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Introduction

Osteoporosis is a preventable and treatable chronic meta-
bolic disease characterized by a decreased bone strength 
leading to an increased fracture risk as a consequence of 
low bone mineral density [BMD], microarchitectural dis-
ruption and several other risk factors [1]. Post-menopausal 
women are by far the most commonly subjects affected 
by osteoporosis, as the onset of menopause overlaps with 
the accelerated bone loss [1]. The physiologic decline of 
estrogens is blamed as the key factor of increased osteo-
porosis risk associated to menopause. Indeed, estrogen is 
a major regulator of bone growth, modulating the devel-
opment of bone gender-difference as well as the strength 
and the maintenance of bone mineral homeostasis [2]. All 

these processes influence the acquisition of peak bone mass 
(PBM), a key determinant of skeletal health and the odd of 
osteoporosis throughout life [2]. It is generally believed that 
PBM is obtained by the third decade of life, but the influence 
of estrogen on bone continues thereafter from young adult-
hood forward. Essentially, it is believed that these steroid 
hormones exert three main effects on bone metabolism: (1) 
inhibit bone remodeling and counteract the development of 
new basic multicellular units (BMUs). In particular, estro-
gens exert the antiremodeling effect reducing apoptosis of 
osteocyte [3] and modulating osteoblasts and osteoclasts 
activity [4]. Further, recent studies have reported that serum 
levels of sclerostin, a key inhibitor of Wnt signaling pro-
duced by osteocytes, is inversely associated with estradiol 
levels [5, 6]. By contrast, estrogen treatment of postmeno-
pausal women reduces circulating sclerostin levels [5, 6]. (2) 
Estrogens inhibit bone resorption. In particular, estrogens 
modulate RANK (Receptor activator of nuclear factor κB) 
signaling [7, 8], decrease osteoclastogenesis [4] and induce 
apoptosis in osteoclastic cells [9, 10]. In addition, estro-
gens block the formation of new osteoclasts. (3) Estrogens 
also organize commitment and differentiation and prevents 
apoptosis of osteoblastic cells also modulating these cell 
activity [4], therefore maintaining bone formation. (4) The 
anti-resorptive action of estrogens is also due to induction 
of gene expression and synthesis of OPG (osteoprotegerin), 
a determinant factor of the RANKL/RANK system [11]. 
(5) Estrogens improve calcium balance regulating calcium 
influx into the enterocyte through ERα [12].

The decline of estrogens, starting 1 or 2 years before men-
opause with a plateau about 2 years after the final menstrual 
period, exacerbates bone loss [13]. Estrogens levels can 
drop even more steeply in younger women whose ovaries 
are removed (leading to the so-called surgical menopause) 
or damaged by cancer treatments (iatrogenic menopause) or 
certain diseases. These conditions, therefore, are at increased 

S. Migliaccio and S. Lello Equal contribution.

 *	 S. Migliaccio 
	 silvia.migliaccio@uniroma4.it

1	 Sexual Medicine and Andrology Unit, Department 
of Experimental and Clinical Biomedical Sciences, 
University of Florence, Florence, Italy

2	 St Orsola‑Malpighi Hospital, Cardio‑Thoracic ‑Vascular 
Department, Program of Rheumatic and Connective Tissue 
Disordes and Bone Metabolic Diseases, Bologna, University 
of Bologna, Bologna, Italy

3	 Department of Obstetrics and Gynecology, Fondazione 
Policlinico Universitario A. Gemelli IRCCS, Catholic 
University of the Sacred Heart, Rome, Italy

4	 Department of Obstetrics and Gynecology, IRCCS San 
Raffaele Hospital, Milan, Italy

5	 Department of Movement, Human and Health Sciences, Unit 
of Endocrinology, University of “Foro Italico” of Rome, 
Largo Lauro De Bosis 6, 00195 Rome, Italy

6	 Department of Woman and Child Health, Policlinico Gemelli 
Foundation, Rome, Italy

Author's personal copy

http://crossmark.crossref.org/dialog/?doi=10.1007/s40618-018-0978-x&domain=pdf


	 Journal of Endocrinological Investigation

1 3

hazard for the risk of osteoporosis and bone fractures. 
Indeed, even though an increased osteoblast numbers can 
be present in menopause, essentially due to the uncoupling 
of bone formation to bone resorption, the possible increase 
in bone formation is not sufficient to replace the old bone 
removed by osteoclasts [13].

Before the release of two landmark studies findings in 
2002, hormone replacement therapy (HRT) was routinely 
prescribed for primary prevention of osteoporosis and other 
menopause comorbidities independently from the presence 
of menopausal symptoms. Both the Women’s Health Initia-
tive (WHI), a huge study of nearly 162,000 women [14], and 
the epidemiological UK-based Million Women Study [15] 
indicated an increased odd of breast and ovarian cancer in 
women taking HRT. As consequence, thousands of physi-
cians no longer prescribed HRT and/or suggested discon-
tinuation (Fig. 1).

But now the pendulum has to swing back the other way. 
Recently, the long-term findings of the WHI study has been 
published showing that HRT was not associated with an 
increased mortality [16]. Moreover, hormonal treatment in 
menopause has different forms, doses, ways of administra-
tion, and regimens (estrogen combined or not with proges-
tin). Women who have not had hysterectomies use a combi-
nation therapy of estrogen plus progestin; women who have 
had hysterectomy use only estrogen. There has been con-
sistent evidence that HRT and other (even hormonal) treat-
ments at menopause improve osteoporosis and decrease the 
incidence of hip fractures. In general, regarding the global 
health profile in postmenopausal women, the benefit/risk 
ratio appears to be overall positive if HRT is started within 
10 years after last menstrual or before 60 years of age.

This position paper, prepared with the intersociety 
endorsement of the Italian Society of Endocrinology (SIE), 

the Italian Society of Obstetrics and Gynecology (SIGO) 
and the Italian Society of Osteoporosis, of Mineral Metabo-
lism and Skeletal Diseases (SIOMMMS) updates evidence 
on benefits and harms of HRT for the prevention and treat-
ment of osteoporosis and discuss other hormone-like (e.g., 
Selective Estrogen Receptor Modulators) options for post-
menopausal women who hope to reduce the risk of fractures 
associated with osteoporosis.

Epidemiology

In Italy, as in many developed countries, osteoporosis is 
becoming a major public health problem due to the ageing of 
population as consequence of the increased life expectancy 
and a progressively higher proportion of elderly people in 
population.

Osteoporosis is a very common disease: it is estimated 
that over 200 million individuals in the world are affected. 
In Italy it affects about 5 million people, of which over 80% 
are post-menopausal women. Half of Italian postmenopau-
sal women aged 50 and older has osteoporosis [17]. It is 
estimated that the number of women with postmenopausal 
osteoporosis will increase from 3.3 to 3.7 million between 
2010 and 2020 (+14.3%) and that the number of fragility 
fractures will increase from 285 thousand to 335.8 thousand 
(+ 17.8%) [18].

Moreover, there are almost 100 thousand hospitalizations 
for femur fragility fractures and data regarding other frac-
ture sites are underestimated, as hospitalization is not always 
necessary. In 2010 more than 70 thousand accesses to the 
emergency room, due to vertebral fracture were reported, 
but since many are not identified, it is believed that their 
number is considerably greater. Fragility fractures have dra-
matic consequences in terms of disability and social costs 
[19]: mortality within a year of femur fracture is 20%, 30% 
of patients suffer from permanent disability and 40% of them 
lose their capacity to walk independently.

Thus, the economic impact of such a widespread dis-
ease is very high: it has been estimated that in Italy the cost 
for the treatment of osteoporosis fractures exceeds 7 bil-
lion Euro per year, of which only 360,000 for secondary 
drug prevention; in particular, femur fractures contribute to 
60% of the costs, vertebral fractures to 4%, wrist to 1%, the 
remaining 35% concerns a mixed group of fractures. Fur-
thermore, cost of drug therapies and social spending for lost 
work days, disability and assistance must be added.

Diagnosis

The diagnosis of osteoporosis in adults aged 50 years or 
older can be done in patients with a history of hip or clini-
cal vertebral fracture due to low trauma, those with exist-
ing vertebral fractures identified on the basis of a spinal 

Osteopenia/Osteoporosis
Timing of Preven
on

Early Postmenopause

modified from:   64, 75, 85, 91

Presence of Vasomotor Symptoms

Vit.D ± Calcium, Physical exercise,  Adequate diet and lifestyle

HRT/ERT/TSEC/Tibolone SERMs

Absence of Vasomotor Symptoms

Fig. 1   Schematic diagram of pharmacological treatment to prevent 
osteoporotic fragility fractures
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imaging study alone (radiographic vertebral fractures), and 
those with a bone mineral density (BMD) evaluated by dual-
energy x-ray absorptiometry (DXA), at or below the cutoff 
T score value ≥ 2.5 SDs.

Knowledge of the medical history is essential to achieve 
an accurate diagnosis as well as to estimate fracture risk. 
The anamnestic investigation should aim to determine the 
presence of any risk factor such a family history of osteopo-
rosis and/or fragility fractures, previous fractures, nutritional 
habits and lifestyle, previous periods of amenorrhea, use of 
medications that affect bone metabolism, level of physical 
activity, and age of menopause.

Physical examination includes assessment of patient pos-
ture, to evaluate increased kyphosis of the thoracic spine, 
protruded abdomen, and loss of body height, which might 
be ascribed to the presence of one or more vertebral fragility 
fractures. BMD should be measured at the lumbar spine and 
hip (and its subregions) using DXA to make diagnosis [20]. 
Measurement of BMD at the hip is preferred for diagnos-
ing osteoporosis after 70 years of age because it is a strong 
predictor of risk for nonvertebral fracture, including hip frac-
ture. Of note, DXA might show and increased spine BMD 
with aging due to calcium deposition related to degenerative 
joint disease and/or abdominal aortic calcification. Recently, 
a software within DXA allows evaluation, in addition to den-
sity, of some geometric parameters related to bone strength, 
such as HSA (Hip Structural Analysis) and TBS (Trabecu-
lar Bone Score). In particular, HSA can evaluate resistance 
indices and geometric parameters of the proximal femur, 
while TBS elaborates the degree of homogeneity of vertebral 
densitometric scanning, providing indirect information on 
trabecular microarchitecture. The studies published so far 
show that TBS improves the ability to predict fracture risk 
compared to BMD measurement alone. While this app has 
been approved by the FDA, its usefulness in clinic is not yet 
well defined. Thus, it is important to remind that dorsal and 
lumbar xray might further help in identifying women with 
vertebral alteration or with fragility fractures.

Quantitative computed tomography (QCT) measures not 
only BMD and bone mineral content (BMC) but also true 
bone density expressed in g/cm3. Its main limitations are 
the substantially higher radiation dose delivered, its reduced 
accuracy, and its relatively high cost.

Bone quantitative ultrasound (QUS) analyzes the inter-
action between the sound signal and tissues, providing 
information on bone mechanical properties. It is helpful 
in predicting the risk of fracture using low frequencies 
(200 kHz–1.5 MHz) and to analyze hand phalanx bones or 
heel. QUS can be recommended for epidemiological inves-
tigations and as a first-level screening tool due to its low cost 
and the fact that it does not require ionizing radiation. QUS 
is a significant predictor of osteoporotic fractures but is a 
weaker predictor than femoral neck BMD for hip fractures. 

In clinical practice, it may be helpful to integrate QUS with 
clinical risk factors for the assessment of fracture risk.

Laboratory tests are mandatory to exclude main forms 
of secondary osteoporosis and for mineral metabolism 
assessment [20]. Biochemical markers of bone turnover 
and vitamin D status may provide additional information 
on individual fracture risk. In the absence of major trauma, 
any fracture in adults might suggest a diagnosis of osteopo-
rosis, so proper clinical and imaging assessment should be 
undertaken.

More importantly, due to the recent knowledge it is 
important to determine fracture risk, more than obtain a 
densitometric diagnosis. Thus, new important tool has 
been developed in terms of prognostic algorithms (FRAX, 
DeFRA) which are currently used in order to decide specific 
therapeutic intervention [20].

Hormonal treatments

Several therapeutic hormonal agents are now available to 
treat postmenopausal osteoporosis and prevent fractures. 
The current palette includes HRT and hormone-like (e.g., 
Selective Estrogen Receptor Modulators) options, whose 
benefit and harms are discussed below.

Estrogens and progestins

Epidemiological studies and randomized clinical trials 
demonstrated that HRT is effective in reducing the inci-
dence of vertebral and non-vertebral fractures [21]. This 
reduction was largely independent of the presence of 
clinical risk factors for osteoporotic fracture at the base-
line [22–24]. The WHI trials were the first large-scale, 
double blinded, randomized, placebo-controlled, aimed 
to evaluate the efficacy of HRT on chronic disease pre-
vention in predominantly healthy postmenopausal women 
aged 50–79 years [25–27]. WHI was conducted by using 
conjugated equine estrogens (CEE, 0.625 mg/day) plus 
medroxyprogesterone acetate (MPA; 2.5  mg/day) for 
women with an intact uterus and CEE alone for women 
with hysterectomy. Importantly, WHI trials were also the 
first large RCTs to demonstrate that HRT use significantly 
protected from fractures (including hip fractures), by 
enrolling women not specifically selected for known his-
tory of osteoporosis or previous fractures. In particular, in 
the 5.6-year trial period estrogen-progestin therapy signifi-
cantly reduced incidence of hip (by 33%), lower arm/wrist 
(by 29%), vertebral (by 35%), and total (by 24%) fractures, 
as compared with placebo [28]. Data of estrogen-only arm 
during a 7-year trial period demonstrated similar protec-
tion (35%–39% reduction) from hip fracture as well as 
an improvement in BMD as compared with placebo [29, 
30]. These effects were not modified after stratification 
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for BMI, age, or time since menopause. Recent evidences 
of the effect of HRT on osteoporosis risk (NCC-WCH) 
include studies which were very heterogeneous for sev-
eral parameters including the number of enrolled women 
-from 36 [31] to 140,582—or for their age profile, with 
only one study [32] enrolling younger population of bilat-
eral oophorectomy-induced menopause- and for the study 
design—among 41 included studies, 21 were comparative 
cohort studies and 20 were RCTs. In most of the compara-
tive cohort studies, the type of hormone used as HRT was 
any estrogenic molecule, with no reference to the combi-
nation with progestogen. Among the RCTs, 50% included 
estrogen plus progestogen preparations [31, 33–41], 25% 
[42–46] included estrogen alone preparations and 5% 
included progestogen-only preparations [47]. The remain-
ing 24% of RCTs were designed to compare estrogen alone 
vs. estrogen plus progestogen preparations, without any 
subanalysis by HRT preparation type.

Progesterone plays a partner role with E2 in bone metabo-
lism regulation, above all collaborating to the achievement 
of the perimenopausal peak of BMD that may reduce the 
risk of fracture after menopause. A recent study shows that 
greater bone loss occurs in patients with ovulatory disturbed 
cycles and a meta-analysis of randomized controlled trials 
(RCT) concluded that Estrogen with Progesterone therapy 
(EPT) caused significantly greater annual percent spinal 
BMD gain than the same dose of Estrogen only [48].

The large majority of prospective cohort studies (sam-
ple size ranging from 300 to 100,000 women) showed that 
current users of HRT were protected from any (vertebral, 
non-vertebral, hip and wrist) fracture, as compared with 
either not current users or never-users, independently from 
the duration of the therapy [34, 49–55]. When the effect of 
HRT discontinuation was analyzed, any fracture risk did not 
significantly differ between current HRT users or those who 
stopped HRT less than 5 years as compared to never-users. 
By analyzing RCTs a significantly lower risk of HRT users 
as compared to no-users was confirmed [56].

Lower doses of HRT (e.g., 0.3 mg conjugated estrogen, 
25 mcg transdermal estradiol, or 0.5–1 mg of oral estradiol 
or estradiol valerate) are able to prevent hypoestrogenism- 
and menopause-related bone loss, even if there are no data 
as yet regarding fracture prevention [43, 56–59].

HRT may have an additional indirect skeletal action that 
could lead to positive protective effects on bone metabo-
lism. Indeed, recent studies show that estrogens regulate 
muscle protein turnover and the lack of estrogen in post-
menopausal women may reduce the muscle sensitivity to 
the anabolic stimuli [60]. Some recent results support the 
evidence of a critical and protective role for skeletal muscle 
of estrogen receptor (ER)α activation in the regulation of 
metabolic homeostasis and insulin sensitivity [61]. There-
fore, estrogen hormonal replacement therapy may counteract 

the degenerative changes in skeletal muscle and considering 
the profound interaction between muscle and bone further 
reduce the osteoporosis risk.

In women showing premature ovarian insufficiency (POI) 
or early natural or induced menopause or who have had sur-
gical menopause before age 45, and particularly before age 
40, without contraindications for estrogen use, early initia-
tion of HRT and continued use at least until the median age 
of menopause (51 years) is recommended to prevent osteo-
porosis and other conditions [62].

In women aged 50–59 years, HRT is associated with a 
favorable benefit/risk ratio [63]. Therefore, HRT could be 
considered as one of the first-line therapies for the preven-
tion of postmenopausal osteoporosis and related fractures 
in postmenopausal women at increased fracture risk and 
younger than 60 years, or within 10 years of menopause, 
HRT being probably the most suitable skeleton-active treat-
ment in women without contraindications for hormone use 
(Fig. 1). This is an excellent window-of-opportunity for 
HRT treatment due to the low risk profile. Persistent bone 
loss should be considered as an indication for longer dura-
tion of therapy with shared decision-making and periodic 
re-evaluation.

Selective estrogen receptor modulators (raloxifene e 
bazedoxifene)

Selective estrogen receptor modulators (SERMs) are a class 
of non-hormonal compounds that bind with high affinity to 
the ERα and β, despite not having the same chemical struc-
ture of the steroid hormones, estrogens [64–66]. The other 
characteristic feature of clinical pharmacology of SERMs 
is represented by the ability to exert estrogenic agonistic 
activities at the skeletal level and antagonistic actions at 
uterine and mammary levels [66, 67], which makes them 
potential ideal molecules in the post-menopausal period. 
Some studies had also demonstrated that raloxifene (RLX) 
does not increase the rate of vaginal bleeding, endometrial 
hyperplasia or endometrial carcinoma compared with pla-
cebo population [66, 67]. In regard to the mechanism of 
action at the skeletal level RLX, as also demonstrated for 
estradiol, can modulate the activity of both osteoclasts and 
osteoblasts, leading to decreased bone resorption [4] and 
thus leading to a positive action on the skeleton. Indeed, in 
a postmenopausal woman with normal or low BMD, but 
without vasomotor symptoms, SERMs such as RLX and 
bazedoxifene (BZA) could be the most appropriate phar-
macological choice (Fig. 1) to prevent osteoporotic fragility 
fractures [68]. The outcome of several studies has, in fact, 
demonstrated how RLX and BZA can significantly decrease 
the number of patients developing osteopenia from normal 
BMD [69, 70].
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Indeed, several studies have shown how the osteopenic 
status is related to a high risk to develop the first vertebral 
fracture [71]. The occurrence of a first fracture is already the 
signal of bone qualitative and quantitative changes. Several 
data, have demonstrated that 5 years of RLX treatment in 
healthy postmenopausal women preserves BMD, signifi-
cantly reduces the likelihood of development of osteoporosis 
[67, 72]. So, in this clinical situation RLX could be consid-
ered a potential good choice as pharmacological treatment.

Moreover, RLX therapy has been shown to reduce the 
risk of vertebral fracture after 3 and 5 years [73, 74], respec-
tively, and post hoc data show a significant reduction in clin-
ical vertebral fracture risk at 1 year. However, RLX therapy 
has not been demonstrated as yet, to reduce the risk of hip 
fractures at currently approved doses.

BZA is formed from RLX molecule by a substitution of 
benzotiophenic structure with indole group; BZA, in a pre-
vention study [75], appeared to protect bone mass and to 
decrease bone turnover in a population of women in early 
postmenopausal period (mean age about 58 years), with a 
low/normal lumbar and/or hip BMD, and clinical risk factors 
for osteoporosis. In a 3-year study [76] in postmenopausal 
women with osteoporosis (mean age ± SD: 66.4 ± 6.7; post-
menopausal years: 19.5 ± 8.7), BZA reduced significantly 
(versus placebo) new osteoporosis-related vertebral frac-
ture (HR 0.58; 95% CI 0.38–0.89), but not non-vertebral 
fracture). In a post hoc analysis on a sub-group at high-
risk for fracture (n = 1772), with risk factors (femoral neck 
T-score ≤ − 3.0 and/or ≥ 1 mild or severe vertebral fracture or 
multiple mild vertebral fractures), BZA 20 mg/day reduced 
non-vertebral fracture risk by 50% in comparison with pla-
cebo (p = 0.02; HR 0.50; 95% CI 0.28–0.90), and by 44% in 
comparison with RLX 60 mg/day (p = 0.05; HR 0.56; 95% 
CI 0.31–1.01); moreover BZA increased BMD at lumbar and 
hip level and decreased bone turnover markers significantly 
vs placebo (p < 0.001). Data from a 2-year extension (with 
a 5 year of total observation) have confirmed 3-year results, 
with a sustained anti-fracture effect of BZA on new vertebral 
fracture in postmenopausal women with osteoporosis and on 
nonvertebral fracture in the high-risk subgroup [74], while in 
a 7-year extension protection on new vertebral fracture was 
maintained with a favorable safety/tolerability profile across 
7 years of administration [78].

RLX and BZA generally can induce hot flushes in post-
menopausal women, even if BZA did not increase this symp-
tom in women not suffering from this problem at the begin-
ning of administration as compared to placebo [79].

Tibolone

Tibolone (TIB) is a pro-drug, also called Selective Tis-
sue Estrogenic Activity Regulator (STEAR), that after 
oral ingestion is metabolized into three active compounds: 

3α– and 3β-tibolone (with estrogenic action), and 
δ4-tibolone (with androgenic and progestinic properties) 
[80].

In ovariectomized rats, TIB significantly blocked ovariec-
tomy-induced loss of trabecular BMD and inhibited bone 
resorption and bone turnover as determined by reduced 
Deoxypyridinoline/Creatinine ratio and osteocalcin, respec-
tively; these effects were counteracted by the antiestrogen, 
but not by an antiandrogen or an antiprogestin, suggesting 
a major involvement of the estrogen receptor in TIB action 
on bone tissue [81].

TIB can be considered a suitable option, as effective as 
EPT, in preventing bone loss in healthy postmenopausal 
women. Indeed, at dose 2.5 mg/day, TIB improved bone 
mineral density (BMD) to a similar degree in comparison 
with conjugated equine estrogens (CEE) 0.625 mg/day plus 
medroxyprogesterone acetate (MPA) 2.5 mg/day (OPAL 
study) [79]. In dose-finding evaluation, TIB is active on bone 
at 0.625 mg/day, 1.25 mg/day and 2.5 mg/day in a 2-years 
study, with a significant difference versus placebo in increas-
ing spine and total hip BMD and in decreasing bone markers 
levels (with a variation indicating an overall decreased rate 
of bone resorption) for all groups of active treatment from 
baseline [83].

The protective effect of TIB on bone tissue is maintained 
also in long-term period (10 years) [84, 85]. TIB (dosage 
1.25 mg/day), in comparison with placebo, can decrease the 
relative hazard of osteoporosis-related vertebral and non-
vertebral fractures in older postmenopausal women (mean 
age 68 years; age range 60–85 years; hip or spine BMD 
T-score of − 2.5 or less or a T-score of − 2.0 or less and 
radiologic evidence of a vertebral fracture) during a median 
of 34 months of treatment (LIFT study) [85]; this study was 
prematurely stopped due to an increase of relative hazard of 
stroke (2.19; 95% confidence interval 1.14–4.23; p = 0.02) 
in the TIB versus placebo group. As for HRT, TIB should be 
used for osteoporosis management in women before 60 years 
of age or 10 years after last menstrual period (Fig. 1). In 
addition, TIB can increase muscle strength and lean body 
mass [85].

Tissue selective estrogen complex (T‑SEC)

The tissue-selective estrogen complex (TSEC) combines 
conjugated estrogens (CE) with a SERM, having the purpose 
of keeping the beneficial effects of estrogen [86] and avoid-
ing its harmful effects using the antagonistic effects of the 
SERM component [87]. One of the goals of this mixed prod-
uct was to achieve a combination that worked synergistically 
to preserve bone health. Currently, the novel SERM, BZA, 
has demonstrated its efficacy in increasing BMD and reduc-
ing bone turnover markers [88]. In particular, BZA proved 
to have a favorable tolerability and safety profile, regarding 
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long-term use as well. BZA did not show an increase in the 
incidence of breast, endometrial or ovarian cancers even if, 
similarly to other SERMs, it shows, as main adverse effect, 
a higher incidence of venous thromboembolism.

Among a few SERM/CE preparations, analyzed in terms 
of mechanism of action and specific effects both in vitro 
and in vivo, BZA showed a superior competitive inhibition 
of CE in breast and endometrial tissues [89]. Therefore, 
the CE/BZA association was designed as new comprehen-
sive menopausal therapy. In particular, the efficacy of the 
CE/BZA combination as therapy for osteoporosis has been 
evaluated in the series of SMART trials. The SMART-1 
trial [90], a 2-year international multicenter randomized 
double- blind placebo and active-controlled phase III 
trial involving 2315 women, was subdivided into two sub 
studies evaluating the effects of BZA/CE on osteoporo-
sis. The Osteoporosis Prevention I sub-study examined 
women who were > 5 years postmenopausal while the sec-
ond study enrolled those being 1–5 years post menopause. 
Inclusion criteria consisted of osteopenic range BMD 
(between − 1.0 and − 2.5) and one additional risk factor 
for osteoporosis. Each study included eight subgroups and 
six different combined doses of BZA/CE as well as ralox-
ifene and placebo. For the current approved dose (20 mg 
BZA/0.45 mg CE) there was an adjusted annual increase in 

lumbar spine BMD of 1.01% ± 0.28%, which was signifi-
cantly greater than both placebo and raloxifene. Secondary 
endpoints analysed bone turnover markers in the various 
groups. It was shown that Osteocalcin and N-telopeptide 
significantly decreased with all BZA/CE doses vs. pla-
cebo and most BZA/CE doses vs. raloxifene suggesting 
reduced osteoclast activity. The SMART-1 trial directly 
measured rates of VTEs and found no difference between 
treatment arms and placebo. The SMART-4 trial [91], a 
1-year, multicenter, double-blind, randomized, placebo- 
and active-controlled, phase-3 study in non-hysterecto-
mized, postmenopausal women (n = 1061) evaluated the 
endometrial safety of BZA/CE and the effects on BMD 
compared with CE/MPA and placebo. BZA 20 mg/CE 0.45 
and 0.625 mg significantly improved BMD while main-
taining endometrial safety and showed a favorable safety/
tolerability profile over 1 year. The SMART -5 trial [92], 
a phase 3 study evaluating endometrial safety of BZA/CE 
and BMD effects vs BZA alone, hormone therapy, and 
placebo, showed significant increase from baseline in total 
hip BMD. By now, the combination of 20 mg BZA and 
0.45 mg CE is the only approved drug in this class. To 
conclude, in Table 1 are listed the data regarding the main 
randomized clinical trials concerning the effects of differ-
ent hormonal therapies on fragility fractures prevention.

Table 1   Main Studies (RCTs) about the effect of HRT/SERMs/TSEC on the prevention of osteoporosis and related factures (see references [57, 
77, 82, 85, 99])

Authors Treatment Population Results

Writing Group WHI (E + P arm). 
JAMA 2002

CEE 0.625 mg + MPA 2.5 mg/die Postmenopausal women mean age 
63.3 years

Total FXs HR: 0.76(0.69–0.83) 
clinical VFXs HR: 0.65 
(0.46–0.92) Hip FXs HR: 0.67 
(0.47–0.96)

Writing Group (E-only arm). 
JAMA 2004

CEE 0.625 Postmenopausal women Mean age: 
63.6 years

Total FXs HR: 0.70 (0.63–0.79) 
Clinical VFXs: HR 0.62 
(0.42–0.93) HipFXs HR: 0.61 
(0.41–0.91)

Cummings SR, et al. NEJM 2008 Tibolone1,25 mg Postmenopasual women mean age: 
63.3 years

VFXs HR: 0.55 (0.41–0.74) 
NVFXs HR: 0.74(0.58–0.93)

Ettinger B, et al. JAMA 1999 Raloxifene 60 mg Postmenopausal women Mean age: 
67 yrs

VFXs HR: In pts w/o prev. FXs: 
0.55(0.3–0.7) In pts with prev. 
FXs:0.7(0.6–0.9)

Silverman SL et al. JBMR 2008 Bazedoxifene 20 mg Postmenopausal women Mean age 
66.4

VFXs HR: 0.58 (0.38–0.89) 
NVFXs (in high-risk subgroup): 
0.50 (0.28–0.90)

Lindsay R, et al. Fertil Steril 2009 TSEC (CEE 0.45 mg/BZA 20 mg) Women > 5 years postmenopause- 
mean age: 58.4 Women between 
1 and 5 years postmenopause—
mean age: 52.1

Women > 5 years postmenopause: 
mean annual % vertebral BMD 
change 0.94 ± 0.25 (p < 0.001 
vs PBO) Women between 1 
and 5 years postmenopause: 
mean annual % vertebral BMD 
change: 1.01 ± 0.28 (p < 0.001 vs 
PBO) HIP BMD increased > pla-
cebo significantly for both 
subpopulation
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Conclusion

This Intersociety position statement provides evidence, 
for clinicians caring for postmenopausal women at risk for 
osteoporosis, to initiate HRT (or TIB or TSEC) or hormone-
like treatment based on shared decision making with the 
patient. A comprehensive summary of evidence, on ben-
efits and harms, supports the concept that postmenopausal 
HRT should be considered as one of the first-line therapies 
for the prevention of osteoporosis and osteoporosis-related 
fractures, especially in postmenopausal women younger 
than 60 years, or within 10 years of menopause, due to the 
extremely low risk profile, and a favourable benefit/risk ratio 
[93–95]. Other suitable skeleton-active hormone-like (e.g., 
SERMs) treatments should be considered and discussed in 
women who are not candidate for or do not want HRT, in 
order to reduce the risk of fractures associated with osteo-
porosis. In a more holistic approach, it is also important to 
consider that HRT, TIB or TSEC can have further clinical 
benefits other than treatment of osteoporosis, with a global 
positive impact on quality of life of postmenopausal women 
(i.e., improvement of neuro-vegetative symptoms, and sex-
ual function) [93–95].

It has also to be pointed out that following hormonal ther-
apy, other anti-osteoporotic therapies must be considered 
and suggested to women with osteoporosis risk factors in 
order to maintain skeletal health and further prevent fragility 
fractures [20, 96–98].
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