eloy Alfaro
Tel: +593 954 8992

Egypt

Egyptian Osteoporosis Prevention Society
19 Ismail Mohammed St, Jeddah Tower
Zamalek
Cairo
Tel: +202 735 9696
Fax: +202 735 0362
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Estonia

Estonian Osteoporosis Society
Department of Traumatology and Orthopaedics
University of Tartu
Puusepa Street 8
2400 Tartu
Tel: +372 5 182 428
Fax: +372 7 318 106

Finland

Finnish Bone Society
University of Helsinki
Department of Applied Chemistry and Microbiology
PO Box 27
00029 Helsinki
Tel: +358 9 19 15 82 13
Fax: +358 9 19 15 82 12

Finnish Osteoporosis Society
Mäkelänkatu 78–82
00610 Helsinki 00610
Tel: +35 89 61 23 670
Fax: +35 89 868 44 690

France

Association des Femmes contre l’Ostéoporose
32 Boulevard de Courcelles
75017 Paris
Tel: +33 1 47 63 01 22
Fax: +33 1 40 54 95 22

Société Française D’Ostéodensitométrie Clinique
Résidence le Musset
Place de Verdun
11100 Narbonne
Tel: +33 4 68 32 12 13
Fax: +33 4 68 65 56 81

Groupe de Recherche et d’Information sur l’ Ostéoporose
Service de Rhumatologie
CHU de Saint-Etienne
Boulevard Pasteur
42055 Saint Etienne Cedex 2
Tel: +33 4 77 12 76 49
Fax: +33 4 77 12 75 77
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Germany

Kuratorium Knochengesundheit E.V.
Öffentlichkeitsarbeit
Leipziger Strasse 6
74889 Sinsheim
Tel: +49 72 61 92 17 75
Fax: +49 72 61 6 46 59

Deutsches Gruenes Kreuz E.V.
Schuhmarkt 4
35037 Marburg
Tel: +49 6421 29 31 19
Fax: +49 6421 29 37 62

Bundesselbsthilfeverband für Osteoporose
Kirchfeldstrasse 149
40215 Düsseldorf
Tel: +49 21 1 31 91 65
Fax: +49 21 1 33 22 02

Deutsche Gesellschaft für Osteologie
Paulinenstrasse 4
65189 Wiesbaden
Tel: +49 61 1 39 439
Fax: +49 61 1 37 90 76

German Academy of the Osteological & Rheumatological Sciences
Klinik der Fürstenhof
Centre of Endocrinology
PO Box 1660
31812 Bad Pyrmont
Tel: +49 52 81 151 402
Fax: +49 52 81 151 100

International Society for Fracture Repair
Institute of Orthopaedic Research and Biomechanics
University of Ulm
Helmholtzstrasse 14
89081 Ulm
Tel: +49 731 5002 3496
Fax: +49 731 5002 3498

German Society for Endocrinology
Vorderbrandstrasse 15 — 1/3
83471 Berchtesgaden
Tel: +49 8652 665 34
Fax: +49 8652 665 34
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Orthopädische Gesellschaft für Osteologie
Lauterbadstrasse 4
72250 Freudenstadt
Tel: +49 7441 952 658
Fax: +49 7441 852 12

Greece

Hellenic Society of Osteoporosis Patients Support
2 Thrakis Street
15124 Maroussi
Tel: +30 210 612 0382
Fax: +30 210 612 0382

Hellenic Institution Of Osteoporosis
2 Thrakis Street
Amaroussion
15124 Athens
Tel: +30 210 612 0382
Fax: +30 210 612 0382

Hellenic Society for the Study of Bone Metabolism
2 Thrakis Street
15124 Maroussi
Tel: +30 210 612 8606
Fax: +30 210 612 8606

Hungary

Hungarian Osteoporosis Patients Association
MAV Hospital
Podmaniczky 111
1062 Budapest
Tel: +36 1 269 55 90
Fax: +36 1 269 55 90

Hungarian Society for Osteoporosis and Osteoarthrology
MAV Hospital
Podmaniczky 111
1062 Budapest
Tel: +36 12 69 55 90
Fax: +36 12 69 55 90

Iceland

Beinvernd — Icelandic Osteoporosis Society
Postbox 161
270 Mosfellsbaer
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Tel: +354 897 3119
Fax: +354 543 9919

India

Osteoporosis Society of India
Department of Medicine
All India Institute of Medical Sciences
Ansari Nagar
New Delhi 110-029
Tel: +91 11 2659 4993
Fax: +91 11 2658 8663

Indian Rheumatism Association
Nizam’s Institute of Medical Sciences
Panjagutta — 500 082
Hyderabad — 500 082
Andhra Pradesh
Tel: +91 40 233 94 549
Fax: +91 40 233 10 076

Arthritis Foundation of India Trust
429 Pocket
E-Mayur Vihar, Phase II
Delhi 110091
Tel: +91 11 2277 7996

Indian Society for Bone and Mineral Research
Additional Professor
Department of Endocrinology
All India Institute of Medical Sciences
New Delhi 110029
Tel: +91 11 26 59 32 37
Fax: +91 11 26 58 86 63

Indonesia

Indonesian Osteoporosis Society (PEROSI)
Rheumatology Division of Internal Medicine
Department School of Medicine
University of Indonesia
JI Salemba raya no6
Jakarta
Tel: +62 21 330 166
Fax: +62 21 336 736

PMO text 8/11/04, 10:03 AM175



176

G

Iran

Endocrinology and Metabolism Research Center
Shariati Hospital
North Kargar Street
Tehran 14114
Tel: +98 21 8026 9023
Fax: +98 21 802 9399

Ireland

Irish Osteoporosis Society
Anatomy Department
Trinity College
Dublin 2
Tel: +35 31 60 81 182
Fax: +35 31 67 90 119

Israel

Israel Society on Calcified Tissue Research Metabolic Diseases
25 Tagore Street
Tel Aviv 69203
Tel: +972 3 641 78 27
Fax: +972 3 641 95 06

Israeli Foundation for Osteoporosis & Bone Diseases
PO Box 1513
Pardes Hana 37000
Tel: +972 4 62 74 549
Fax: +972 4 62 74 549

Italy

Lega Italiana Osteoporosi
Via Masolino da Panicale 6
20155 Milano
Tel: +39 0 23 926 4299
Fax: +39 0 23 921 1533

Mediterranean Society for Osteoporosis and Other Skeletal
Diseases
Clinica Medica I
Department of Medical and Surgical Sciences
University of Padova via Giustiniani 2
35128 Padova
Tel: +39 0 49 821 2150
Fax: +39 0 49 821 2151
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Donneuropee Federcasalinghe
Via dei Cappuccini 6
00187 Roma
Tel: +39 06 47 449 41
Fax: +39 06 48 801 53

Italian Society for Osteoporosis Mineral Metabolism and Skeletal
Diseases
University of Padova
Department of Medical and Surgical Sciences
Clinica Medica 1
Via Giustiniani 2
35128 Padova
Tel: +39 0 4 98 21 21 43
Fax: +39 0 49 657 647

Italian Society of Rheumatology
Divisione di Reumatologia
Instituto Ortopedico Gaetano Pini
Piazza C. Ferrari 1
20123 Milano
Tel: +39 0 2 58 296 415
Fax: +39 0 2 58 318 176

Japan

Japan Osteoporosis Foundation
2-11-25 Mukoyama
Takarazuka 665-0005
Tel: +81 797 77 3485
Fax: +81 797 77 2405

The Japanese Society for Bone and Mineral Research
Center for Academic Societies Japan Osaka
14th floor — Senri Life Science Center Building
1-4-2 Shinsenrihigasha-machi
Toyonaka-City
Osaka
Tel: +81 6 68 76 23 01
Fax: +81 6 68 73 23 00

Jordan

Jordanian Osteoporosis Prevention Society
PO Box 926237
11190 Amman
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Tel: +962 6 568 16 93
Fax: +962 6 562 39 55

Kuwait

Kuwait Osteoporosis Prevention Society
PO Box 53013
73061 Nuzha
Tel: +965 531 7971
Fax: +965 533 3276

Latvia

Latvia Osteoporosis Patient and Invalid Association
Rudens Street 8-5
1082 Riga
Tel: +371 928 6388
Fax: +371 704 2508

Latvian Society of Osteoporosis
6 Linezera Street
1003 Riga
Tel: +371 955 4397
Fax: +371 782 1154

Lebanon

Lebanese Osteoporosis Prevention Society
LOPS/PAOS Offices
Elias Baaklini Street
Kazan Bldg 1st floor
Achrafie–Sassine
Beirut
Tel: +961 1 337 227
Fax: +961 1 331 372

Société Libanaise de Rhumatologie
Division of Rheumatology
American University of Beirut Medical Center — Hamra
PO Box 113-6044
1103 2090 Beirut
Tel: +96 13 37 90 98

Lithuania

Lithuanian Osteoporosis Foundation
Zygimantu 9
2600 Vilnius
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Tel: +370 5 268 5454
Fax: +370 5 268 5453

Lithuanian Association of Metabolic Bone Diseases
Lithuanian Endocrine Society
Kauno Medicinos Universitetas
Endokrinologijos Institutas
Eiveniu 2
3007 Kaunas
Tel: +370 7 797 888
Fax: +370 7 733 819

Luxembourg

Association Luxembourg Osteoporose
12 Beiebierg
6973 Rameldange
Tel: +352 348 219
Fax: +352 263 40024

Association Luxembourgeoise d’etude du Métabolisme Osseux et de
l’Ostéoporose
Boulevard Kennedy 1
4170 Esch-sur-Alzette
Tel: +352 540 596
Fax: +352 540 430

Mexico

Asociación Mexicana de Metabolismo Óseo y Mineral A.C.
Durango 290–702
Colonia Roma
Mexico 06700
Tel: +52 55 52 11 20 07
Fax: +52 55 52 12 14 59

Comité Mexicano para la Prevención de la Osteoporosis A.C.
Av Insurgentes sur no299 Mezzanine
Col Hipodromo
Mexico 06100
Tel: +52 55 5574 19 00
Fax: +52 55 5574 22 02

Asociación Contra la Osteoporosis, S.C.
Sucre No93
Col. Moderna
Mexico 033510
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Tel: +52 55 5696 9014
Fax: +52 55 5579 5636

Morocco

Moroccan Society for Rheumatology
Service de Rhumatologie B Hôpital El Ayachi
Salé
Tel: +212 37 78 17 14
Fax: +212 37 88 33 27

Netherlands

Osteoporose Vereniging
Postbus 185
3620 AD Breukelen
Tel: +31 34 62 64 880
Fax: +31 34 62 66 479

Dutch Society for Calcium & Bone Metabolism
Department of Endocrinology and Metabolic Diseases
Leiden University Medical Center
Albinusdreef 2
2333 ZA Leiden
Tel: +31 71 52 63 300
Fax: +31 71 52 48 136

Osteoporose Stichting
Department of Endocrinology
Vrije Universiteit Medical Center
PO Box 7057
1007 MB Amsterdam
Tel: +31 20 444 0530
Fax: +31 20 444 0502

New Zealand

Osteoporosis New Zealand Incorporated
PO Box 688
Wellington
Tel: +64 4 499 4862
Fax: +64 4 499 4863

Norway

Norwegian Society for Rheumatology
Centre for Rheumatic Diseases
Rikshospitalet
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0027 Oslo
Tel: +47 23 07 35 51
Fax: +47 23 07 48 69

Norsk Osteoporoseforening
Munthes gate 33
0260 Oslo
Tel: +47 24 11 56 20
Fax: +47 22 44 76 21

Pakistan

Osteoporosis Society of Pakistan
66/1 BMCHS
Jamal-ud-din
Afghani Road
Karachi 74800
Tel: +92 21 493 3958
Fax: +92 21 221 4874

Panama

Fundación de Osteoporosis y Enfermedades Metabolicas Oseas
Ministerio de Salud
PO Box 2048
Edif 265
Paseo Gorgas
Tel: +507 278 0891
Fax: +507 229 6421

Peru

Sociedad Peruana De Reumatología
Av. Jose Pardo 138
1206 Lima Miraflores
Tel: +51 1 446 1323
Fax: +51 1 446 1841

Philippines

Osteoporosis Society of the Philippines Foundation Inc.
Joint and Bone Center, 2/F
University of Santo Tomas Hospital
España
1008 Manila
Tel: +63 27 81 17 73
Fax: +63 27 81 17 73

PMO text 8/11/04, 10:03 AM181



182

G

Poland

Polish Foundation of Osteoporosis
Centre of Osteoporosis and Osteo-Articular Diseases
Warynskiego Street 6/2
15-461 Bialystok
Tel: +48 85 74 45 440
Fax: +48 85 74 45 440

Polish Osteoarthrology Society
ul Kopernika 32
31-501 Krakow
Tel: +48 12 430 32 09
Fax: +48 12 430 32 17

Healthy Bone Enthusiasts Society
Stowarzyszenie Entuzjastow Zdrowej Kosci -Z Koniecznosci
Syrokomli 32
03 335 Warsaw
Tel: +48 22 67 51 297
Fax: +48 22 67 57 487

Multidisciplinary Osteoporotic Forum
Silesian University School of Medicine
Department of Nephrology
Endocrinology and Metabolic Diseases — Francuska 20/24
40-027 Katowice
Tel: +48 32 25 52 695
Fax: +48 32 25 53 726

Portugal

Associaçâo Portuguesa de Osteoporose
Rua Paraiso da Foz 48-6E
4150 Porto
Tel: +351 22 617 78 70
Fax: +351 22 617 78 70

Portuguese Society of Metabolic Bone Disease
Hospital de Egas Moniz
Unidade de Reumatologia
Rua da Junqueira 126
1300 Lisbon
Tel: +351 21 365 0000
Fax: +351 21 362 7296

Associaçâo Nacional contra a Osteoporose
Av. de Ceuta Norte
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Lote 4 — Loja 2
1350-125 Lisbon
Tel: +351 21 364 0367
Fax: +351 21 362 9134

Colégio Ibero-Americano de Reumatologia
Estrada da Luz-165-4e esq
1600-154 Lisboa
Tel: +351 21 72 600 72
Fax: +351 21 72 714 10

Puerto Rico

Sociedad Puertorriquena de Endocrinologia y Diabetologia
PO Box 41174
Minillas Station
Tel: +1 787 502 1687
Fax: +1 787 852 5313

Republic of Korea

Korean Society of Osteoporosis Research
Department of Internal Medicine, College of Medicine
Yonsei University
134, Shin-chon Dong
Seodalmun-Ku
Seoul
Tel: +82 2 361 5432
Fax: +82 2 393 6884

Romania

Romanian Foundation of Osteoarthrology
21 Voltaire Street
3400 Cluj-Napoca
Tel: +40 264 198 443
Fax: +40 264 431 040

Romanian Society of Rheumatology
Rheumatology Center
5 Thomas Masaryk Str.
70231 Bucharest
Tel: +40 2 1 211 68 48
Fax: +40 2 1 311 18 80

Association for Prevention of Osteoporosis in Romania
31 Liviu Rebreanu Street
4300 Tirgu Mures

PMO text 8/11/04, 10:04 AM183



184

G

Tel: +40 2 65 268 392
Fax: +40 2 65 250 793

Romanian Society of Osteoporosis
National Institute of Endocrinology
Blvd. Aviatorilot 34–36
79660 Bucharest
Tel: +40 2 1 230 36 32
Fax: +40 2 1 230 36 32

Russian Federation

Russian Association on Osteoporosis
Kashirskoye ah. 34A
115522 Moscow
Tel: +7 095 114 44 78
Fax: +7 095 114 42 81

Russian Patient Society of Osteoporosis & Bone Diseases
6 Institute Rheumatology
Kashieskove Sh-Se 34-1
115522 Moscow
Tel: +7 095 314 9428
Fax: +7 095 126 3306

Saudi Arabia

Saudi Osteoporosis Society
Security Forces Hospital
PO Box 3643
Riyadh 11481
Tel: +966 1 477 6448
Fax: +966 1 479 2451

Serbia and Montenegro

Yugoslav Osteoporosis Society
Mije Petrovica 15
18000 Nis
Tel: +381 18 542 045
Fax: +381 18 542 084

Singapore

Osteoporosis Society
Marine Parade Post Office
PO Box 648
914405 Singapore
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Tel: +65 345 3435
Fax: +65 345 3730

Slovakia

Slovak Union Against Osteoporosis
Nabrezie I. Krasku 4
921 01 Piestany
Tel: +421 33 762 3511
Fax: +421 33 772 4480

Slovak Society Osteoporosis & Metabolic Bone Diseases
Research Institute of Rheumatic Disease
Nabr. J. Krasku 4
92101 Pieět’any
Tel: +421 905 455 079
Fax: +421 215 2 925 875

Slovenia

Slovene Bone Society
University Medical Centre
Department of Endocrinology
Zaloska 7
1000 Ljubljana
Tel: +386 1 522 21 36
Fax: +386 1 522 21 36

Slovene Osteoporosis Patients Society
Potrceva 16
1000 Ljubljana
Tel: +386 1 540 19 15
Fax: +386 1 540 19 15

South Africa

National Osteoporosis Foundation
PO Box 481
Bellville
7535 Cape Town
Tel: +27 21931 78 94
Fax: +27 21931 70 75

Spain

Fundacion Hispana de Osteoporosi y Enfermedades Metabolicas
Gil de Santivanez 6-2 D
Apartado Postal 14.662
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28001 Madrid
Tel: +34 91 575 2551
Fax: +34 91 578 3510

Spanish Society of Bone and Mineral Research
Servicio de Reumatologia
Hospital Clinic
C/Villarroel 170
08036 Barcelona
Tel: +34 93 227 54 00
Fax: +34 93 227 93 86

Associaçoa Nacional contra a Osteoporose
C/Gil de Santivanes 6
Bajo Interior Derecha
28001 Madrid
Tel: +34 91 575 2551
Fax: +34 93 227 9386

Sweden

Swedish Osteoporosis Society
Department of Medicine
University Hospital
901 85 Umeä
Tel: +46 90 785 00
Fax: +46 18 501 885

Swedish Osteoporosis Patient Society
c/o Lars Hagenklev
Lotsgatan 5A
414 58 Gothenburg
Tel: +46 86 04 24 66
Fax: +46 86 04 61 64

Switzerland

Association Suisse contre l’Ostéoporose
Department of International Medicine
Centre Hospitalier Universitaire Vaudois
1011 Lausanne
Tel: +41 21 314 0870
Fax: +41 21 314 0871

Donna Mobile
Arbeitsgemeinschaft Osteoporose Schweiz
Postfach 77
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3097 Bern-Liebefeld
Tel: +41 31 970 0884
Fax: +41 31 970 0886

Syrian Arab Republic

Scientific Council for Osteoporosis and Skeletal Diseases
31 Baghdad Street
Damascus
Tel: +963 11 445 7208
Fax: +963 11 444 1415

Taiwan, China

Taiwanese Osteoporosis Association
Chang Gung Memorial Hospital
123 Ta-Pei road
Niao-Sung Hsiang
Kaohsiung
Tel: +88 67 73 36 676
Fax: +88 67 73 35 099

Thailand

Thai Osteoporosis Foundation
4th Floor, The Royal Golden Jubilee Building
2 Soi Soonvijai
New Petchburi Road
Bangkapi
Bangkok 10320
Tel: +662 718 0997
Fax: +662 716 5437

The Royal College of Orthopaedic Surgeons of Thailand
4th Floor, The Royal Golden Jubilee Building
2 Soi Soonvijai
New Petchburi Road
Bangkapi
Bangkok 10320
Tel: +66 2 716 5439
Fax: +66 2 716 5437

The Former Yugoslav Republic of Macedonia

Macedonian Osteoporosis Foundation
Vasil Gorgov 42
Skopje
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Tel: +389 2 2147 253
Fax: +389 2 122 039

Tunisia

Tunisian Osteoporosis Prevention Society
Service de Rhumatologie
Hôpital Mongi Slim
2046 La Marsa
Tel: +216 71 75 93 60
Fax: +216 71 86 38 69

Pan Arab Osteoporosis Society
Service de Rhumatologie
Hôpital Mongi Slim
2046 La Marsa
Tel: +216 71 75 93 60
Fax: +216 71 86 38 69

Turkey

Osteoporosis Patient Society Of Turkey
Bagdat Caddesi
Aydin Apt No 250/9
Göztepe
Istanbul
Tel: +90 216 478 2626
Fax: +90 216 355 1848

Turkish Joint Diseases Foundation
Bugday Sokak 6/27
Kavaklidere
06700 Ankara
Tel: +90 312 467 9686
Fax: +90 312 467 6269

Rheumatism Society
Etiler
Prof. Sitesi A3-10
80600 Istanbul
Tel: +90 212 265 22 97
Fax: +90 212 240 33 77

Turkish Osteoporosis Society
Dokuz Eylül Üniversitesi Tip Fakültesi
Fiziksel Tip ve Rehabilitasyon AD
Balçova
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Izmir
Tel: +90 232 278 2912
Fax: +90 232 278 2912

The Society of Endocrinology and Metabolism of Turkey
Büklüm sokak 33 / 5
Kavaklidere
06700 Ankara
Tel: +90 312 424 1314
Fax: +90 312 424 1112

Ukraine

Ukraine Association on Osteoporosis
Institute of Gerontology
Academy of Medical Sciences
PO Box 00114
Vyshgorodskaya Str. 67
254 114 Kiev
Tel: +380 44 430 41 74
Fax: +380 44 432 99 56

United Kingdom

National Osteoporosis Society
Camerton
Bath BA2 OPJ
Tel: +44 1761 471 771
Fax: +44 1761 471 104

Osteoporosis 2000
University of Sheffield Medical School
Beech Hill Road
Sheffield S10 2RX
Tel: +44 114 272 22 00
Fax: +44 114 263 44 20

European Calcified Tissue Society
6 Court View Close
Lower Almondsbury
Bristol BS32 KDW
Tel: +44 1454 610 255
Fax: +44 1454 610 255
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Bone and Tooth Society
Department of Medicine
Manchester Royal Infirmary, Oxford Road
Manchester M13 QWL
Tel: +44 1612 768 917
Fax: +44 1612 744 833

United States of America

International Society for Clinical Densitometry
342 North Main Street
West Hartford CT 06117-2507
Tel: +1 860 586 7563
Fax: +1 860 586 7550

Uruguay

Sociedad Uruguya de Reumatologia
Av. Italia s/n esq.
Las Heras
Tel: +598 2 487 9776
Fax: +598 2 487 8776

Venezuela

Sociedad Venezolana de Menopausia y Osteoporosis
Centro Medico Docente la Trinidad
Edif Manuel Pulido Méndez
Ave. Intercomunal el Hatillo
La Trinidad
1080 Caracas
Tel: +58 212 945 3522
Fax: +58 212 945 3522

Fundacion Venezolana de Menopausia y Osteoporosis Fuvemo
Avenida Libertador
Centro Comercial Libertador
Piso 1, Officina 5
1050 Caracas
Tel: +58 212 515 3112
Fax: +58 212 979 3986

Viet Nam

Viet Nam Rheumatology Association
Rheumatology Department
Bach Mai Hospital
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Ho Chi Minh
Tel: +84 4 868 6988
Fax: +84 4 869 1607

West Bank

Palestinian Osteoporosis Prevention Society
PO Box 100
Cremisan Street
Bethlehem
Tel: +972 22 76 60 75
Fax: +972 22 76 60 75

International organizations

The Bone and Joint Decade Secretariat
Department of Orthopedics
University Hospital
SE-221 85 Lund, Sweden
Tel: +46 46 17 71 61
Fax: +46 46 17 71 67

European League Against Rheumatism
EULAR Executive Secretariat
Witikonerstrasse 15
CH-8032 Zürich
Switzerland
Tel: +41 1 383 96 90
Fax: +41 1 383 98 10

International Bone and Mineral Society
2025 M Street, NW, Suite 800
Washington, DC 20036-3309
USA
Tel: +1 202 367 1121
Fax: +1 202 367 2121

International League of Associations for Rheumatology
Rheumatology Unit
K U Leuven
University Hospital
Pellenberg 3212
Belgium
38, Kambiz Str.
12311 Dokki
Cairo
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Egypt
Tel: + 20 2 760 9344

International Osteoporosis Foundation
5 rue Perdtemps
1260 Nyon
Switzerland
Tel: +41 22 994 0100
Fax: +41 22 994 0101

International Society for Clinical Densitometry
ISCD Headquarters
342 North Main Street
West Hartford, CT 06117-2507
Tel: +1 860 586 7563
Fax: +1 860 586 7550
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The World Health Organization was established in 1948 as a specialized agency
of the United Nations serving as the directing and coordinating authority for
international health matters and public health. One of WHO’s constitutional func-
tions is to provide objective and reliable information and advice in the field of
human health, a responsibility that it fulfils in part through its extensive programme
of publications.

The Organization seeks through its publications to support national health strat-
egies and address the most pressing public health concerns of populations
around the world. To respond to the needs of Member States at all levels of
development, WHO publishes practical manuals, handbooks and training material
for specific categories of health workers; internationally applicable guidelines and
standards; reviews and analyses of health policies, programmes and research;
and state-of-the-art consensus reports that offer technical advice and recommen-
dations for decision-makers. These books are closely tied to the Organization’s
priority activities, encompassing disease prevention and control, the development
of equitable health systems based on primary health care, and health promotion for
individuals and communities. Progress towards better health for all also demands
the global dissemination and exchange of information that draws on the knowledge
and experience of all WHO’s Member countries and the collaboration of world
leaders in public health and the biomedical sciences.

To ensure the widest possible availability of authoritative information and guidance
on health matters, WHO secures the broad international distribution of its publica-
tions and encourages their translation and adaptation. By helping to promote and
protect health and prevent and control disease throughout the world, WHO’s books
contribute to achieving the Organization’s principal objective — the attainment by
all people of the highest possible level of health.

The WHO Technical Report Series makes available the findings of various interna-
tional groups of experts that provide WHO with the latest scientific and technical
advice on a broad range of medical and public health subjects. Members of such
expert groups serve without remuneration in their personal capacities rather than
as representatives of governments or other bodies; their views do not necessarily
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Bone is hard tissue that is in a constant state of flux, being built up by bone-
forming cells called osteoblasts while also being broken down or resorbed by
cells known as osteoclasts. During childhood and adolescence, bone forma-
tion is dominant; bone length and girth increase with age, ending at early
adulthood when peak bone mass is attained. Males generally exhibit a longer
growth period, resulting in bones of greater size and overall strength. In males
after the age of 20, bone resorbtion becomes predominant, and bone mineral
content declines about 4% per decade. Females tend to maintain peak
mineral content until menopause, after which time it declines about 15% per
decade.

Osteoporosis is a disease characterized by low bone mass and structural
deterioration of bone tissue, leading to bone fragility and an increased
susceptibility to fractures, especially of the hip, spine, and wrist. Osteoporosis
occurs primarily as a result of normal ageing, but can arise as a result of
impaired development of peak bone mass (e.g. due to delayed puberty or
undernutrition) or excessive bone loss during adulthood (e.g. due to estrogen
deficiency in women, undernutrition, or corticosteroid use).

Osteoporosis-induced fractures cause a great burden to society. Hip fractures
are the most serious, as they nearly always result in hospitalization, are fatal
about 20% of the time, and produce permanent disability about half the time.
Fracture rates increase rapidly with age and the lifetime risk of fracture in 50
year-old women is about 40%, similar to that for coronary heart disease. In
1990, there were 1.7 million hip fractures alone worldwide; with changes in
population demographics, this figure is expected to rise to 6 million by 2050.

To help describe the nature and consequences of osteoporosis, as well as
strategies for its prevention and management, a WHO Scientific Group
meeting of international experts was held in Geneva, which resulted in this
technical report. This monograph describes in detail normal bone development
and the causes and risk factors for developing osteoporosis. The burden of
osteoporosis is characterized in terms of mortality, morbidity, and economic
costs. Methods for its prevention and treatment are discussed in detail for
both pharmacological and non-pharmacological approaches. For each
approach, the strength of the scientific evidence is presented. The report also
provides cost-analysis information for potential interventions, and discusses
important aspects of developing national policies to deal with osteoporosis.
Recommendations are made to the general population, care providers, health
administrators, and researchers. Lastly, national organizations and support
groups are listed by country.
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