
Osteoporotic fractures are one of the major pub-
lic health concerns worldwide, expected to increase in
an exponential manner in the near future (1). This
common disorder is an important cause of morbidity
and mortality that places a substantial economic and
health burden on the society. It is well known that life-
time risk of fractures is increased in women during the
postmenopausal period and vertebral fractures account
for most of the fractures observed in menopause (2).
Nevertheless, an increasing amount of research has
been dedicated in recent years to the occurrence of os-
teoporosis in men, which also appears to be an impor-
tant health problem and as relevant as it is for women
(3). Even if osteoporosis can affect any district of the

skeleton, fractures occur most commonly in the verte-
brae and proximal femur and may result in chronic
pain, disability, and death (4). After a hip fracture, ap-
proximately 20% of persons die within one year, 30%
of persons have permanent disability, 40% cannot walk
independently, and 80% have lost at least one IADL.
In Italy, the direct costs of hospitalization for hip frac-
tures registered in 2002 were about 400 million euros,
with an increase of 15% as compared to 1999 costs.
When considering also rehabilitation costs, social aid
and indirect costs, the costs estimates exceeded one
billion euros (5). Several certain risk factors for osteo-
porosis have been identified such as age, reduced
physical activity, a prior fragility fracture, a family his-
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tory of an osteoporotic fracture, use of corticosteroids,
and alcohol abuse (6). Among these factors, age re-
mains a cardinal determinant with independent ef-
fects on fracture risk. As the proportion of the elderly
population increases worldwide, the prevalence of os-
teoporosis and related fractures is expected to contin-
ue rising.

Although low bone mineral density (BMD) is
commonly used to diagnose osteoporosis, it does not
identify all patients at risk. In a study that examined
the number of women with fractures within the year
following BMD measurement, 82% of post-
menopausal women with fractures had T-scores better
than -2.5 SD (7). Hence, the assessment of fracture
risk needs to take into account a number of clinical
risk factors that provide information on fracture risk
beyond that given by BMD. The WHO-FRAX algo-
rithms integrates the influence of several well validat-
ed risk factors for fractures, with or without the use of
BMD, over the next 10 years, allowing to offer treat-
ment to persons with a fracture probability greater
than an intervention threshold (8).

This article reviews the available nonpharmaco-
logic and pharmacologic interventions that may be
implemented to reduce the risk of osteoporotic frac-
tures.

Non Pharmacologic Strategies

In general, nonpharmacologic interventions slow
or stop bone loss, maintain bone and muscle strength,
increase bone strength, or reduce/remove factors that
may result in fractures (9) (Table 1). Indeed, non-
pharmacologic measures are recommended for the
population as a whole, not just for patients with os-
teoporosis. Even if several effective pharmacological
options are available, and many others with relevant
mechanisms of action are under development, it
should not be forgotten that nonpharmacological
strategies can achieve results comparable to those of
drugs. This include a reduction of fracture incidence
by ~33% with correction of visual acuity impairments,
by ~40% with reduction in sedatives usage, by ~30%
with daily walking, and by ~40% with smoking cessa-
tion (10).

Physical Exercise

Exercise and muscle strengthening connote a
myriad of health benefits. Even if weight-bearing ex-
ercise may result in only modest increases in bone
density, the improvements in agility, strength, and bal-
ance that accompany regular weight-bearing exercise
and muscle strengthening may significantly reduce the
risk of falls and subsequent fracture, independently of
an increase in bone density. High-impact exercises
(e.g., running, gymnastics, or high-impact aerobics)
appear to provide the most osteogenic stimulation (9).
Exercise can improve balance, gait, coordination, pro-
prioception, muscle strength, and reaction time in el-
derly persons (11). A study showed that a program of
regular exercise (30 min 3 times a week) prevented or
reversed almost 1% of bone loss per year at vertebral
and femoral sites in postmenopausal women (12). Al-
though RCTs with physical exercise as an intervention
and fractures as endpoint are lacking, a recent exten-
sive medline review confirmed the compelling effects
of physical activity on the reduction of risk factors for
falls (13).

Fall prevention

Because falls play a role in ~90% of fractures (9),
fall prevention is a major issue in patients with osteo-

Table 1. Nonpharmacologic strategies

• Lifestyle modifications
- A balanced diet
- Moderate, regular physical activity
- Avoid prolonged immobilization
- Avoid unnecessary use of sedatives or hypnotics (favor falls)
- Avoid unnecessary use of corticosteroids
- Avoid heavy lifting 
- Avoid alcohol abuse 
- Avoid smoking

• Fall prevention (see Table 2)
• Calcium and vitamin D 
• Other nutritional factors: adequate intake of protein, magne-

sium, phosphate, vitamin K, vitamin C, vitamin B12, vitamin
B6, zinc, selenium; avoiding excess of salt and alcohol

• Hip protectors 
• For patients with severe osteoporosis:a physical and psycho-

logical rehabilitation program, and the use of assistive devices
(i.e. cane and walker)
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porosis (Table 2). Most of these falls are associated
with identifiable risk factors (i.e. unstable gait, weak-
ness, confusion and certain drugs) and the attention to
these risk factors can significantly reduce the rates of
falling (14). Falls are a relevant economic burden to so-
ciety (14, 15), hence, fall-prevention programs aiming
at reducing fall-related fractures may contribute sub-
stantially to abate fall-related costs. Fall-prevention
strategies include checking and correcting vision and
hearing acuity, evaluating neurological problems, re-
viewing medications for adverse effects that may affect
balance or stability (i.e. benzodiazepines, neuroleptics,
antidepressants, excessive antihypertensive drugs),
promoting exercise, and eliminating safety hazards at
home (installing grab bars/handrails, providing ade-
quate lighting, and eliminating obstructions) (14).

Smoking

Smoking results in a more rapid rate of bone loss
by interfering with calcium absorption and lowering
estrogen levels (16). Decreased bone density is one of
the many detrimental effects of smoking tobacco;
hence, all patients should be encouraged to stop
smoking. Heavy smoking for many years in life may
lead to chronic obstructive pulmonary disease or asth-

ma, which is associated with lower BMD at the spine
and hip and increased risk of vertebral and nonverte-
bral fractures independent of age, clinic site, BMI, and
smoking.

Alcohol abuse

Heavy alcohol consumption (defined as more
than seven drinks per week) has been associated with
an increased risk of falls and a decrease in BMD,
hence, patients with osteoporosis should be counseled
about excessive drinking (6). Alcohol’s direct effect on
bone cells together with alcoholism-related lifestyle
factors, such as malnutrition, lack of exercise, hormon-
al changes, falls, and liver cirrhosis may have additive
effects as causes of fragility fractures (17). Patients with
chronic alcohol abuse present a clinical picture of mal-
nourishment because of reduced usual intake of essen-
tial nutrients and because alcohol precludes an appro-
priate digestion and absorption of the different essen-
tial elements, vitamins, and minerals. Deficit of pro-
tein, calories, vitamin D, A, C, B12, K, calcium, magne-
sium, selenium, phosphate, and/or zinc may be ob-
served in the chronic alcoholic patient (18).

Nutritional factors

A well-balanced diet is important for promoting
general health, including good bone health. Mainte-
nance of optimal bone mass requires adequate con-
sumption of vitamins (i.e. D, K, C, B12, B6), minerals
(calcium, magnesium, zinc), and protein (9, 19-22).
Dawson-Hughes and Harris also found an association
between protein intake and calcium/vitamin D sup-
plementation with increases in BMD (23), that sug-
gests possible interactions among different nutrients.
High fruit and vegetable intake appears to be protec-
tive in men. High candy consumption was associated
with low BMD in both men and women (24). In chil-
dren, the consumption of sweetened drinks may dis-
place milk consumption, resulting in calcium deficien-
cy with an expected higher risk of osteoporosis and
fractures (25). Excess sodium intake, reflected by uri-
nary Na/Cr ratio, has been linked to an inverse rela-
tionship with BMD (26), and it may be responsible
for an inadequate  bone calcium balance (27).

Table 2. Risk factors for falls in the elderly

• Advanced age
• Housebound status
• Muscle strength reduction 
• Gait and balance disturbances
• Postural hypotension
• Use of sedatives or hypnotics 
• Use of more than 4 drugs
• Reduced vision
• Decreased hearing
• Vitamin D deficit
• Previous falls 
• Cognitive impairment
• Foot problems and shoe wear (low-heeled and soft-soled)
• Use of cane or walker
• Acute illness
• Chronic diseases (especially neuromuscular disorders) 
• Neurological modifications, including age-related changes

(i.e. postural instability, slowed reaction time; syncope, drop
attacks, epilepsy)

• Architectonic barriers
• Risky behaviors (i.e. alcohol abuse)
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Calcium and Vitamin D 

Adequate intake of calcium is essential for main-
tenance of bone health. For premenopausal women
<50 years of age, the generally recommended daily in-
take of calcium is 1000 mg, and for postmenopausal
women and elders the recommendation is of 1500 mg
daily (9). Although dietary sources (i.e. dairy products
and vegetables) should be the primary source of calci-
um, intake can be augmented through the use of calci-
um supplements or calcium-fortified food when neces-
sary. Calcium supplements are best absorbed when
taken in divided doses, with single doses ≤1000 mg (9).

An adequate intake or supplementation of calci-
um and vitamin D is crucial in frail and institutional-
ized elders at highest risk of fractures due to secondary
hyperparathyroidism and increased propensity to falls.
One of the first controlled trials with positive results
was conducted in a large population of elderly women
in nursing homes and demonstrated that the daily use
of a supplement (1.2 g calcium and 800 IU vitamin
D3) reduced hip fractures by 23%, and decreased
PTH by 28% (28). However, a meta-analysis (29) and
some RCT (30-32) have shown no significant differ-
ence between calcium supplementation alone and
placebo in the prevention of vertebral, nonvertebral,
and hip fractures in postmenopausal women. These
results may have been influenced by lack of consider-
ation of adherence to the therapy. Indeed a study in-
cluding an adherence analysis found a reduction in
fractures (30), and a recent meta-analysis showed a re-
duction in relative risk for fractures with calcium
treatment alone (33). Even if studies on the effects of
calcium supplementation on the prevention of bone
loss and fractures have shown inconsistent results, it is
worth mentioning that each and every one of the
pharmacological trials for osteoporosis included calci-
um and vitamin D as part of the treatment.

Vitamin D plays a major role in calcium absorp-
tion and bone health. This vitamin, also considered a
hormone, is the cofactor that facilitates calcium in-
testinal absorption and renal reabsorption. Vitamin D
deficiency is very frequent to the point of considering
it a pandemic (34) that causes osteomalacia and osteo-
porosis in adults. Few food sources contain naturally
occurring vitamin D. Sources of ergocalciferol include

eggs, fish oil, vitamin D-fortified milk, fortified cere-
als, butter, salmon, herring, and liver. The recom-
mended daily intake of vitamin D is 400 to 600 IU for
all adults >50 years of age. In those at risk of vitamin
D deficiency due to inadequate exposure to sunlight,
doses of 700 to 800 IU/d are recommended. In a re-
cent report, doses of 800 to 1000 IU/d of vitamin D
were recommended by an expert panel to lower frac-
ture risk in the elderly (35). An adequate vitamin D
status is not only important to maintain bone health
but its supplementation appears to reduce the risk of
falls among ambulatory and institutionalized older in-
dividuals by over 20% (36). Vitamin D supplementa-
tion is low even in patients who underwent a hip frac-
ture. In a study of 222 consecutive hip fracture pa-
tients over a 12 month period, severe vitamin D defi-
ciency <30 nmol/l was present in 60%; 80% were <50
nmol/l, and less than 4% reached desirable levels of at
least 75 nmol/l. Only 10% of hip fracture patients had
any vitamin D supplementation on admission to acute
care (37).

Some meta-analyses reported no effect on frac-
ture risk for different preparations of vitamin D (38,
39). Conversely, other meta-analyses showed a signif-
icant reduction on nonvertebral and hip fractures with
vitamin D supplementation (32, 33). These differ-
ences may be due to different vitamin D status and
calcium intake at baseline, different doses and poor to
adequate compliance. In fact, an initial report from the
Women’s Health Initiative showed no evidence of
fracture risk reduction with calcium and vitamin D
supplementation for 7 years (40) but a post-hoc analy-
sis showed that those complying with treatment had a
29% reduction in hip fractures. A recent meta-analy-
sis of 12 RCTs for nonvertebral fractures (n=42 279)
and 8 RCTs for hip fractures (n=40 886), considering
adherence, showed that nonvertebral fracture preven-
tion with vitamin D is dose-dependent with a higher
dose reducing fractures by at least 20% for >65 years
old persons (41).

Hip protectors

Anatomically designed external hip protector
have been used in frail elders and in some studies have
proved to reduce the risk of fractures (42). They seem
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particularly useful in long-term facilities even if in this
setting the compliance and protection are not defi-
nitely proven (43).

Pharmacologic strategies

The ideal profile of any drug used in the treat-
ment of osteoporosis should not only take into ac-
count the effects on BMD but the effects on the re-
duction of fracture incidence. Hence, it is recom-
mended to choose agents with evidence-based effica-
cy on this outcome. Furthermore, some patients at
highest risk of osteoporotic fractures (i.e. based on risk
algorithms such as FRAX index) may have the indica-
tion of pharmacological therapy in addition to non-
pharmacological strategies even in the presence of a
normal BMD. Available effective pharmacologic op-
tions with proved efficacy include: the bisphospho-
nates, estrogen therapy, raloxifene, the anabolic agents
teriparatide and 1-84 parathyroid hormone, and
strontium ranelate (Table 3). Overall these widely
available therapies can reduce vertebral, hip and other
fractures by 30% to 65% as will be discussed below.

Bisphosphonates

Bisphosphonates are stable analogs of inorganic
pyrophosphate with a high affinity for hydroxyapatite

crystals that bind selectively to mineralized surfaces of
bone. These agents selectively disrupt osteoclast activ-
ity by blocking critical steps in cholesterol synthesis
resulting in slower bone turnover, with concomitant
benefits for trabecular integrity and connectivity (44).
It has been suggested that bisphosphonates may also
inhibit apoptosis of osteoblasts and osteocytes (45).
The reduction in activation frequency and bone re-
modeling activity induce a prolonged secondary min-
eralization phase, leading to increases in BMD at the
tissue level (46). Initially, treatment is associated with
partial refilling of the remodeling space, with a mod-
erate increase in bone matrix volume, which under-
goes primary mineralization, producing a rapid in-
crease in BMD. Subsequently, induction of a progres-
sive increase in the mean degree of bone mineraliza-
tion leads to a prolongation of the secondary mineral-
ization phase.

There is ample evidence showing that available
bisphosphonates prevent vertebral fractures and non-
vertebral fractures. The Fracture Intervention Trial
(FIT) demonstrated that in postmenopausal women
with low BMD and a previous vertebral fracture, 3
years of daily alendronate therapy (5-10 mg/d) re-
duced vertebral fracture risk by 47% compared with
placebo. In women with low BMD without previous
fractures, 4 years of alendronate therapy resulted in a
44% reduction in vertebral fractures (47). After 3 years
of daily administration of ibandronate 2.5 mg or
placebo to postmenopausal women with low BMD
and a history of vertebral fractures, ibandronate ther-
apy was associated with a 62% reduction in the risk of
vertebral fractures (48). Although risedronate (49, 50)
and alendronate therapy are not only associated to a
reduced risk of vertebral fractures but also to a signif-
icant reductions in nonvertebral fractures (including
hip), therapy with ibandronate has not shown to re-
duce nonvertebral fractures (including hip) (48). Two
large randomized trials showed that zoledronic acid
prevents vertebral and nonvertebral fractures in high-
risk populations and reduces the risk for hip fracture
(51, 52). Interestingly, zoledronate therapy has
demonstrated a reduced mortality rate after hip frac-
ture (52).

Increase of bone structure units with a maximum
degree of secondary mineralization with bisphospho-

Table 3. Pharmacologic strategies with evidence-based efficacy
in fracture incidence reduction

Antiresorptive agents*
• Estrogens
• Bisphosphonates      

- Alendronate (p.o.)
- Risedronate (p.o.) 
- Ibandronate (p.o. and i.v.) 
- Zoledronate  (i.v.) 

• Raloxifen

Anabolic agents*
• Teriparatide (s.c.)
• PTH 1-84 (s.c.)

Dual Action Bone Agent*
• Strontium Ranelate  

*Pharmacologic trials for all these agents included the associa-
tion with calcium and vitamin D
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nates therapy may contribute to the observed reduc-
tion of fracture incidence. On the other hand, a study
reported marked inhibition of cancellous bone forma-
tion in a group of nine patients who suffered sponta-
neous nonspinal fractures while on alendronate thera-
py for 3-8 years, six of whom experienced a delay or
absence in fracture healing for 3 months to 2 years
(53). The osteoclastic surface was found to be low to
low-normal in eight patients while four patients ex-
hibited decreased eroded surface. Furthermore, matrix
synthesis was found to be markedly diminished. Based
on these observations, the authors suggested that
long-term alendronate therapy may cause severe sup-
pression of bone turnover, leading to an increased sus-
ceptibility to, and delayed healing of, nonvertebral
fractures. This report has given rise to considerable
debate and discussion because the histomorphometric
abnormalities seen in these patients have all been re-
ported in patients with untreated osteoporosis. It is
well known that bone turnover is reduced by all an-
tiresorptive therapies and that this effect is prolonged
with bisphosphonate therapy because of the long half-
life of these drugs inside the skeleton. The question of
“frozen bone” has been raised often but, in all pub-
lished reports of the fate of the skeleton after discon-
tinuation of bisphosphonates, no evidence of irre-
versible suppression of bone remodeling has been not-
ed (44).

The most common adverse effects associated
with bisphosphonates are esophageal and gastric irri-
tation, which may result in dysphagia, esophagitis, and
esophageal and gastric ulceration. All bisphospho-
nates, with the exception of zoledronate, have report-
ed gastrointestinal side effects (54). Another side ef-
fect associated with bisphosphonate therapy, even if
infrequent, is osteonecrosis of the jaw, which appears
to be a class-related event. It has been reported in in-
dividuals with metastatic cancer under high intra-
venous doses of bisphosphonates and in a small subset
of individuals who have been treated with bisphos-
phonate therapy for osteoporosis and Paget’s disease
of bone (55). Osteonecrosis has been proposed to be
the result of the inability of hypodynamic and hypo-
vascular bone to meet an increased demand for repair
and remodeling due to physiologic stress, iatrogenic
trauma, or tooth infection (56), although further re-

search is needed to clearly elucidate the pathogenesis
of this process. In non-oncologic patients taking oral
bisphosphonates this condition is rare but the risk is
uncertain and deserves careful consideration.
Nonetheless, even in this circumstance, the confirmed
clinical benefits of bisphophonates therapy seem to
outweigh potential risks.

Estrogen

Given the relevant role of estrogen in bone me-
tabolism, hormone replacement therapy (HRT) has
been considered as an option to prevent and treat os-
teoporosis. There is good-quality evidence showing
that estrogen reduces the incidence of vertebral, non-
vertebral and hip fractures (57). However estrogen
long-term use effects on cancer, coronary heart dis-
ease, stroke, and blood clots in postmenopausal
women has generated extensive debate. Since it has
been shown that the benefit-risk ratio for HRT de-
creases with aging and that HRT seems to increase
the incidence of dementia when initiated in women
65 years and older (58), current guidelines recommend
HRT use close to menopause, when indicated, for the
shortest time possible and at the lowest dose.

Data from the National Osteoporosis Risk As-
sessment Study and the Million Women Study indi-
cate that therapy discontinuation results in accelerated
bone loss and may lead to increased risk of fractures
(59). Data on the effects of HRT on bone architecture
in postmenopausal women are limited. A prospective
RCT showed that after 2 years, treatment of post-
menopausal women with cyclic HRT reduced osteo-
clastic hyperactivity but neither induced a significant
difference in marrow star volume nor exerted an ana-
bolic effect (60). A more recent subsequent analysis of
bone samples from several patients, however, associat-
ed HRT treatment with increased mineral crystallini-
ty and collagen crosslinks ratio, suggesting that bone
was more mature, as might be expected from sup-
pressed osteoclastic activity (61).

Selective estrogen receptor modulators (SERMs)

These compounds have a high affinity for estro-
gen receptors exerting tissue-specific agonistic or an-
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tagonistic estrogen effects (62). This pharmacologic
profile allows dissociation of estrogen’s unfavorable
stimulatory effects on breast and endometrium from
the beneficial effects of estrogen on bone and lipid
metabolism. Currently, the only SERM approved by
the FDA and EMEA for prevention and treatment of
osteoporosis is raloxifene.

There is evidence showing that raloxifene inhibit
bone resorption and considerably reduce the risk of
new and recurrent vertebral fractures in osteoporotic
women, but it does not have any effect on hip fractures
(63, 64). Raloxifene has been associated with an in-
creased incidence of vasomotor symptoms and venous
thromboembolic events (65). This SERM does not
appear to cause osteomalacia, marrow fibrosis or toxic
effects on bone tissue/cells according to 65 bone biop-
sies taken among participants of the Multiple Out-
comes of Raloxifene Evaluation (MORE) trial (66).

Teriparatide and 1-84 Parathyroid hormone

Parathyroid hormone (PTH), as the full-length
human peptide or its fragments, has been extensively
studied for its effects on bone. There is evidence that
teriparatide (1-34 parathyroid hormone) prevents ver-
tebral fractures (67). The evidence for preventing non-
vertebral fractures is fair since a large RCT showed re-
duction in nonvertebral fractures (68) but two small
trials did not (69, 70). In a subset of the Fracture Pre-
vention Trial, Jiang et al. reported that teriparatide
significantly increased cancellous bone volume and in-
creased cancellous connectivity density as well as cor-
tical thickness (71). In Europe, 1-84 PTH is available
for subcutaneous daily use. An RCT showed that 1-84
PTH reduced the risk for new or worsened vertebral
fracture in postmenopausal women with osteoporosis
(72). Teriparatide and 1-84 PTH therapy, also because
of a higher cost, are reserved for postmenopausal
women with severe osteoporosis who are at highest
risk of fracture. Adverse events associated with teri-
paratide include muscle cramps, nausea, headache, hy-
percalcemia, and dizziness (9), and hypercalciuria, hy-
percalcemia, and nausea for 1-84 PTH (72). Use of
teriparatide or 1-84 PTH is not recommended in pa-
tients with hypercalcemia, bone metastases, or diseases
that predispose them to bone tumors.

Strontium ranelate

This compound is licensed in Europe for the
treatment of osteoporosis. While its mechanism of ac-
tion has not been completely elucidated, it appears to
reduce bone resorption by decreasing osteoclast differ-
entiation and activity and to stimulate bone formation
by increasing replication of preosteoblast cells, leading
to increased matrix synthesis (73). The efficacy of
strontium ranelate to prevent vertebral and nonverte-
bral fractures has been demonstrated in two large
phase III double-blind, placebo-controlled trials: the
Spinal Osteoporosis Therapeutic Intervention
(SOTI) and the Treatment of Peripheral Osteoporosis
(TROPOS) (74). Bone biopsies of lamellar bone per-
formed in 20 postmenopausal women treated with
strontium ranelate for 24, 36, or 48 months as part of
the SOTI trial revealed no increase in osteoid thick-
ness or in mineralization lag time and no decrease in
mineral apposition rate (73). It is worth mentioning
that strontium ranelate is the only therapy for osteo-
porosis with a RCT specifically designed for over 80
years old persons. This study demonstrated that ther-
apy with strontium ranelate safely reduces the risk of
vertebral and nonvertebral fractures also in the oldest
old (75).

Adherence to therapy

Non-adherence to therapy is frequently ob-
served. Studies examining patients’ adherence to os-
teoporosis therapies report that less than half of pa-
tients who are prescribed these medications are com-
pliant after a year (26). Such studies mainly included
oral medications taken daily, weekly, or monthly.
Perhaps increasing the use of once-yearly intravenous
zoledronic acid would improve compliance rates. It is
crucial to consider that treatment success depends
not so much on the drugs available to the physicians
but rather on the ability to engage the patients to ad-
here to the drugs prescribed. The results of evi-
denced-base RCTs may be translated into the com-
munity only if the adherence to therapy is similar to
that in the trials.
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Future molecules

Several new molecules are under development for
the prevention and treatment of osteoporosis (Table
4). Denosumab is a fully human monoclonal antibody
against the receptor activator of nuclear factor-B lig-
and (RANKL) that blocks its binding to RANK, in-
hibiting the development and activity of osteoclasts,
decreasing bone resorption, and increasing bone den-
sity. Denosumab given subcutaneously twice yearly for
36 months was associated with a reduction in the risk
of vertebral, nonvertebral, and hip fractures in women
with osteoporosis (76). Several new SERMs are under
development, such as lasofoxifene, which has been ap-
proved by EMEA, however, it has been associated to
increased incidence of venous thromboembolic events,
hot flushes, muscle spasm, and vaginal bleeding (77).
Odanacatib is an inhibitor of cathepsin K, an osteo-
clast enzyme required for resorption of bone matrix,
currently under development for the treatment of os-
teoporosis and bone metastasis (78). Glucagon-like
peptide 2 is a peptide growth factor secreted from the
human intestine and potential treatment for osteo-
porosis due to a prevention in nocturnal bone resorp-
tion (79). Anabolic agents under development include
sclerostin that mediates bone response to mechanical
unloading, likely through Wnt/beta-catenin signaling
(80), calcium-sensing receptor antagonists that in-
creases PTH release (81), and activin receptor fusion
protein, a bone morphogenetic protein (82).

Conclusion

At present, there is high-quality evidence show-
ing that diverse pharmacological agents decrease the
risk of osteoporotic vertebral fractures (alendronate,
risedronate, ibandronate, zoledronate, estrogen, ralox-
ifene, teriparatide, 1-84 parathyroid hormone, stron-
tium ranelate), non vertebral fractures (alendronate,
risedronate, zoledronate, estrogen, teriparatide, 1-84
parathyroid hormone, strontium ranelate), and hip
fractures (alendronate, risedronate, zoledronate, estro-
gen, strontium ranelate). It is not yet completely clear
the adequate duration of treatment with bisphospho-
nates. While evidence for fracture risk reduction from

calcium alone is less clear, it is stronger for vitamin D
and calcium in combination. Oral bisphosphonates
increase the risk for gastrointestinal adverse events as
acid reflux that seems to be similar for all the com-
pounds in this class. However, less frequent adminis-
tration seems to decrease the possibility of these ef-
fects. Raloxifene increases the risk for pulmonary em-
bolism and thromboembolic events. Estrogen in older
women has been associated with an increased risk of
dementia. Osteonecrosis of the jaw, which appears to
be a class-related event, has been reported in patients
with metastatic cancer under high intravenous doses
of bisphosphonates and in a small subset of individu-
als who have been treated with bisphosphonate thera-
py for osteoporosis and Paget’s disease of bone. The
pathogenesis of this process is not yet completely elu-
cidated. In non-oncologic patients taking oral bispho-
sphonates this condition is rare but the risk is uncer-
tain and deserves careful consideration.

Even if the above-mentioned pharmacological
options are available and many other molecules will be
possibly available in the future, it should be remem-
bered that nonpharmacological strategies can achieve
results comparable to those of drugs. Furthermore, all
RCTs of drugs for osteoporosis were associated with
adequate calcium and vitamin D supplementation.
Hence, pharmacological therapy should be always as-
sociated with lifestyle modifications, including a reg-
ular and moderate physical activity, a balanced diet,
and the prevention of falls in the older patient.
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