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8Postmenopausal Osteoporosis

Antonio Cano and Miguel Ángel García-Pérez

8.1  Osteoporosis and Women

Osteoporosis is a disease in which reduced bone mass and microarchitectural dete-
rioration of bone tissue increase the risk for fragility fracture. Osteoporosis inte-
grates one of the non-communicable diseases (NCD) with a higher impact in ageing 
population. Based on the densitometric reference established by the technical report 
of the World Health Organisation (WHO) in 1994 [1], osteoporosis emerged as a 
disease affecting 75 million people in Europe, North America and Japan. That prev-
alence was found by using bone mineral density (BMD) as diagnostic criterion, 
which in women establishes osteoporosis when reaching 2.5 standard deviations or 
more below the average value for young healthy population [2].

The more recent evidence that BMD is a strong, but insufficient, parameter to 
assess the risk for fragility fracture in many subjects has uncovered the role of clini-
cal factors, like age or others, which have also emerged as strong risk factors 
(Fig. 8.1). Moreover, the availability of osteoporotic fracture data from cohorts at 
different geographical settings has made possible the integration of clinical param-
eters into the prediction of risk for fracture. New tools have been designed in which 
both clinical and densitometric factors are integrated and provide an absolute risk 
for fracture. It has been again the WHO that has issued the Fracture Risk Assessment 
Tool (FRAX) [3]. FRAX provides a 10-year absolute individual risk for fragility 
fracture and is sensitive to the varying conditions of different populations in the 
world.
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Therefore, the emphasis is now fracture, instead of BMD, a most-needed 
approach to better identify those individuals that will suffer from the more than 
8.9  million fractures occurring annually worldwide. Indeed, the lifetime risk for 
osteoporotic fracture, which moves between 30 and 40% in developed countries, 
approaches that for coronary heart disease. Complications of osteoporotic fractures 
include both increased morbidity and mortality, which translate into 2.8  million 
disability-adjusted life years (DALYs) annually. These figures are above those 
accounted by hypertension and rheumatoid arthritis [4].

One strong risk factor for osteoporosis is gender. Women have an increased vul-
nerability, since one in three women over age 50 will suffer from an osteoporotic 
facture vs. one in five men [5]. A more fragile habitus, with thinner bone constitu-
tion, is a variable influencing the higher risk of women. Another important variable 
is menopause, one unique endocrinological phenomenon of women. Albright 
already observed the impact of the abrupt fall in ovarian hormonal production on the 
risk for fragility fractures in women with surgical menopause [6]. The arrival of 
reliable densitometers confirmed that the fall in the circulating level of oestrogens 
at menopause was associated with an accelerated loss of bone density.

8.2  The Biological Basis

8.2.1  Structure of Bone

Bone is the system that maintains the body in an erect position. Against its static 
aspect, bone is a live tissue subjected to continuous change. The composition of 
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Fig. 8.1 Age is a strong risk factor for fragility fracture. The figure shows the 10-year hip fracture 
probability in a Swedish population according to age and bone mineral density (BMD) at the hip, 
which is presented as T-score. It is obvious that the lower the bone density (lower T value) the higher 
the risk for hip fracture. However, for a given T value, and particularly in ranges below −1 (osteope-
nia), age imposes dramatic differences in risk. With permission of Springer Verlag from Kanis et al. 
Osteoporos Int. 2001;12:989–95. Permission obtained through Copyright Clearance Center, Inc
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bone includes cells and inert material. Three main cellular types, osteoblasts, osteo-
clasts and osteocytes, distribute according to a framework provided by mineral, a 
calcium salt called hydroxyapatite, and a net of intertwined collagen fibres.

Two different forms of structures may be found in bone. Trabecular bone is a 
sponge-like design that fills up the vertebral bodies, where a network of trabecular 
plates determines a porous texture occupied by bone marrow. The transmission of 
tension through the trabeculae facilitates the flexibility required for energy absorp-
tion while maintaining a quite light fabric. Cortical bone, instead, is the basic com-
ponent of long bones. Layers of bone are tightly overlapped to produce a thick 
structure most optimised to support loading. Cortical bone results from massive 
overlapping of osteons, structures composed of concentric layers of compact bone 
(lamellae) that surround a central canal (Haversian canal). The composition of 
lamellae is that of compact bone, i.e. the net of collagen fibres immersed into the 
hydroxyapatite mineral matrix.

8.2.2  Bone Cells

Osteoclasts, osteoblasts and osteocytes habit, and exert regulatory functions, in this 
apparently inhospitable environment. Both osteoclasts and osteoblasts are cells 
deriving from progenitors at the bone marrow, which occupies spaces close to the 
surface of mineralised bone. Their role is crucial for the renovation of bone while 
maintaining an adequate bone mass. The key system is the bone multicellular unit 
(BMU), in which osteoclasts and osteoblasts renovate bone at any location in the 
skeleton.

Bone resorption is the role of osteoclasts, which in this way eliminate areas that 
are damaged due to repeated loading. The formed cavities are then occupied by 
osteoblasts, which deposit osteoid, the proteinaceous matrix that will be slowly 
mineralised to produce new bone. One key duty of the BMU is the complete restitu-
tion of the digested bone, so that the balance is neutral and no loss of bone mass 
occurs.

Osteocytes derive from osteoblasts buried within the mineralised bone that 
they have contributed to create. Osteocytes occupy a network of hollow spaces 
(lacuna), which are communicated by a network of canaliculi through which cyto-
plasmic processes interconnect other osteocytes to form a full network. There is 
not a complete idea of the functional role of osteocytes, although there is growing 
consensus in that they constitute a finely tuned sensor system detecting the bone 
areas in which, because of material fatigue, damage or other reasons, remodelling 
is desirable. In this sense, osteocytes may be considered as the guardians of bone 
quality [7]. Recent studies have shown that this function seems mediated, at least 
in part, by the contribution of osteocytes to the pool of one cytokine, the receptor 
activator of NFkB ligand (RANKL) [8, 9], which is crucial in the differentiation 
of osteoclasts from progenitor cells [10]. The differentiation of osteoclasts is cou-
pled, as previously mentioned, to that of osteoblasts, which refill the resorbed 
cavity and keep unaltered the structure of the bone. A scheme of the bone cells is 
presented in Fig. 8.2.
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8.2.3  Oestrogen Regulation

The initial observation by Albright that the loss of oestrogens in women increased the 
risk for osteoporotic fracture could only be adequately clarified in later years. Oestrogen 
receptors were initially described at the level of mRNA expression in cell cultures, 
experimental animals and human tissues [11–13]. Subsequent studies corroborated the 
presence of both alpha- and beta-ER in human cartilage and bone, this time at the level 
of protein [14, 15]. Both ER subtypes were detected in histological sections of the 
growth plate and in mineralised bone, and also in the three basic cellular types, osteo-
blasts, osteoclasts and osteocytes, although with different distribution patterns.

Parallel clinical observation confirmed that oestrogens behave as major regula-
tors of bone metabolism not only in women, but also in men [16, 17]. Moreover, 
pioneer data from Lindsay et al. confirmed that treatment with oestrogens prevented 
the bone loss in ovariectomised women [18]. More refined work in the latter years 
has confirmed details supporting the role of oestrogens at different steps of bone 
metabolism (reviewed in [19]).

One first effect of oestrogens concerns the limitation of bone remodelling. 
Additionally, oestrogens have been demonstrated to limit bone resorption. This is 
consistent with the observation of net bone loss with oestrogen decline, which is 
already detected at early stages of perimenopause [20] and is maintained until late 
in the postmenopausal years [21]. The impact of oestrogen decrease is confirmed by 
the clear increment of biochemical markers of bone resorption, at rates of 79–97% 
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Fig. 8.2 The illustration shows a scheme of the basic multicellular unit (BMU), where the three 
main cellular types, osteoclasts, osteoblasts and osteocytes, are presented. The canopy of the bone- 
lining cells and one associated marrow capillary are also included in the figure. The network of the 
osteocyte canaliculi is well connected with every agent of interest, thus providing a stable structure 
for intercellular communication between the different cellular types in the BMU. With permission 
of Elsevier from Khosla S et al. Trends Endocrinol Metab. 2012;23:576–81. Permission conveyed 
through Copyright Clearance Center, Inc
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[21], in both blood and urine in postmenopausal women. The increase in resorption 
markers is accompanied by the concomitant increase in markers of bone formation, 
but in a lower magnitude. The biological basis of this observation is the acceleration 
in the activation of BMUs, in which the differentiation of both osteoclasts and 
osteoblasts from progenitor cells is increased, but with a deviation in favour of bone 
resorption in all cases. A net loss of bone, consequently, results.

One first effect of oestrogens concerns the reduction of bone remodelling through 
direct action on osteocytes, the main regulatory cells. Studies in humans have shown 
that increased osteocyte apoptosis, as demonstrated in bone biopsies, associates 
with depletion of oestrogens by GnRH analogues administered to premenopausal 
women [22], and that this effect is followed by the activation of BMUs.

Further experimental work has confirmed that there is a direct effect of oestro-
gens on osteoclasts too. For example, the selective deletion of ERα in mice is fol-
lowed by loss of bone mass and the extension of the lifespan of osteoclasts in 
trabecular bone [23]. Vice versa, oestrogens have been demonstrated to suppress the 
differentiation of osteoclasts by several mechanisms, including the interference 
with RANKL [24], the overexpression of osteoprotegerin, the decoy receptor of 
RANKL or the own reduction in the production of RANKL and other pro- resorption 
cytokines by different cell types (for a review see [19]).

Together with the activation of bone resorption, the deficiency in oestrogens also 
determines defects in bone formation through a direct action on osteoblasts. 
Contrary to osteoclasts, oestrogens reduce apoptosis and increase lifespan of osteo-
blasts. The details of the mechanisms involved in this action of oestrogens are being 
investigated, although experiences in different models suggest that oestrogens might 
interfere with oxidative stress and reduce NF-κB, the latter being involved in impair-
ing bone formation subsequent to bone resorption in BMUs [19].

As other NCDs, osteoporosis has a long subclinical period that is susceptible to 
risk reduction strategies. Menopause defines a period of particular interest because 
of two main reasons, the increased deterioration of bone mass that initiates at this 
period and the wide receptivity of women to health promotion during this phase of 
their lives. It is therefore important to design a most appropriate strategy, which 
should include both diagnosis and management.

8.3  Diagnosis

There are not specificities that make different diagnostic strategies for osteoporosis 
in the particular case of the menopausal woman. The basic principle that the main 
purpose of the action against the disease should be the reduction of the fragility 
fracture remains as a mainstay in the management plan.

8.3.1  Clinical Assessment

Also as for other stages in life, a detailed clinical anamnesis will provide whether 
there are clinical risk factors. They should be preferably integrated in the context of 
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any of the available tools for calculating absolute facture risk. The FRAX risk cal-
culator, which provides absolute risk at 10 years, is supported by the WHO and by 
other scientific societies, like the National Osteoporosis Foundation (NOF) [25], 
International Osteoporosis Foundation [26], or others (Fig. 8.3). More risk calcula-
tors have been proposed, like the Q-fracture [27] or others, but they have not dem-
onstrated clear advantages. The existence of a prior fragility fracture or parental 
history of hip fracture, for example, continues to be a strong risk factor, which 
should receive particular attention, as described in most guidelines [28].

8.3.2  Imaging

Additional diagnostic tools include imaging techniques, where bone densitometry is 
the main pillar. The status of bone tissue, not only its density, may be measured by 
several techniques, like quantitative computed tomography and quantitative ultra-
sound. Densitometry based on X-ray is, nonetheless, the universal priority and, 
therefore, we will focus on that technique. The basis of its utility resides in that the 
absorption of X-ray is very sensitive to the calcium content of the tissue. Dual- 
energy X-ray absorptiometry (DXA) is the most widely used technique, which is 
taken as a reference for the diagnosis of osteoporosis according to the WHO criteria 
(see above). Both areal and volumetric density may be measured, but areal BMD is 

Fig. 8.3 The screen page of the FRAX tool German model (https://www.shef.ac.uk/FRAX), with 
permission of the World Health Organization Collaborating Centre for Metabolic Bone Diseases, 
University of Sheffield Medical School, UK
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commonly used because it accounts for approximately two-thirds of bone strength 
and, consequently, is considered a strong risk factor for fracture. An additional 
advantage of DXA resides in its capacity to visualise deformities of the vertebral 
bodies, thus avoiding the additional use of conventional X-ray assessment.

In addition to its value to ascertain the risk for future fracture, the information 
obtained from DXA may also be used as a referent baseline to monitor the evolution 
of a particular patient. This is of interest in the case of postmenopausal women, 
because the rate of bone loss has an individual profile, and some women, those 
defined as “fast losers” in some studies, show a specific sensitivity to oestrogen 
drop. Also, observational studies have confirmed that the change rate of BMD in a 
treated patient is useful to determine the evolution of the future fracture risk [29]. 
The slow response of BMD to treatment is, however, a difficulty for taking advan-
tage of this option of DXA. Moreover, the absence of BMD increase does not neces-
sarily imply the absence of therapeutic response.

Trabecular bone score (TBS) is a novel method that, based upon the spine imag-
ing provided by some specific densitometers, may give information that relates with 
bone texture and microarchitecture. A series of recent studies have suggested that 
TBS may improve fracture risk prediction over that provided by conventional DXA, 
particularly in some specific cases, like diabetes [30]. The potential of TBS, none-
theless, still needs investigation.

8.3.3  Biochemical Markers

Bone biochemical markers are analytes that result from the metabolic events in 
bone. Some of them are produced as a consequence of resorption by osteoclasts 
while others are released as a result of the osteoblastic activity. Since both cell types 
are coupled in the remodelling process because of the activation of the BMUs, both 
types of markers increase during raised resorption.

The great potential advantage of bone markers is that, if they are specific enough 
and the analytical method is sufficiently precise, a real-time report of the status of 
bone metabolism may be obtained. The magnitude of the treatment response, for 
example, might be assessed without waiting for the densitometric response.

Furthermore, their baseline value may be taken as an indicator of the magnitude 
of the resorptive process and, should this behave as a stable phenomenon, a certain 
prognosis of the fracture risk might be seized [31]. This is a very important feature 
to better detect the most abundant profile of fractured subjects, who have normal or 
only slightly decreased BMD for their age [32].

The choice of bone markers keeps increasing in parallel with the better knowledge 
of bone metabolism [33]. Resorption markers include collagen degradation proteins, 
noncollagenous proteins, osteoclastic enzymes and, more recently, osteocyte activity 
markers. Degradation products of type 1 collagen are produced by the activity of 
cathepsin K, an osteoclastic enzyme. Both the carboxy (CTX-1) and the amino-termi-
nals (NTX-1) may be measured and are the most consolidated options. Indeed, CTX1 in 
serum has been recommended as reference bone resorption marker by IOF.

8 Postmenopausal Osteoporosis



132

Formation markers have had less use. The list includes procollagen type I pro-
peptides, osteocalcin and alkaline phosphatase. The procollagen type I propeptides 
are originating mainly from activated osteoblasts and result from the posttransla-
tional cleavage of type I procollagen molecules by proteases. Both the N- and the 
C-terminal, PINP or PICP, are produced, but the most reliable and preferred is PINP, 
which is the reference formation marker in most studies. The practical value of 
PINP has increased considerably in the latter years.

In practice, the main limitation of bone markers is their variability, mainly due to 
the circadian and seasonal variation of bone metabolism. Even so, they may be 
taken as an adjunct to DXA for aspects like identification of fast losers in postmeno-
pause, the above-mentioned prediction of fracture risk, and for monitoring the effect 
of anti-resorptive therapy. This latter advantage is of value only when using anti- 
resorptives capable of achieving a substantial reduction in bone turnover, like 
bisphosphonates or denosumab.

8.4  Management

The acceleration of bone resorption initiates prior to menopause [20], and the phe-
nomenon keeps for many years, probably up to the end of life [34]. This means that, 
considering the global life expectancy, this state will last for 30 or more years. 
Moreover, it is known that most fragility fractures, including hip and vertebral, 
attain a significant incidence at relatively advanced age, not earlier than 70 years. 
Also important, most anti-resorptives have shown efficacy in clinical trials in which 
the median age of the participating women was advanced, far from the immediate 
postmenopausal period, and their prolonged use is not free of disadvantages [35]. 
Putting all these arguments together, it seems that most of the women that enter 
menopause should attend the reduction of osteoporosis risk with an armamentarium 
in which potent anti-resorptives are not a first option. Then, the identification of the 
optimal way to manage this long period of women’s life raises several questions.

8.4.1  Assessment of Osteoporosis Risk

Osteoporosis should be an issue in the routine management of menopausal women. 
The purpose should be the identification and evaluation of high-risk individuals. A 
detailed clinical history is mandatory to disclose whether there are specific clinical 
risk factors, particularly the strong ones, a history of previous fragility fracture and 
parental history of hip fracture. The review of the list of clinical risk factors included 
in FRAX may help because it is quick and at the same time may be useful to posi-
tion the woman in relation to her future (10 years) risk for fracture.

The option of a systematic DXA assessment is a matter of some debate. The 
majority of guidelines do not recommend its practice until the age of 65 years unless 
there are one of the strong risk factors mentioned above [36]. This is so because, 
even accepting that the proportion of women with osteoporosis at 50 years that will 
suffer from a fracture in the next 10  years is approximately 45%, a 96% of the 
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fractures will occur in women without osteoporosis [28]. One Australian study has 
added low body mass index as an independent risk factor, although the study 
referred to densitometric osteoporosis and not to fragility fracture [37]. There is no 
established recommendation on the use of biochemical markers.

8.4.2  Lifestyle as a Risk Reduction Strategy

Menopause is an excellent opportunity to implement healthy lifestyle in women 
who do not meet the criteria for DXA scanning. As mentioned above, they will be 
majority. This includes avoidance of toxics, mainly alcohol abuse and tobacco, good 
nutrition and regular practice of exercise. Regular physical activity may reduce the 
progression of ageing-associated sarcopenia, slow or even equilibrate the loss of 
bone mass and improve neuromotor coordination to decrease the risk of falls. 
Additionally, there is an impact on mood and wellness, which may translate into 
improvement of the quality of life, and on other organs and systems. So, it is a most 
appropriate option, which should be strongly recommended, to manage this period 
in the life of women [38].

Nutrition has received attention, particularly in what refers to the adequate intake 
of protein, calcium and vitamin D. The literature on the effect of calcium and vitamin 
D on the reduction of fracture is mixed, specifically in what refers to pharmacologic 
calcium. No discernible effect of calcium on hip fracture was detected in a meta-
analysis pooling data from seven prospective cohort studies including 170,991 
women. Moreover, data from Swedish women attending the mammography national 
programme and followed for 19  years showed that women with higher calcium 
intakes, well above the 1 g/day, had an increased risk for hip fracture [39] (Fig. 8.4). 
Moreover, some studies have shown that high dosages of pharmacologic calcium 
may be harmful in that there is an increase in kidney stones [40] and even myocardial 
infarction (24% increased risk in a meta-analysis pooling randomised studies) [41].

The possibility that high intakes of calcium, with or without vitamin D, may be 
harmful has moved scientific societies to strengthen a clear message. The recom-
mended nutrient intake (RNI) of calcium is 1000 mg/day, which should slightly 
increase to 1200 mg/day in populations at higher risk, as postmenopausal women 
[42]. Dietary sources of calcium are the preferred option. The corresponding dose 
of vitamin D should be 800 UI/day, which may be acquired from diet and from forti-
fied dairy products. Fortified yoghurts, for example, contain 200 UI vitamin D.

Some debate has also arisen about the potential of vitamin D to reduce the risk 
for falls. No definitive conclusion has been reached, particularly because some data 
have been published arguing that high dosages of vitamin D may even increase the 
risk for falls.

8.4.3  Hormone Therapy

The whole cascade of symptoms, quality-of-life deterioration and health threats 
presenting in women’s lives at menopause is precipitated and caused by the drastic 
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decline in hormone output, and more specifically, the fall of oestrogens. 
Consequently, it may be conceived that the reposition of the hormone should rein-
state several, if not all, of the lost benefits.

In the case of osteoporosis, the pathophysiological features described above are 
clearly linked with oestrogen loss. Accordingly, oestrogen replacement should act 
to reverse every observed action, something consistently reproduced at each step. 
So, experimental data confirm that oestrogens impair osteoclast differentiation, and 
maintain osteocyte survival and osteoblast function [19].

At the clinical level, data obtained years ago with the most primitive densitom-
eters clearly confirmed that oestrogens could prevent menopause-associated loss of 
bone mineral content, as described at the metacarpus in a landmark study by Lindsay 
et al. [18]. More than 20 years later, the same group performed a dose-dependent 
study showing that even low dosages of oestrogens were able to maintain, and even 
to slightly increase, BMD at the spine [43]. Similar results have been observed with 
low-dose transdermal oestradiol [44], and have been widely reproduced. The con-
sistence of the findings confirms that the protective effect on the bone may be 
attained with dosages below those required for symptom control.

Hormones do not seem to have a significant residual effect after treatment with-
drawal, with most of the BMD gain being lost in 1–2 years [45]. Interestingly, com-
parison with other anti-resorptives in osteoporosis prevention (BMD effect) in 
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Fig. 8.4 Average intake of dietary calcium and time to first hip fracture as calculated by Swedish 
investigators working with the data from the Swedish Mammography Cohort. This database includes 
61,433 women born between 1914 and 1948 and followed for 19 years. Models were adjusted for a 
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menopausal women has shown non-inferiority of hormones, with advantages at 
some specific territories like the forearm [46].

More ambitious studies have taken the reduction of fracture as an endpoint. The 
clearest evidence was provided by the Women’s Health Initiative (WHI) study, 
which clearly showed an increase in BMD and a reduction in fracture at the spine, 
the hip and the forearm, although only the hip effect was significant after adjustment 
for multiple comparisons [47]. Importantly, this effect was found in a population of 
healthy women.

The detrimental effects on other systems obscured the good performance of oes-
trogens on the bone in the WHI study. The rise in the diagnoses of breast cancer and 
the vascular effects, including increases in coronary heart disease, stroke and deep 
venous thrombosis, were the basis for recommendations of scientific societies and 
government institutions against the use of oestrogens to prevent chronic disease. 
This also applied to osteoporosis. Despite being the actor pathophysiologically enti-
tled to restore the trigger mechanisms, and their excellent performance at both 
experimental and clinical level, the use of oestrogens to prevent or treat osteoporosis 
is discouraged, or taken as a last option, by most guidelines from scientific societies 
and governmental bodies.

8.4.4  Pharmacological Compounds

8.4.4.1  Selective Oestrogen Receptor Modulators (SERMs)
Advances in pharmacological chemistry together with the better knowledge of ER 
biochemistry have generated a number of synthetic compounds that have a molec-
ular conformation distinct to oestrogens but share their potential to interact with 
the ER.  The structural differences with oestrogens determine that their agonist/
antagonist equilibrium changes as a result of the three-dimensional molecular con-
figuration or the target tissue [48]. SERMs are grouped into families according to 
the root biochemical structure, and several of them have been approved for use 
with humans [49].

The most attractive property of SERMs is that molecules may be shaped to main-
tain the advantages of oestrogens, for example in osteoporosis, while getting rid of 
the disadvantages. This search of the perfect SERM keeps being a constant in the 
latter years.

Two compounds, raloxifene and bazedoxifene, have been approved for treating 
osteoporosis in several countries. Both raloxifene and bazedoxifene have demon-
strated increases in BMD and effective reduction of vertebral, but not hip fractures 
[50, 51]. There was a protective effect against nonvertebral fractures in correspond-
ing post hoc analyses [51, 52]. The size of the impact on the bone seems slightly 
lower than that achieved by oestrogens. Interestingly, raloxifene has demonstrated 
reduction in the risk for breast cancer [53], although as for oestrogens, an increase 
in deep vein thrombosis was apparent in the pivotal studies [50, 51]. Health econ-
omy analyses have shown acceptable cost/effectiveness of SERMs [54, 55].
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Bazedoxifene has demonstrated a more antagonistic effect than raloxifene in 
endometrium, and this interesting property has been taken as the basis for develop-
ment of new formulations in which bazedoxifene is mixed with oestrogens to 
counterbalance the oncogenic potential of oestrogens on the endometrium or the 
breast.

8.4.4.2  Other Anti-resorptives
The armamentarium of drugs with proved effectiveness against osteoporosis keeps 
increasing at good pace. The bone-forming agents emerge among the most recent 
novelties [56, 57], but the interest in the field of postmenopausal osteoporosis con-
tinues being focused in anti-resorptives. This is so because menopause favours bone 
loss since the fall of oestrogens increases bone resorption. Bisphosphonates and 
denosumab are two well-consolidated options that have proved effectiveness as 
anti-resorptives.

Bisphosphonates
These molecules are incorporated into the mineralised bone because of their affinity 
for calcium. Bisphosphonates are toxic for osteoclasts, so that they condition cel-
lular demise when ingested in the course of the osteoclast-dependent resorptive 
action. In such a simple way, bisphosphonates drastically reduce bone turnover. 
Several compounds have been marketed and are now very good cost-effective 
options [58]. Alendronate, risedronate, clodronate, zoledronate and ibandronate 
have been those with higher popularity. They may be administered by oral and intra-
venous route. Oral bisphosphonates may be used in weekly and monthly doses with 
similar impact on BMD and bone markers as that of the daily administration. 
Randomised controlled trials including high-risk women have shown that oral 
bisphosphonates reduce vertebral fractures by approximately 40–50% and hip frac-
ture by 51% (alendronate) [59], and by 30% (risedronate) [60] in some specific 
populations.

The highly effective reduction of bone turnover has become a difficulty in the 
long-term use of bisphosphonates. The lack of a minimal activity of the BMUs has 
favoured two rare but serious adverse events, osteonecrosis, particularly at the jaw 
[61], and atypical femoral fractures [62]. This has popularised the new strategy of 
drug holiday [63], which aims at intercalating periods without treatment in the 
course of long-term use of bisphosphonates.

Denosumab
The first biological treatment in osteoporosis is represented by denosumab, a human 
(IgG2) antibody that binds to RANKL, thus drastically reducing the differentiation 
of osteoclasts. The dose of 60 mg administered in the form of subcutaneous injec-
tion every 6 months achieved a reduction of vertebral fractures by 68% and hip 
fractures by 40% as compared with placebo [64].

Because denosumab is a powerful anti-resorptive, and similar to bisphospho-
nates, the antibody has been associated with increased risk for osteonecrosis of the 
jaw and atypical femoral fractures [65].
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 Conclusion
Osteoporosis is a disease with a strong gender profile. Menopause adds risk and 
therefore is a period of particular attention. Moreover, the age at menopause is 
still early enough to implement lifestyle measures that will provide benefit not 
only for bone but also for other systems, like the vasculature, the muscle, the 
central nervous system or others.

Fractures are rare at the age of menopause unless women suffer from addi-
tional risk factors. This is why the health exams at this period of the women’s life 
should include a review of the risk factors for osteoporosis. Most women will be 
free of them and, consequently, should be advised healthy lifestyle only. This 
will include the avoidance of toxics, tobacco or excessive consumption of alco-
hol, a balanced diet in which the recommended amount of calcium (1200 mg/
day) plus vitamin D (800 UI) is achieved, and regular physical activity. These 
measures will improve general health and quality of life and, again, should be the 
only recommendation to the widest majority of women.

Women with risk factors are fortunately very few, and should be studied 
adequately. This adds a bone densitometry and, if risk is sufficiently high, the 
use of anti-resorptive drugs. The selection of the drug should account that 
women living the early phases of menopause, usually aged less than 60 years, 
have a long life expectancy in front. Since one strong risk factor of osteoporosis 
is age, the indication for treatment will keep being stronger as years pass. This 
is why SERMs add two advantages, the reduction of the risk of breast cancer 
(raloxifene) and a smooth reduction of bone turnover, which discards the risks 
of jaw osteonecrosis or atypical femoral fracture. Also, SERMs reduce the risk 
of vertebral fractures, which rank prior to hip fracture in the chronologic 
sequence of osteoporotic fractures. After a certain number of years, SERMs 
may be changed for bisphosphonates [66]. This sequence, however, results from 
clinical judgement and has not been substantiated by any study. Therefore, ini-
tiation with bisphosphonates, for example, may be a good option as well. 
Denosumab, instead, should be left for women with higher risk of fracture [64, 
65], which means women of more advance age, or with high risk for hip 
fracture.
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