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RESUMO
Introdução: A Osteoporose é uma doença óssea metabólica sistémica de prevalência crescente. Nesta revisão, abordamos os mais 
recentes estudos epidemiológicos e o seu impacto no tratamento individual dos doentes, assim como os mecanismos moleculares 
desta doença que levaram à descoberta de novos alvos terapêuticos.
Material e Métodos: Usando os MeSH terms (osteoporose, epidemiologia, Portugal, Europa, patogenia, osteoblastos, osteoclastos, 
osteócitos, obesidade, sistema imune, terapia, ensaio randomizado e controlado, eficácia e segurança) como palavras-chave. Foram 
revistos artigos originais, revisões e position papers indexados na PubMed.
Resultados: A osteoporose apresenta uma prevalência crescente, mas recentemente foi atingido um plateau na taxa ajustada à idade. 
Uma nova ferramenta, o FRAX™, foi desenvolvida para a estimativa do risco de fratura, a partir da contribuição de fatores de risco 
clínicos associados a fraturas de fragilidade. O tratamento da osteoporose é oferecido a uma baixa percentagem de doentes com 
osteoporose. O tratamento em 40% dos casos inicia-se já em doença estabelecida (na presença de fratura de fragilidade prévia). As 
questões de segurança associadas a medicamentos para tratamento da Osteoporose, após aprovação para comercialização, têm sido 
alvo de debate. Por último, os avanços no entendimento da biologia molecular do metabolismo ósseo levaram ao desenvolvimento 
de novas drogas. 
Discussão e Conclusão: Apesar da existência de novas ferramentas diagnósticas e tratamento eficaz, o tratamento para osteopo-
rose é oferecido a uma minoria dos doentes, muitas vezes a indivíduos com doença avançada. A mudança deste cenário poderá ser 
alcançada com novos e mais eficazes tratamentos.
Palavras-chave: Osteoporose/epidemiologia; Osteoporose/tratamento; Ossos; Remodelação Óssea; Osteoblastos; Osteoclastos; 
Reabsorção Óssea.

ABSTRACT
Introduction: Osteoporosis is a bone metabolic disease with increasing prevalence in ageing societies. Herein we reviewed recent 
epidemiologic findings and their impact in the individual patient management. In addition we dissected the major disease mechanisms 
which have uncovered new potential therapeutic strategies.
Material and Methods: Using MeSH terms (osteoporosis, epidemiology, Portugal, Europe, pathogenesis, osteoblasts, osteoclasts, 
osteocytes, immune system, obesity, therapy, randomized controlled trial, efficacy, safety) as keywords. We have reviewed original 
studies, reviews and position papers indexed in PubMed.
Results: Osteoporosis is increasingly prevalent, but recently an age-adjusted rate of fracture plateau was reached. A new fracture risk 
assessment tool was developed, FRAX™, which integrates the contribution of clinical risk factors associated with fragility fractures. It 
can be used either independently or in combination with bone mineral density. Osteoporosis treatment is offered only to a fraction of the 
affected individuals. In addition, 40% of the patients receiving Osteoporosis medication had a previous fracture. Relevant safety issues 
of different drugs used in Osteoporosis have been detected in post-marketing experience. Finally, advances in the understanding of the 
molecular pathways involved in Osteoporosis led to the development of new drugs
Discussion and Conclusion: Despite the existence of diagnostic tools and several effective treatments, Osteoporosis treatment is still 
offered only to a fraction of the affected individuals and mainly to a population with advanced disease. New and more effective treat-
ments might change this scenario.
Keywords: Osteoporosis/epidemiology; Osteoporosis/therapy; Bone and Bones; Bone Remodeling; Bone Resorption; Osteoblasts; 
Osteoclasts.

INTRODUCTION
	 Osteoporosis (OP) is a major public health concern, with 
a high economic burden in developed and emerging societ-
ies. OP is not only a major cause of fractures, it also ranks 
high among diseases causing disability, dependence and 
bedridden.1 These may cause life-threatening complica-
tions in elderly people.1 Although OP has been a hot topic 
for the last decade in the medical community, OP treatment 
is still only offered to a minority of the patients.2 Even in es-

tablished OP, in Portugal, only 4.5% to 14.4% of the patients 
receive anti-OP medication.3 
	 OP is increasingly prevalent, but recently an age-adjust-
ed rate of fracture plateau was reported.4,5 The OP estimat-
ed prevalence based on bone mineral density (BMD) crite-
ria is 11% in women and 2% in men.6 However, osteopenia 
is far more frequent affecting 50% of the women and 32% 
of the men.6 The lifetime fracture risk of a patient with OP is 
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as high as 40% and fractures most commonly occur in the 
spine, hip or wrist.7-9 In Portugal, it is estimated a number of 
hip fragility fractures around 9500 per year.3 In the year fol-
lowing the fracture, 10-20% of these patients eventually die 
and 50% lose their baseline functional capacity.3 Moreover, 
it is estimated that the annual cost of fragility fractures in 
Europe is €30 billion.5 
	 OP can be defined as ‘a systemic skeletal disease 
characterized by low bone mass and microarchitectural 
deterioration of bone tissue, with a consequent increase in 
bone fragility’.10 The operational definition of OP is a BMD 
that lays -2.5 standard deviations (SD) or more below the  
average value of young health women (NHANES III), using 
the femoral neck as the reference site.11 This definition also 
stands for male OP, which may lead to different risk of frac-
ture for the same BMD.12 For children, the Z-score is used, 
which is the SD by which the BMD in an individual differs 
from the expected mean adjusted for age and gender.11 
	 However half of the subjects who experienced a fragil-
ity fracture do not have OP by BMD criteria.13 This occurs 
because primary OP is more than a mere quantitative issue, 
as it affects bone qualitatively, influencing both bone tissue 
material and geometric properties. Failure to account for 
changes in these parameters limits the accuracy of fracture 
risk prediction.14 
	 Bone turnover markers (BTM) reflect bone remodeling 
and are associated with bone fragility and fractures. Pre-
sently, available BTM are promising fracture risk predictors 
but there still exists uncertainty regarding their clinical ap-
plication, mainly due to intra and inter variability of the avail-
able assays.15 

	 Currently, there are several therapeutic options that ef-
fectively decrease fracture risk.16 The clinical challenge that 
we are facing today is to accurately select the individuals 
with high risk of fracture and with indication for treatment, in 
order to minimize individual and societal costs.

Fracture risk assessment
	 BMD provides diagnostic criteria and it is usually deter-
mined by dual energy X-ray absorptiometry (DXA). Many 
controlled prospective studies with DXA, particularly in el-
derly women, indicate that the risk of fracture doubles for 
each SD reduction in BMD.17 
	 Still, there is increasing evidence that BMD is a rela-
tively weak predictor of fragility fractures.18 One of the rea-
sons for the limitations of BMD in fracture risk assessment 
is that bone strength is not only influenced by bone density, 
but also by bone quality, which in turn is influenced by bone 
turnover, mineralization, microarchitecture, geometry and 
accumulation of damage.19 Bone quality is still difficult to 
be measured in clinical practice, as most techniques (quan-
titative computed tomography, magnetic resonance ima- 
ging, histomorphometry) are still expensive and/or invasive. 
Several epidemiologic studies showed that some clinical 
risk factors (CRF) contribute independently from BMD to 
fracture risk and can help to identify patients at risk of fragi-
lity fractures.20 This led to the development of algorithms to 
assess fracture risk, without including BMD measurement 
(which is not accessible to all physicians). The most wide-
ly used algorithm is FRAX™. It was developed by WHO 
(World Health Organization), based on nine prospective 
population based cohorts (190 000 patient-years), from  

Table 1 - Clinical risks factors in FRAX™

Clinical risks factors in FRAX™ 

Age (Adults between the ages of 40 and 90 years)

Gender

Body mass index (BMI)

History of previous fragility fracture (radiologic vertebral fractures should be considered)

History of hip fracture in patient’s mother or father

Alcohol intake (> 3 units/day)

Current smoking exposure

Use of oral glucocorticoids >3 months

Diagnosis of Rheumatoid arthritis

Secondary OP – type I diabetes, osteogenesis imperfecta in adults, untreated  hyperthyroidism, hypogonadism or premature 
menopause (< 45years), inflammatory bowel disease, chronic malnutrition or malabsortion, prolonged immobility (e.g. spinal cord  
injury, stroke, muscular dystrophy) , chronic liver disease, organ transplantation and chronic obstructive pulmonary disease

Optional – Hip BMD assessed with different equipments

OP: osteoporosis; BMD: bone mineral density.
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Europe, North America, Australia and Japan. FRAX™ is 
a multivariate model, country-specific, that calculates the 
10-year probability of a major fracture and hip fracture and 
can be used in untreated subjects over 40 years-old. CRFs 
used in FRAX™ are described in Table 1 and BMD can be 
optionally added to the calculation.17 Portuguese FRAX™ 
was recently validated and a calculator is available online 
(http://www.shef.ac.uk.uk/frax).21

	 Within the FRAX™ tool, the risk of falls, the number of 
fractures and the magnitude of exposure for several CRFs 
(glucocorticoid use, smoking and alcohol) are not taken 
into account.20 Other algorithms, such as QFracture (cons-
tructed with UK population data), were also developed. 
QFracture uses many CRF and incorporate the risk of falls 
and the dose effect of alcohol and smoking.22 It does not 
include BMD or previous fractures. Both algorithms (FRAX 
and QFracture) seem to be similar in estimating risk, yield-
ing high specificity, but low sensitivity.22 
	 These algorithms miss the contribution of several di-
seases, which have been studied as secondary causes of 
OP. Recent evidence shows that an increased susceptibility 
to fracture is present across the spectrum of chronic kidney 
disease (CKD) and associated hyperparathyroidism.23,24 
Transiliac crest bone biopsy is the gold standard to dia-
gnose renal osteodistrophy and OP in patients with signifi-
cant kidney dysfunction.24

	 The effect of obesity on bone is still a topic of discus-
sion. Epidemiological evidence suggests that obesity is 
correlated with increased bone mass and that increased 
body weight protects against bone loss.25,26 However, re-
cent data points to potential detrimental effects of obesity, 
especially in disorders involving fat redistribution. Moreo-
ver, most studies of the effect of BMI on fracture risk have 
not addressed exactly the issue of obesity and fat content 
and distribution. Postmenopausal obesity appears to be a 
risk factor for fracture at selected sites, such as the tibia 
and ankle.12 Some studies suggest that the accumulation of 
visceral fat leads to increased bone marrow fat and that it 
would be detrimental to bone health.27 
	 Some common pathways that lead to either osteoblas-
togenesis or adipogenesis and the effect of adipokines 
could also explain the association between obesity and 
OP,28 as described below. 

Bone Biology
	 Bone is constantly being resorbed and formed in a very 
dynamic process whose imbalance leads to bone metabolic 
diseases such as OP. This condition is now considered the 
result of an imbalance in bone resorption and formation, 
leading to bone fragility at all hierarchical levels. In fact, with 
ageing, there is an increase of bone resorption and also 
bone mineralization is impaired, probably due to osteoblast 
dysfunction.29,30 However the precise mechanisms are still 
unclear.
	 A cross-talk between osteoblasts and osteoclasts is 
continuously occurring. Osteoblasts produce type I collagen 
and the remaining matrix proteins and promote hydroxyapa-

tite crystal deposition. On the other side, osteoclasts acidify 
the lacunar environment solubilising hydroxyapatite compo-
nent and secrete enzymes, like cathepsin K that degrades 
type I collagen into small peptides. Osteocytes are the re-
sult of osteoblasts maturation and they are also actively in-
volved in the bone turnover, acting as mechanosensors.31

	 Wnt/β-catenin signalling has a significant role on os-
teogenic differentiation, from mesenchyme stem cells to 
mature osteoblast.32 Wnt can be downregulated by some 
bone morphogenic proteins, through sclerostin (a mediator 
produced mainly by osteocytes) and DKK-1.33

	 Osteoblasts secret a major osteoclastogenesis indu-
cer, the receptor activator of nuclear factor kappa-B ligand 
(RANKL), which binds RANK at the surface of monocytes, 
inducing osteoclast differentiation, proliferation and sur-
vival.34,35 On the other hand, osteoblasts also secret osteo-
protegerin, a soluble RANKL receptor that impairs RANKL-
RANK binding, contributing for an adequately balanced 
osteoclast differentiation.35 
	 In addition, osteoblasts produce osteocalcin, which is 
determinant for bone mineralization.29 Its synthesis is stimu-
lated by 1.25-dihydroxyvitamin D. Inside the osteoblast, os-
teocalcin undergoes carboxylation, a process that depends 
on Vitamin K1. Carboxylated osteocalcin, which has high 
affinity for hydroxyapatite and other mineral ions, is deter-
minant for calcium distribution in bone tissue.36 This vitamin 
K dependent mechanism can explain why anticoagulation is 
a clinical risk factor for OP. 
	 In 2012, a local determinant of bone mass was  
described - semaphorin 3A (Sema3A). Sema3A exerts an 
osteoprotective effect by both suppressing osteoclastic 
bone resorption, through RANKL inhibition and increasing 
osteoblastic bone formation, through the wnt/β-catenin sig-
nalling pathway.37

	 Recently, evidence have mounted suggesting that me-
diators from the immune system, the adipose tissue, the gut 
and even the brain have a major influence on the process of 
bone remodelling (Fig. 1). 
	 Osteoimmunology is the field that describes the influ-
ence of the immune system on bone metabolism.35 Bone 
and immune cells share the same progenitors residing in 
bone marrow and are affected by the same cytokines, which 
influence hematopoiesis, local immune responses and bone 
cells as well.38 Immune cells have also a direct influence on 
bone cells through RANKL. RANKL is produced by mono-
cytes, neutrophils, dendritic cells, B and T lymphocytes. In 
this way, immune cells have the ability to induce osteoclast 
differentiation and consequently bone resorption.39 Osteo-
blast differentiation blocking can also be mediated by the 
immune system, as tumour necrosis factor (TNF) induces 
DKK-1 (a major Wnt inhibitor).40 
	 Inflammatory derangement of normal bone remodelling, 
leading to high bone turnover, helps to explain the higher 
prevalence of osteoporosis in inflammatory arthropathies, 
such as rheumatoid arthritis.41 
	 Another potential mechanism emanates from the adi-
pose tissue-gut-brain axis, which includes adipokines (such 
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as leptin or adiponectin), gut-derived appetite-regulatory 
hormones, namely peptide YY (PYY), glucagon-like pep-
tide 1 (GLP-1) and ghrelin and hypothalamic regulators of  
energy balance, such as neuropeptide Y (NPP Y).25

	 Leptin is thought to have a direct anabolic effect within 
the bone, driving the differentiation of osteoblasts and si-
multaneously inhibiting the differentiation of osteoclasts.42 
Leptin has also been reported to have centrally mediated 
antiosteogenic actions on trabecular bone.43 Leptin is ele-
vated in obese subjects, but leptin insensitivity is likely to 
modulate aspects of leptin signalling.25

	 Adiponectin increases insulin sensitivity, and its circu-
lating levels are reduced in obesity and diabetes. Osteo-
blasts express both adiponectin and its receptors and show 
increased differentiation in response to these peptides.44 
In contrast to these stimulatory effects on bone, circulating 
adiponectin has been shown to have a negative effect on 
bone formation due to stimulation of RANKL and inhibition 
of osteoprotegerin production by osteoblasts.45

	 Circulating Peptide YY concentrations are increased in 
response to acute food intake as well as short-term energy 
excess. PYY knockout mouse models, with male and fe-
male knockouts demonstrated enhanced osteoblast activity 
and greater trabecular bone mass.46 GLP-1 also increases 
in response to food intake, promoting satiety. The effects on 
bone are not clear.25

	 Ghrelin is a potent appetite-stimulating hormone, syn-

thesized in the gastric antrum and fundus. The circulating 
concentrations of ghrelin increase under pre-prandial and 
fasting conditions. Ghrelin stimulates osteoblast prolifera-
tion and differentiation in vitro, while also promoting osteo-
clastogenesis.47 
	 Experimental increases in central NPY expression in 
mice produce a marked decrease in bone formation and 
bone mass.48 In light of the antiosteogenic effect of NPY, it 
has been postulated that NPY acts as a critical integrator 
of body weight and bone homeostatic signals.25 Other neu-
ropeptides are thought to have an influence on osteoblasts 
and osteoclasts. Neurons in the central nervous system 
seem to integrate clues from the energy homeostasis, gly-
caemia or reproductive signals, with the regulation of bone 
remodelling.49 
	 Macroscopically, there are two types of bone: the cor-
tical, which constitutes 80% of the skeleton mass and is 
found in the shafts of long bones and outer surfaces of the 
flat bones, and the trabecular bone found mainly at the epi-
physis of long bones and at the inner parts of flat bones. 
	 Bone loss initially starts at the bone trabecular surfaces 
and quickly induces impaired bone architecture: disruption 
of trabecular continuity by trabecular perforation, resulting in 
reduced connectivity of the trabecular bone structure, with 
conversion of the normal plate-like trabeculae into thinner 
rod-like structures. In addition, thinning and increased po-
rosity of the cortical bone occurs. Quantitative assessment 

 

Figure 1 - The interaction between immune system, adipose tissue and bone. Through different mediators, immune cells and cells from 
the adipose tissue-gut-brain axis intervene in the crosstalk between osteoblasts and osteoclasts. DC: dendritic cell, RANK(L): Receptor 
activator of nuclear factor kappa-B (ligand); DKK1: Dickkopf-related protein 1; PYY: peptide YY; NPP Y: neuropeptide Y; SOST: sclerostin. 
Joana Caetano-Lopes
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of macro and microstructural bone features by quantita-
tive computed tomography improves our ability to estimate 
bone strength.50 The development of devices that allow the 
assessment of these structural aspects in the appendicular 
skeleton without the need for a bone biopsy (high resolution 
quantitative computed tomography (HR-pQCT)) has con-
tributed to a better assessment of treatment effects in the 
context of clinical trials and may become available in clinical 
practice for selected patients in specialized centres.51 
	 Men appear to have more trabecular thinning than tra-
becular drop-out with increasing age, while women have 
both trabecular thinning and dropout. Furthermore, men 
have greater bone size than women across age and suf-
fer less cortical thinning than women with aging. Overall, 
age-related changes in trabecular and cortical microstruc-
ture in men would thus seem to have less impact on bone 
strength, thereby, explaining the lower fracture risk in aging 
men when compared with aging women.52

Bone turnover markers
	 Bone turnover markers (BTM) at a population level show 
a very promising potential for clinical applications based on 
their rapid response to treatment and their value in monito-
ring compliance to medications. However, on an individual 
basis due to the high intra and inter individual variability 
their use is very limited in the daily clinical practice.53 
	 Serum CTX-1 and P1NP are commonly used BTM. Re-
sorption of demineralised organic type I collagen matrix by 
cathepsin K leads to release of carboxy-terminal collagen 
cross-linking telopeptides (CTX-1). During the formation of 
type I collagen, a synthesis marker is released – amino-ter-
minal propeptide of type I procollagen (P1NP). Osteocalcin 
is also a good marker of bone formation, but there is a high 
biological and circadian variability.53 
	 High levels of BTM (including CTX and bone alkaline 
phosphatase) are associated with increased risk of OP frac-
ture in postmenopausal women, independently of hormone 
levels and of BMD.54,55 High bone resorption is associated 
with an increased risk of OP fracture in elderly men, inde-
pendently of BMD.56 
 
OP treatment
	 In subjects with established OP (history of a previous 

fragility fracture), it is now accepted to start treatment with-
out the assessment of BMD, especially in countries with lim-
ited access to DXA.58 Treatment shall also be started based 
on BMD diagnostic criteria (T-score < -2.5) or upon assess-
ment of absolute fracture risk (Table 2).58,59 
	 The intervention threshold (in women without previous 
fractures) was set at the fracture probability equivalent to 
women with a prior fragility fracture, without knowledge of 
BMD. Assessment thresholds have been defined at age-
specific cut-offs.58,60 
	 In the 2013 clinician’s guide, the National Osteoporosis 
Foundation (NOF) suggest initiation of treatment in post-
menopausal women and men aged 50 and older with low 
bone mass (T-score between -1.0 and -2.5, osteopenia) at 
the femoral neck, total hip or lumbar spine by DXA and a 
10-year hip fracture probability > 3% or a 10-year major os-
teoporosis-related fracture probability > 20% based on the 
U.S.-adapted WHO absolute fracture risk model.61

	 OP treatment should be complemented with lifestyle 
measures58,59,62

	 In every stage of life, the intake of calcium, vitamin D 
and protein should be guaranteed according to individual 
needs. In elderly people, a negative calcium balance leads 
to parathyroid hormone (PTH) secretion and enhances 
bone turnover.63 
	 Weight-bearing exercise is essential, as immobilization 
is a cause of bone loss. The ideal amount of exercise is still 
controversial. A recent study showed a very strong associa-
tion of high activity level and bone mass measures.64 
	 Preventing falls is another important issue and modifia-
ble factors should be intervened. Measures include: improv-
ing physical condition, correcting visual acuity and tapper or 
suspending drugs that diminish alertness.58,65

Pharmacological treatment
	 The main characteristics of major anti-OP therapies are 
described in Table 3. In men, there’s few available data on 
fracture prevention.12 The effects on BMD are similar be-
tween men and women.
	 Currently, the majority of approved therapeutic agents 
are antiresorptive drugs that lower bone turnover but also 
suppress bone formation. 

Table 2 – Clinical indications to initiate OP treatment.

Initiation of osteoporosis treatment

1.	 Established OP – history of previous fragility fracture58 

2.	 T-score < -2.5 at the femoral neck or lumbar spine by DXA58, 59,61

3.	 Postmenopausal women and men aged 50 and older wtih BMD osteopenia criteria AND

               10 year hip fracture probability > 3% OR  10 year major OP fracture probability > 20% (FRAX™)61 
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Table 3 - D
rugs used in O

P treatm
ent.

D
rug

D
osing

R
oute of 

adm
inistration

Phase III study
Fractures intervention

C
ontraindications

Side effects

B
iphosphonates

     Alendronate
70m

g, w
eekly

O
ral 

bioavailability 
im

paired by food

FIT 

Extension FLEX

Vertebral (R
R

 0.53) and 
non vertebral fractures, 
hip (R

R
 0.49)

C
lC

r < 35m
l/m

in, Pregnancy, 
hypersensivity, hypocalcem

ia

Flu-like sym
ptom

s (IV infusion), 
hypocalcem

ia, M
ild G

I disturbances, 
rarely esophagitis, Esophageal cancer 
(?),Atrial fibrillation (possible causal 
relation), O

steonecrosis of the jaw
 

(+cancer patients), Subtrochanteric 
fractures (causal relation not 
established)

     R
isendronate

35m
g, w

eekly
O

ral
VER

T 
Vertebral (R

R
 0.59) and 

non vertebral fractures, 
hip (R

R
 0.60)

     Ibandronate

2.5m
g daily O

R
 

150m
g m

onthly

3m
g, quartly per 

yer

O
ral

IV

BO
N

E

D
IVA

Vertebral fractures (R
R

 
0.38 ), N

on vertebral 
fractures (adhoc analysis) 

     Zoledronate
5m

g, yearly
IV

H
O

R
IZO

N
Vertebral (R

R
 0.30) and 

non vertebral fractures, 
hip (R

R
 0.59)

Strotium
 ranelate

2g, daily
O

ral, 2h after  
the last m

eal

SO
TI

TR
O

PO
S

Vertebral (R
R

 0.59) and 
non vertebral fractures, 
hip (R

R
 0.85)

C
lC

r < 30m
l/m

in, history of VTE, 
hypersensivity

N
ausea and diarrhoea, increased 

risk VTE (possible relation), D
R

ESS 
syndrom

e, Increased C
D

V risk.

D
enosum

ab
60m

g, every 6 
m

onths
SC

FR
EED

O
M

 
(against 
placebo)

D
EC

ID
E 

(against 
alendronate)

Vertebral (R
R

 0.32) and 
non vertebral fractures, 
hip (R

R
 0.6)

C
LC

r<30m
l/m

in, Pregnancy, 
hypersensivity, pre-existing hypocalcem

ia

R
ash, m

usculosketelal pain, 
hypocalcem

ia, osteonecrosis  of the 
jaw.

PTH
 analogs

     Teriparatide  
     (1-34 PTH

)
20ug, daily

SC
TO

W
ER

EU
R

O
FO

R
S

Vertebral (R
R

 0.35) and 
non vertebral fractures 
(R

R
 0.47)

H
yperparathyroidism

, H
ypercalcem

ia, 
m

etabolic bone diseases, skeletal 
m

alignancies or bone m
ethatasis

N
ausea, headache, dizziness, 

transient ortosthatic hypotension, 
H

ypercalcem
ia, Exacerbation of 

urolythiasis

     1-84 PTH
100ug,daily

SC
TO

P
Vertebral fractures (R

R
 

0.39)
in patients w

ith recent crisis.

SER
M

S

     R
aloxifene

60m
g, daily

O
ral

M
O

R
E

Vertebral fractures (R
R

 
0.70)

Pregnancy, lactation, history of VTE 
events

Increased risk of VTE

     H
orm

onal       
     replacem

ent  
     therapy

N
ot approved for O

P 
therapy

According to W
H

I: increased risk 
coronary heart disease, stroke and 
breast cancer

C
D

V - cardiovascular, D
R

ESS D
rug rash w

ith eosinophilia and system
ic sym

ptom
s, VTE – venous throm

boem
bolic event, W

H
I w

om
en’s health initiative
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Bisphosphonates
	 Bisphosphonates are antiresorptive drugs, which act 
through cholesterol biosynthesis pathway enzyme, farnesyl 
diphosphate synthase. By inhibiting this enzyme, they inter-
fere with the attachment of the lipid to regulatory proteins, 
causing osteoclasts inactivation.66 There is established 
evidence of efficacy in reducing fractures rate in postme-
nopausal women.67-70 Recently, the duration of treatment 
with bisphosphonates has been questioned. The exten-
sion of FIT (FLEX) and HORIZON trials showed that bone 
loss after discontinuation of therapy was only modest as 
compared with that during continued therapy, suggesting 
a similarly persistent effect of alendronate and zoledronic 
acid (after 5 and 3 years of treatment, respectively). The 
trials extensions were consistent in showing significant re-
ductions in the risk of vertebral fracture with continuation of 
bisphosphonate treatment.71,72 The number of fractures in 
other sites was not significantly different. Treatment after 5 
years can be considered in patients with high risk of verte-
bral fractures, namely patients with low bone mineral den-
sity at the femoral neck (T score below −2.5) after treatment 
and patients with an existing vertebral fracture a T score of 
less than −2.0.70-72 Recommendations regarding treatment 
duration should be limited to alendronate and zoledronic 
acid, because of insufficient data regarding risendronate 
and ibandronate.73 
	 Safety questions have also been raised in the last years. 
The rare occurrence of atypical fractures (namely, subtro-
chanteric and diaphyseal femoral fractures) has been re-
ported after long term exposure to bisphosphonates.74 Oste-
onecrosis of the jaw has been also associated with the use 
of bisphosphonates, mostly in patients with cancer, treated 
with high dose EV bisphosphonates. The main known risk 
factors for osteonecrosis of the jaw are dental procedures, 
poor dental hygiene, corticosteroid therapy and local radio-
therapy.75 There is some conflicting data about esophageal 
cancer risk and the use bisphosphonates.76

Strontium ranelate
	 Strontium ranelate induces opposite effects on osteo-
clasts and osteoblasts in vitro via at least three mechanisms 
involving activation of CaSR and NFATc/Wnt signalling and 
modulation of OPG/RANKL, an effect that results in im-
proved bone architecture and bone strength in osteopenic 
animal models.75 Studies conducted up to 5 years have 
shown anti-fracture efficacy, at spinal and non vertebral 
sites, in a wide diversity of subjects, independently of the 
level of fracture risk assessed by FRAX.77-80

	 Safety questions have been recently addressed. In May 
2012, the European Medicine Agency (EMA) has issued 
cautionary advice to doctors on prescribing strontium rane-
late to immobilised patients or patients with higher risk of 
venous thromboembolism.81 In post-marketing experience, 
cases of eosinophilia and systemic symptoms (DRESS), 
Stevens-Johnson syndrome and toxic epidermal necrolysis 
were reported. The global incidence of DRESS was cal-
culated as one per 47 168 patient-years of treatment.82 In 

April 2013, EMA emitted a report advancing an increased 
cardiovascular risk in patients on OP treatment with stron-
tium ranelate. Strontium is now contraindicated in patients 
with history of ischaemic heart disease, peripheral arterial 
disease, or cerebrovascular disease, or in patients with 
uncontrolled hypertension. The patient’s risk of developing 
cardiovascular disease should be evaluated before and at 
regular intervals during treatment. Strontium should only be 
used for the treatment of severe osteoporosis.82

PTH analogues
	 Bone quality effects are also noted. PTH analogues re-
store the structure of trabecular bone, stimulate periosteal 
and endosteal bone growth, resulting in increased cortical 
thickness and cross-sectional area.19 They induce a rapid 
increase in bone formation markers.19 PTH analogues are 
currently used as a second line treatment in women with 
postmenopausal osteoporosis with multiple vertebral frac-
tures, failing to respond to bisphosphonates. The duration 
of therapy should be limited to 2 years.58 In normocalcemic 
patients, slight and transient elevations of serum calcium 
concentrations are described.58,83 The use of PTH analogs is 
contraindicated in patients with pre-existing hypercalcemia, 
hyperparathyroidism, Paget’s disease, prior radiotherapy, 
skeletal malignancies and bone metastasis. Studies in rats 
have indicated an increased incidence of osteosarcoma, no 
evidence of this was found in human studies.83

Denosumab
	 Denosumab is a monoclonal antibody against RANKL. 
It reduces the formation, activity, and survival of osteoclasts 
and decreases bone turnover. 
	 FREEDOM, a large placebo randomized controlled trial 
has demonstrated the antifracture efficacy of denosumab.84 
In the STAND study, an effect on BMD after therapy with 
alendronate was demonstrated, so it is a therapeutic option 
in OP refractory to oral bisphosphonates.85 
	 At a post hoc analysis of FREEDOM, denosumab 
showed evidence of reduction in incident vertebral fractures 
in patients with estimated glomerular filtration rates (eGFR) 
between 15-90ml/min, without any adverse renal effects.86 
In general, denosumab has a favourable safety profile. In 
the FREEDOM trial, the only serious adverse events signifi-
cantly greater than placebo were skin infections.87 

Selective estrogens receptor modulators (SERMS)
	 SERMs act as agonists or antagonists of the oestrogen 
receptor depending on the target tissue.58 In bone, its ef-
fects seem to be related to the inhibition of both IL-6 and 
TNF expression and activity. Osteoclasts differentiation and 
activity require the presence of factors produced in the bone 
microenvironment, among which are the proinflammatory 
cytokines IL-6 and TNF.88,89

	 In the MORE study, raloxifene (second generation 
SERM) showed to decrease the incidence of vertebral frac-
ture. Invasive breast cancer had also lower incidence in 
the treatment group.90 A third generation SERM was devel-



452Revista Científica da Ordem dos Médicos          www.actamedicaportuguesa.com                                                                                                                

A
R

TIG
O

 D
E R

EVISÃ
O

Gonçalves MJ, et al. Osteoporosis, from bone biology to individual treatment decision, Acta Med Port 2013 Jul-Aug;26(4):445-455

oped but showed similar results in fractures prevention and 
similar incidences of vasodilatation, leg cramps and venous 
thromboembolic events.91 Currently raloxifene is the only 
SERM available for prescription.

Hormonal Replacement Therapy (HRT)
	 The Women’s Health Initiative was designed to test the 
effects of postmenopausal HRT. Despite confirming HRT 
as effective for OP, results also indicated that conjugated 
oestrogen and medroxyprogesterone acetate are associ-
ated with a 30% increased risk of coronary heart disease 
and breast cancer and 40% increase of stroke. HRT is now 
recommended as a menopausal symptomatic therapy, used 
as shortly as possible and at the lowest possible dose. It is 
not recommended as an anti OP treatment.92

Calcitonin
	 Calcitonin is a polypeptide that binds to high-affinity G 
protein–coupled receptors on the osteoclast. Fish calcito-
nins (eel and salmon) are about 40-fold more potent than 
mammalian. Calcitonin inhibits extracellular Ca2+  sensing, 
a potent antiresorptive signal. Calcitonin withdrawal sensi-
tizes an osteoclast to parathyroid hormone–induced (PTH-
induced) stimulation.93 
	 EMA considers that there is evidence of a small in-
creased risk of cancer with long-term use of these medi-
cines and does not approve calcitonin containing drugs to 
treat osteoporosis.94 

	 Among current treatment options, only indirect compari-
sons of RCTs have been used to assess relative efficacy (in 
the absence of head-to-head trials). 
	 Alendronate was shown cost-effective in the treatment 
of postmenopausal osteoporosis, in women with a 10-year 
probability of major fracture above 7.5%.95 Due to his lower 
price, it has a lower cost-effectiveness ratio which justifies 
its common choice as first-line agent.58 
	 The selection of teriparatide versus oral bisphospho-
nates as a first-line treatment for severe OP, with prior ver-
tebral fractures is supported by some authors.96,97 Strontium 
ranelate is also cost effective, but has now a restricted use 
and is only indicated in established OP.98 Denosumab has a 
higher cost-effective ratio than alendronate.99 The increase 
of BMD after treatment with alendronate and safety in pa-
tients with GFR between 15 to 35ml/min are distinctive fea-
tures as mentioned above. Compliance to treatment can be 
limited in OP, as it is an asymptomatic condition needing 

long term treatment. Low treatment adherence is associ-
ated with worse outcomes and has a significant impact 
on cost-effectiveness.100

New Drugs
	 Odanacatib is a new selective cathepsin K inhibitor that 
causes a moderate sustained decrease in bone resorption, 
and a lesser and more transient decrease in bone forma-
tion as compared to classic anti resorptive drugs.100 This 
agent may uncouple bone formation from resorption.19,101 
Odacatinib is undergoing phase III trials in postmenopausal 
women and older men.
	 Sclerostin is an antagonist of the Wnt-b catenin pathway 
and its neutralization leads to an anabolic effect on bone. 
The anti-sclerostin monoclonal antibody (AMG 785/Romo-
sozumab) is currently on phase III trials. Anti-Dkk1 is also 
being studied as a targeted therapy for the Wnt pathway.
	 Calcium-sensing receptor (CaSR) antagonists stimulate 
endogenous PTH secretion.102 BA058, a synthetic peptide 
analog of human Parathyroid Hormone related Protein 
(“hPTHrP”) is a bone anabolic compound with the poten-
tial to treat severe osteoporosis. Currently, BA058 is being 
studied as a daily subcutaneous injection (BA058-SC) in a 
Phase III study.

CONCLUSION
	 Although an age-adjusted rate of fracture plateau was 
reached, our ageing society has an increasing prevalence 
of OP and its associated economic burden. An adequate 
use of BMD, FRAX™ and BMT could improve fracture pre-
diction in postmenopausal women. There are now effective 
and relatively safe treatment options for OP and additionally 
the elucidation of several bone biology pathways uncovered 
new potential future therapeutic strategies.
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