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1. Introduction

Life expectancy has increased considerably in recent decades thanks to the improvement of
measures for health protection and disease prevention as well as improvements in the
quality of health systems. While in the middle of last century the average life expectancy of
a woman was about 50 years, today there are over 350 million women older than 60.
Furthermore, from the perspective of developed countries, postmenopause is a stage that
spans more than one third of the life of a woman. That is why the research on the
pathophysiology and treatment of menopause has become necessary and important.

The decrease in sex steroid production by the ovary that occurs in perimenopause and
menopause is associated with a rapid loss of bone mass due to increased resorption. In the
past two decades, multiple observational studies have noted the beneficial effect of hormone
replacement therapy (HRT) in postmenopausal women's health, based mainly on the relief
of symptoms associated with estrogen deprivation such as vasomotor and genitourinary
symptoms. These studies also indicated a preventive effect on aging-related diseases such as
osteoporosis. Estrogens have been shown to be effective in increasing bone mineral density
(BMD) and prevent fractures, but information on side effects from long use has reduced
their use for the treatment of osteoporosis (Tamborini & Ruiz, 2004).

Tibolone is a synthetic steroid used in the treatment of postmenopausal symptoms and
decreased libido that has an estrogen agonist effect on bone.

Although the intimate mechanisms of control of bone remodelling are not still completely
known, we do have enough information to say that estrogens have a role in the homeostasis
of the skeleton, which is why their decline is associated with reduced bone mass, impaired
in the microarchitecture and increased risk of fracture.

The following chapter discusses the role of estrogen therapy and tibolone in the prevention
and treatment of postmenopausal osteoporosis.

2. Literature search

Studies with English language abstracts identified in MEDLINE, HealthSTAR, and
Cochrane Library databases from 1990 to 2010 are reviewed. Reference lists of key articles

www.intechopen.com
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and meta-analyses have also been reviewed. We used all published studies of HRT and
tibolone if they contained a comparison group of HRT nonusers and reported data relating
to HRT use and clinical outcomes of interest. Studies have been excluded if the population
was selected according to prior events or presence of conditions associated with higher risks
for targeted outcomes.

3. Hormone replacement therapy (HRT)

3.1 Effect of sex steroids on bone

The possible adverse effects of estrogen deficiency on the bone metabolism are known since
the 40 decade (Albright, 1940, 1947). The first studies confirmed a higher rate of
oophorectomies among osteoporotic women than in general population, and that the
surgical treatment had place earlier than the age for natural menopause. These studies also
showed that the negative balance of osteoporosis was normalized with the administration of
estrogen. Thus it was postulated that estrogen somehow stimulated the action of osteoblasts,
which is now accepted as one of the potential mechanisms of action of estrogen on bone
mass (Lindsay, 1995).

Oophorectomized and postmenopausal women have decreased circulating levels of other
steroids in addition to estrogens (Lindsay, 1995). In women, circulating androgen
concentrations are in the order of nanomoles or micromoles while estrogens do so at
concentrations on the order of picomoles. The concept of androgen deficiency syndrome is
relatively old, but in recent years there has been a renewed interest in the subject.

The premenopausal ovary produces significant amounts of progesterone during the luteal
phase of each cycle. Progesterone appears to act directly on bone turnover and may play a
role in the relationship between bone resorption and new bone formation (Prior, 1990).
Although we do not yet fully understand the bone turnover process or control, there is
sufficient information to conclude that sex steroids play an important role in skeletal
homeostasis. The lack of secretion of ovarian sex steroids results in a net loss of bone tissue.
When given to women with deficiency of sex steroids, these hormones reverse many of the
effects related to loss of ovarian function. Therefore, it has been suggested that
postmenopausal women should take HRT long term to prevent these negative effects,
including osteoporosis and fractures.

3.1.1 Estrogens and bone

With the decrease in estrogen levels that occurs at menopause, there is an increase of bone
remodelling with a loss of balance between formation/resorption, predominantly the latter.
HRT decreases the elevated levels of resorption to those before menopause. Bone cells have
estrogen receptors (Vidal et al., 1999). The most important action of estrogen on bone is to
inhibit bone resorption. This action indirectly regulates the production of cytokines and
growth factors in osteoblasts. Since there are estrogen receptors in osteoclasts, may also be
logical to think that there is a direct action. Inhibition of bone resorption by estrogen is
probably the conclusion of inducing apoptosis in osteoclasts (Kameda et al., 1997), this
action being probably due to increased TGF-p. Estrogens have shown to increase the
proliferation of osteoblasts and the expression of different genes that encode enzymes, bone
matrix proteins, transcription factors, hormone receptors, growth factors and cytokines.
However, these results have varied depending on crop models (Manolagas, 2000). Estrogens
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have also shown the ability to inhibit TRAP expression or inhibit certain steps in the RANK-
JNK signal (Srivastava et al., 2001).

The current idea of the action of estrogen is that it is through different pathways. There is,
first, an antiapoptotic effect of estradiol on osteoblasts and osteocytes due to rapid non-
genomic action (Kousteni et al., 2001). It has succeeded in synthesizing a ligand called
ESTREN that act exclusively through this channel, and theoretically could have the same
effect as estrogens on bone without the genomic consequences of these. This model has been
named to a new class of pharmacological agents called ANGELS (Activators of
NonGenotropics Estrogens Like Signalins), and there would be another apoptotic action on
osteoclasts (Manolagas et al., 1995). The actions of estrogen on bone cells, are inhibition of
bone resorption by decreasing the synthesis or response to interleukins such as IL-6, IL-1
and TNF-a with less differentiation of precursor cells into osteoclasts by increasing IL-4.
Among other effects, estrogens decrease lytic enzyme activity of osteoclasts and produce
changes in growth factors insulin-like IGF-I, IGF-II and interferon types a, p and y. The
effect of estrogen is mediated in part by growth factors and interleukins such as IL-6, which
is a potent stimulator of bone resorption by blocking estrogen synthesis by osteoblasts.
Estrogen may also antagonize the interleukin receptors. The apoptosis of osteoclasts is also
regulated by estrogens. Faced with reduced levels of estrogen, osteoclasts live longer and
have greater capacity of absorption. Estrogens regulate tumor growth factor system
associated with the RANK/RANK-L resulting in a decrease in the activity of osteoclasts.
They also stimulate the production of osteoprotegerin (OPG) by osteoblasts. Thus, the
presence of estrogen prevents binding of RANK-L to RANK resulting in inhibition of the
formation, differentiation and survival of osteoclasts (Eghbali-Fatourechi et al., 2003). In
response to increased bone resorption, it exists an increase in bone formation, creating a
high turnover that leads to bone loss and deterioration in the microarchitecture. In the first 5
years since menopause, a substantial disruption of the trabecular architecture can be
observed, demonstrated by the analysis of iliac crest biopsies using computed
microtomography techniques (Issever et al., 2002). Once broken the continuity of a
trabecula, we can increase thickness, but will not get a new connectivity.

We could conclude that steroid hormones are involved with a complex action system clearly
influencing the bone marrow regulation. They are part of the mechanism regulating RANK-
RANKL-osteoprotegerin, whose predominant action is bone resorption, and it is performed
through genomic and nongenomic actions. In addition, estrogens also act through indirect
mechanisms of action such as reducing the sensitivity of the bone to resorptive effects of
parathyroid hormone (PTH), acting as antiresorptive agents. They produce an initial
decrease in serum calcium and, therefore, a transient increase in PTH and calcitonin
secondary modifications. Due to the increase in a 1-hydroxylase activity and phosphorus
decreased, they produce an increase in hydroxyvitamin D3. Estrogens also increase the
intestinal absorption and decrease renal excretion of calcium, and have direct effects on the
secretion of PTH and calcitonin.

3.1.2 Androgens and bone

Androgens have a profound effect on bone and muscle physiology in women. Both for their
intrinsic activity as for their conversion to estrogens, androgens have a modulatory effect on
bone remodelling cycle. The androgen deficiency, like estrogen, may facilitate the
development of osteoporosis. Androgenic anabolic steroids are sometimes used in the
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treatment of osteoporosis but their use is limited by side effects of virilizing type. Evidence
of the effects of androgens on bone mass comes from women with polycystic ovary
syndrome or steroid-secreting ovarian tumors in which there is an increase in bone mineral
density (Gregoriou et al., 2000). On the other hand, we know that the combination of
androgens and estrogens for hormone replacement therapy in menopausal women is
associated with increased bone mass above that observed with estrogen alone (Castelo-
Branco et al., 2000). A cohort study developed to assess BMD in postmenopausal women
using estradiol and testosterone hormonal implants comparing to that of patients without
hormonal therapy, confirmed that BMD variance between the groups in the period of 1 year
was significantly different, and concluded that the combination of estradiol and testosterone
promoted bone protection in postmenopausal women (Britto et al., 2011).

Androgen receptors have been identified in osteoblasts, osteoclasts and osteocytes.
Androgens stimulate the proliferation and differentiation of osteoblasts, stimulate the
synthesis of extracellular matrix proteins, and stimulate mineralization. These steroids affect
the functionality of bone cells through their effects on local factors that control bone cell
microenvironment, have proapoptotic effects on osteoblasts and osteocytes, and increase
strength and muscle. This ultimately leads to increased physical activity and this in turn to
activation of bone formation by stimulation of the osteocytes (Notelovitz, 2002).

3.1.3 Progestins and bone

The role of progestins in preventing bone loss is less studied. However, there is general
consensus that 19-norderived progestins with androgenic properties, such as norethindrone
and norethindrone acetate, at higher doses than necessary for hormone replacement
therapy, have beneficial effects on bone density.

Thus, for example, progestins can increase bone density in women with postmenopausal
osteoporosis and alleviate the effects of estrogen deficiency in young women treated with
GnRH agonists. However, data on the effects of progestins C21 derivatives such as
medroxyprogesterone acetate are mixed. It has been reported that, in premenopausal
women with luteal defects, medroxyprogesterone acetate (10mg/day, 10 days/cycle) can
significantly increase vertebral bone density (Prior et al., 1994). In contrast, administration of
20 mg/day of this progestin could not stop the loss of vertebral bone density in
postmenopausal women (Gallagher et al., 1991). In addition, premenopausal women using
depot medroxyprogesterone acetate as a contraceptive or taking oral doses (50mg/day) of
this progestin on gynecologic pathology have varying significantly decreased bone density
(Cundy et al., 1996). The different findings in these studies clearly indicate that the effects of
medroxyprogesterone acetate on bone may vary according to the dose administered and the
estrogen status of the user. When administered in doses sufficient to induce hypogonadism,
medroxyprogesterone acetate is associated with a rapid and significant loss of bone mineral
density at the lumbar level. This bone loss is the result of estrogen deficiency and occurs
despite an increase in body weight, although it seems partially reversible.

Clinical trials have shown that postmenopausal women receiving norethindrone acetate
associated with estrogen show a significant increase in bone mineral density compared with
patients treated only with estrogen (Speroff et al., 1996). In contrast, neither the micronized
progesterone nor medroxyprogesterone acetate contributed significantly to the positive
effects of estrogen on bone (PEPI Trial, 1996).

Progestins influence the bone formation within the bone remodelling process (Sootweg et
al., 1992). Receptors for progesterone have been identified in human osteoblasts and
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osteoclasts. However, the effects of progestagens on bone are not clear. A study about the
activity of a "pure progestogen" on human osteogenic osteosarcoma cells did not observe
any effect on cell proliferation when progestins were added alone to culture, but after the
combined administration with 17p-estradiol, a strong action synergistically was confirmed
on the proliferation of osteosarcoma cells. Moreover, other studies show that some synthetic
progestins produce their effects through the activation of the estrogen receptor (Jordan et al.,
1993).

3.2 HRT - Type, dose

Almost all information about the effects of estrogens on the bone come from the use of
estradiol and conjugated equine estrogens (CEE). Isolated estrone also has a beneficial effect
on bone, and it seems that estriol does not have an obvious role in skeletal production in
postmenopausal women.

The route of administration, oral or transdermal, does not imply differences in the beneficial
effect on bone (Hillard et al., 1994). The estrogenic pulsotherapy has also shown a
normalization of the markers of resorption and formation to premenopausal values after 3
months of treatment at doses of 300 mcg/day. The increase in BMD at this dose is similar to
that found with 50 mcg/day of transdermal 17-beta-estradiol, providing significant
differences in the measurement of BMD over baseline in spine and hip in the evaluation
performed after 56 weeks treatment (Palacios et al., 2002). In women with uterus is
necessary to administer a progestin to counteract endometrial proliferation induced by
estrogen. The dosing regimen of progestin does not influence the beneficial effect of
estrogen on the bone so the choice is given by the characteristics of women.

Significant BMD improvements have also been noted with systemic estrogen doses
delivered via a vaginal ring. In an randomized controlled trial of 174 postmenopausal
women younger than age 65, daily doses of 0.05 and 0.1 mg of estradiol acetate delivered via
the ring significantly increased hip BMD (1.7% and 1.8%, respectively) and lumbar spine
BMD (2.7% and 3.3%) compared with baseline (Al-Azzawi et al., 2005).

It has been established that a dose range of estradiol between 40 and 50 pg/ml is enough to
increase BMD, although a safe level is 60 pg/ml. A dose-response study indicated that daily
doses would have more generalizable effect: 0.625 mg of conjugated equine estrogens (CEE),
or their equivalents: 0.05 mg of transdermal 17-beta-estradiol or 15 mcg of oral ethinyl
estradiol (EE). The standard dose preserves bone mass in at least 80% of postmenopausal
women (Table 1). These doses of estrogen and progestogen can induce side effects in both
regimes (continuous and sequential), being the most frequent irregular bleeding and breast
tenderness. To minimize these undesirable effects, the use of low doses has shown to be also
effective in improving menopausal symptoms and quality of life and prevent or reverse
bone loss in postmenopausal women (Delmas et al., 2000).

The loss of bone mass and the incidence of vertebral and hip fractures are inversely related
to circulating estrogen levels. It has been confirmed that in elderly women estrogen
circulating levels of 10 pg/ml improves both BMD and fracture rate. Any increase in
estrogen levels has a beneficial effect especially in older women, even when the ultra-low
dose is given (25% of the standard dose) (Simon & Snabe, 2007). Neither age nor initial BMD
do seem to affect the effectiveness of patterns of low-dose. The effect of low doses of
estrogen in women with low BMD has been analized in a randomized, double-blind,
placebo-controlled trial, using CEE 0.3 mg/day and 2.5 mg/day of progesterone in women
over 65 years and low BMD, in which after 3.5 years of follow up, an increase in vertebral
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BMD of 5% and 1.6% in hip has been confirmed, with significant increase in total skeletal
and forearm (Recker et al., 1999).

Low dose Standard dose High dose
Estradiol valerate 1 mg 2mg 3 mg
Transdermal 25-37,5 mcg 50 mcg 75-100 mcg
Estradiol
CEE 0,3 mg 0,625 mg 1,25 mg
Estrogen 300 mcg
pulsotherapy
Tibolone 1,25 mg 2,5 mg

Table 1. Estrogen dose used in HRT

The HOPE study (Women's Health Osteoporosis Progestin Estrogen) (Lindsay et al., 2005),
evaluates the effectiveness of low and moderate doses, 0.45 mg/day and 0.30 mg/day alone
or combined CEE on vasomotor symptoms, genital atrophy, metabolism, endometrial
response and bone density in 2805 women aged 40-65 years treated for 2 years. The results
confirmed an improvement in vasomotor symptoms and genital atrophy with low doses
comparable to improvement obtained with standard doses, with less bleeding and the
beneficial effect on lipid profile. Bone turnover markers such as osteocalcin and N-
telopeptide of type I collagen were significantly reduced compared to baseline in the
treatment group while no changes were found in the placebo group. BMD increased in both
vertebral and hip evaluation. Another study showed similar results (Gambacciani et al.,
2001), suggesting that low doses of HRT were able to reduce climacteric symptoms resulting
in a decrease in bone turnover and protect against bone loss. The same study showed
significant increases in BMD of 2.72 + 0.3% in women treated while not receiving estrogen
therapy had a loss in BMD of 7.9 + 0.8%.

In an open trial healthy postmenopausal women received for 2 years a low-dose continuous
combined HRT containing 1mg estradiol plus 0.5 mg norethisterone acetate, or 0.5 mg of 17-
estradiol and 0.25 mg of norethisterone acetate (ultra low dose) along with 1000 mg of
calcium per day. The study confirmed that low-dose-HRT and Ultra-low-dose-HRT can
alleviate subjective symptoms providing an effective protection against the postmenopausal
decrease of BMD (Gambacciani et al., 2008).

Despite the large amount of literature about the beneficial effect of low doses in the bone,
there are no studies linking low doses of HRT to the prevention of fractures.

3.3 HRT limitations

Women who may benefit from HRT are those showing climacteric symptoms and also
osteoporosis risk. There is general consensus with regard to women with premature
menopause should be treated until at least the theoretical age of menopause.

At present there are few absolute contraindications to HRT, being as such pregnancy,
vaginal bleeding not studied, active hepatitis, active venous thromboembolism and
hormone-specific cancer history.

However, there are circumstances that require careful consideration and consensus with the
patient and the presence of pathological conditions such as lupus or endometriosis. Women
treated with thyroid hormones or coumarin may need a dose adjustment.
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3.4 Duration of HRT

The reduction of bone loss will last as long as you keep the estrogen therapy. When you
cease treatment, bone loss returns to pretreatment rate, therefore, to obtain maximum
benefit, treatment should begin as early after menopause and stay as long as possible. The
optimal duration of treatment has not been fully established, but the results from the
Women's Health Inititative (WHI) suggest that estrogen therapy should take the lowest dose
for the shortest possible time but then we know that short treatment will not positively
affect bone mass.

Analyzing the evolution of bone mass in climacteric women, it has been shown that during
the 5 years after the time of onset of menopause the bone loss is equivalent to 60% of what is
lost along the climacteric stage; it is at this time when occur the disruption of the trabecular
architecture. Once the trabeculae are broken, they will not reconnect again, which would
lose bone strength despite getting increases in BMD. Thus, estrogen therapy, at least
theoretically, should start as early and stay at least that long in women with natural
menopause and up to 55 years in women with early menopause. This would ensure that the
loss of bone mass will be delayed, and it will have a positive impact on the possibility of
developing osteoporosis and hence on the quality of life.

The use of combined HRT has been associated with an increased risk of venous
thromboembolism or coronary artery disease (after a year of use), acute stroke (after 3 years
of use), breast cancer (after 5 years of use) and gallbladder disease. Long use of estrogen
alone was associated with increased stroke and gallbladder disease. According to recent re-
analysis, age is a determining factor in establishing the risks, resulting in very young
women (50-59 years) a very low absolute risk (Farquhar et al., 2005).

However, even if treatment is started long after menopause, there are substantial gains in
bone mass. In the Framingham study, elderly women with a mean age of 76 years and 7
years since menopause had a significant increase in BMD compared to nonusers, although
the effect was less marked in women over 75 years (Felson et al., 1993).

3.5 Estrogen and progestogen combined treatment

The association of progestin does not counteract the beneficial effect of estrogen on bone. It
has been reported that derivatives of 19-norethisterone are effective in preventing bone loss
even when associated with low estrogen dose (Christiansen & Riis, 1990).

Some studies suggest a greater benefit by associating progestin, while others have failed to
show this superiority to estrogen alone. It is possible that the effect has to do with the type
of progestin used and it seems that this superior effect is limited exclusively to the
administration of compounds of the family of 19-norethisterone. The Postmenopausal
Estrogen/Progestin Interventions (PEPI) Trial, multicenter randomized controlled trial of
875 postmenopausal women with an average age of 56 years, which after 3 years of follow-
up BMD increases are seen in lumbar spine (3-5%) and hip (1.7%) with no differences
between groups treated with estrogen alone or combined with progestin (The Writing
Group of the PEPI Trial, 1996).

The BMD status before the start of hormonal treatment will not influence the effect of it. It
has been shown that estrogen administered with and without progestin increases bone mass
in healthy women as well and even in osteopenic women with osteoporosis and fractures
(established osteoporosis) (Adachi et al., 1997).
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3.6 Estrogen effect on BMD

Estrogen administration, associated or not with progestin, has been shown highly effective
in the prevention of bone loss in both natural and surgical menopause. It has been shown
how treatment with estrogen and progestin can not only maintain but also increase BMD in
postmenopausal women, compared to the decline experienced by the placebo group
(Christiansen et al., 1981). More than 50 randomized, placebo-controlled studies have shown
that estrogen alone or combined with progestin increases BMD, with values ranging from 4-
6% in spine and 2-3% in hip, justifying the difference by the different rate of remodelling of
these places (Wells et al., 2002).

Estrogen therapy also appears to be effective in patients with established osteoporosis.
Women with low bone mass generally have higher turnover and this turnover increases
with age. So the best response to estrogen observed in older women or in women with low
BMD might result from the suppression of increased bone turnover associated with
improvement in the bioavailability of calcium due to improved intestinal absorption of
vitamin D. Using CEE double dose (1.2 mg/day) for one year, a double-blind, placebo-
controlled study in 21 osteoporotic women showed an improvement in BMD, more marked
in the lumbar spine than in femoral neck and an increase in intestinal absorption of calcium
(Citivelli et al., 1988). The authors suggest that the beneficial effect is due to inhibition of
bone resorption associated with an increased secretion of calcitonin.

A trial of 50 women aged over 75 years and "physical frailty", of which 90% were osteopenic
or osteoporotic, who received 9 months of CEE 0.625 mg/day, showed an increase in
lumbar spine BMD of 4, 3% (Villareal et al., 2001). The increase was 1.7% in total hip and
2.3% in trochanter 2.3%, these results being similar to those observed in previous studies.

4. Fracture prevention and HRT

Randomized, case control and cohort studies indicate a potential effect of HRT in the
prevention of vertebral, hip and forearm fractures in osteoporotic populations.

A cohort study (Cauley et al., 1995) conducted in 9706 women aged over 65 years, and whose
main objective was the evaluation of appendicular bone fractures in women treated with HRT,
showed that current users who started treatment within 5 years after menopause decreased
the risk of wrist fractures (RR = 0.39, 95% CI = 0.24 to 0.64), hip fractures (RR = 0.60, 95% CI =
0.36 to 1.02) and other nonvertebral fractures (RR = 0.66, 95% CI = 0.54 to 0.80) when compared
with nonusers of estrogen. HRT is more effective in reducing fracture risk if you start the five
years following menopause, and if their use continues for more than 10 years.

A randomized controlled trial of 4 years of follow up in 464 recently menopausal women
(Komulainen et al., 1998), treated with 2 mg estradiol valerate and 1 mg cyproterone acetate
daily, demonstrated a reduction in risk with RR 0.29 (0.10 to 0.90 CI).

A meta-analysis (Grady et al., 1992) concluded that there is a 25% reduction in risk of hip
fracture in postmenopausal women who used HRT. Subsequently, other published meta-
analysis (Torgerson & Bell-Syer, 2001) finds that the use of estrogen alone or combined with
progestin for at least one year reduces the risk of nonvertebral fracture (RR 0.73, 95% CI: 0.56
-0.94, P = 0.02). In women over 60 years, the effect was less marked (RR 0.88, 95% CI 0.71 to
1.08, p = 0.22).

In women with established osteoporosis (one or more prior vertebral fractures) has also
shown a positive effect of HRT in preventing fractures. In a randomized study (Gonnelli et
al., 1997), double-blind, placebo-controlled trial conducted in 75 women who were given
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treatment with 0.1 mg of 17-beta-estradiol transdermal and oral medroxyprogesterone
acetate, 11 days per month, analyzing the BMD, markers of bone turnover and
histomorphometric study of iliac crest biopsy, demonstrated a positive effect of estrogen on
the parameters analyzed resulting in a reduction given the frequency of vertebral fracture in
the treated group versus placebo (RR = 0.39, 95% CI = 0.16-0.95). It can be infered that the
number needed to treat (NNT) is 7 women/ year to reduce vertebral fracture.

However, other studies have shown no differences between the treatment groups and placebo.
The Heart and Estrogen/Progestin Replacement Study (HERS) included 584 women with
coronary disease, with an age range of 44-79 years who were treated with 0.625 mg/day CEE
and 2.5 mg/day medroxyprogesterone acetate were compared with a placebo group in a
follow-up period of 45 months. In this study, there was no beneficial effect of treatment
compared with placebo in hip fracture rates or overall rates of fracture in such women not
selected for risk factors for osteoporosis and had a low risk of osteoporosis. After 3 years, they
published another analysis of these data, reaching the same results (Cauley et al., 2001).

A review of 57 prospective cohort and retrospective case-control studies noted the limited
evidence to confirm the anti-fracture efficacy in women who are on hormone replacement
therapy (Reginster et al., 2000). Another review (Beral et al., 2002) of 4 randomized studies
that included 20,000 women followed an average of 4.9 years, estimated a reduction of
fractured neck of femur in 17/1000 users aged 50-59 years, this reduction rising to 5.5/1000
in older women, 60-69 years.

The highest level of evidence on the effect of HRT on fracture was obtained from the
Women's Health Initiative (WHI) (Rossouw et al., 2002), This study was carried out in order
to assess the main risks and benefits of the combined hormone preparation most commonly
used in the United States, 0.625 mg CEE plus 2.5 mg of medroxyprogesterone acetate to
health of postmenopausal women. The study included 8506 women in the treatment group
and 8102 in the placebo group, with a follow-up time of 5.2 years. This study (The WHI
Steering Committee, 2004) shows unequivocally that estrogen with or without progesterone
reduce the risk of hip fracture, vertebral and other fractures, the only treatment that has
demonstrated this effect in osteoporotic woman, regardless personal risk for fracture.

The reduction observed was similar to that reported in previous observational studies and
meta-analysis. The results in terms of fractures indicated that estrogen alone or in
combination with progestin reduces the rate of hip fractures and clinical vertebral fractures
by one third compared with placebo. Reductions in other osteoporotic fractures and total
fractures were also statistically significant.

All types of therapy, route of application and guidelines-beneficial as indicated in the results
of a prospective cohort study with more than one million women (Million Women Study
Collaborators, 2003), HRT users had significantly more low risk of fracture than nonusers
(RR =0.62, 95% CI = 0.58-0.66).

A meta-analysis (Wells et al., 2002) indicates that BMD measurements are similar when
comparing studies of prevention or treatment, estrogen alone or estrogen plus progestin,
transdermal or oral, and different types of progestins. The duration and doses of treatment
affect the dose effect on BMD.

HRT has a tendency to reduce the risk of vertebral (RR = 0.66, 95% CI = 0.411 to 0.7) and
non-vertebral fracture (RR = 0.87, 95% CI = 0.711 to 0.8). The protection against fractures
require longer use of HRT. Cross-sectional studies indicate that for hip fracture prevention.
Treatment duration should be between 5 and 10 years (Kiel et al., 1987). Swedish Hip
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Fracture In Study, a case-control study (Michaélsson, 1998) on 1327 women aged 50-81 years
who had suffered a hip fracture and 3262 controls, current users of HRT have a substantial
decrease in fracture risk compared to older users. The RR of hip fracture was 0.35 (95% CI =
0.24 to 0.53) versus 0.76 (95% CI = 0.57 to 1.01). These data indicate that HRT is effective
after menopause to maintain protection against fracture but only recent use was associated
with optimal protection, since after 5 years without the protective effect of HRT use drops
significantly. The beneficial effect is displayed even when treatment is started long after
menopause. Thus, in current users, the initiation of therapy nine or more years after
menopause provides a reduced risk of hip fracture are equivalent to those women who
started early after menopause but who discontinued treatment.

5. Tibolone

Tibolone is a synthetic steroid derived from 19-nortestosterone, structurally similar to
norestinone and noretinodrel, first generation nor-derived progestagens. It is described as a
selective tissue estrogenic activity regulator (STEAR) because it has specific effects in
different tissues after conversion to three active metabolites following oral ingestion
(Kenemans, 2004). It has estrogenic, progestogenic and androgenic effects. Estrogenic
metabolites act centrally, on the vagina and other tissues and, together with androgenic
metabolites, relieve hot flushes and improve energy and sexual well-being (Nathorst-
Booszz, & Hammar, 1997; Nijland et al., 2008). On bone, tibolone has estrogenic effect acting
on the estrogenic receptor (Modelska & Cummings, 2002).

5.1 Effects on bone

Preclinical studies indicate that tibolone prevents bone loss (axial and appendicular), caused
by oophorectomy or low calcium intake in both young and mature rats and in rats with
established osteopenia (Yoshitake et al, 1999). Experimental data conclude that tibolone is as
effective as estrogen to prevent bone loss secondary to the decline of ovarian function,
observed even in osteopenic rats an increase in BMD and femoral and vertebral bone
strength, similar to estrogen (Berning et al., 2001).

In humans, the action of tibolone on the skeletal system is also largely mediated by estrogen
receptor binding and stimulation of it by some of its metabolites.

5.2 Tibolone and bone turnover markers

In general, studies show that tibolone decreases bone turnover (decrease in the formation
and resorption) similar to that obtained with both estrogen in postmenopausal women with
normal BMD and in the osteoporotic patient and, returning the process of turnover the
existing levels in premenopausal women (Moore, 1999).

Analyzing the effect of tibolone on BMD, it is shown to be capable of inhibiting the decrease
and increase BMD compared with placebo or untreated control in both spontaneous and
surgical menopause. Like estrogen, we analyzed the results of the use of low doses of
tibolone. Low doses of 1.25 mg/day have an effect on the spine and hip similar to that found
with standard doses of 2.5 mg/day, in elderly women and women younger postmenopausal
(Gallagher et al., 2001). It has proven effective in maintaining BMD in menopausal women
at standard doses.
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5.3 Tibolone and prevention of fractures

Tibolone (1.25 and 2.5 mg, respectively) increased lumbar and hip bone mineral density to a
significantly greater extent than placebo in women with and without osteoporosis
(Kenemans et al., 2009), as it was shown with a dose of 1.25 mg/day compared with
raloxifene in a study of older osteopenic women (mean age 66 years) (Delmas et al., 2008).
The lower dose also reduced the risk of vertebral and non-vertebral fractures in older
osteoporotic women (mean age 68.3 years) in the LIFT study (Cummings et al., 2008).

The data described about tibolone, in both experimental and clinical studies about the
turnover markers and BMD, tibolone is similar to estrogen, and considering its relationship
to fractures, it is conceivable that tibolone may have a similar effect on them.

To understand the effects of tibolone on the incidence rate of new vertebral fractures in
postmenopausal osteoporotic women began the Long-term Intervention on Fractures with
Tibolone (LIFT) (Cummings, 2006), a multinational, double-blind trial, including 4000 women
with tibolone versus placebo with calcium and a duration of 3-5 years. This study indicates the
beneficial effect of tibolone on vertebral fractures (RR = 0.59) but has been discontinued by the
increased risk of ischemic and hemorrhagic stroke (RR = 2.3 after 2.75 years).

In a randomized, double-blind, placebo-controlled clinical trial (Cummings et al., 2008), they
examined the effect of 1.25 mg of tibolone daily on the risk of vertebral and clinical fractures
after 3 years and planned to assess the risks of breast cancer, cardiovascular disease, and
endometrial cancer after 5 years. During a median of 34 months of treatment, the tibolone
group, as compared with the placebo group, had a decreased risk of vertebral fracture, with
70 cases versus 126 cases per 1000 person-years (relative hazard, 0.55; 95% CI, 0.41 to 0.74; p
< 0.001), and a decreased risk of nonvertebral fracture, with 122 cases versus 166 cases per
1000 person-years (relative hazard, 0.74; 95% CI, 0.58 to 0.93; p = 0.01).

5.4 Adverse effects of tibolone

The results of the LIFT study (Cummings et al., 2008) showed that the tibolone group also
had a decreased risk of invasive breast cancer (relative hazard, 0.32; 95% CI, 0.13 to 0.80; p =
0.02) and colon cancer (relative hazard, 0.31; 95% CI, 0.10 to 0.96; p = 0.04). However, the
tibolone group had an increased risk of stroke (relative hazard, 2.19; 95% CI, 1.14 to 4.23; p =
0.02), for which the study was stopped in February 2006 at the recommendation of the data
and safety monitoring board. There were no significant differences in the risk of either
coronary heart disease or venous thromboembolism between the two groups.

6. Conclusions

HRT produce increases in BMD at all skeletal sites. The reduction in fracture risk has been
documented by data from a meta-analysis, cohort studies and the WHI study.

Estrogen is a therapeutic option for the prevention and treatment of osteoporosis especially
in women with postmenopausal symptoms, with consideration of their long-term use
increases the risk.

Therefore, treatment should be individualized by assessing the potential personal risks
associated with therapy against the expected benefits. In this way, the patient will maintain
continuity in the treatment, and will get the benefit sought in the bone.

Tibolone is as effective as hormone replacement therapy (HRT) in treating symptoms and
preventing bone loss, and it improves sexuality. It reduces bone turnover and improves
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BMD, specially in trabecular bone. Published studies include few patients and have a short
duration. Several large, randomized trials have since yielded additional data on tibolone’s
efficacy and safety profile.

7. References

Adachi, JD.; Sargeant, EJ.; Sagle, MA.; Lamont, D.; Fawcett, PD.; Bensen, WG.; McQueen, M.;
Nazir, DJ. & Goldsmith, CH. (1997). A double-blind randomised controlled trial of
the effects of medroxyprogesterone acetate on bone density of women taking
oestrogen replacement therapy. Br | Obstet Gynaecol, Vol. 104, No. 1, (1997), pp. (64-
70). ISSN 0306-5456.

Al-Azzawi, F.; Lees, B.; Thompson, J. & Stevenson, JC. (2005). Bone mineral density in
postmenopausal women treated with a vaginal ring delivering systemic doses of
estradiol acetate. Menopause, Vol. 12, (2005), pp. (331-339). ISSN 1530-0374.

Albright, F.; Bloomberg, F & Smith, PH.; (1940). Postmenopausal osteoporosis. Trans Assoc
Am Phys, Vol. 55, (1949), pp. (298-305), ISSN 0066-9458.

Albright, F. (1947). The effect of hormones on osteogenesis in man. Rec Prog Horm Res, Vol. 1,
pp- (293-353), ISSN 0079-9963.

Beral, V.; Banks, E. & Reeves, G. (2002). Evidence from randomised trials on the long-term
effects of hormone replacement therapy. Lancet, Vol. 360, No. 9337, (2002), pp. (942-
4). ISSN 1474-547X.

Berning, B.; Bennink, HJ. & Fauser, BC. (2001). Tibolone and its effects on bone: a review.
Climacteric, Vol. 14, (2001), pp. (120-36). ISSN 1473-0804.

Britto, R.; Araujo, L.; Barbosa, I.; Silva, L.; Rocha, S. & Valente, AP. (2011). Hormonal
therapy with estradiol and testosterone implants: bone protection?. Gynecol
Endocrinol, Vol. 27, No. 2, (February 2011), pp. (96-100). ISSN 1473-0766.

Castelo-Branco, C.; Vicente, J].; Figueras, F.; Sanjuan, A.; Martinez de Osaba, M].; Casals, E.;
Pons, F.; Balasch, J. & Vanrell, JA. (2000). Comparative effects of estrogens plus
androgens and tibolone on bone, lipid pattern and sexuality in postmenopausal
women. Maturitas, Vol. 34, (2000), pp. (161-168). ISSN 1873-4111.

Cauley, JA.; Seeley, DG.; Ensrud, K., Ettinger, B.; Black, D. & Cummings, SR. (1995).
Estrogen replacement therapy and fractures in older women. Study of Osteoporotic
Fractures Research Group. Ann Intern Med, Vol. 122, No. 1, (1995), pp. (9-16). ISSN
1539-3704.

Cauley, JA.; Black, DM.; Barrett-Connor, E.; Harris, F.; Shields, K.; Applegate, W. &
Cummings, SR. (2001). Effects of hormone replacement therapy on clinical features
and height loss: The Heart and Estrogen/Progestin Replacement Study (HERS). Am
] Med, Vol. 110, No. 6, (2001), pp. 442-450. ISSN 1555-7162.

Christiansen, C. & Riis, B]. (1990). 17 beta-estradiol and continuous norethisterone: a unique
treatment for established osteoporosis in elderly women. | Clin Endocrinol Metab,
Vol. 71, No. 4, (1990), pp. 836-41. ISSN 1945-7197.

Christiansen, C.; Christensen, MS. & Trasbol, I (1981). Bone mass after withdrawal of
oestrogen replacement. Lancet, Vol. 1, No. 8228, (1981), pp. (1053-4). ISSN 1474-
547X.

Civitelli, R.; Agnusdei, D.; Nardi, P.; Zacchei, F.; Avioli, LV. & Gennari, C. (1988). Effects of
one-year treatment with estrogens on bone mass, intestinal calcium absorption, and

www.intechopen.com



The Role of Hormone Replacement Therapy (HRT) and
Tibolone in the Prevention and Treatment of Postmenopausal Osteoporosis 621

25-hydroxyvitamin D-1  alpha-hydroxylase reserve in postmenopausal
osteroporosis. Calcif Tissue Int, Vol. 42, No. 2, (1988), pp. 77-86. ISSN 1432-0827.

Cundy, T.; Farquhar, C.; Cornish, J. & Reid, IR. (1996). Short-term effects of high dose oral
medroxyprogesterone acetate on bone density in premenopausal women. | Clin
Endocrinol Metabol, Vol. 81, (1996), 1014-1017. ISSN 0021-972X.

Cummings, SR. (2006). LIFT study is discontinued. BM]J, Vol. 332, No. 7542, (2006), pp. (667).
ISSN 1468-5833.

Cummings, SR., Ettinger, B., Delmas, PD., Kenemans, P., Stathopoulos, V., Verweij, P., Mol-
Arts, M., Kloosterboer, L., Mosca, L., Christiansen, C., Bilezikian, ]., Kerzberg, EM.,
Johnson, S., Zanchetta, J., Grobbee, DE., Seifert, W., & Eastell, R., for the LIFT Trial
Investigators. (2008). The effects of tibolone in older postmenopausal women. N
Engl ] Med, Vol. 359, (August 2008), pp. (697-708). ISSN 1533-4406.

Delmas, PD.; Confravreux, E.; Garnero, P.; Fardellone, P.; de Vernejoul, MC.; Cormier, C. &
Arce, JC. (2000). A combination of low doses of 17 beta-estradiol and norethister
one acetate prevents bone loss and normalizes bone turnover in postmenopausal
women. Osteoporos Int, Vol. 11, No. 2, (2000), pp. (177-187). ISSN 1433-2965.

Delmas, PD., Davis, SR., Hensen, J., et al. (2008). Effects of tibolone and raloxifene on bone
mineral density in osteopenic postmenopausal women. Osteoporos Int, Vol. 19,
(2008), pp. (1153~ 60). ISSN 1433-2965.

Eghbali-Fatourechi, G.; Khosla, S.; Sanyal, A.; Boyle, WJ].; Lacey, DL. & Riggs, BL. (2003). Role
of the RANK ligand in mediating increased bone resorption in early postmenopausal
women. | Clin Invest, Vol. 111, No. 8, (2003), pp. (1221-30). ISSN 1558-8238.

Farquhar, CM.; Marjoribanks, J.; Lethaby, A.; Lamberts, Q. & Suckling, JA (Cochrane HT
Study Group). (2005). The Cochrane Database of Systematic Reviews: Long term
hormone therapy for perimenopausal and postmenopausal women. Cochrane
Database Syst Rev, (2005), No. 3: CD004143. ISSN 1469-493X.

Felson, DT.; Zhang, Y.; Hannan, MT.; Kiel, DP.; Wilson, PW. & Anderson, JJ. (1993). The
effect of postmenopausal estrogen therapy on bone density in elderly women. N
Engl ] Med, Vol. 329, No. 16, (1993), pp. (1141-6). ISSN 1533-4406.

Gallagher, JC.; Kabel, WT. & Goldgar, D. (1991). Effect of progestin therapy on cortical and
trabecular bone: comparison with estrogen. Am | Med, Vol. 90, (1994), pp. (171-178).
ISSN 0002-9343.

Gallagher, JC.; Baylink, DJ.; Freeman, R.; McClung, M. (2001). Prevention of bone loss with
tibolone in postmenopausal women: results of two randomized, double-blind,
placebo controlled, dose-finding studies. | Clin Endocrinol Metab, Vol. 86, No. 10,
(2001), pp. (4717-26). ISSN 1945-7197.

Gambacciani, M.; Ciaponi, M.; Cappagli, B. & Genazzani AR (2001). Effects of low-dose
continuous combined conjugated estrogens and medroxyprogesterone acetate on
menopausal symptoms, body weight, bone density, and metabolism in
postmenopausal women. Am | Obstet Gynecol, Vol. 185, No. 5, (2001), pp. (1180-5).
ISSN 1097-6868.

Gambacciani, M.; Cappagli, B.; Ciaponi, M.; Pepe, A.; Vacca, F. & Genazzani, AR. (2008).
Ultra low-dose hormone replacement therapy and bone protection in
postmenopausal women. Maturitas, Vol. 59, (2008), pp. (2-6). ISSN 1873-4111.

Grady, D.; Rubin, SM.; Petitti, DB.; Fox, CS.; Black, K., Ettinger, B.; Ernster, VL. &
Cummings, SR. (1992). Hormone therapy to prevent disease and prolong life in

www.intechopen.com



622 Osteoporosis

postmenopausal women. Ann Intern Med, Vol. 117, No. 12, (1992), pp. (1016-37).
ISSN 1539-3704.

Gregoriou, O.; Kouskouni, E.; Bakas, P.; Konidaris, S.; Papadias, K.; Kalovidouris, A. &
Creatsas, G. (2000). Bone mineral density in women with idiopathic hirsutism.
Gynecol Endocrinol, Vol. 14, (2000), pp. (364-368). ISSN 1473-0766.

Gonnelli, S.; Cepollaro, C.; Pondrelli, C.; Martini, S.; Monaco, R. & Gennari, C. (1997). The
usefulness of bone turnover in predicting the response to transdermal estrégeno
therapy in postmenopausal osteoporosis. | Bone Miner Res, Vol. 12, No. 4, (1997),
pp- (624-31). ISSN 1523-4681.

Hillard, TC.; Whitcroft, SJ.; Marsh, MS.; Ellerington, MC.; Lees, B.; Whitehead, MI. &
Stevenson, JC (1994). Long-term effects of transdermal and oral hormone
replacement therapy on postmenopausal bone loss. Osteoporos Int, Vol. 4, No. 6,
(1994), pp. (341-8). ISSN 1433-2965.

Issever, AS.; Vieth, V,; Lotter, A.; Meier, N.; Laib, A.; Newitt, D.; Majumdar, S. & Link, TM.
(2002). Local differences in the trabecular bone structure of the proximal femur
depicted with high-spatial-resoluticon MR imaging and multisection CT. Acad
Radiol, Vol. 9, No. 12, (2002), pp. (1395-1406). ISSN 1878-4046.

Jordan, VC.; Jeng, MH.; Catherino, WH. & Parker, CJ. (1993). The estrogenic activity of
synthetic progestins used in oral contraceptives. Cancer, Vol. 71, (February 1993),
No. 4 (Suppl), pp. (1501-1505). ISSN 0008-543X.

Kameda, T.; Mano, H.; Yuasa, T.; Mori, Y.; Miyazawa, K.; Shiodawa, M.; Nakamaru, Y,; Hiroi,
E.; Hiura, K.; Kameda, A.; Yang, NN.; Hadeda, Y. & Kumegawa, M. (1997). Estrogen
inhibits bone resorption by directly inducing apoptosis of the bone-resorbing
osteoclasts. | Exp Med, Vol. 186, No. 4, (August 1997), pp. (489-95). ISSN 0022-1007.

Kenemans, P. (2004). Tibolone: how does its mechanism of action translate into clinical
effects. Maturitas, Vol. 48, No. Suppl. 1, (2004), pp. (51-3). ISSN 1873-4111.

Kenemans, P., Bundred, NJ., Foidart, JM., et al. (2009). Safety and efficacy of tibolone in
breast cancer patients with vasomotor symptoms: a double-blind, randomised,
non-inferiority trial. Lancet Oncol, Vol. 10, (2009), pp. (135-46). ISSN 1474-5488.

Kiel, DP.; Felson, DT.; Anderson, J]J.; Wilson, PW. & Moskowitz, MA. (1987). Hip fracture
and the use of estrogens in postmenopausal women. The Framingham study. N
Engl Med, Vol. 317, No. 19, (November 1987), pp. (1169-74). ISSN 1533-4406.

Koumlainen, MH.; Kroger, H.; Tuppurainen, MT.; Keikkinen, AM.; Alhava, E.; Honkanen,
R. & Saarikoski, S. (1998). HRT and Vit D in prevention of non-vertebral fractures
in postmenopausal women; a 5 year randomized trial. Maturitas, Vol. 31, No. 1,
(1998), pp. (45-54). ISSN 1873-4111.

Kousteni, S.; Bellido, T.; Plotkin, LI.; O’Brien, CA.; Bodenner, DL.; Han, L.; Han, K;
DiGregorio, GB.; Katzenellenbogen, JA.; Katzenellenbogen, BS.; Roberson, PK,;
Weinstein, RS.; Jilka, RL. & Manolagas, SC. (2001). Nongenotropic, sex-nonspecific
signalling through the estrogen or androgen receptors: dissociation from
transcriptional activity. Cell, Vol. 104, No. 5, (March 2001), pp. (719-30). ISSN 1097-
4172.

Lindsay, R. (1995). Estrogen deficiency. In: Riggs BL, Melton L] III (eds.) Osteoporosis:
Etiology, Diagnosis, and Management, 2nd edition. Philadelphia: Lippincott-Raven
Publishers. 133-160, ISBN

www.intechopen.com



The Role of Hormone Replacement Therapy (HRT) and
Tibolone in the Prevention and Treatment of Postmenopausal Osteoporosis 623

Lindsay, R.; Gallagher, JC.; Kleerekoper, M. & Pickar, JH (2005). Bone response to treatment
with lower doses of conjugated estrogens with and without medroxyprogesterone
acetate in early postmenopausal women. Osteoporos Int, Vol. 16, No. 4, (2005), pp.
(372-9). ISSN 1433-2965.

Manolagas SC. (2000). Birth and death of bone cells: basic regulatory mechanisms and
implications for the pathogenesis and treatment of osteoporosis. Endocr Rev, Vol.
21, No. 2, (April 2000), pp. (115-337). ISSN 0163-769X.

Manolagas, SC.; Kousteni, S. & Jilka, RL. (2002). Sex steroids and bone. Recent Prog Horm Res,
Vol. 57, (2002), pp. (385-409). ISSN 0079-9963.

Michaélsson, K. (1998). Hormone replacement therapy and risk of hip fracture: population
based case-control study. BM]J, vol. 316, (1998), pp. (1858-1863). ISSN 1468-5833.

Million Women Study Collaborators. (2003). Breast cancer and hormonal replacement therapy
in the million women study. Lancet, Vol. 362, (2003), 419-27. ISSN 1474-547X.

Modelska, H. & Cummings, S (2002). Tibolone for Postmenopausal Women: Systematic
Review of Randomized Trials. Clin Endocrinol Metab, Vol. 87, No. 1, (January 2002),
pp. (16-23). ISSN 1945-7197.

Moore, L. (1999). Livial: A review of clinical studies. Br | Obstet Gynaecol, Vol. 106, No.
Suppl. 19, (1999), pp. 1-21. ISSN 0306-5456.

Nathorst-Boos, J. & Hammar, M. (1997). Effect on sexual life - a comparison between
tibolone and a continuous estradiolnorethisterone acetate regimen. Maturitas, Vol.
26, (1997), pp. (15-20). ISSN 1873-4111.

Nijland, EA., Weijmar Schultz, WC., Nathorst-Boos, J., et al. (2008). Tibolone and
transdermal E2/NETA for the treatment of female sexual dysfunction in naturally
menopausal women: results of a randomized active-controlled trial. | Sex Med, Vol.
5, (2008), pp. (646-56). ISSN 1743-6109.

Palacios, S. (2002). Pulsed estrogen therapy: relieving climacteric symptoms, preventing
postmenopausal bone loss. Climacteric, Vol. 5, No. Suppl. 2, (2002), pp. (32-39). ISSN
1473-0804.

Prior, JC. (1990). Progesterone as a bone-trophic hormone. Endocr Rev, Vol. 11, pp. (386-398),
ISSN 0163-769X.

Prior, JC.; Vigna, YM., Barr, SI; Rexworty, C. & Lentle, BC. (1994). Cyclic
medroxyprogesterone treatment increases bone density: a controlled trial in active
women with menstrual cyclic disturbance. Am | Med, Vol. 96, (1994), pp. (521-530).
ISSN 0002-9343.

Recker, RR.; Davies, KM.; Dowd, RM. & Heaney, RP. (1999). The effect of low-dose
continuous estrogen and progesterone therapy with calcium and vitamin D on
bone in elderly women. A randomized, controlled trial. Ann Intern Med, Vol. 130,
No. 11, (1999), pp. (897-904). ISSN 1539-3704.

Reginster, JY.; Bruyere, O.; Audran, M.; Avouac, M.; Avouac, B.; Body, J]J.; Bouvenot, G.;
Brandi, ML.; Gennari, C.; Kaufman, JM.; Lemmel, EM.; Vanhaelst, L.; Weryha, G. &
Devogelaer, JP. (2000). Do estrogens effectively prevent osteoporosis-related
fractures?. The Group for the Respect of Ethics and Excellence in Science. Calcif
Tissue Int, Vol. 67, No. 3, (2000), pp. (191-4). ISSN 1432-0827.

Rossouw, JE.; Anderson, GL.; Prentice, RL.; LaCroix, AZ.; Kooperberg, C.; Stefanick, ML,;
Jackson, RD.;Beresford, SA.; Howard, BV.; Johnson, KC.; Kotchen, JM. & Ockene, J.;
Writing Group for the Women’s Health Initiative Investigators. (2002). Risks and

www.intechopen.com



624 Osteoporosis

benefits of estrogen plus progestin in healthy postmenopausal women: principal
results from the Women’s Health Initiative randomized controlled trial. JAMA, Vol.
288, No. 3, pp. 321-33. ISSN 1538-3598.

Simon, JA. & Snabes, MC (2007). Menopausal hormone therapy for vasomotor symptoms:
balancing risks and benefits with ultra-low doses of estrogen. Expert Opin Investig
Drugs, Vol. 16, No. 12, (2007), pp. (2005-2020). ISSN 1744-7658.

Slootweg, MC.; Ederween, AGH.; Schot, LPC.; Schoonen, WGE]. & Kloosterboer, H]J. (1992).
Oestrogen and progestogen synergistically stimulate human and rat osteoblast
proliferation. | Endocrinol, Vol 133, (1992), R5-R8. ISSN 1479-6805.

Speroff, L.; Rowan, J.; Symons, J.; Genant, H. & Wilborn, W. (1996). The comparative effect
on bone density, endometrium and lipids of continuous hormones as replacement
therapy (Chart study). JAMA, Vol. 276, (1996), pp. (1397-1403). ISSN 1538-3598.

Srivastasa, S.; Toraldo, G.; Weitzmann, MN.; Cenci, S.; Ross, FP. & Pacifici, R. (2001).
Estrogen decreases osteoclast formation by down-regulating receptor activator of
NK-kappa B ligand (RANKL)-induced JNK activation. | Biol Chem, Vol. 276, No.12,
(March 2001), pp. (8836-40). ISSN 1083-351X.

Tamborini, A. & Ruiz, JC (2004). Current role of hormone replacement therapy in the
prevention of postmenopausal osteoporosis: gynecologic point of view. Rev Med
Interne, Vol. 25, No. Suppl. 5, (2004), pp. (580-7). ISSN 1768-3122.

The Women’s Health Initiative Steering Committee. (2004). Effects of conjugated equine
estrogen in postmenopausal women with hysterectomy. JAMA, Vol. 291, No. 14,
(2004), pp. (1701-12). ISSN 1538-3598.

The Writing Group for the PEPI Trial. (1996). Effects of hormone therapy on bone mineral
density. Results from the post-menopausal estrogen/progesterone interventions
(PEPI) trial. JAMA, Vol. 276, (1996), pp. (1389-1396). ISSN 1538-3598.

Torgerson, DJ. & Bell-Syer, SE. (2001). Hormone replacement therapy and prevention of
vertebral fractures: a meta-analysis of randomised trials. BMC Musculoskelet Disord,
Vol. 2, No. 1, (2001), pp. (7). ISSN 1471-2474.

Vidal, O.; Kindblom, LG. & Ohlsson, C. (1999). Expression and localization of estrogen
receptor-beta in murine and human bone. | Bone Miner Res, Vol. 14, No. 6, June
1999), pp. (923-9), ISSN 0884-0431.

Villareal, DT.; Binder, EF.; Williams, DB.; Schechtman, KB.; Yarasheki, KE. & Kohrt WM.
(2001). Bone mineral density response to estrogen replacement in frail elderly
women: a randomized controlled trial. JAMA, Vol. 286, No. 7, (2001), pp. (815-20).
ISSN 1538-3598.

Wells, G.; Tugwell, P.; Shea, B, Guyatt, G.; Peterson, ]J. & Zyratuk, N. Osteoporosis
Methodology Group and the Osteoporosis Research Advisory Group. (2002). Meta-
analysis of the efficacy of hormone replacement therapy in treating and preventing
osteoporosis in postmenopausal women. Endocr Rev, Vol. 23, No. 4, (2002), pp. (529-
39). ISSN 1945-7189.

Yoshitake., K.; Yokota, K.; Kasugai, Y.; Kagawa, M.; Sukamoto, T. & Nakamura, T. (1999).
Effects of 16 weeks of treatment with tibolone on bone mass and bone mechanical
and histomorphometric indices in mature ovariectomized rats with established
osteopenia on a low-calcium diet. Bone, Vol. 25, No. 3, (September 1999), pp. (311-
9). ISSN 1873-2763.

www.intechopen.com



Osteoporosis
OSTEOPOROSIS Edited by PhD. Yannis Dionyssiotis

Edued by Yannis Dlomyssiotts

<

Osteoporosis is a public health issue worldwide. During the last few years, progress has been made
concerning the knowledge of the pathophysiological mechanism of the disease. Sophisticated technologies
have added important information in bone mineral density measurements and, additionally, geometrical and
mechanical properties of bone. New bone indices have been developed from biochemical and hormonal
measurements in order to investigate bone metabolism. Although it is clear that drugs are an essential
element of the therapy, beyond medication there are other interventions in the management of the disease.
Prevention of osteoporosis starts in young ages and continues during aging in order to prevent fractures
associated with impaired quality of life, physical decline, mortality, and high cost for the health system. A
number of different specialties are holding the scientific knowledge in osteoporosis. For this reason, we have
collected papers from scientific departments all over the world for this book. The book includes up-to-date
information about basics of bones, epidemiological data, diagnosis and assessment of osteoporosis,
secondary osteoporosis, pediatric issues, prevention and treatment strategies, and research papers from
osteoporotic fields.

“..
)
’ ISBN 978-953-51-0026-3
| Hard cover, 864 pages
Publisher InTech
Published online 24, February, 2012
Published in print edition February, 2012

How to reference
In order to correctly reference this scholarly work, feel free to copy and paste the following:

Marta Lamarca (2012). The Role of Hormone Replacement Therapy (HRT) and Tibolone in the Prevention
and Treatment of Postmenopausal Osteoporosis, Osteoporosis, PhD. Yannis Dionyssiotis (Ed.), ISBN: 978-
953-51-0026-3, InTech, Available from: http://www.intechopen.com/books/osteoporosis/the-role-of-hormone-
replacement-therapy-hrt-and-tibolone-in-the-prevention-and-treatment-of-postmeno

INTECH

open science | open minds

InTech Europe InTech China

University Campus STeP Ri Unit 405, Office Block, Hotel Equatorial Shanghai

Slavka Krautzeka 83/A No.65, Yan An Road (West), Shanghai, 200040, China

51000 Rijeka, Croatia FE EBHIERFEK6SS iEEPrRE ARG DA E4058TT
Phone: +385 (51) 770 447 Phone: +86-21-62489820

Fax: +385 (51) 686 166 Fax: +86-21-62489821

www.intechopen.com



© 2012 The Author(s). Licensee IntechOpen. This is an open access article
distributed under the terms of the Creative Commons Atiribution 3.0
License, which permits unrestricted use, distribution, and reproduction in
any medium, provided the original work is properly cited.




