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INTRODUCTION

Osteoporosis poses a major health problem in modern
societies, especially in women. Taking into account the
aging of the Spanish population and the fact that osteo‐
porosis and fractures increase with age, with an esti‐
mate for 2029 of more than 11 million people over 65
years of age, this problem may become of the first order.
Currently it is estimated that there are more than 200
million patients with osteoporosis worldwide, with in‐
creasing prevalence1. In Spain, the prevalence of osteo‐
porosis in postmenopausal women over 50 years is
26.1% and in men 8.1%. 

Therefore, in daily clinical practice, this condition
should be diagnosed establishing the previous clinical
suspicion and the patients labeled as such in order to
avoid its progression and its consequences, which are
fragility fractures. 

DEFINITION

At the beginning of this 21st century, there is still no con‐
clusive definition of osteoporosis. It began to be defined
as a disease in the early 1990s, and coincided with the
development, at that time, of new technologies for mea‐
suring bone mass, called densitometries. Shortly after‐
wards, the WHO published a report in which, by
"Gaussian" criteria, women were classified as healthy or
ill according to their bone mineral density (BMD) value,
when compared with the average 30‐year‐old woman (
T‐score) and measured with Dual energy X‐ray absorp‐
tiometry (DEXA), gold standard2.

But that definition over the years has changed based
on our knowledge of bone and so today osteoporosis is
defined as "a skeletal disease characterized by decrea‐
sed bone strength that predisposes a person to an incre‐
ased risk of fracture". Bone strength is defined as a
reflection of the integration of bone density and quality.
Bone density is determined by peak bone mass and the
amount of bone loss. Bone quality refers to architecture,
replacement, accumulation of lesions (microfractures)
and mineralization. 

The etiology of osteoporosis offers multiple factors,
with both genetic and environmental factors contribu‐
ting to it, with different weight depending on each factor
involved. However, none of them is reliable enough to
predict the level of bone mineral density (BMD). 

The definition provided by the World Health Organi‐
zation (WHO) in 1994 considers that people suffer from
densitometric osteoporosis when the measurement of
bone mineral density (BMD) is equal to or below ‐2.5
standard deviations (T‐score ≤‐2.5 SD) with respect to
the mean BMD during peak bone mass, and that there is

established osteoporosis when, in addition to meeting
the above criteria, the fragility fracture has already occu‐
rred3. Osteopenia is referred to when the BMD value is
between ‐1.0 and ‐2.4 standard deviations. This measu‐
rement is established with the determination of bone
density after performing a densitometry by dual X‐ray
absorptiometry (DXA) in the lumbar spine and in the fe‐
moral neck, with respect to the standard deviation of
those carried out during the maximum peak of BMD4.

The WHO definition has been exceeded, since it only
referred to BMD obtained in a densitometry, a marker
of bone quantity, but insufficient to measure bone qua‐
lity. Currently, osteoporosis cannot be defined only by a
BMD value, since very relevant aspects related to trabe‐
cular microarchitecture, bone remodeling, genetic, phar‐
macological and other factors related to the risk of falls
would be omitted. 

PHYSIOPATHOLOGY

The skeleton is a metabolically active organ that is con‐
tinually remodeled throughout life. This remodeling is
necessary to, on the one hand, maintain structural inte‐
grity, since it avoids the accumulation of fatigue injuries
when replacing old bone with new bone and, on the
other, to maintain bone resistance to brittle fractures. In
addition, it helps the metabolic function of bone as a
store of calcium and phosphorus. 

The remodeling is carried out in the so‐called basic
remodeling units, formed by osteoclasts (derived from
hematopoietic cells, specifically from the monocyte‐ma‐
crophage line) and osteoblasts (cells of mesenchymal li‐
neage with bone‐forming activity). This process also
makes it possible to have an easily mobilizable pool of
calcium that helps to maintain homeostasis in the event
of disorders that tend to alter calcium levels. 

There are an estimated 2 million active remodeling
units at any one time. Each of them is made up of a group
of osteoclasts that resorb a small volume of bone, about
0.025 mm3. After this resorption phase, groups of osteo‐
blasts arrive in this area, synthesizing new bone matrix
that will then mineralize, thus forming new bone that re‐
places the old bone destroyed by the osteoclasts.

Interestingly, the cells of the osteoblastic line not only
synthesize new bone matrix, but also appear to play a key
role in the regulation of osteoclastogenesis and, therefore,
in resorption. It is evident that maintaining the skeletal in‐
tegrity requires an adequate coupling between osteoclasts
and osteoblasts, whose action must be coordinated, so that
they are activated in the same place and in a correct tem‐
poral sequence and, furthermore, that they do so with si‐
milar efficiency. In other words, the amount of bone
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destroyed by the osteoclasts is similar to that subse‐
quently formed by the osteoblasts. Otherwise, obviously
the bone mass would not remain stable, a situation that
occurs in the pathophysiology of osteoporosis. 

In osteoporosis, there is a dysregulation of this bone
remodeling process, which may be at the expense of
quantitative or qualitative aspects (Table 1). It is also
worth highlighting the studies carried out in the field of
bone biology, of the role of the osteocyte as a fundamen‐
tal element in the regulation of bone remodeling. These
cells are not only simple translators of mechanical sti‐
muli, but also intervene in the regulation of phosphate,
bone mineralization and, in addition, they produce cer‐
tain important cytokines for the regulation of remode‐
ling at both osteoclastic and osteoblastic levels. 

This remodeling is regulated both by mechanical fac‐
tors and by both systemic and local factors. The major
systemic factors or modulators are the calciotropic hor‐
mones: parathyroid hormone (PTH)5, vitamin D and, to
a lesser extent, calcitonin. Other systemic hormones
have important actions on bone tissue, particularly go‐
nadal hormones, growth hormone, glucocorticoids, and
thyroid hormones. Due to these mechanisms, hypovita‐
minosis D with the consequent secondary hyperpa‐

rathyroidism –a highly springy entity– intervenes in the
pathophysiology of osteoporosis, in a considerable way,
as well as prolonged treatments with glucocorticoids
and their marked and lasting effect on osteoblastogene‐
sis with an inhibitory effect on the herself. 

The peak of bone mass in men and women occurs
around the age of 30. Blacks have higher bone mass than
Whites and Asians, while Latinos have intermediate sco‐
res. Men have higher bone mass than women. Once a
peak is reached, bone mass remains stable for 10 years,
during which time bone formation is similar to bone re‐
sorption. Then there begins to be a bone loss of 0.3 to
0.5% per year. Beginning with menopause, this loss ac‐
celerates in women at 3 to 5% annually for 5 to 7 years,
and then the rate of bone loss slows6 (Figure 1). 

Osteoporotic bone loss affects cortical and trabecular
(cancellous, spongy) bone. The cortical thickness and
the number and size of the trabeculae decrease, which
increases porosity. The trabeculae may be ruptured or
absent. Trabecular bone loss is faster than cortical bone
loss, because the trabecular bone is more porous and
has a greater turnover. However, the loss of both types
contributes to skeletal fragility7.

Therefore, osteoporotic pathogenesis reflects the
complex interrelationships that take place between ge‐
netics, bone metabolism, other factors that determine
bone growth, calcium homeostasis, peak bone mass, and
bone loss. All of them at the same time are influenced by
age, physical activity or inactivity, certain hormonal de‐
ficiencies and nutritional status8. Among the risk factors
that can trigger or favor the appearance of osteoporosis
include: 

• Prolonged immobilization or sedentary periods
cause bone loss. 
• A low body mass index predisposes to loss of bone
mass. 
• Certain ethnic groups, including whites and Asians,
are at increased risk for osteoporosis. 
• Insufficient intake of calcium, phosphorus, magne‐
sium, and vitamin D in the diet predisposes to decre‐
ased bone mass, as does endogenous acidosis. 

Table 1. Dysregulation of the bone remodeling process 

Figure 1. Evolution of bone mass 
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• Smoking and alcohol also adversely affect bone
mass. 
• A family history of osteoporosis, especially a hip frac‐
ture in a parent, also increases the risk. Patients who
have suffered a fragility fracture are at increased risk
for other clinical (symptomatic) fractures and asympto‐
matic vertebral compression fractures. 
From the point of view of clinical practice and taking

into account the pathophysiological mechanisms that
cause osteoporosis, we will classify it as primary and se‐
condary. Within primary osteoporosis in turn we would
have; postmenopausal, senile and idiopathic osteoporo‐
sis8,9.

Postmenopausal osteoporosis
The estrogen deficit, consequent to the cessation of ova‐
rian activity, is the cause of an imbalance in bone remo‐
deling with a predominance of resorption over bone
formation, which causes a significant loss of bone mass,
especially in the first 5‐ 7 years after menopause10. This
initial loss of bone mass mainly affects the trabecular
bone, which entails a loss of thickness and connectivity
of the trabeculae with greater perforation of the same,
and more susceptibility to the appearance of vertebral
fractures11. At the paracrine level, hypoestrogenism is
associated with an increase in certain cytokines that
leads to an increase in the expression of RANKL. This
causes the differentiation, activation and function of os‐
teoclasts on the one hand and, on the other, produces an
increase in apoptosis of osteoblasts and osteocytes, with
a negative effect on bone formation12,13. 

Senile osteoporosis
Unlike postmenopausal osteoporosis, bone loss occurs
after the age of 65, and the cortical bone is mainly affec‐
ted, with an increase in its porosity. In women, the effect
of age is added to that caused by estrogen deficiency. In

studies at the cellular level, a decrease in the number of
osteocytes with lower bone resistance has been obser‐
ved, and a greater number of adipocytes in cell cultures
that release fatty acids and adipokines, which produce
a toxic effect on the osteoblasts fundamentally respon‐
sible for the bone formation14.

Idiopathic osteoporosis
In this type, the appearance of fragility fractures or the
presence of low bone mass is detected before meno‐
pause in women or in men under 65‐70 years of age, wi‐
thout a secondary cause being identified. 

Secondary osteoporosis
There are numerous diseases or conditions that are as‐
sociated with low BMD, osteoporosis and an increased
risk of fragility fractures15,16 (Table 2). 

CLINICAL ASPECTS

The existence of a low bone mass is itself asymptomatic.
Patients with osteoporosis are asymptomatic unless a
fracture has occurred. Osteoporotic or fragility fractures
are those that occur in areas of low bone mass, or that
appear after falls from a height. The fractures typically
related to osteoporosis are those of the hip, vertebral,
distal forearm (Colles fracture) and proximal humerus,
although we would also include fractures of the pelvis
of the elderly patient as long as the production mecha‐
nism is low impact 17.

Non‐vertebral fractures are typically symptomatic,
but about two‐thirds of vertebral compression fractures
are asymptomatic. Their prevalence is difficult to deter‐
mine, given the lack of consensus regarding their radio‐
logical definition and because, in many cases, as
previously mentioned, they are asymptomatic. Both its
prevalence and its incidence increase significantly with
age18.

Table 2. Diseases or conditions associated with low BMD, osteoporosis, and increased risk of fragility fractures

Hypogonadal states Endocrine disorders Gastrointestinal diseases 

‐ Insensitivity to androgens
‐ Eating disorder
‐ Amenorrhea in athletes
‐ Hyperprolactinemia
‐ Panhypopituitarism
‐ Precocious menopause
‐ Turner and Klinefelter syndrome

‐ Acromegaly
‐ Suprarrenal insufficiency
‐ Cushing's disease
‐ Type I diabetes mellitus
‐ Hyperparathyroidism
‐ Tumor secretion of PTH
‐ Hyperthyroidism
‐ Nutritional deficiencies of Ca, Mg, vit D

‐ Celiac disease
‐ Gastrectomy
‐ Malabsorption
‐ Inflammatory bowel disease
‐ Primary biliary cirrhosis
‐ Severe liver disease
‐ Exocrine pancreatic insufficiency

Genetic disorders Hematologic disorders Drugs 

‐ Hemochromatosis
‐ Hypophosphatasia
‐ Imperfect osteogenesis
‐ Ehler‐Danlos syndrome
‐ Marfan syndrome

‐ Multiple myeloma
‐ Leukemias and lymphomas
‐ Systemic mastocytosis
‐ Pernicious anemia

‐ Anticoagulants: heparins and
dicoumarinics

‐ Anticomiciales
‐ Cyclosporine and tacrolimus
‐ Cytotoxic drugs
‐ Glucocorticoids and ACTH
‐ Methotrexate

Rheumatic diseases Organ transplant 

‐ Rheumatoid arthritis
‐ Ankylosing spondylitis 

‐ Marrow transplant
‐ Kidney, liver, lung transplant or heart
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A symptomatic vertebral compression fracture begins
with acute pain that does not radiate and is aggravated in
the standing position, may be associated with spinal pain,
and usually subsides within a few weeks. However, residual
pain may remain for months or be constant. In addition, ver‐
tebral fractures cause a reduction in height and an alteration
of the static of the spine, with kyphosis, shortening of the
trunk and rectification of the lumbar lordosis, depending
on the affectation and location of the fractured vertebra. 

The most serious osteoporotic fracture is the hip frac‐
ture, which is typically caused by a fall from a standing
position, although it can also occur spontaneously. It has
a high morbidity and mortality, having repercussions
that are immediate after the fracture itself, such as sur‐
gical intervention. The incidence of hip fracture increa‐
ses with age, increasing exponentially after age 50, its
incidence in people under 35 years of age is 2/100,000
and 3,000/100,000 in people over 85 years19,20.
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DIAGNOSIS OF OSTEOPOROSIS. CONCEPTUAL DEVELOPMENT

The diagnosis of osteoporosis has evolved over the years
along the disease’s conceptual development. The defini‐
tion of osteoporosis comes from a description offered by
Albright at the outset of the 1940s for postmenopausal
and corticoid‐induced osteoporosis. This is considered
nowadays paradigm of primary and secondary osteopo‐
rosis. Its characteristics are reduced bone mass, micro‐
architectural disorders, unaltered mineralization and
presence of fractures1,2. It is a histopathological defini‐
tion with the secondary clinical event. Although osteo‐
porosis is currently the most common metabolic bone
disease, rickets and osteomalacia were the main meta‐
bolic bone disease from the time of Galen and well into
the 20th century3.

In the 1960s, the basis for peripheral bone mass quan‐
tification was established4. In the mid‐1980s, along with
the opportunity of assessing axial bone mass –lumbar
spine and hip–, its development with age and the in‐
fluence of different risk factors to explain its decline, the
concept of “fracture threshold” arose, as an initial attempt
to classify patients as such before the appearance of frac‐
tures, due to minimal trauma5. This value, below which
90% of patients with fractures fell, was around ‐2 stan‐
dard deviations (SD) below the bone mass peak6. 

At the first Consensus Development Conference held
in Copenhagen in 1990, osteoporosis was defined as:
“systemic skeletal disease characterized by decreased
bone mass and alterations in the microarchitecture of
bone tissue leading to bone fragility and consequent in‐
crease in fracture susceptibility”7, without quantitatively
defining a cut‐off value of bone mass.

In 1994, a technical WHO report8 based the diagnos‐
tic criteria for osteoporosis on bone mass, classifying pa‐
tients according to their T score or SD divergence in
relation to adult women’s bone mass peak:

• Normal: a T score higher than ‐1.
• Osteopenia: a T score equal to or lower than ‐1,
but higher than ‐2.5.
• Osteoporosis: a T score equal to ‐2.5 or lower.
• Severe or settled osteoporosis: when densito‐
metric osteoporosis is accompanied by at least one
fragility fracture.
The document limits this definition to Caucasian

women, but leaves the definition open to the different
densitometric techniques and measurement areas then
in use. In the same document, the difference in the pre‐
valence of osteoporosis using one area of measurement
or another is noteworthy.

This classification, although it does not have therapeu‐
tic implications at first, has made it possible to universally
homogenize the diagnostic criteria, which are essential to
compare epidemiological studies and to make the inclu‐
sion criteria in prospective clinical trials similar.

Given the controversy arising from the incidence of
fragility fractures in patients whose disorder was cate‐
gorized as “osteopenia” according to the criteria of the
WHO (anyway expected since the fracture threshold cri‐
terion was established), in the 2001 consensus develop‐
ment conference the notion of bone mass disappears
and ultimately defined as a “skeletal disease characteri‐
zed by decreased bone strength that predisposes a per‐
son to an increased risk of fracture”9. This definition was
clearly ahead of the technical possibilities for measuring
bone strength and could even allow other metabolic
bone diseases to be categorized as such, some being an‐
tagonistic like osteopetrosis10. Thus and at a practical
level, all the guidelines for diagnosing, preventing and
treating osteoporosis have considered the bone mass
measurement and/or presence of fragility fractures as
basic and fundamental criteria for their definition11‐13.

However, despite acknowledging the relevance of bone
mass to predict the increased risk of fracture13, the rele‐
vance of other clinical risk factors unrelated to bone mass
was demonstrated almost simultaneously14‐15. For this re‐
ason, different assessment scales have been developed to
measure the risk of fracture. The most accepted is the
fracture risk assessment tool (FRAX) since its appearance
in 2007, although it also includes the concept of bone
mass through which the categorization of osteoporosis is
established, based on a certain absolute risk of both major
fractures and specifically hip fractures16.

However, and after this historical approach to the
diagnosis of osteoporosis, no instrument or parameter
negates the required clinical work. Determining bone
mass is an objective parameter, with its strengths and
weaknesses as we will see later. The presence of fragility
fractures must be verified (patients often confuse frac‐
tures with dislocations and sprains) as the magnitude of
the trauma is very subjective and even the patient may
have forgotten notable previous traumas, and not all fra‐
gility fractures can be categorized as osteoporotic since
there are vertebral deformities that are not fractures,
and there are also disease‐related fractures17,18.

BONE DENSITOMETRY

Historically, the first method of evaluating bone mass
and defining osteoporosis was the histological study. Al‐
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though histology/histomorphometry could be
considered the gold standard in bone mass as‐
sessment, its limitations regarding being a slow,
restricted, grueling and expensive method have
practically relegated it to research studies18.

Indirect quantitative evaluation may be carried
out using different densitometric techniques based
on the alteration produced by mineralized bone
tissue on physical agents, such as the Dual X‐ray
absorptiometry (DXA); Quantitative computed tomo‐
graphy (QCT) with high resolution developments
(HrQCT and pQCT), Quantitative magnetic image
(qMRI) or Quantitative ultrasound (QUS). All techni‐
ques have shown certain capacity to predict the risk
of fracture14,20. Some techniques (Hr‐pQCT) make it
possible to discriminate the cortical and trabecular
component of the bone and to estimate both the tra‐
becular and cortical volumetric bone mineral density
(BMD) and to discern structural characteristics simi‐
lar to those obtained by biopsy. These, though very
important for research, are considered marginal tech‐
niques due to their limited diffusion21.

Despite the predictive capacity of the risk of
fracture –it multiplies the risk by 1.5‐2 for each
declining standard deviation14, the unimodal dis‐
tribution of bone mass values between fractured
and non‐fractured population (due to additional
fracture‐related factors) makes it scarcely predic‐
tive if used as a single and isolated test.

The evaluation of the BMD using axial DXA is the
gold standard in the bloodless evaluation of bone
mass due to the strengths listed in table 1. Although
the discussion of each reaches beyond the limitations
of this article, due to their implications in clinical
practice, it is worth noting BMD development accor‐
ding to age in relation to other techniques, as shown
in figure 1, where it is shown how the BMD by QCT
or lateral spine DXA overestimate the diagnosis of
osteoporosis, and how calcaneal QUS underestima‐
tes diagnosis22. If to all this we add the extraordi‐
nary distribution of the axial DXA densitometers,
the adaptive capacity of the generation of software
–some of which are currently under development
while others are already in clinical implementation
phase–, which allow the evaluation of vertebral frac‐
tures (instant vertebral assessment, IVA)23, geome‐
tric factors24 and surrogates of microarchitecture25‐28

with the same equipment, as well as the evidence
that the therapeutic response can be estimated with
practically all drugs used in osteoporosis29, it is the
technique recommended by most CPGs11‐13.

The weak points of the axial DXA30‐31, listed in
table 1, are mostly avoidable if a correct standar‐
dized procedure is followed32 and we are aware
of them at the time of interpretation. The use of
adequate population reference values should be
highlighted, in the case of the hip, for example,
those provided by the Third National Health and
Nutrition Examination Survey (NHANES III)
which are similar to those of the Spanish popula‐
tion, and in the case of the lumbar spine it is more
advisable to use data from the Spanish popula‐
tion, since those provided by commercial compa‐
nies start from a higher peak bone mass that
causes the calculated T‐score values to be ‐0.3‐0.4
lower standard deviations19.

Table 1. Strengths and weaknesses of axial densitometry via
DXA

Strengths

Anatomical sector: lumbar spine and hip

Standardized reference values

Accuracy 1‐2%

Evolution with age according to epidemiology

Therapeutic response of all drugs

Reasonable radiological exposure

Prediction of fracture risk

Vertebral fracture assessment ability (IVA)*

Geometric factors assessment ability

Micro‐architectural surrogates estimate ability

Trabecular bone score (TBS)

Subregions with cortical/trabecular bone**

Finite element resistance analysis**

Weaknesses

Technology-dependent error factors

Physics and mechanics of the device

Appropriate and up‐to‐date software

Environmental conditions (temperature, humidity)

• Daily quality control
Operator-dependent factors: acquisition systematics

Patient preparation (clothing, foreign elements)

Patient positioning

Analysis systematics (areas of interest)

• Standardized work procedures
Patient-dependent factors

Bone structural alterations

Static of the spine

Arthritic changes

Joint (hip) stiffness

Post‐surgical changes

Impacted vertebral/neck femur fractures

Adjacent soft tissue alterations

Interposed calcifications

Juxtaposed calcifications

Body fat excess/deficiency

Artifacts

Surgical clips

Prosthetic material

Radiological contrasts

Mediation in digestive tract

• Careful review of the image obtained
Conceptual factors

Chosen anatomical sector

Appropriate population reference values

Confusion between risk of fracture/diagnosis of osteoporosis

Minimal significant changes

*: some DXA equipment capable of analyzing the whole body and the late‐
ral projection in supine position; **: software on clinical validation period,
but already available; •: minimization of error factors.



ESTIMATION OF THE RISK OF FRACTURE

There are numerous factors related to the
risk of bone fractures, both dependent on
bone strength and those related to the ten‐
dency to fall and their characteristics. Bone
factors such as extraosseous factors act in
a complex way in each individual. Although
BMD, along with the history of fracture and
the patient's own age are the clinical objec‐
tive parameters that explain the higher
percentage of risk of fracture, numerous
risk assessment scales of other risk factors
have been developed so once combined
with the aforementioned parameters we
could improve the predictive capacity of
the risk of fracture in a given patient.

Some of these scales aim to estimate
the risk of suffering osteoporosis. The
highest regarded questionnaires include
the 3‐item Osteoporosis Risk Assessment
Instrument (ORAI), the 6‐item Simple
Calculated Osteoporosis Risk Estimation
(SCORE), and the ABONE, Oracle and Osiris assessment
instruments, of 2 to 4 items. The National Osteopororsis
Foundation (NOF) also recommends evaluating patients
with any of the major risk factors, with moderate sensi‐
tivity but low specificity: age ≥65 years, body mass index
(BMI) <22 kg/m2, and personal or family history of os‐
teoporotic fractures and smoking33.

In order to assess the risk of fractures directly and in
addition to the FRAX16, used without BMD as some CPGs
recommend in order to screen patients in search of
those eligible for a DXA13, other tools have been develo‐
ped, with the Garvan Medical Research Institute and
QFracture Index the most studied34,35. Various resear‐
chers have carried out comparative studies among them,
showing that these three tools have a similar discrimi‐
natory capacity with only moderate performance (the
area under the curve is between 0.60 and 0.70)11.

The most widely spread and the only one that has adap‐
ted to a large number of countries is FRAX, which provides
two fracture risk values: hip fracture and major osteopo‐
rotic fracture (clinical vertebral fracture, humerus fracture,
distal radius fracture, and hip fracture). Its adaptation to
each country has been carried out according to the epide‐
miological characteristics of their osteoporotic fractures.
In Spain as in many other countries, it has been shown that
it underestimates major fractures, possibly due to the ab‐
sence of precise local epidemiological data for this type of
fracture, being estimated through data referring to other
populations36. Various studies carried out in this regard
have verified that FRAX’s Spanish version offers a much
lower risk of major fractures than it should36,37. The
SEIOMM CPGs do not recommend their use for therapeutic
decisions11, but if used, they advise applying an absolute

risk marker adjusted to major fractures in comparison with
what can be observed in our population38.

Other societies consider it either as a prior screening
or as a third option for, subject to the objective risk, es‐
tablishing a treatment with cut‐off points of 20% for
major fractures or 3% for hip fractures, and even varia‐
ble intervention thresholds depending on the age, being
9‐15% between 40‐65 years‐old, perhaps due to the
mismatch between the BMD of the femoral neck (used
by the FRAX) and the BMD of the lumbar spine, progres‐
sively increasing the intervention threshold from the
aforementioned age13.

With any of the scales or with the simple clinical as‐
sessment, it should be taken into account that the his‐
tory of recent fracture, both vertebral and peripheral,
multiplies the risk of fracture by 2‐2.5 in the following
two years, being considered very high risk or imminent
fracture risk39.

In summary, the diagnosis of osteoporosis requires
clinical work, verification of bone mass values by DXA
lower than ‐2.5 T (the lower the value, the greater the
risk) and/or the presence of fragility fractures (temporal
proximity >2 years significantly increases the risk). The
use of tools to predict the risk of fracture, even with their
limitations, can be useful for those professionals who
are not used to the clinical management of osteoporosis
and even to verify the low risk of those patients excessi‐
vely "worried" about having the disease.

Special attention must be paid to those patients pre‐
senting very low bone mass values and recent fragility
fractures, who may be considered at very high risk of
fracture and require therapeutic initiatives with a faster
and more intense effect.
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Figure 1. Evolution of population values throughout age in Caucasian
women using different densitometric techniques and age at which
50% of the population would reach -2.5 T-score 

Modified from Faulkner et al.22, the TBS data correspond to the Spanish population
Cano A et al.28
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OSTEOPOROSIS IN MEN

Osteoporosis is a bone disease characterized by a decrease
in bone mineral density (BMD) and an increased risk of
fragility fractures. Osteoporotic fractures, particularly hip
fractures, cause significant mortality and morbidity in men
and lead to considerable social costs in this population, in‐
cluding direct medical costs and indirect costs resulting
from reduced quality of life, disability and death1. 

Of all osteoporotic fractures, it is hip fractures that
contribute to the highest morbidity and mortality in men.
Each year about 80,000 men will have a hip fracture. Of
these, one in three will die during the first year after this
hip fracture and another third will fracture again2. Ho‐
wever, there is a lack of awareness among healthcare
professionals about the need to screen men for osteopo‐
rosis so that male osteoporosis remains largely under‐
diagnosed and untreated. 

Much progress has been made in identifying men
who should benefit from treatment (for example, the
FRAX management algorithm is applicable to men). Ho‐
wever, controversy persists regarding, for example, the
criteria for defining osteoporosis in men on the basis of
bone mineral density (BMD). 

There are important differences between men and
women in terms of bone development and loss. Men ge‐
nerally begin puberty later in life and continue through
puberty longer than women, which may cause differen‐
ces in reaching higher peak bone mass in men. While
both men and women lose bone mass during aging, men
undergo a more gradual decline in sex steroid levels
with aging, which may explain the less severe decline in
bone strength3. There are also differences in the way
bone remodeling occurs in men and women. In men, as
the trabecular surface area decreases, bone formation
increases. In general, the result is a smaller BMD loss in
men than in postmenopausal women4.

Male osteoporosis is generally classified into two diffe‐
rent categories, primary and secondary osteoporosis.
Types of primary male osteoporosis include age‐related
osteoporosis and idiopathic male osteoporosis. Age‐rela‐
ted osteoporosis in men, as in women, is more likely to
occur as age increases, and is generally seen in men over
70. Idiopathic male osteoporosis, on the other hand, is ge‐
nerally defined as one or more fractures and a low BMD
in men before 65‐70 years of age5. There are multiple the‐
ories about the etiology of idiopathic male osteoporosis,
such as genetic factors or family history. 

Male osteoporosis that can be linked to or explained by
causes other than aging is generally classified as secon‐

dary male osteoporosis. Chronic diseases associated with
secondary osteoporosis are listed in table 1 and include
diseases such as chronic obstructive pulmonary disease
(COPD), cardiovascular disease, rheumatoid arthritis, os‐
teoarthritis, and multiple sclerosis. Other causes of secon‐
dary osteoporosis in men include alcohol abuse, excess
glucocorticoids (exogenous or endogenous), and hypogo‐
nadism (including that produced by the use of androgen
deprivation therapies). If osteoporosis is due to another
condition, the underlying cause must be treated. Whene‐
ver possible, potential offending agents (e.g. glucocorti‐
coids, alcohol, tobacco, etc.) should be eliminated.

A recently presented sub‐analysis of the MrOS cohort
evaluated secondary causes of osteoporosis in subjects
who had low BMD versus those who did not have low
BMD, and most were similar in terms of their risk fac‐
tors6. Therefore, it is not established that secondary os‐
teoporosis is actually more common in men. Men may be
less likely to be referred for a bone densitometry assess‐
ment in the absence of specific risk factors for osteopo‐
rosis. Furthermore, there may be a general tendency for
healthcare professionals to search for causes of secon‐
dary osteoporosis in men more carefully than in women.

The osteoporosis treatment drugs in men are: bis‐
phosphonates (alendronate, risedronate, zoledronic
acid), denosumab and teriparatide. All of these agents
inhibit bone resorption, except teriparatide, which pro‐
motes bone formation. The antifracture efficacy of these
drugs has been studied mainly in postmenopausal
women, and there are few clinical trials for the treat‐
ment of osteoporosis in men whose primary objective is
to reduce fractures. Most of the studies in men have a
small sample size and are aimed at changes in BMD or
markers of bone remodeling. In them, the incidence of
fracture is included as a secondary aim. Therapeutic
equivalence is justified on the basis that if BMD changes
are similar to those observed in women with the same
duration of treatment, it is assumed that the anti‐frac‐
ture efficacy effects will also be similar7.

Bisphosphonates are often prescribed as first‐line
treatment: alendronate8, risedronate9, and zoledronic
acid10 have been shown to reduce vertebral fracture risk
in men. Risedronate has also shown reductions in non‐
vertebral and hip fractures in men. 

Denosumab increases BMD in the lumbar spine, total
hip, femoral neck, trochanter, and radius in men11. In
men who received androgen deprivation treatment for
prostate cancer, denosumab has also shown a decrease
in the incidence of new vertebral fractures12. 
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The parathyroid hormone, teriparatide, is the only
anabolic agent approved for treating severe or glucocor‐
ticoid‐induced osteoporosis in men, as it has been
shown to decrease the incidence of vertebral fractures
significantly13,14.

Uncontrolled studies with a small sample size suggest
the immediate use of bisphosphonates after finishing
treatment with teriparatide in order to maintain or in‐
crease the bone mass gains produced by the drug15.

The few studies available on the effect of androgens
in elderly men with idiopathic osteoporosis do not allow
recommending their use in the absence of overt hypo‐
gonadism. Intramuscular testosterone (but not from
transdermal administration) produces an increase in BMD
but has not shown a reduction in the occurrence of frac‐
tures16,17. One area of uncertainty is when men with hypo‐
gonadism should be treated with an osteoporosis drug in
addition to testosterone. There are no data from clinical
trials addressing this issue and, in particular, the effect of
testosterone therapy on the risk of fracture has not been
assessed. We agree with the Endocrine Society recommen‐
dation to add a pharmacological agent with proven anti‐
fracture efficacy in hypogonadal men treated with
testosterone whose risk of fracture is considered high18. 

The drug choice strategy for men would be similar to
that for women: 

a) alendronate or risedronate in patients without di‐
gestive problems in whom adequate adherence is ex‐
pected. 

b) zoledronate or denosumab in older patients with
digestive intolerance and polymedicated with a hig‐
her risk of hip fracture. 
c) teriparatide in severe osteoporosis with a high risk
of fracture.
For the same reasons as in women, the administra‐

tion of calcium and vitamin D is recommended for all pa‐
tients. And androgens, as we have already mentioned,
are only justified if there is hypogonadism. Even in this
case, one of the above drugs should probably be asso‐
ciated if, in addition to hypogonadism, there is osteopo‐
rosis.

STEROID OSTEOPOROSIS

Glucocorticoids (GC) play an important role in the treat‐
ment of many inflammatory conditions. An estimated
1% of the US population receives long‐term treatment
with GC19. However, the use of GC causes significant to‐
xicity, including bone loss and fractures. More than 10%
of patients receiving long‐term GC treatment are diag‐
nosed with a fracture and 30‐40% have radiographic
evidence of vertebral fractures20,21.

Vertebral fractures are particularly characteristic of
corticosteroid osteoporosis, although the risk of non‐
vertebral fractures, including hip fracture, is also increa‐
sed. In subjects who started CG in the last 6 months, the
annual incidence of vertebral fracture is 5.1% and non‐
vertebral fracture is 2.5%22. And in patients with rheu‐
matoid arthritis, it has been seen that 60‐182 days after
suspending the SLN the risk of fracture is 29% lower
than in those who continue to receive GC treatment, and
at 12 months this risk decreases so that it is already si‐
milar to the risk of patients who do not receive GC23.

The widespread use of corticosteroids today has
made glucocorticoid‐induced osteoporosis (GIO) the
most common cause of drug‐associated osteoporosis.
Glucocorticoid administration is the most common
cause of secondary osteoporosis. Risk factors for frac‐
ture in GIO include low bone strength at the beginning
of GC treatment and the rate of decrease in bone mass
during treatment, which is largely determined by the
dose and duration of GC use. 

In all available studies, prednisone doses greater than
or equal to 7.5 mg/day cause loss of BMD. Subjects who
receive these daily doses have an increased risk of loss
of BMD (which occurs mainly in the first six months), of
vertebral fracture (RR=2.83; 95% CI, 2.35‐2.40) and hip
fracture (RR=2.21; 95% CI, 1.85‐2.64)24.

The risk of fracture increases especially after the third
month of treatment. There is a clear dose‐dependent re‐
lationship in the risk of fracture and 30‐50% of chroni‐
cally‐treated subjects will suffer fractures25. Furthermore,
these fractures appear with higher BMD values in relation
to what usually occurs in postmenopausal osteoporosis. 

Advances have been made in understanding the me‐
chanism of production of GIO, as it appears to be diffe‐
rent from that of postmenopausal osteoporosis. The
most important changes observed in GIO are a decrease
in osteoblast activity, which translates into a decrease in
the synthesis of the bone matrix, and a decrease in the
half‐life of the osteoblasts26. The loss of bone mass occurs,
above all, in the trabecular bone, where it reaches up to
30% in some studies. 

Thus, the loss of bone mass associated with corticos‐
teroids should receive optimal treatment, particularly in
those patients already with other factors for a high risk

Table 1. Secondary causes of osteoporosis in men

Medicines

Anticonvulsants 

Chemotherapy

Glucocorticoids

Thyroid hormone

Chronic diseases

Chronic obstructive pulmonary disease (COPD)

Gastrointestinal disorders: malabsorption syndromes,
inflammatory bowel disease, celiac disease, primary biliary
cirrhosis, postgastrectomy, etc. 

Hypercalciuria 

Hyperthyroidism 

Hyperparathyroidism

Hypogonadism 

Neuromuscular disorders 

Systemic diseases: mastocytosis, malignant tumors

Rheumatoid arthritis 

Nutritional deficit

Calcium deficiency and/or low serum levels of vitamin D 

Alcohol abuse 

Post‐transplant osteoporosis 

Sedentary lifestyle

Tobacco abuse 
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of fracture. For proper management, an assessment of the
risk of fractures should then be made, since patients with
the highest risk of fracture are those who are most likely
to benefit from drug therapy. Therefore, patient selection
must be made based on fracture risk, as determined by a
combination of BMD and clinical risk factors27. 

Patients with established osteoporosis (history of fra‐
gility fracture or T‐score on their BMD ‐2.5) have the hig‐
hest risk of fracture.

For patients without established osteoporosis, frac‐
ture risk can be assessed using a fracture risk calculator,
such as the FRAX fracture risk assessment tool. FRAX es‐
timates the 10‐year probability of fracture for untreated
patients between 40 and 90 years of age, using femoral
neck BMD and clinical risk factors, including glucocorti‐
coid exposure. FRAX does not take into account the dose
or duration of glucocorticoids, so Kanis et al. have pro‐
posed an adjustment of the FRAX risk estimates accor‐
ding to the GC dose28. For patients taking prednisone
>7.5 mg/day or equivalent, the risk estimate should be
increased by 15 percent for major osteoporotic fracture
and by 20 percent for hip fracture (Table 2). 

Reasonable thresholds corrected for glucocorticoids
to indicate high, moderate, and low risk of fracture are
as follows: 

• High risk: FRAX hip fracture or major combined
osteoporotic ≥3% and ≥20%, respectively. 
• Moderate risk: FRAX hip fracture or major osteo‐
porotic combined between 1 to 3% and 10 to 19%,
respectively. 
• Low risk: FRAX hip fracture or combined major os‐
teoporotic <1% and <10%, respectively. 
Numerous clinical guidelines and updates on the treat‐

ment of OIC have already included this management of
the risk of fracture in these patients through the FRAX
tool: National Osteoporosis Guideline Group (NOGG)29,30,
American College of Rheumatology Guideline for the
Prevention and Treatment of Glucocorticoid‐Induced
Osteoporosis31, Joint IOF‐ECTS GIO Guidelines Working
Group32,33, Spanish Society for Research in Bone and Mi‐
neral Metabolism34.

Some patients receiving glucocorticoids are at high
risk, even if they do not meet the FRAX criteria for high
risk. For example, for patients with clinical risk factors
for fracture, low lumbar spine BMD, but normal femoral
BMD in the neck, FRAX is likely to underestimate the risk
of fracture. This situation is especially likely in patients
taking glucocorticoids, who are more likely to cause
axial than hip osteoporosis. Therefore, the intervention
guidelines with or without the use of FRAX provide only
general clinical guidance. Treatment must be individua‐
lized through shared decision‐making between the pa‐
tient and the clinician.

General non‐pharmacological measures should be
taken in all patients who are to receive corticosteroids
for ≥3 months and consist of: 

• Prescribe corticosteroid treatment at the lowest
dose and for the shortest period possible and replace
topical corticosteroids (such as inhaled corticoste‐
roids or enemas for asthma or inflammatory bowel
disease respectively) whenever possible. 
• Promote physical exercise in these patients, as it
prevents bone loss and muscle atrophy. 
• Patients receiving GC should have a diet rich in cal‐
cium and protein. 
• Avoid toxins such as tobacco and excess alcohol. 
• Fall prevention measures. 
Since bone loss and the incidence of fractures increase

rapidly after initiation of GC treatment, therapeutic in‐
tervention should be started as soon as possible, ideally
from the start of steroid therapy if GC treatment is sus‐
pected to last more than 3 months.

In 2017, the American College of Rheumatology (ACR)
published guidelines to prevent and treat glucocorticoid‐
induced osteoporosis, with recommendations and algo‐
rithms to assess and categorize the risk of fracture, both
initially and at follow‐up31. We currently have a new re‐
view in 2020 that summarizes these ACR recommenda‐
tions, as well as advances in treatment since then35.

Postmenopausal women and men >50 years: Drug
therapy is indicated for postmenopausal women and
men >50 years at moderate to high risk of fracture. 

• For men in their 50s and postmenopausal women
(who are initiating or are chronically treated with any
dose of glucocorticoids for any duration) who have
osteoporosis (prior fragility fracture and/or a T‐score
of BMD‐2.5) in initial evaluation, we recommend drug
therapy. 
• For high‐risk men in their 50s and postmenopau‐
sal women who initiate or are chronically treated
with any dose of glucocorticoids for any duration and
have T‐scores between ‐1.0 and ‐2.5, we suggest drug
therapy. 
• For postmenopausal women and men >50 years
with T‐scores between ‐1.0 and ‐2.5 who have an ab‐
solute risk corrected for glucocorticoids, calculated
by FRAX below these thresholds, we suggest a phar‐
macological treatment if they are taking 7.5 mg/day
of prednisone or its equivalent for an expected dura‐
tion of 3 months. 

Pre-menopausal women and younger men: In the ab‐
sence of definitive data, the decision to initiate drug treat‐
ment should be individualized in pre‐menopausal women
and younger men. The FRAX tool was not developed for

Table 2. Adjustment of the calculation of risk of fracture in the FRAX tool according to the dose of GC

Daily dose of prednisone (mg) Medium setting for osteoporotic major
fracture probability 

Medium fit for hip fracture
probability

<2.5 ‐20% ‐35%

2.5‐7.5 None None

≥7.5 +15% +20%

Adapted from Kanis JA, Johansson H, Oden A, McCloskey EV. Guidance for the adjustment of FRAX according to the dose of glucocorticoids.
Osteoporos Int. 2011;22:809.
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use in men <40 years or pre‐menopausal women. In pre‐
menopausal women and younger men enrolled in clinical
trials for glucocorticoid‐induced osteoporosis, fractures
were generally rare in both treated and control groups. The
risk of fracture in these patients taking glucocorticoids is
not clearly defined and may differ from the risk of fracture
reported in other populations treated with glucocorticoids. 

Bisphosphonates are the first‐line drugs in the treat‐
ment of GIO for patients with moderate or high risk of
fracture, based on their efficacy, safety and low cost. Zo‐
ledronate (intravenous), teriparatide, and denosumab
are second‐line options for patients at high risk of glu‐
cocorticoid fracture who cannot tolerate oral bisphos‐
phonates36‐38. If the patient has several vertebral
fractures, treatment with teriparatide is justified39,40. As
we have already mentioned, calcium and vitamin D
should be administered. The active metabolites of vita‐
min D by themselves have a certain preventive action on
bone loss, but there are no convincing data on their ef‐
fect in preventing fractures41. Treatment should be
maintained while the patient receives prednisone at the
indicated doses. If this circumstance ceases to occur, but
the patient meets the general criteria for receiving an‐
tiosteoporotic treatment, this should be maintained. In
patients treated with corticosteroids, densitometric mo‐
nitoring at shorter intervals may be justified than in
other patients with osteoporosis.

The use of alendronate 5‐10 mg/day for 48 weeks has
been shown to increase bone mass. A study by Adachi et
al. reported an increase in bone mineral density of the
lumbar spine by 2.8% (5 mg/day) and 3.9% (10
mg/day) in patients with prolonged glucocorticoid the‐
rapy42. Risedronate at a dose of 5 mg/day increases bone
mass and also reduces the risk of fracture43. Zoledronic
acid is approved by the Food and Drug Administration
(FDA) for the treatment and prevention of osteoporosis
in postmenopausal men and women, as well as gluco‐
corticoid‐induced osteoporosis. The adequate dose of
zoledronic acid is 5 mg intravenously infused once a
year, which has been shown to reduce the risk of spinal,
non‐vertebral and hip fracture in postmenopausal
women with osteoporosis44.

Denosumab is an antibody against RANKL, also with
antiresorptive action on bone remodeling, which is used

for the treatment of primary osteoporosis. Because de‐
nosumab is not filtered by the kidneys, it may be a the‐
rapeutic option for patients with renal dysfunction who
cannot tolerate bisphosphonates. 

In the study by Dore et al. in patients with rheumatoid
arthritis receiving GC treatment, it demonstrated an in‐
crease in bone mineral density and a reduction in re‐
sorption, compared to placebo45. 

Denosumab has shown a greater increase in BMD in
the lumbar spine compared with risedronate at one year
in the subpopulation that started glucocorticoid treat‐
ment, at one year (3.1% vs. 0.8%; p<0.001) and at 2
years ( 4.6% vs. 1.5%; p<0.001). In addition, a signifi‐
cantly higher mean percentage increase in BMD from
baseline compared to risedronate in the total hip, femo‐
ral neck, and trochanter of the hip46. 

The study was not designed to demonstrate a diffe‐
rence in fractures. At one year, the incidence of new ver‐
tebral fractures per patient was 2.7% (denosumab)
compared with 3.2% (risedronate). The incidence of
non‐vertebral fractures per patient was 4.3% (denosu‐
mab) versus 2.5% (risedronate). At 2 years, the corres‐
ponding figures were 4.1% versus 5.8% for new
vertebral fractures and 5.3% versus 3.8% for non‐ver‐
tebral fractures. Most fractures occurred in the subpo‐
pulation that continued glucocorticoid therapy.

Teriparatide is a PTH analog obtained by recombi‐
nant DNA technique (PTH1‐34). This analogous agent
increases osteoblastic function and decreases apoptosis
of osteocytes. The use of teriparatide at a dose of 20
μg/day subcutaneously should be considered as a treat‐
ment for GIO, since it significantly increases bone mine‐
ral density in this group of patients, in addition to
reducing vertebral fractures47. 

In conclusion, glucocorticoids are the first cause of se‐
condary osteoporosis, this being an independent factor of
morbidity and mortality in these patients, since the pro‐
gressive loss of bone mass and increased risk of fracture
begins shortly after the start of treatment with glucocor‐
ticoids. It is important to identify, and if possible correct,
the risk factors and comorbidities in this group of patients,
initiate preventive measures and health promotion advice
such as change of habits, and give calcium and vitamin D
supplements, in addition to specific treatment.

Conflict of interests: The author declares no conflict of interest. 

9



16 Moro Álvarez MJ
Rev Osteoporos Metab Miner. 2021;13(Supl 1):S12-17

Bibliography

1. Becker DJ, Kilgore ML, Morrisey MA. The
societal burden of osteoporosis. Curr
Rheumatol Rep. 2010;12(3):186‐91.

2. Von Friesendorff M, McGuigan FE, Bes‐
jakov J, Akesson K. Hip fracture in men‐
survival and subsequent fractures: a
cohort study with 22‐year follow‐up. J
Am Geriatr Soc. 2011;59(5):806‐13.

3. Riggs BL, Khosla S, Melton LJ. 3rd Sex
steroids and the construction and con‐
servation of the adult skeleton. Endocr
Rev. 2002;23(3):279‐302.

4. Duan Y, Beck TJ, Wang XF, Seeman E.
Structural and biomechanical basis of
sexual dimorphism in femoral neck
fragility has its origins in growth and
aging. J Bone Miner Res. 2003;18(10):
1766‐74.

5. Gennari L, Bilezikian JP. Idiopathic os‐
teoporosis in men. Curr Osteoporos
Rep. 2013;11(4):286‐98. 

6. Xia WB, He SL, Xu L, Liu AM, Jiang Y, Li M,
et al. Rapidly increasing rates of hip
fracture in Beijing, China. J Bone Miner
Res. 2011;10.1002/jbmr.519.

7. Kanis JA, Bianchi G, Bilezikian JP, JM
Kaufman, S Khosla, E. Orwoll, et al. To‐
wards a diagnostic and therapeutic
consensus in male osteoporosis. Osteo‐
poros Int. 2011;22(11):2789‐98.

8. Orwoll E, Ettinger M, Weiss S, P Miller, D
Kendler, J Graham, et al. Alendronate for
the treatment of osteoporosis in men. N
Engl J Med. 2000;343(9):604‐10.

9. Sato Y, Iwamoto J, Kanoko T, Satoh K.
Risedronate sodium therapy for pre‐
vention of hip fracture in men 65
years or older after stroke. Arch Intern
Med. 2005;165(15):1743‐8.

10. Boonen S, Reginster JY, Kaufman JM,
Kaufman JM, Lippuner K, Zanchetta J.
et al. Fracture risk and zoledronic acid
therapy in men with osteoporosis. N
Engl J Med. 2012;367(18):1714‐23.

11. Orwoll E, Teglbjærg CS, Langdahl BL,
Charpulat R, Czerwinski E, Kendler
DL, et al. A randomized, placebo‐con‐
trolled study of the effects of denosu‐
mab for the treatment of men with
low bone mineral density. J Clin Endo‐
crinol Metab. 2012;97(9):3161‐9.

12. Smith MR, Egerdie B, Hernández Toriz N,
Feldman R, Tammela TLJ, Saad F, et al.
Denosumab HALT Prostate Cancer
Study Group. Denosumab in men re‐
ceiving androgen‐deprivation therapy
for prostate cancer. N Engl J Med. 2009;
361(8):745‐755.

13. Orwoll ES, Scheele WH, Paul S, Adami S,
Syversen U, Díez‐Pérez  A, et al. The ef‐
fect of teriparatide [human parathy‐
roid hormone (1‐34)] therapy on bone
density in men with osteoporosis. J
Bone Miner Res. 2003;18:9‐17.

14. Kaufman JM, Orwoll E, Goemaere S,
San Martin J,  Hossain A, Dalsky JP, et
al. Teriparatide effects on vertebral
fractures and bone mineral density in
men with osteoporosis: treatment and
discontinuation of therapy. Osteopo‐
ros Int. 2005;16:510‐6.

15. Kurland ES, Heller SL, Diamond B,
McMahon DJ, Cosman F, Bilezikian JP,
et al. The importance of bisphospho‐

nate therapy in maintaining bone
mass in men after therapy with teri‐
paratide [human parathyroid hor‐
mone (1‐34)]. Osteoporos Int 2004;
15:9927.

16. Basurto L, Zárate A, Gómez R, Vargas C,
Saucedo R, Galván R. Effect of testos‐
terone therapy on lumbar spine and
hip mineral density in elderly men.
Aging Male. 2008;11:140‐5.

17. Tracz MJ, Sideras K, Bolona ER, Haddad
RM, Kennedy CC, Uragaet MV, et al. Tes‐
tosterone Use in Men and Its Effects on
Bone Health. A Systematic Review and
Meta‐Analysis of Randomized Placebo‐
Controlled Trials. J Clin Endocrinol Me‐
tabol. 2006;91:2011‐6.

18. Watts NB, Adler RA, Bilezikian JP,
Drake MT, Eastell R, Orwoll ES, et al.
Osteoporosis in men: an Endocrine So‐
ciety clinical practice guideline. J Clin
Endocrinol Metab. 2012;97:1802‐22.

19. Fardet L , Petersen I , Nazareth I. Moni‐
toreo de pacientes en tratamiento con
glucocorticoides a largo plazo: un estu‐
dio de cohorte basado en la población.
Medicine (Baltimore). 2015;94:e647

20. Curtis J, Westfall AO, Allison J, Bijlsma
JW, Freeman A, George V, et al. Evalua‐
ción basada en la población de los
eventos adversos asociados con el uso
de glucocorticoides a largo plazo.
Arthritis Rheum. 2006;55:420‐6 .

21. Angeli A, Guglielmi G, Dovio A, Capelli
G, de Feo D, Giannini S, et al. High pre‐
valence of asymptomatic vertebral
fractures in post‐menopausal women
receiving chronic glucocorticoid the‐
rapy: A cross‐sectional outpatient study.
Bone. 2006;39:253‐9 .

22. Amiche MA,  Albaum JM, Tadrous M,
Pechlivanoglou P, Lévesque LE, Adachi
JD, et al. Fracture risk in oral glucocorti‐
coid users: a Bayesian meta‐regression
leveraging control arms of osteoporosis
clinical trials. Osteoporos Int. 2016;27,
1709‐18. 

23. Balasubramanian A, Wade SW, Adler
RA, Lin CJF, Maricic M, Malley CD, et al.
Curtis, Glucocorticoid exposure and
fracture risk in patients with new‐
onset rheumatoid arthritis. Osteopo‐
ros. Int. 2016;27(11),3239‐49. 

24. Van Staa TP, Leufkens HG, Cooper C.
The epidemiology of corticosteroid‐
induced osteoporosis: a meta‐analy‐
sis. Osteoporos Int. 2002;13:777‐87.

25. Van Staa TP, Leufkens HG, Abenhaim L,
Zhang B, Cooper C. Oral corticoste‐
roids and fracture risk: relationship to
daily and cumulative doses. Rheuma‐
tology. 2000;39:1383‐9. 

26. Weinstein RS, Jilka RL, Parfitt AM, Ma‐
nolagas SC. Inhibition of osteoblasto‐
genesis and promotion of apoptosis of
osteoblasts and osteocytes by gluco‐
corticoids potential mechanisms of
their deleterious effects on bone. J Clin
Invest. 1998;102:274‐82.

27. Maldonado G, Messina O, Moreno M,
Ríos C. Osteoporosis en enfermedades
reumáticas e inducidas por glucocor‐
ticoides. Rev Osteoporos Metab Miner.
2017;9(1):38‐49.

28. Kanis JA, Johansson H, Oden A,
McCloskey EV. Guidance for the adjus‐
tment of FRAX according to the dose
of glucocorticoids. Osteoporos Int.
2011;22:809‐16.

29. Compston J, Cooper A, Cooper C, Gittoes
N, Gregson C, Harvey N et al. National
Osteoporosis Guideline Group (NOGG),
UK clinical guideline for the prevention
and treatment of osteoporosis. Arch Os‐
teoporos. 2017;12(1):43.

30. Compston J. Glucocorticoid‐induced
osteoporosis: an update. Endocrine.
2018;61(1):7‐16.

31. Buckley L, Guyatt G, Fink HA, Cannon M,
Grossman J, Hansen KE, et al. American
college of rheumatology guideline for
the prevention and treatment of gluco‐
corticoid‐induced osteoporosis. Arthri‐
tis Care Res. 2017;69(8),1095‐110. 

32. Lekamwasam S, Adachi JD, Agnusdei D,
Bilezikian J, Boonen S, Borgström F, et
al. Joint IOF‐ECTS GIO Guidelines
Working Group, A framework for the
development of guidelines for the ma‐
nagement of glucocorticoid‐induced
osteoporosis. Osteoporos Int. 2012:
23(9),2257‐76. 

33. Lekamwasam S, Adachi JD, Agnusdei D,
Bilezikian J, Boonen S, Borgström F, et al.
Joint IOF–ECTS GIO Guidelines Working
Group, An appendix to the 2012 IOF‐
ECTS guidelines for the management of
glucocorticoid‐induced osteoporosis.
Arch Osteoporos. 2012;7,25‐30. 

34. González‐Macías J, Del Pino‐Montes J,
Olmos, Nogués X en nombre de la Co‐
misión de Redacción de las Guías de
Osteoporosis de la SEIOMM. Guías de
práctica clínica en la osteoporosis pos‐
menopáusica, glucocorticoidea y del
varón. Sociedad Española de Investi‐
gación Ósea y del Metabolismo Mine‐
ral (3.a versión actualizada 2014). Rev
Clin Esp. 2015;215(9):515‐26.

35. Hayat S, Magrey MN. Glucocorticoid‐
induced osteoporosis: Insights for the
clinician Cleveland Clin J Med. 2020,
87(7)417‐26. 

36. Adachi JD, Saag KG, Delmas PD, Liber‐
man UA, Emkey RD, Seeman E, et al.
Two‐year effects of alendronate on
bone mineral density and vertebral
fracture in patients receiving glucocor‐
ticoids: A randomized, double‐blind,
placebo‐controlled extension trial.
Arthritis Rheum. 2001;44:202‐11.

37. Hughes RA, Laan RF, Sacco‐Gibson NA,
Wenderoth DH, Adami S, et al. Efficacy
and safety of daily risedronate in the
treatment of corticosteroid‐induced
osteoporosis in men and women: A
randomized trial. European Corticos‐
teroid‐Induced Osteoporosis Treat‐
ment Study. J Bone Miner Res. 2000;
15:1006‐13.

38. Reid DM, Devogelaer JP, Saag K, Roux C,
Lau CS, Reginster JY. Zoledronic acid
and risedronate in the prevention and
treatment of glucocorticoid‐induced
osteoporosis (HORIZON): A multicen‐
tre, double‐blind, double‐dummy, ran‐
domised controlled trial. Lancet. 2009;
373:1253‐63.



17Osteoporosis in men and steroids 
Rev Osteoporos Metab Miner. 2021;13(Supl 1):S12-17

39. Saag KG, Zanchetta JR, Devogelaer JP,
Adler RA, Eastell R, See K, et al. Effects
of teriparatide versus alendronate for
treating glucocorticoid‐induced oste‐
oporosis: Thirty‐six‐month results of
a randomized, double‐blind, contro‐
lled trial. Arthritis Rheum. 2009;60:
3346‐55.

40. Gluer CC, Marin F, Ringe JD, Hawkins F,
Möricke R, Papaioannu N, et al. Com‐
parative effects of teriparatide and ri‐
sedronate in glucocorticoid‐induced
osteoporosis in men: 18‐month re‐
sults of the EuroGIOPs trial. J Bone
Miner Res. 2013;28:1355‐68.

41. Richy F, Ethgen O, Bruyere O, Regins‐
ter JY. Efficacy of alphacalcidol and
calcitriol in primary and corticos‐te‐
roid‐induced osteoporosis: A meta‐
analysis of their effects on bone
mineral density and fracture rate. Os‐
teoporos Int. 2004;15:301‐10.

42. Adachi JD, Saag KG, Delmas PD, Liber‐
man UA, Emkey RD, Seeman E, et al.
Two‐year effects of alendronate onbone
mineral density and vertebral fracture
in patientsreceiving glucocorticoids: a
randomized, double‐blind,placebo‐con‐
trolled extension trial. Arthritis Rheum.
2001;44(1):202‐11.

43. Cohen S, Levy R, Keller M, Boling E,
Emkey R, Greenwald M, et al. Risedro‐
nate therapy prevents corticosteroid‐
induced bone loss: a twelve‐month,
multicenter, randomized, double‐
blind, placebo‐controlled, parallel‐
group study. Arthritis Rheum. 1999;42
(11):2309‐18.

44. Watts N, Bilezikian J, Camacho P, Greens‐
pan S, Harris S, Hodgson S, et al. Ameri‐
can Association Of Clinical Endocri‐
nologists Medical Guidelines for clinical
practice for the diagnosis and treatment
of postmenopausal osteoporosis: execu‐

tive summary of recommendations. En‐
docr Pr. 2010;16(6):1016‐9.

45. Dore RK, Cohen SB, Lane NE, Palmer W,
Shergy W, Zhou L, et al. Effects of deno‐
sumab on bone mineral density and
bone turnover in patients with rheuma‐
toid arthritis receiving concurrent glu‐
cocorticoids or bisphosphonates. Ann
Rheum Dis. 2010;69(5):872‐5.

46. Saag KG ,Wagman RB ,Geusens P ,  Ada‐
chi JD, Messina OD, Emkeyet R, et al.
Denosumab versus risedronate in glu‐
cocorticoid‐induced osteoporosis: a
multicentre, randomised, double‐blind,
active‐controlled, double‐dummy, non‐
inferiority study. Lancet Diabetes En‐
docrinol. 2018;6(6):445‐54 .

47. Saag K, Shane E, Boonen S, Marin F,
Donley D, Taylor K,  et al. Teriparatide
or alendronate in glucocorticoid‐indu‐
ced osteoporosis. N Engl J Med. 2007;
357(20):2028‐39.



18
Rev Osteoporos Metab Miner. 2021;13(Supl 1):S18-22

Anti-resorptives in the management of osteoporosis 

Correspondence: Oscar Torregrosa Suau (oscartorregrosa@msn.com)

Torregrosa Suau O
Bone Metabolism Unit. Internal Medicine Service. University General Hospital of Elche. Alicante (Spain)

9

Antiresorptive (or antiresorptive) drugs are the corners‐
tone of osteoporosis treatment. For decades, they have
been considered the first step in treating this disease, al‐
though more recently some have been discontinued as
indication. Others  do not always have to be used as the
first therapy in the current sequential treatments sup‐
ported by the main scientific societies. There are five
classes of purely antiresorptive drugs: bisphosphonates
(BF), estrogen, selective estrogen receptor modulators
(SERMs), calcitonin, and monoclonal antibodies against
the activating receptor for nuclear factor κB ligand
(RANKL) such as denosumab. For its part, a dual‐action
antiresorptive and osteoforming drug (strontium rane‐
late) was widely used from 2004 until its marketing ces‐
sation in 2017 in Europe for the reasons that will be
detailed later. The treatments to be developed here are
based on studies in postmenopausal women, although
they can be extrapolated to men and to glucocorticoid‐
induced osteoporosis, although with less evidence3.
While some of the antiresorptive agents alter bone re‐

modeling markers by acting on the RANK‐L pathway (es‐
trogens, SERM, denosumab and tibolone), others have
direct effects on osteoclasts as we will now see (calcito‐
nin and bisphosphonates). 

Concerns about the safety of antiresorptive drugs have
increased in recent years due to the appearance of osteo‐
necrosis of the jaw (ONJ) and atypical fractures of the
femur in BF treatments, thromboembolic venous events
and fatal strokes in those treated with raloxifene, fractu‐
res Multiple vertebral bodies after discontinuing treat‐
ment with denosumab and some other adverse events
that have led to the suspension of the drug (strontium ra‐
nelate and estrogen therapy). Many of these adverse ef‐
fects depend on the duration of therapy and the presence
or absence of adequate sequential therapy. 

Here we list and describe the main antiresorptive
drugs used in routine clinical practice: 

Calcitonin
This is a peptide hormone derived from parafollicular or
C cells of the thyroid that inhibits the activity of osteo‐
clasts. It was discovered in 1961 by Copp et al. by consi‐
dering its hypocalcemic effect in cattle. Synthetic or
recombinant human or other animal species (eel, pig or
salmon) have been used, of which salmon is the most po‐
werful and therefore most used. The mechanism of action
is through the inhibition of osteoclastic resorption and
the homeostasis of Ca2+, a powerful hypocalcemic agent.
Although at present there is no indication for the use of
this hormone in treating osteoporosis in its intranasal

presentation (it only slightly increases the number of tu‐
mors when used over a long time period), preparations
for subcutaneous administration can continue to be used
in patients to prevent bone loss associated with prolon‐
ged immobilization.  For this reason, it has a place in this
section. Other uses of the subcutaneous form include
treatment of Paget's disease of the bone and hypercalce‐
mia of tumor origin. The recommendations are that the
time of use be limited to the shortest possible period. 

Tibolone
It is a synthetic hormone that can act as estrogen, pro‐
gestin and testosterone in different body tissues5. It is
not more effective than hormone replacement therapy
in terms of bone effects or climacteric symptoms and
prevents bone loss while maintaining skeletal integrity
in postmenopausal women. Its safety is questioned be‐
cause it increases the risk of breast cancer in women
who have already suffered from this. It increases the risk
of stroke in women over 60 years of age. 

Estrogens (Hormone replacement therapy)
Estrogen deficiency (ES) is a key factor in the pathoge‐

Table 1. Grade of anti-fracture evidence of antiresorptive
drugs according to the grades of recommendation of the
Oxford Center for Evidence-Based Medicine

A: highest grade of recommendation based on consistent rando‐
mized CT; B: second grade of recommendation, based on a cohort
or case‐control study; *: post hoc studies. 
Modified from Sosa et al.2

Drugs FV FNV FC Special features 

Alendronate A A A

Risedronate A A A

Etidronate A No No No indication

Ibandronate A B* No In Spain only v.o 

Zoledronate A A A

Denosumab A A A

Raloxifene A No No

Bazedoxifene A B* No

Calcitonin A No No Retired for OP

Strontium A A A Retired. Dual action

Estrogens A A A No indication



19Anti-resorptives in the management of osteoporosis
Rev Osteoporos Metab Miner. 2021;13(Supl 1):S18-22

nesis of postmenopausal osteoporosis (PMO). ES play an
important role in the functioning and maintenance of
the skeleton, acting on the induction of osteoblastic cells
and inhibiting the production of pro‐resorptive cytoki‐
nes such as IL‐1 and IL‐6, the activating receptor for nu‐
clear factor kappa‐b (RANK) and osteoprotegerin (OPG)
by osteoblast cells. They reduce the number of osteo‐
clasts in vivo, suppressing their precursors. 

They were used for many years as a treatment for es‐
trogen deprivation symptoms in menopause. In Spain
they are indicated in the prevention of PMO with a high
risk of fracture in women in whom other types of thera‐
pies are contraindicated. 

HRT has been a first‐line treatment due to its efficacy
in preventing VF and CF. However, the WHI (Women's
Health Initiative) clinical trial conducted in the United
States to verify the risks and confirm the benefits of hor‐
mone replacement therapy, was interrupted after 5
years (it was designed for 8.5 years), since in women tre‐
ated with a certain type of combined hormonal therapy
(equine estrogens and medroxyprogesterone), provided
evidence that the benefits (decrease in colorectal cancer
and hip fractures) did not outweigh the risks (increased
risk of invasive breast cancer, cerebrovascular accidents,
coronary heart disease and thromboembolic disease13). 

They have shown potential in VF, FNV and hip. As side
effects, cardiovascular complications, thromboembolic
phenomena and an increased risk of breast cancer stand
out, which has led to discourage its use in both preven‐
tion and treatment. 

Bisphosphonates 
Bisphosphonates (BF) have been known for many years.
At first, its use was limited to avoiding the deposit of cal‐
careous salts in the pipes. Many years passed until they
were used in humans. They all have in common the che‐
mical structure of pyrophosphate (carbon atom sandwi‐
ched between two phosphorus atoms). The first to be
used, almost 40 years ago, were the first generation bis‐
phosphonates (etidronate, pamidronate and clodro‐
nate), their common characteristic is that they do not
have any nitrogen atom, which is why they are also ca‐
lled non‐amino BF. Most of them are no longer in use
today.

Subsequently, BF with an incorporated nitrogen atom
(amino‐BF) were developed with a potency 100‐100,000
times higher than etidronate. Alendronate, risedronate,
ibandronate and zoledronate belong to this group. 

The mechanism of action of all of them is by reducing
bone resorption by inhibition of osteoclasts (Oc) and in‐
creasing intestinal calcium reabsorption. On the Oc they
produce an inhibition of their differentiation and an in‐
crease in their apoptosis. Likewise, they inhibit the in‐
tegrins that are responsible for sealing the wavy edge of
the Oc on the bone surface, thus producing an equaliza‐
tion of the pH and blocking its destructive action on the
bone. In particular, amino‐BFs activate an enzymatic
system derived from proteases (caspase) that induces
an early apoptosis of Oc. It also has a cross effect with
statins by interfering with the metabolic chain of meva‐
lonic acid, a precursor of cholesterol. 

Regarding their pharmacokinetic properties, BFs are
absorbed in a very small proportion (around 1%) of the
administered oral dose, therefore they should not be ad‐
ministered with any type of food or drink that interferes
with their, already erratic, absorption. Recently, a gas‐

tro‐resistant formulation of risedronate has been mar‐
keted that does not need to be administered on an
empty stomach. The plasma half‐life is short (approxi‐
mately 1 hour) and 20% of the drug is incorporated into
bone tissue and the rest is eliminated in the urine. The
incorporation into the bone is very strong, calculating
about 10 years of apposition to the bone tissue, which
may condition some of its secondary effects due to in‐
creased secondary mineralization to the detriment of
the primary one. 

They also have effects on the osteocytes responsible
for the response to mechanical stimuli and the early de‐
tection of microfractures, preventing apoptosis induced
by glucocorticoids, which is the action that contributes
most significantly to the fragility and fractures of pa‐
tients under steroid treatment. 

BPs are the most widely used therapeutic group in
the treatment of osteoporosis and can be administered
orally or intravenously. They have a powerful antire‐
sorptive effect that generates a positive balance that
stops the process of bone loss. The effect of bone mineral
density is most powerful in the first months of treat‐
ment. In those of oral administration they should be
taken on an empty stomach accompanied by non‐mine‐
ral water and should remain fasting between 30‐60 mi‐
nutes after taking it depending on the BF used. More
recently the galenic of some of them has been modified,
making fasting administration unnecessary. Even all
their absorption is erratic, reaching a poor 1% under
ideal conditions. The intravenous presentations do not
have the gastrointestinal limitations of the previous
ones, although all of them have been associated with im‐
portant (although infrequent) side effects in the form of
osteonecrosis of the jaw (ONJ) and atypical fractures of
the femur. Always in relation to the duration of the treat‐
ments. In general, they should be avoided with glome‐
rular filtrations below 35 ml/min1. 

The main action of the BF is on the osteoclasts that
internalize the BF by endocytosis and depending on the
type of BF the action is different. Non‐amines are meta‐
bolized and induce apoptosis of osteoclasts. While
amino BFs are not metabolized and act by enzymatic in‐
hibition, reducing the concentration of isoprenoids and
the subsequent alteration of the osteoclast brush border,
preventing their tight union to the bone with equaliza‐
tion of the pH and alteration of their action. 

In 2005, a series of patients with VNF considered
“atypical” were described for the first time in patients
treated for a long time with alendronate (>7 years).
These are fractures of the femur after a minimal impact
in the diaphyseal or subtrochanteric location and of obli‐
que or transverse distribution. As a background, some
patients developed pain in the area. The etiopathogene‐
sis, although not clear yet, could be related to the sustai‐
ned suppression of bone turnover. 

Regarding ONJ, it is a complication of treatment with
BP that was initially described in cancer patients recei‐
ving treatment with ev BP (zoledronate or pamidronate)
but which, subsequently, has also been described in pa‐
tients with OP treated with oral BP (although much less
prevalent). It is a rare but potentially serious complica‐
tion defined as exposed necrotic bone in the mandible,
maxilla, or both for more than 8 weeks in the absence of
metastasis or radiation to the area. Its incidence in can‐
cer patients varies according to the series of 1‐11% de‐
pending on the dose, duration of treatment and previous
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dental status. In non‐cancer patients the incidence drops
to 1 case in every 10,000 patients treated. The etiopa‐
thogenesis is not entirely clear, it is postulated that it
could be due to the direct effect of the BF on the tooth
or to an excessive suppression of the turnover that
would prevent the repair of the lesions produced by in‐
vasive dental procedures (implants, extractions, etc.).
Spanish authors have described a polymorphism of the
gene related to cytochrome P450‐2C8 that is associated
with an increased risk for ONJ in patients with multiple
myeloma treated with ev BF12.

In recent years, a trend of opinion has developed ac‐
cording to which, in patients with a certain number of
years in treatment with BP, the suspension of these
should be considered in order to avoid the two compli‐
cations described above. There are several scientific so‐
cieties that support this measure, based on the study of
the clinical factors associated with the appearance of
these complications and reaching the conclusion that
the use of BP for more than 5 years could be one of those
causes2.

Several studies have shown that adherence to the dif‐
ferent treatments for osteoporosis is low, with a 30‐50%
dropout in the first year. As it is an asymptomatic dise‐
ase, the patient does not have a feeling of improvement
and is more prone to abandoning it. The periodicity of
the intake also influences compliance, it seems that
those that are taken more widely are those with the best
compliance rates. Thus, in the PERSIST study, adherence
was compared for 6 months in women who took
monthly ibandronate versus weekly alendronate, obser‐
ving better compliance in those who took it monthly
(56.6% versus 38.6%). Other drugs such as denosumab
and zoledronate administered biannually and annually,
respectively, have changed both non‐compliance and pa‐
tient preferences.

The half‐life of circulating BFs is quite short, ranging
from 30 minutes to 2 hours; however, once they have
been incorporated into bone tissue, they can persist for
more than 10 years. The absorption of oral BP is 1% if
the patient has eaten or drunk anything other than plain
water for up to two hours after treatment. They should
not be used by patients with a history of gastrointestinal
and esophageal diseases, inability to stand between 30‐
60 minutes after taking it, hypocalcaemia and patients
with kidney disease (they should be used with caution
in GFR <30 ml/min for risedronate and ibandronate and
<35 ml/min for zoledronate and alendronate). Intrave‐
nous BP can produce acute febrile‐type reactions and
muscle aches, therefore, in the case of zoledronate, the
patient must be abundantly hydrated before and after
the infusion and paracetamol can be used for general
symptoms.

Other reported side effects of BPs are; atrial fibrilla‐
tion, conjunctivitis and uveitis, hypocalcemia, gastroe‐
sophageal disease, acute phase response, mesenteric
panniculitis14. 

Ibandronate 
It was the first BP for monthly oral use, although there
is also a quarterly intravenous preparation for hospital
use. It is approved for vertebral fractures, although a
post‐hoc study provided the reduction of non‐vertebral
fractures in a subgroup of patients with a T‐score <‐3.
Compared with weekly alendronate, monthly ibandro‐
nate was equipotent in increasing bone mineral density

and without differences in safety profiles4. The available
studies limit the use of ibandronate to 3 years, and there
are no efficacy or safety data after 3 years. Likewise, the
effects observed in the bone when the drug is disconti‐
nued have not been published. 

Zoledronate
Approved for postmenopausal, steroid, and male osteopo‐
rosis. A dose of 5 mg is administered annually in a 15‐mi‐
nute infusion. Reduces the risk of vertebral, non‐vertebral
and hip fractures. It is a safe drug, in the first infusion there
may be general symptoms of malaise, myalgia and fever in
up to 30% of cases, which is significantly reduced in the
following infusions. There are published studies on its sa‐
fety and efficacy up to 6 years6. It has also been shown in
a study that it reduces the possibility of suffering a second
hip fracture in patients who have already developed a pre‐
vious one7. There have only been cases of osteonecrosis of
the jaw in cancer patients in whom the doses used are
much higher. There are published studies of up to 6 years
with VF‐lowering effects compared to those women who
had discontinued the drug before. 

Etidronate 
It was the first BF to demonstrate anti‐fracture efficacy
in patients with osteoporosis. They produce an increase
in bone mass with a reduction in the number of verte‐
bral fractures without proven efficacy in reducing non‐
vertebral fractures (including the hip). It was also the
first to be used in combination with hormone replace‐
ment therapy, inducing increases in bone mineral den‐
sity greater than those of each drug alone, with a certain
tendency to a possible greater decrease in the incidence
of vertebral fractures8. Its uncomfortable regimen of ad‐
ministration in cycles (400 mg daily for 2 weeks follo‐
wed by 74 days of rest and repeat) together with its lack
of effect on non‐vertebral fractures, led to its abandon‐
ment in clinical practice, although it still retains its indi‐
cation. 

Alendronate
It was the first amino‐BF recorded for the treatment of
postmenopausal OP. The FIT clinical trial demonstrated
a significant reduction in VFs and currently has an indi‐
cation in VF and FNV. The recommended dose is 70 mg
per week9. The FACT study compared the improvement
in BMD and the decrease in bone remodeling markers
in two randomized groups of alendronate and risedro‐
nate, the results being favorable to the alendronate
group, although without mentioning the reduction of
fractures. Regarding the duration of treatment with
alendronate, there are studies that show the advantages
of continuous use for 10 years compared to 5 years. Al‐
though the concept of “therapeutic holidays” (from En‐
glish drug holiday) has been intrinsically related to BP
in general, there is no clear consensus regarding its use‐
fulness and experts recommend evaluating each patient
with BMD and with markers of remodeling and acting
based on the changes of those surrogate markers. It has
an indication in postmenopausal osteoporosis, male and
glucocorticoid‐induced (not in Spain) although there are
studies that confirm its efficacy. The authors of a meta‐
analysis of 11 clinical trials that included 12,068 women
demonstrated that oral alendronate (10 mg daily) redu‐
ced the RR of VF by 45%, HR by 40%, and FNV by 16%
versus placebo10.
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Alendronate is a safe drug, the most frequent side
effects are gastrointestinal (retrosternal burning or bur‐
ning, discomfort and abdominal pain) in more serious
but rare cases, GI bleeding has been described. It has a
10‐year safety study and when it is suspended it has a
certain residual effect that allows a “therapeutic vaca‐
tion” for a period of 1‐2 years after having been 4‐5
years of continuous treatment.

The NNT (necessary number of cases to treat to pre‐
vent a fracture) of alendronate is 24. 

Risedronate
It was the second BF recorded, it differs chemically from
alendronate by the existence of a nitrogen atom that is
incorporated into the pyridinoine ring. In the clinical
trial (VERT) the dose used was 5 mg per day. It has an
indication in VF, FNV, CF, OP of the male and induced by
GC. There is a monthly dosage of 150 mg that favors the‐
rapeutic compliance. In a systematic review of 7 clinical
trials that included 14,049 women, risedronate at a dose
of 5 mg per day was associated with a 39% reduction in
VF, 26% in PK, and 20% in FNV11.

In turn, it has a study specifically designed for hip
fracture that yielded 30% protection data for HR (RR
0.7; 95% CI 0.6‐0.9). This protective effect became evi‐
dent 18 months after initiation of therapy. There are 7‐
year safety studies. After 3 years of treatment, a
reduction in the risk of fracture persists that lasts 1 year,
so a therapeutic vacation could be applied for that pe‐
riod of time.

The NNT for risedronate is 29, somewhat higher than
that for alendronate. 

Ibandronate
Approved in Spain for the treatment of postmenopausal
OP at a dose of 150 mg in monthly tablets. It was the first
BP available for intravenous infusion on a quarterly
basis (3 mg). It reduces the risk of VF without prospec‐
tive studies showing reduction of VF or HR. The side ef‐
fects are similar to those of the other groups of BP
(except in its intravenous dosage where the GI have not
been described). The studies are limited to 3 years of
use, so that would be the maximum duration of treat‐
ment because there is no data beyond that, nor of the ef‐
fects observed in the bone when suspending it.

Selective estrogen receptor modulators (SERMs)
SERMs are non‐steroidal molecules that compete for es‐
trogen receptors (ERs) which are nuclear hormone re‐
ceptors that function as ligand‐dependent nuclear
transcription factors. There are two types of RE, alpha
and beta. Alpha is almost always activating, and beta can
inhibit the action of alpha by forming a heterodimer
with it. Tamoxifen and raloxifene are antagonists of beta
ERs, and may act as partial agonists of alpha ERs. But
ERs can act in the absence of estrogens, responding to
growth factors (epidermal growth factor) at their extra‐
cellular membrane receptors. This alternative mecha‐
nism is of utmost importance in resistance to tamoxifen
treatment in breast cancer. Receptors for epidermal
growth factor HER2 are the target of trastuzumab treat‐
ment of this breast cancer. 

The mechanisms by which SERMs exert antiresorp‐
tive effects on bone are unknown. Although it is known
that this mechanism of action is mediated by binding to
estrogenic alpha and beta receptors in which they com‐

pete with estradiol with an agonist or antagonist effect,
depending on the type of tissue. Although there are 1st
and 2nd generation SERMs (tamoxifen, raloxifene), it is
the 3rd generation SERMs (bazedoxifene) that have suf‐
ficient endometrial safety to recommend their use in PM
women.

Tamoxifen is indicated as an adjunct to early breast
cancer surgery in women with ER + with a duration of 5
years after it. It has positive effects on the bone (in pos‐
tmenopausal women, BMD increases in the lumbar
spine and hip, contrary to what occurs in premenopau‐
sal women) but it lacks an indication for the treatment
and prevention of osteoporosis. Among the main side ef‐
fects are endometrial cancer and thromboembolic pro‐
blems.  

Raloxifene has an indication for the prevention and
treatment of OPM, as well as for the prevention of inva‐
sive breast cancer in women at high risk of suffering it.
In the MORE study observed a 30% reduction in the risk
of VF. The NNT was 16. The duration was 4 years. The
dose of raloxifene is 60 mg per day to reduce VF as well
as FNV in a subgroup of women with previous high risk
of fracture. Side effects include cramps in the LES, incre‐
ased risk of VTE and climacteric symptoms. 

There is a presentation in Spain combining bazedo‐
xifene with conjugated equine estrogens, indicated for
the treatment of estrogen deficiency in postmenopausal
women and with a uterus in whom a progestogen can‐
not be used, but without an indication for osteoporosis
so it has no more place in this revision. 

Efficacy is maintained up to 5 years according to stu‐
dies and safety up to 7 years. 

Denosumab
First 100% human monoclonal antibody approved for
the treatment of OPM with high risk of fracture. It is di‐
rected against RANK‐L (RANK ligand) which produces a
reduction in the differentiation, survival and action of
osteoclasts. It also has an indication in the treatment of
bone loss associated with hormonal suppression in men
with prostate cancer at high risk of fractures, for steroid
osteoporosis and for men. In patients with bone metas‐
tases, factors released by tumor cells result in dysregu‐
lation of the RANK‐RANK‐L signaling pathway, leading
to bone destruction. Denosumab‐mediated RANK‐I in‐
hibition suppresses osteoclast development which, in
turn, reduces cancer bone destruction and slows bone
tumor growth. Denosumab non‐reversibly inactivates
osteoclasts, deactivation that lasts throughout their life.
The effect of the drug lasts for 2‐5 months after admi‐
nistration (which is semi‐annual) with a half‐life of 25
days. 

It is used in doses of 60 mg subcutaneously every 6
months. Reduces the risk of VF, FNV and hip with studies
up to 10 years. Rare side effects include cataracts, severe
infections (including skin infections), eczema, dermati‐
tis, and rashes. Cases of jaw necrosis have been descri‐
bed. Recently a side effect has been observed when
suspending or discontinuing the drug, it is a sudden in‐
crease in bone remodeling markers, which would lead
to a rapid loss of bone mass and an increased risk of frac‐
tures, especially vertebral fractures, although have been
described in other locations, being able to produce mul‐
tiple VFs. This effect on markers of bone remodeling was
already included in the Freedom study, where the pos‐
sibility of this "rebound effect" was alerted. 
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Strontium ranelate 
It is a divalent cation made up of an organic skeleton, ra‐
nelic acid, attached to two strontium atoms. But we leave
this family for last because it is not currently marketed in
Spain. Its properties have been known since the 1980s
when strontium chloride caused a slight increase in os‐
teoformation and a decrease in resorption in animal mo‐
dels. It was a dual‐action drug, with an antiresorptive and
bone‐forming effect, used in women with severe PMO and

in men with no indication for steroids. It was effective in
reducing the risk of VF and FNV in 5‐year studies. And in
post hoc studies it showed a reduction in HR and up to 8
years. But after an alert from the AEMPS that declared an
imbalance between its risk and benefit and stopped being
marketed. It increased the risk of cardiovascular and
thromboembolic disease. Cases of DRESS syndrome (drug
rash systemic eosinolphilia symptoms), some of which
were fatal, have also been reported.
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ANABOLIC DISCONTINUED OR NOT AVAILABLE

Sodium fluoride
Sodium fluoride (FNa) was used in the past as a bone‐
forming drug. Administering fluoride causes the number
of osteoblasts to increase as the proliferation of osteo‐
blastic precursors is stimulated, which leads to increa‐
sed activity. In addition, it has antiresorptive capacity.
The combination of osteogenic effect and inhibition of
bone resorption leads to an increase in bone mineral
density (BMD)1.

Although the number of randomized clinical trials
conducted with FNa is relatively limited, the salt types
and dosages used in them, as well as their combination
with calcium and vitamin D, make every trial very diffe‐
rent from each other and therefore the global assess‐
ment of the results turns very difficult.

There are some studies that have shown an increase
in BMD and a reduction in the risk of vertebral fractures,
but in general the published results have been disap‐
pointing. Despite almost uniformly observing a statisti‐
cally significant increase of BMD, these studies do not
record a reduction in the risk of fractures2. Moreover, so‐
metimes they instead record an even higher risk of suf‐
fering fractures during treatment or when suspending
it, especially of non‐vertebral nature3.

One of these studies was the study by Riggs et al.4, pu‐
blished in the prestigious New England Journal of Medi‐
cine. The study showed very poor results, causing the FNa
not to be approved by the Food and Drug Administration
(FDA). This well‐designed, double‐blind study included
202 postmenopausal women at an average age of 68

years. All patients received a calcium supplement (1,500
mg/day), while the experimental group also received 75
mg/day of FlNa.  The patients’ BMD in the experimental
group significantly increased by 35% in the lumbar spine
and 12% in the head of the femur if compared to the con‐
trol group patients’ BMD, while a significant decrease of
4% was also noticed in the radius. Although the number
of vertebral fractures was similar in the 2 groups during
the next 4‐year follow‐up, the number of non‐vertebral
fractures was higher in the experimental group.

Subsequently, a Cochrane review, including 11 studies
with a total of 1,429 patients, concluded that although
FNa can increase the BMD of the lumbar spine, no reduc‐
tion in vertebral fractures is observed. By increasing the
fluoride dosage, the risk of non‐vertebral fractures and
gastrointestinal side effects increase, not showing any be‐
neficial effect on the rate of vertebral fractures5.

For these reasons, FNa was never approved by health
authorities around the world and no results from new
trials have been published in the past 20 years. So, its
use for treating osteoporosis has been discontinued.

Intact parathyroid hormone (PTH 1-84)
The intact parathyroid hormone molecule (PTH 1‐84)
was been used in the treatment of osteoporosis in the
past decade.

An initial study, published in 2003, showed an incre‐
ase in BMD in the experimental group treated with PTH
1‐846 and became a reference in reducing the risk of
fractures and thus demonstrating its usefulness for the
treatment of postmenopausal osteoporosis, was publis‐

Summary
The anabolic or osteogenic treatment constitutes one of the pillars in the treatment of osteoporosis as it makes it possible
to build new bone and improve the bone microstructure. Over the years, several drugs classified as osteogenic agents
have emerged, but some of them have not been effective while the use of others has been discontinued. Nowadays we
only have one anabolic drug, the teriparatide, which, despite the time that passed since its approval, has established
itself as the anabolic drug of reference.
There are many studies about the usefulness of teriparatide when administered alone, or in combination with antire‐
sorptive drugs, or sequentially, where the order for the drugs administration appears to be important.
We analyze all these sections and make some final recommendations about its use in accordance with the currently avai‐
lable clinical practice guidelines.

Key words: teriparatide, osteogenic, anabolic.
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hed by Greenspan et al. in 20077. The randomized, dou‐
ble‐blind, placebo‐control study was conducted on 2,532
postmenopausal women and showed that patients who
received PTH 1‐84 had a significant increase in BMD in
the lumbar spine and in the proximal femur (femoral
neck, total hip and trochanter) and a decrease in the
BMD of the distal radius. A statistically significant reduc‐
tion in the risk of suffering new fragility fractures was
observed, but only regarding vertebral fractures, but not
so regarding non‐vertebral fractures. The dropout rate
was significant and up to 95% of the patients suffered
some type of side effects. Although several studies on
PTH 1‐84 have been published8‐12, some on the combi‐
nation with other antiresorptive drugs, none of them
showed a reduction in the risk of non‐vertebral or hip
fractures. Perhaps, the drug was never approved by the
FDA to be used in the US for this very reason, and al‐
though it was approved in Europe, the manufacturing
lab suddenly suspended its supply shortly after and to
this day, not even with a prescription it can be obtained.
Lately it has returned to the news for its possible use‐
fulness in the treatment of hypoparathyroidism.

Abaloparatide
Abaloparatide is a synthetic peptide analogue to the
PTH‐like protein (PTH‐RP 1‐34) that selectively binds to
the cellular receptors for PTH/PTH‐RP13, increasing
BMD at both vertebral and cortical bone levels14. A study
carried out including approximately 2,400 women who
were administered abaloparatide to compare it to teri‐
paratide, showed a relative risk reduction in the appea‐
rance of new morphometric vertebral fractures, with no
statistically significant differences between both drugs15.

Abaloparatide also reduced the risk of non‐vertebral
fractures by 43%, but the study did not show significant
differences between that and the reduction provoked by
teriparatide. In all cases both, teriparatide and abalopa‐
ratide, showed differences in the reduction of the risk of
statistically significant fractures compared to the pla‐
cebo group14‐16.

Abaloparatide was approved for commercialization
by the FDA, but the Committee for Medicinal Products
for Human Use (CHMP) of the European Medicines
Agency (EMA) did not, due to an increased cardiovascu‐
lar risk seen in postmenopausal women, and also owing
to not reducing the risk of non‐vertebral fractures in
non‐menopausal women.

TERIPARATIDE

Teriparatide is a PTH analogue that contains only the
first 34 amino acids, the ones promoting its biological
activity. More than 15 years after its approval, it is cu‐
rrently the only drug approved in our country for the
treatment of osteoporosis, whose mechanism of action
produces the stimulation and formation of new bone16.

Mechanism of action
Osteoblasts (the cells responsible for bone formation)
have PTH receptors and its anabolic responses occur as
a consequence of the hormone‐receptor bindings17. Be‐
sides osteoblasts, osteocytes and renal tubular cells also
have receptors for PTH16. The pharmacological efficacy
of PTH requires its administration to be intermittent as
bone formation is preferentially stimulated this way
since prolonged or continuous administration of the
hormone seems to promote bone resorption17,18.

When sequentially administered, and as a conse‐
quence of the increase in osteoblastic activity, there is
an increase in trabecular bone and an improvement in
bone microarchitecture17,19,20, showing a concomitant in‐
crease in bone cortical porosity, as well as in cortical
thickness and in bone size19,20.

Reduced risk of fracture
On the one hand, the clinical trials carried out showed
an increase in BMD21,22 as well as a reduction in the
risk of vertebral and non‐vertebral fractures23‐27. The
baseline study by Neer et al. was published in the New
England Journal of Medicine27. It included 1,637 postme‐
nopausal women with low BMD, presenting at least one
prevalent fracture and who did not receive hormone re‐
placement therapy or any other antiresorptive treat‐
ment. They were randomly grouped into 3 groups that
received 20 or 40 µg/day of teriparatide or placebo. Pa‐
tients who received teriparatide presented an increase
in BMD of the lumbar spine of 9% with 20 µg/day, and
of 13% with 40 µg/day, as well as an increase in the fe‐
moral neck of 3% with 20 µg/day, and of 6% with 40
µg/day. The BMD of the radius decreased in the 3 study
groups (two groups under the effects of teriparatide
and one control group), but the decrease was statisti‐
cally significant in the group that received 40 µg/day in
comparison with the placebo group. Compared with the
placebo group, the risk of developing a new vertebral
fracture decreased by 65% in the group receiving 20
µg/day and by 69% in the group receiving 40 µg/day.
The risk of non‐vertebral fractures decreased by 53%
in the group receiving 20 µg/day and by 54% in the
group receiving 40 µg/day, also compared to the pla‐
cebo group23,27. Different studies carried out in other
types of patients have obtained similar results28‐30.

In this study, no reduction in the risk of hip fracture
was observed, but subsequent systematic reviews and
meta‐analyses have confirmed that teriparatide also re‐
duces the risk of hip fracture31,32.

On the other hand, several studies have shown that
postmenopausal women treated with teriparatide pre‐
sent a decrease in ,both moderate and severe, back pain
associated with vertebral fractures28,33‐35 which condi‐
tioned an improvement in their quality of life36.

The beneficial effect of teriparatide is not affected by
the age of the patients. In a study carried out in elderly
women of over 75 years of age, a reduction in the risk of
fracture, both vertebral and non‐vertebral, was found,
including those in the subgroup formed by patients
older than 80 years of age26.

Osteoporosis in men and steroid-induced osteoporosis
In addition to the initial study by Slovik et al.37, which
we could consider almost anecdotal due to the small
sample size, other more methodologically complete stu‐
dies have been published, allowing us to establish the
usefulness of teriparatide in the treatment of osteopo‐
rosis in men.

The first study of these characteristics was the one
carried out by Kurland et al. which included 23 men who
received 400 units of teriparatide or placebo per day
(equivalent to 25 μg/day) for 18 months. Patients who
received the drug showed a 13.5% increase in BMD of
the lumbar spine. The BMD of the hip also increased, but
in a minor degree (2.9%) and more slowly, while the
BMD in the radius did not change significantly.
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In another study, conducted on 437 patients with
idiopathic or hypogonadic osteoporosis, Orwoll et al. ad‐
ministered 20 or 40 μg/day of teriparatide to the expe‐
rimental group, and calcium and vitamin D to the
placebo group, obtaining an increase of 5.9% in the lum‐
bar spine and 1.5% in the femoral neck in those treated
with the drug.

Since then, several studies about men and patients re‐
ceiving oral glucocorticoids have been published. On the
one hand, these studies have confirmed the efficacy of
teriparatide in reducing the risk of fragility fracture37‐40

and, on the other, they have confirmed the superiority
of teriparatide for this task, in combination both with
alendronate and risedronate41‐43. For this reason, teripa‐
ratide is accepted for the treatment of osteoporosis in
men and steroid‐induced osteoporosis, in addition to
postmenopausal osteoporosis.

Security. Side effects. Osteosarcoma risk
Teriparatide is well tolerated. The side effects collected
from the original series of 1,943 patients by Neer et al. in‐
clude nausea, headaches, and dizziness that occurred in
patients who received the highest doses of the drug. Mild
hypercalcaemia, defined as a serum calcium concentra‐
tion greater than 10.6 mg/dl, was also observed in 2% of
the women who received placebo, in 11% of the women
who received 20 mg teriparatide and in 28% among those
in the group that received 40 μg/day. In all cases, hyper‐
calcemia was transient and calcium monitoring is not re‐
quired in treatment with teriparatide.

When teriparatide was approved in the US for the treat‐
ment of postmenopausal osteoporosis in 2003, its use was
limited to 2 years, given that a strain of rats received teripa‐
ratide at a dose proportionally higher than that subse‐
quently used in humans developed osteosarcoma44. That
same year, the Osteosarcoma Surveillance Study was foun‐
ded in that country in order to monitor the possible appea‐
rance of osteosarcoma in patients treated with teriparatide.

During the period between January 2003 and Decem‐
ber 2016, 3 cases of osteosarcoma were observed in pa‐
tients who had received teriparatide. Based on the
known incidence of osteosarcoma, the expected number
of cases was 4.1 and with the 3 collected, a standardized
incidence ratio of 0.72 was obtained (95% CI 0.20 to
1.86). This confirmed that the incidence of osteosar‐
coma associated with the use of teriparatide was not dif‐
ferent from that observed in the general population45.

On the other hand, no cases of osteonecrosis of the
jaws have been described after using teriparatide. On the
contrary, some studies have published teriparatide could
have a certain beneficial effect in these patients46‐48.

What to do after 24 months of treatment with teri-
paratide?
Treatment with teriparatide is limited to 24 months as
indicated above. Once completed, it must be suspended.

Some studies have shown that after stopping teripa‐
ratide a certain residual effect is observed49‐51. This effect
has lasted up to 24 months after stopping the drug51 and
the dreaded rebound effect has not been observed, un‐
like in the case of other drugs such as denosumab52‐54.
However, once the treatment with teriparatide is com‐
pleted, it is advisable to continue the treatment with a
bisphosphonate55 agent and in all cases with non‐phar‐
macological measures: exercise, a balanced diet, and a
supplement of calcium and vitamin D56‐59.

ROMOZOSUMAB

Romozosumab is a monoclonal antibody that has a dual
effect on bone remodelling, since it inhibits sclerostin and
secondarily RANKL, producing a rapid increase in bone
formation that is associated with a decrease in resorption.
As a consequence, it increases the trabecular and cortical
bone, which translates into a significant increase in BMD
and a decrease in the risk of fracture. It is indicated for
the treatment of severe osteoporosis only in postmeno‐
pausal women with a high risk of fracture60‐64.

Romozosumab is given as two subcutaneous injec‐
tions of 105 mg each, once a month for up to one year.
The second injection should be given immediately after
the first but at a different injection site. It is advisable to
assess the cardiovascular risk in the patients for whom
it is to be prescribed, before and during its use65.

WHEN TO START AN ANABOLIC TREATMENT?
Teriparatide is the only anabolic drug that currently
available for treating osteoporosis in Spain. In addition
to postmenopausal osteoporosis, teriparatide is appro‐
ved for use in male osteoporosis and steroid‐induced os‐
teoporosis.

In our opinion, PTH is the strongest biological treat‐
ment available for osteoporosis. Both teriparatide and
PTH (1‐84) have been approved in our country for the
treatment of postmenopausal osteoporosis. However, to
correctly place it within the therapeutic arsenal, the cost
of teriparatide must be taken into account, as it is cu‐
rrently higher than any other approved treatment for os‐
teoporosis. Therefore, its use should be restricted to
specific cases, with severe osteoporosis, such as in pa‐
tients with vertebral fractures or multiple osteoporotic
fractures, or with a very low BMD (T‐score less than ‐3.5),
or in those cases in which patients cannot tolerate other
treatments and have a high risk of fracture66‐72. Finally,
we could also consider those cases in which there is a
poor therapeutic response to other drugs, this manifes‐
ting as the appearance of recurrent fractures or a signi‐
ficant, documented and sustained decrease in BMD
despite antiresorptive treatment. In this regard, the gui‐
delines of the Spanish Society for Bone Research and Mi‐
neral Metabolism (SEIOMM) recommend the anabolic
treatment with teriparatide precisely in these patients55.

SEQUENTIAL TREATMENT

The treatment of osteoporosis is limited in time for se‐
veral reasons. In the first place, there are drugs that have
a limited administration time, such as teriparatide at
two years or romozosumab at one year. Secondly, side
effects or a lack of therapeutic response may appear ma‐
king it necessary to change to another drug. Finally, after
the time the safety of the administered drug has been
established, it may be advisable to change it for a diffe‐
rent one.

If we consider all the available drugs individually, the
possible combinations are many. But by grouping them
into anabolic and antiresorptive agents, we could in ge‐
neral lines indicate that when establishing a sequential
treatment, it is advisable to start with an anabolic treat‐
ment and then continue with an antiresorptive one.

Thus, the sequential teriparatide‐raloxifene treat‐
ment managed to maintain or even increase the BMD
gain achieved with the previous treatment with teripa‐
ratide73. The same has been observed when the treat‐
ment with teriparatide is administered together with a
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bisphosphonate, even producing a subsequent increase
in BMD and maintaining the reduction in the risk of frac‐
ture50. In the case of the abaloparatide and alendronate
sequence it was found that when administering this an‐
tiresorptive after the osteogenic agent, an increase in the
previously achieved BMD was produced and thus pre‐
serving the anti‐fracture activity74.

On the contrary, previous treatment with a strong an‐
tiresorptive, such as alendronate or zoledronate follo‐

wed by an osteogenic agent, such as teriparatide, pro‐
duces a decrease in BMD in the first months after the
start of the treatment75, although the reduced risk of
fracture remains76.

If the risk of fracture in patients has been found to be
high, it is advisable to start an osteogenic treatment,
with a drug such as teriparatide, and then continue with
a strong bisphosphonate, such as alendronate or zole‐
dronate.

Conflict of interests: The authors declare no conflict of interest.

9



27Anabolic treatment of osteoporosis
Rev Osteoporos Metab Miner. 2021;13(Supl 1):S23-28

Bibliography

1. De Luis Román D, Aller de la Fuente R,
De Luis J, Pérez J, González M. Papel
del flúor en la osteoporosis. Endocri‐
nol Nutr. 2004;51(7):426‐32. 

2. Kleerekoper M, Mendlovic DB. Sodium
fluoride therapy of postmenopausal
osteoporosis. Endocr Rev. 1993;14(3):
312‐23. 

3. Talbot JR, Fischer MM, Farley SM, Liba‐
nati C, Farley J, Tabuenca A, et al. The in‐
crease in spinal bone density that
occurs in response to fluoride therapy
for osteoporosis is not maintained after
the therapy is discontinued. Osteoporos
Int. 1996;6(6):442‐7. 

4. Riggs B, Hodgson S, O´Fallon M, Chao E,
Wahner H, Muhs J, et al. Effect of fluo‐
ride treatment on the fracture rate in
postmenopausal women with osteo‐
porosis. New English J Med. 1990;
322(16):802‐9. 

5. Haguenauer D, Welch V, Shea B, Tug‐
well P, Wells G. Floruro para tratar la
osteoporosis. Cochrane Database Syst
Rev. 2005;(3):1‐104. 

6. Hodsman AB, Hanley DA, Ettinger MP,
Bolognese MA, Fox J, Metcalfe AJ, et al.
Efficacy and safety of human parathy‐
roid hormone‐(1‐84) in increasing
bone mineral density in postmeno‐
pausal osteoporosis. J Clin Endocrinol
Metab. 2003;88(11):5212‐20. 

7. Greenspan S, Bone HG, Ettinger MP,
Hanley DA, Lindsay RL, Zanchetta J, et al.
Effect of recombinant human parathy‐
roid hormone (1‐84) on vertebral frac‐
ture and bone mineral density in
postmenopausal women with osteopo‐
rosis. A Randomized Trial. Ann Intern
Med. 2007;146(5):326‐40.

8. Black DM, Bouxsein ML, Palermo L,
McGowan JA, Newitt DC, Rosen E, et al.
Randomized trial of once‐weekly pa‐
rathyroid hormone (1‐84) on bone mi‐
neral density and remodeling. J Clin
Endocrinol Metab. 2008;93(6):2166‐72. 

9. Fogelman I, Fordham JN, Fraser WD,
Spector TD, Christiansen C, Morris SA,
et al. Parathyroid hormone(1‐84) tre‐
atment of postmenopausal women
with low bone mass receiving hor‐
mone replacement therapy. Calcif Tis‐
sue Int. 2008;83(2):85‐92. 

10. Rittmaster RS, Bolognese M, Ettinger
MP, Hanley DA, Hodsman AB, Kendler
DL, et al. Enhancement of bone mass
in osteoporotic women with parathy‐
roid hormone followed by alendro‐
nate. J Clin Endocrinol Metab. 2000;85
(6):2129‐34. 

11. Shrader SP, Ragucci KR. Parathyroid
hormone (1‐84) and treatment of os‐
teoporosis. Ann Pharmacother. 2005;
39(9):1511‐6. 

12. Fox J, Miller MA, Recker RR, Bare SP,
Smith SY, Moreau I. Treatment of pos‐
tmenopausal osteoporotic women with
parathyroid hormone 1‐84 for 18
months increases cancellous bone for‐
mation and improves cancellous archi‐
tecture: A study of iliac crest biopsies
using histomorphometry and micro
computed tomography. J Musculoskelet
Neuronal Interact. 2005; 5(4):356‐7. 

13. Hattersley G, Dean T, Corbin BA, Bahar H,
Gardella TJ. Binding selectivity of aba‐
loparatide for PTH‐type‐1‐receptor
conformations and effects on downs‐
tream signaling. Endocrinology. 2016;
157(1):141‐9. 

14. Leder BZ, O’Dea LSL, Zanchetta JR,
Kumar P, Banks K, McKay K, et al. Ef‐
fects of abaloparatide, a human pa‐
rathyroid hormone‐related peptide
analog, on bone mineral density in
postmenopausal women with osteo‐
porosis. J Clin Endocrinol Metab.
2015;100(2):697‐706. 

15. Miller PD, Hattersley G, Riis BJ, Wi‐
lliams GC, Lau E, Russo LA, et al. Effect
of Abaloparatide vs Placebo on New
Vertebral Fractures in Postmenopau‐
sal Women With Osteoporosis: A Ran‐
domized Clinical Trial. Jama [Internet].
2016;316(7):722‐33.

16. Leder B. Parathyroid hormone and pa‐
rathyroid hormone‐related protein
analogs in osteoporosis therapy. Curr
Osteoporos Rep. 2017;15(2):110‐9. 

17. Canalis E, Giustina A, Bilezikian JP. Me‐
chanisms of anabolic therapies for os‐
teoporosis. N Engl J Med. 2007;357
(9):905‐16. 

18. Frolik CA, Black EC, Cain RL, Satterwhite
JH, Brown‐Augsburger PL, Sato M, et al.
Anabolic and catabolic bone effects of
human parathyroid hormone (1‐34) are
predicted by duration of hormone expo‐
sure. Bone. 2003;33(3):372‐9. 

19. Parfitt A. Parathyroid hormone and
periosteal bone expansion. J Bone
Miner Res. 2002;17(10):1741‐3. 

20. Nishiyama KK, Cohen A, Young P,
Wang J, Lappe JM, Guo XE, et al. Teri‐
paratide increases strength of the pe‐
ripheral skeleton in premenopausal
women with idiopathic osteoporosis:
A pilot HR‐pQCT study. J Clin Endocri‐
nol Metab. 2014;99(7):2418‐25. 

21. Misof BM, Roschger P, Cosman F, Kur‐
land ES, Tesch W, Messmer P, et al.
Effects of intermittent parathyroid
hormone administration on bone mi‐
neralization density in iliac crest biop‐
sies from patients with osteoporosis:
A paired study before and after treat‐
ment. J Clin Endocrinol Metab. 2003;
88(3):1150‐6. 

22. Gallagher JC, Rosen CJ, Chen P, Mi‐
surski DA, Marcus R. Response rate of
bone mineral density to teriparatide
in postmenopausal women with oste‐
oporosis. Bone. 2006;39(6):1268‐75. 

23. Genant HK, Siris E, Crans GG, Desaiah
D, Krege JH. Reduction in vertebral
fracture risk in teriparatide‐treated
postmenopausal women as assessed
by spinal deformity index. Bone. 2005;
37(2):170‐4. 

24. Chen P, Miller PD, Delmas PD, Misurski
DA, Krege JH. Change in lumbar spine
BMD and vertebral fracture risk reduc‐
tion in teriparatide‐treated postmeno‐
pausal women with osteoporosis. J Bone
Miner Res. 2006;21(11):1785‐90. 

25. Gallagher JC, Genant HK, Crans GG,
Vargas SJ, Krege JH. Teriparatide redu‐
ces the fracture risk associated with

increasing number and severity of os‐
teoporotic fractures. J Clin Endocrinol
Metab. 2005;90(3):1583‐7. 

26. Boonen S, Marin F, Mellstrom D, Xie L,
Desaiah D, Krege JH, et al. Safety and effi‐
cacy of teriparatide in elderly women
with established osteoporosis: Bone ana‐
bolic therapy from a geriatric perspec‐
tive. J Am Geriatr Soc. 2006;54(5):782‐9. 

27. Neer RM, Arnaud C, Zanchetta J,
Prince R, Gaich GA, Reginster JY, et al.
Effect of parathyroid hormone (1‐34)
on fractures and bone mineral density
in postmenopausal women with oste‐
oporosis. N Engl J Med. 2001;344(19):
1434‐41. 

28. Jakob F, Oertel H, Langdahl B, Ljung‐
gren O, Barrett A, Karras D, et al. Effects
of teriparatide in postmenopausal
women with osteoporosis pre‐treated
with bisphosphonates: 36‐month re‐
sults from the European Forsteo Obser‐
vational Study. Eur J Endocrinol. 2012;
166(1): 87‐97.

29. Walsh JB, Lems WF, Karras D, Lang‐
dahl BL, Ljunggren O, Fahrleitner‐
Pammer A, et al. Effectiveness of
teriparatide in women over 75 years
of age with severe osteoporosis: 36‐
month results from the European
Forsteo Observational Study (EFOS).
Calcif Tissue Int. 2012;90(5):373‐83. 

30. Vestergaard P, Jorgensen NR, Mose‐
kilde L, Schwarz P. Effects of parathy‐
roid hormone alone or in combination
with antiresorptive therapy on bone
mineral density and fracture risk ‐ A
meta‐analysis. Osteoporos Int. 2007;
18(1):45‐57. 

31. Díez‐Pérez A, Marin F, Eriksen EF, Ken‐
dler DL, Krege JH, Delgado‐Rodríguez M.
Effects of teriparatide on hip and upper
limb fractures in patients with osteopo‐
rosis: A systematic review and meta‐
analysis. Bone [Internet]. 2019;120:1‐8. 

32. Eriksen EF, Keaveny TM, Gallagher ER,
Krege JH. Literature review: The ef‐
fects of teriparatide therapy at the hip
in patients with osteoporosis. Bone
[Internet]. 2014;67:246‐56.

33. Genant HK, Halse J, Briney WG, Xie L,
Glass E V., Krege JH. The effects of te‐
riparatide on the incidence of back pain
in postmenopausal women with osteo‐
porosis. Curr Med Res Opin. 2005;21
(7):1027‐34. 

34. Nevitt MC, Chen P, Dore RK, Reginster
JY, Kiel DP, Zanchetta JR, et al. Reduced
risk of back pain following teripara‐
tide treatment: A meta‐analysis. Osteo‐
poros Int. 2006;17(2):273‐80. 

35. Miller PD, Shergy WJ, Body JJ, Chen P,
Rohe ME, Krege JH. Longterm reduc‐
tion of back pain risk in women with
osteoporosis treated with teriparatide
compared with alendronate. J Rheu‐
matol. 2005;32(8):1556‐62. 

36. Crans GG, Silverman SL, Genant HK,
Glass E V, Krege JH. Association of se‐
vere vertebral fractures with reduced
quality of life: Reduction in the inci‐
dence of severe vertebral fractures by
teriparatide. Arthritis Rheum. 2004;
50(12):4028‐34. 



28 Sosa Henríquez M, Rosa F de la, Suárez N
Rev Osteoporos Metab Miner. 2020;12(Supl 1):S23-28

37. Slovik DM, Rosenthal DI, Doppelt SH,
Potts JT, Daly MA, Campbell JA, et al.
Restoration of spinal bone in osteopo‐
rotic men by treatment with human pa‐
rathyroid hormone (1–34) and 1,25‐
dihydroxyvitamin D. J Bone Miner Res.
1986;1(4):377‐81. 

38. Orwoll ES, Scheele W, Adami S, Syver‐
sen U, Díez‐Pérez A, Kaufman JJ, et al.
The effect of teriparatide [human pa‐
rathyroid hormone (1‐24)] therapy on
bone density in men with osteoporosis.
J Bone Miner Res. 2003;18(1):9‐17. 

39. Kurland ES, Cosman F, McMahon DJ,
Rosen CJ, Lindsay R, Bilezikian JP. Pa‐
rathyroid hormone as a therapy for
idiopathic osteoporosis in men: Ef‐
fects on bone mineral density and
bone markers. J Clin Endocrinol Metab.
2000;85(9):3069‐76. 

40. Tashjian AH, Chabner BA. Commen‐
tary on clinical safety of recombinant
human parathyroid hormone 1‐34 in
the treatment of osteoporosis in men
and postmenopausal women. J Bone
Miner Res. 2002;17(7):1151‐61. 

41. Walker MD, Cusano NE, Sliney J, Ro‐
mano M, Zhang C, McMahon DJ, et al.
Combination therapy with risedro‐
nate and teriparatide in male osteopo‐
rosis. Endocrine. 2013;44(1):237‐46. 

42. Langdahl BL, Marin F, Shane E, Dobnig H,
Zanchetta JR, Maricic M, et al. Teripara‐
tide versus alendronate for treating
glucocorticoid‐induced osteoporosis:
An analysis by gender and menopau‐
sal status. Osteoporos Int. 2009;20
(12): 2095‐104. 

43. Saag KG, Shane E, Boonen S, Marín F,
Donley DW, Taylor KA, et al. Teripara‐
tide or alendronate in glucocorticoid‐
induced osteoporosis. Obstet Gynecol
Surv. 2008;63(4):232‐3. 

44. Watanabe A, Yoneyama S, Nakajima M,
Sato N, Takao‐Kawabata R, Isogai Y, et
al. Osteosarcoma in Sprague‐Dawley
rats after long‐term treatment with te‐
riparatide (human parathyroid hor‐
mone (1‐34)). J Toxicol Sci. 2012;37(3):
617‐29. 

45. Gilsenan A, Midkiff K, Harris D, Kellier‐
Steele N, McSorley D, Andrews EB. Te‐
riparatide did not increase adult
osteosarcoma incidence in a 15‐year
US Postmarketing Surveillance Study.
J Bone Miner Res 2021;36(2):244‐51.

46. Harper RP, Fung E. Resolution of bis‐
phosphonate‐associated osteonecrosis
of the mandible: possible application for
intermittent low‐dose parathyroid hor‐
mone [rhPTH(1‐34)]. J Oral Maxillofac
Surg. 2007;65(3): 573‐80. 

47. Lau AN, Adachi JD. Resolution of oste‐
onecrosis of the jaw after teriparatide
[recombinant human PTH‐(1‐34)] the‐
rapy. J Rheumatol. 2009;1835‐7. 

48. Grey A. Teriparatide for Bone Loss in
the Jaw. N Engl J Med. 2010;363(25):
2458‐9. 

49. Prince R, Sipos A, Hossain A, Syversen U,
Ish‐Shalom S, Marcinowska E, et al.
Sustained nonvertebral fragility frac‐
ture risk reduction after discontinua‐
tion of teriparatide treatment. J Bone
Miner Res. 2005;20(9):1507‐13. 

50. Lindsay R, Scheele WH, Neer R, Pohl G,
Adami S, Mautalen C, et al. Sustained
vertebral fracture risk reduction after
withdrawal of teriparatide in postmeno‐
pausal women with osteoporosis. Arch
Intern Med. 2004;164(18):2024‐30. 

51. Kaufman JM, Orwoll E, Goemaere S,
San Martin J, Hossain A, Dalsky GP, et
al. Teriparatide effects on vertebral
fractures and bone mineral density in
men with osteoporosis: treatment and
discontinuation of therapy. Osteopo‐
ros Int. 2005;16(5):510‐6. 

52. Sosa Henríquez M, Gómez de Tejada
Romero MJ, Escudero‐Socorro M, To‐
rregrosa Suau O. Hip fractures follo‐
wing denosumab discontinuation: three
clinical cases reports. J R Soc Med. 2019;
112(11):472‐5. 

53. Anastasilakis AD, Polyzos SA, Makras P,
Aubry‐Rozier B, Kaouri S, Lamy O. Cli‐
nical features of 24 patients with re‐
bound‐associated vertebral fractures
after denosumab discontinuation:
systematic review and additional cases.
J Bone Miner Res. 2017;32(6):1291‐6. 

54. Zanchetta MB, Boailchuk J, Massari F,
Silveira F, Bogado C, Zanchetta JR, et al.
Discontinuation of denosumab and as‐
sociated fracture incidence: Analysis
from the fracture reduction evaluation
of denosumab in osteoporosis every 6
months (FREEDOM) Trial. J Bone
Miner Res. 2013;28(12):805‐7. 

55. González‐Macías J, Pino‐Montes J Del,
Olmos‐Martínez JM, Nogués Solán X.
Guías de práctica clínica en la osteopo‐
rosis posmenopáusica, glucocorticoi‐
dea y del varón. Sociedad Española de
Investigación Ósea y del Metabolismo
Mineral (3.a versión actualizada 2014).
Rev Clin Esp. 2015;215(9):515‐26. 

56. Gómez de Tejada Romero MJ SHM. Reco‐
mendaciones de las sociedades científicas
sobre la suplementación de calcio y vita‐
mina D en la osteoporosis. Rev Osteopo‐
ros Metab Min. 2019; 11(Supl 1):8‐12. 

57. Sosa Henríquez M, Gómez de Tejada
Romero MJ. Tratamiento de la osteo‐
porosis. Rev Osteoporos Metab Miner.
2018;12(60):3499‐505. 

58. Sosa Henríquez M, Gómez De Tejada Ro‐
mero MJ. El correcto cumplimiento del
tratamiento para la osteoporosis: aún
nos queda mucho por hacer. Rev Osteo‐
poros Metab Miner. 2016;8(1):3‐4.

59. Sosa Henríquez M, Gómez De Tejada
Romero MJ. Tratamiento de la osteo‐
porosis. Rev Esp Enferm Metab Oseas.
2014;11(60):3545‐54.

60. Cosman F, Crittenden DB, Adachi JD,
Binkley N, Czerwinski E, Ferrari S, et al.
Romosozumab treatment in postmeno‐
pausal women with osteoporosis. N
Engl J Med. 2016;375(16):1532‐43. 

61. McClung MR, Brown JP, Diez‐Perez A,
Resch H, Caminis J, Meisner P, et al. Ef‐
fects of 24 months of treatment with ro‐
mosozumab followed by 12 months of
denosumab or placebo in postmeno‐
pausal women with low bone mineral
density: a randomized, double‐blind,
Phase 2, Parallel Group Study. J Bone
Miner Res. 2018;33 (8):1397‐406. 

62. Langdahl BL, Libanati C, Crittenden DB,

Bolognese MA, Brown JP, Daizadeh NS,
et al. Romosozumab (sclerostin mono‐
clonal antibody) versus teriparatide in
postmenopausal women with osteopo‐
rosis transitioning from oral bisphospho‐
nate therapy: a randomised, open‐label,
phase 3 trial. Lancet. 2017;390(10102):
1585‐94. 

63. Schurman L. Romosozumab in pos‐
tmenopausal women with low bone
mineral density. Actual Osteol. 2014;
10(2):248‐59. 

64. Saag KG, Petersen J, Brandi ML, Karaplis
AC, Lorentzon M, Thomas T, et al. Romo‐
sozumab or alendronate for fracture pre‐
vention in women with osteoporosis. N
Engl J Med. 2017;377 (15):1417‐27. 

65. Paik J, Scott LJ. Romosozumab: A review
in postmenopausal osteoporosis. Drugs
and Aging. 2020;37(11):845‐55.

66. Bilezikian JP. Anabolic therapy for oste‐
oporosis. Women’s Health. 2007;3(2):
243‐53. 

67. Compston J. Recombinant parathyroid
hormone in the management of osteopo‐
rosis. Calcif Tissue Int. 2005; 77(2):65‐71. 

68. Cosman F, Lindsay R. Is parathyroid hor‐
mone a therapeutic option for osteopo‐
rosis? A review of the clinical evidence.
Calcif Tissue Int. 1998;62 (6):475‐80. 

69. Deal C, Gideon J. Recombinant human
PTH 1‐34 (Forsteo): An anabolic drug
for osteoporosis. Cleve Clin J Med.
2003;70(7):585‐601. 

70. Deal C. The use of intermittent human
parathyroid hormone as a treatment
for osteoporosis. Curr Rheumatol Rep.
2004;6(1):49‐58. 

71. Sosa Henríquez M, Díez Pérez A. La
hormona paratiroidea en el trata‐
miento de la osteoporosis. An Med In‐
tern. 2007;24(2)87‐97. 

72. Rosen CJ, Bilezikian JP. Clinical review
123: Hot topic ‐ Anabolic therapy for
osteoporosis. J Clin Endocrinol Metab.
2001;86(3):957‐64. 

73. Eastell R, Nickelsen T, Marin F, Barker C,
Hadji P, Farrerons J, et al. Sequential
treatment of severe postmenopausal
osteoporosis after teriparatide: final
results of the randomized, controlled
european study of forsteo (EUROFORS).
J Bone Miner Res. 2009;24(4):726‐36. 

74. Bone HG, Cosman F, Miller PD, Wi‐
lliams GC, Hattersley G, Hu MY, et al.
ACTIVExtend: 24 months of alendro‐
nate after 18 months of abaloparatide
or placebo for postmenopausal osteo‐
porosis. J Clin Endocrinol Metab. 2018;
103(8):2949‐57. 

75. Boonen S, Marin F, Obermayer‐Pietsch B,
Simões ME, Barker C, Glass E V, et al.
Effects of previous antiresorptive the‐
rapy on the bone mineral density res‐
ponse to two years of teriparatide
treatment in postmenopausal women
with osteoporosis. J Clin Endocrinol
Metab. 2008;93(3):852‐60. 

76. Geusens P, Marin F, Kendler DL, Russo LA,
Zerbini CAF, Minisola S, et al. Effects of
teriparatide compared with risedronate
on the risk of fractures in subgroups of
postmenopausal women with severe
osteoporosis: The VERO Trial. J Bone
Miner Res. 2018;33(5):783‐94. 





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 350
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 350
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /ESP <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




