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Substâncias que fornecem 
apenas cálcio podem  

bloquear a absorção de 
fósforo.2

Referências: 1. Marcus R. Fármacos que afetam a calcificação e a renovação do osso. Cálcio, fosfato, paratormônio, vitamina D, calcitonina e outros compostos. In: Goodman & Gilman. As bases farmacológicas da terapêutica. 9ª ed. 
Mc-Graw Hill, Rio de Janeiro. 1996. p. 1126-46. 2. Heaney RP. Phosphorus nutrition and the treatment of osteoporosis. Mayo Clin Proc 2004;79:91-7. 3. Bula do Produto. 4. Chapuy MC, Arlot ME, Duboeuf F, Brun J, Crouzet B, Arnaud S, 
Delmas PD, Meunier PJ. Vitamin D3 and calcium to prevent hip fractures in elderly women. N Engl J Med 1992;327:1637-42. 5. Chapuy MC, Pamphile R, Paris E, Kempf C, Schlichting M, Arnaud S, Garnero P, Meunier PJ. Combined calcium 
and vitamin D3 supplementation in elderly women: confirmation of reversal of secondary hyperparathyroidism and hip fracture risk: the Decalyos II study. Osteoporos Int. 2002; 13 (3): 257-64.

OsteoNutri®  - fosfato de cálcio tribásico e colecalciferol - vitamina D3. Indicações: prevenção e tratamento auxiliar da desmineralização óssea (osteoporose); na osteomalácia, raquitismo e tratamento de hipocalcemia; como suple-
mento vitamínico e mineral durante a gestação e aleitamento materno. USO ADULTO. Registro no MS: 1.0181.0522. SE PERSISTIREM OS SINTOMAS, O MÉDICO DEVERÁ SER CONSULTADO. Material destinado aos profissionais de saúde 
habilitados a prescrever ou dispensar medicamentos. 

“OsteoNutri® É UM MEDICAMENTO. SEU USO PODE TRAZER RISCOS. 
PROCURE O MÉDICO E O FARMACÊUTICO. LEIA A BULA”.

94% das pacientes
não apresentam eventos 

gastrointestinais5

43% de redução 
no risco de fraturas 
osteoporóticas4

Diferente dos outros,
parecido com o osso.1-3
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tratamento e prevenção da osteoporoseinduzida por glicocorticoide e na prevenção de fraturas clínicas após fratura de quadril em homens e mulheres na pós-menopausa: uma única aplicação intravenosa de 5 mg de Aclasta administrada uma vez ao ano. Na Doença de Paget: uma aplicação intravenosa de 5 mg de ácido 
zoledrônico em 100 mL de solução pronta para aplicação. Na prevenção de osteoporose em mulheres com osteopenia na pós-menopausa: uma aplicação intravenosa de 5 mg de ácido zoledrônico em 100 mL de solução pronta para aplicação. A necessidade de re-tratamento deve ser avaliada após 1 ano. Instruções para 
uso e administração Aclasta (5 mg em 100 mL solução pronta para aplicação) é administrado intravenosamente por meio de uma via exclusiva com respiro, a uma taxa constante de aplicação. Aclasta não pode ser misturado ou administrado intravenosamente com qualquer outra medicação ou soluções contendo cálcio 
ou cátions bivalentes. A ingestão adequada de suplemento de cálcio e vitamina D é importante se a ingestão na dieta for inadequada. O tempo de aplicação não deve ser menor que 15 minutos. Nenhum ajuste de dose é necessário em pacientes com clearance de creatinina  35 mL/min ou com insu ciência hepática. Aclasta 
não deve ser utilizado em crianças e adolescentes. Recomenda-se que o médico assegure concentrações séricas apropriadas de vitamina D antes da primeira aplicação caso uma dose de ataque de 50.000 a 125.0000 UI de vitamina D por via oral ou intramuscular não esteja disponível, na prevenção de fratura clínica após 
trauma de quadril de baixo impacto. Contraindicações: Hipocalcemia. Insu ciência renal severa com clearance de creatinina < 35 mL/min. Gravidez. Amamentação. Hipersensibilidade ao ácido zoledrônico ou a qualquer excipiente, ou a qualquer bisfosfonato. Precauções/Advertências: Aclasta é contraindicado em 
pacientes com insu ciência renal grave (clearance de creatinina < 35 mL/min). - Os pacientes devem ter o clearance de creatinina calculado (pela fórmula de Cockroft Gault) antes de receberem Aclasta. Os pacientes devem estar adequadamente hidratados antes e após a administração de Aclasta, isso é especialmente 
importante para pacientes idosos e pacientes recebendo terapia diurética. Recomenda-se cautela quando da administração conjunta do Aclasta com medicamentos que podem impactar signi cativamente sobre a função renal (por exemplo, aminoglicosídeos ou diuréticos que podem ocasionar desidratação). O aumento 
transitório na creatinina sérica pode ser maior em pacientes com função renal comprometida adjacente; o monitoramento da creatinina sérica deve ser considerado em pacientes de risco. Hipocalcemia pré-existente deve ser tratada por administração adequada de cálcio e vitamina D antes do início da terapia com Aclasta. 
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Targets in osteoporosis treatment
Metas para o tratamento da osteoporose

Francisco Bandeira1, Francisco J. A. de Paula2,  
Marise Lazaretti-Castro3, Melissa Orlandin Premao4 

A lthough guidelines for many chronic diseases recommend targets to pursue as 
an important aspect of their management, there is considerable disagreements 

between organizations concerning which targets should be chosen, as well as what 
would be the optimum value for a specific target (1-6). These disagreements have 
become more pronounced recently for diabetes and dyslipidemias (1-4). In 2012 the 
American Diabetes Association and the European Association for the Study of Dia-
betes published a position statement on the management of type 2 diabetes in which 
remarkable changes were observed in relation to the previous recommendations (1). 
This was mainly due to the advent of new therapies, but also because new knowledge 
has emerged on the long-term adverse effects of drug therapy, especially the risk of hy-
poglycemia with more intensive control and consequently an increased cardiovascular 
risk. This was followed by the announcement of the 2013 diabetes algorithm propo-
sed by the American Association of Clinical Endocrinologists, which introduced more 
rigorous targets for blood glucose control for the newly-diagnosed type 2 patient and 
more aggressive therapies and targets for the pre-diabetes states (2). At the end of 
2013, another notable change occurred with the release of the American College of 
Cardiology/American Heart Association hypercholesterolemia guidelines (3), more 
evidence-based than the previous NCEP (National Cholesterol Education Program) 
guidelines, using more robust data to calculate absolute risk based on multiple pros-
pective cohort studies, calibrating the calculations on intervention studies on primary 
prevention of major cardiovascular events with statins and considering the long-term 
side effects and drug interaction, especially in the more vulnerable elderly patient. 
New targets were proposed based on percentage changes in LDL-C as a target for 
statin therapy, and not simply a low or very low absolute value for LDL-C as some 
continue to advocate (4). Guidelines for hypertriglyceridemia and hypertension have 
also resulted in disagreement on when to start drug therapy or which targets should 
be pursued during treatment, especially in populations such as individuals with type 2 
diabetes and in the elderly (5-7).

Is it time to consider the same approach to osteoporosis treatment? As with other 
chronic conditions, the field of osteoporosis has been growing fast and new noninva-
sive methods for the evaluation of bone turnover and strength are now available. In 
this issue of the journal many aspects of these new tools will be discussed.

Biochemical markers of bone remodeling are now widely available and a review of 
recent data suggests that they can be used as a target related to the effects of osteopo-
rosis drugs and the prediction of a decrease in fracture risk (8). Particularly worthy of 
mention in this connection are the reduction on serum beta-CTX (C-terminal telo-
peptide) during anti-resorptive therapy and the rise in serum P1NP (Serum collagen 
type 1 N-terminal propeptide) and osteocalcin during anabolic therapy with teripa-
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ratide (8,9). Even strontium ranelate, which leads to 
slight changes in bone markers in postmenopausal wo-
men with osteoporosis who had never taken any bone 
medication, can induce significant changes in bone 
mar kers in women previously treated with bisphospho-
nates (9,10) and these changes may be associated with 
an improvement in bone mineral density (BMD). 

Much more controversy exists in relation to target 
bone mineral density values during osteoporosis treat-
ment. Some studies suggest (11) that even patients with 
a decline in BMD may still benefit from oral bisphos-
phonate therapy. These patients may exhibit a reduced 
risk for fracture than those on a placebo, despite having 
a suboptimal BMD response, although the risk reduc-
tion is more pronounced in those patients who have 
experienced an unequivocal increase in BMD. It may 
therefore be difficult to tell a patient on bisphospho-
nate treatment who has experienced a decline in BMD 
over time that she has really lost her protection against 
osteoporotic fractures.

As in other chronic diseases, the new knowledge 
on the adverse effects of long-term therapy has also 
been evaluated for osteoporosis, and this is particularly 
true for atypical femoral fractures, which may exhibit 
a sharp increase in incidence with the long-term use 
of bisphosphonates (12,13). Although rare, individu-
ally these fractures may have a great impact on health, 
owing to the patient’s considerable disability (13). As 
yet insufficient data is available for denosumab, which 
can also cause atypical femoral fractures and needs to be 
used continuously as it has no residual effects on bone 
after therapy has been discontinued (14).

In view of the above, another new target proposed in 
the treatment of osteoporosis is to limit the duration of 
bisphosphonate use to 3-5 years (15) and consider a drug 
holiday for those compounds which have residual effects 
on bone, such as alendronate and zoledronic acid, or even 
decrease the dose of alendronate for the high-risk patient 
in whom more prolonged therapy is preferred (16).

Hopefully, other methods developed to evaluate 
bone quality, such as trabecular bone score (TBS) on 
vertebral BMD images and peripheral high-resolution 
quantitative computed tomography (HR-pQCT), will 
be widely available for clinical use in the near future 
(17,18). This will allow more precise targets to be re-
commended for osteoporosis therapy.  

Disclosure: Dr. Bandeira receives consultant fees from Sanofi.
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RESUMO
Objetivo: Apresentar uma atualização sobre o diagnóstico e tratamento da hipovitaminose 
D baseada nas mais recentes evidências científicas. Materiais e métodos: O Departamento 
de Metabolismo Ósseo e Mineral da Sociedade Brasileira de Endocrinologia e Metabologia 
(SBEM) foi convidado a conceber um documento seguindo as normas do Programa Diretrizes 
da Associação Médica Brasileira (AMB). A busca dos dados foi realizada por meio do PubMed, 
Lilacs e SciELO e foi feita uma classificação das evidências em níveis de recomendação, de 
acordo com a força científica por tipo de estudo. Conclusão: Foi apresentada uma atualização 
científica a respeito da hipovitaminose D que servirá de base para o diagnóstico e tratamento 
dessa condição no Brasil. Arq Bras Endocrinol Metab. 2014;58(5):411-33

Descritores
Vitamina D; colecalciferol; PTH; osteoporose; deficiência; insuficiência; diagnóstico; tratamento

ABSTRACT
Objective: The objective is to present an update on the diagnosis and treatment of hypovita-
minosis D, based on the most recent scientific evidence. Materials and methods: The Depart-
ment of Bone and Mineral Metabolism of the Brazilian Society of Endocrinology and Metabolo-
gy (SBEM) was invited to generate a document following the rules of the Brazilian Medical 
Association (AMB) Guidelines Program. Data search was performed using PubMed, Lilacs and 
SciELO and the evidence was classified in recommendation levels, according to the scientific 
strength and study type. Conclusion: A scientific update regarding hypovitaminosis D was pre-
sented to serve as the basis for the diagnosis and treatment of this condition in Brazil. Arq Bras 

Endocrinol Metab. 2014;58(5):411-33

Keywords
Vitamin D; cholecalciferol; PTH; osteoporosis; deficiency; insufficiency; diagnosis; treatment

INTRODUÇÃO

A hipovitaminose D é altamente prevalente e cons-
titui um problema de saúde pública em todo o 

mundo. Estudos mostram uma elevada prevalência 
dessa doença em várias regiões geográficas, incluindo 

o Brasil. Pode acometer mais de 90% dos indivíduos, 
dependendo da população estudada (1). 

A vitamina D é essencial em funções relacionadas 
ao metabolismo ósseo, porém parece também estar re-
lacionada na fisiopatogênese de diversas doenças. Em 
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crianças, a deficiência de vitamina D leva ao retardo 
do crescimento e ao raquitismo. Em adultos, a hipo-
vitaminose D leva à osteomalácia, ao hiperparatiroidis-
mo secundário e, consequentemente, ao aumento da 
reabsorção óssea, favorecendo a perda de massa óssea 
e o desenvolvimento de osteopenia e osteoporose. Fra-
queza muscular também pode ocorrer, o que contribui 
para elevar ainda mais o risco de quedas e de fraturas 
ósseas em pacientes com baixa massa óssea (2,3).  

O diagnóstico correto dessa condição e a identifi-
cação de fatores de melhora ou piora podem colabo-
rar para a elaboração de estratégias mais eficazes para 
o tratamento das populações de risco, como idosos e 
mulheres na pós-menopausa. 

Este documento representa os esforços do Departa-
mento de Metabolismo Ósseo da Sociedade Brasileira 
de Endocrinologia e Metabologia (SBEM) no desen-
volvimento de recomendações baseadas em evidências 
disponíveis na literatura científica para o diagnóstico e 
tratamento dessa condição. O objetivo deste documen-
to é responder perguntas de questionamentos diários 
para ser um guia para o endocrinologista e o clínico 
dentro da realidade brasileira.

MATERIAIS E MÉTODOS

A elaboração desta diretriz foi incentivada pela SBEM 
dentro do seu programa de Guias Práticos. O modelo 
seguido foi nos moldes do Programa Diretrizes da Asso-
ciação Médica Brasileira (AMB) e do Conselho Federal 
de Medicina (CFM). Após a escolha dos participantes 
com reconhecida atuação e autoria de artigos na área, 
elaboraram-se as questões clínicas a serem respondidas.

A busca das publicações foi feita nas bases MedLine- 
PubMed, SciELO-Lilacs. Para classificação do grau de 
recomendação ou força de evidência do trabalho, uti-
lizou-se a Classificação de Oxford (4,5), que avalia o 
desenho do estudo utilizado e considera a melhor evi-
dência disponível para cada questão. 

Os graus de recomendação e força de evidência fo-
ram relatados da seguinte maneira:

A: estudos experimentais ou observacionais de me-
lhor consistência.

B: estudos experimentais ou observacionais de me-
nor consistência.

C: relatos de casos (estudos não controlados).
D: opinião desprovida de avaliação crítica, baseada 

em consensos, estudos fisiológicos ou modelos 
animais.

DEFINIÇÃO E FISIOLOGIA
1. O que é a vitamina D: nutriente ou pré-hormônio?

Embora seja denominada vitamina, conceitualmente se 
trata de um pré-hormônio. Juntamente com o parator-
mônio (PTH), ambos atuam como importantes regula-
dores da homeostase do cálcio e do metabolismo ósseo. 

A vitamina D pode ser obtida a partir de fontes ali-
mentares, por exemplo, óleo de fígado de bacalhau e 
peixes gordurosos (salmão, atum, cavala), ou por meio 
da síntese cutânea endógena, que representa a principal 
fonte dessa “vitamina” para a maioria dos seres huma-
nos (2,3,6,7) (A). A tabela 1 mostra algumas fontes ali-
mentares de vitamina D (3). 

Tabela 1. Fontes alimentares de vitamina D

Alimento Porção Conteúdo de vitamina D por 
porção

Salmão selvagem 100 g ~ 600-1.000 UI de vitamina D
3

Salmão de criação 100 g ~ 100-250 UI de vitamina D
3

Sardinha em conserva 100 g ~ 300 UI de vitamina D
3

Cavala em conserva 100 g ~ 250 UI de vitamina D
3

Atum em conserva 100 g ~ 230 UI de vitamina D
3

Óleo de fígado de bacalhau 5 mL ~ 400-1.000 UI de vitamina D
3

Gema de ovo 1 unidade ~ 20 UI de vitamina D
3

Cogumelos frescos 100 g ~ 100 UI de vitamina D
2

Cogumelos secos ao sol 100 g ~ 1.600 UI de vitamina D
2

Adaptada da referência 3.

A vitamina D pode ser encontrada sob as formas de 
ergocalciferol ou vitamina D2 e de colecalciferol ou vi-
tamina D3 (8). A vitamina D2 pode ser obtida a partir de 
leveduras e plantas, sendo produzida para uso comer-
cial, por meio da irradiação do ergosterol presente em 
cogumelos (8) (D). 

Na pele, o precursor é o 7-de-hidrocolesterol (7-
DHC) (8,9). Durante a exposição solar, os fótons UVB 
(ultravioleta B, 290-315 nm) penetram na epiderme e 
produzem uma fragmentação fotoquímica para originar 
o pré-colecalciferol. Segue-se uma isomerização depen-
dente da temperatura, que converte esse intermediário 
em vitamina D (ou colecalciferol) (Figura 1).

O colecalciferol é transportado para o fígado pela 
DBP (proteína ligadora da vitamina D). No fígado 
ocorre uma hidroxilação do carbono 25 (CYP27B1) 
com a formação de 25 hidroxivitamina D (25(OH)D), 
por um processo que não é estritamente regulado, já 
que ocorre sem controle, e que depende da combinação 
de suprimentos cutâneos e dietéticos da vitamina D (8). 
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Depois da etapa hepática, a 25(OH)D é transporta-
da para os rins pela DBP, onde ocorre a conversão em 
calcitriol ou 1,25 diidroxi-vitamina D [1,25(OH)2D] 
(Figura 1). Este é o metabólito mais ativo e é respon-
sável por estimular a absorção de cálcio e fosfato pelo 
intestino. A hidroxilação no rim é estimulada pelo PTH 
e suprimida pelo fósforo e pelo FGF-23. A produção 
de calcitriol é controlada estreitamente por retrorregu-
lação, de modo a influenciar sua própria síntese pela 
diminuição da atividade da 1α-hidroxilase. Ainda é res-
ponsável por acelerar sua inativação pela conversão da 
25(OH)D em 24,25(OH)2D. Esse mecanismo reflete 
uma ação direta da 1,25(OH)2D nos rins, porém ainda 
há uma ação inibitória sobre a produção de PTH nas 
paratiroides (8,9). A 1α-hidroxilase também pode ser 
encontrada em outras células e tecidos, tais como pele, 
próstata, mama, intestino, pulmão, célula β pancreática, 
monócito e células da paratiroide. A 1,25(OH)2D tam-
bém pode ser sintetizada localmente por essas células e 
tecidos (8,9) (D).

O receptor da vitamina D (VDR) pertence à su-
perfamília dos receptores nucleares dos fatores regula-
dores da transcrição dos hormônios esteroides, ácido 
retinoico, hormônio tiroidiano e vitamina D. Após a 
ligação da 1,25(OH)2D com o VDR, este interage com 
o receptor do ácido retinoico, formando um complexo 
heterodimérico (RXR-VDR) que, por sua vez, se liga a 
sequências específicas do DNA, conhecidas como ele-
mento responsivo à vitamina D (VDRE) (10,11). Os 
principais órgãos-alvo para a 1,25(OH)2D são o intesti-
no, o osso, as glândulas paratiroides e o rim. Entretan-
to, a presença de seus receptores foi demonstrada em 
vários outros tecidos (10,11) (D). 

Recomendação SBEM: as fontes de vitamina D ali-
mentares são escassas e os seres humanos dependem 
principalmente da produção cutânea catalisada pelos 
raios UVB solares (Evidência A). 

2. Quais são seus efeitos sobre o metabolismo 
ósseo?

Recomendação SBEM: a vitamina D ativa modula 
a síntese de PTH, aumenta a absorção de cálcio pelo 
intestino e está relacionada a melhor massa óssea e 
função muscular (Evidência A). 

As ações mais conhecidas e estudadas da vitamina D 
estão relacionadas ao metabolismo ósseo, onde seu pa-
pel é crucial. Ela participa da absorção intestinal do cál-
cio, função muscular, modulação da secreção de PTH e 
função das células ósseas.

As células da paratiroide expressam a enzima 
1α-hidroxilase e podem sintetizar a forma ativa, a 
1,25(OH)2D intracelularmente, a partir do pool sérico 
de 25(OH)D (12) (B). Em situações de hipovitami-
nose D, a menor síntese intracelular leva a hiperparati-
roidismo secundário que está associado a um aumento 
da reabsorção óssea (2,13-16) (B), apesar de os valores 
circulantes de 1,25(OH)2D estarem geralmente nor-
mais. Existe correlação inversa entre PTH e 25(OH)D, 
descrita em crianças (17) e idosos (2). Diversos valores 
de corte da 25(OH)D para normalização do PTH fo-
ram publicados, e a maioria se concentra entre 28 e 40 
ng/mL (70 a 100 nmol/L) (2,18-23) (C). Outras cau-
sas de hiperparatiroidismo secundário também  devem 
ser investigadas, como a insuficiência renal crônica 
(clearance de creatinina abaixo de 60 ml/min), doença 
de Paget, síndrome da fome óssea e as síndromes de 
má-absorção de cálcio e vitamina D (24).

A absorção de cálcio pelo intestino é dependente 
da ação da vitamina D ativa no duodeno, por meio de 
um processo saturável transcelular, cujo estímulo leva à 
síntese de proteínas como a calbindina-D9k (CaBP-9k) 
e o canal apical epitelial TRPV6 (13,14) (D). Entretan-
to, há evidências de que o transporte não saturável que 
ocorre com parte da absorção de cálcio no íleo humano 
também tem influência da vitamina D (25). No estudo 
de Heaney e cols., indivíduos com 25(OH)D de 35 
ng/mL tiveram uma absorção maior que aqueles com 
25 ng/mL (26) (B). Recentemente, observou-se incre-
mento da absorção de cálcio com o aumento da dose 

Figura 1. Fotobiossíntese de vitamina D.  
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de vitamina D3 ou concentração sérica de 25(OH)D, 
porém não há evidência de qual seria o valor mínimo 
de 25(OH)D que garantiria a absorção do cálcio pelo 
intestino no intervalo entre 16 a 52 ng/mL avaliado 
pelo estudo (27).

Estudos populacionais correlacionaram positiva-
mente a concentração de vitamina D com a massa ós-
sea, principalmente a do quadril, porém com diferentes 
limiares da concentração de 25(OH)D que variaram 
entre 12 a 36 ng/mL (30-90 nmol/L) (28-30) (C).

O tecido muscular expressa receptores de vitamina 
D (13) e, clinicamente, observa-se quadro de fraque-
za muscular e miopatia em pacientes com deficiência 
grave de vitamina D. Dhesi e cols. observaram que o 
número de quedas é maior em idosos com deficiência 
de vitamina D (31) (C). A administração de 800 UI 
de colecalciferol por 12 semanas conseguiu diminuir o 
número de quedas em 49% dos idosos (32) (B). O uso 
de colecalciferol está associado à prevenção de quedas 
em idosos com hipovitaminose D, mas não em idosos 
com valores séricos suficientes (33) (B). 

Em uma meta-análise dos principais estudos de in-
tervenção para osteoporose, Bischoff-Ferrari e cols. 
apontaram novamente valores de concentração sérica 
de 25(OH)D acima de 30 ng/mL (75 nmol/L) como 
os mais benéficos para a saúde em geral (A). A saú-
de óssea, aqui representada por uma melhor densidade 
mineral óssea (DMO) e redução do risco de quedas e 
fraturas osteoporóticas, de fêmur e não vertebrais, pare-
ce ser beneficiada por concentrações séricas de 25(OH)
D a partir de 30 ng/mL (75 nmol/L), sugerindo-se 
concentrações próximas de 36 ng/mL (90 nmol/L) 
como as mais vantajosas (34-36). Os mesmos valores 
de 25(OH)D parecem beneficiar a força muscular de 
membros inferiores, que foi avaliada pelo teste da cami-
nhada, ou seja, o indivíduo é avaliado quanto ao tempo 
que necessita para caminhar uma distância equivalente 
a 8 passos. Indivíduos com concentrações de 25(OH)
D entre 36 e 40 ng/mL (90 e 100 nmol/L) parecem 
desempenhar o teste de forma mais veloz. As evidências 
sugerem também que valores mais elevados de 25(OH)
D se associam com um menor risco de câncer colorretal 
e de doença periodontal (36) (A). 

Em relação ao tecido ósseo, evidências sugerem 
que a 1,25(OH)2D estimule a mineralização por um 
processo indireto que ocorre com o aumento da absor-
ção intestinal dos minerais, que serão incorporados na 
matriz óssea. O calcitriol em concentrações fisiológicas 
promove a mobilização do cálcio para o osso, ao passo 

que a administração de grandes doses gera remodela-
ção óssea excessiva. Os osteoblastos possuem receptor 
para 1,25(OH)2D. Esse hormônio modula a expressão 
gênica de fosfatase alcalina e osteocalcina. Portanto, no 
processo de remodelação óssea, a 1,25(OH)2D é es-
sencial tanto para a formação quanto para a reabsorção 
óssea (37). 

Priemel e cols. avaliaram 675 biópsias ósseas e cor-
relacionaram os achados de histomorfometria com a 
concentração sérica de 25(OH)D. A presença de de-
feitos da mineralização óssea somente foi encontra-
da em indivíduos com concentração sérica abaixo de 
30 ng/mL (75 nmol/L) (38) (B). 

O papel da vitamina D em desfechos não ósseos, 
tais como mortalidade, risco cardiovascular, câncer, 
doenças autoimunes, ainda é motivo de controvérsia 
(39,40).

DIAGNÓSTICO
3. Como definir hipovitaminose D?

Recomendação SBEM: a determinação do metabó-
lito 25 hidroxivitamina D (25(OH)D) deve ser utili-
zada para a avaliação do status de vitamina D de um 
indivíduo (Evidência A). 

Há o consenso de que a 25(OH)D (calcidiol) é 
o metabólito mais abundante e o melhor indicador 
para a avaliação do status de vitamina D (A), classifi-
cando-se os indivíduos como: deficientes, insuficien-
tes ou suficientes em vitamina D (3,6,41,42). Em 
contrapartida, não há um consenso quanto ao valor 
de corte para a definição de “suficiência em vitamina 
D” (6,43,44). 

Os valores discutidos na literatura médica, baseados 
em estudos populacionais com ênfase na homeostase do 
cálcio e na saúde óssea, variam de 20 a 32 ng/mL (50 
a 80 nmol/L) (26,43-47). Vários especialistas concor-
dam que, para correção do hiperparatiroidismo secun-
dário, redução do risco de quedas e fraturas e a máxima 
absorção de cálcio, o melhor ponto de corte de 25(OH)
D é de 30 ng/mL (75 nmol/L) (6,41,46). Dessa ma-
neira, concentrações séricas abaixo de 20 ng/mL (50 
nmol/L) são classificadas como deficiência, entre 20 
e 29 ng/mL (50 e 74 nmol/L) como insuficiência e 
entre 30 e 100 ng/mL (75 e 250 nmol/L) como su-
ficiência. Portanto, concentrações séricas de 25(OH)D 
abaixo de 30 ng/mL (75 nmol/L) são consideradas 
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por muitos como hipovitaminose D (3,41-43,48,49). 
Esses valores foram reconhecidos pela diretriz da Endo
crine Society (41), porém diferem daqueles aceitos (20 
ng/mL) pelo Institute of Medicine (IOM) (50) (B). Na 
população geral, não há evidência de benefício na men-
suração da 25(OH)D devido ao alto custo, porém, se-
gundo a Endocrine Society, para alcançar a melhor saúde 
óssea, é recomendável a suplementação de crianças até 
1 ano com pelo menos 400 UI/dia; entre 1 e 70 anos, 
pelo menos 600 UI/dia, enquanto, acima dos 70 anos, 
800 UI/dia (41).

Recomendação SBEM: concentrações de 25(OH)D 
acima de 30 ng/mL são desejáveis e devem ser as me-
tas para populações de maior risco, pois, acima dessas 
concentrações, os benefícios da vitamina D são mais 
evidentes, especialmente no que se refere a doenças 
osteometabólicas e redução de quedas (Evidência B).

4. Quais as implicações metodológicas para as de-
terminações plasmáticas da 25(OH)D?
Recomendação SBEM: os métodos baseados em 
cromatografia são considerados padrão-ouro para a 
avaliação laboratorial da 25(OH)D, porém métodos 
imunométricos automatizados podem ser utilizados 
na prática clínica, considerando-se a boa correlação 
com o método de excelência, além da praticidade e 
menor custo. Porém, o clínico deve estar ciente das 
possíveis falhas ocasionadas pelos diversos interferen-
tes do método, podendo levar a erros de classificação 
diagnóstica (Evidência B). 

A concentração sérica de 25(OH)D circulante é o 
melhor método para se avaliar a vitamina D. Apesar dis-
so, existem controvérsias em relação ao melhor método 
para a avaliação da 25(OH)D. Alguns fatores devem ser 
considerados quando se avaliam os níveis dessa vitami-
na, como a falta de um controle regulatório fisiológico 
preciso (feedback), a variabilidade dos métodos e pa-
drões, a inclusão de metabólitos contaminantes na aná-
lise, entre outros. O radioimunoensaio (RIA) utilizado 
no passado subestimava os níveis de 25(OH)D quando 
os níveis dominantes eram de 25(OH)D2, substituído 
por imunoensaios automatizados quimioluminescentes 
que tendem a ter resultados mais elevados, ou ensaios 
imunoenzimáticos que medem a 25(OH)D total, com-
binação da vitamina D2 (25(OH)D2) e vitamina D3 
(25(OH)D3) (51) (B). 

Os métodos que não empregam detecção imunológi-
ca direta são a cromatografia líquida de alto desempenho 
(HPLC) acoplada à espectrometria de massa (LC-MS), 
que podem distinguir níveis individuais de 25(OH)
D2 e 25(OH)D3 e são considerados o padrão-ouro de 
avaliação, utilizados como referência (52) (B). Tanto a 
1,25(OH)2D como a 25(OH)D circulam predominan-
temente ligadas a proteínas e podem ser mensuradas. 
Entretanto, para avaliar o status de vitamina D, utiliza-
se a medida do nível sérico total da 25(OH)D, incluin-
do ambas as formas D3 e D2. Seus resultados podem 
ser expressos em nanograma por mililitro (ng/mL) ou 
nanomol por litro (nmol/L). Basta multiplicar o valor 
expresso em ng/mL por 2,5 para obter o corresponden-
te em nmol/L. Os métodos automatizados permitem o 
uso em rotinas clínicas, são rápidos e apresentam níveis 
de 25(OH)D2 e 25(OH)D3 em conjunto, enquanto 
métodos de LC-MS podem distinguir entre 25(OH)
D2 e 25(OH)D3, sendo úteis, portanto, na avaliação da 
efetividade da suplementação de D2 versus D3 endógena. 
Esses métodos cromatográficos, embora mais precisos, 
são mais trabalhosos e mais caros (53) (B). 

Recomendação SBEM: para conversão da concen-
tração de 25(OH)D de ng/mL para nmol/L, basta 
multiplicar pelo fator 2,5. 

A acurácia das medidas varia amplamente entre os 
laboratórios e entre os diferentes ensaios e, mesmo com 
amostras idênticas, essa variação pode atingir até 17 
ng/mL (53). O imunoensaio requer o desenvolvimen-
to de anticorpos seletivos para 25(OH)D2 e 25(OH)
D3 que preferencialmente não tenham reação cruzada 
com nenhum outro metabólito. Podem ocorrer, ainda, 
efeitos da matrix, que são componentes endógenos que 
modificam a ligação do anticorpo a 25(OH)D do ma-
terial a ser analisado. Metabólitos com menor potencial 
fisiológico acabam sendo incluídos na quantificação, 
como o 3-epímero da 25(OH)D, que pode corres-
ponder até a 5% da 25(OH)D total. Como apresenta 
peso molecular idêntico a 25(OH)D, não é separado 
pela LC-MS. Finalmente, a 24,25 di-hidroxivitamina D 
(24,25(OH)2D), considerado um metabólito inativo, 
chega a corresponder a até 20% do total da 25(OH)D 
medida, sendo que alguns ensaios apresentam 100% de 
reação cruzada (51,54).

O uso de um valor de corte padrão para avaliar o 
status de vitamina D é problemático se aplicado para to-
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dos os laboratórios e todos os métodos, considerando 
que existem ainda diferenças na extração da vitamina D 
de sua proteína ligadora, medida cruzada de 25(OH)
D2, 25(OH)D3 e outros metabólitos além da falta de 
padronização (52,53) e, por esse motivo, foram criadas 
ferramentas de controle de qualidade como o DEQAS 
(International Vitamin D External Quality Assessment 
Scheme) na tentativa de diminuir essas variações na aná-
lise dos dados (55). 

Os métodos mais utilizados atualmente são en-
saios competitivos baseados em anticorpos específicos 
e marcadores não radioativos. Procura-se a melhoria 
na comparabilidade entre os resultados obtidos com 
diferentes metodologias. Qualquer que seja o méto-
do empregado é fundamental uma definição precisa 
da faixa de normalidade (56). Ressalta-se também 
que a variabilidade intraindivíduo pode ser de 12,1 
a 40,3% (57).

As condições clínicas que interferem nos níveis sé-
ricos de 25(OH)D são altamente dependentes de fato-
res ambientais e do estilo de vida, particularmente da 
exposição aos raios UVB. Polimorfismos no gene da 
CYP27B1, que codifica a 1α-hidroxilase, mostraram 
forte correlação com variações nas concentrações da 
25(OH)D. A DBP (Vitamin D Binding Protein) é o 
principal transportador de metabólitos da vitamina D, 
sendo seu fenótipo preditor de concentrações séricas 
da 25(OH)D. Certos polimorfismos podem ser mais 
eficientes na ligação, ativação e metabolismo da vita-
mina D e então interferir em seus níveis circulantes. 
Polimorfismos genéticos são grandes contribuintes na 
heterogeneidade nas manifestações clínicas da hipo-
vitaminose D, especialmente entre os grupos raciais 
(51,58) (B).

EPIDEMIOLOGIA
5. Quais são as populações de risco para a 
hipovitaminose D? Qual é a prevalência no Brasil?

Recomendação SBEM: não está recomendada a 
mensuração da 25(OH)D para a população geral. A 
avaliação está recomendada na suspeita de deficiência 
para indivíduos pertencentes a populações de risco ou 
naqueles para cuja situação clínica seja relevante (Evi-
dência A).

O Departamento de Metabolismo Ósseo e Mineral 
da SBEM está de acordo com as diretrizes publicadas 

pela Endocrine Society, que não recomenda a avaliação 
da 25OHD para a população geral considerando-se 
o custo dessa mensuração. Recomenda-se a avaliação 
laboratorial em indivíduos com risco para a hipovita-
minose D ou naqueles para cuja situação clínica seja 
relevante. Os candidatos à mensuração seriam: pacien-
tes com quadro de raquitismo ou osteomalácia, por-
tadores de osteoporose, idosos com história de que-
das e fraturas, obesos, grávidas e lactentes, pacientes 
com síndromes de má-absorção (fibrose cística, doença 
inflamatória intestinal, doença de Crohn, cirurgia ba-
riátrica), insuficiência renal ou hepática, hiperparati-
roidismo, medicações que interfiram no metabolismo 
da vitamina D (anticonvulsivantes, glicocorticoides, 
antifúngicos, antirretrovirais, colestiramina, orlistat), 
doenças granulomatosas e linfomas (41,59) (A). É útil 
também na avaliação da suspeita de casos de intoxica-
ção por vitamina D.

Além disso, é importante ressaltar que toda a con-
dição que limite a exposição solar pode potencialmente 
causar hipovitaminose D e podem ser acrescentados à 
lista indivíduos em regime de fotoproteção (60) (D) e 
usuários de vestimenta religiosa (véu, burca, paramen-
tos, batina) (61-63) (C). 

A hipovitaminose D é um problema de saúde 
mundial e o Brasil está inserido nesse cenário, apre-
sentando também uma elevada prevalência de hipo-
vitaminose D na população (B). A tabela 2 apresenta 
alguns dos principais estudos brasileiros e dois multi-
nacionais que incluíram o Brasil, publicados na última 
década. De forma geral, em várias regiões do Brasil, 
os estudos indicam valores subótimos de vitamina D, 
verificando-se alta prevalência de hipovitaminose D 
em diversas faixas etárias. A maioria dos estudos abor-
dou principalmente idosos e mulheres na pós-meno-
pausa que são populações de risco para osteoporose 
(C). Entretanto, três estudos envolvendo adolescen-
tes mostraram uma alta prevalência de hipovitamino-
se D inclusive nessa parcela da população brasileira 
(64-66). Os fatores que parecem favorecer a presença 
de concentrações séricas mais elevadas em nossa po-
pulação são: idade mais jovem (64,67-69), vida na 
comunidade (70), prática de exercícios físicos ao ar 
livre (64,71), suplementação oral de vitamina D (72), 
estação do ano (primavera e verão) (68-73), residir em 
cidades litorâneas e ensolaradas (74,75) e em latitudes 
mais baixas (76).
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Tabela 2. Prevalência de hipovitaminose D no Brasil 

Autor, 
ano n População Idade (anos) 

Média ± DP
Local, 

latitude
25(OH)D (ng/mL) 

Média ± DP

25(OH)D 
(ng/mL) 
Valor de 

corte

Prevalência 
(%)

Vitamina D 
Ingestão ou 

suplementação 
oral

Saraiva, 

2005

(73)

e

2007 (70)

420

177

243

Idosos, > 65 anos

Institucionalizados

125 M e 52 H

Da comunidade

168 M e 75 H

76 ± 9

79 ± 6

São Paulo, SP

23ºS

14,4 ± 9,2

19,6 ± 11,2

< 10

< 20

< 40

< 10

< 20

< 40

41

71

99

16

42

96

7% com 
suplementação 
oral: dose diária

125-1.000 UI

4% com 
suplementação

10% com 
suplementação

Lips, 2006

(78)

151 Mulheres na 
pós-menopausa com 

osteoporose > 41 
anos, em 

acompanhamento 
ambulatorial

67 Vitória, ES

20ºS

32,4 < 20

< 30

15

42

Valores não 
mencionados

Maeda, 
2007 (68)

121 Voluntários,

17-33 anos,

72 M e 49 H

24 ± 2 São Paulo, SP

23ºS

31,2 ± 13,2 < 28,8

< 40

50

75

Sem 
suplementação

Silva, 
2008

(72)

180 Pacientes 
ambulatoriais de 
endocrinologia, 

14-91 anos,

165 M e 15 H

58 Belo 
Horizonte,

MG

19ºS

39,6 ± 16,8 < 14

< 32

0,8

42

27% com 
suplementação 

oral: doses 
variadas

Peters, 
2008

(64)

136 Adolescentes,

16-20 anos, 

72 M e 64 H

18 Indaiatuba, SP

23ºS

29,2 ± 0,8 ≤ 10

≤ 30

0

62

Ingestão média 
diária de

140 UI

Russo, 
2009

(77)

251 Voluntárias na 
pós-menopausa com 
baixa massa óssea, 

50-85 anos

67 ± 6 Rio de 
Janeiro, RJ

22ºS

26,0 ± 10,4 < 10

< 20

< 30

< 40

2

27

67

92

Sem 
suplementação

Kuchuk, 
2009

(79)

1.486 Mulheres na 
pós-menopausa com 
osteoporose, 50-85 

anos

- Latitude 
15°S-23ºS

28,0 ± 7,6 < 10

< 20

< 30

0,5

12,5

66

Valores não 
mencionados

Lopes,

2009

(80)

415 Mulheres 
pós-menopausa com 

e sem fraturas

Sem fratura: 72,1 
± 4,4

Com fratura: 74,6 
± 5,8

São Paulo, SP

23ºS

Sem fratura: 20,7 ± 
10,7 

Com fratura: 16,9 ± 
8,2

< 30 Sem fratura: 
82,3%  

Com fratura: 
93,65%

Usuárias de 
suplementação 
foram excluídas

Maeda, 
2010

(71)

99 Praticantes de 
exercícios físicos, 2 
horas semanais de 

atividade física  
ao ar livre,

52 M e 47 H

67 ± 6 São Paulo, SP

23ºS

31,6 ± 12,4 < 10

< 20

3

19

7% com 
suplementação 

oral: 200-400 UI

Unger, 
2010

(67)

603 Voluntários:

funcionários e 
estudantes da USP, 
18-80 anos, 485 M 

e 118 H

47 ± 13 São Paulo, SP

23ºS

Mediana 
pós-inverno: 21,4

Pós-verão: aumento 
de 10,6

< 30 77 Parâmetros não 
avaliados

Bandeira, 
2010

(74)

93 Mulheres saudáveis 
na pós-menopausa

65 ± 7 Recife, PE

8ºS

28,8 ± 14,8 < 20 24 Parâmetros não 
avaliados
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Neves, 
2012

(75)

91 Idosos com HAS,  
> 60 anos, 

81 M e 10 H

69 ± 7 João Pessoa, 
PB

7ºS

Adequados: 44,8 ± 
12,5

Inadequados: 24,0 ± 
3,5

< 20

< 30

4

33

Sem 
suplementação

Santos, 
2013

(66)

234 Adolescentes 7-18 
anos

13,0 ± 1,9 Curitiba, PR 
25º

Variou de 20,8 a 
22,0 nos tercis 

estudados

< 30

< 20

90,6

63,7

Sem 
suplementação

Oliveira,

2013

(65)

160 Adolescentes, 

15-17 anos, 

71 M e 89 H

16 Juiz de Fora, 
MG

21ºS

- ≤ 10

≤ 30

1,3

70,6

Ingestão média 
diária de 88 UI

Maeda, 
2013

(69)

591 Voluntários,

17-100 anos,

388 M e 203 H 

Institucionalizados: 
76,2 ± 9,0 

Comunidade: 79,6 
± 5,3

Exercício: 67,6 ± 
5,4

Jovens: 23,9 ± 2,8

São Paulo, SP

23ºS

Institucionalizados: 
15,0 ± 11,9

Comunidade: 19,8 ± 
11,0

Exercício: 31,5 ± 
12,4

Jovens: 34,5 ± 14,0

< 10

< 20

< 30

19

47

73

6% com 
suplementação 

oral: 200-400 UI

Arantes,

2013

(76)

1.933 Mulheres na 
pós-menopausa com 
baixa massa óssea, 

60-85 anos 

67 ± 5 Latitude

8°S-33°S

27,2 ± 8,4 ≤ 30 68,3 Parâmetros não 
avaliados

Martini, 
2013

(81)

636 Adolescentes, 
adultos e idosos

- São Paulo, SP

23ºS

H: 16,7

M: 19,2

< 20 - Ingestão variou de 
108 a 140 UI/d

Cabral,

2013

(82)

284 Homens, avaliado 
fototipo de pele

69,4 ± 6,5 Recife, PE

8ºS

28,0 ± 13,6 < 20

< 30

31,5

66,7

2,5% tomavam 
suplementos

Autor, 
ano n População Idade (anos) 

Média ± DP
Local, 

latitude
25(OH)D (ng/mL) 

Média ± DP

25(OH)D 
(ng/mL) 
Valor de 

corte

Prevalência 
(%)

Vitamina D 
Ingestão ou 

suplementação 
oral

TRATAMENTO

6. Como tratar hipovitaminose D em pacientes com 
risco para deficiência? 

Recomendação SBEM: não se indica suplementação 
generalizada de vitamina D para toda a população. Os 
benefícios do tratamento com vitamina D são mais 
evidentes especialmente nas populações com risco 
para deficiência (Evidência A). 

As evidências atuais não suportam o conceito de 
suplementação generalizada da população (41) (A). 
Como a adequação de vitamina D em nosso meio pos-
sui íntima dependência da sua produção cutânea secun-
dária à exposição solar, indivíduos com baixa insolação 
constituem-se a principal população de deficientes. 
Portanto, um inquérito simples poderá trazer informa-
ções importantes sobre a probabilidade de deficiência 
de vitamina D de determinado indivíduo. 

A complementação das necessidades diárias, assim 
como o tratamento da deficiência, deve ser realizada 
para indivíduos com risco para hipovitaminose D (ler 
Epidemiologia) e naqueles com contraindicação clínica 
para exposição solar, como no câncer de pele, trans-
plantados ou no lúpus eritematoso sistêmico (A). 

Em nosso meio, a forma mais disponível de vitamina 
D para tratamento e suplementação é o colecalciferol 
ou vitamina D3 e este é o metabólito que tem se mos-
trado mais efetivo (Apêndice 1). O ergocalciferol ou 
vitamina D2 também pode ser usado como suplemento, 
entretanto os estudos mostram que, por sua meia-vida 
ser um pouco inferior à D3, a posologia deva ser prefe-
rencialmente diária (83). Além disso, alguns métodos 
laboratoriais que dosam 25(OH)D reconhecem apenas 
a 25(OH)D3, o que pode trazer problemas no controle 
dos níveis plasmáticos quando se faz a suplementação 
com vitamina D2. Portanto, embora a suplementação 
e o tratamento possam ser feitos com ambos os me-
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tabólitos da vitamina D, deve-se dar preferência para 
a vitamina D3 pelas vantagens sobre a manutenção de 
concentrações mais estáveis.

As doses para tratamento variam de acordo com o 
grau de deficiência e com a meta a ser atingida. Apa-
rentemente, concentrações de 25(OH)D superiores a  
12 ng/mL seriam suficientes para se evitar o raquitis-
mo e a osteomalácia, assim como para normalizar a 
absorção intestinal de cálcio (84,85). Entretanto, para 
reduzir fraturas, concentrações acima de 24 ng/mL são 
necessárias (86), enquanto, para evitar o desenvolvi-
mento de hiperparatiroidismo secundário, concentra-
ções acima de 30 ng/mL são desejáveis (69). Portanto, 
especialmente durante o tratamento da osteoporose, 
recomenda-se que a 25(OH)D plasmática esteja acima 
de 30 ng/mL. 

Como regra prática pode se predizer que, para 
cada 100 UI suplementadas, um aumento de 0,7 a 
1,0 ng/mL nas concentrações de 25(OH)D é conquis-
tado (41). Entretanto, outros trabalhos mostram que 
essa curva de dose-resposta pode não ser linear. 

Em um trabalho desenvolvido no Brasil em uma po-
pulação institucionalizada com alta prevalência de hipovi-
taminose (40,4% com 25(OH)D < 20 ng/mL), a suple-
mentação com 7.000 UI/semana de colecalciferol, que 
corresponderia a 1.000 UI/dia, produziu uma elevação 
média de 7,5 ng/mL nas concentrações de 25(OH)D 
após três meses (87) e essa elevação atingiu um platô por 
volta de seis semanas. Entretanto, como já reconhecido 
por outros autores, esse aumento foi mais evidente na-
queles indivíduos com valores iniciais mais baixos (< 20 
ng/mL), cujo incremento médio foi de 10,3 ng/mL ao 
final dos três meses de tratamento, enquanto aqueles que 
se encontravam com concentrações de 25(OH)D acima 
de 20 ng/mL elevaram, em média, apenas 5,18 ng/mL. 
Apesar disso, 45% dos indivíduos ainda se mantiveram 
insuficientes (30 ng/mL) e 10% ainda permaneciam de-
ficientes (< 20 ng/mL) ao final dos três meses de re-
posição. Isso demonstra que, para valores abaixo de 
20 ng/mL, doses maiores do que 1.000 UI/dia serão 
necessárias se a meta a ser atingida for 30 ng/mL (B). 

Em uma população institucionalizada semelhante, 
Moreira-Pfrimer e cols. demonstraram, em um estudo 
prospectivo randomizado duplo-cego e controlado por 
placebo, que uma dose média de 3.700 UI/dia de vita-
mina D3 por 6 meses foi capaz de levar o grupo tratado 
ao final para concentrações médias de 34,6 (variação de 
20,9 a 48,4) ng/mL, enquanto o grupo que recebeu 
placebo permaneceu em 20,7 (variação de 9,4 a 41,2) 
ng/mL (p < 0,0001). Houve um aumento significativo 
na calcemia no grupo tratado com vitamina D, mas sem 
que nenhum paciente, entretanto, tivesse desenvolvido 
hipercalcemia (88) (A). 

Institucionalizados e acamados são uma popula-
ção com elevado risco para deficiência. Mocanu e cols. 
avaliaram o efeito da fortificação de um pãozinho com 
320 mg de cálcio e 5.000 UI de vitamina D em uma 
população de institucionalizados por 12 meses. Verifi-
caram um aumento efetivo de 25(OH)D (média inicial 
de 11,4 ng/mL e final de 50,0 ng/mL), sendo que 
92% dos indivíduos superaram a meta de 30 ng/mL. 
Nenhum indivíduo desenvolveu hipercalcemia ou hi-
percalciúria. As concentrações de PTH se reduziram 
ao longo do tratamento e houve aumento significan-
te da DMO da coluna lombar e fêmur proximal (89). 
Entretanto, quando reavaliada essa mesma população 
três anos após a suspensão da fortificação, verificou-se 
que esses benefícios conquistados com a suplementação 
com vitamina D haviam sido perdidos (90). 

Apêndice 1. Medicamentos com vitamina D
3
 (colecalciferol) isolada 

disponíveis no Brasil até o momento

Nome 
comercial

Laboratório Tamanho 
embalagem

Concentração/
unidade

Addera D
3

Mantecorp/
Farmasa

10 mL 132 UI/gota

Addera D
3

Mantecorp/
Farmasa

30 comprimidos 1.000 UI/
comprimido

Addera D
3

Mantecorp/
Farmasa

4 comprimidos 7.000 UI/
comprimido

Addera D
3

Mantecorp/
Farmasa

4 comprimidos 50.000 UI/
comprimido

BioD União Química 20 mL 200 UI/gota

Dforte Marjan Farma 60 cápsulas 200 UI/cápsula

DPrev Myralis Pharma 30 cápsulas 1.000 UI/cápsula

DPrev Myralis Pharma 30 cápsulas 2.000 UI/cápsula

DPrev Myralis Pharma 30 cápsulas 5.000 UI/cápsula

DPrev Myralis Pharma 30 cápsulas 7.000 UI/cápsula

DePura Sanofi 10 e 20 mL 200 UI/gota

DePura Kids Sanofi 10 e 20 mL 200 UI/gota

DeSol Apsen 10 e 20 mL 200 UI/gotas

Dose D Aché 10 e 20 mL 200 UI/gota

Maxxi D
3

Myralis Pharma 10 e 100 mL 200 UI/gota

Vitax D
3

Arese Pharma 90 cápsulas 200 UI/cápsula

Vitax D
3

Arese Pharma 20 mL 200 UI/gota

Vitersol D Marjan 20 mL 200 UI/gota

Vitersol D Marjan 60 cápsulas 200 UI/cápsula
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Em uma população de mulheres pós-menopausa-
das em tratamento para osteoporose acompanhadas em 
ambulatório específico, Camargo (91) demonstrou que 
doses semanais superiores a 7.000 UI (> 1.000 UI/dia) 
são necessárias para que se atinja a suficiência de vitami-
na D (25(OH)D > 30 ng/mL), o que está de acordo 
com a proposição da Endocrine Society para populações 
idosas de risco (Tabela 3). Segundo esse trabalho brasi-
leiro, 73% dos pacientes, acompanhados há pelo menos 
três meses em ambulatório direcionado para tratamen-
to da osteoporose, estavam abaixo da meta desejada  
(> 30 ng/mL) (Figura 2). Nesse mesmo trabalho, uma 
correlação positiva foi encontrada entre concentrações 
de 25(OH)D e DMO de fêmur e uma correlação nega-
tiva com o PTH (91). 

Em crianças e adolescentes as doses, aparentemente, 
não variam muito das do adulto, a não ser até o primei-
ro ano de vida (Tabela 3). Winzenberg e cols., em uma 
meta-análise que envolveu seis estudos que avaliavam a 

suplementação com vitamina D em crianças saudáveis, 
conseguiram agrupar 343 participantes que receberam 
placebo e 541 que receberam vitamina D e as análises 
sugeriram um benefício da suplementação sobre o ga-
nho de massa óssea na coluna e corpo total naquelas 
crianças previamente deficientes (92). Portanto, como 
já observado em outros estudos, os desfechos positi-
vos da suplementação são sempre muito mais evidentes 
quando as populações estudadas eram inicialmente de-
ficientes (A). 

Vieth, em um trabalho realizado no Canadá, testou 
duas doses de vitamina D3 comparadas com placebo. A 
primeira dose foi de 1.400 UI/semana (ou 200 UI/
dia), a mesma quantidade recomendada pelas tabelas 
nutricionais atuais do Ministério da Saúde do Brasil. 
A segunda dose foi de 14.000 UI/semana, ambos os 
grupos acompanhados por 12 meses. O grupo que re-
cebeu 1.400 UI/semana não apresentou incremento 
significativo nas concentrações de 25(OH)D, enquanto 
o grupo que recebeu 14.000 UI obteve um incremento 
de 15 para 30 ng/mL ao final de 12 meses (93). A par-
tir deste e de outros trabalhos semelhantes, foi proposta 
uma alteração nas tabelas de recomendações diárias de 
vitamina D em diversos países. 

Em 2011, o Institute of Medicine dos Estados Uni-
dos, órgão que regulamenta as tabelas de referências 
de ingestão dietética (DRIs) para a população geral, 
aumentou a recomendação diária para 600 UI para in-
divíduos entre 1 e 70 anos e para 800 UI para aqueles 
com > 70 anos (Tabela 3) (50,94). Entretanto, a tabela 
nutricional brasileira permanece com a recomendação 
de ingestão diária de 200 UI, embora diversos estudos 
nacionais tenham comprovadamente demonstrado que 
a alimentação do brasileiro não é fonte relevante de vi-
tamina D (64,95), que dependemos da síntese cutânea 
para obter suficiência em vitamina D e que a deficiência 
está presente em todas as faixas etárias e grupos popula-
cionais, em especial entre os idosos (70,74,76,80) (C).

De maneira geral, quando a 25(OH)D está muito 
abaixo do desejado (abaixo de 20 ng/mL), o esquema 
de ataque é necessário para repor os estoques corporais. 
O esquema mais utilizado atualmente é de 50.000 UI/
semana (ou 7.000 UI/dia) de vitamina D por 6 a 8 se-
manas (41). Caso a meta de 25(OH)D não tenha sido 
atingida, um novo ciclo pode ser proposto. Como pode 
existir uma variação individual na resposta ao tratamen-
to, a reavaliação dos valores plasmáticos após cada ciclo 
mostra-se ideal, especialmente nos casos de deficiências 
mais graves, até que a meta seja alcançada. Após esse pe-

Figura 2. Percentual de inadequação de vitamina D de acordo com as 
concentrações plasmáticas de 25-hidroxivitamina D (25(OH)D) em uma 
população de indivíduos com osteoporose acompanhados em um 
ambulatório-escola (91). 
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Tabela 3. Doses de manutenção diárias de vitamina D recomendadas 
para população geral e para população de risco para deficiência 

Faixas etárias  População geral (UI) População de risco 
(UI)

0 – 12 meses 400 400 – 1.000

1 – 8 anos 400 600 – 1.000

9 – 18 anos 600 600 – 1.000

19 – 70 anos 600 1.500 – 2.000

> 70 anos 800 1.500 – 2.000

Gestantes 14 – 18 anos 600 600 – 1.000

Gestantes > 18 anos 600 1.500 – 2.000

Lactantes 14 – 18 anos 600 600 – 1.000

Lactantes > 18 anos 600 1.500 – 2.000

Adaptada com base nas tabelas nutricionais do Institute of Medicine e da Endocrine Society. 
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ríodo, a dose de manutenção deve ser instituída e varia 
de acordo com a faixa etária e com as condições conco-
mitantes (Tabela 3). Para adultos, doses de manutenção 
variam entre 400 e 2.000 UI, a depender da exposição 
solar e da coloração da pele. Para idosos, as doses reco-
mendadas variam de 1.000 a 2.000 UI/dia ou 7.000 a 
14.000 UI/semana. Indivíduos obesos, portadores de 
má-absorção ou em uso de anticonvulsivantes podem 
necessitar de doses duas a três vezes maiores (41) (A).

 

Recomendação SBEM: doses recomendadas para 
manutenção da suficiência de vitamina D estão indi-
cadas na tabela 3, variando para as diferentes faixas 
etárias. Entretanto, para correção de deficiência, do-
ses maiores iniciais (ataque) são necessárias (Evidên-
cia A).

 
Por ser uma substância lipossolúvel, a vitamina D 

é absorvida juntamente com as gorduras e faz parte 
do ciclo êntero-hepático, isto é, ela é normalmente 
secretada pela secreção biliar e reabsorvida no intes-
tino delgado. Portanto, especialmente nos casos de 
má-absorção, doses muito superiores às habituais po-
dem ser necessárias para que se consiga normalizar as 
concentrações de 25(OH)D. Além disso, nos estudos 
de suplementação e na prática diária é possível notar 
uma variação individual nas concentrações sanguíneas 
da 25(OH)D atingidas em resposta a uma mesma dose 
de vitamina D, sugerindo que os indivíduos possam ter 
diferentes competências na sua absorção intestinal ou 
na sua metabolização (96). Não parece haver diferenças 
na absorção da vitamina D considerando-se jejum ou o 
tipo de refeição (97). 

Recomendações SBEM: o risco de intoxicação com 
as doses preconizadas neste documento são pratica-
mente nulas (Evidência A). Cuidados maiores devem 
ser tomados quando se utilizam formulações magis-
trais (Evidência D) e em indivíduos com doenças com 
produção anômala de 1,25 di-hidroxivitamina D pe-
los tecidos, como nas doenças granulomatosas e em 
alguns linfomas (Evidência B).

A vitamina D3, quando administrada nas posologias 
descritas anteriormente, é bastante segura. Doses de 
até 10.000 UI por dia por cinco meses não induziram 
sinais de toxicidade, que se traduzem por hipercalce-
mia e hipercalciúria (98) (A). Concentrações tóxicas de 

25(OH)D (> 90 ng/mL) são dificilmente alcançadas 
com essas doses habituais (99). Em raras situações clíni-
cas, como em alguns casos de doenças granulomatosas 
(sarcoidose, tuberculose e infecções fúngicas crônicas) 
e alguns linfomas, os macrófagos ativados podem pro-
duzir localmente 1,25(OH)2D em excesso e induzir 
hipercalcemia e hipercalciúria (B). Crianças com a sín-
drome de Williams já são mais predispostas à hipercal-
cemia. Portanto, nessas condições, a suplementação 
deve ser mais criteriosa e com monitorização frequente 
do cálcio plasmático e urinário (41). 

7. Quais as diferenças entre vitamina D2 e D3?

Recomendação SBEM: o tratamento da deficiência 
e a suplementação de vitamina D podem ser feitos 
tanto com a vitamina D3 (colecalciferol) como com 
a vitamina D2 (ergocalciferol), embora o primeiro 
metabólito apresente algumas vantagens sobre o se-
gundo, por ser o mais disponível no mercado, por 
apresentar maior experiência em estudos clínicos, por 
possibilitar posologias mais versáteis, por promover 
elevações mais efetivas e por ser identificada por todos 
os métodos laboratoriais (Evidência B).

As fontes de vitamina D são: a exposição solar, a 
dieta e a suplementação. A diferença principal entre a 
vitamina D2 (ergocalciferol) e a vitamina D3 (colecalci-
ferol) é a fonte. Em resumo, a vitamina D fornecida por 
fontes vegetais está na forma de vitamina D2, enquanto 
aquela fornecida pelas fontes animais está na forma de 
vitamina D3. As formas D2 e D3 diferem apenas pela 
presença de uma ligação dupla adicional e um gru-
po metil incorporados à longa cadeia lateral da forma 
biológica denominada D2 (100). As duas formas pos-
suem potências biológicas equivalentes e são ativadas 
de modo igualmente eficientes pelas hidroxilases em 
seres humanos. Entretanto, existe controvérsia sobre a 
bioequivalência dessas formulações na suplementação. 
Uma meta-análise avaliando somente estudos contro-
lados e randomizados que utilizaram vitamina D2 e D3 
mostrou que a vitamina D3 aumentou mais significati-
vamente os níveis de 25(OH)D comparados à vitamina 
D2 (p = 0,001), sendo a dose única ou em bólus de 
vitamina D3 melhor que a de D2 (p = 0,0002). Entre-
tanto, essa vantagem se perdeu na suplementação diária 
(101) (A). Estudos anteriores já haviam mostrado uma 
pequena superioridade da vitamina D3 quando adminis-
trada em dose única em manter os níveis de 25(OH)D 
por mais tempo (102).
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Quando as duas formulações foram comparadas 
em uso diário por 25 semanas, observou-se que aque-
les que usaram vitamina D2 apresentavam concentra-
ções médias menores 25(OH)D comparados àque-
les que receberam D3, porém sem alterar os níveis de 
PTH (103) (A). Um estudo recente não demonstrou 
diferença na efetividade no aumento da dosagem da 
25(OH)D e também na concentração sérica sustenta-
da da 1,25(OH)2D3 em 11 semanas de suplementação 
com 1.000 UI por dia de vitamina D2 ou D3. (104) 
(A). O mesmo foi observado no tratamento de crianças 
com raquitismo e controles, em que houve aumento se-
melhante nos níveis de 25(OH)D e 1,25(OH)2D com 
as duas formulações (105) (A). Conclui-se que as duas 
formas são equivalentes em relação à suplementação 
diária e que a vitamina D3 apresenta superioridade em 
relação à manutenção dos níveis de 25(OH)D na suple-
mentação em dose única. 

8. Qual a diferença entre vitamina D e calcitriol? 

Recomendação SBEM: as formas ativas da vitami-
na D, como calcitriol ou alfacalcidol, não devem ser 
utilizadas quando o objetivo for suplementação ou 
no tratamento da deficiência de vitamina D, por seu 
maior risco de efeitos colaterais (Evidência A). 

Calcitriol ou 1,25(OH)2D é um hormônio ati-
vo, produto final das duas hidroxilações da vitami-
na D. Sua ação endócrina é decorrente da produção 
renal, finamente controlada pela atividade da enzima 
1α-hidroxilase. Essa enzima, presente nas células epi-
teliais dos túbulos contornados proximais, é estimu-
lada especialmente pelo PTH e inibida pelo FGF-23, 
entre outros reguladores menores. O próprio calcitriol 
circulante também desvia sua síntese para um produto 
inativo, a 24,25(OH)2D e, dessa forma, protege o or-
ganismo do seu excesso. A enzima 1α-hidroxilase foi 
identificada em diferentes tecidos, o que nos faz acre-
ditar que exista uma produção local de calcitriol, com 
ações autócrinas e parácrinas. Ao contrário das células 
renais, onde a produção de calcitriol é rigorosamente 
controlada, nesses outros tecidos acredita-se que a pro-
dução seja apenas dependente da presença do substra-
to (14,41). Enquanto todos os sistemas do organismo 
estiverem plenamente funcionantes, a recomendação é 
para que a suplementação e o tratamento da deficiência 
sejam feitos com a própria vitamina D, deixando que os 
tecidos produzam suas necessidades, controlados por 

mecanismos locais ou hormonais, no caso das células 
tubulares renais. O uso de calcitriol deve ficar reserva-
do para situações especiais, como na insuficiência renal 
crônica, nos raquitismos dependentes de vitamina D 
tipo 1 e tipo 2 e nos raquitismos hipofosfatêmicos, ou 
em casos de má-absorção extrema. O uso de calcitriol 
pressupõe um controle muito mais rigoroso da calce-
mia e da calciúria, pois hipercalcemia pode ocorrer com 
frequência (14,41) (A). 

9. Como fazer a reposição em casos especiais?

a) Na doença renal crônica 

O paciente com doença renal crônica possui maior ris-
co para deficiência de vitamina D. Na doença renal, as 
concentrações de PTH também se correlacionam com 
a 25(OH)D circulante (A). Portanto, acredita-se que a 
deficiência de vitamina D contribua para o desenvolvi-
mento do hiperparatiroidismo secundário no paciente 
renal crônico, independente da produção renal de cal-
citriol. Sabe-se hoje que diversos tecidos, como macró-
fagos e osteoblastos, possuem a capacidade de produzir 
a vitamina D ativa (calcitriol) e que essa síntese é de-
pendente de substrato, portanto, não sofre regulação 
estrita como a síntese renal. Por esse motivo, o trata-
mento da deficiência e a adequação dos valores circu-
lantes de 25(OH)D são sempre recomendados sempre 
que as concentrações plasmáticas estiverem abaixo de 
30 ng/mL (106-109). Segundo a opinião do comitê 
responsável pela redação das diretrizes de tratamento 
da doença osteomineral do renal crônico no Brasil, re-
comenda-se a avaliação da 25(OH)D ao fim de cada 
ciclo de doses de ataque até que a meta seja atingida e, 
a partir de então, a cada seis meses (110) (D).

b) No tratamento da osteoporose 

Boa parte dos benefícios da vitamina D sobre o risco 
de fraturas constatados na literatura esteve associada 
ao uso concomitante do cálcio. Portanto, a adequação 
na ingestão de cálcio, quer por meio da dieta quer por 
meio de seus sais, faz parte de qualquer protocolo de 
tratamento da osteoporose. As doses de vitamina D re-
comendadas são aquelas capazes de levar e manter o 
paciente para valores de 25(OH)D plasmáticos acima 
de 30 ng/mL, evitando, assim, o hiperparatiroidismo 
secundário e o aumento na reabsorção óssea (111-113) 
(A). A inadequação da vitamina D é tida como uma das 
potenciais causas para falha do tratamento medicamen-
toso (perda significativa de DMO e fraturas). 
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Recomendação SBEM: para pacientes com osteopo-
rose e risco de fraturas aumentado, recomenda-se que 
as concentrações de 25(OH)D se mantenham acima 
de 30 ng/mL para benefícios plenos sobre a preven-
ção do hiperparatiroidismo secundário, diminuição 
do risco de quedas e melhora da DMO. Para isso, 
doses diárias entre 1.000 e 2.000 UI são necessárias 
(Evidência A).

c) Na obesidade e após cirurgia bariátrica

Obesos possuem vitamina D mais baixa do que não 
obesos e são considerados população de risco para defi-
ciência (41) (A). Nos dias de hoje, a cirurgia bariátrica 
passou a ser uma alternativa bastante utilizada para in-
duzir perda de peso nesses indivíduos, podendo agravar 
ainda mais essa deficiência. Portanto, é aconselhável que 
se corrija tal deficiência como medida pré-operatória. 
Santos e cols. demonstraram que mulheres submetidas 
à cirurgia bariátrica há pelo menos três anos apresentam 
valores de 25(OH)D inferiores aos controles normais 
pareados, sendo que 77,1% delas se apresentavam com 
insuficiência/deficiência de vitamina D e 41,7% tinham 
hiperparatiroidismo secundário (Figura 3) (114). As 
concentrações de 25(OH)D se correlacionaram inver-
samente com o PTH (r = -0,57, p < 0,05) e direta-
mente com os marcadores de remodelação óssea (CTX 
e osteocalcina) que, em conjunto, podem justificar o 
aumento no risco de fraturas visto por outros pesqui-
sadores nessa população (C). Dependendo da técnica 
cirúrgica utilizada e do grau de di sabsorção provoca-
do, alguns indivíduos podem ter muita dificuldade em 
normalizar as concentrações de 25(OH)D e de PTH, 
sendo necessário o monitoramento desses parâmetros 
e a consideração de nova dose de ataque ou ainda o 
emprego de doses de manutenção maiores que devem 
ser individualizadas (D). Em alguns casos, a orienta-
ção por banhos de sol frequentes e o uso de vitamina 
D parenteral são recursos que podem ser necessários 
(115-117). 

Recomendações SBEM: obesos são população de ris-
co para deficiência e após a cirurgia bariátrica isso se 
agrava, levando a hiperparatiroidismo secundário e a 
aumento no risco de fraturas (Evidência A). A avalia-
ção da 25(OH)D nessa situação é bastante útil para 
titulação das doses diárias de vitamina D, que podem 
chegar a até 10 vezes as doses habituais (Evidência D). 

Figura 3. Prevalência de hiperparatiroidismo secundário em uma 
população de mulheres submetidas à cirurgia bariátrica há pelo menos 
três anos, nas diferentes faixas de 25(OH)D circulantes (114). 

100%

< 10 ng/mL
(n = 2)

> 30 ng/mL
(n = 11)

25(OH)D

25(OH)D: 25-hidroxivitamina D. Nível de signi�cância do teste do 
Qui-quadrado (p < 0.025).

10 ¬ 20 ng/mL
(n = 25)

20 ¬ 30 ng/mL
(n = 10)

52%

30%

9,1%

90,9%
70%

48%

PTH > 65 ng/L PTH < 65 ng/L

%

d) Gestação

É um período crítico, pois a gestante é orientada a evi-
tar a exposição ao sol. A deficiência de vitamina D na 
gestante associou-se a baixo peso do recém-nascido 
além de alguns desfechos tardios, como baixa massa 
óssea e marcadores de risco cardiovascular nas crianças 
quando em idade escolar. Em uma meta-análise recen-
te, Aghajafari e cols. analisaram 31 estudos perfazendo 
18.869 indivíduos e concluíram que os níveis séricos 
de 25(OH)D relacionaram-se com diabetes gestacio-
nal, pré-eclâmpsia, recém-nascido com baixo peso e 
vaginose bacteriana (118). Em outra meta-análise, a 
suplementação com vitamina D mostrou efeito positivo 
sobre a redução do baixo peso ao nascer (119) (A). As 
doses recomendadas para suplementação nesse período 
da vida encontram-se na tabela 3. 

Quando existe suspeita de deficiência de vitamina 
D, o tratamento com as doses mais elevadas continua 
indicado, mas preferencialmente em tomadas diárias. 
As concentrações de 25(OH)D do bebê possuem ín-
tima correlação com as da mãe. A placenta possui en-
zima 1-alfa-hidroxilase e, portanto, tem a capacidade 
de converter 25(OH)D em calcitriol. Ao que parece, 
essa produção, ao contrário do que ocorre nos túbulos 
renais, não possui um estrito controle hormonal e é 
apenas dependente da quantidade de substrato (41) 
(C). Por esse motivo, recomenda-se que, durante a 
gestação, se evite o uso das doses maiores semanais 
ou mensais. 
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Recomendação SBEM: na gestante com risco para 
deficiência, o tratamento traz benefícios para a mãe 
(Evidência B) e para o recém-nascido (Evidência 
A). Doses diárias de vitamina D estão recomendadas 
durante a gestação e se devem evitar doses maiores 
semanais ou mensais, pois a produção placentária de 
calcitriol é substrato-dependente (Evidência C). 

10. Quando se deve usar análogos ativos da vitamina D?

Recomendação SBEM: os análogos de vitamina D 
podem ser usados para suprimir as concentrações de 
PTH em pacientes com hiperparatiroidismo secundá-
rio à insuficiência renal crônica (IRC), sendo que a 
indicação e a dose dependem do estágio da IRC e do 
nível de PTH (Evidência A). Não existe superiorida-
de dos análogos atualmente disponíveis no Brasil em 
comparação com o colecalciferol e o calcitriol na pre-
venção de fraturas (Evidência B). Os análogos não são 
recomendados na prevenção de câncer (Evidência B).

Os análogos ativos da vitamina D são substâncias 
sintéticas que se ligam diretamente ao receptor da vi-
tamina D (VDR). Apresentam seletividade diferente 
à célula paratiroidiana dependendo da sua estrutura 
química, sendo o calcitriol (1,25(OH)2D3) o de me-
nor seletividade, provocando maiores efeitos colaterais 
como hipercalcemia, hiperfosfatemia e calcificações 
vasculares. Compostos mais seletivos como o parical-
citol (19-nor-1α,25(OH)2D2), maxacalcitol (22-oxa
-1α,25(OH)2D3) e doxercalciferol (1α(OH)D2) e 
elde calcitol (1α,25(OH)2-2β-(3-hidroxipropiloxi)D3) 
pro vocam menos efeitos adversos. Doxercalciferol e o 
alfacalcidol requerem a 25-hidroxilação no fígado para 
se tornarem ativos (120) (A).

a) Uso no hiperparatiroidismo secundário

Os análogos são classicamente utilizados para suprimir 
os níveis de PTH em pacientes com hiperparatiroidis-
mo secundário (HPTS) à insuficiência renal crônica 
(IRC). Na IRC ocorre aumento dos níveis de PTH 
secundários à alteração da regulação do fator de cres-
cimento fibroblástico (FGF-23) no eixo PTH-vitamina 
D e diminuição da produção de calcitriol pela própria 
insuficiência renal. A supressão dos níveis de PTH em 
pacientes em estágio 3-4 da IRC chega a mais de 40% 
em 90% dos pacientes (121,122) (A). 

A dose utilizada é variável dependendo do estágio 
de IRC, se o paciente encontra-se em diálise ou não e 

do nível de PTH sérico. Na IRC estágio 3-5, os níveis 
ideais de PTH ainda não estão definidos, devendo ser 
afastadas outras causas para o aumento do PTH. Hipo-
calcemia, deficiência de vitamina D e hiperfosfatemia 
devem ser corrigidas inicialmente. Se os níveis de PTH 
persistirem elevados e aumentando progressivamente, o 
uso de análogos como o calcitriol deve ser considerado. 
Na IRC estágio 5D com níveis elevados e mantidos de 
PTH, a recomendação é que o PTH seja mantido entre 
2 e 9 vezes o limite superior do normal. Não existe um 
consenso sobre as doses de doxercalciferol e paricalci-
tol. Alguns estudos calcularam a dose em relação ao 
valor inicial de PTH dividido por 80 até 120 para mini-
mizar a supressão excessiva de PTH ou a hipercalcemia 
e hiperfosfatemia (106) (B).

O uso dos análogos da vitamina D minimiza a perda 
óssea na IRC pela supressão dos níveis de PTH e previ-
ne a diminuição da remodelação óssea, pelo efeito so-
bre a diferenciação dos osteoblastos normais e inibição 
da osteoclastogênese. Porém, persiste a preocupação 
com a supressão excessiva e que levaria à doença óssea 
adinâmica (122) (B).

Vários estudos têm demonstrado benefício na sobre-
vida de pacientes em diálise tratados com calcitriol ou 
análogos da vitamina D. Além disso, há menor risco de 
progressão para doença renal terminal e aumento da so-
brevida em pacientes com DRC estágios 3-4 (123,124) 
(B). Existe dúvida quanto ao benefício dos análogos 
ativos de vitamina D comparados ao placebo em relação 
as fraturas, qualidade de vida, hospitalizações, função 
muscular e quedas nesses pacientes (125,126) (A).

Os análogos mais seletivos, comparados ao calci-
triol, demonstraram menor mortalidade e menor nú-
mero e dias de internação em um ano (124) (B). O 
doxercalciferol, semelhante ao paracalcitol, apresenta 
maior benefício em relação à sobrevida, quando com-
parado ao calcitriol. Observou-se uma dose-resposta no 
benefício quando os níveis de PTH foram ajustados pe-
los da vitamina D (127) (B).

Discute-se o uso de análogos para impedir a evolu-
ção da nefropatia em diabéticos, porém os resultados 
ainda são conflitantes. Por meio do uso da microalbu-
minúria e albuminúria como marcadores, aguardam-se 
os resultados do estudo VITAL para uma observação 
mais definitiva (120,128,129) (B).

b) Prevenção de fraturas

A relação entre baixos níveis de vitamina D com quedas 
e fratura tem sido descrita, inclusive como um preditor 
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linear significativo de fraturas osteoporóticas maiores 
em dez anos (130) (B). Uma meta-análise recente mos-
trou uma diminuição modesta na prevenção de fraturas 
com o uso de 1,25(OH)2D3 (calcitriol) e 1α-hidroxi-
vitamina D3 (alfacalcidol), semelhante àquela obtida 
com doses superiores a 700 UI ao dia de vitamina D3 

(35) (A). 
Eldecalcitol (1α,25-di-hidroxi-2β-[3- hidroxipropi-

loxi] vitamina D3) é um novo análogo da forma ativa da 
vitamina D, recentemente aprovado para o tratamento 
da osteoporose no Japão. O eldecalcitol possui um for-
te efeito inibitório sobre a reabsorção óssea e aumen-
ta significativamente a densidade mineral óssea. Essa 
droga mostrou uma diminuição na incidência de novas 
fraturas vertebrais em três anos de 26% e de 71% no 
risco de fratura de punho em comparação com alfacal-
cidol, porém sem benefício nas fraturas de quadril. Foi 
observado aumento nas concentrações de cálcio sérico, 
porém hipercalcemia só foi vista em 0,4% dos pacientes 
(131) (A). O eldecalcitol, comparado ao alfacalcidol, 
promoveu melhor qualidade de vida e menor gravidade 
das fraturas vertebrais (125,126) (A).

AÇÕES NÃO ÓSSEAS DA VITAMINA D
11. Quais são as evidências para efeitos 
extraesqueléticos da vitamina D?

Recomendação SBEM: apesar de estudos observa-
cionais mostrarem associação entre baixas concentra-
ções de vitamina D com alterações em diversos sis-
temas extraesqueléticos, no momento não é possível 
comprovar uma relação causa-efeito (Evidência B). 

Tradicionalmente, a vitamina D estava associada 
apenas a funções no metabolismo do cálcio. A possibi-
lidade da existência de efeitos extraesqueléticos ocorreu 
após a descoberta do receptor da vitamina D (VDR) 
em tecidos não envolvidos no metabolismo do cálcio 
(como exemplo, pele, placenta, mama, próstata e cé-
lulas do câncer de cólon) e a identificação da enzima 
1α-hidroxilase em tecidos extrarrenais. A grande ques-
tão ainda a ser debatida e estudada é do real significado 
biológico da presença do VDR e da 1α-hidroxilase nos 
diferentes tecidos (132).

Nagpal e cols. (133) reportaram que a 1,25(OH)2D3, 
por meio da sua atividade transcricional, foi capaz de 
regular direta ou indiretamente pelo menos 200 genes. 
Esses estão envolvidos no controle da proliferação, da 
apoptose e da angiogênese celular em diversos tecidos. 

A ligação etiológica entre a deficiência de vitamina D e 
as doenças extraesqueléticas específicas precisa ser iden-
tificada em humanos. Achados em modelos animais 
dos efeitos benéficos da 1,25(OH)2D3 sugerem meca-
nismos que envolvem vias de sinalização semelhantes 
em humanos (134,135) (B). Os principais efeitos não 
esqueléticos mais estudados na literatura serão descritos 
a seguir:

a) Vitamina D e doença cardiovascular

A deficiência de vitamina D foi acrescentada como 
um novo fator de risco para doenças cardiovasculares 
(DCV) baseadas em estudos observacionais que de-
monstram uma forte associação entre a deficiência de 
vitamina D e mortalidade por doença cardiovascular, 
sendo o mecanismo de redução de risco obscuro na li-
teratura (136) (B). Hipóteses potenciais incluem a ação 
na regulação de genes envolvendo a produção de re-
nina, a proliferação de células musculares cardíacas e 
vasculares, regulação negativa da proteína C reativa e 
em outros fatores pró-inflamatórios. Fiscella e Franker 
(137) mostraram que negros com níveis de calcitriol no 
quartil mais inferior apresentaram aumento de 40% no 
risco de morte por doença arterial coronariana (DAC) 
ou acidente vascular cerebral (AVC) (B). 

Deficiência grave de vitamina D em pacientes com 
DCV estabilizada está relacionada a 50% mais morte 
por AVC e três a cinco vezes mais morte súbita (138). 
Por outro lado, um estudo indiano demonstrou que 
níveis muito elevados estão associados com aumento no 
risco de doença isquêmica do miocárdio (139). Tem 
sido demonstrado aumento no risco de hipertensão 
arterial sistêmica e síndrome metabólica quando níveis 
subótimos de vitamina D são detectados (140). Os es-
tudos observacionais e de coorte levaram ao uso po-
tencial da vitamina D como um agente anti-hiperten-
sivo. Alguns estudos demonstraram redução nos níveis 
de pressão arterial sistólica com a suplementação. No 
entanto, estudos maiores não conseguiram comprovar 
esses efeitos positivos. Dois estudos prospectivos não 
mostraram redução na mortalidade cardiovascular com 
a suplementação de vitamina D (131). Uma meta- 
-análise apresentou 8% de redução na mortalidade por 
todas as causas com doses modestas (141), assim como 
uma meta-análise recente com 51 trabalhos concluiu 
que a suplementação não teve um efeito significativo 
na mortalidade (RR 0,96), na incidência de DAC (RR 
1,02) e de AVC (RR 1,05) (136). Até o momento, não 
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existem fortes evidências para o screening de deficiência 
de vitamina D em pacientes com risco de DCV, assim 
como em pacientes com DCV prévia. São necessários 
estudos prospectivos bem desenhados para uma maior 
investigação na eficácia da suplementação na redução 
do risco cardiovascular (132-134) (B). 

b) Vitamina D e diabetes

Estudos epidemiológicos e observacionais demonstram 
um envolvimento potencial da vitamina D na patogêne-
se do processo inflamatório, na prevenção e no controle 
de ambos os tipos de diabetes mellitus tipo 1 e 2 (DM1 
e 2). Pesquisas em animais e em humanos sugerem que 
a vitamina D pode ser um modificador potencial dessas 
doenças (142) (A). 

Estudos em animais demonstram que ações imu-
nomoduladoras e anti-inflamatórias da vitamina D 
reduzem a insulinite autoimune do DM1. Ela parece 
suprimir a capacidade antígena dos macrófagos, inibir 
a maturação da célula dendrítica, modular o desenvol-
vimento do linfócito CD4 e inibir a produção de cito-
cinas como interferon (IFN) e interleucina-2 (IL-2). 
Essas citocinas são conhecidas por ativarem macrófagos 
e células T citotóxicas, que levam à destruição das ilho-
tas pancreáticas (143).

No DM2, a vitamina D age reduzindo a resistência 
insulínica e aumentando a sua secreção, por meio da 
modulação do processo imune e inflamatório. O DM2 
está associado a um aumento nos níveis dos fatores de 
necrose tumoral α e β, proteína C reativa (PCR), fator 
ativador do plasminogênio e da interleucina-6 (142).

Estudos epidemiológicos demonstram que crianças 
com deficiência de vitamina D apresentam 2,4 vezes 
um aumento no risco de desenvolver DM1. No estudo 
EURODIAB, houve uma redução no risco de desen-
volver DM1 em 33% nas crianças suplementadas (144) 
(B), assim como a suplementação materna também 
demonstra um efeito protetor ao recém-nascido. Uma 
meta-análise concluiu que a suplementação na infân-
cia parece ser protetora contra o desenvolvimento do 
DM1 (130). Já em adultos com a doença, uma redução 
na dose de insulina foi vista com a suplementação de 
calcitriol (145) (B).

Em ratos com deficiência de vitamina D, após uma 
suplementação, houve uma melhora na secreção de in-
sulina (146). Dois estudos grandes evidenciaram que o 
uso combinado de cálcio e vitamina D reduziu o risco 
de DM2. Em uma análise de dose-resposta, o risco de 

DM2 reduziu em 4% a cada incremento de 4 ng/ml na 
concentração da 25(OH)D (147) (B). Em uma me-
ta-análise, foi concluído que a insuficiência de cálcio e 
vitamina D pode influenciar negativamente a glicemia 
e que a suplementação de ambos pode ser benéfica na 
otimização do metabolismo da glicose (146-147) (B). 

Existem algumas evidências sugerindo que a vitami-
na D tenha um papel na prevenção e no tratamento do 
DM1 e 2, por meio da sua ação no sistema imune, na 
secreção e na resistência insulínica. Entretanto, estudos 
mais aprofundados, em grandes populações, são neces-
sários para elucidar melhor os mecanismos de ação e 
as doses necessárias que possam apresentar os melhores 
benefícios (132-134,148) (A).

c) Vitamina D e câncer

Estudos epidemiológicos demonstraram uma correla-
ção entre níveis de insolação e mortalidade por alguns 
tipos de câncer, assim como a coloração da pele parece 
estar relacionada ao aumento da prevalência de câncer 
colorretal, mama e próstata (149) (B). O risco do de-
senvolvimento e morte por neoplasia é mais elevado em 
locais de latitudes mais elevadas e isso pode estar rela-
cionado a uma menor exposição solar. Mulheres insu-
ficientes de vitamina D apresentam risco mais elevado 
de desenvolver câncer colorretal do que mulheres sufi-
cientes, porém não foi observado benefício do uso da 
vitamina D na prevenção (150,151). 

Em tecidos onde a 25(OH)D está disponível, ocor-
re a produção parácrina de 1,25(OH)2D3 que, pela li-
gação ao seu receptor, VDR, regula a transcrição de 
genes alvos, que agem tanto na diferenciação de células 
normais como nas tumorais. Estudos epidemiológicos 
e pré-clínicos sugerem a ação da vitamina D na preven-
ção e tratamento do câncer. Polimorfismos no gene do 
VDR estão associados com um risco maior no desen-
volvimento de neoplasias (150). A produção local de 
1,25(OH)2D3 não exerce função no controle do meta-
bolismo do cálcio, porém apresenta efeitos autócrinos 
e parácrinos. In vitro, observa-se uma diminuição da 
1α-hidroxilase (CYP27B1) e do receptor da vitamina 
D (VDR) à medida que o câncer progride, associado 
ao aumento da 24-hidroxilase (CYP24A1), inativadora. 
Estudos in vitro e in vivo mostram o efeito direto ou in-
direto da 1,25(OH)2D3 e seus análogos na proliferação, 
diferenciação, apoptose, angiogênese, invasão e infla-
mação das células malignas. Estudos de microarranjos 
(microarray) mostram que a 1,25(OH)2D3 influencia a 
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transcrição de um grande número de genes principal-
mente no controle da apoptose (149,152) (B).

Baixas concentrações locais de vitamina D tornam 
os tecidos mais sensíveis aos efeitos pró-carcinogênicos. 
Os análogos da vitamina D não são capazes de erradicar 
células tumorais, entretanto podem ser usados como 
coadjuvantes no tratamento do câncer. Acredita-se que 
sejam necessárias doses elevadas desses análogos para 
um benefício real, porém, com isso, os efeitos adversos 
aumentam (153) (B).

Um estudo duplo-cego placebo controlado de-
terminou que o uso de 1,25(OH)2D3 em pré-leuce-
mia mostrou resultados promissores no início, porém 
determinou um aumento na calcemia na crise blásti-
ca (154). Em câncer de próstata, a administração de 
dose de 2.000 U/dia resultou em redução nos níveis 
de PSA, entretanto, a presença de hipercalcemia grave 
determinou o fim do estudo (134).

Alguns análogos não hipercalcêmicos do calcitriol 
estão associados com bom prognóstico em pacientes 
que apresentam expressão elevada do VDR. Entretanto, 
o uso tanto da calcitriol quanto de análogos até esse mo-
mento para o tratamento de pacientes com câncer ainda 
é incerto. A maioria dos estudos clínicos foi conduzida 
em pacientes com câncer de próstata e pacientes com 
câncer avançado que não respondem a terapias tradicio-
nais. As evidências em laboratório indicam que o calci-
triol gera uma resposta biológica que resulta na inibição 
do progresso neoplásico. Porém, são necessários estudos 
clínicos em larga escala que corroborem os benefícios do 
uso da vitamina D nas neoplasias (155,156) (B).

d) Vitamina D e doença autoimune

A ação da vitamina D no sistema imune parece ser 
mediada pelos linfócitos B e T. O VDR está presente 
nessas células. A 1,25(OH)2D3 inibe a proliferação de 
células T, suprime a síntese e a proliferação de imuno-
globulinas, previne a formação de IFN-γ (interferon-γ) 
e IL-2 (interleucina-2), além de aumentar a atividade 
das células T supressoras (TH2). Em humanos, existem 
evidências epidemiológicas da importância da vitamina 
D no sistema imune (157) (C). 

A luz solar ou a vitamina D são fatores ambientais 
envolvidos na etiologia da esclerose múltipla e podem 
interagir com fatores herdados do MHC classe II. Es-
tudos epidemiológicos sugerem que adultos com altos 
níveis séricos de vitamina D apresentam um risco me-
nor de desenvolver esclerose múltipla. Mulheres que 

têm alta ingestão de vitamina D apresentam risco 42% 
menor de desenvolver a doença (134,158) (B).

Estudos preliminares sugerem que a vitamina D ati-
vada pode ser um tratamento eficaz para a artrite reu-
matoide. Camundongos tratados experimentaram uma 
redução da atividade celular responsável por essa doen-
ça. Em humanos, estudos epidemiológicos também 
confirmaram uma associação negativa entre os níveis de 
vitamina D e a prevalência da doença. Outras doenças 
autoimunes que estão sendo associadas com a vitami-
na D são: a encefalite autoimune, o lúpus eritematoso 
sistêmico, a doença inflamatória intestinal e a tireoidi-
te autoimune. Estudos adicionais são necessários para 
a confirmação dos dados e o uso na prevenção e no 
tratamento com a vitamina D das doenças autoimunes 
(155,156).

e) Vitamina D e imunidade inata

Estudos recentes sugerem que a vitamina D pode mo-
dular o sistema imune inato. A hipovitaminose D pode 
apresentar um impacto negativo nas doenças infecciosas. 
Foi visto que a 1,25(OH)2D3 tem uma ação antimicro-
biana, incluindo o Mycobacterium tuberculosis, por meio 
do estímulo da produção da catelicidina (proteína que 
age na destruição de agentes patológicos) (159).

Um estudo que utilizou doses elevadas de vitamina 
D, 600.000 UI, em pacientes portadores de tuberculo-
se, demonstrou maior ganho de peso e menos doença 
residual naqueles que receberam a vitamina em com-
paração aos controles. Os pacientes que eram deficien-
tes ao entrarem no estudo (25-hidroxivitamina D < 20 
ng/mL) mostraram maior aumento do IFN-γ induzido 
pelo Mycobacterium tuberculosis (160) (A).

Uma pesquisa com mulheres na pós-menopausa, 
que ingeriram 2.000 UI de vitamina D por dia, mos-
trou uma redução de 90% nas infecções de vias respira-
tórias superiores, quando comparadas àquelas que in-
geriram 400 UI por dia (B). Alguns trabalhos também 
demonstram que níveis mais baixos de vitamina D po-
dem ser um fator de risco para septicemia. Estudos em 
vaginose bacteriana, infecções cutâneas e em cavidade 
oral também estão sendo desenvolvidos (155).

f) Vitamina D e psoríase

A forma ativa da vitamina D é um potente inibidor da 
proliferação dos queratinócitos e pode ser usada com 
segurança em doenças hiperproliferativas não malignas 
da pele, como a psoríase. Dados de estudos controlados 
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e randomizados mostram que a forma ativa é um trata-
mento efetivo e bem tolerado em pacientes com placas 
crônicas de psoríase leves ou moderadas. A aplicação 
tópica de 1,25(OH)2D3 ou de seu análogo calcipotriol 
pode ser usada como um tratamento de primeira linha 
para a psoríase (161).

g) Vitamina D e doenças respiratórias

Em crianças com asma, o nível de 25(OH)D parece 
correlacionar positivamente com o controle da doença 
e a função pulmonar e negativamente com o uso de 
corticoides. Poucos estudos de intervenção, avaliando 
a suplementação da vitamina D com asma, existem na 
literatura (155,156,162). Um deles demonstrou que 
1.200 UI por dia de vitamina D em crianças associou-
se a 83% de redução no risco de exacerbação da doen-
ça. Presume-se que os efeitos imunomoduladores da 
vitamina D e os efeitos na função pulmonar podem ser 
úteis para o tratamento de doenças respiratórias (163).

h) Vitamina D e função física e cognitiva em idosos

Em grandes estudos populacionais, baixos níveis de vi-
tamina D estão associados com redução de mobilidade, 
piora na função muscular e assim um maior risco de 
quedas (132,156,164). Os receptores da vitamina D 
apresentam altas concentrações em várias áreas do siste-
ma nervoso central. Estudos epidemiológicos demons-
traram que a baixa ingestão de vitamina D está associa-
da com um declínio cognitivo, um aumento no risco da 
doença de Alzheimer e depressão. O mecanismo suge-
rido para essa associação inclui a formação e agregação 
β-amiloide, uma desregulação no sistema gabaérgico e 
um aumento no influxo de cálcio nos neurônios (165).

A vitamina D parece estar implicada nas mudanças 
fisiológicas e possíveis patológicas que acontecem com 
o envelhecimento. Se a suplementação pode ter um im-
pacto positivo no processo de envelhecimento perma-
nece incerto e estudos intervencionistas de longo prazo 
são necessários (133,134).

i) Vitamina D e obesidade

A obesidade está associada com uma maior prevalência 
de deficiência da vitamina D, interpretada como um se-
questro pelo tecido adiposo. De fato, quando compa-
rada com indivíduos não obesos, a dose necessária para 
reposição de vitamina D é maior nos obesos. Dados re-
centes sugerem que baixas concentrações de 25(OH)
D poderiam predizer uma aceleração no aumento da 

massa gorda e, assim, poderiam significar um aumento 
na incidência da obesidade (135-137). Song e Sergeev 
estão investigando o mecanismo que a 1,25(OH)2D3 
regula a apoptose dos adipócitos. Estudos preliminares 
em ratos sugerem que a suplementação com doses ele-
vadas de cálcio e vitamina D reduzem o peso e massa 
gorda em ratos obesos. Estudos em humanos são ne-
cessários para a avaliação da eficácia da vitamina D no 
tratamento da obesidade (166). 

Em meta-análises e revisões sistemáticas recentes, 
observou-se a associação entre a 25-hidroxivitamina D 
e diversos desfechos não ósseos em estudos observacio-
nais, porém que não foi observada em estudos rando-
mizados e controlados (40,151). Os efeitos da vitamina 
D em outros tecidos ainda são motivo de controvérsia.

CONCLUSÕES

As fontes alimentares de vitamina D são escassas e os se-
res humanos dependem principalmente da síntese cutâ-
nea. A hipovitaminose D é bastante frequente em nosso 
país. A avaliação laboratorial deve ser realizada por meio 
da mensuração da 25(OH)D e devem ser considerados 
indivíduos com risco para deficiência de vitamina D: os 
idosos, pacientes com osteoporose, histórias de quedas 
e fraturas, obesos, grávidas e lactentes, pacientes em 
uso de medicações que interfiram no metabolismo da 
vitamina D (como glicocorticoides, anticonvulsivantes, 
antifúngicos), portadores de síndromes de má-absor ção, 
hiperparatiroidismo primário, insuficiência renal ou he-
pática, doenças granulomatosas e linfomas. 

O valor de normalidade mais adequado levando-se 
em conta os benefícios ósseos é 30 ng/mL. Os fatores 
que parecem favorecer a presença de concentrações sé-
ricas mais elevadas em nossa população são: idade mais 
jovem, vida na comunidade, prática de exercícios físicos 
ao ar livre, suplementação oral de vitamina D, estação 
do ano (primavera e verão), residir em cidades litorâ-
neas e ensolaradas e em latitudes mais baixas.

Em nosso meio, a forma mais disponível de vitamina 
D para tratamento e suplementação é o colecalciferol ou 
vitamina D3. Para pacientes com osteoporose e risco de 
fraturas aumentado, recomenda-se que as concentrações 
de 25(OH)D se mantenham acima de 30 ng/mL para 
benefícios plenos sobre a prevenção do hiperparatiroi-
dismo secundário, diminuição do risco de quedas e para 
melhor impacto sobre a DMO. Para isso, doses de ma-
nutenção entre 1.000 e 2.000 UI são necessárias. As for-
mas ativas da vitamina D como calcitriol ou alfacalcidol 
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não devem ser utilizadas quando o objetivo for suple-
mentação ou no tratamento da deficiência de vitamina 
D, por seu maior risco de efeitos colaterais. Considera-
ções especiais devem ser levadas em relação a grávidas e 
lactentes, nos pacientes com insuficiência renal crônica, 
obesos e aqueles submetidos à cirurgia bariátrica.

Atualmente existe grande interesse na pesquisa dos 
efeitos extraesqueléticos da vitamina D devido a estu-
dos observacionais terem mostrado associação entre 
baixas concentrações de vitamina D com diversos desfe-
chos com mortalidade, complicações cardiovasculares, 
diabetes, câncer, doenças autoimunes, função cogniti-
va, entre outros. Entretanto, no momento ainda não é 
possível comprovar uma relação causa-efeito.
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The burden of osteoporosis in Brazil
O ônus da osteoporose no Brasil

Bruna Coelho Galvão Marinho1,2, Luiza Paulino Guerra1, Juliana 
Beaudette Drummond3, Barbara C. Silva4, Maria Marta Sarquis Soares5

ABSTRACT 
Osteoporotic fractures impose severe physical, psychosocial, and financial burden both to the 
patient and the society. Studies on the prevalence of osteoporosis and fragility fractures in 
Brazil show a wide variation, due to differences in sample size, the population studied, and me-
thodologies. Few studies have been conducted in Brazil about the cost-effectiveness analyses of 
different intervention options aimed at the diagnosis and treatment of osteoporosis. Investiga-
tion and treatment strategies based on cost-effectiveness and scientific evidence are essential 
in the preparation of public health policies with the ultimate goal of reducing the incidence of 
fractures and, consequently, the direct and indirect costs associated with them. This article re-
views the Brazilian burden of osteoporosis in terms of the prevalence and fractures attributable 
to the disease, the costs related to the investigation and management, as well as the impact of 
osteoporosis on the population as a whole and on affected individuals. Arq Bras Endocrinol Metab. 

2014;58(5):434-43

Keywords
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RESUMO
Fraturas osteoporóticas impõem graves entraves físicos, psicossociais e financeiros, tanto para 
o paciente quanto para a sociedade. Estudos sobre a prevalência de osteoporose e fraturas por 
fragilidade no Brasil mostram uma grande variação, em decorrência das diferenças no tamanho 
das amostras, da população estudada e da metodologia empregada. Poucos estudos têm sido 
realizados no Brasil sobre a análise de custo-efetividade das diferentes opções de intervenção 
que visam ao diagnóstico e ao tratamento da osteoporose. Estratégias de investigação e de 
tratamento com base na relação custo-eficácia e evidências científicas são essenciais para a 
elaboração de políticas de saúde pública, com o objetivo final de reduzir a incidência de fratu-
ras e, consequentemente, os custos diretos e indiretos associados a elas. Este artigo faz uma 
revisão sobre o ônus da osteoporose no Brasil em termos de prevalência e fraturas atribuí-
veis à doença, de custos relacionados com a investigação, tratamento da osteoporose, bem 
como seu impacto na população como um todo e em indivíduos afetados. Arq Bras Endocrinol Metab. 

2014;58(5):434-43
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INTRODUCTION 

O steoporosis is a major health concern with up to 
9 million new osteoporotic fractures expected an-

nually worldwide (1,2). Osteoporotic fractures impose 
severe physical, psychosocial, and financial burden both 
to the patient and the society. They may be accompanied 
by pain, bone deformities, fear, distress, difficulty in per-
forming daily activities, loss of independence, and insti-
tutionalization (3). More important, fragility fractures 

are associated with high mortality rates that can exceed 
20% in the first year after the fracture (4,5). These de-
vastating consequences of osteoporotic fractures result 
in high economic costs to society, as fractures gene rate 
expenses with medical treatment, surgeries, hospital 
stays, and rehabilitation. These costs tend to rise with 
the aging of the population and, consequently, greater 
prevalence of osteoporosis and its complications (6).
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Burden of osteoporosis in Brazil

Osteoporosis is a “silent” disorder until it leads to 
one or more fractures (7). Since the treatment of osteo-
porosis can reduce the fracture risk, the early detection 
of osteoporosis by the measurement of bone mineral 
density (BMD) by dual-energy X-ray absorptiometry 
(DXA) should be targeted in clinical practice (8). In 
fact, according to the 2002 Brazilian Consensus of Os-
teoporosis, BMD measurements should be performed 
in a number of settings – and as a rule, for all women 
over 65 years of age and men over 70 years (9). 

This article reviews the Brazilian burden of osteo-
porosis in terms of the prevalence of osteoporosis and 
fractures attributable to the disease, the costs related to 
its management and its impact on the population as a 
whole and on affected individuals.

MATERIALS AND METHODS
We searched for English- and Portuguese-language ar-
ticles, in human subjects, available in full electronic me-
dia in MedLine (PubMed) and the database of the Latin 
American and Caribbean Literature on Health Sciences 
(LILACS) published within all dates. The search terms 
used were “osteoporosis” and “Brazil” in addition to 
one of the following: “costs or expenditure”, “burden”, 
“prevalence”, “fracture”, “quality of life”, or “impact”. 
Relevant articles were reviewed in detail. Pertinent data 
concerning the demographic profile of the Brazilian 
population were also used. Furthermore, author’s work 
published as an abstract regarding the direct costs re-
lated to the biochemical workup in the management of 
osteoporosis was also reviewed (10). 

DEMOGRAPHIC PROFILE OF THE BRAZILIAN 
POPULATION
According to the 2010 census, conducted by the Ins
tituto Brasileiro de Geografia e Estatística (IBGE), the 
Brazilian population in 2010 was 190,755,799 and ta-
ble 1 shows our demographic profile in 2000 and 2010. 
The percentage of elderly individuals increased in 2010 
relative to 2000 (11) and consequently the prevalence 
of diseases such as osteoporosis is expected to rise. In 
2010, there were more than 20 million Brazilians over 
65 years of age, and the projection for this segment of 
the population is to exceed 50 million by 2050 (11,12). 
Moreover, 20.45% of the population was older than 50 
years in 2010. Women over 65 years of age accounted 
for 4.18% of the population, while men over 70 years of 
age corresponded to 2.04% (Table 1) (11,12).

Table 1. Demographic characteristics of the Brazilian population in 2000 
and 2010

Year 2000 2010

Overall population 169,799,170 190,755,799

Population > 50 years 27,053,620 39,007,220

% population > 50 years 15.93 20.45

Population women > 65 years 5,555,365 7,966,402

% population women > 65 years 3.27 4.18

Population men > 70 years 2,740,205 3,891,013

% population men > 70 years 1.61 2.04

Life expectancy 70.4 years 73.48 years

Source: Instituto Brasileiro de Geografia e Estatística (IBGE) (11).

PREVALENCE OF OSTEOPOROSIS IN BRAZIL

In Latin America, the estimated prevalence of spine os-
teoporosis in women aged 50 years and more ranges 
from 12.1% to 17.6%, while that of femoral neck os-
teoporosis ranges from 7.9% to 22% (13). Brazil is a 
country of extensive race mixing and heterogeneous re-
gional distribution, which implies different risk factors 
for osteoporosis and fractures (14). Moreover, access 
to BMD testing, which is essential for the detection of 
osteoporosis and intervention before fracture occurs, 
is still sparse in Brazil. The poor instrument availabili-
ty, high cost to patients and restrictive indications for 
BMD testing constitute the major barriers for the access 
to such testing in Brazil. Despite these limitations, few 
studies have evaluated the prevalence of osteopenia and 
osteoporosis in Brazil, which shows a wide variation, 
due to differences in sample size, eligibility criteria, and 
methodologies, as showed in table 2 (15). Overall, the 
prevalence of osteoporosis in Brazilian studies ranges 
from 6% to 33% depending on the population and other 
variables evaluated (16-18).

Baccaro and cols. have evaluated, by questionnaire, 
the prevalence of osteoporosis and its associated fac-
tors in 622 Brazilian women over 50 years of age. The 
preva lence of self-reported osteoporosis was 21.3% 
(19). Using BMD for diagnosis, in 2011, Buttros and 
cols., found in a cross-sectional study 24.6% of osteo-
porosis and 43.6% of osteopenia in 431 postmeno-
pausal women (aged 40 – 75 years) evaluated (20). The 
São Paulo Osteoporosis Study (SAPOS) estimated the 
prevalence of osteoporosis and low-trauma fracture in 
4,332 women over 40 years of age. BMD at the lumbar 
and femoral sites was measured by DXA in all partici-
pants, and the prevalence of osteoporosis was 33% (18).
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able in Latin America and Brazil. A review of Latin 
American studies showed that the incidence of osteopo-
rotic hip fractures ranged from 40 to 362 per 100,000 
persons of 50 years or older, with a female-to-male ratio 
of 3:1. The majority of the studies showed lower inci-
dence of hip fractures in the Latin American population 
compared with the population of the United States, 
Canada, and Europe. This discrepancy was likely due 
to differences in the studied population, the adopted 
definition of case, and methodological issues (13). 

The Latin American Vertebral Osteoporosis Study 
(LAVOS) evaluated a randomized sample of 1,922 
women aged 50 years and older from Argentina, Brazil, 
Colombia, Mexico, and Puerto Rico (22). The preva-
lence of vertebral fractures as assessed by lateral X-rays 
of the lumbar and thoracic spine was 11.18%, and was 
similar in the five countries. Among women aged 50 to 
59 years, the prevalence was 6.9%, which increased to 
27.8% for those aged 80 years or older. 

Studies exclusively conducted in Brazil show that 
the incidence of osteoporotic fractures varied with the 
population and the fracture site investigated. Overall, 
the age-adjusted annual incidence of fractures varied 
from 5.59 to 13 per 10,000 in women, and from 12.4 
to 27.7 per 10,000 in men (16). The lowest incidences 
of fractures in the above ranges, both in women and 
men, correspond to the incidence of hip fractures in 
Sobral, a city located in the Northeast Region of Brazil 
(3ºS/40ºE) (23).

In BRAZOS, 2,420 Brazilian individuals from the 
five geographic regions of the country were evaluated. 
The prevalence of self-reported fragility fractures de-
fined as that resulting of any fall from standing height 
or less in subjects > 40 years old, was 12.8% in men and 
15.1% in women. Statistically significant differences 
among Brazilian regions, according to gender or social 
class, were not observed (24).

Table 2. Prevalence of osteoporosis based on different studies in the Brazilian population

Reference Year of publication Number of participants Age (years) Prevalence Diagnostic method

Baccaro and cols. (19) 2013 622 women > 50 21.3% Self-report

Buttros and cols. (20) 2011 431 women 40-75 24.6% BMD

Pinheiro and cols. (24) 2010 2,420 subjects (70% women) > 40 6% Self-report

Pinheiro and cols. (18) 2010 4,332 women > 40 33% BMD

Martini and cols. (12) 2009 54,369 (33075 women) ≥ 18 4.4% total

7% women

Self-report

Camargo and cols. (17) 2005 391 (207 women) ≥ 70 33% BMD

The overall prevalence of osteoporosis appears to be 
lower when women and men are included in the evalua-
tion. The Brazilian Osteoporosis Study (BRAZOS), 
which evaluated a representative sample of 2,420 Bra-
zilian individuals (women, 70%) > 40 years old, from 
different regions and economic classes revealed that the 
self-reported prevalence of osteoporosis was only 6% 
(16). Camargo and cols. assessed the BMD of 301 in-
dividuals (207 women) older than 70 years of age from 
different clinical centers in the city of São Paulo. The 
prevalence of osteoporosis ranged from 6.4% to 16.1% 
in men, and from 22.2% to 33.2% in women in the dif-
ferent centers studied (17).

Another cross-sectional study conducted in São Pau-
lo evaluated 2,143 subjects ≥ 60 years old interviewed 
in the years of 2000 and 2006 (21). The prevalence 
of osteoporosis, assessed by self-report, was greater 
among subjects with private health insurance coverage 
than in those without private insurance, regardless of 
sex and year of evaluation. This finding may represent a 
wider access to DXA tests and better understanding of 
the disease among those with private health insurance. 

Finally, in a cross-sectional study based on data from 
the VIGITEL system (Risk Factor Surveillance and Pro-
tection against Chronic Diseases through Telephone 
Survey) conducted in 2006, 54,369 Brazilian indivi duals 
(33,075 women) > 18 years of age were interviewed. 
The prevalence of osteoporosis as assessed by self report 
was 4.4% in the entire population, 7% in women and 
1.3% in men (12). This lower prevalence of osteoporosis 
as compared to the previous studies reported here may 
be explained by the low age of subjects included.

INCIDENCE AND PREVALENCE OF OSTEOPOROTIC 
FRACTURES

There are few consistent data on the prevalence and 
rele vance of risk factors for osteoporotic fracture avail-
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Siqueira and cols. evaluated the prevalence of self-
reported fractures and its association with socio-demo-
graphic variables and medical diagnosis of osteoporosis 
in 3,100 individuals from Pelotas, a Southern Brazilian 
city (56.6% women) (25). The lifetime prevalence of 
any type of fracture was 37.5% among men and 21.3% 
among women (P < 0.001). While in men most fractures 
were caused by sports practice and happened in leisure-
time, most fractures in women were caused by falls and 
occurred inside the home. The prevalence of fractures 
throughout life was almost twice as higher (28.3%) than 
that observed in the BRAZOS study (14.4%) (24,25). 
It is important to emphasize that individuals aged 20 
years or more were included in Siqueira’s study, as well 
as trauma-related and non-traumatic fractures. 

In the SAPOS study, the prevalence of self-reported 
osteoporotic fractures was 11.5%, with a mean age of 
65.5 ± 10 years at the time of the event. Among the 
497 women with fractures, vertebral fractures were re-
ported in 6%, non-vertebral fractures in 86% (including 
the humerus, distal forearm, metacarpus, ribs, and hip) 
and femoral fractures in 8% of the cases (18). 

A cross-sectional study conducted in Chapecó, a 
Southern Brazilian city, explored the prevalence of as-
ymptomatic vertebral fractures by radiographs, in a pop-
ulation of 186 postmenopausal women over 60 years 
(26). Almost half of the women studied (48.9%) had at 
least one vertebral fracture not associated with a prior 
history of fracture. The higher prevalence of vertebral 
fractures in this study was mainly attributed to the crite-
ria used for the analysis and definition of vertebral frac-
tures, the population studied (all subjects were white), 
the high frequency of risk factors such as glucocorticoid 
use, low dietary calcium intake, and alcohol abuse, and 
the latitude of the city (below the equator) (26).

In the city of São Paulo, Lopes and cols. evaluated 
1,007 elderly subjects (600 women) using BMD test-
ing of hip and lumbar spine (27). The prevalence of 
osteoporotic fractures assessed by self-report was 13.2% 
and the major sites affected were distal forearm (6.0%), 
humerus (2.3%), femur (1.3%), and ribs (1.1%). Wo-
men had greater prevalence of fractures (17.5%) com-
pared with men (6.9%) (27). 

In the city of Campinas, Baccaro and cols. evalu-
ated 622 women aged 50 years or older and the overall 
prevalence of self-reported bone fragility fractures was 
10.8%, whereas the prevalence of femoral/hip fractures 
was 1.8%. In the multiple regression analysis, a higher 
prevalence of fragility fractures was associated with a 

longer time since the menopause and the presence of 
osteoporosis (19).

IMPACT OF FRAGILITY FRACTURES ON THE 
INDIVIDUAL

Osteoporosis poses a significant negative impact on the 
quality of life of patients, particularly after fragility frac-
tures, which is supported by the majority of the studies 
reviewed below.

Osteoporotic fractures, commonly of the hip and 
spine, often result in secondary complications, such 
as functional impairment, increased hospital stays that 
may result in further health problems, increased medi-
cal costs, and increased dependence on others for living 
assistance (28). In addition to the evident physical and 
functional consequences, such as kyphosis, restriction 
of movement, and pain, the individual with osteoporo-
sis may sustain a psychosocial impact. Many patients, in 
the early stages of the disease, express marked anxiety, 
especially regarding the possibility of future fractures 
and physical deformity. As the disease progresses, de-
pression may be aggravated for those who sustain hip 
fractures or multiple vertebral fractures. Osteoporosis 
can lead to dependence, functional disability, and low-
ered self-esteem (29). Among Brazilian women over 45 
years of age, 84% are concerned about having osteo-
porosis, and 13% of them have sustained at least one 
fragility fracture after the age of 40. Among women 
who had fractures, 52% reported worsened quality of 
life following the fracture (29). 

The BRAZOS study showed a strong association 
between poor quality of life and the presence of low-
impact fractures, both in men and women older than 
40 years of age, emphasizing that patients with osteo-
porosis and fractures have a higher incidence of chronic 
pain, decreased physical capacity, reduction in social 
activities, decreased perception of well- being, and de-
pressed mood than individuals without fractures (16).

In a study that evaluated 56 elderly patients ≥ 60 
years old with a low-trauma hip fracture, from the Bra-
zilian city of São Paulo, there was an increase in the 
inability to walk and in the use of a supporting device. 
The hip fracture also led to a significant reduction in 
the functional ability to perform basic and instrumental 
activities of daily living (30).

Even asymptomatic vertebral fractures can negative-
ly impact the quality of life. In a Brazilian cross-section-
al study including 180 women aged 65 years and older 

Burden of osteoporosis in Brazil
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with or without vertebral fractures, the quality of life 
was assessed by the European quality of life question-
naire (Quality of Life Questionnaire of the European 
Foundation for Osteoporosis – QUALEFFO-41) (31). 
The presence of asymptomatic vertebral fractures iden-
tified on thoracic and lumbar spine radiographs was as-
sociated with a reduced quality of life regardless of age, 
BMI, and level of physical activity (31). 

Another study assessed the prevalence and the as-
sociation between the number of vertebral fractures 
and quality of life in 126 postmenopausal Brazili an 
osteoporotic women (mean age 65.7 years). The 
prevalence of vertebral fractures identified on thoracic 
and lumbar spine radiographs was 34.1%. While the 
QUALEFFO-41 questionnaire showed no difference 
in scores between women with and without vertebral 
fractures, there was a direct correlation between the 
quality of life score and the number of vertebral frac-
tures (32). 

Fortes and cols. evaluated the morbidity and mor-
tality deriving from proximal femoral fractures in in-
dividuals over 60 years of age who were admitted to 
two hospitals in the city of São Paulo (33). A marked 
decrease was noted in the indicators of functional dis-
ability evaluated using the Health Assessment Ques-
tionnaire (HAQ), after six months of the fracture event. 
The factors that correlated with poorer functional abili-
ty were HAQ score prior to fracture, institutionaliza-
tion after fracture and age. Six months after the event, 
11.6% of the patients had become completely depen-
dent and 9.3% were institutionalized (33). 

IMPACT OF OSTEOPOROSIS AND FRAGILITY 
FRACTURES ON SOCIETY

Mortality 

Hip fracture is one of the most feared consequences 
of osteoporosis. Hip fractures are associated with high 
post fracture disability, increased mortality, and high 
healthcare expenditures (34). The mortality rate from 
hip fractures in developed countries is around 25% in 
the first year after the event (4,5). Mortality rates dur-
ing the hospitalization period range from 1.02% to 10% 
across countries (13).

In Brazil, it is estimated that 15% to 30% of patients 
with hip fractures die within the first year following the 
event, frequently as a result of fracture complications 
such as infections, venous thrombosis, and pressure ul-

cers, or comorbid conditions, especially cardiovascular 
diseases. The predominant factors related to increased 
risk of death are male gender, old age, impaired func-
tional ability prior to the fracture, greater number of 
comorbidities, sarcopenia and a fragile phenotype (15). 

A study analyzed the profile of the Brazilian pub-
lic health care system (SUS) admissions due to osteo-
porotic hip fracture in patients over 60 years, in the 
years 2006 to 2008 in different regions of Brazil. The 
mortality rate due to femoral fracture was higher in fe-
males then in males (3.5 versus 1.9 per 1,000 elderly, 
respectively, in 2006, with similar rates in 2007 and 
2008), which is in disagreement with other Brazilian 
studies. The proportion of outcomes of death increased 
with advancing age in the three analyzed years and the 
Southeast region had the highest percentage of deaths 
for elderly patients hospitalized with hip fracture (35). 

A prospective study published in 2009 investigated 
the mortality rate in the first year after hip fractures, 
as well as the factors associated with mortality in Bra-
zilian patients. In total, 246 individuals older than 60 
years were followed for one year after hospitalization 
for hip fractures. Eighty-six patients died (35%), with 
most of those deaths (74.4%) occurring after hospital 
discharge. Of the 67 men, 29 died (43.3%), and of the 
179 women, 57 died (31.8%) within the first year af-
ter fracture. Functional status prior to the fracture, age, 
male gender, and high surgical risk increased mortality 
risk, while antibiotics use and physical activity after the 
surgery reduced the risk (34). 

A similar study conducted in Rio de Janeiro, showed 
a 21.5% overall mortality in the first year after hip frac-
tures. Most of those deaths (55.1%) also occurred after 
hospital discharge, and were chiefly associated with car-
diovascular events or infections (36).

Finally, a Brazilian study involving 56 elderly in-
dividuals from São Paulo showed a mortality rate of 
23.2% over the six months following a hip fracture. The 
most frequent causes of death were infectious (46.1%), 
cardiovascular (46.1%) or indeterminate (7.8%) (33). 

Besides the impact of osteoporotic fracture, a Bra-
zilian study linked low BMD with increased cardiovas-
cular mortality. This prospective cohort of 275 post-
menopausal elderly women with a 5-year follow-up 
showed a clear association between low BMD at the 
femoral sites and increased overall and cardiovascular 
mortality, regardless of age, weight, body mass index, 
smoking status, previous fracture, physical activity, drug 
use, and presence of chronic diseases (37). 

Burden of osteoporosis in Brazil
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Direct costs

The costs to society can be divided into direct and indi-
rect, and are related both to the prevention and treat-
ment of osteoporosis and rehabilitation following the 
fracture. These costs vary widely between countries, 
not only due to the varying incidence rates of the dis-
ease, but also because of the different degrees of em-
phasis placed on prevention, hospitalization, and treat-
ment (38). 

Direct costs related to the management of 
osteoporosis: the biochemical workup 

During the investigation of a low BMD, a biochemical 
workup aimed primarily at the detection of secondary 
causes of osteoporosis is indicated. The extent of the 
workup may vary according to the recommendation 
of each clinical institution or reference Service. Vari-
ous disorders affecting bone mass are common and of 
easy diagnosis and treatment. Some tests are key in the 
investigation of secondary factors that interfere with 
bone mass, such as serum levels of calcium, parathyroid 
hormone (PTH), 25-hydroxy vitamin D (25OHD), 
thyroid-stimulating hormone (TSH), and 24-h urine 
cal cium. While patients with a clinical suspicion of sec-
ondary conditions should have extended diagnostic 
workup, the costs of ordering more complex tests for all 
patients with osteoporosis have not been estimated (10). 

Several studies have demonstrated the importance 
of laboratory studies in patients with osteoporosis (39-
42). Our group evaluated the frequency and cost-effec-
tiveness of the tests ordered for postmenopausal women 
who had been diagnosed as having osteoporosis based 
on BMD by DXA (10). The study was conducted in 
an outpatient clinic of general endocrinology in Belo 
Horizonte, Brazil, and in total, 185 medical records of 
postmenopausal women were reviewed. Patients with 
kidney or liver failure, or known to have a condition or 
a medication history that could cause bone loss were 
excluded. Of the 185 patients evaluated, 108 exhibited 
one or more abnormal tests (126 laboratory abnormali-
ties) indicative of disorders that could contribute to de-
creased bone mass or compromise the efficacy of the 
osteoporosis treatment (Table 3) (10). 

In this study, serum calcium was the most frequently 
ordered test (100% of the patients) (Table 4); however, 
calcium concentrations were outside the reference range 
in only 9% of the patients (Table 4). The 25OHD test, 
which was ordered for 82% of the patients, was altered 

Table 3. Laboratory abnormalities found in the workup for primary 
osteoporosis at the General Endocrinology Service (n = 185)

Laboratory abnormality Number

25OHD < 30 ng/mL 64

Hypocalciuria 1

Hypercalciuria 16

Primary hyperparathyroidism 14

Normocalcemic hyperparathyroidism 16

Iatrogenic hyperthyroidism 9

Monoclonal gammopathy of undetermined significance 4

Acromegaly 2

Total 126

Source: Marinho BCG, Soares MMS. Custo-efetividade da investigação laboratorial da 
osteoporose. In: IOF Regionals Brazil 2012. 1st Latin America Osteoporosis Meeting, 2012, São 
Paulo. Arch Osteoporos. 2012;7:S191.

Table 4. Frequency of ordered tests and its abnormalities found by the 
General Endocrinology Service for osteoporosis workup (n = 185)

Laboratory tests Number (%) of 
tests ordered  

Number (%) of 
abnormal tests

Serum calcium 185 (100%) 16 (9%)

TSH 175 (95%) 22 (13%)

Complete blood cell count 173 (94%) 8 (5%)

PTH 152 (82%) 54 (36%)

25OHD 152 (82%) 64 (42%)

Phosphate 140 (76%) 4 (3%)

24-h urine calcium 124 (67%) 23 (19%)

Protein electrophoresis 44 (24%) 6 (14%)

Cortisol 16 (9%) 0

Antigliadin antibody 12 (6%) 0

IGF-1 (somatomedin) 5 (3%) 2 (40%)

Source: Marinho BCG, Soares MMS. Custo-efetividade da investigação laboratorial da 
osteoporose. In: IOF Regionals Brazil 2012. 1st Latin America Osteoporosis Meeting, 2012, São 
Paulo. Arch Osteoporos. 2012;7:S191.

in 42% the study population (10). A high proportion of 
acromegaly diagnoses was noted (two abnormal tests in 
five ordered), which might be explained by the fact that 
the study was conducted in a referral center, where the 
degree of suspicion of endocrine diseases is high. None 
of the patients had the diagnosis of Cushing syndrome, 
and of note, antigliadin antibodies were negative in all 
patients tested (10). These findings corroborate what 
had been published in similar studies in other countries. 
In the study by Tannenbaum and cols., 1.8% of patients 
had celiac disease, while 0.6% had Cushing syndrome 
(42). Rajeswaran and cols. found 4.23% of patients with 
celiac disease and no Cushing syndrome (43). Cushing 
syndrome accounts for 5-10 cases/million/year (44) 
and celiac disease has a prevalence of 1% (45). There-

Burden of osteoporosis in Brazil
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Direct costs related to the management of 
osteoporosis: treatment

It is estimated that SUS accounts for the provision 
of healthcare to 75.5% of the Brazilian citizens, and 
medications represent a sizable fraction of the public 
spending with health (47). The expenses of Brazil’s 
Ministry of Health with drugs acting on bone struc-
ture and mineralization correspond to approximately 
10.9% of the total spending with high-cost medications 
(48). In the São Paulo public health system, in 1998, 
the mean annual cost for postmenopausal osteoporo-
sis treatment in ambulatory patients amounted to 775 
dollars per patient, and out-of-the-pocket payments by 
the patients corresponded to 9% of the monthly family 
income (49). In Minas Gerais State, Brandao and cols. 
examined a historical cohort of 72,265 women, mean 
age 64.8 ± 9.8 years old, who used high-cost medi-
cations supplied by the SUS to treat postmenopausal 
osteoporosis in the period 2000 to 2006 (50). The 
study demonstrated that the mean monthly per capita 
expenditure in the first year of treatment was 51 USD, 
and this gradually increased with increasing age from 
50 years. The average monthly expenditure was 3.9% 
greater in women aged 50 to 59 years than in women 
< 49 years old. Similarly, the monthly expenditure was 
55.8% greater in women who had sustained a fragil-
ity fracture as compared to those without fractures. A 
total of 6,429 (8.9%) patients died during the study 
period. The average monthly per capita expenditure 
was 2.2% higher in women who died than in those who 
were alive at the end of the study (p = 0.02). The most 
commonly used drug at the beginning of the treatment 
was alendronate (57%), followed by calcitonin (24.6%) 
and raloxifene (15.5%). The type of anti-osteoporosis 
therapy used was the variable with the highest impact 
on the average monthly per capita expenditure, with 
tamoxifen and calcitonin having the greatest impact on 
the mean monthly spending, using alendronate as the 
standard drug (50). 

Hip fractures typically demand in-hospital care, 
while hospitalization is less frequent in vertebral, wrist, 
and other fractures (15). A recent study evaluated the 
profile of SUS hospitalizations for the treatment of 
femoral osteoporotic fracture in elderly patients in Brazil 
between 2006 and 2008 (35). Over this 3-year period, 
1% of the senior citizens hospitalized had a femoral 
fracture as the primary diagnosis. The total spending 
with hospital stays for femoral fractures in the elder-

fore, it is likely that these diseases were not found in 
the present study because of the population sample size 
(small in relation to the prevalence of these two dis-
eases, especially Cushing syndrome) and the reduced 
number of screening tests performed (antigliadin anti-
body and cortisol levels were measured in 6%, and 9% 
of the patients, respectively). 

In order to assess the cost-effectiveness of different 
testing strategies for the diagnosis of secondary causes 
of osteoporosis, we further evaluated a subgroup of 62 
patients with no treatment for osteoporosis who under-
went all the tests of a basic workup routine, which were: 
serum calcium, 24-h urine calcium, PTH, 25OHD, 
and TSH. This workup was selected based on different 
recommendations of several Societies (7,40,42,43,46). 
The strategy of ordering PTH, 24-h urine calcium and 
25OHD for all patients, and TSH for those in use of le-
vothyroxine, resulted in 100% of diagnoses at a cost of 
69.7 U.S. dollars (USD) per patient screened and 84.7 
USD per diagnosis. The testing strategy that proposes 
ordering PTH and 24-h urine calcium measurements 
for all patients, 25OHD for those with an abnormal 
PTH and/or urinary calcium, and TSH for the levo-
thyroxine users identifies 84.31% of the disorders at a 
lower cost, of 55.6 USD per patient and 80.2 USD per 
diagnosis (10). The current cost of different diagnostic 
tests for osteoporosis in Brazil is depicted in table 5.

Table 5. Costs in U.S. dollar (USD) of diagnostic tests for osteoporosis

Test SUS rate (USD) Private healthcare 
system rate (USD)

DXA 2 sites 31.1 42.7

Total calcium 1.0 1.9

Ionized calcium 2.0 5.4

Phosphate 1.0 1.9

Complete blood cell count 2.3 4.1

TSH 5.1 8.1

Liver function (AST, ALT) 2.3 3.8

Testosterone (men) 5.9 10.0

Erythrocyte sedimentation rate 1.5 1.4

Creatinine 1.0 1.9

24-h urine calcium 1.9 1.9

24-h creatinine 1.9 1.9

25OHD 24.9 9.4

PTH 24.4 27.1

Alkalyne phosphatase 1.1 2.4

Total protein and fractions 1.0 2.0

Lumbar spine X-ray, 1 view 5.5 15.5

Burden of osteoporosis in Brazil
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ly population in Brazil, including intensive care unit 
stays, prostheses and ortheses expenses, added up to 
17,437,273.50 USD in 2006, 21,067,819.40 USD in 
2007, and 27,358,429.50 USD in 2008, which cor-
responded to 2% of the total spending with hospitali-
zation for the elderly (35). The mean cost of treating 
a femoral fracture in two hospitals that maintained an 
agreement with the SUS ranged between 994.32 USD 
and 4,215.79 USD. This was a comprehensive analysis 
and included direct costs of staff (medical, nurse and 
physiotherapy services) as well as hospital resources 
(emergency room, operating room, intensive care unit, 
medications, prostheses, laboratory and imaging exams). 
This great disparity is due to the fact that cost analysis 
methodologies vary between hospitals (51). These fig-
ures contrast with the mean cost of hospitalization for 
osteoporotic femur fractures in individuals older than 
50 years of age in the Brazilian private healthcare sys-
tem, which amounted to 10,104.00 USD according 
to a study conducted between 2003 and 2004 (52). 
This number is closer to direct hospital-related costs re-
ported in other countries, which suggests that the costs 
calculated by the hospitals with an agreement with the 
SUS are lower than the actual cost of the treatment 
for acute femur fracture. Femoral fractures were ob-
served in 4.99% of the 129,611 cases of osteoporosis 
managed within the private healthcare system. The an-
nual economic burden of these fractures for the health 
insurance companies was estimated in approximately 6 
million USD (15,52). However, these results do not 
provide consistent data on the total costs over the me-
dium and long term (15). 

Regarding pharmacoeconomic analyses, a Brazilian 
study performed a systematic review of the strategies 
used in Brazil and worldwide, focusing on the treat-
ment of osteoporosis in postmenopause. The use of 
bisphosphonates was the most extensively evaluated 
strategy, and produced the best cost-effectiveness. Hor-
mone therapy, calcium and vitamin D supplementation, 
strontium ranelate, raloxifene, teriparatide, and deno-
sumab were also evaluated, with varying outcomes. 
Given the particularities of the Brazilian context, it was 
impossible to extrapolate any of the external results to 
our population, which restricted the applicability of 
such results to the decision-making process in public 
health policies (38). 

Cost-effectiveness analyses of different interven-
tion options aimed at the diagnosis and treatment of 
osteoporosis, with the ultimate goal of reducing the in-

cidence of fractures and, consequently, the direct and 
indirect costs associated with them, are paramount in 
the preparation of public health policies. Few studies 
have been conducted in Brazil in this regard. In 2003, 
Silva and cols., using the decision tree tool, calculated 
in 34,800.00 USD the cost per fracture that could be 
spared if the BMD/alendronate intervention were ap-
plied to women over 65 years of age, and in 4,315.00 
USD if only the association of calcium and vitamin D 
were used (53). Both estimates far exceeded the mean 
cost to treat femoral fractures (750.00 USD) estimated 
from DATASUS 2001 data, which led the authors to 
question the indication to implement any prevention 
and treatment strategy, given the limited resources. 
The analysis that those authors undertook was pre-
liminary and shows methodological shortcomings, yet 
it reinforces the need for enhanced knowledge of cost 
analysis strategies in our setting. In 2008, Araújo and 
cols. evaluated the cost-effectiveness of the osteoporosis 
treatment with zoledronic acid in the Brazilian private 
healthcare system, in a hypothetical cohort of women 
over 65 years of age using the Markov model (54). The 
use of zoledronic acid has proved to be cost-effective in 
the prevention of proximal femur fracture in that spe-
cific setting; however, these data cannot be extrapolated 
to the public system or to other sites of osteoporotic 
fractures. Additionally, the use of new tools enabling the 
calculation of individual risks of fracture based on clini-
cal estimators, such as FRAX Brazil (Fractures Risk As-
sessment) and SAPORI (São Paulo Osteoporosis Risk 
Index), could contribute to a more effective use of the 
available diagnostic and therapeutic resources (55).

Indirect costs

In addition to imposing direct medical costs to soci-
ety, osteoporosis also entails indirect costs, especially 
those related to reduced productivity, disability and 
early deaths. It is difficult to measure and evaluate the 
impact of indirect costs. One method quantifies loss of 
productivity based on profit reduction. Considering 
that bone diseases affect a large number of retired in-
dividuals, indirect costs are underestimated by this ap-
proach. Howe ver, assuming that people are worth what 
they earn, a study estimates that the cost of premature 
deaths and restricted activities resulting from fractures 
account for 26% of the total cost with fractures, and 
12% of the costs deriving from hip fractures (7). In Bra-
zil, there are no studies assessing the specific burden of 
the indirect costs of osteoporosis on society. 

Burden of osteoporosis in Brazil
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CONCLUSIONS

Osteoporosis is a disabling disease associated with high 
rates of morbidity and mortality. The projected number 
of individuals with osteoporosis in Brazil will increase as 
the population ages, which may have serious economic 
impact on our society and on the quality of life of the 
affected individuals. 

In spite of the heterogeneity of Brazilian studies, 
the overall prevalence of osteoporosis and fragility frac-
tures in our country is high. In addition to the different 
ways to assess osteoporosis (e.g. self-report vs. DXA), 
the sociodemographic characteristics of our population 
also influence the results found. 

There are few Brazilian studies of cost-effectiveness 
strategies used in the workup and treatment of osteopo-
rosis. Non-pharmacological strategies should always be 
considered, however without neglecting the proven ef-
ficacy of the various pharmacological options available. 
Early detection and sensible use of antifracture medi-
cations are invaluable in reducing the morbidity and 
mortality deriving from fractures. More comprehensive, 
multicentric studies are needed to enable us to outline 
evaluation and treatment protocols for our population. 

Public policies aiming at the education of the popu-
lation regarding the importance of osteoporosis pre-
vention, which should be initiated in childhood and 
adolescence, could minimize the future economic bur-
den of the disease. 

Disclosure: no potential conflict of interest relevant to this article 
was reported.
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Osteocalcina, metabolismo energético e da glicose

Leila C. B. Zanatta1, Cesar L. Boguszewski1,  
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ABSTRACT
Osteocalcin is a bone matrix protein that has been associated with several hormonal 
actions on energy and glucose metabolism. Animal and experimental models have 
shown that osteocalcin is released into the bloodstream and exerts biological effec-
ts on pancreatic beta cells and adipose tissue. Undercarboxylated osteocalcin is the 
hormonally active isoform and stimulates insulin secretion and enhances insulin sen-
sitivity in adipose tissue and muscle. Insulin and leptin, in turn, act on bone tissue, 
modulating the osteocalcin secretion, in a traditional feedback mechanism that places 
the skeleton as a true endocrine organ. Further studies are required to elucidate the 
role of osteocalcin in the regulation of glucose and energy metabolism in humans and 
its potential therapeutic implications in diabetes, obesity and metabolic syndrome. Arq 

Bras Endocrinol Metab. 2014;58(5):444-51 
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RESUMO
A osteocalcina é uma proteína da matriz óssea que tem sido implicada com várias 
ações hormonais relacionadas à homeostase de glicose e ao metabolismo energéti-
co. Modelos animais e experimentais têm demonstrado que a osteocalcina é liberada 
do osso para a circulação sanguínea e age nas células betapancreáticas e no tecido 
adiposo. A osteocalcina decarboxilada é a isoforma hormonalmente ativa e estimula 
a secreção e sensibilidade à insulina no tecido adiposo e muscular. A insulina e a 
leptina, por sua vez, atuam no tecido ósseo modulando a secreção da osteocalcina, 
formando uma alça de retroalimentação tradicional em que o esqueleto torna-se um 
órgão endócrino. Novos estudos ainda são necessários para elucidar o papel da os-
teocalcina na regulação glicêmica e no metabolismo energético em humanos, com 
potenciais implicações terapêuticas no tratamento de diabetes, obesidade e síndrome 
metabólica. Arq Bras Endocrinol Metab. 2014;58(5):444-51
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INTRODUCTION

T raditionally, the skeleton is responsible for the 
support and locomotion of an organism. Howe-

ver, besides its mechanical properties, bone has emer-
ged as a regulator of a number of metabolic processes 
that are independent of mineral metabolism. In fact, 

the skeleton has been considered an endocrine organ 
because of its capacity to secrete osteocalcin, a bo-
ne-specific protein, which has been implicated in the 
energy and glucose homeostasis (2). In 1996, Ducy 
and cols. (1) described increased visceral fat and in-
sulin resistance in osteocalcin-deficient mice (Osn / ). 
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These findings remained unexplained until 2007, 
when Lee and cols. (2) looked for genes expressed in 
osteoblasts encoding signaling molecules that could 
affect energy metabolism. These pioneering studies 
were the first to demonstrate the endocrine regula-
tion of energy metabolism by the skeleton. 

In this article, we review the current knowled-
ge on the importance of the Embryonic stem cells 
phosphatase (Esp) gene, expressed in osteoblasts and 
Sertoli cells. It is responsible for the receptor-like 
protein tyrosine phosphatase [OST-PTP] synthesis 
– The Osteocalcin gene, which is exclusively coded 
by osteoblasts and is responsible for the osteocalcin 
production as well as the GPRC6A gene – coded 
by the pancreatic beta-cells and regulates osteocalcin 
receptor synthesis. Furthermore, the most relevant 
epidemiological and clinical studies that have shed 
light on osteocalcin and its association with energy 
and glucose abnormalities will be discussed.

THE BONE AND ENERGY HOMEOSTASIS 

Hormone release is normally under control of endo-
crine feedback mechanisms between the site where 
the hormone is produced and the target organ or 
tissue where it acts. The adipocyte-derived hormo-
ne leptin is recognized as one of the most impor-
tant regulators of bone remodeling, which emerged 
evolutionarily with the vertebrate animals (3). Ducy 
and cols. (4) discovered that leptin exerts a negati-
ve control on bone accrual mass, as leptin-deficient 
mice have a high bone mass, even in the presence of 
hypogonadism. This leptin effect is exerted through 
a hypothalamic relay using two neural mediators, the 
sympathetic tone and CART (‘cocaine amphetamine 
regulated transcript’), both acting on the osteoblast 
(5). This effect involves leptin transportation throu-
gh the blood-brain barrier and it’s binding to speci-
fic receptors in serotoninergic neurons of brainstem, 
inhibiting the serotonin synthesis (6). The serotonin 
is a positive regulator of appetite and an inhibitor 
of catecholamine synthesis from hypothalamic neu-
rons, actions that favor bone mass accrual (7). When 
leptin acts, appetite is inhibited and the central sym-
pathetic tone is released. As a consequence, bone 
formation is impaired, since osteoblasts are inhibited 
when catecholamine binds to their beta-2 adrener-
gic receptors, as investigated only in animal models 
(7,8) (Figure 1). 

OSTEOCALCIN

Osteocalcin is a 49 amino acid peptide synthesized 
exclusively by the osteoblasts and stored in the bone 
mineral matrix as hydroxyapatite crystals. It was re-
cognized as a marker of bone formation at the time 
of its discovery and biochemical characterization (9). 
It is encoded by a specific gene codified in 1989 and 
located in the short arm of chromosome 12 (12p). 
The gene spans 3.9 kilobases of chromosomal DNA, 
with four exons separated by three large intervening 
sequences. Its promoter region reveals the presence 
of a number of putative regulatory sequences and 
vitamin K transcription factor responsive elements. 
The pre-pro-molecule consists of 84 amino acids that 
lose the propeptide in a vitamin k-dependent post-
transcriptional process (10). It becomes gamma-car-
boxylated on three glutamic acid residues, forming 
the so-called Gla bone protein that has a high affinity 
to the hydroxyapatite mineral osteoid matrix (11).

The real physiological importance of the Gla bone 
protein is not completely understood, since animal 
models with gain or loss of its function do not show 
changes in bone phenotype. In a process of acidifica-
tion of the bone mineral matrix in the reabsorption 
lacunae, the carboxylated osteocalcin would lose its 
glutamic acids. Therefore, reduces the bone affinity 
of the peptide and gives rise to undercarboxylated 

Figure 1. Endocrine feedback mechanism between bone and energy 
glucose metabolism. The leptine binding to serotoninergic neurons of 
brainstem, inhibiting the serotonin and releasing the central sympathetic 
tone. As a consequence, impairing the bone mass accrual and osteocalcin 
synthesis. In bone, the insulin stimulates the secretion of undercarboxylated 
osteocalcin, which improves the proliferation of pancreatic β cells and 
insulin secretion, and increases adiponectin production on fat cells, 
resulting in increasing insulin sensitivity. Figure adapted from P. Ducy 
(Diabetologia. 54:1291-7).
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Figure 2. The insulin, acting in its receptor (InsR), stimulating the 
undercarboxylated osteocalcin (Ocn) secretion by osteoprotegerin (OPG) 
reduction and acidification of reabsorption lacunae. The undercarboxylated 
osteocalcin acting in β cells and adipose cells. Figure adapted from 
Clemens and Karsenty (50).

osteocalcin, the hormonally active form that is relea-
sed into the bloodstream (9,11,12).

The evidence for influence of osteocalcin in the 
glucose metabolism was demonstrated in Osc -/- mice. 
The phenotype of insulin resistance, hyperglycemia, 
obesity and lower energy expenditure observed in 
these animals is reversed by administration of osteo-
calcin. Undercarboxylated osteocalcin stimulates pro-
liferation of pancreatic beta-cells and insulin secretion 
In vitro, and increases adiponectin production on fat 
cells, resulting in increased insulin sensitivity. Taken 
together, these actions reveal a positive feedback me-
chanism between pancreatic beta-cells, adipose tissue 
and bone, with the insulin enhancing the produc-
tion of undercarboxylated osteocalcin, which in turn 
enhances insulin production and sensitivity (13,14).

EMBRYONIC STEM CELLS PHOSPHATASE (ESP) 
GENE

The Esp gene encodes the osteotesticular protein 
tyrosine phosphatase (OST-PTP) in osteoblasts and 
Sertoli cells of mice (15). This protein is a trans-
membrane receptor highly regulated in bone cells 
and essential to osteoblast differentiation and mine-
ralization. It was discovered in 1994 and subsequent 
studies implicated OST-PTP in the negative trans-
criptional regulation of insulin receptor in the osteo-
blasts (15,16). Animal models with specific deletion 
of the Esp gene in the osteoblasts (Esp  / ) show be-
ta-cell proliferation, increased insulin secretion and 
sensitivity, increased adiponectin concentrations and 
hypoglycemia. Esp - / - mice also exhibit high concen-
trations of undercarboxylated osteocalcin, indicating 
that OST-PTP negatively modulates the osteocalcin 
decarboxylation (16). This phenotype resembles that 
observed in osteocalcin knockout animals (Osc  / ) and 
is partly reversible with the deletion of one allele of 
the osteocalcin gene (2). 

It has been shown that Insulin binds to its tyrosine 
kinase receptor expressed in osteoblasts and stimula-
tes the production of undercarboxylated osteocalcin 
by two different mechanisms: [1] enhancing the os-
teocalcin gene transcription and [2] reducing the os-
teoprotegerin synthesis and the Esp gene expression 
(15,16). Osteoprotegerin is the receptor that binds 
to RANKL on osteoblast/stromal cells, blocking the 
RANKL-RANK interaction and the osteoclast pre-

cursors, with a consequent reduction of osteoclasts 
production and bone resorption (17,18). As a con-
sequence of low osteoprotegerin production, osteo-
clasts are stimulated, enhancing the acidification of 
the bone mineral matrix in the reabsorption lacunae 
and increasing the undercarboxylated osteocalcin re-
lease. In this process, the carboxylated osteocalcin 
loses its glutamic acids and, consequently, reduces 
its bone affinity, which facilitates its secretion into 
the bloodstream in a metabolically active isoform 
(Figure 2).

PTP1B: THE HUMAN EQUIVALENT PROTEIN OF 
OST-PTP

Based on the well-established down regulation me-
chanism exerted by the PTP 1B (protein tyrosine 
phosphatase) on the human insulin receptors present 
in myoblasts and hepatocytes, Ferron and cols. (17) 
postulated that human PTP1B would correspond 
to the OST-PTP seen in mice. Molecular analysis 
allowed that PTP 1B performs in human osteoblasts 
the function that OST-PTP performs in mouse os-
teoblasts and recognized that its inhibition, uniquely 
in these animal cells, lead to the same phenotype ob-
served by Lee in models Esp - / -. He proved that 
insulin signaling in human osteoblasts controls OPG 
expression as it does in mouse osteoblasts. Evalua-
ting three patients with an autosomal dominant form 
of osteopetrosis they observed increase in osteocal-
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cin carboxylation and decrease in insulin blood level. 
The circulating undercarboxylated osteocalcin was 
significantly decreased in all patients, as were serum 
insulin levels measured after feeding. Thus, Esp gene 
product PTP1B inactivates the osteocalcin and in-
terferes with the energy metabolism by inactivating 
the insulin receptor (Figures 3 and 4) (17).

IDENTIFYING THE PANCREATIC RECEPTOR OF 
OSTEOCALCIN: THE ROLE OF GPRC6A

The GPRC6A is a member of the G protein-coupled 
receptors sensitive to pertussis toxin. When activa-
ted, it is capable of phosphorylating key proteins of 
insulin secretory pathway in the pancreatic beta-cells 
(21). Min Pi and cols., studying animal model with 
GPRC6A deletion, observed a complex phenotype 
involving multiple systems and including osteope-
nia, hepatic steatosis, glucose intolerance and insulin 
resistance (22). These authors postulated that pan-
creatic beta-cells could have an equivalent of this re-
ceptor, sensible to the actions of undercarboxylated 
osteocalcin. From several experiments using human 
embryonic cells, mouse pancreatic beta-cells and 
GPRC6A deficient mice, they found that GPRC6A 
mediates responses to osteocalcin in beta-cells in vi
tro and pancreas in vivo. These preliminary data sug-
gested GRPC6A as the biologically relevant receptor 
for osteocalcin on human pancreatic beta-cells (23).

BONE AS AN ENDOCRINE ORGAN: HUMAN 
STUDIES

Epidemiological studies in humans have been carried 
out to examine the association between osteocalcin 
and several metabolic parameters, such as glycaemia, 
insulin secretion, lipid profile, visceral fat, body mass 

index and vascular inflammation. These studies have 
added information on the potential impact of the 
skeleton, via osteocalcin, in the energy regulation 
and glucose metabolism.

Osteocalcin levels and metabolic parameters in 
humans

Jee-Aee and cols. (24) investigated the association 
between osteocalcin and glycemic indexes in 339 
postmenopausal women with and without diabetes. 
They found a significant association between higher 
serum levels of osteocalcin with insulin sensitivity 
(estimated by the homeostasis model assessment of 
insulin resistance index – HOMA-IR), lower glyce-
mic index and glycated hemoglobin (HbA1c). In ad-
dition, osteocalcin concentrations were significantly 
lower in patients with diabetes. 

The MrOS study from Sweden, evaluated over 
1,000 diabetic and non-diabetic elderly men (mean 
age 75 years-old) and found that serum osteocalcin 
levels were an independent negative predictor factor 
for plasma glucose concentrations, according pre-
vious data in animal models (25). Posterior cross-
sectional analysis involving 380 adults aged 65 years 
or more found a negative correlation between meta-
bolic parameters and osteocalcin levels (26). In this 
report, 198 patients were followed for three years 
and those with high basal levels of osteocalcin had 
lower increase in plasma glucose during the follow
-up (26). These results were later corroborated by a 
large cohort study that evaluated more than 2,760 
elderly men and found lower levels of osteocalcin in 
the presence of metabolic syndrome, as well as worse 
glycemic and insulin sensitivity indexes (27).

Kanazawa and cols. demonstrated an inverse cor-
relation between higher levels of osteocalcin and 
mar kers of atherosclerosis (lower ankle-brachial in-

Figures 3 and 4. The insulin stimulating the undercarboxylated osteocalcin synthesis in osteoblast and improving the insulin secretion, sensibility and 
energetic expenditure. PTP1B inhibiting the undercarboxylated osteocalcin secretion and leading to insulin resistance, glucose intolerance and increasing 
visceral adiposity. Figure adapted from Clemens and Karsenty (50).

Osteocalcin, energy and glucose metabolism
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dex and increased intima-media thickness), sugges-
ting that osteocalcin might be implicated in the athe-
rosclerotic disease (28). Other observational study 
in 102 patients younger than 40 years old identified 
a negative association between osteocalcin levels and 
acute myocardial infarction (29). In a Chinese study 
with more than 500 individuals with and without 
diabetes, a negative correlation between osteocalcin 
levels and lipid metabolism was observed (30).

García-Martín and cols. (31) conducted a study 
in 54 healthy non-diabetic postmenopausal women 
to investigate whether serum osteocalcin could be 
a marker of metabolic risk. They found a positive 
association between osteocalcin with fasting gluco-
se, LDL cholesterol and obesity, and also reported 
on that serum osteocalcin concentrations lower than 
13.5 ng/mL have a sensitivity of 85.7% and specifi-
city of 63.8% in detecting increased risk of diabetes.

Osteocalcin levels and insulin sensitivity were 
correlated in a small group of obese women, who 
were subjected to intervention with hypocaloric diet 
and/or physical activity for 16 weeks (32). The re-
sults showed that physical activity provided a better 
response in the elevation of serum osteocalcin than 
diet alone, even with a lower weight loss in the for-
mer group. The reduction of visceral fat was the best 
independent predictor of change in osteocalcin le-
vels, which was positively correlated with insulin sen-
sitivity. Taken together, these results would suggest 
that physical activity improves insulin sensitivity by 
increasing serum osteocalcin levels (32).

A large observational study correlated osteocalcin 
levels with adipokines (leptin and adiponectin) and 
markers of metabolic syndrome, body fat and phy-
sical activity (33). A total of 1,284 Afro-Americans 
and 1,209 non-Hispanic whites individuals were 
evaluated and, in both populations, osteocalcin was 
inversely related to leptin and metabolic markers, 
such as body mass index, waist circumference, blood 
glucose, insulin and triglycerides, and directly rela-
ted to adiponectin. In this study, the worse the se-
verity of the metabolic syndrome the lower levels of 
osteocalcin were found, independently of the glyce-
mic changes (33). More recently, Bao and cols. (34) 
confirmed in a large cohort of Chinese men that vis-
ceral fat was inversely related to osteocalcin levels, 
independently of blood glucose and total body fat. 

The association between glucose homeostasis 
and osteocalcin was also investigated in women with 

gestational diabetes mellitus (GDM). Interestingly, 
the results were not consistent with studies in other 
populations. Osteocalcin levels were elevated in 
GDM compared to non-diabetic pregnant women 
and they normalized in the postpartum period. It 
has been suggested that these findings would cor-
respond to an adaptive mechanism to fight against 
the insulin resistance of GDM, but a direct effect of 
hyperinsulinemia on osteocalcin secretion could not 
be ruled out during this period (35).

Human studies involving undercarboxylated 
osteocalcin 

Epidemiological studies have specifically examined 
the association of metabolic parameters with serum 
undercarboxylated osteocalcin levels, the hormonally 
active form of osteocalcin, but the results are not 
uniform and were not demonstrated in all studies 
(36-40). An important limitation of these studies is 
the lack of homogeneity and established specificity 
of commercially available assays to detect the under-
carboxylated osteocalcin isoform (41-43).

Hwang and cols. (36) found a significant associa-
tion of higher tertiles of undercarboxylated osteocal-
cin levels with the lowest glycemic indexes and impro-
ved insulin sensitivity. Corroborating these findings, 
a study involving 180 diabetic men demonstrated 
an inverse correlation between undercarboxylated 
osteocalcin and fasting glucose, HbA1c, total body 
and visceral fat. However, these associations were not 
observed in a group of postmenopausal women (37).

Schafer and cols. (44) investigated if the osteopo-
rosis treatment could influence the undercarboxyla-
ted osteocalcin levels and its impact on body fat and 
glycemic indexes. In their study, the therapeutic use 
of human recombinant parathyroid hormone (hrP-
TH 1-84) and alendronate were compared in 97 
osteoporotic postmenopausal women. The anabolic 
treatment with hrPTH 1-84 increased undercarbo-
xylated osteocalcin levels after three months, whereas 
the anti-resorptive treatment with alendronate redu-
ced them. The elevation of undercarboxylated osteo-
calcin was inversely related to body weight and total 
fat mass after 12 months of treatment, and directly 
related to adiponectin increase. There was no correla-
tion with leptin levels or glycemic indexes (44).

An interventional study in 28 obese middle-a-
ged men, with and without diabetes, submitted to 

Osteocalcin, energy and glucose metabolism
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two types of exercise (aerobic and power), examined 
the changes in glucose levels, HbA1c, adiponectin, 
undercarboxylated and total osteocalcin, pre and  
post-exercise. The two types of exercise were effecti-
ve in reducing the glycemic index, but only aerobic 
activity was able to increase undercarboxylated os-
teocalcin. In the subgroup with diabetes, the increa-
sed percentage of undercarboxylated osteocalcin was 
the main predictor of the reduction of glucose levels 
after exercise. These results suggested that improve-
ment of glucose metabolism after exercise could be 
partly explained by the increase of undercarboxyla-
ted osteocalcin (45).

Pollock and cols. (46) assessed changes in bone 
mineral density (BMD), glycemic and lipid indexes, 
levels of undercarboxylated and total osteocalcin, 
and central adiposity in children with and without 
pre-diabetes. A group of 140 sedentary overweight 
children were subjected to an intervention with phy-
sical activity for six months. The pre-diabetes sub-
group had lower total body BMD, independently of 
the total weight, with an inverse correlation between 
BMD and the visceral and subcutaneous abdominal 
fat. Subsequently, the same group of researchers (47) 
reported on lower levels of undercarboxylated and 
total osteocalcin in the pre-diabetes children, who 
also exhibited worse insulin secretion and insulin 
sensitivity indexes. The authors suggested that lower 
undercarboxylated osteocalcin levels in pre-diabetic 
children may be partly responsible to impairment of 
beta-cell function. In agreement, other group of re-
searchers showed that weight loss in obese children 
is associated with improvement on insulin sensitivi-
ty and elevation of serum osteocalcin concentrations 
(48).

OSTEOCALCIN: A POTENTIAL THERAPY FOR 
METABOLIC SYNDROME AND TYPE 2 DIABETES?

The experimental and epidemiological data available 
to date suggest a role of undercarboxylated osteo-
calcin as a positive modulator of insulin secretion 
and sensitivity. As mentioned by Ducy (49), Cle-
mens and Karsenty (50), we are now dealing with a 
new pharmacological perspective, as osteocalcin may 
have a positive impact in the therapy of metabolic 
syndrome and diabetes mellitus. However, there is 
a long way to pursue, as up to now no clinical trial 
using osteocalcin in humans has been published and 

even in animals, the osteocalcin administration have 
been tested in only two models (19).

In the first model, subcutaneous infusion of os-
teocalcin was administered to mice subjected to a 
high-fat diet, resulting in less weight gain, improved 
insulin sensitivity and glycemic index, and correction 
of hypertriglyceridemia, in comparison with paired 
mice treated with vehicle (19). In the second model, 
mice with hyperphagia induced by damage of the 
arcuate nuclei and treated with recombinant osteo-
calcin had lower weight gain and improved insulin 
sensitivity in comparison to controls. Mice treated 
with osteocalcin remained euglycemic, in contrast to 
the other group treated with vehicle, which became 
obese and developed metabolic syndrome. In both 
experimental models, the beneficial effects of os-
teocalcin on carbohydrate metabolism occurred wi-
thout changes in appetite, consistent with the lack of 
osteocalcin effect on the leptin gene expression (19).

CONCLUSION
The discovery of osteocalcin has opened a new pers-
pective on the interactions between the skeleton and 
several tissues associated with energy homeostasis 
and glucose metabolism, such as pancreatic beta-ce-
lls, adipose tissue and the brain, confirming the bone 
as a true endocrine organ. The results with osteo-
calcin are more evident than the undercarboxylated 
isoform, probably due the lack of standardization of 
the assays. All the knowledge on the components of 
these new hormonal loops, shed light on the poten-
tial for new therapeutic interventions for high pre-
valent endocrine disorders, such as obesity, diabetes 
and metabolic syndrome.

Disclosure: no potential conflict of interest relevant to this article 
was reported. 
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The multiple effects of thyroid 
disorders on bone and 
mineral metabolism
Os múltiplos efeitos das disfunções tireoidianas 
sobre o metabolismo osteomineral

Ludmilla F. Cardoso1, Léa M. Z. Maciel1, Francisco J. A. de Paula1

ABSTRACT
Differently from most hormones, which commonly are specialized molecules able to influen-
ce other cells, tissues and systems, thyroid hormones (TH) are pleiotropic peptides, whose 
primordial function is difficult to identify. The complex action of TH on human economy can 
be easily witnessed by examining the diverse consequences of TH excess and deficiency du-
ring development and after maturity. In particular, different manifestations in bone modeling 
and remodeling reflect the circumstantial consequences of thyroid disturbances, which are age 
dependent. While hyperthyroidism during childhood enhances bone mineralization and acce-
lerates epiphyseal maturation, in adults it induces bone loss by predominant activation of oste-
oclast activity. Furthermore, the syndrome of TH resistance is a multifaceted condition in which 
different sites exhibit signs of hormone excess or deficiency depending on the configuration 
of the TH receptor isoform. The investigation of the impact of TH resistance on the skeleton still 
remains to be elucidated. We present here a thorough review of the action of TH on bone and of 
the impact of thyroid disorders, including hyper- and hypothyroidism and the syndrome of TH 
resistance, on the skeleton. Arq Bras Endocrinol Metab. 2014;58(5):452-63

Keywords
Thyroid hormones; osteoporosis; thyrotoxicosis; hypothyroidism; thyroid hormone resistance

RESUMO
Diferentemente da maioria dos hormônios, que usualmente são moléculas especializadas ca-
pazes de influenciar outras células, tecidos e sistemas, os hormônios da tireoide (HT) são pep-
tídeos pleiotrópicos, cuja função primordial é difícil de identificar. A ação complexa dos HT na 
fisiologia humana pode ser facilmente reconhecida ao observar as diversas consequências 
do excesso e da deficiência de HT durante e após o pleno desenvolvimento. Em particular as 
diferentes manifestações na modelação e remodelação óssea refletem que as consequências 
esqueléticas das disfunções tireoidianas dependem das circunstâncias e variam com a idade. 
Enquanto o hipertireoidismo durante a infância aumenta a mineralização óssea e acelera a 
maturação epifisária, em adultos induz a perda óssea pela ativação predominante da ação 
osteoclástica. Além disso, a síndrome de resistência ao HT é uma condição multifacetada na 
qual diferentes tecidos apresentam sinais de excesso ou deficiência hormonal, dependendo 
da predominância da expressão das diversas isoformas do receptor de HT. O impacto da re-
sistência ao HT sobre o esqueleto ainda é motivo de investigação. Apresentamos aqui uma 
revisão abrangente sobre as ações ósseas dos HT e o impacto no esqueleto dos distúrbios da 
tireoide, incluindo hipo e hipertireoidismo e síndrome de resistência ao HT. Arq Bras Endocrinol Metab. 
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INTRODUCTION

T hyroid hormones (TH), vitamin D (VD) and 
steroids belong to a special group of endocrine 

molecules which produce their effects by signaling in 
nuclear receptors (NR) (1). Typically they are pleiotro-
pic hormones, affecting a significant range of cell types 
in most tissues and in various systems. In common 
TH, steroids and VD also have intense effect on bone 
strength and on mineral and energy metabolism. While 
glucocorticoids and gonadal steroids, respectively, lead 
to a loss and an increase in bone mass, TH have a more 
complex effect depending on age, circumstances. 

The TH 3,5,3’,5’-tetraiodo-L-thyronine (thyroxin 
or T4) and 3,5,3’-triiodothyronine (T3) are produced 
and secreted by thyroid follicles which, under TSH 
stimulation, capture iodide through the membrane 
protein NIS (a iodide-sodium cotransporter) and uti-
lize it for TH synthesis. T4 is considered to be a pro-
hormone whose main function is to serve as a substrate 
for the production of T3 through deiodination by the 
type 1 (D1) and type 2 (D2) deiodinase enzymes. T3 is 
the main hormone responsible for the genomic actions 
of TH, modulating the expression of target genes after 
binding to the TH receptor (TR), while T4, reverse 
T3 (rT3) and 3,5-diiodothyronine (T2) seem to be 
more involved in non-genomic TH actions, which oc-
cur more rapidly and usually in consonance with their 
genomic actions. These last hormones are also funda-
mental for the regulation of basal cell activity and are 
important for rapid adjustments of cell homeostasis (1).

Once released into the blood circulation, TH are 
transported to the intracellular medium by TH transport-
ers (THT), which have 12 transmembrane domains and 
can be divided into two subfamilies: organic anion trans-
porters (NTCP and OATP) and amino acid transporters 
(L type – LAT1 and LAT2, and T type – MCT8 and 
MCT10). The only THT specific for TH is MCT8, while 
all the others are denoted secondary transporters (2).

Inside the cell, T3 binds to TR, which belongs 
to the superfamily of NR and is usually found in the 
nucleus as a heterodimer with the retinoid X receptor 
(RXR), modulating gene transcription. Thus, NR are 
transcription factors activated by their ligands, proteins 
that bind to the promoter region of target genes in or-
der to activate or repress transcription. In the absence 
of T3, TR recruits corepressor complexes (CoR) which 
compact chromatin by means of histone acetylation and 
prevent the action of the transcription machinery. T3 

binding to TR changes its tridimensional conforma-
tion, which then shows greater affinity for coactivator 
complexes (CoA). As a consequence, CoR dissociation 
occurs, leading to histone acetylation and chromatin 
loosening, with the subsequent transcription of the tar-
get gene (1). The biological genomic activity of TH 
depends on the intracellular concentrations of T3, on 
D1 and D2 activity, and also on the activity of type 3 
deiodinase (D3), which inactivates T3. 

TR are coded by the THRA (c-erbAα) and THRB 
(c-erbAβ) genes, respectively located on chromosomes 
17 and 3, which code by alternative splicing various iso-
forms distributed in the organism depending on tissue 
and on age. While TRβ predominates in the hypothala-
mus-pituitary region, the liver and kidneys, TRα is the 
primary effector of the actions of T3 on the heart, cen-
tral nervous system, intestine, skeletal muscle, and bone 
(3). Different isoforms have diverse effects, as can be 
observed in experimental models using knockout mice, 
in which the deletion of different types of TR leads to 
diverse manifestations.

MATERIALS AND METHODS

The platform Medline-PubMed database, followed by 
the Embase and Scientific Electronic Library Online/
Latin American and Caribbean Health Science Litera-
ture (SciELO/Lilacs) databases were used to search 
articles. The search terms used were thyroid hormone 
and bone in association with one of the following: os-
teoporosis, calcium, phosphorus, thyroid hormone re-
sistance and growth.

Molecular actions of TH in the skeleton

The ample interface between TH and bone metabolism 
is demonstrated by the variety of molecules related to 
the metabolism and action of TH expressed in skeletal 
tissue, such as TRs, THTs and deiodinases (4-6).

The actions of T3 in bone are complex and only 
partially understood; they occur through direct and in-
direct pathways during all phases of the bone remodel-
ing cycle, and stimulate both bone formation and re-
sorption (7,8). For instance, during bone formation, 
T3 stimulates osteoblast proliferation, differentiation 
and apoptosis, and increases the expression of osteocal-
cin, type 1 collagen, alkaline phosphatase, metallopro-
teins, IGF-1 and its receptor (IGF-1R). Subsequently, 
during bone resorption, T3 increases the expression of 
important differentiation factors of the osteoclast li-

Thyroid hormones and bone
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neage such as interleukin 6 and prostaglandin E2 (5). 
Moreover, T3 acts in a synergistic manner with osteo-
clastogenic hormones such as parathyroid hormone 
(PTH) (9) and VD (10). It has also been demonstrated 
that T3 increases the expression of mRNA of the ligand 
of receptor activator of nuclear factor-κβ (RANKL) in 
the osteoblast, which activates RANK present in osteo-
clast precursors a key step in the osteoclastogenesis (7). 

The TRβ1 and TRα1 isoforms are expressed in 
the stromal cells of bone marrow, chondrocytes, os-
teoblasts and osteoclasts. Quantitative RT-PCR stu-
dies have indicated that TRα1 expression is at least 
ten times higher than TRβ1 expression, indicating that 
TRα1 is the predominant mediator of the actions of 
T3 on the skeleton. Studies on adult female rats trea-
ted with 3,5-dimethyl-4-(4-hydroxy-3-isopropylbenzyl)
phe  noxy acetic acid (GC-1), a TRβ-selective analogue, 
have shown that chronic treatment with GC-1 does not 
change bone mass. Conversely, treatment with a supra-
physiological dose of T3 equimolar to the GC-1 dose 
causes a generalized bone loss. Taken together, these 
findings support the concept that the osteopenic effects 
of T3 are mediated by TRα (11).

Studies using animal models genetically modified 
for TR and D2 and with congenital hypothyroidism 
have made important contributions to the understand-
ing of osteomineral effects of TH. Table 1 lists vari-
ous representative studies in this line of investigation. 
In general, these studies demonstrated that mice with 
mutation of TRα or of both α and β receptors nearly 
show the same phenotype of retarded growth and bone 
maturation, with delayed ossification, reduced postna-
tal growth and bone mineralization, delayed closure of 
the cranial sutures in early life and increased mineraliza-
tion during adult life, as observed in hypothyroidism, 
although with less severity. In contrast, mice with muta-
tion in TRβ gene show a thyrotoxic skeletal phenotype, 
with increased mineralization and advanced ossification 
which result in short stature and craniosynostosis in 
childhood and reduced mineralization and low bone 
mass in adulthood (12). However, the lower severity 
of the skeletal phenotype of TR mutants compared to 
mice with TH deficit or excess actually suggests a sub-
stantial overlap in the action of these two receptors re-
garding the control of bone development. Thus, up to 
a point, TRβ and TRα are interchangeable, although 
the compensatory effects are incomplete, with some ef-
fects being isoform-specific. In addition, TRα1 mutants 
exhibit reduced expression and signaling of GH and 

IGF-1 receptors during the growth, suggesting that 
these receptors are targets of the physiological action of 
T3 on bone in vivo. In support to this point, there are 
studies demonstrating that IGF-I is stimulated by T3 in 
clones of cells of the osteoblast lineage (13). 

Osteoblasts also express type 2 and 3 deiodinases, 
especially D2, the deiodinase that activates TH. D1 
is not expressed in bone tissue (14). In addition, the 
THT is expressed in chondrocytes, osteoblasts and 
osteoclasts in all stages of cell differentiation, and the 
THT LAT 1 and LAT2 have been identified in mouse 
bone tissue and in cultures of osteoblast-like cells de-
rived from mouse calvaria (MC3T3-E1) (4). Similar-
ly, expression of the TSH receptor (TSHR) has been 
demonstrated in osteoblasts and osteoclasts, suggesting 
that TSH may have direct effects on these cells (6). The 
identification of TSHR in various tissues including the 
brain, testicles, kidneys, heart, thymus, lymphocytes, 
adipose tissue, fibroblasts and bones suggests that TSH 
may play a broader role than its traditionally recog-
nized stimulation of thyroid follicle cells (15). Some 
authors have proposed that TSH plays important roles 
on bone tissue, which are independent of the actions 
of TH (16). This is supported by studies on mice with 
deletion of the TSHR gene, which show high TSH and 
low serum levels of TH. TH therapy in these mice im-
pacts body weight but does not affect bone mass or 
bone length (6). Alternatively, other authors (15) sug-
gest that the failure in both bone mass gain and bone 
growth may be due to the remarkable delay of matu-
ration during the period of prenatal hypothyroidism 
and during the three postnatal weeks that precede the 
beginning of TH replacement. Another study has sug-
gested that TSH binding to its receptor in bone cells 
has beneficial effects on the skeleton through inhibi-
tion of osteoclastogenesis. In accordance to this tenet, 
Ma and cols. (16) suggested that in Graves disease the 
antibody TRAb decreases bone loss against the cata-
bolic effects of high circulatory levels of TH. The new 
evidence of the direct effects of TSH on bone, open the 
door to the investigation of additional mechanisms for 
the emergence of bone disease in thyroid disturbances. 
In the clinical setting, it will be challenging to define 
the contribution of TSH and THs to primary thyroid 
disorders. Nonetheless, further studies will be necessary 
to verify if bone catabolism is synergistically stimulated 
by suppressed serum TSH levels in primary hyperthy-
roidism and, conversely, if TSH has protective skeletal 
effects in primary hypothyroidism. 

Thyroid hormones and bone
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Table 1. Skeletal phenotypes of genetic modified mice showing congenital hypothyroidism, TSH resistance, mutation in the type 2 deiodinase and thyroid hormone 
resistance alpha and/or beta

Model Genotype Hormonal status Young skeleton Adult skeleton Skeletal 
phenotype References

Pax8 Lack of essencial 
transcriptor factor 
Pax8 for thyroid 

development

No thyroid. 
Undetectable TH; 

elevated TSH 2000 
fold

Serious and persistent 
linear growth 

retardation, delayed 
endochondral 

ossification, reduced 
cortical bone, reduced 

bone mineralization

NR Hypothyroid Mansouri and cols. (61); 
Friedrichsen and cols. (62)

TSHR TSHR deleted Thyroid hypoplasia. 
Undetectable TH; 

elevated TSH

Death after weaning if 
not treated with TH

NR NR Marians and cols. (63)

Hyt/hyt Loss of function 
mutation in TSHR gene

Low TH; elevated TSH 
2000 fold

Linear growth 
retardation, delayed 

endochondral 
ossification, reduced 

cortical bone, reduced 
mineralization

NR Hypothyroid Beamer and cols. (64); Gu 
and cols. (65)

D2 Type 2 deiodinase 
deleted

Elevated TSH and T4; 
normal T3

Normal growth and 
development

NR NR Bassett and cols. (5); 
Fraichard and cols. (66)

TRα0/0 TRα deleted;

TRβ preserved

Euthyroid; normal GH 
and IGF-I

Transient growth 
retardation; delayed 

endochondral 
ossification, reduced 

mineralization

Osteosclerosis; 
increased trabecular 
volume, reduction of 

osteoclastic absorption

Hypothyroid Gauthier and cols. (67); 
Bassett and cols. (5)

TRα1PV/+ TRα mutation with 
heterozygous 

dominant negative 
TRα receptor

Mild thyroid failure, 
normal GH, reduced 

IGF-I

Serious and persistent 
growth retardation; 

delayed 
intramembranous and 

endochondral 
ossification, reduced 

mineralization

NR Hypothyroid Kaneshige and cols. (68); 
O’Shea and cols. (69)

TRβ-/- TRβ deleted; 

TRα preserved

RTH with elevated TH 
and goiter

Persistent short 
stature; advanced 

ossification, increased 
mineralization

Osteoporosis, reduced 
mineralization, 

increased osteoclastic 
resorption

Thyrotoxic Forrest and cols. (69); 
Gauthier and cols. (67); 

Bassett and cols. (5)

TRβPV/PV TRβ mutantion with 
homozigous dominant 
negative TRβ receptor

RTH serious and 
goiter; reduced GH

Accelerated prenatal 
growth; retarded 

persistent postnatal 
growth; advanced 

ossification; increased 
mineralization

NR Thyrotoxic Kaneshige and cols. (70); 
O’Shea and cols. (12); 
Bassett and cols. (5)

TRα-/-TRβ-/- TRα and TRβ deleted RTH and small goiter Growth retardation, 
delayed ossification, 

reduced mineralization

Death near the 
weaning

NR Gauthier and cols. (67); 
Bassett and cols. (5)

TH: thyroid hormone; TSHR: thyroid stimulating hormone receptor; D2: type 2 deiodinase; TRα: thyroid hormone receptor alpha; TRβ: thyroid hormone receptor beta; RTH: resistance to thyroid 
hormone; NR: not reported.

Consequences for development 

Childhood and adolescence are periods of great ske-
letal changes, when more than 90% of the bone mass is 
acquired. During the prepubertal period, bone growth 
and mineralization are more rapid in the limbs than in 
the spine (17). Spine growth accelerates during early 
and intermediate puberty and both axial an appendicu-

lar bone undergoes reduced growth at the end of pu-
berty. At seven years of age, girls have already reached 
80% of their adult height, but have acquired only 40% 
of their adult bone mass. At about 7 years of age, boys 
reach 70% of their final height, but only 35% of their 
bone mass. The peak of mineralization occurs about 
eight months after the peak growth rate; thus, bones 

Thyroid hormones and bone
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are relatively less mineralized during the peripubertal 
period, contributing to the risk of fractures during this 
phase. Between six and 16 years of age, bone mass in-
creases 2.5 and 3 times in girls and boys, respectively. 
The peak of bone mass reached at the beginning of 
adult life is a major determinant of osteoporosis emer-
gence after reproductive age (17). Although genetic 
factors determine 60 to 80% of the variability of skeletal 
bone mass, other factors related to health and life style 
can significantly influence bone growth and remodel-
ing. Among these factors are various hormones such as 
estrogens (18), androgens and GH (19), with anabolic 
effects, glucocorticoids with catabolic actions (20,21) 
and TH with a variable effect depending on the phase 
of development. T3 is known to be a potent regulator 
of skeletal growth and maturation, with its actions on 
bone varying according to developmental stage, with 
predominance of anabolism during development and 
of catabolism after bone maturation (22). 

Hypothyroidism and thyrotoxicosis

In children, TH deficiency leads to delayed maturation, 
short stature and changes in the epiphyseal growth 
plates, while TH excess results in advanced bone age, 
premature fusion of the epiphyses, and consequent lim-
itation of final stature (23,24).

The relative expression of the two TR genes also 
varies, not only among tissues, but also during the 
different phases of development. It has been demon-
strated that the TRα1 and TRβ1 isoforms are function-
ally present at varying proportions in three osteosar-
coma cell lines which express fibroblast, preosteoblast 
and mature osteoblast phenotypes (ROS 25/1, UMR 
1O6 and ROS 17/2.8, respectively), suggesting a pos-
sible change in TH action during bone development 
(25). Indeed, these cells show different responses to 
T3 treatment. 

Together with GH, IGFs, glucocorticoids, estro-
gens and androgens, TH represent important systemic 
factors that influence bone growth and maturation, es-
pecially after the beginning of puberty. Under normal 
conditions, TH activates both synthesis and degrada-
tion of bone matrix, having relevant role for skeletal 
integrity maintenance (8). One of the mechanisms by 
which TH produce these effects is an indirect action 
increasing GH and IGF secretion (26), as reported in 
classical studies on thyroidectomized rats treated with 
TH. After thyroidectomy, the animals show a reduction 

of pituitary and serum circulatory levels of GH, which 
is reversed after TH replacement. Additionally, there 
is evidence that TH can act directly on the epiphyseal 
plate independently of GH (26), as demonstrated in 
studies with cultures of epiphyseal plate cells submitted 
to a T3-rich environment. Within this context, there is 
inhibition of the clonal expansion of immature chon-
drocytes in parallel to an increased differentiation of 
hypertrophic chondrocytes, the latter representing the 
end phase of life of these cells, when they can no longer 
promote growth. 

The final height can be impaired by both lack and 
excess of TH. Spontaneous nocturnal secretion of GH 
is low in hypothyroidism and hyperthyroidism (27,28). 
The rate and the amount of GH released are reduced 
in adolescents with untreated thyrotoxicosis compared 
with normal controls. It has been proposed that the 
reduced GH release during GHRH stimulation in hy-
perthyroidism may be explained in part by an increase 
in hypothalamic somatostatin tone with a concomitant 
decrease in GHRH (28). While in the presence of thy-
rotoxicosis the impairment of height occurs in a pro-
portionate manner, congenital hypothyroidism is the 
only cause of secondary disproportionate short stature, 
mainly affecting the lower segment of the body. 

Resistance to thyroid hormones

In 2012, it was reported the first cases of resistance to 
TH (RTH) due to mutation in THRA gene (RTHα). 
The skeletal phenotype of these individuals was marked 
by disproportionate short stature. They also had de-
layed skeletal maturation as well as retarded closure 
of cranial sutures and tooth eruption. This strong evi-
dence indicates that TRα1 plays a fundamental role 
in bone development (29,30). In contrast, in cases of 
RTH due to mutation in THRB gene (RTHβ), pro-
portionate short stature and delayed bone age were de-
tected at proportions ranging from 8 to 18% and from 
29 to 47%, respectively (31,32). The last condition 
was first reported in 1967 by Refetoff and cols. (33), 
with the description of more than 3,000 individuals 
affected distributed among more than 1,000 families, 
with the identification of more than 170 mutations in 
the THRB gene (34). In a study of 14 Brazilian pa-
tients with RTHβ, 8 adults and 6 children, short stat-
ure (below the 3rd percentile of the growth curve) was 
observed in 2 adults (14.3%), and no significant delay 
or advancement of bone age was detected (35). It is 

Thyroid hormones and bone
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not known whether the delay in bone age occurring in 
some of these individuals with RTHβ is primarily due 
to TRβ dysfunction per se or to the negative dominant 
effect that mutants may exert on normal TRα1, pre-
venting their full physiological role.

Consequences for bone mass

The bone remodeling process is an ingenious mecha-
nism that simultaneously contributes to calcium ho-
meostasis and bone resistance. Under ideal conditions, 
the final product of bone remodeling is the mainte-
nance of bone integrity (8). Conversely, imbalance in 
bone formation and resorption leads to bone loss and 
deterioration of bone microarchitecture, with conse-
quent emergence of bone fragility and an increased risk 
of fractures (9).

Hypothyroidism and thyrotoxicosis

The intracellular TH metabolism performed by de-
iodinases D2 (activator) and D3 (inactivator) in the 
osteoblasts is a sophisticated mechanism for the main-
tenance of intracellular T3 concentrations in a man-
ner partially independent of its serum concentrations. 
Thus, D2 activity is maximum in hypothyroidism and 
minimum in thyrotoxicosis, in order to maintain con-
stant intracellular T3 concentrations. These adaptations 
may play an important role by preserving bone minera-
lization and strength during the phase of installation of 
thyroid disorders. However, when hypothyroidism and 
thyrotoxicosis become established, this local feedback 
mechanism is unable to maintain T3 in bone microen-
vironment, with the occurrence of increased (hypothy-

roidism) or reduced (hyperthyroidism) mineralization, 
and repercussions on bone mass and strength. Thus, an 
increased risk of fractures occurs in hypothyroidism due 
to stiffness and instability, or due to fragility in thyro-
toxicosis. Expectedly, the risk of fracture according to 
thyroid status, follows a “U”-shaped curve, with the 
risk being lower in euthyroidism and increasing with 
both the lack and the excess of TH (7,8). The main 
changes and consequences of TH excess or deficiency 
are summarized in table 2.

Hypothyroidism leads to a low bone turnover, with 
a reduction of osteoclast bone reabsorption and of os-
teoblast formation, slowing the remodeling process and 
increasing the time taken in the remodeling cycle, mainly 
due to the prolongation of the mineralization phase. A 
slight increase in bone mass may even occur, which unfor-
tunately does not result in a reduced risk of fracture. On 
the contrary, the risk of fracture arises before bone mass 
reaches levels compatible with osteoporosis. Although 
the mechanisms are not fully understood, impairment of 
bone quality is believed to occur in association with the 
reduction of mechanical stimuli due to lower physical ac-
tivity and with an increased risk of falls (36-38). 

In contrast, in thyrotoxicosis there is an increase in 
bone turnover, with a reduction of the cycle mainly im-
pairing the phase of bone formation, with decoupling 
of the remodeling process in favor of reabsorption. As a 
consequence bone loss occurs; indeed hyperthyroidism 
is a major cause of secondary osteoporotic fractures. 
The catabolic effects of TH in bone were described 
more than one century ago, and the clinical reper-
cussion in BMD and risk of fractures have been fully 
characterized more recently in untreated hyperthyroid 

Table 2. Main effects of thyroid hormone deficiency or excess on bone turnover in young adult skeleton

Hypothyroidism Thyrotoxicosis

On bone remodeling cycle

D2 activity Maximum Minimum

Osteoblastic and osteoclastic activity Reduced Increased

Duration of bone remodeling cycle Prolonged, mainly at the expense of increasing the 
resorption phase

Reduced, mainly to the detriment of the formation 
phase

On young skeleton

Growth velocity Reduced Increased

Bone mineralization Reduced Increased

Intramembranous ossification/Bone age Reduced Increased

Final stature Reduced and disproportionate Reduced and proportioned

On adult skeleton

Bone mass Increased Reduced

Risk of fractures Increased, by stiffness Increased, by fragility

Thyroid hormones and bone



Co
py

rig
ht

©
 A

BE
&

M
 to

do
s o

s d
ire

ito
s r

es
er

va
do

s.

458 Arq Bras Endocrinol Metab. 2014;58/5

subjects. Histomorphometry studies in thyrotoxicosis 
have demonstrated increased osteoblast and osteoclast 
activity (11). The evaluation of bone histomorphom-
etry on humans and animals have shown that, in the 
presence of excess TH, osteoblast and osteoclast activ-
ity is increased, with a predominance of the latter. As a 
result, bone metabolism is accelerated, favoring resorp-
tion and a negative calcium balance and as a result bone 
loss (37,38). The ensuing structural changes involve 
reduction of the thickness and number of trabeculae, 
implying in a reduction of trabecular bone volume. 
There is also increased porosity and reduced thickness 
of cortical bone. Bone fragility has been reported as an 
early adverse effect that may arise even in subclinical 
hyperthyroidism (5). 

An important clinical aspect that emphasizes the 
negative impact of hyperthyroidism on the skeleton is 
the bone recomposition that follows the reestablish-
ment of normal TH production. However, there is still 
controversy about whether this recovery is total or par-
tial (39,40). A 2003 meta-analysis study has suggested 
that treatment of hyperthyroidism alone restores bone 
mass to normal levels after one to four years, even when 
no other measure is taken to increase bone mass (41).

Although all skeletal sites are responsive to TH, they 
exhibit different response to TH stimuli. The long-term 
administration of high LT4 doses to adult male rats for 
a period of 3 to 20 weeks resulted in reduced bone min-
eral density (BMD) in the femur but not in vertebrae. 
There was also a significant increase in the expression 
of osteocalcin, osteopontin, alkaline phosphatase and 
tartrate-resistant acid phosphatase in the femur, but not 
in the spine specimen. (42,43). In clinical investiga-
tion, hyperthyroidism seems to affect cortical bone to 
a greater extent than trabecular bone, demonstrated by 
predominant bone loss in the forearm (44). The vari-
ability in response pattern is probably related to the dif-
ferential expression not only of TRs, but also of other 
factors that modulate bone remodeling (45). 

It is also possible that TH may interfere with the 
bioavailability and action of estradiol and/or androgens, 
since both hypo- and hyperthyroidism can cause signifi-
cant changes in the bioavailability of these steroids (46). 
These changes range from elevation of sex hormone 
binding globulin (SHBG), estradiol and testosterone, 
in the case of thyrotoxicosis, to reduction of these 
parameters in hypothyroidism. Both TRα and TRβ 
are expressed in the testicles and TRα1 is the isoform 
most likely associated with testicular development and 

function (47). The ovaries also express TRs, inclusive 
mRNA of TRα1, TRβ1, TRβ2 and c-erb-TRΔα2 hav-
ing been detected in human oocytes (48). These data 
indicate the existence of a strict interaction between the 
gonadal and thyroid axis. Certainly, this is one of the 
multiple mechanisms involved with the emergence of 
bone disease in patients showing thyroid disorders. 

Resistance to thyroid hormone

Animal models of congenital hypothyroidism, thyro-
toxicosis and RTH due to THRA and THRB genes 
deletions or mutations have greatly contributed to the 
understanding of osteomineral metabolism in different 
thryoid conditions. The models of TH deficiency, usu-
ally due to PAX8 or TSHR mutation, as well as TRα 
mutants, present a skeletal phenotype of hypothyroi-
dism, with the animals showing reduced mineraliza-
tion, growth retardation and delayed ossification du-
ring development, but with increased mineralization 
after maturation (5,12). In human beings, an especially 
curious clinical model of primary hypothyroidism is 
congenital hypothyroidism due to thyroid dysgenesis. 
In addition to low serum TH levels, affected indivi-
duals show reduced circulating levels of calcitonin. 
Previous studies have shown that adult patients with 
thyroid dysgenesis who started TH replacement during 
different phases of childhood have a normal bone mass 
despite the concomitant chronic calcitonin deficiency. 

In contrast, experimental models of TH excess usu-
ally involve treatment with T3 and TRβ mutants. The 
thyrotoxic skeletal phenotype varies from increased 
mineralization and advanced ossification during de-
velopment to reduced mineralization after maturation 
(5,12). Other experimental models, such as mutants 
for D2 and dual oxidase (Duox2), the enzyme gen-
erating hydrogen peroxide which permits the action 
of thyroperoxidase, are more complex. In the former, 
they show normal skeletal growth and development al-
though with stiff bones due to increased bone miner-
alization. In the last, the bone phenotype still is to be 
characterized (42).

Diverse bone phenotypes have been described in pa-
tients harboring RTH. No involvement of bone mass 
was observed in individuals with RTHα compared to 
controls, whereas adults showing RTHβ have decreased 
bone mass (35). These data suggest that RTHβ in hu-
man is associated with a thyrotoxic bone phenotype 
and similar results have been found in animal model.

Thyroid hormones and bone
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Bone ResoRption

osteoclasts (oc)

May express TRs
T3 may have direct actions in OC and/or

T3 may stimulate OC through the stimulation of OB synthesis of 
RANKL and other cytokines involved in osteoclastogenesis

actions of t3

StimulateS expreSSion of

IL-6, IL-8
PGE2

RANKL

actS in a SynergiStic manner with

PTH
VD

Figure 1. Interface between TH and bone metabolism. Bone remodeling on the surface of trabecular bone is illustrated here. T3 stimulates osteoblast 
differentiation and activity by complex direct actions on TRs and indirect mechanisms, involving diverses growth factors and cytokines. T3 also stimulates 
osteoclast differentiation and activity, but it still remains unclear whether the effects of T3 on the promotion of bone resorption result from direct actions 
in osteoclasts or indirectly through effects on osteoblasts. TR, thyroid hormone receptor; IL-6, interleukin 6; IL-8, interleukin 8; PGE2, prostaglandin E2; 
RANKL, ligand of receptor activator of nuclear factor-κβ; PTH, parathyroid hormone; VD, vitamin D; D2, type 2 deiodinase; D3, type 3 deiodinase; THT, 
thyroid hormone transporters; MCT8, monocarboxilate transporter 8; LAT: L-type amino acid transporter; TSHR, TSH receptor; IGF-I, insulin-like growth 
factor I; IGF-IR, IGF-I receptor.

Consequences for osteomineral metabolism

Over the last two decades there has been a significant 
advance in the understanding of bone physiology. It 
has been unequivocally determined that the skeleton 
has a marked metabolic activity, utilizing substrates in 
order to provide the energy used in the bone remodel-
ing process. In addition, bone is involved in the en-
docrine modulation not only of mineral metabolism, 
but also of energy metabolism. The fibroblast growth 

factor 23 (FGF-23), originally produced by osteocytes, 
shares with PTH an important role on the modulation 
of circulatory levels of phosphate. In parallel, FGF-23 
inhibits the production of both PTH and calcitriol 
[1,25(OH)2D] (49). The anatomical structure enables 
trabecular bone to have greater metabolic activity than 
its cortical counterpart (49). Bone remodeling is regu-
lated by a variety of systemic hormones and local fac-
tors that act on osteoblast and/or osteoclast cell lines, 

Bone foRmation

osteoBlasts (oB)

Express TRs, mainly TRα1, but also TRα2 and TRβ1
Express D2 and D3

Express THTs MTC8, LAT1 and LAT2
Express TSHR

actions of t3
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IGF-I / IGF-IR
Osteocalcin

Type I collagen
Alkaline phosphatase

Metalloproteases 9 and 13
FGF-R1
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exerting effects on the proliferation of undifferentiated 
cells and on cell recruitment, differentiation and/or ac-
tivation (49). Among the main systemic hormones that 
participate in the modulation of bone metabolism are 
the so-called calciotrophic hormones, which include 
PTH, 1,25(OH)2D and calcitonin, the last one of less 
importance. In addition, TH, together with insulin, 
growth hormone, glucocorticoids and sex steroids, 
have a significant influence on the development and 
maintenance of bone mass (8). 

Hypothyroidism and thyrotoxicosis

Hyperthyroidism causes important changes in calcium 
and phosphorus metabolism which may lead to an in-
crease of as much as three times of the urinary and fe-
cal excretion of calcium. The action of TH on renal 
phosphorus reabsorption starts early, during develop-
ment. For instance, it was observed that TH promote 
the maturation of tubular phosphate transporters in 
rats. Although TH increase the total urinary excretion 
of phosphorus, they also increase the renal reabsorp-
tion of phosphorus by activating phosphorus channels 
dependent on the sodium gradient (50-52). 

The hypercalcemia of thyrotoxicosis may result 
from an abnormal calcium efflux from the skeleton, 
kidneys and gastrointestinal tract to the extracellular 
fluid. The trend to hypercalcemia in thyrotoxicosis 
has been documented and its incidence varies from 8 
to 22%. It is usually mild, but occasionally it is severe 
enough to be symptomatic and rarely is associated with 
signs and symptoms of acute hypercalcemia. The mean 
serum calcium concentrations of hyperthyroid patients 
are higher than those of control subjects (53-55). Pre-
vious studies have shown that hypercalcemia in thyro-
toxicosis is mainly due to increased mineral bone mo-
bilization. This in turn is caused by a direct stimulation 
of bone cells by the high TH concentrations, with a 
consequent increase in bone reabsorption. It has been 
demonstrated that T3 increased the mRNA expression 
of the RANKL in preosteoblastic cells. The RANKL is a 
key molecule for osteoclastogenesis and osteoclast acti-
vation. It is synthesized and secreted by the osteoblasts 
and binds to its receptor, RANK, expressed on osteo-
clast precursors and mature osteoclasts, thus activating 
osteoclastogenesis and osteoclast activity (7,8). Indeed, 
in patients with thyrotoxicosis, bone histomorphom-
etry is consistent with increased osteoclast reabsorption 
in cortical bone, leading to increased cortical porosity, 

while in cancelous bone these changes are less evident. 
The biochemical markers of bone formation and reab-
sorption, such as osteocalcin (OC), alkaline phospha-
tase (AP), bone-specific AP, urinary pyridinoline and 
deoxypyridinoline, are increased in patients with hy-
perthyroidism, indicating enhanced bone remodeling 
activity.

The increased mineral bone mobilization and con-
sequent hypercalcemia, may lead to the suppression 
of PTH release in patients with thyrotoxicosis. It has 
also been reported that hyperphosphatemia, hypercal-
ciuria and hyperphosphaturia frequently occur in these 
patients (53,54). The calcium balance in patients with 
untreated hyperthyroidism is negative and the losses do 
not seem to be due to VD deficiency, since they are not 
reduced by VD treatment (55). Some authors have also 
proposed that hypercalcemia in thyrotoxicosis may be 
due to increased adrenergic tonus. In support to this 
hypothesis there are studies showing that thyrotoxic 
patients with hypercalcemia may become normocal-
cemic after therapy with propranolol alone. Moreover 
the serum levels of bone turnover markers (e.g., alkaline 
phosphate and osteocalcin) are elevated in hyperthy-
roidism, and remain high for months during its treat-
ment, despite normalization of serum TH (54).

Regarding phosphorus metabolism in hyperthy-
roidism, the findings are more conflicting. Some au-
thors have reported that thyrotoxicosis courses with 
hyperphosphatemia, while others detected normal 
phosphorus concentrations, and hypophosphatemia 
(50,53,54). Hyperphosphatemia in hyperthyroidism 
appears to be caused by: increased bone reabsorption 
and tubular phosphate reabsorption; a direct action of 
TH on the renal N/Pi transporters and by PTH sup-
pression induced by hypercalcemia. In the kidneys, 
studies using immunocytochemistry and specific anti-
bodies against TRα and TRβ have demonstrated the 
presence of both isoforms in all segments of the proxi-
mal tubules. Hyperphosphatemia due to excess TH 
also seems to trigger compensatory mechanisms for the 
increase in phosphaturia. Recent studies reported that 
patients with Graves disease exhibit high serum levels 
of FGF-23, however this occurrence is exclusive of pa-
tients with hyperphosphatemia (56). In other words, 
the increase in FGF-23 secretion appears to be a conse-
quence of high phosphorus concentrations and not an 
event secon dary to the direct action of TH.

Studies investigating the influence of TH on PTH 
concentration have produced contradictory results. 

Thyroid hormones and bone
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Some studies have demonstrated that PTH concentra-
tions are unchanged in the presence of hyperthyroid-
ism (57-59), others have shown an increase in PTH, 
while most investigations have indicate a phenomenon 
of counterregulation between PTH and TH (9,20,41). 
It has been demonstrated that treatment with T3 in-
creases the number of PTH receptors in osteoblastic 
osteosarcoma cells in a time- and dose-dependent man-
ner. Also it has been shown that treatment with PTH 
increases the number of TRs, suggesting a synergism 
between these two hormones in the regulation of bone 
metabolism (9). 

There is evidence that T3 and VD act synergisti-
cally on osteoclastogenesis. It has been demonstrated 
that the α and β TR isoforms and vitamin D receptors 
(VDR), in addition to estrogen and androgen receptors, 
are coexpressed in the bone marrow of mice, suggesting 
that this is a prerequisite for this synergism for osteo-
clastogenesis (10). In another study on co-cultures of 
pre-osteoblasts with bone marrow cells, T3 increased 
the osteoclast formation induced by VD. T4 had the 
same effects, suggesting its local metabolization to T3, 
which later led to the identification of the expression 
of D2 mRNA in pre-osteoblastic cells. It has also been 
demonstrated that VD increases D2 expression in these 
cells in a time- and dose-dependent manner, indicating 
the presence of an additional synergistic mechanism be-
tween VD and T3 in osteoclastogenesis (10). 

Resistance to thyroid hormone

No studies have evaluated osteomineral metabolism in 
RTHα. In RTHβ low serum phosphorus concentra-
tions and renal threshold for phosphate loss have been 
observed (35,60). Additionally it was observed higher 
serum levels of FGF-23 and calcium concentrations in 
these patients compared to control subjects (35). These 
data represent a challenge for new studies to unveil the 
control of calcium and phosphorus homeostasis and 
fracture risk in these patients.

CONCLUSIONS

The molecular mechanisms of the actions of TH on 
the skeleton are complex and only partially understood, 
occurring in a direct and indirect manner. The pheno-
types developed by a wide variety of mutant mice sug-
gest that a complex interaction of different TR isoforms 
with their target genes mediates the effects of TH on 

bone tissue, indicating that the skeleton is an important 
target of T3. TH play a fundamental role in endochon-
dral ossification, in skeletal development and growth, 
and in the maintenance of bone mass, predominantly 
through the action of TRα1. 
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ABSTRACT
Sarcopenia, the loss of muscle mass and function with age, is highly relevant to clinical practice 
as it has been associated with a wide range of ageing outcomes including disability and shorter 
survival times. As such it is now a major focus for research and drug discovery. There has been 
recent progress in the development of consensus definitions for the diagnosis of sarcopenia, 
taking the form of measurements of muscle mass and strength or physical performance. These 
definitions form potential inclusion criteria for use in trials, although the optimum choice of 
outcome measures is less clear. Prevalence estimates using these new definitions vary, althou-
gh they suggest that sarcopenia is a common (approximately 13% from one study) clinical 
problem in older people. A range of lifestyle factors have been investigated in regard to the 
development of this condition, and progressive resistance training is the most well-established 
intervention so far. There is also marked research interest in the role of diet, although so far the 
value of supplementation is less clear. Other potential treatments for sarcopenia include the 
angiotensin-converting enzyme inhibitors, with some evidence that they can improve physical 
performance in older people. Future research directions include an increased understanding of 
the molecular and cellular mechanisms of sarcopenia and the use of a life course approach to 
explore the possibility of earlier intervention and prevention. Arq Bras Endocrinol Metab. 2014;58(5):464-9
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RESUMO
A sarcopenia, definida como a perda de função e massa muscular que ocorrem com a idade, 
é altamente relevante para a prática clínica, pois está associada a vários desfechos negativos, 
incluindo diminuição da funcionalidade e da sobrevida. Houve recente progresso no desenvol-
vimento de definições para o diagnóstico da sarcopenia, e estas atualmente se compõem tanto 
de medidas de massa e força muscular quanto do desempenho físico. Essas definições são 
potencialmente úteis como critérios de inclusão em pesquisas científicas, todavia a escolha de 
desfechos é menos clara. As estimativas de prevalência utilizando essas novas definições va-
riam, mas elas sugerem que a sarcopenia é um problema clínico comum (cerca de 13% a partir 
de um estudo) em pessoas idosas. Uma série de fatores de estilo de vida foi investigada em 
relação ao desenvolvimento dessa condição, e o treinamento de resistência progressiva é a in-
tervenção mais bem estabelecida até o momento. A intervenção dietética também foi aventada 
como um fator modificável, embora menos clara que a anterior. Outros tratamentos potenciais 
para sarcopenia incluem os inibidores da enzima conversora de angiotensina, com alguma 
evidência de que eles podem melhorar o desempenho físico em idosos. Pesquisas futuras que 
abordem uma maior compreensão dos mecanismos moleculares e celulares da sarcopenia, 
além de abordagens precoces que possam vir a modificar o surgimento da sarcopenia, são 
necessárias. Arq Bras Endocrinol Metab. 2014;58(5):464-9
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Sarcopenia; massa muscular; desempenho físico; envelhecimento
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INTRODUCTION

The term sarcopenia, from the Greek meaning loss 
of flesh, was first suggested by Rosenberg in 1989 

(1), with more recent definitions incorporating the loss 
of muscle function as well as the loss of muscle mass that 
occurs with ageing (2). It is a common and increasingly 
important condition as populations grow older, associ-
ated with subsequent disability, morbidity and frailty; 
indeed muscle tissue is recognised to have a wide range 
of functions in both health and disease (3). Sarcope-
nia is also associated with substantial financial cost: the 
healthcare costs of sarcopenia in the USA in 2000 were 
estimated to be $18.5 billion (4). However perhaps the 
most striking indication of the importance of sarcopenia 
comes from the evidence linking poor muscle function, 
in particular weak grip strength, to increased all-cause 
mortality rates in middle-aged and older people (5). The 
aim of this review is to summarise current approaches 
to the diagnosis and treatment of sarcopenia, as well as 
future directions for research in this important area.

DIAGNOSIS

Diagnostic criteria are clearly essential for the recognition 
of sarcopenia in clinical practice and for use in clinical trials. 
There has been considerable recent progress in this area, 
with the publication of several similar (although not iden-
tical) consensus statements on the measures to use for di-
agnosis. The algorithm published by the European Wor-
king Group on Sarcopenia in Older People (EWGSOP) 
in 2010, requires the presence of either low gait speed or 
low muscle strength to then test for low muscle mass as 
shown in figure 1 (2). The approach recommended by 
the International Working Group on Sarcopenia in 2011 
is similar, with low gait speed or evidence of impaired 
physical function (those who are bedridden or unable to 
independently rise from a chair) being an indication to 
measure muscle mass (6). The components of these algo-
rithms fall into three broad groups: physical performance 
(such as gait speed), muscle strength and muscle mass. 
This section now briefly reviews the measurement tech-
niques for each of these three categories, along with their 
associations with major ageing outcomes.

Components of recent definitions of sarcopenia

Physical performance

Older people with slow gait speed have been found to 
be at an increased risk of subsequent disability, falls, 

Sarcopenia

cognitive decline, institutionalisation and mortality (7-
9). Gait speed is readily assessed in the clinical setting by 
measuring the time taken to walk a set distance, such as 
4 m, at usual pace. Although there appears to be a con-
tinuous relationship between gait speed and outcomes 
such as mortality (9), for clinical purposes a range of 
cut-points have been proposed such as 0.8 m/s, as used 
in the EWGSOP definition for sarcopenia (2). Other 
measures of which have been studied in older people 
including standing balance and chair rise times, and in 
both poorer performance has been linked to increased 
mortality rates (5). The combination of these measures 
and gait speed has been used in epidemiological stud-
ies in the form of the Short Physical Performance Bat-
tery, the results of which are graded on a 12-point scale 
which is predictive of ageing outcomes (10,11). There 
is evidence that gait speed alone may have similar pre-
dictive power to the complete battery of tests (12).

Muscle strength

Several measures exist for the measurement of muscle 
strength. Grip strength has been recommended as the 
most practical method of measuring muscle strength 
in the clinical setting (2) and has been found to corre-
late physical performance measures in the lower limbs 
(13). The Jamar dynamometer being the most com-
monly described device (14). In a systematic review, 
seven out of 10 studies of older people found that weak 
grip predicted either incident disability or worsening of 
existing disability (8). There is strong evidence linking 
grip strength with mortality rates, with a meta-analysis 
of 14 studies showing a graded relationship between 
weaker grip and increased risk of death (5); the hazard 
ratio comparing the lowest to the highest quarters of 

Older subject

(> 65 years)

Measure gait 
speed

> 0.8 m/s

Measure grip strength

Normal

No sarcopenia Sarcopenia No sarcopenia

NormalLow Low

Measure muscle mass

≤ 0.8 m/s

Figure 1. The algorithm suggested by EWGSOP for diagnosing sarcopenia (2).
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grip strength was 1.67 (95% CI: 1.45, 1.93). Whereas 
associations between measures of physical performance 
and mortality have been assessed mainly in older popu-
lations, four of the studies included in the grip strength 
meta-analysis had an average age at baseline of below 
60 years, and the findings here were similar. Norma-
tive data are available for grip (15,16) and cut-points 
have been proposed, such as 30 kg in men and 19 kg 
in women (17).

Muscle mass

Possible techniques for measuring muscle mass in the 
clinical setting include anthropometry, bioelectrical im-
pedance (BIA) and dual energy x-ray absorptiometry 
(DXA). Anthropometric measures are prone to error 
and are not considered to be suitable for assessing mus-
cle mass in older people (2). Bioelectrical impedance 
(BIA), which produces estimates of total fat mass and 
lean mass, has the advantage over DXA that the equip-
ment used is portable. However a recent review ques-
tioned to what extent BIA provides additional informa-
tion beyond that from anthropometric measurements 
(weight and height) alone (18). The third technique, 
DXA, can accurately estimate the proportion of lean 
tissue, fat tissue and bone, although access to scanning 
equipment may be a limiting factor. Baumgartner and 
cols. (19) proposed an index of relative skeletal muscle 
mass, in the form of appendicular skeletal muscle mass 
(kg) from DXA divided by height (m) squared. They 
also suggested cut-offs for sarcopenia in the form of two 
standard deviations below the gender-specific young 
adult mean: 7.26 kg/m2 for men and 5.45 kg/m2 for 
women.

As described above, more recent definitions of sar-
copenia have used measures of physical performance 
and muscle strength to screen for the need to perform 
tests of muscle mass. Interestingly there is evidence that 
strength may be more predictive of the risk of subse-
quent disability (20) and mortality (21) than muscle 
mass. There is also debate around the feasibility of 
measuring muscle mass in the potentially large num-
bers of older people who may fall below thresholds pro-
posed for physical performance and strength (22).

Recent applications of a sarcopenia algorithm

Several studies have applied the framework for the di-
agnosis of sarcopenia proposed by the EWGSOP. Patel 
and cols. (23) examined the prevalence of sarcopenia 

in a cohort based in the United Kingdom at mean age 
67 years, with 4.6 and 7.9% of men and women, re-
spectively, meeting criteria based on gait speed, grip 
strength and lean mass. Akune and cols. (24) used an 
older Japanese cohort (mean age 75 years) and found 
an overall prevalence of sarcopenia of 13.8% in men and 
12.4% in women, as well as a clear tendency for the 
prevalence to increase with age. As we move on to con-
sidering treatments for sarcopenia, it is worth noting 
that a further application of the EWGSOP algorithm 
is as the inclusion criteria for intervention studies. The 
question of what outcome measures should be used in 
such studies is less clear, however (25).

TREATMENT

There are a range of potential treatments for sarcope-
nia, such as the established role of exercise programmes, 
along with the potential to modify diet and also drug 
treatments. There exists marked variation between older 
individuals in terms of strength and performance, sug-
gesting that factors such as lifestyle may contribute to 
the development of sarcopenia (26). As described in the 
following sections, observational studies are helpful in 
this regard by identifying possible areas for intervention.

Exercise

Progressive resistance training (PRT), where partici-
pants exercise against an increasing load, is the most 
studied form of exercise intervention. The 2009 
Cochrane review (27) included studies with an average 
age of at least 60, the majority of which were high-
intensity programmes performed twice or three times 
per week in gym or clinic-based settings. The outcomes 
used in different studies varied but there was evidence 
of a moderate-to-large beneficial effect of PRT on 
strength in the lower limb, as well as a moderate ef-
fect on gait speed. Other types of exercise intervention 
include aerobic exercise, balance and flexibility training 
and functional training. These have been less studied 
in regard to outcomes related to sarcopenia; perhaps 
unsurprisingly, interventions such as aerobic exercise 
do not show the consistent effects seen from PRT (28). 

Observational studies have the potential to address 
questions around the types of physical activity that peo-
ple generally undertake (as opposed to the specific in-
terventions, such as PRT programmes). They are also 
of use for investigating longer term relationships; for 
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example, there is evidence that being more physically 
active in middle age is beneficial for strength in early 
old age (29,30). This may be through attenuating the 
typical age-related decline in strength. This life course 
approach to sarcopenia (31) is considered further in the 
section on future research.

Diet

Less is known about dietary interventions than the es-
tablished role of resistance training. There is consider-
able recent literature which suggests that several aspects 
of diet may be important in the development of sar-
copenia (32). Food intake falls by approximately 25% 
from 40 to 70 years of age, and particularly if combined 
with a tendency towards a monotonic diet, may lead to 
inadequate nutrient intake. Three key areas have been 
considered with respect to diet in sarcopenia: protein, 
vitamin D and antioxidants.

Protein provides the amino acids required for mus-
cle synthesis. There is also evidence that the amino acid 
leucine may activate the signalling pathways leading to 
protein synthesis (33). A trial in relatively young (mean 
age 71) and healthy men failed to show on effect on 
muscle mass or strength, however, perhaps because the 
group studied tended to have diets already replete in 
leucine (34). There is also a general concern that the 
muscle synthesis in older people following a protein 
load may be blunted (35), leading to the suggestion that 
recommended overall protein intakes for older people 
should be increased. Observational evidence shows a 
clear association between protein intake and amount of 
lean mass (36). However a Cochrane review (37) found 
no consistent effect of supplements on functional meas-
ures relevant to sarcopenia. The quantity and composi-
tion of dietary protein for the prevention and treatment 
of sarcopenia therefore remains unclear.

The current widespread interest in diseases po-
tentially related to vitamin D deficiency (38) includes 
sarcopenia. Evidence supporting a role for vitamin D 
includes the fact that polymorphisms in vitamin D have 
been linked to muscle strength (39); also frailty (a con-
dition which has some overlap with sarcopenia) has 
been shown to be associated with vitamin D deficiency 
(40). As with protein supplementation, intervention 
trials of the effect of vitamin D on strength and physical 
performance have shown mixed results, however (41). 
Given that vitamin D deficiency is prevalent in older 
people, further trials to clarify its role in sarcopenia are 
therefore warranted.

The accumulation of reactive oxygen species (ROS) 
in older age is recognised to have a role in muscle wast-
ing, although the precise forms of ROS responsible and 
their interactions are not fully understood (42). This in 
turn makes it difficult to know which specific antioxi-
dants are likely to be of benefit as supplements and there 
have been few trials. There is evidence from observa-
tional studies that those with higher overall antioxidant 
status have better physical function as well as attenuated 
decline in measures such as walking speed (43).

In summary, a common finding across the three 
types of dietary intervention is a mismatch between the 
findings from observational and intervention studies. 
One possible explanation for this is the tendency for 
intake of dietary components to be highly correlated 
with one another (44); hence the association between 
one marker of a healthy diet and physical function may 
be confounded by other components. Indeed there 
is some evidence linking ‘healthy’ diets, containing 
wholemeal cereals and greater amounts of fruit and 
vegetables, to greater muscle strength in older people 
(32). An important area for further research is there-
fore the potential of whole-diet interventions, which 
attempt to change dietary patterns rather than focus-
sing on specific nutrients in isolation.

Medication

Sarcopenia is now a major focus for drug discovery. 
This follows in part from the fact that although resist-
ance training has been shown to be effective, many ol-
der people may be unable or unwilling to exercise at the 
required intensity. One area which has been explored 
is hormone administration (45). Growth hormone has 
been shown to increase muscle mass but not clearly al-
ter functional outcomes and is therefore of question-
able benefit. This highlights the challenge of choosing 
outcome measure(s) for trials in sarcopenia (25). Tes-
tosterone supplementation has been found to increase 
both muscle mass and strength in men but has now 
been linked to adverse cardio-vascular events (46). A 
current area of interest is in drugs affecting the renin-
angiotensin system, and whether these might have di-
rect effects on muscle. An observational study initially 
suggested that ACE (angiotensin converting enzyme) 
inhibitors might be of benefit for physical function 
(47), a finding subsequently confirmed in a trial sho-
wing improved six minute walk time in those given 
perindopril (48,49). A similar effect was not seen with 

Sarcopenia
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a trial of spironolactone (50), and neither has either of 
these drugs yet shown a benefit in terms of outcomes 
more traditionally related to sarcopenia.

FUTURE DIRECTIONS FOR RESEARCH AND 
CONCLUSIONS

There are multiple areas of research which should in-
crease our understanding of sarcopenia and its manage-
ment. These include an increased understanding of the 
molecular and cellular mechanisms which underlie this 
condition, drawing from both human (51) and animal 
studies (52). Such studies have the potential to identify 
novel therapeutic targets as well as monitor and pre-
dict responses to treatment. There is also the life course 
approach as shown in figure 2, which recognises that 
function in older age is the product of a peak in early 
adult life and subsequent decline, both influenced by a 
range of factors operating across the whole of life in-
cluding early influences (53,54). Finally there is further 
potential to explore whether nutritional supplementa-
tion and resistance training might be combined to pro-
duce synergistic effects (55).

In conclusion, this review has covered recent devel-
opments in the diagnosis and treatment of sarcopenia, a 
syndrome comprising loss of muscle mass and function. 
The development of consensus definitions for sarcope-
nia has helped to inform clinical assessment of patients 
as well as recruitment into trials. At present, progressive 
resistance training is the most well studied intervention 
for sarcopenia. Research into this condition is expand-
ing exponentially and will hopefully deliver benefits for 
older people with established sarcopenia, as well as con-
sidering how we might be able to intervene earlier in 
the life course to prevent its occurrence.

Early life
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Figure 2. A life course approach to sarcopenia (31).
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Obesity and fractures
Obesidade e fraturas

Melissa Orlandin Premaor1, Fabio Vasconcellos Comim1, Juliet E. Compston2

ABSTRACT
Until recently obesity was believed to be protective against fractures. However, a report from a 
Fracture Liaison Clinic in the UK (2010) reported a surprisingly high proportion of obese post-
menopausal women attending the clinic with fractures, and in the GLOW study (2011), a similar 
prevalence and incidence of fractures in obese and non-obese postmenopausal women was 
observed. Subsequently, other studies have demonstrated the importance of obesity in the 
epidemiology of fractures. Obese women are at increased risk of fracture in ankle, leg, hume-
rus, and vertebral column and at lower risk of wrist, hip and pelvis fracture when compared to 
non-obese women. In men, it has been reported that multiple rib fractures are associated with 
obesity. Furthermore, falls appear to play an important role in the pathogenesis of fractures in 
obese subjects. Regarding hip fracture and major fractures, the FRAX algorithm has proven 
to be a useful predictor in obese individuals. Obese people are less likely to receive bone pro-
tective treatment; they have a longer hospital stay and a lower quality of life both before and 
after fracture. Moreover, the efficacy of antiresorptive therapies is not well established in obese 
people. The latter is a field for future research. Arq Bras Endocrinol Metab. 2014;58(5):470-7

Keywords
Obesity; fractures; osteoporosis; osteopenia

RESUMO
Acreditava-se que pessoas obesas estavam protegidas contra fraturas. No entanto, um estudo 
realizado no Reino Unido (2010) encontrou uma proporção surpreendentemente alta de obe-
sidade entre as mulheres na pós-menopausa que se consultaram em uma Clínica de Fraturas 
Ósseas. Da mesma maneira, o estudo GLOW (2011) observou prevalência e incidência seme-
lhantes de fraturas em mulheres na pós-menopausa obesas e não obesas. Posteriormente, 
vários outros estudos têm demonstrado a importância da obesidade na epidemiologia de fratu-
ras. Mulheres obesas têm maior risco de fratura no tornozelo, na perna, no úmero e na coluna 
vertebral e têm menor risco de fratura de punho, quadril e pelve quando comparadas às mulhe-
res não obesas. A associação entre fraturas múltiplas de costelas e obesidade foi descrita em 
homens. Além disso, as quedas parecem desempenhar um papel importante na patogênese de 
fraturas em pacientes obesos. O algoritmo FRAX parece ser uma ferramenta útil na predição 
do risco de fraturas em indivíduos obesos. Indivíduos obesos são menos propensos a receber 
tratamento preventivo para as fraturas ósseas e, quando sofrem uma fratura óssea, sua inter-
nação costuma ser mais longa do que a internação de indivíduos magros. A qualidade de vida 
dos indivíduos obesos é menor antes e depois da fratura. Não obstante, a eficácia de terapias 
antirreabsorção não está bem estabelecida em pessoas obesas. Este último é um campo para 
pesquisas futuras. Arq Bras Endocrinol Metab. 2014;58(5):470-7
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INTRODUCTION

O besity and bone fractures are common disorders 
associated with high morbi-mortality and eleva-

ted public health costs worldwide (1-3).

Until recently, it was generally believed that obesity 
was protective against fracture. This misconception was 
in part conceived from the positive correlation between 
bone mineral density (BMD) and body mass index 
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(BMI) (4,5), and the lower incidence of hip fractures 
in obese subjects (6). In 2010, a study from a Fracture 
Liaison Service in the United Kingdom reported for 
the first time an unexpectedly high prevalence of obe-
sity (27%) in postmenopausal women presenting with a 
fragility fracture (7). 

Confirmation that obesity was not a protective fac-
tor against low trauma fractures was reported in 2011, 
when results of the Global Study of Osteoporosis in 
Women (GLOW) were presented (8). This multicentre 
prospective observational study, conducted in 60,393 
postmenopausal women, showed a comparable preva-
lence and incidence of fractures in normal weight and 
obese women (8).

Subsequently, other investigators have studied the 
impact of obesity on bone mass and the risk of fracture 
(9-14). The present review focuses on the epidemiolo-
gy, risk factors, diagnosis, and management of fractures 
in obese postmenopausal women and older men.

FRACTURE EPIDEMIOLOGY – OBESITY IS NOT 
PROTECTIVE
Evidence from the literature supported the initial find-
ings of the Fracture Liaison Service study from Cam-
bridge UK (7). Ong and cols. evaluated 4,288 men and 
women who attended the Fracture Liaison Service of 
East Midlands Trauma Centre in Nottingham, UK and 
found a prevalence of obesity of 30% (15). As previ-
ously mentioned, in the GLOW study no statistically 
significant differences were seen in occurrence of frac-
tures in obese and non-obese individuals, respectively 
22.2% versus 22.7% for prevalence and 6.2% versus 6.6% 
for incidence (8). 

Interestingly, obese men are not protected against 
hip fracture, as is seen in women. The Multicentre Os-
teoporotic Fracture in Men Study (MrOS), conducted 
in the USA, included 5,995 males aged 65 years or 
more, and found that a higher BMI was associated with 
increased fracture risk (16). In this study, 62% of hip 
fractures and 68% of non-vertebral fractures were seen 
in overweight and obese men (16). Similarly, analysis of 
the National Health and Nutrition Examination Survey 
I (NHANES) in 2012, reported that obesity was pre-
sent in 58% of men with fracture (10). In the North 
American multicentre Study of Osteoporotic Fractures 
(SOF), which followed 7,978 women aged 65 or more 
years of age for 11.3 years, the incidence of non-verte-
bral fractures was 37.5% in obese women versus 44.3% 
in non-obese women (17). 

In the Million Women Study, in which 925,345 
women from the UK were followed for 6.2 years or lon-
ger to assess the effects of hormone replacement therapy 
on diverse endpoints, the incidence of hip fractures in 
obese and overweight individuals was also remarkable. 
Thus, despite the inverse correlation of weight and frac-
tures observed, a high proportion (40%) of women with 
hip fracture were overweight or obese (18). These results 
are in agreement with the aforementioned analysis of 
NHANES, which demonstrated that 46% of hip fractures 
occurred in women who were obese or overweight (10).

Results from meta-analysis have been used to de-
scribe the relationship between bone density and BMI. 
De Laet and cols. identified an inverse relation (non-
linear) between BMD and incidence of fractures (19). 
They observed a higher risk of fractures in subjects with 
BMI under 20 kg/m2 but only small increments above 
BMI of 25 kg/m2 (19). Interestingly, in the same study 
the relationship between BMI and non-hip fractures 
disappeared (19). Complementary data came from the 
work of Johansson and cols. including 398,610 women 
from 25 prospective studies (80% which were popula-
tion-based) (20). This study found a small, but pro-
gressive risk for fractures after adjustment for BMD. In 
this meta-analysis, an increase of 1 kg/m2 above a BMI 
of 25 kg/m2 corresponded to an increase of 1% in the 
risk of fracture [HR 1.01 (95%CI 1.01,1.02)] (20).

SITE OF FRACTURE

Several studies have demonstrated that the rela-
tionship between BMI and fracture is site-specific 
(8,11,12,14,16,21,22). While obesity is protective 
against hip fracture in women, it is associated with 
higher risk of fractures at some other sites. One reason 
for the lower frequency of hip fracture may be related 
to the presence of fat tissue (padding) surrounding the 
pelvis and the femur that reduces the impact of falling 
(23). On the other hand, obese subjects are at higher 
risk of falling and less well able to protect themselves 
against a fall (24-26). Falls in individuals who are over-
weight or obese are more likely to occur backwards or 
sidewards, in contrast to forward falls in leaner indi-
viduals (27). Exaggeration of introversion and extro-
version of the ankle and lower leg in obese subjects may 
be also responsible for a higher prevalence of fractures 
at these sites. Moreover, increased body weight can also 
promote an increase in the pressure (stress) in some 
sites, predisposing to fracture (28).
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The commonest sites of fractures in obese subjects 
are shown in table 1. As can be seen, obese women ex-
perience more fractures in the ankle, leg, humerus, and 
vertebral column and fewer in the wrist, hip and pelvis. 
In men, it has been reported that multiple rib fractures 
are associated with obesity. In a population based-study 
in Spain, analysing 139,419 men aged 65 years or over, 
hip fractures in obese individuals were significantly less 
common than in non-obese men (11). These data are 
in contrast to those of Nielson and cols., who found an 
increased incidence of hip fracture in men after adjust-
ment for BMD (16). 

The progressive increment of BMD with BMI is well 
established; however it might be not strong enough to 
compensate for the increased mechanical stresses on 
the skeleton. Premaor and cols. investigated the rela-
tionship between BMD and fractures in obese women 
(17). In this study, the risk of non-vertebral fractures 
increased 60% for each corresponding reduction of one 
standard deviation (SD) of BMD in the femoral neck 
(FN). Moreover, overweight or obese women with 
fractures had a mean FN BMD T-score of -1.5 (CI95% 
1.4, 1.6), suggesting that fractures occurred at a higher 
BMD than in lean women (17). 

The risk factors of fractures in obese people are de-
scribed at table 2.Table 1. Fracture sites and their association with obesity in women and 

men 

Fracture site Obese women Obese men

Ankle Positively associated 
(64,65)

Positively associated 
(16,65)

Lower leg Positively associated (66) Positively associated (16)

Upper leg Positively associated 
(8,66)

–

Proximal humerus Positively associated 
(12,22)

Null (11)

Multiple rib Null (12) Positively associated (11)

Vertebral Positively associated 
(9,13,14,67)

Negatively associated (11)

Wrist Negatively associated (17) Negatively associated (11)

Hip Negatively associated (12) Positively associated after 
adjust for BMD (16)*

Pelvis Negatively associated (12) Negatively associated (11)

* Negatively associated with hip fractures without BMD correction (11); however, in the MrOS 
study hip fracture was positively associated with obesity after BMD adjustments (16).

RISK FACTORS FOR FRACTURE

Obese and non-obese individuals share similar risk fac-
tors for fractures. Thus, age, history of previous frac-
ture, family history of fracture (maternal), and use of 
glucocorticoids increase the risk of fractures in obese 
women (8). In addition to this, falls play an important 
role in obese individuals as does reduced physical mo-
bility (8,16).

Obesity-associated comorbidities such as diabetes 
(Table 2) that also predispose to fractures have been 
identified as risk factors for fractures in obese women 
(8). The association of fractures with poor or fair ge-
neral health and co-morbidities in women (8) and with 
the narrow walk pace (16) in men also suggests that, 
these individuals share some aspects of the frailty of el-
derly people.

Table 2. Risk factors associated with fractures in obese subjects (8,16,17)

Risk factor

Reported in women Reported in men

Age

Previous fracture Previous fracture

Maternal hip fracture

Low BMD*

Use of arms to assist stand from a 
sitting position

Mobility limitations

Difficulty climbing 10 steps

Difficulty walking two blocks

Falls

Two or more in the previous year

Poor or fair general health Narrow walk pace

Glucocorticoid use

Comorbidities

Asthma

Emphysema

Diabetes with insulin use

* OR 1.6 (CI 95% 1.5, 1.8) per 1 SD decrease at femoral neck (17).

FRACTURE RISK ASSESSMENT

The World Health Organization (WHO) supports the 
estimation of fracture probabilityusing the FRAX® al-
gorithm (29). This tool defines the 10-year probabil-
ity for hip or other major fracture (clinical vertebral, 
forearm, hip and humerus) in an individual and it is 
freely available on the web (http://www.shef.ac.uk/
FRAX/). Because BMD and BMI are included in the 
algorithm, its applicability to obese individuals might 
be questioned (30,31). 

It is important to emphasize that changes in the 
amount and distribution of body fat are likely to affect 
both accuracy and precision of BMD (32). However, it 
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is not known how much of this error would affect the 
interpretation of the DXA results. Studies that access 
the real effect of fat on the BMD measured by DXA 
are difficult to conduct. When lard was placed above 
the hip and the spine of lean subjects, there was a small 
increase in BMD at the hip (1.6%) and a small decrease 
in BMD at the spine (0.7%) (33). In a recent paper, 
Yu and cols. demonstrated that quantitative computed 
tomography (QCT) was superior to DXA in the evalu-
ation of bone mass in obese subjects after bariatric sur-
gery (34). In the latter, the correlation between the 
two methods was only moderate and BMD measure-
ments at hip were overestimated by DXA (34).

The ability of FRAX to predict fractures in obese 
postmenopausal women was addressed in a recent 
study (35). In spite of a lower estimated probability of 
fractures in obese than in non-obese women with frac-
ture, the accuracy of FRAX was similar in both groups. 
In addition, in the same study, the net benefit (analy-
sis that balances the false positives and false negatives 
employing a decision curve using clinical practice mo-
dels) had a satisfactory performance in both obese and 
non-obese women (35). For hip fractures, FRAX scores 
which included BMD in obese subjects were superior 
to FRAX scores without BMD (35). It is important 
to note that FRAX, although useful in obese women, 
has not been adequately studied in situations where 
the BMI surpasses 40 kg/m2 and the Internet tool of 
FRAX accepts the insertion of a maximum weight of 
125 kg for calculation of the risk of fracture.

BONE AND FAT CROSSTALK 

Although the association between obesity and fractures 
appears to be a paradox at first sight, there has been 
some progress in the understanding of the crosstalk 
between the bone tissue and the adipose tissue. The 
apparent ambiguity may be partly linked to the well-
docu mented relationships between oestrogens and 
obesity. Obese post-menopausal women tend to have 
higher serum levels of oestrogen than lean post-meno-
pausal women (4,5). These findings explain in part the 
high bone mass found in association with higher BMI. 
Nevertheless, oestrogen is not the only factor regulat-
ing bone mass and several factors may affect both bone 
and fat mass: both adipose tissue and bone cells pro-
duce factors that affect each other. 

Adiponectin is a molecule produced by adipocytes 
that appears to have a deleterious effect on bone (5,28). 

Although adiponectin is inversely related to BMI, it ap-
pears to be a marker of a disrupted adaptive response 
in overweight subjects (5,28). In the Health Aging 
and Body Composition Study, serum levels of adipo-
nectin were significantly higher in overweight women 
with fractures when compared with overweight women 
without fractures (36). Another important factor is 
leptin which interferes with bone metabolism through 
complex mechanisms (36,37). Leptin appears to act by 
two seemingly contradictory mechanisms. Individuals 
with high serum levels of leptin have increased bone 
mineral density as measured by DXA (36). However, 
leptin acts via the central nervous system to decrease 
bone formation. This latter action appears to be medi-
ated by a decreased production of serotonin in the hy-
pothalamic neurons (37). Moreover, adipose tissue also 
produces inflammatory cytokines, such as interleukin 
6 (IL6) that may negatively interfere with the balance 
between bone resorption and formation (5,28).

Osteocalcin is a molecule secreted by the osteoblasts 
(38). This hormone regulates insulin secretion, insulin 
sensitivity and energy expenditure (37,38). Insulin acts 
directly on osteoblasts via insulin receptors to increase 
the production of undercarboxylated osteocalcin, re-
sulting in increased insulin production by the pancreas 
and increased insulin sensitivity. Insulin also reduces 
the production of osteoprotegerin (OPG), leading to 
increased bone resorption and subsequent decarboxyl-
ation of osteocalcin (38). 

Finally, peroxisome proliferator-activated receptor 
gamma (PPARγ) is known to be associated with the 
regulation of both bone mass and fat (39), increas-
ing the commitment of pluripotent stem to adipocytes 
and inhibiting commitment to the osteoblast linage. 
The PPARγ actions are well exemplified through their 
agonists, the thiazolidinediones. They decrease insulin 
resistance while negatively affecting bone mass and in-
creasing the risk of fractures (39).

MANAGEMENT

One key question regarding the management of obese 
individuals and fractures is whether weight reduction 
may be beneficial. Although a reduction in BMI im-
proves many clinical outcomes in obesity, weight loss 
has been associated with an increase in fractures in men 
and women (40-42). Thus, both voluntary and invol-
untary weight reduction is associated with increased 
risk (43). It is still uncertain whether supplementa-

Obesity and fractures
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tion of calcium, vitamin D, proteins and other nutri-
ents during a restriction diet can prevent loss of bone 
mass, given the heterogeneity of many different studies 
including only a small number of patients, short time 
duration and several endpoints (including substitutes as 
BMD). A concomitant physical exercise program may 
attenuate bone loss during caloric restriction (44,45); 
however, no study has adequately analysed the impact 
of exercise and diet on the incidence of fractures (46).

Although non-pharmacological measures such as 
cessation of smoking, avoidance of alcohol excess, and 
regular weight bearing exercises have not been evalua-
ted for their impact on fractures, they should be advised 
by the doctor. It is particularly important to perform 
assessment of the risk of falls and institute preventive 
measures where appropriate: as discussed previously in 
this review, falls play an important role in the develop-
ment of fractures in obese subjects. 

Currently, vitamin D is the only drug recognized to 
reduce the risk of falls (47) and supplementation of this 
vitamin may be beneficial given the reports of lower 
serum 25-hydroxyvitamin D in obese persons, in whom 
higher doses are often required to achieve adequate se-
rum levels of 25-hydroxyvitamin D (48).

It is not known if pharmacological therapy is ef-
fective in reducing fractures in obese individuals. The 
majority of clinical trials that evaluated the efficacy of 
these drugs in fracture prevention included only a small 
number of obese subjects and most of those included 
had a low BMD, limiting the ability to extrapolate re-
sults to most obese individuals. Another important is-
sue regarding pharmacotherapy in obese individuals is 
the higher number of patients with fracture who are 
not treated in comparison to those who are not over-
weight. In the GLOW study, only 27% of obese women 
with incident fracture received bone protective therapy, 
a minor proportion compared with non-obese (41%) 
(8). Factors contributing to non-treatment may be re-
lated to the perception that fractures in obese are not 
related to bone frailty as well as the uncertainties re-
garding the efficacy of drug therapy.

A greater reduction in vertebral fractures in women 
with BMI ≥ 25 kg/m2 than in women with BMI < 25 
kg/m2 was reported with the use of annual infusions of 
5 mg of zoledronic acid in the Health Outcomes and 
Reduced Incidence with Zoledronic acid Once Yearly 
(HORIZON) study (49). In this study, postmeno-
pausal women were followed for 3 years; no differ-
ences were observed between obese and overweight/

obese wo men in non-vertebral fracture reduction (49). 
Another bisphosphonate, clodronate, was shown to 
decrease non-vertebral fractures in postmenopaus-
al women not selected on the basis of fracture and 
BMD (50). The reduction of these fractures varied ac-
cording to BMI as follows: BMI ≤ 21 kg/m2 – 40% 
[HR 0.60 (95%CI 0.45, 0.81)], BMI ≥ 26 kg/m2 to <  
30 kg/m2 – 25% [HR 0.75 (95%CI 0.62, 0.92)], and 
BMI ≥ 30 kg/m2 – 10% [HR 0.90 (95%CI 0.69, 1.17)] 
(50). Finally, denosumab was effective in reducing the 
incidence of vertebral fractures regardless of BMI, al-
though a sub-group analysis of this study – Fracture 
Reduction Evaluation of Denosumab in Osteoporosis 
Every 6 Months (FREEDOM), did not demonstrate 
significant protection against non-vertebral fractures in 
overweight or obese women (51). 

FRACTURE MORBIDITY AND MORTALITY IN 
OBESE INDIVIDUALS

Studies that have evaluated the recovery of obese indi-
viduals after fracture demonstrated an increased mor-
bidity. Thus, obese subjects experienced a higher preva-
lence of co-morbidities, increased risk of non-union of 
fractures, more post-operative complications and lon-
ger time for recovery (52-56). However, these studies 
included both low-impact and high-impact fractures.

 In the GLOW study, obese women with fractures 
had a longer hospital stay than non-obese women, even 
after adjustments for age, co-morbidities and type of 
fractures (median, 6 vs. 5 days; p = 0.017) (21). In the 
same study, the physical function and vitality were as-
sessed through the quality of life questionnaires SF-36 
and EuroQol EQ-5D tool. The obtained scores were 
worse in obese than non-obese woman before and after 
fracture (21).

There is a lack of data regarding mortality of obese 
individuals after low-impact bone fractures. Analyzing 
the population health database from the family strategy 
program SIDIAP® (Catalunya, Spain), Prieto-Alhambra 
and cols., described longer survival of overweight and 
obese individuals than normal weight subjects (18.5 to 
< 25 kg/m2) after incident clinical fracture (57). This 
observation is consistent with other reports of the “obe-
sity paradox” in conditions such as congestive cardiac 
failure, chronic renal insufficiency and chronic obstruc-
tive pulmonary disease (58-61). The theory behind this 
obesity paradox is that some harmful risk factors such as 
obesity are not deleterious in specific conditions (e.g. 

Obesity and fractures
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elderly subjects or individuals with chronic diseases) 
but are associated with better survival. Obesity seemed 
not to be deleterious in a population cohort of Olmsted 
Country (Minessota, US), where the risk of cardiac and 
non-cardiac post-operative complications was similar 
among overweight, obese patients and subjects within 
the normal weight range (62,63).

CONCLUSION

The proportion of fractures occurring in obese people 
is considerable, and is likely to increase with the pro-
gressive rise in obesity in the world population. Sub-
jects with higher BMI are at higher risk of fractures at 
some sites such as the humerus, lower leg and ankle. 
This may be at least in part related to the increased 
risk of falls and their different pattern when compared 
to non-obese individuals. Clinical risk factors for frac-
ture are similar in obese and non-obese subjects. Al-
though fractures in the obese population occur at a 
higher BMD than in non-obese subjects, the inclusion 
of BMD in the algorithm FRAX is superior to FRAX 
without the inclusion of BMD in the prediction of hip 
fractures in obese individuals. For major osteoporotic 
fracture prediction, the FRAX tool may be used with 
or without BMD. 

Mortality in obese people after fracture is less than 
that of normal weight subjects with fracture although 
longer hospitalization after fracture and lower quality 
of life in these individuals both before and after frac-
ture have been documented. Of note, the proportion 
of obese subjects undergoing preventive treatment for 
fractures is low, and inferior to that in the non-obese. 
The reasons for these differences should be established 
in further studies; in addition, the efficacy of bone pro-
tective therapy in obese individuals remains to be es-
tablished.
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Infecção pelo HIV, o metabolismo ósseo e fraturas
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ABSTRACT
With the advent of high active antiretroviral therapy there was a significant improve-
ment on HIV subjects survival. Thus, bone changes related to HIV became an impor-
tant aspect of these individuals. HIV affects bone remodeling causing bone fragility. In 
addition, antiretroviral therapy may also negatively affect bone metabolism. Several 
studies describe an increased incidence of fractures in these patients when compared 
with controls without the disease. The European Society of AIDS (EACS), and other societi-
es, have included guidance on management of osteoporosis in HIV-infected patients empha-
sizing the identification of patients with low bone mass. Supplementation of calcium 
and vitamin D and the use of alendronate in these individuals should be recommen-
ded on a case base. Arq Bras Endocrinol Metab. 2014;58(5):478-83
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RESUMO
Com o advento da terapia antirretroviral, houve uma melhora considerável na sobrevida dos 
indivíduos portadores do vírus HIV. Dessa forma, as alterações ósseas referentes ao HIV se 
tornaram um fator importante no cuidado desses indivíduos. O HIV altera o remodelamento 
ósseo causando fragilidade óssea. As alterações causadas por esse vírus nos linfócitos T afe-
tam a produção de RANKL e de citocinas pró-inflamatórias levando à osteoclastogênese. Ade-
mais, a terapia antirretroviral também pode afetar negativamente o metabolismo ósseo. Vários 
estudos descrevem aumento da incidência de fraturas nesses indivíduos quando comparados 
a controles sem a doença. Diretrizes da Sociedade Europeia de SIDA (EACS) têm orientado o 
manejo da osteoporose nesses sujeitos, enfatizando a identificação de pacientes com baixa 
massa óssea. A suplementação de cálcio e vitamina D e o uso de alendronato nesses indiví-
duos devem ser recomendados caso a caso. Arq Bras Endocrinol Metab. 2014;58(5):478-83
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INTRODUCTION

W ith the development of high active antiretroviral 
therapy life expectancy has improved considera-

bly among HIV infected patients. Now the concern has 
emerged regarding long-term consequences of both 
chronic HIV infection itself and related antiretroviral 
therapies (ART). 

One of the organs affected by HIV infection is the 
bone. Low bone mineral density (BMD) and a decrea-
sed bone mass have been reported in HIV-infected pa-

tients independently of age and gender (1-3). Although 
this is well known and characterized, the ultimate rea-
son that leads to that bone loss is still not well unders-
tood. Multiple factors appear to be involved, including 
effects of HIV viral proteins, ART side effects and in-
flammatory cytokines on bone cells and bone turnover. 
In addition, the effect of HIV infection on traditional 
determinants of BMD such as body weight, smoking 
status or others (4-7) could also play a key role. 
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DEFINITION AND DIAGNOSIS

Osteoporosis is a global health problem that insidi-
ously deteriorates the microstructure of bone. That 
deterioration leads to a compromised bone strength, 
which predisposes the individual to an increased risk of 
fractures of the hip, spine, forearm, and other skeletal 
sites. The diagnosis is done in the presence of low-en-
ergy traumatic fracture and should be considered when 
low bone mineral density (BMD) is found. Dual energy 
X-ray absorptiometry (DEXA) is the gold standard of 
bone density measurement, at the lumbar spine, and 
hip. DEXA measurements of BMD are the basis of os-
teoporosis diagnostic and risk fracture evaluation. Os-
teoporosis is defined as BMD measurement at the hip 
or spine ≤ 2.5 standard deviations below the mean 
BMD for a healthy, young, sex-matched population (T 
score). Osteopenia is defined as a T score between −1.0 
and −2.5 (8).

However, other methods to more accurately esti-
mate fracture risk have been recently developed. One 
of this methods is the Fracture Risk Assessment tool 
(FRAX®) (9). FRAX is a computer-based algorithm 
developed by the WHO. The FRAX score calculates 
the 10-year probability of a major fracture (hip, clini-
cal spine, humerus or wrist fracture) and the 10-year 
probability of hip fracture. It takes into account key 
clinical risk factors in men and women: age, BMI, prior 
fragility fracture, parental history of hip fracture, cur-
rent tobacco smoking, long-term oral glucocorticoid 
use, rheumatoid arthritis, other causes of secondary 
osteoporosis and alcohol consumption. Femoral neck 
BMD can be optionally entered to enhance fracture 
risk prediction. 

However, FRAX score does not take into account 
the presence of HIV-infection nor the use of ART ther-
apies. In a previous study, Calmy and cols. (10) calcu-
lated the FRAX score for 153 HIV-infected adults: they 
evaluated whether the score based on risk factors alone 
could identify HIV-positive patients with reduced 
BMD. They did not detect differences in the FRAX 
score between patients with normal BMD and patients 
with low BMD; they concluded that the FRAX score 
does not discriminate between patients with osteopenia 
and those without osteopenia and thus provides very 
limited usefulness as a screening tool in the HIV-posi-
tive population. In fact, FRAX has not been validated in 
HIV-infected persons and may underestimate the 10-
year risk of fracture in these patients (11). 

BONE BIOLOGY

In the processes that lead to HIV-related bone loss a 
large number of elements that play a role in bone me-
tabolism are implicated. Knowing how these elements 
are communicated and related becomes of capital im-
portance to understand how bone loss is produced, and 
finally how bone fracture overcomes in this population. 

Bone is a living organ, composed of a cellular part 
with support and communication cells, the osteocytes, 
bone forming cells, the osteoblasts, and bone remo-
deling cells, the osteoclasts. Other components are a 
non-mineral crystals of collagen and the non-collagen 
proteins called osteoid, where the mineral matrix with 
calcium and phosphate in the form of calcium hydroxy-
apatite is deposited. 

During life, bone undergoes processes of longitudi-
nal and radial growth, modeling, and remodeling (12). 
Bone remodeling begins early in foetal life, and once 
the skeleton is fully formed in young adults almost all of 
the metabolic activity is in this form. Remodeling is re-
sponsible of maintaining bone competence, as one of its 
functions is to repair microdamage induced due to the 
stress of material, besides its role in mobilizing minerals 
stored in bone to supply physiological needs. The bone 
remodeling cycle (13) involves a series of highly regu-
lated steps that depend on the interactions of two cell 
lineages aforementioned: the mesenchymal osteoblastic 
lineage and the hematopoietic osteoclastic linea ge. Ab-
normalities of bone remodeling can produce a variety 
of skeletal disorders. When bone resorption becomes 
higher than bone formation, bone loss and osteopenia/
osteoporosis is the consequence. This negative balance 
of cell cycle is the ultimate mechanism of osteoporosis 
developing leading to an increased bone fragility, and 
thus to fragility fractures. 

Among different conditions that can produce low 
bone mass, chronic inflammatory diseases of almost any 
cause are associated with bone loss. Inflammatory bone 
loss in periodontal disease and arthritis is probably the 
combined result of stimulation of resorption and in-
hibition of formation by cytokines and prostaglandins. 
Interleukin 1 (IL-1), Interleukin IL-6 (IL-6), and tu-
mor necrosis factor as well as growth factors have been 
implicated in pathologic responses in the skeleton, par-
ticularly in osteoporosis associated with estrogen de-
ficiency, hyperparathyroidism, and Paget disease (14-
16). Among these disorders that lead to abnormalities 
in bone remodeling HIV has emerged as a new cause 
of bone fragility. 

HIV infection, bone metabolism, and fractures
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Although osteoporosis is not typically considered to 
be an immune-mediated disorder, recent data have in-
dicated an overlapping pathway between bone physiol-
ogy and the biology of inflammation that involves the 
T-lymphocyte compartment. The role of HIV-specific 
factors in bone loss and fracture remains unclear. How-
ever, HIV itself can produce an inflammatory state that 
could lead to bone loss through the promotion of os-
teoclastogenesis and bone resorption due to inflamma-
tory cytokines. T-cells activation are the common ele-
ment between the immune response to HIV and bone 
compartment. Activated T-cells affect bone physiology 
by producing RANKL and pro-inflammatory cyto-
kines, which promote osteoclast activity. As found in 
both in vitro and in vivo studies (17), tumor necrosis 
factor alpha induces the apoptosis of osteoblasts, and 
interleukin 6 (18) directly induces receptor activator of 
nuclear factor kappa B ligand (RANKL) expression, an 
osteoblast-secreted cytokine that promotes osteoclast 
formation and maduration. In both cases, higher le-
vels of these inflammatory markers are associated with 
an induced osteoclastogenesis, and, thus, an increased 
bone resorption. Moreover, high concentrations of 
HIV RNA have been associated with elevated levels of 
RANKL, increasing osteoclast presence in bone (19). 

The etiology of osteoporosis in HIV-infected pa-
tients is likely multifactorial, involving traditional risk 
factors as well as direct effects of chronic HIV infec-
tion and antiretroviral therapy. However, to date, most 
studies in HIV-infected individuals have focused on 
bone loss rather than fracture risk. Whether the ob-
served reductions in BMD translate into increased frac-
ture risk, particularly in younger individuals, is uncer-
tain. However, there is growing evidence that shows 
an increased fracture risk among HIV infected patients. 
We summarize here the essential facts.

HIV AND LOW BONE MASS

Osteoporosis has traditionally affected postmenopausal 
women. However, some studies have established that 
osteoporosis is also common amongst HIV-positive 
men of all ages, as well as in some younger HIV-posi-
tive women. Actually, a growing body of evidence indi-
cates that people with HIV are at risk for osteoporosis. 
Several studies in the past decade have established the 
association between bone loss and HIV infection. 

A first approach to study the role of HIV in bone 
loss consists of several epidemiological cohort stud-

ies (20,21). Many of them have limited sample size, 
but these studies demonstrated a higher prevalence of 
low BMD in HIV-infected patients compared to the 
ge neral population, with osteopenia being present in 
40 to 70% of the studied patients. Along these same 
lines, Cazanave and cols. published that the prevalence 
of osteopenia in HIV-infected patients was 54.6% in 
men and 51.1% in women, whereas the prevalence of 
osteoporosis among this population was 33.7% in men 
and 8.3% in women (22). A systematic review of cross-
sectional studies by Brown and cols. concluded that the 
probability of osteopenia and osteoporosis would be 
over 6-fold and almost 4-fold higher in HIV-infected 
than in uninfected populations respectively (23). In line 
with these data, in a clinical trial that evaluated BMD 
before starting ART, the prevalence of osteopenia at 
the start of ART was in a range of 23 to 28%, clearly 
higher than that in the general population (24). 

Large population-based studies, as the study SUN 
that included 525 patients with HIV, compared BMD 
measured by DEXA to uninfected controls in the Na-
tional Survey of Health and Nutrition Examination 
U.S. (NHANES). They found that osteoporosis was 
associated with older age, non-Caucasian ethnic back-
ground, lower BMI, unemployment, and time since 
HIV diagnosis. Nevertheless, since 79% of patients 
were on ART treatment, it was not possible to draw 
clear conclusions from this study on the independent 
contribution of HIV to the loss of bone mass. Other 
studies (25,26) found the same correlation, but again 
the data was not useful to disentangle the effects of 
ART and HIV infection. 

ART AND LOW BMD
ART therapy has been associated with low BMD in a 
number of studies discussed in a meta-analyisis (3). The 
authors reported a relative risk of 2.5 for osteopenia in 
patients with ART compared with untreated patients. 
In fact, other longitudinal studies and clinical trials 
conducted to date also suggest that ART is associated 
with low bone mass (24,27).

The analysis of changes in BMD in patients partici-
pating in the SMART study, a trial where continuous 
ART vs intermittent ART were compared, found that 
10 out of the total 12 fractures reported amongst study 
participants, 10 of them appeared in the continuous 
ART arm. Also, BMD was significantly lower in the 
continuous ART group when compared to the inter-
mittent ART arm (28). 

HIV infection, bone metabolism, and fractures
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HIV AND FRACTURES

All this evidence is showing that bone deterioration in 
HIV is probably the result of the addition of traditional 
risk factors such as smoking, alcohol use, hypogona-
dism, low body weight, vitamin D deficiency, and fac-
tors directly related to HIV infection (24,29). Howev-
er, the question in the late 2000’s was if that decreased 
bone mass induced an excess risk of bone fractures. As 
a result, a number of studies assessed this association. 

Several studies have reported fracture rates in HIV 
cohorts compared to uninfected controls. Initially 
there was contradictory evidence, and studies in both 
directions were published: Arnsten and cols. reported 
no significant increase in risk of fractures in 328 men 
followed for 2 years (30); Yin and cols. reported no 
increase in fracture rates in 1,728 women followed for 
5 years (31); and, finally, Collin and cols. reported no 
increase in fractures amongst 1,281 adults taking ART 
followed for 10 years, compared to the general popula-
tion of the same age in Europe (32). 

Conversely, Prior and cols. reported an increased 
risk of fractures in a cohort of 137 HIV women, but 
they did not find differences in BMD (33). Data ob-
tained from population registries or from large cohorts 
have led to the publication of a series of studies describ-
ing a strong association between HIV infection and 
fractures: Triant and cols. found that the prevalence of 
fractures was higher in HIV-infected individuals, but 
the nature of his data did not allow adjustment for dif-
ferences in risk factors between groups (34); similarly, 
in a more restricted population, the Male Veterans Co-
hort, Womack and cols. reported that HIV status was 
related to fracture incidence, but this association was 
attenuated after adjustment for co-morbidities (35); 
more recently a Spanish population-based cohort study 
including over 1.1 million participants and almost 
2,500 HIV-infected patients showed a strong associa-
tion between HIV infection and hip fracture incidence, 
with an almost five-fold increased risk in the HIV in-
fected individuals, independent of sex, age, smoking, 
alcohol drinking, and comorbidities. Similarly, a 75% 
higher risk of all clinical fractures and a 60% increase in 
risk of non-hip clinical fractures among patients with 
a diagnosis of HIV infection was found (36); finally, 
another nation-wide case-control study in a Nothern-
European population found that HIV infection is asso-
ciated with an almost 3-fold increase in overall fracture 
risk. In HIV patients with an almost 9-fold higher risk 
of hip fracture (37). 

Independently of the ultimate cause of the observed 
increased risk of fractures, the latter study described a 
sharp and early increase in fracture rates in the first few 
years following HIV infection. This makes a strong case 
for an early assessment of fracture risk in HIV infected 
patients, particularly as the HIV population is ageing. 

ETIOLOGY OF INCREASED FRACTURED RISK

Apart from the influence of traditional risk factors as-
sociated to an increased fracture risk in HIV-infected 
patients. There are other factors that have influence 
(Figure 1). It has been hypothesized that inflamma-
tory state promoted by HIV-infection could lead to 
decreased bone loss. However, it has been in a recent 
study analyzing BMD an immune activation where Gaz-
zola and cols. found that heightened T-cell activation 
in HIV-infected patients independently predicts BMD 
disorders. That could suggest a critical role of immune 
activation in the pathogenesis of decreased bone mass, 
even in patients with a full viral response to ART (38).

HIV

The virus

Tobacco, alcohol, drugs
Hypogonadism

Pro-inflammatory state

Race/ethnicity
Glucocorticoids

ART

Genetics
Nutritional status

OSTEOPOROSIS and 

FRACTURE 

Traditional risk factors

Ageing

Figure 1. Causes of increased fracture risk in HIV-infected patients

In other studies it has been shown that less than 
200CD4 cell/μl (39,40) are associated with increased 
fragility fracture incidence. Similarly, in the HOPS co-
hort, nadir CD4 cell count of less than 200 cells/μl 
was associated with increased all-fracture incidence in a 
multivariate analysis (41). 

In consequence, although there is not a complete 
explanation for bone loss and fractures in HIV-infected 
patients, it seems that the chronic inflammatory state 
due to the HIV infection itself has some responsibility 
in that condition. However, further studies should be 
done to confirm that hypothesis. 

HIV infection, bone metabolism, and fractures
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ART AND FRACTURES

The increased inflammatory status induced by HIV 
seems not to be enough to justify all the bone loss 
and excess fracture risk described above. In line with 
that, several studies have analysed the association be-
tween ART exposure and fracture risk. In a number 
of randomized controlled studies, initiation or switch 
to ART appears associated with 6-12 months of bone 
loss, which then stabilizes, specially after two years of 
treatment (42,43). Hansen and cols. found that ART-
exposed patients had a 60% higher risk of fragility frac-
ture than the general population, even after adjusting 
for comorbidities. Nevertheless, ART use was not as-
sociated with an increased risk of non-fragility frac-
tures (44). Other study, by Bedimo and cols. studied 
retrospectively different ART regimens and their asso-
ciation with fracture risk from 1988 to 2009, and they 
reported that cumulative exposure to tenofovir was in-
dependently predictive of increased risk of osteoporotic 
fracture (12% higher risk per year of exposure) after 
controlling for traditional osteoporotic risk factors and 
concomitant ART. Exposure to abacavir, zidovudine 
or estavudine or Non-Nucleosid Reverse Transcriptase 
Inhibitors (NNRTIs) were not significantly associated 
with increased risk of osteoporotic fracture in neither 
uni or multivariate models. More importantly, concom-
itant exposure to both tenofovir and boosted Protease 
Inhibitors (PI/r) was associated with a greater osteo-
porotic fracture risk than exposure to either tenofovir 
without PI/r or PI/r without tenofovir. Among pro-
tease inhibitors, only lopinavir/ritonavir was associated 
with a significantly increased fracture risk (45).

CONSIDERATIONS ABOUT THE PREVENTION OF 
OSTEOPOROTIC FRACTURES

The main aim of the treatment of osteoporosis is to 
reduce the incidence of fractures. It is though not well 
known, nor established, if pharmacological interven-
tions for low BMD in HIV-infected patients, especially 
in the younger ones, will reduce their risk of fracture. 
Actually, due to the increasing awareness of the bone 
disease related to HIV, the European Society of AIDS 
(EACS) (46), and other societies, have included guid-
ance on management of osteoporosis in HIV-infected 
patients and recommendations have also been pub-
lished. These guidelines suggest identifying those pa-
tients at greatest risk of low BMD, measuring BMD in 

those at risk, and treating osteoporosis where identified 
(46). Its main recommendations are to follow national 
guidelines when available; otherwise, bisphosphonate 
therapy with vitamin D and calcium supplementation 
should be considered. 

Nevertheless, the optimal clinical management of 
bone health in HIV-infected individuals is not well de-
fined and remains controversial. It will probably be ne-
cessary to develop guidelines for screening and treating 
reversible causes of low bone mineral density and fall 
risk in HIV patients, and then establish reommenda-
tions for the treatment of high-risk patients.

In conclusion, the information currently available 
suggests that both ART and HIV infection itself favor 
bone demineralization, subsequently increasing fracture 
risk. Bone loss is faster in the first two years after initia-
tion of ART and tends to stabilize afterwards. However, 
given the complex interactions between HIV and ART 
that leads to low BMD, optimization of ART therapy, 
and prompt strategies to prevent bone loss may be im-
portant. Focus on bone disease as the paradigm of ageing 
in this population may improve not only long term life-
expectancy but also the quality of life of these patients. 
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Bone disease after transplantation: 
osteoporosis and fractures risk
Doença óssea pós-transplante: risco de osteoporose e fraturas

Carolina A. M. Kulak1,2, Victoria Z. C. Borba1,2,  
Jaime Kulak Júnior3, Melani Ribeiro Custódio4

ABSTRACT
Organ transplantation is the gold standard therapy for several end-stage diseases. Bone loss is 
a common complication that occurs in transplant recipients. Osteoporosis and fragility fractu-
res are serious complication, mainly in the first year post transplantation. Many factors contri-
bute to the pathogenesis of bone disease following organ transplantation. This review address 
the mechanisms of bone loss including the contribution of the immunosuppressive agents as 
well as the specific features to bone loss after kidney, lung, liver, cardiac and bone marrow 
transplantation. Prevention and management of bone loss in the transplant recipient should be 
included in their post transplant follow-up in order to prevent fractures. Arq Bras Endocrinol Metab. 

2014;58(5):484-92
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RESUMO
Transplantes de órgão é terapia padrão-ouro para várias doenças em estágio terminal. Perda 
óssea é uma complicação comum que ocorre em pacientes transplantados. Osteoporose e fra-
turas por fragilidade são complicações sérias, principalmente no primeiro ano pós-transplante. 
Muitos fatores podem contribuir para patogênese da doença óssea nesses pacientes. Esta revi-
são aborda os mecanismos de perda óssea incluindo o papel dos agentes imunossupressores, 
bem como os fatores específicos da perda óssea após rim, pulmão, fígado, coração e transplan-
te de medula óssea. A prevenção e o tratamento da perda óssea nos pacientes transplantados 
devem ser realizados para evitar fraturas. Arq Bras Endocrinol Metab. 2014;58(5):484-92
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INTRODUCTION 

Organ transplantation is the gold standard treat-
ment for several end-stage diseases. As advances in 

immunosuppression therapy and transplant techniques 
over the last decades have improved allograft and patient 
survival, new challenges have emerged in the manage-
ment of long-term complications. Post-transplantation 
bone disease is a major complication present in most of 
patients, where low bone mineral density (BMD) in-
creases the risk of fractures and consequently, reduces 
quality of life and increases mortality (1,2).

In this review, the mechanism of bone loss after the 
organ transplantation, the therapeutic recommendations 

and the specific features relevant to each organ such as kid-
ney, lung, liver, heart and bone marrow, will be addressed.

Bone disease and transplant

The abnormalities in bone metabolism after transplan-
tation are very similar regardless of organ type, pre-ex-
istent bone disease and previous treatment. Frequently, 
bone loss occurs in the first year after the organ trans-
plant, due the adverse effects of immunosuppressive 
drugs and in addition, due to long period of immobili-
zation. However, it is important to note that low bone 
mass and fractures may antedate transplantation, which 
could be related to effects on the skeleton of chronic 
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Bone loss after transplantation

1. Glucocorticoids  
 Osteoblasts: ⇓ bone formation  – inducing apoptosis

  – inhibiting function

  – ⇓ collagen synthesis

 Osteoclasts: ⇑ bone resorption  – osteoclast activating

 Osteocytes: apoptosis

 : – ⇓ intestinal Ca absorption

   – ⇑ renal Ca wasting

2. Calcineurin inhibitors: Cyclosporine and Tacrolimus – ⇑ bone resorption

3. Sirolimus: ↓ bone resorption: – inhibit osteoclasts differentiation

disease and the presence of concomitant risk factors for 
osteoporosis (2).

MECHANISM OF BONE LOSS: THE ROLE OF 
IMMUNOSUPPRESSIVE DRUGS 

Glucocorticoids (GCs)

The role of GCs is well known and they are used in 
most immunosuppressive regimens after transplanta-
tion. In the early phase, high doses (½ mg/kg/day 
during the first month, gradually reducing the dose 
up to 5 mg/day for 4-6 months) are commonly used 
and a rapid bone loss occurs mainly in cancellous bone. 
The physiopathology of GCs induced bone disorder 
is multi-factorial. Prolonged use of GCs is associated 
with decreased bone formation, increased resorption 
and osteonecrosis, through direct and indirect effects 
on the activity and viability of bone effector cells, os-
teoblasts and osteoclasts, and osteocytes (3). GCs in-
duce osteoblast and osteocyte apoptosis and promote 
osteoclastogenesis by increasing levels of RANK-L 
system (4). Other indirect effects of GCs also play a 
role in the mechanisms of bone loss such as reduced 
intestinal calcium absorption and renal calcium wasting 
and both may lead to a secondary hyperparathyroi dism. 
Furthermore, GCs may induce a muscle weakness, 
which additionally delays post-transplant mobilization 
with subsequent worsening of bone loss. Later, during 
the post-transplant period, with the use of low doses 
of GCs, there is a recovery of osteoblast function and 
consequently, an increase in bone formation and recou-
pling of bone remodeling activity.

Calcineurin inhibitors: cyclosporine A and tacrolimus

Calcineurin inhibitors including cyclosporine A (CsA) 
and tacrolimus have been linked to osteoporosis (5,6), 
however, their effects on the skeleton are not well de-
fined. CsA may cause bone loss through direct effects 
on osteoclast leading high bone turnover. In the rat, 
cyclosporine causes bone loss that is associated with in-
creased bone resorption and formation; however, other 
studies have failed to demonstrate this same effect in 
renal transplant recipients (6). It should be considered, 
however, that the role of cyclosporine in transplant pa-
tients has been difficult to evaluate because its effects 
on bone turnover may be masked by GCs. In fact, one 
study evaluating patients after renal transplantation who 

received CsA in a GC-free regimen did not show any 
bone loss (7). Tacrolimus (FK506), other calcineurin 
inhibitor, was demonstrated to cause bone loss in ex-
perimental animals, however, in contrast, in liver trans-
plant recipients, tacrolimus has been associated with a 
significant higher femoral neck BMD as compared with 
cyclosporine, after two years of transplantation (6).

Sirolimus 

Sirolimus, known as rapamycin, it is particularly useful 
after kidney transplant since it does not cause nephro-
toxicity. In bone tissue, unlike calcineurin, sirolimus may 
inhibits osteoclasts differentiation and thus may be con-
sidered a bone-sparing immunosuppressive agent (8). 

Others immunosuppressive agents such as my-
cofenolate mofetil and azathioprine, seem not to have 
effects in bone tissue. (9,10). Figure 1 shows the action 
of immunosuppressive drugs in bone cells.

Direct 
effects

Indirect 
effects

Figure 1. Immunosuppressive effects on bone.

BONE DISEASE IN DIFFERENT ORGANS 
TRANSPLANTATION 

KIDNEY transplantation

Successful transplantation is capable of reversing many 
complications of the end-stage kidney disease, howe-
ver, disturbances of bone and mineral metabolism, also 
referred to as “mineral and bone disorders” (MBD), 
may persist (11).

Progression of biochemical abnormalities after 
kidney transplant 

After a successful kidney transplanted, generally meta-
bolic abnormalities are corrected, in the following way:
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Bone loss after transplantation

Calcium 

Serum calcium levels show a steady increase and reach a 
plateau at month 3 to 6. However, hypercalcemia (defined 
as total serum calcium > 2.62 mmol/l or 10.5 mg/dL) 
was reported in 30% and 12% of kidney transplant reci-
pients, 1 and 5 years after transplantation, respective-
ly (11). There are some factors that may precipitate or 
worsen hypercalcemia: persistently elevated serum PTH, 
correction of hyperphosphatemia and improved 1,25 
dihydroxyvitamin D3 production from the allograft.

Phosphorus

Hypophosphatemia is observed temporarily in up 90% 
of the patients in the early post transplant period, main-
ly mediated by serum levels of fibroblast growth factor 
23 (FGF23), with serum phosphate level between > 1.5 
and ≤ 2.3 mg/d. In the late phase hypophosphatemia, 
PTH seems to be the unique mediator (11).

25-hidroxyvitamin D (25OHD)

Hypovitaminosis D, defined by serum levels of 25OHD 
less than 30 ng/Ml (12), is common among patients 
referred for kidney transplantation. It occurs mainly dur-
ing the first months after transplantation and may be re-
lated to limited sunlight exposure and sun blockers use, 
hepatic dysfunction and use of GCs, which may increases 
catabolism of 25-OHD (13). Recent study demonstrat-
ed that vitamin D deficiency predicted a rapid decline in 
renal function in kidney recipient patients (14). 

Calcitriol (1, 25 dihydroxyvitamin D)

The recovery of renal function goes along with increase 
of serum calcitriol levels, however, it is common that the 
levels remain low during the first few months, probably 
due to the effect of GCs on the 1 alpha hydroxylase ac-
tivity, increasing their catabolic enzyme synthesis (15).

FGF23

Serum levels of FGF23 are extremely high in dialysis 
patients and show a great decrease (by > 95%) in the 
immediate post transplant period, normalizing after 1 
year (15). 

PTH

PTH levels show a rapid decrease during the first 3-6 
months (approximately 50%), attributed to a reduction 
of parathyroid functional mass, however, after this ini-
tial period, the reduction of PTH is more gradual (16). 

However, persistently elevated levels of serum PTH, 
despite normalization of kidney function have been re-
ported in up to 25% of KTRs 1 year after transplanta-
tion (11). These so-called tertiary hyperparathyroidism 
or persistent hyperparathyroidism, usually defined as ele-
vated parathyroid hormone (PTH) levels and hypercal-
cemia, may cause serious problems such as soft tissue cal-
cification, hypophosphatemia and hypercalciuria (17).

Mineral and bone disorders after kidney 
transplantation

The progression of bone disease after kidney transplan-
tation is not well defined. Virtually, all patients who 
receive a kidney allograft suffer from some degree of 
preexisting bone disorders and, even after a successful 
kidney transplant, it seems that only few patients nor-
malize their bone tissue (18). 

Patient and allograft survival

“MBD” is associated with increased morbidity and 
mortality in KTRs and also associated with accelerated 
progression of kidney disease in these patients (19). 
Nephrocalcinosis, a potential clinical implication of 
persistent HPT, may be the major cause of disordered 
mineral metabolism that impaired graft survival (20).

Fractures

According to estimates, approximately 10% to 25% of 
all KTRs will suffer one or more fractures over their 
lifetime, mainly at appendicular sites such as hip, ankle 
and feet (15). 

Although fractures rates are clearly increased in the-
se patients, they frequently occur in the non osteoporo-
tic by BMD criteria, questioning the use of bone den-
sitometry by DXA to stratify fracture risk in transplant 
patients. However, a serial BMD measurement is useful 
in the evaluation of bone loss and fracture risk (15). 
Currently, the micro-computed tomography (μCT) of 
the distal tibia and radius seems to be useful tool for 
assessing bone micro architecture and fracture risk after 
renal transplantation (21).

Chronic allograft nephropathy

Gradually failing allografts lead to post-transplantation 
CKD stage 3-5 leading to increased risk of worsening 
or de novo development of hyperparathyroidism with 
active vitamin D deficiency and metabolic disorders 
similar to those observed before transplantation (22).
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Management of persistent hyperparathyroidism

Whereas the persistence of HPT contributes to rapid 
bone loss and increased risk of fractures, the suppres-
sion of serum PTH is the primary goal. However, a 
severe hypercalcemia requires adjuvant interventions 
including the use of bisphosphonates and sometimes, 
in a emergency situation, calcitonin is required. Persis-
tent HPT can be treated through surgical parathyroid-
ectomy, or clinical treatment using cinacalcet.

Cinacalcet

In the last years, cinacalcet has been for treatment of 
persistent hyperparathyroidism and data from several 
studies indicate that it is effective. Cinacalcet successful-
ly corrects elevate serum calcium and PTH levels with 
no negative effect on kidney function and apparently 
safe in KTRs (23). The mechanism of calcium reduction 
is a decreased PTH mediated calcium release from the 
bone, and an increased renal calcium loss due to a direct 
stimulation of the tubular calcium receptor (CaR). 

Parathyroidectomy (PTx)

Persistent HPT required PTx in 5% of KTRs, however, 
when the cinacalcet is available, the indication is signifi-
cantly reduced. In both treatment, hungry bone syn-
drome may occur by the decrease of PTH and some pa-
tients may have a slight increase in creatinine, especially 
after surgical treatment, usually reversible (24,25). 

LUNG transplantation

Osteoporosis is very common in patients referred for 
lung transplantation, especially among chronic obs-
tructive pulmonary disease (COPD) candidates. Ste-
roid consumption is the main risk factor (26). How-
ever, we recently demonstrated that low bone mass 
and microarchitecture deterioration happen in COPD 
patients without GCs use (27,28). In a study of New 
Zealand, the authors found 36% and 31% of osteope-
nia and osteoporosis for lung candidates. Besides that, 
pre-transplant BMD was the major predictor for devel-
oping osteopenia or osteoporosis after transplantation 
(29). A cohort of 64 patients with COPD, candidates 
for lung transplantation, showed a 84,4% of low bone 
mass, with lower exercise capacity (P 0 .023) and a 
higher BODE index (P 0 .002) compared to patients 
without low bone mass. 

Pre-transplantation lower BMD and longer prior 
glucocorticoid therapy were correlated to the incidence 

of fractures. Spira and cols. evaluated BMD in 28 pa-
tients prior and 6 to 12 months post lung transplanta-
tion. There was a 5% reduction in BMD of both lumbar 
spine and femoral neck, which was associated with cu-
mulative steroid dose after transplantation. In addition, 
18% sustained osteoporotic fractures, despite vitamin 
D and calcium supplementation (30). Prospective stu-
dies have also demonstrated changes in bone mass and 
fractures incidence in patients who have received a lung 
transplant (29). Rates of bone loss at the lumbar spine 
and femoral neck range from 2% to 5% in the first year 
after lung transplantation, respectively. In addition, frac-
ture rates also are high, ranging from 18% to 37% during 
the first year, even in those patients who received an-
tireabsorptive therapy. Osteoporosis screening prior to 
lung transplantation should be performed to identify 
high-risk subjects for fracture and allow for intervention.

CARDIAC transplantation

The most rapid rate of bone loss after cardiac transplan-
tation also occurs during the first year. The hallmarks of 
osteoporosis after cardiac transplantation are the high 
rate of bone loss. BMD decreases 3 to 10% at the lum-
bar spine and 6 to 11% at the femoral neck, then seems 
to stabilize during the second year and may even incre-
ase after the third year (1). BMD however, has been 
shown not to be efficient to identify bone fragility after 
heart transplantation. In a study with 157 patients after 
10 years of cardiac transplantation with BMD and spine 
X rays, the authors observed vertebral fractures by spine 
x--ray in 40% of subjects, while osteoporosis by DXA 
was present only in 13% of the spine and in 25% of hip 
scans. This finding suggests that BMD or at least the 
standard densitometric criteria, is unreliable to identify 
bone fragility after cardiac transplantation (31). 

Vertebral fractures have been reported to occur 
from 14 to 36% during the first post transplantation 
year and 22 to 35% of long-term cardiac transplant re-
cipients (32). 

Bone resorption markers are increased in the initial 
period after transplantation whereas bone formation 
marker (osteocalcin) is reduced (1). The increase of 
resorption may be associated with CsA-induced renal 
insufficiency and resultant secondary hyperparathyroi-
dism. In general, bone formation markers return to 
normal by 6 to 12 months after cardiac transplantation. 
Serum osteoprotegerin declines during immunosup-
pressive therapy and accounted for 67% of the variance 

Bone loss after transplantation
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of lumbar spine bone density changes during the first 6 
months post-transplantation (33). A new concern exist 
regarding the interference of bone loss at bone acquisi-
tion in kids after heart transplantation (34). In a his-
tomorphometric study of nineteen children after solid 
organ transplantation (kidney, liver and heart) showed 
low trabecular bone volume in 32% and decreased tra-
becular thickness in 74%, high bone turnover was pre-
sent in 37% and low turnover in 32%. The authors ob-
served a great heterogeneity in the histological findings 
between groups, with the abnormal turnover rate and 
the thin trabeculae explaining the increased fracture risk 
in the pediatric solid organ transplant recipients (35). 

One study observed that after 10 to 20 years follow-
ing heart transplantation, patients present similar physi-
cal health to various chronic illnesses. However, there 
is a concern on the side effects of medications, renal 
insufficiency, osteoporosis-associated pain, cortisone-
induced myopathy and risk for tumors, besides that, 
they have an increase in emotional well-being (36). 

LIVER transplantation

A rate from 12 % to 55% of patients may have osteoporo-
sis before liver transplantation as a result of their under-
lying chronic hepatic disease (37). It has been demons-
trated that the bone health before transplantation may 
be a predictive factor of bone loss and fracture after 
the liver is transplanted (38). In fact, prospective stu-
dies show that the risk of post-transplantation bone loss 
and fractures were related to age, pre-transplantation 
BMD and previous vertebral fracture as well as meno-
pause status (39,40). Bone turnover has been reported 
to be low in many patients with liver failure; however, 
there is conversion to a high turnover state after liver 
transplantation that persists afterward. The increase in 
bone turnover may result from resolution of cholestasis 
or hypogonadism, increased PTH secretion, or CsA or 
FK506 administration. Significant increase in osteopro-
tegerin and RANK-L levels demonstrated during the 
first 2 weeks after liver transplantation provide further 
evidence of high bone turnover state. Osteoporosis re-
mains a potential complication of liver transplantation, 
although its incidence may be significantly reduced 
by the use of lower doses of GCs. The progression of 
bone loss seen after liver transplantation is similar to 
that following lung and cardiac transplantation, being 
more severe in the first 6 months. One bone histomor-
phometry study showed that bone loss stops around 

6 month, followed by a gain of bone mass, mainly at 
cancellous bone, in the first 2 years after the liver trans-
plantation (39). This increase in BMD is significant 
higher among premenopausal than perimenopausal 
and postmenopausal women, probably due the protec-
tive estrogen effect to the skeleton (40). The fractures 
occur mainly in the 6-12 months following the trans-
plantation, with rates ranging from 24-65%; the ribs 
and vertebrae are the most common sites. Treatment 
with bisphosphonate along with calcium and vitamin D 
before the transplant has been demonstrated to prevent 
the bone loss and the high rates of fractures following 
liver transplantation. In this regards, one study docu-
mented a decrease in the incidence of clinical fractures 
during the period 1998-2008, probably due to the use 
of bisphosphonates to high-risk patients and also due 
the use of lower doses of immunosuppressors (41).

Bone marrow transplantation

Bone marrow transplant (BMT) recipients have many 
known risk factors for bone loss after transplantation. 
The bone disease following BMT differs from other 
forms of post-transplantation osteoporosis mainly be-
cause the recipients are usually younger and therefore 
the underlying hematologic disease as well as the che-
motherapeutic drugs have an impact on bone accrual 
growth and gonadal function (42). In addition, other 
features such as nutritional status and vitamin D may 
contribute to bone loss in these patients. In regard 
to vitamin D, A marked decline in the serum levels of 
1,25-dihydroxyvitamin D3 and 25-hydroxyvitamin D3 
in the course of allogeneic BMT was observed. The 
pattern of bone loss after BMT is characteristic because 
the bone loss is greatest at the proximal femur than the 
lumbar spine. During the first year, the rate of bone loss 
may occur from 3 to 5,9% at the lumbar spine and 8,5 
to 12% at the femoral neck (43). Increased osteoclast 
activity due an increase in the ratio of receptor activator 
of the nuclear factor-kβ ligand (RANKL) to osteopro-
tegerin and the presence of high levels of bone marrow 
interleukin-6 has been proposed to be related to this 
expressive rate of bone loss. In this regard, bone resorp-
tion markers were shown to increase over the first 6 
months after BMT in pediatric patients (44). However, 
bone formation is decreased characterizing an uncou-
pling of bone remodeling.

Chronic graft versus host disease (GVHD) affects 
30-60% of patients after BMT and is treated with high 

Bone loss after transplantation
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doses of GC, which contributes to bone loss in BMT 
recipients. In general, the bone loss tend to stop after 
12 months following transplantation and may occur a 
recover of lumbar spine BMD lumbar spine within 48 
months, however this recover is not seen at the femur 
since the bone loss is greater at this site. In addition, 
low BMD was associated with insulin resistance (45). 

Randomized trials have been conducted to assess the 
effectiveness of intravenous bisphosphonate in prevent-
ing bone loss after BMT (46,47). In a study with 116 
patients, pamidronate along with calcium and calcitriol 
markedly reduced bone loss, but did not completely 
prevent it (46). Further, the effects of pamidronate at 
the bone were seen mainly at those patients receiving 
higher doses of immunosuppressive. In addition, after 
stopping pamidronate, most BMD benefits were lost. A 
short- term zoledronic acid treatment, three monthly 
doses of 4 mg intravenous, improved both lumbar spine 
and femur neck BMD in transplanted patients mainly in 
those who presented at high risk for rapid bone loss. 

PREVENTION AND MANAGEMENT OF 
TRANSPLANTATION BONE DISEASE

Pre-transplantation evaluation

An assessment of BMD and some parameters of bone 
and mineral metabolism should be performed prior to 
the organ transplantation. This pre-transplant evalua-
tion is helpful to select patients who would benefit from 
immediate therapy and conditions such as hypogona-
dism, vitamin D deficiency and secondary hyperpara-
thyroidism should be corrected. The therapy, when in-
dicated, is similar to the treatment of post menopausal 
osteoporosis, except to the renal failure patients where 
the treatment is still controversial and a previous bone 
biopsy is recommended (48) (Table 1). Furthermore, 
patients must be encouraged to modify lifestyle factors 
with adverse effects on the skeleton, such as immobili-
zation, smoking and alcohol abuse.

After transplantation evaluation 

Since the loss of bone mass and fracture risk is highest 
soon after transplant, therapeutic and preventive mea-
sures should be adopted early, and perhaps the most 
important is the use of low-dose of GCs in a shortest 
possible period.

Vitamin D 

Hypovitaminosis D, both insufficiency and deficiency, 
affect 59% to 91% of transplant patients and may per-
sist during years after transplantation and vitamin D 
supplementation with colecalciferol is indicated aim-
ing to normalize 25OH vitamin D levels. In addition, 
administration of calcitriol in some cases of secondary 
hyperparathyroidism is also recommended (33).

Antiresorptive agents 

Bisphosphonates 

Bisphosphonates decrease bone reabsorption and im-
prove BMD at lumbar spine and femoral neck in GCs 
patients. However, no date exist to support bisphos-
phonate treatment to reduce fracture risk in this popu-
lation. 

Studies using both intravenous and oral bisphos-
phonates have shown they are effective to prevent bone 
loss after transplantation (47,49,50). Similarly, studies 
demonstrated the efficacy of intravenous ibandronate, 
zolendronic acid and of pamidronate in the prevention 
of bone loss after renal, heart, lung, liver and bone mar-
row transplant recipients, independently of the time 
following the transplantation (47,49). A randomized 
trial comparing alendronate and calcitriol in patients 
directly after cardiac transplantation found that both 
regimens prevent bone loss at the LS and hip when 
compared with reference subjects who received only 
calcium and vitamin D (51). 

Palmer and cols. have revealed that vitamin D an-
alogues and bisphosphonates improve BMD loss in 
KTRs. Recently, a study showed that the combination 
therapy with vitamin D and bisphosphonates was the 
most effective regimen to improve BMD of these pa-
tients. The bisphosphonates prescription in KTRs has 
some particularity: patients with normal renal func-
tion and presumed increased bone resorption, based 
on serum PTH and alkaline phosphatase levels, the use 
of bisphosphonates is recommended for a short time. 
However, in patients with presumed low bone turn-

Table 1. Indications for bone biopsy

1. Symptoms of bone pain, muscular weakness without correlations to 
laboratorial findings

2. Fragility fractures

3. For diagnose of osteomalacia

4. Severe osteoporosis with indication for antiresorptive therapy, however with 
low PTH, being difficult to rule out adynamic bone disease

Bone loss after transplantation
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over, bisphosphonates are contraindicated (8). Often 
makes difficult to decision due the lack of validation 
of bone densitometry (DXA) in chronic kidney dis-
ease, as DXA cannot differentiate between calcium ac-
cumulation in the bone and that surrounding soft tis-
sue. Maybe a safe therapeutic approach for KTRs with 
fractures, unexplained hypercalcemia or bone pain, is 
the performance of a bone biopsy. The post transplant 
bone biopsy indication is showed in table 1.

Antibody to the receptor activator of nuclear factor-kB 
ligand

Denosumab is a fully human monoclonal antibody to 
RANKL that blocks its binding to RANK, inhibiting 
the development and activity of osteoclasts. Of inte rest, 
denosumab is effective at reducing fracture risk and 
is not associated with an increased in adverse events 
among patients with impaired kidney function (52).

Bone anabolics

Teriparatide

Teriparatide (recombinant human parathyroid hor-
mone 1-34) exerts anabolic effects on the skeleton 
when given intermittently. The use in osteoporosis 
pos-transplantation is restricted. One double-blind 
randomized trial, treated 26 kidney transplant reci-
pients treated with teriparatide (PTH 1-34) or placebo 
demonstrated that teriparatide does not improve BMD 
early after kidney transplantation (53). Furthermore, 
neither histological analysis nor bone markers provide 
evidence of improved bone turnover or mineralization.

Hormone replacement therapy 

Few studies have approached the replacement of hor-
mone replacement therapy for transplant recipients, 
most of them showed a protective effect on the skeleton 
(54,55). It is appropriate to delay HRT initiation until 
the patient has successfully engrafted, is clinically stable 
and using reduced dose of most medications (typically 
3-6 months post-transplant). Options for hormone re-
placement therapy include oral and transdermal with 
the inclusion of either cyclic or continuous progester-
one. Mainly in patients with impaired liver function, 
transdermal route should be advised. Important to note 
that in younger patients with ovarian insufficiency due 
to chemotherapy, estrogen replacement also improves 
menopausal symptoms and improves quality of life. 

CONCLUSIONS

Mineral and bone disorders following organ transplan-
tation are common and characterized by loss of bone 
volume and mineralization abnormalities leading to os-
teoporosis and fractures, increased risk of mortality and 
decreased quality of life. The exposure to high doses of 
GCs and calcineurin inhibitors is associated with rapid 
bone loss immediately after transplantation and high 
fracture incidence. Effective therapies should incorpo-
rate either pre-transplant period to treat pre-existing 
bone diseases and also prevention of bone loss during 
the first six to 12 months transplantation. 

It seems that combination therapy with vitamin D 
and bisphosphonates was the most effective regimen to 
improve BMD of these patients. More studies are nee-
ded to examine the effects of different therapeutic inter-
ventions on bone disorders after organ transplantation.

Disclosure: Dr. Carolina A. M. Kulak is speaker of Eli-Lilly and 
GSK. Dr. Melani Custódio is speaker and consultant of AbbVie 
and Amgen. Dr. Victoria Z. C. Borba is speaker of Sanofi-Aven-
tis, GSK and Eli-Lilly.
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Trabecular bone score: 
perspectives of an imaging 
technology coming of age
Escore de osso trabecular: perspectivas de um 
método de imagem em aprimoramento

Barbara C. Silva1, John P. Bilezikian2

ABSTRACT
The trabecular bone score (TBS) is a new method to describe skeletal microarchitecture from 
the dual energy X-ray absorptiometry (DXA) image of the lumbar spine. While TBS is not a di-
rect physical measurement of trabecular microarchitecture, it correlates with micro-computed 
tomography (µCT) measures of bone volume fraction, connectivity density, trabecular number, 
and trabecular separation, and with vertebral mechanical behavior in ex vivo studies. In human 
subjects, TBS has been shown to be associated with trabecular microarchitecture and bone 
strength by high resolution peripheral quantitative computed tomography (HRpQCT). Cross-
-sectional and prospective studies, involving a large number of subjects, have both shown that 
TBS is associated with vertebral, femoral neck, and other types of osteoporotic fractures in 
postmenopausal women. Data in men, while much less extensive, show similar findings. TBS is 
also associated with fragility fractures in subjects with secondary causes of osteoporosis, and 
preliminary data suggest that TBS might improve fracture prediction when incorporated in the 
fracture risk assessment system known as FRAX. In this article, we review recent advances that 
have helped to establish this new imaging technology. Arq Bras Endocrinol Metab. 2014;58(5):493-503

Keywords
Trabecular bone score; osteoporosis; fracture risk; bone mineral density; microarchitecture

RESUMO
TBS (do inglês, “trabecular bone score”) é um novo método que estima a microarquitetura 
óssea a partir de uma imagem de densitometria óssea (DXA) da coluna lombar. Apesar de o 
TBS não ser uma medida física direta da microarquitetura trabecular, ele correlaciona-se com 
o volume ósseo, densidade da conectividade trabecular, número de trabéculas e separação 
trabecular medidos por microtomografia computadorizada (µCT), e com medidas mecânicas 
da resistência óssea vertebral em estudos ex vivo. Estudos em humanos confirmaram que o 
TBS associa-se a microarquitetura trabecular e resistência óssea medidas por tomografia com-
putadorizada quantitativa periférica de alta resolução (HRpQCT). Estudos transversais e pros-
pectivos, envolvendo um grande número de indivíduos, mostraram que o TBS é associado com 
fratura vertebral, de colo de fêmur e com outros tipos de fraturas osteoporóticas em mulheres 
na pós-menopausa. Dados em homens, apesar de escassos, mostram resultados semelhantes. 
Além disso, o TBS foi associado a fraturas por fragilidade em indivíduos com diversas causas 
secundárias de osteoporose e, dados preliminares, sugerem que o uso do TBS pode melhorar 
a previsão de fratura quando incorporado ao sistema de avaliação de risco de fratura (FRAX). 
Este artigo faz uma revisão de avanços recentes que têm ajudado a estabelecer esse novo mé-
todo de imagem. Arq Bras Endocrinol Metab. 2014;58(5):493-503
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TBS; osteoporose; risco de fratura; densidade mineral óssea; microarquitetura
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INTRODUCTION 

O steoporosis is defined as a skeletal disorder char-
acterized by compromised bone strength, pre-

disposing to an increased risk of fracture (1). The major 
determinants of bone strength are both bone mineral 
density (BMD) and skeletal microarchitecture. While 
BMD can be readily measured by dual-energy X-ray 
absorptiometry (DXA), the technologies used to de-
termine skeletal microarchitecture, such as histomor-
phometric analysis and micro-computed tomography 
(µCT) of the transiliac crest bone biopsy (2,3), high 
resolution peripheral quantitative computed tomogra-
phy (HRpQCT) (4), and magnetic resonance imaging 
(MRI) (5) are not routinely available. To this end, and 
based upon previous studies using 2D X-ray images 
to estimate bone microstructure (6-8), the trabecular 
bone score (TBS), a new approach for assessing skeletal 
microarchitecture from 2D DXA images (9-11), has 
been developed. 

TBS is an indirect index of trabecular microarchitec-
ture based upon evaluating pixel gray-level variations 
in the DXA image. TBS is not a direct physical mea-
surement of trabecular microarchitecture, but rather an 
overall descriptor of bone quality (9). A low TBS value 
is associated with fewer, less well-connected and more 
widely distributed trabeculae, while high TBS va lues 
are correlated with better trabecular structure (11). 
TBS can be readily applied to a DXA image through 
the use of a specific software, and has an attractive fea-
ture which is the possibility of being retrospectively cal-
culated from an existing DXA image without the need 
for further imaging (12). 

TRABECULAR BONE SCORE: TECHNICAL ASPECTS

TBS takes into account the pixel gray-level variations 
in the DXA image. The basic principles of TBS include 
the following points: a 2D projection image of a po-
rous trabecular structure has a low number of pixel 
value variations of high amplitude, whereas the projec-
tion of a well-structured trabecular bone onto a plane 
produces an image with a large number of pixel value 
variations of small amplitude (9). TBS is derived from 
an experimental variogram of those projected images, 
calculated as the sum of the squared gray-level differ-
ences between pixels at a specific distance and angle. 
TBS is then calculated as the slope of the log-log trans-
form of the 2D variogram. A low TBS value is associ-

ated with worse bone structure, while high TBS values 
are correlated with better bone structure (11). Table 1 
shows the TBS cutoff points in postmenopausal women 
as suggested by expert opinion (13). Equivalent ranges 
for TBS in men have not yet been proposed.

Table 1. TBS cutoff points in postmenopausal women proposed by an 
international working group of TBS users (13)

TBS value (unitless) Classification

≤ 1.200 Degraded microarchitecture

1.200 to 1.350 Partially degraded microarchitecture

≥ 1.350 Normal

TBS: trabecular bone score.

TBS, typically measured at the lumbar spine (LS), 
has a short-term in vivo precision of 1.12% - 2.1% (14-
17). The TBS result is given for each vertebra and for 
the overall lumbar spine, as is done for the calcula-
tion of BMD. Fractured vertebrae are excluded from 
the TBS calculation. While a previous study has sug-
gested that osteoarthritic changes of the LS have little 
effect on TBS (14), vertebrae with overt osteoarthritic 
changes are also excluded from the TBS analysis.

Several technical limitations of TBS analyses should 
be noted. As TBS is computed from DXA images, any 
image “noise” can influence the TBS evaluation. Ad-
ditionally, TBS results may not be comparable across 
different densitometers, unless a TBS cross-calibration 
process utilizing a gray-level TBS phantom is utilized. 
Finally, excessive soft tissue in the abdomen, overlying 
the region of interest, may reduce the TBS estimate. In 
order to mitigate this problem in vivo, the TBS calcula-
tion is adjusted for body mass index (BMI). The use of 
BMI, however, is limited since it can not distinguish 
central abdominal weight accumulation, which would 
influence TBS derived from LS DXA, from adiposity 
at other sites. Of note, the adjustment in TBS for BMI 
is optimized when BMI is between 15 and 35 kg/m². 

ASSOCIATION OF TBS WITH 3D MEASUREMENTS 
OF TRABECULAR MICROSTRUCTURE AND BONE 
STRENGTH

TBS results derived from both simulated 2D-projection 
µCT images and LS DXA images were compared, in ex 
vivo studies, with 3D indices of bone microarchitecture 
assessed by µCT (9-11,18). In general, TBS directly 
correlates with µCT measures of bone volume fraction 
(BV/TV) (10,11,18), connectivity density (Conn. D) 
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(10,11), and trabecular number (Tb.N) (10,11), and 
inversely associated with µCT indices of trabecular 
separation (Tb.Sp) (10,11) and structural model index 
(SMI) (18). Surprisingly, TBS was either not associated 
(18) or negatively correlated (11) with trabecular thick-
ness (Tb.Th). These reported associations between 
TBS and µCT parameters were not adjusted for age, 
and it remains unclear whether or not age-adjusted cor-
relations would remain significant. Of note, TBS was 
also correlated with vertebral mechanical behavior in 
an ex vivo study of 16 human L3 lumbar vertebrae (18). 

Studies by our group examined, for the first time in 
vivo, the correlations between TBS and 3D microarchi-
tecture parameters (19,20). We assessed TBS from spine 
DXA images and correlated it with HRpQCT measure-
ments at the radius and tibia in 22 postmenopausal 
women with primary hyperparathyroidism (PHPT) and 
in 115 pre- and postmenopausal Chinese-American and 
Caucasian women. The study of subjects with PHPT 
revealed significant correlations between LS TBS and 
HRpQCT measurements of Tb.N (r = 0.505), Tb.Sp 
(r = -0.492), cortical thickness (r = 0.453), volumetric 
densities (r = 0.476 to 0.507), and whole bone stiff-
ness (r = 0.442) at the radius (all p < 0.05) (19). TBS 
was also positively associated with measures of cortical 
thickness (r = 0.515), volumetric densities (r = 0.471 to 
0.619), and whole bone stiffness at the tibia (r = 0.516; 
all p < 0.05), but its association with Tb.N and Tb.Sp 
was significant only after controlling for body weight (r 
= 0.573 and r = -0.524, respectively). TBS was not as-
sociated with Tb.Th or trabecular stiffness at either the 
radius or the tibia. 

In the study of Chinese-American and Caucasian 
women (71 pre- and 44 postmenopausal), all HRpQCT 
indices at the radius and tibia, except cortical thickness 
at the radius and Tb.Th at the tibia, were correlated 
with LS TBS. These correlations, however, were weak 
to moderate (r = 0.20 to 0.52; all p < 0.05) (20). In 
this cohort, we have also examined the associations bet-
ween LS TBS and indices of central quantitative com-
puted tomography (QCT) at the LS and femur. TBS 
was directly associated with QCT parameters of LS tra-
becular volumetric BMD (r = 0.664), with trabecular 
and cortical volumetric densities and with an estimate 
of cortical thickness at the femoral neck (r = 0.641, 
0.346, and 0.540 respectively) and total hip (r = 0.547, 
0.491, and 0.541, respectively) (all p < 0.001). Adjust-
ment for weight or BMI did not change the direction 
or significance of the correlations. The combination of 

TBS with LS aBMD better predicted the variance in 
QCT measures than aBMD alone. 

More recently, the association of TBS with 
HRpQCT indices was investigated in 72 healthy pre-
menopausal women (mean age 33.8 years) (21). TBS 
was associated with trabecular volumetric BMD (r = 
0.49 to 0.57), Tb.N (r = 0.43 to 0.58), Conn.D (r = 
0.43 to 0.46), and Tb.Sp (r = -0.43 to -0.57), at the 
radius and tibia (all p < 0.01). There was a weak corre-
lation between TBS and Tb.Th at the radius (r = 0.37; 
p < 0.01), but not at the tibia. TBS was either weakly 
or not associated with HRpQCT measures of cortical 
density, thickness and porosity. 

RELATIONSHIP OF TBS WITH AGE AND MAJOR 
CLINICAL RISK FACTORS 

TBS tends to decline with age as shown in cross-sec-
tional studies (14,22,23). Dufour and cols. observed, 
in 5,942 Caucasian French women (BMI < 40 kg/m2), 
a linear decline of 14.5% in L1-L4 TBS between 45 and 
85 years of age (14). Age related declines in LS BMD 
and TBS were also observed in a large cross-sectional 
study of 29,407 women ≥ 50 years from the province 
of Manitoba, Canada (22). Similarly, a negative correla-
tion between L2-L4 TBS and age (r = -0.39, p < 0.001) 
was observed in 4,907 Lebanese women from 20 to 90 
years of age (23).

In addition, TBS was associated with many of the 
risk factors that are predictive of osteoporotic fractures 
(22). Reduced TBS (lowest versus highest tertile) was 
associated, after adjusting for age and bone preserving 
treatment, with prior major fracture, rheumatoid ar-
thritis, chronic obstructive pulmonary disease, recent 
glucocorticoid use, alcohol or other substance abuse, 
and higher BMI. 

ASSOCIATION OF TBS WITH FRACTURE RISK

A number of cross-sectional (24-29) and prospective 
(15,16,30,31) studies have shown an association be-
tween LS TBS and vertebral, hip, and other types of 
osteoporotic fractures in postmenopausal women. A 
recent published cross-sectional study has also demon-
strated that TBS is associated with fractures in men (32). 

Cross-sectional studies

Table 2 summarizes the data from cross-sectional stu-
dies. The studies in postmenopausal women were, in 



Co
py

rig
ht

©
 A

BE
&

M
 to

do
s o

s d
ire

ito
s r

es
er

va
do

s.

496 Arq Bras Endocrinol Metab. 2014;58/5

general, retrospective case-control studies, in which 
cases were women with vertebral fractures [confirmed 
either by radiographs or vertebral fracture assessment 
(VFA)] or with a history of hip (27) or other types of 
osteoporotic fractures (24-26,28,29). Control groups 
comprised women without evidence of any type of fra-
gility fracture either not matched for age or BMD with 
cases (27,29), or matched with cases for age (25,26,28) 
or for age and BMI (24). Overall, TBS was significantly 
lower in cases than in controls, and both TBS and any 
BMD measurement were associated with fractures (Ta-
ble 2). In a few studies, the combination of TBS with 
LS BMD was a better predictor of vertebral fractures 
than LS BMD alone (25,26).

Data in men, while limited, are similar. A retrospec-
tive non-randomized case-control study enrolled 180 
men ≥ 40 years old (BMI ranging from 17 to 36 kg/cm2), 
45 of whom had a history of a low-energy fracture af-
ter the age of 40 (32). Study subjects had sustained 
59 fractures, including spine (34%), hip (14%), forearm 
(19), ankle (13%), humerus and rib (5% each) fractures. 
The control group consisted of 135 age- and LS BMD-
matched men without evidence of low-energy fractures 
by self-report. TBS was lower in men with than in those 
without fractures (1.102 ± 0.129 vs. 1.159 ± 0.134, 
respectively; p = 0.013). Unadjusted odds ratios (ORs) 
for osteoporotic fractures and vertebral fracture (n = 
17) were, respectively, 1.55 (95% CI 1.09–2.20), and 

Table 2. Summary of cross-sectional studies

Citation Participants Outcome measure OR (95% CI) for LS TBS OR (95% CI) for LS BMD

Pothuaud and cols. 2009 
(24)

135 postmenopausal women 
(45 Fx subjects and 90 

age- and LS BMD-matched 
controls)

For vertebral Fx analyses: (20 
Fx subjects and 60 matched 

controls)

Vertebral, hip and other types of 
osteoporotic Fx (confirmed by 

radiographs)

Unadjusted:

All Fx: 1.95 (1.31–2.89);

Vertebral Fx: 2.66 (1.46–4.85)

Not applicable (cases and 
controls were matched for 

BMD)

Winzenrieth and cols. 
2010 (25)

243 postmenopausal women 
with osteopenia at LS (81 

subjects with vertebral Fx and 
162 age-matched controls)

Vertebral Fx (on radiographs) Body weight-adjusted:

Vertebral Fx: 1.97 (1.31–2.96)

Body weight-adjusted:

Vertebral Fx: 1.63 (1.20–2.22)

Rabier and cols. 2010 (26) 168 postmenopausal women 
with T-score < -1.0 at any site 
(42 subjects with vertebral Fx 

and 126 age-matched controls)

Vertebral Fx (on radiographs) Body weight-adjusted:

Vertebral Fx: 3.81 (2.17–6.72)

Body weight-adjusted:

Vertebral Fx: 2.48 (1.61–3.83)

Del Rio and cols. 2013 
(27)

191 postmenopausal women 
(83 Fx subjects and 108 not 

matched controls)

Osteoporotic femoral neck Fx 
(by self-report)

Age-adjusted:

Femoral neck Fx: 1.71 
(1.15-2.79)

Age-adjusted:

Femoral neck Fx: 1.94 
(1.35–2.79)

Krueger and cols. 2014 
(28)

429 postmenopausal women 
(158 Fx subjects, including 91 

vertebral Fx, and 271 
age-matched controls)

Low-energy Fx (by self-report) 
and vertebral Fx (on VFA)

Age and BMI-adjusted:

All Fx: 2.46 (1.9–3.1)

Vertebral Fx: 2.49 (1.9-3.3) 

Age and BMI-adjusted:

All Fx: 1.36 (1.2–1.6)

Vertebral Fx: 1.36 (1.1–1.7) 

Lamy and cols. 2012 (29) 631 postmenopausal women 
(8.4% with vertebral Fx, 17% 

with major osteoporotic Fx, and 
26% with at least 1 

osteoporotic Fx)

Low-energy Fx (by self-report) 
and vertebral Fx (on VFA)

Age and BMI-adjusted:

All Fx: 1.4 (1.1–1.7)

Vertebral Fx: 2.0 (1.4–3.0)

Major osteoporotic Fx: 1.9 
(1.4–2.5)

Age and BMI-adjusted:

All Fx: 1.3 (1.1–1.6)

Vertebral Fx: 1.8 (1.2–2.5)

Major osteoporotic Fx: 1.6 
(1.2–2.1)

Leib and cols. 2013 (32) 180 men > 40 years old (45 Fx 
subjects, and 135 age- and LS 

BMD-matched controls)

Low-energy Fx (by self-report) Unadjusted:

All Fx: 1.55 (1.09–2.20)

Not reported

Nassar and cols. 2014 
(33)

362 men and women > 50 
years old (77% women) with a 
low-trauma non-vertebral Fx, 

including 133 with at least one 
concurrent vertebral Fx

Vertebral Fx (on VFA)

Subjects with both non-
vertebral and vertebral Fx were 

compared to subjects with 
non-vertebral Fx only

ORs not reported (see text for detailed results)

TBS: trabecular bone score; OR: odds ratio; Fx: fracture. LS: lumbar spine.
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2.07 (95% CI 1.14–3.74), for each SD decline in TBS. 
It is noteworthy that the control men had a TBS score 
that would be considered to be low for women, under-
scoring the point that there are not normal TBS stan-
dards yet for men. 

LS TBS in a group of men and women was also 
examined in a cross-sectional study that included 362 
subjects over 50 years old (77% women, mean age 
74 ± 12 years) who had been hospitalized, within 4 
to 90 days prior to the enrollment, for the treatment 
of a low-trauma non-vertebral fracture (33). Vertebral 
fractures were then assessed by VFA, and subjects were 
allocated to one of 2 groups based on the absence (n = 
229) or presence of at least one vertebral fracture (n = 
133; 57 grade 1, 47 grade 2, and 29 grade 3). TBS was 
significantly lower in patients with vertebral and non-
vertebral fractures than in those with non-vertebral 
fractures only (1.157 ± 0.108 vs. 1.227 ± 0.107; p < 
0.0001), as was BMD T-score at the LS, femoral neck, 
and total hip. TBS, LS BMD and total hip BMD pre-
dicted vertebral fractures equally well, with areas under 
the receiving operator curve (AUCs) of 0.677, 0.669, 
and 0.692, respectively. The combination of TBS with 
LS BMD improved vertebral fracture discrimination as 
compared to LS BMD alone (p = 0.043), but not with 
total hip alone (p = 0.327). In the 173 subjects with 
BMD T-scores in the non-osteoporotic range, among 
whom 38 had a prevalent a vertebral fracture, TBS 
was a better discriminator of vertebral fractures than 
LS BMD alone (AUCs of 0.671 vs. 0.541; p = 0.035), 
but similar to total hip BMD alone (AUCs of 0.670 vs. 
0.585; p = 0.264). The small number of cases, how-
ever, limits this analysis.

Prospective studies

Data from prospective studies are summarized in table 
3 (15,16,30,31). The Manitoba study was the largest 
one to examine the ability of LS TBS to predict frac-
ture risk (16). The study enrolled 29,407 women ≥ 50 
years from the Canadian province of Manitoba, and 
showed that LS TBS at baseline predicted new clinical 
vertebral, hip and major osteoporotic fractures over a 
mean follow-up of 4.7 years. The combination of TBS 
with any BMD measurement (LS, femoral neck or to-
tal hip) was a better predictor of osteoporotic fracture 
than BMD alone (p < 0.0001). However, the AUC for 
TBS + BMD was only slightly greater than the AUC for 
BMD alone (+ 0.02, + 0.01, and + 0.01, compared to 

LS, femoral neck and total hip, respectively). Of note, 
LS TBS remained a predictor of fracture even after ad-
justing for BMD and additional clinical risk factors.

In another prospective study, Boutroy and cols. 
(30) evaluated 560 postmenopausal Caucasian wo-
men from the OFELY cohort, and showed that TBS 
and LS BMD predicted any type of fragility fracture 
equally well. The association between TBS and fracture 
remained even after controlling for age, body weight 
and prevalent fracture at baseline. Thirty-seven percent 
of fractures occurred in women with LS TBS < 1.209 
(lowest quartile), and having a TBS below that thre-
shold was a predictor of fracture risk in non-osteopo-
rotic women [OR 2.75 (95% CI 1.47-5.17)], but not 
in osteoporotic subjects.

In the prospective study by Iki and cols. (31), TBS 
was a predictor of incident vertebral fractures on VFA 
(Table 3). LS BMD, TBS, and LS BMD + TBS pre-
dicted vertebral fractures equally well, with AUCs of 
0.673, 0.682, and 0.700, respectively. There was a 
higher incidence rate of vertebral fracture in the lower 
TBS tertile group in each BMD stratum. 

Finally, the Osteoporosis and Ultrasound Study 
(OPUS) (15) examined the added value of TBS to 
BMD for prediction of fractures in 1,007 postmeno-
pausal women (Table 3). Women with incident fractures 
were older than non-fractured subjects. The AUCs for 
TBS, BMD (at LS, femoral neck, and total hip), and 
the combination of TBS with any BMD measurement 
were similar. The performance of TBS, BMD and TBS 
+ BMD for fracture prediction was examined using 
reassignment analysis assessed by net reclassification 
improvement (NRI). While for prediction of incident 
clinical osteoporotic fractures the combination of TBS 
with LS BMD was similar to LS BMD alone (NRI = 
10.5%, p = 0.105), for prediction of vertebral fractures, 
TBS and LS BMD together increased the performance 
over LS BMD alone (NRI = 8.6%, p = 0.046). 

ROLE OF TBS IN SECONDARY OSTEOPOROSIS 

Diabetes mellitus

A retrospective cohort study examined, in the Manito-
ba cohort described above, 29,407 women ≥ 50 years, 
including 2,356 (8.1%) who had diabetes mellitus (34). 
While BMD at all sites was higher among those with 
diabetes, TBS was consistently lower, in unadjusted and 
adjusted models (all p < 0.001). Over a mean follow-
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Table 3. Summary of prospective studies

Citation Participants
Mean 

follow-up 
period

Outcome measure Risk ratio (95% CI) 
for LS TBS

Risk Ratio (95% CI) 
for LS BMD

Risk Ratio (95% CI) 
TH BMD 

Manitoba Hans and 
cols. 2011 (16)

29,407 
postmenopausal 

women ≥ 50 years 
(5.7% (1,668) of 

subjects presented 
incident osteoporotic 
Fx, including 1.5% 

clinical vertebral and 
1.0% hip Fx)

4.7 years Incident clinical 
vertebral, hip and 

major osteoporotic Fx 
(assessed in health 
service records by 

fracture codes)

Age-adjusted:

Clinical vertebral Fx: 
HR = 1.45 

(1.32–1.58);

Major osteoporotic Fx: 
HR = 1.35 

(1.29–1.42)

Hip Fx: 1.46 
(1.30–1.63)

Age-adjusted:

Clinical Vertebral Fx: 
HR = 1.72 

(1.55–1.91);

Major osteoporotic Fx: 
HR = 1.47 

(1.39–1.55)

Hip Fx: 1.31 
(1.16–1.48)

Age-adjusted:

Clinical Vertebral Fx: 
HR = 1.75 

(1.58–1.96);

Major osteoporotic Fx: 
HR = 1.67 

(1.58–1.76)

Hip Fx: 2.55 
(2.22–2.93)

OFELY

Boutroy and cols. 
2013 (30)

560 postmenopausal 
women (94 subjects 

had an incident 
fragility Fx at any site)

8.0 years Incident clinical and 
radiographic vertebral 
Fx and fragility Fx at 

any site, except head, 
toes and fingers (all 

Fx were confirmed by 
radiographs)

Adjusted for age, 
weight and prevalent 

FX at baseline:

Any type of 
osteoporotic Fx:

OR = 1.34 
(1.04-1.73)

Adjusted for age, 
weight and prevalent 

FX at baseline:

OR = 1.30 
(1.06-1.58)

Adjusted for age, 
weight and prevalent 

FX at baseline:

OR = 1.99 
(1.52-2.62)

JPOS

Iki and cols. 2014 
(31)

665 postmenopausal 
women (92 subjects 

had an incident 
vertebral Fx)

8.3 years Incident vertebral Fx 
(by VFA)

Age- and LS 
BMD-adjusted:

Vertebral Fx:

OR =1.54 
(1.17-2.02)

Age- and TBS-
adjusted:

Vertebral Fx:

OR = 1.27 (1.02, 
1.59)

Not measured

OPUS Briot and cols. 
2013 (15)

1,007 
postmenopausal 

women > 50 years 
(8.1% (82) e 4.6% 

(46) of subjects 
presented with 

incident osteoporotic 
Fx, and vertebral Fx, 

respectively)

6.0 years Incident vertebral Fx 
(by radiographs) and 
low-trauma FX (by 

self-report)

Unadjusted:

Vertebral Fx:

OR = 1.54 
(1.17-2.03)

Clinical osteoporotic 
Fx:

OR = 1.62 
(1.30-2.01)

Unadjusted:

Vertebral Fx:

OR =1.75 
(1.25-2.48)

Clinical osteoporotic 
Fx:

OR =1.47 
(1.16-1.89)

Unadjusted:

Vertebral Fx:

OR = 1.73 
(1.26–2.38)

Clinical osteoporotic 
Fx:

OR = 1.65 
(1.30–2.11)

TBS: trabecular bone score; BMD: bone mineral density; OR: odds ratio; HR: hazard ratio; Fx: fracture; LS: lumbar spine; TH: total hip.

up period of 4.7 years, and after covariate adjustment, 
the risk for major osteoporotic fracture was 49% greater 
(HR 95% CI 1.27–1.74) in women with diabetes than 
in those without diabetes. While BMD did not predict 
fracture among the diabetes cohort, TBS was a BMD-
independent predictor of fracture, and predicted frac-
tures in those with diabetes (adjusted HR 1.27, 95%CI 
1.10-1.46) as well as in nondiabetic women (HR 1.31, 
95%CI 1.24-1.38).

Primary hyperparathyroidism

The association of vertebral fracture and TBS was exa-
mined in a cross-sectional study of 73 postmenopausal 
women with primary hyperparathyroidism (PHPT) 
compared to 74 age-matched healthy women (35). 
While LS BMD and femoral neck BMD were similar 
between the groups, TBS was significantly lower in 
subjects with PHPT (1.19 ± 0.10) than in controls 
(1.24 ± 0.09, p < 0.01). Total hip and 1/3 radius 

BMDs were also lower in PHPT subjects (p < 0.01). 
In the PHPT group, TBS was significantly lower in 
subjects with (n = 29) than in those without (n = 44) 
radiographic vertebral fractures (1.14 ± 0.10 vs. 1.22 
± 0.10, respectively; p < 0.01), with an AUC of 0.716 
(95%CI: 0.590-0.841; p = 0.002). PHPT patients with 
(n = 18) and without (n = 55) non-vertebral fractures 
had similar TBS values. 

A prospective observational study has also evalu-
ated TBS in patients with PHPT (n = 92; 74 females; 
mean age 62.7 ± 10.1 years) and 98 control subjects 
(36). Vertebral fractures were assessed by radiographs. 
PHPT subjects had, at baseline, a lower TBS Z-score 
(-2.39 ± 1.79), and higher prevalence of vertebral frac-
ture (43.5%) than controls (Z-score of -0.98 ± 1.07 
and 8.2%, respectively, both p < 0.0001). Compared 
to controls, subjects with PHPT also had significantly 
lower BMD measurements at all sites. Among subjects 
with PHPT, each SD decline in TBS conferred 40% 
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greater risk of vertebral fracture (OR 1.4, 95%CI 1.1-
1.9, p = 0.02), regardless of LS BMD, age, BMI and 
gender. In the PHPT group, 20 subjects who under-
went parathyroidectomy were compared with 10 non-
surgically treated cases after 24 months. At month 24, 
TBS improved in surgically treated patients, whereas 
it remained stable in conservatively treated subjects. A 
recent study confirmed that TBS improves at 1 year fol-
lowing parathyroidectomy in subjects with PHPT (37).

Rheumatoid arthritis

A cross-sectional study evaluated 185 women (mean 
age 56 ± 14 years) known to have rheumatoid arthritis 
(RA) for 15.5 ± 9.9 years (38). Approximately 60% of 
the study population (n = 112) was in use of glucocor-
ticoids (mean daily dose of 6.4 mg equivalent to pred-
nisone). Both BMD T-scores and TBS were significant-
ly lower among patients with vertebral fracture (n = 33; 
17.8%) than in non-fractured individuals. The AUCs 
for vertebral fracture were similar for TBS (0.704), LS 
BMD (0.621), femoral neck BMD (0.727), and total 
hip BMD (0.719).

Adrenal incidentaloma and subclinical 
hypercortisolism

The association between TBS and fractures was ex-
plored in 102 patients with adrenal incidentaloma [AI; 
63 females; 34 with subclinical hypercortisolism (SH)], 
and 70 matched controls (39). In patients, vertebral 
fractures were assessed by X-rays. Z-scores were used 
to report TBS and BMD. TBS (-3.18 ± 1.21) was 
lower in subjects with SH than in patients without SH 
(-1.70 ± 1.54, p < 0.0001) or controls (-1.19 ± 0.99, 
p < 0.0001), as was LS BMD and total femur BMD. 
A low TBS, as defined by a TBS Z–score < -1.5, was 
associated with the presence of vertebral fracture, re-
gardless of age, BMI, and gender [OR = 4.8 (95% CI 
1.85–12.42), p < 0.001]. A subgroup of 40 patients 
was followed for 24 months, and among them, TBS 
predicted the occurrence of a new fracture even after 
adjusting for LS BMD, BMI, and age (OR = 11.2; 
95%CI, 1.71–71.41, p < 0.012). 

Other conditions

A recent prospective study evaluated the effect of 
growth hormone (GH) replacement on TBS in 147 
subjects with growth hormone deficiency (GHD; mean 
age 35.1 years; 84 males) (40). Compared to baseline, 

there was a significant increase in BMD at LS (+14%) 
and total femur (+7%) at 2 years of GH replacement 
(both p ≤ 0.001). TBS, obtained in a subgroup of 32 
subjects with GHD, was also improved after 2 years of 
GH replacement. However, the reported result (4% 
gain at 2 years) was recorded at the level of L4 only, 
which limits this analysis.

Data reported in abstracts also showed that TBS is 
related to fractures in individuals with chronic kidney 
disease (41) and on long-term glucocorticoid (GC) 
therapy (42). The study of 47 women with CKD (grade 
not reported), and 94 healthy women (73% postmeno-
pausal) showed that, compared to controls, subjects 
with CKD have reduced TBS (p < 0.0001) (41). In the 
CKD group, while no difference was seen for BMD (p 
= 0.46), TBS was significantly lower in subjects with a 
prior fracture (number of fractures not reported) than 
in non-fractured subjects (p = 0.034), with an unad-
justed OR of 2.5 (95% CI 1.02-6.15), and AUC of 
0.756 (0.609-0.870). Age- or BMI-adjusted ORs were 
not reported.

Finally, the impact of long-term GC therapy on 
TBS was explored in 136 women, aged 45 to 80 years, 
treated with GCs (≥ 5 mg/day) for ≥ 1 year (42). Com-
pared with the age-matched normal values, GC-treated 
patients had a 4% decrease in TBS (p < 0.0001), but no 
change in BMD (p = 0.49). In GC treated-patients, the 
age-adjusted OR for TBS was 1.62 (95% CI 1.02-2.59) 
for vertebral fracture and 1.60 (95% CI 1.04–2.47) for 
osteoporotic peripheral fracture. The association be-
tween fracture risk and BMD was not significant.

EFFECT OF OSTEOPOROSIS THERAPY ON TBS

The impact of different osteoporosis therapy on TBS 
has been evaluated (17,43-47) and the results are sum-
marized in table 4. In general, the change in TBS in 
response to osteoporosis therapy was of smaller mag-
nitude than the change in LS BMD. Additionally, the 
change in TBS appears to be a function of the thera-
peutic class, with greater improvements observed upon 
treatment with teriparatide and strontium ranelate. 
Overall, the treatment with bisphosphonates led to a 
slight increase or maintenance of TBS over ~3 years 
(Table 4). Further research is needed to determine the 
role of TBS for monitoring treated or untreated osteo-
porosis and, if this is class-specific, which agents are 
more likely to show increases in TBS. 
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Table 4. Summary of studies that evaluated the impact of different osteoporosis therapies on LS TBS

Citation Participants
Mean 

follow-up 
period

Treatment

Number of 
subjects per 

treatment 
group

Percent change in LS 
TBS relative to 

baseline

Percent change in LS 
BMD relative to 

baseline

Krieg and cols. 
2013 (43)

1,684 women ≥ 50 years 
old

3.7 years Antiresorptive agents# 534 +0.2 ± 1.9 % / year* +1.86 ± 1.8 % / year*

Untreated subjects 1,150 -0.31 ± 0.06 % / year* -0.36 ± 0.05 % / year*

Popp and cols. 
(17)

2013

Subset of 107 
postmenopausal women 
from the HORIZON trial

3 years Zoledronic acid 54 At 3 years:

+1.41 ± 0.79%*

At 3 years:

+9.58 ± 0.6%*

Placebo 53 At 3 years:

-0.49 ± 0.62%

At 3 years:

+1.38 ± 0.9%*

Kalder and cols. 
2014 (44)

Subset of 36 
postmenopausal women 
with hormone-sensitive 

primary breast cancer from 
the TEAM trial

2 years Tamoxifene 17 At 2 years:

+3.3 ± 1.6%*

At 2 years:

+1.9 ± 0.8%*

Exemestane 19 At 2 years:

-2.3 ± 1.1%*

At 2 years:

-5.3 ± 0.9%*

McClung and cols. 
2012 (45)@

285 postmenopausal 
women from the FREEDOM 

trial, with LS or total hip 
BMD T-score < -2.5, and 

with both > -4.0 

3 years Denosumab 157 At 3 years:

+2.4%*

At 3 years:

+9.8%*

Placebo 128 At 3 years:

-0.7%

At 3 years:

+0%

Günther and cols. 
2012 (46)@

82 postmenopausal women 
with osteoporosis (open 

label study)

2 years Teriparatide 82 At 2 years:

+4.3%*

At 2 years:

+7.6%*

Hans and cols. 
2012 (47)@

Subgroup of a 79 
postmenopausal women 

with osteoporosis included 
in a double blind, double 

dummy study randomized to 
strontium ranelate or 

alendroante

2 years Strontium ranelate Not reported At 2 years:

+3.1%*

At 2 years:

+9.0%*

Alendronate At 2 years:

+1.0%

At 2 years:

+7.6%*

TBS: trabecular bone score; LS: lumbar spine; BMD: bone mineral density; HORIZON trial: Health Outcomes and Reduced Incidence with Zoledronic acid Once Yearly; FREEDOM trial: Fracture 
Reduction Evaluation of Denosumab in Osteoporosis Every 6 Months; TEAM Study: Tamoxifene Exemestane Adjuvant Multinational Study.
* P < 0.05 compared to baseline. # 86% bisphosphonates, 10% raloxifene, and 4% calcitonin. @ Data reported in abstracts.

CONCLUSIONS – TRABECULAR BONE SCORE: 
FACTS AND FUTURE

TBS is an indirect index of bone microarchitecture that 
has a major clinical advantage of being readily avail-
able from DXA images. It is associated with 3D direct 
measures of trabecular microarchitecture, and with di-
rect and indirect measures of bone strength. TBS de-
clines with age, and is correlated with major clinical 
risk factors that are predictive of osteoporotic fractures. 
Seve ral cross-sectional and prospective studies, invol-
ving a large number of postmenopausal women, have 
confirmed the association of TBS with vertebral and 
non-vertebral fractures. Data in men, while much less 
extensive, show similar findings. There is also evidence 
that, while TBS and LS BMD predict fracture equally 
well, TBS slightly improves fracture prediction when 
combined with any BMD measurement. 

Indeed, these results provide support for utilizing 
TBS in conjunction with BMD to estimate fracture 

risk. This approach may be especially useful in indivi-
duals with BMD values in the osteopenic range. This is 
of interest, since most individuals with fragility fractures 
will have BMD values not in the osteoporotic range but 
rather in the osteopenic or even normal range (48,49). 
This observation could be explained by other aspects of 
bone quality, such as bone microarchitecture, or even 
by readily assessable clinical risk factors that increase 
fracture risk independent of the BMD measurement. 
Thus, for those with BMD in the osteopenic range, 
TBS, when used in combination with the fracture risk 
assessment system (FRAX®), which incorporates clinical 
risk factors along with BMD (50), may have a role in 
fracture risk assessment. In fact, preliminary data have 
shown that TBS may improve fracture prediction when 
used in combination with FRAX® (51,52). 

In addition to these data in primary osteoporosis, 
TBS was also shown to be associated with fractures in 
subjects with diverse secondary causes of osteoporo-
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sis. This is particularly attractive in those conditions in 
which the increase in fracture risk is largely independent 
of BMD by DXA, such as diabetes mellitus or long-
term GC exposure. Similarly, in asymptomatic PHPT, 
the trabecular bone as assessed by LS BMD appears re-
latively well preserved, whereas epidemiological studies 
show increased fracture risk in vertebral and non-ver-
tebral sites. While these unexpected findings between 
fracture risk and BMD by DXA may be explained by 
an inferior bone microarchitecture, current methods to 
assess microstructure are not routinely available, so that 
TBS could be used, combined with BMD, for fracture-
risk assessment in such cases of secondary osteoporosis.

Finally, current data do not support the use of TBS 
to estimate antifracture effectiveness of diverse osteopo-
rosis treatments, and further research is needed to eva-
luate the value of TBS for monitoring treatment effect.

There are a number of areas for future research and 
delineation. A well-established TBS cut-point that clas-
sifies normal and abnormal TBS values has not yet been 
defined. The TBS reference range that has been pro-
posed so far (Table 1), which applies to postmenopau-
sal women only, was recommended by a working group 
of TBS users. This definition remains to be definitively 
established across age and gender. Also, as noted be-
fore, the use of TBS in subjects with BMI below 15 
kg/m2 and over 35 kg/m2 has not been validated.

Additionally, while there are extensive data estab-
lishing an association between TBS and fracture risk in 
postmenopausal women, data in men are limited. Of 
note, when TBS is derived from DXA images obtained 
in GE-Lunar densitometers, TBS appears to be  lower 
in men than in women, which  is surprising given the 
previous observations of better trabecular microarchi-
tecture in aging men than in women by histomorpho-
metry and HRpQCT (53,54). 

Finally, despite the strong correlations between TBS 
and 3D measures of trabecular microarchitecture in ex 
vivo studies, studies in vivo have shown only moderate 
correlations. Additionally, the majority of the studies 
did not find an association between TBS and trabecu-
lar thickness, indicating that TBS may not fully capture 
some aspects of bone microstructure assessed by higher 
resolution imaging modalities. 

In conclusion, current data on lumbar spine TBS are 
promising. If further studies establish TBS cut-points 
across age and gender, and confirm that TBS improves 
fracture prediction from FRAX, TBS could become a 
valuable adjunctive clinical tool in fracture risk assess-

ment, assisting in therapeutic decision-making particu-
larly in those at intermediate risk for fracture.
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Bone markers and 
osteoporosis therapy 
Marcadores de turnover ósseo e tratamento da osteoporose
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ABSTRACT
Several factors are involved in determining bone quality including bone density, bone turnover, 
the extent of trabecular bone connectivity, cortical porosity and geometry. Metabolically acti-
ve and in a continuous process of remodeling, approximately 20% of bone tissue is renewed 
annually. Bone turn over markers (BTM) are frequently used in clinical trials and to provide 
valid information about the effectiveness of osteoporosis treatment, reflecting the state of bone 
metabolism and its response to treatment, although they are not useful alone to estimate bone 
loss. In this review the behavior of BTM from different clinical trials or different osteoporotic 
drugs will be addressed. Arq Bras Endocrinol Metab. 2014;58(5):504-13
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RESUMO
Diversos fatores estão envolvidos na determinação da qualidade óssea, incluindo a 
densidade óssea, a remodelação óssea, a extensão da conectividade do osso trabecular, 
porosidade cortical e geometria. Metabolicamente ativo e, em um processo contínuo 
de remodelação, cerca de 20% do tecido ósseo é renovado anualmente. Por sua vez, 
marcadores de turnover ósseo (BTM) são frequentemente utilizados em estudos clínicos 
e fornecem informações válidas sobre a eficácia do tratamento da osteoporose, o que 
reflete o metabolismo ósseo e sua resposta ao tratamento, embora eles não sejam 
úteis somente para estimar a perda óssea. Nesta revisão, o comportamento dos BTM 
em ensaios clínicos diferentes e com diferentes drogas osteoporóticas será abordado. 
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INTRODUCTION

B one is a specific type of tissue composed primarily 
of type I collagen impregnated with minerals in 

the form of hydroxyapatite crystals. Several factors are 
involved in determining bone quality including bone 
density, bone turnover, the extent of trabecular bone 
connectivity, cortical porosity and geometry (Figure 1) 
(1). Metabolically active and in a continuous process 
of remodeling, approximately 20% of bone tissue is 
renewed annually (2). This complex process begins at 
birth and is maintained throughout life. The active cel-
lular participants in this process, often configured as 

multiple multicellular units, are osteoclasts, osteoblasts 
and osteocytes. 

The system is highly regulated by many factors. For 
example, osteoprotegerin (OPG) (osteoprotegerin), re-
ceptor activator of NF-kappaB (RANK) and its cognate 
ligand, (RANKL), form a metabolic regulatory system 
focused upon bone resorption (3). Additionally there 
are other factors that influence bone turnover, such as 
parathyroid hormone (PTH), 1,25-dihydroxyvitamin 
D (calcitriol), prostaglandin E2 and interleukins (4). 
The process of bone turnover leads to the release of 
factors that give highly relevant information on rates of 
bone formation and resorption (Figure 2). 
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Figure 1. Factors related to bone quality.

Figure 2. The process of bone resorption: the RANK/RANKL/OPG system.

Osteoporosis can be primary or secondary to va-
rious conditions such as hypogonadism, hyperthyroi-
dism, skeletal metastases, multiple myeloma, anticon-
vulsants, corticosteroids, and alcohol abuse (Table 1). 
The prevalence of osteoporosis increases with age and is 
accelerated in women by the menopause (5). The aging 
process is associated with bone loss even before the 
menopause sets in, suggesting that factors related to 
cellular aging, apart from estrogen deficiency, are im-
portant (6). In assessing the dynamics of bone loss and, 
with therapy, bone gain, bone resorption and bone for-
mation markers can be used, alone or together (7). In 
clinical practice, for reasons of cost, sometimes a single 
marker will be used. Since in most cases bone formation 
mirrors bone resorption, and vice versa, a single bone 

turnover marker could be used. With regard to bone 
formation, the production phase of the collagen matrix 
coincides with increased alkaline phosphatase activity, 
while mineralization process coincides closely with os-
teocalcin (Tables 2 and 3). In contrast, bone turn over 
markers (BTM) are frequently used in clinical trials and 
to provide valid information about the effectiveness of 
osteoporosis treatment, reflecting the state of bone me-
tabolism and its response to treatment, although they 
are not useful alone to estimate bone loss (8). 

The aim of this work is to provide an available lit-
erature from PubMed that reports bone markers data 
in response to osteoporosis therapy.

CHANGES IN BTM WITH BISPHOSPHONATE 
TREATMENT

In regard to alendronate, the Fracture Intervention 
Trial (FIT) showed that the group treated with alen-
dronate had a mean decrease in urinary NTX by 41.9% 
and 52.4 % in CTX after 3 years of treatment (9,10).

Likewise, in a post-hoc analysis of the alendronate 
FIT, osteoporotic women with higher baseline levels of 
N-terminal propeptide of procollagen type 1 (P1NP) 
showed greater reduction in risk of nonvertebral frac-
tures in response to alendronate than those with low 

BTM and osteoporosis therapy
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Table 1. Causes of osteoporosis

Primary causes Secondary causes

Postmenopausal Hyperthyroidism, hyperparathyroidism, Cushing’s syndrome, diabetes mellitus, acromegaly, adrenal insufficiency

Senile osteoporosis Anorexia nervosa, bulimia nervosa, athelete’s amenorrhea, hyperprolactinemia, panhypopituitarism

Idiopathic osteoporosis Osteogenesis imperfecta, Gaucher’s disease, hemochromatosis, homocystinuria, Marfan syndrome, Ehlers-Danlos syndrome, 
porphyria, Turner syndrome, Klinefelter syndrome, Menkes syndrome

Idiopathic juvenile osteoporosis Inflammatory bowel disease, malabsorption syndromes, celiac disease, primary biliary cirrhosis, gastrectomy, total parenteral 
nutrition, bariatric surgery

Multiple myeloma, leukemia, lymphoma, sickle cell anemia, thalassemia, hemophilia, mastocytosis, polycythemia

Calcium, magnesium, phosphorus and vitamin D deficiency

Use of corticosteroids, excess thyroid hormones, heparin, warfarin, chemotherapy, cyclosporine, methotrexate, anticonvulsants, 
lithium, aluminum hydroxide, GnRH analogues, anti-retrovirals

Prolonged immobilization, reflex sympathetic dystrophy, rheumatoid arthritis, systemic lupus, ankylosing spondylitis, pregnancy, 
chronic renal failure

Renal tubular acidosis, COPD, chronic liver disease, sarcoidosis, amyloidosis, transplantation, excessive alcohol intake

Table 2. Main bone formation markers

 Marker Source Action Assay type

Bone-specific alkaline phosphatase Enzymes in the osteoblast plasma 
membrane

Degradation of the alkaline 
pyrophosphate mineralization inhibitor

Serum immunoassay and EDTA plasma

Osteocalcin Non-collagen proteins of bone 
produced by osteoblasts during bone 

formation and connected to 
hydroxyapatite

Influences in osteoid mineralization. 
Works with negative feedback during 

the process of bone remodeling

Immunoassay and EDTA plasma

Aminoterminal propeptide of type I 
collagen (PINP)

Specific product proliferation of 
osteoblasts and fibroblasts

Cleavage of pro collagen type 1 
protease during the process of 
formation of collagen type 1

Immunoassay, intact serum fraction, 
EDTA plasma

Table 3. Main bone resorption markers

 Marker Source Action Assay type

C-telopeptide (CTX)* Isomerization of aspartyl beta that 
occurs in mature collagen

Cleavage of type 1 collagen by 
Cathepsin K in bone resorption

Immunoassay, measurable serum/urine, 
EDTA plasma

N-telopeptide amino-terminal portion 
of type 1 collagen 

Bone collagen type 1 Cleavage of type 1 collagen by 
Cathepsin K in bone resorption

Immunoassay, urine, serum, EDTA 
plasma

Receptor activator Kappa-B ligand 
(RANKL)

Produced by osteoblasts, activated by 
B and T cells 

Binds to RANK, which is expressed on 
osteoclasts and their precursors, 

stimulating their differentiation and 
activation

Immunoassay or soluble forms in serum

Osteoprotegerin Secreted by osteoblasts RANKL receptor, reduces bone 
resorption by binding to RANK and 

prevents osteoclastogenesis

Immunoassay in serum

Sclerostin Secreted mainly by osteocytes Antagonist of Wnt signaling, inhibits 
bone formation 

 Immunoassay in serum or plasma

* Beta CTX more useful in osteoporosis.

levels of P1NP (9). However, this association was not 
found for vertebral fractures. Similar results were found 
using collagen type I c-telopeptide (CTX) and bone-
specific alkaline phosphatase (BSAP). These results 
suggest that baseline BTM levels can influence the ef-
fectiveness of treatment with alendronate, especially at 
non-vertebral sites. Among patients without osteopo-

rosis, higher baseline levels of the 3 BTMs were associ-
ated with a greater increase in hip bone mineral density 
(BMD) after treatment; in those with osteoporosis, 
higher baseline levels of P1NP were associated with a 
greater increase in vertebral BMD (10). 

Using data from FIT, Bauer and cols. reported that 
in women treated with alendronate, large reductions 

BTM and osteoporosis therapy
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in one or more BTMs were associated with large re-
ductions in vertebral, non-vertebral and hip fractures. 
The greater the reduction in BTM, the lower the risk 
of fracture. This study showed that women in the alen-
dronate group with a reduction of at least 30% of BSAP, 
had a lower risk of non-vertebral and hip fractures. This 
effect was as strong as the anti-fracture effect observed 
with changes in BMD in 1 year (11). 

In the Vertebral Efficacy with Risedronate Therapy 
(VERT) study, it was observed that BSAP levels decline 
and reach a nadir of -33% from baseline values by year 
3 (12). Postmenopausal women with at least one ver-
tebral fracture who showed reductions in urinary CTX 
(mean -60% ) and NTX (mean -51%) at 3 and 6 months 
of treatment with risedronate, were significantly asso-
ciated with reduction of vertebral and non-vertebral 
fractures risk after 3 years (12). In a subanalysis of the 
MOVER (MOnthly intraVenous ibandronatE ver-
sus daily oral Risedronate) study, it was observed that 
the relative change in mean CTX and collagen type I 
cross-linked N-telopeptide (NTX) levels, in relation to 
the baseline, was similar with ibandronate 1 mg and 
risedronate, with a decrease in these levels at 3 months 
which remained below baseline levels by the end of the 
study. After 6 months, the mean reduction using 1 mg 
ibandronate was -67 and -53% for CTX and NTX, res-
pectively (13). 

Regarding zoledronic acid, data from the Health 
Outcomes and Reduced Incidence with Zoledronic 
Acid Once Yearly (HORIZON) study demonstrated 
that serum CTX, BSAP and urinary NTX levels were 
59%, 30% and 58% lower, respectively, in the group 
treated with zoledronic acid compared to placebo. The 
effects of zolendronic acid on BTMs were similar to the 
other bisphosphonates (14).

In a study of postmenopausal women with low bone 
mass, using a different doses of zoledronic acid, there 
was a nadir in bone resorption markers in 1 month, 
with an average decrease of 65-83% in serum CTX and 
50-69% in urinary NTX (15). These decreases tend to 
be dose-dependent, in agreement with previous reports 
that higher doses of bisphosphonates increase the dura-
tion of drug action. The reduction in BTMs remained 
at the end of the study (month 12), with an average de-
crease of 49-52% in CTX and 54-65% in NTX. Serum 
osteocalcin and BSAP showed similar responses wi-
thout strong apparent decline in one month, but with 
persistent suppression at the end of the study. 

CHANGES IN BTM WITH STRONTIUM RANELATE 

There is much controversy about BTMs during treat-
ment with strontium ranelate (SR) (16, 17). In fact, the 
mechanism of action of SR is unknown. Although the 
presence of SR itself on bone matrix, leading to preser-
vation of some determinants of bone material quality 
influencing the intrinsic properties on bone tissues and 
an effect on the calcium-sensing receptor have all been 
proposed (18). In a recent post-hoc analysis of the core 
studies with SR, involving 2,373 women with postme-
nopausal osteoporosis treated with SR or placebo, after 
3 months of treatment, BSAP increased by 9.6% , se-
rum C-propeptide of type I collagen (PICP) in 9.9%, 
s-CTX was reduced by 5.9%. Considering the technical 
and biological variability of BTM measurements, the-
se changes could not be ascertained as significant in a 
given patient. On the other hand, the increments in 
BMD may be remarkable. After 3 years, mean BMD 
increased by 14.4% in the lumbar spine, 5.5% at the 
femoral neck and 7.1% at total hip. Multiple regres-
sion analysis showed that changes in bone formation 
markers (PICP and BSAP), but neither in s-CTX nor 
u-NTX I, were significantly associated with increased 
BMD at the lumbar spine and femoral neck (19). The 
responses of BTM in women previously treated with 
long term bisphosphonates have been evaluated in re-
cent studies and compared to those women who never 
took any osteoporosis medication before SR. Middle-
ton and cols. (20) showed a positive, although delayed, 
responses after 2 years which were more pronounced in 
women previously treated with a bisphosphonate: se-
rum CTX +61%, serum P1NP +55% and serum BSAP 
+46%. This data are in accordance with our own data 
on short-term changes and long-term changes in BMD 
in response to SR in postmenopausal women previously 
treated with long-term bisphosphonates. We observed 
a mean increase of 53.7% in serum CTX and 30.7% in 
osteocalcin levels and these changes were associated 
with a mean increase in lumbar spine BMD of 4.8% 
after 2.5 years of treatment with SR (21,22).

The study by Recker and cols. showed that mine-
ralization surfaces (MS/BS %) at the trabecular level 
were 7.73 ± 1.48% for tereparatide and 5.25 ± 1.15% 
SR (p = 0,219) and the endocortical level were 17.22 ± 
3.06% and 9.70 ± 2.07%, respectively (p = 0,052). Cor-
tical porosity was 5.40 ± 0.41% in the tereparatide and 
4.14 ± 0.40% in the SR group (p = 0,037). They were 
increased both with SR and tereparatide. Although 
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more pronounced with tereparatide. Likewise, corti-
cal porosity was also improved with both agent. Serum 
PINP increased at first month with tereparatide, but it 
wasn’t measured at this time in SR group. As expected 
for bisphosphonate-naïve pacients bone turnover mark-
ers decreased 3 and 6 months in the SR group (23).

CHANGES IN BTM WITH DENOSUMAB 

Denosumab is a human monoclonal antibody with high 
affinity and specificity for human RANK-L. By binding 
to RANK-L, denosumab prevents the interaction of 
RANK-L with RANK and, thus, inhibits bone resorp-
tion. The reduction in resorption markers CTX, NTX 
and formation markers P1NP and BSAP is expected to 
occur as with any other potent anti-resorptive agent. 

In the FREEDOM (Fracture REduction Evaluation 
of Denosumab in Osteoporosis every 6 Months) study, 
a clinical trial of postmenopausal women using Deno-
sumab (60 mg every 6 months for 3 years) or placebo, 
there was a suppression of BTM within 12 hours after 
administration of the drug which persists until the next 
dose. Denosumab reduced bone resorption by an aver-
age of 86% within 1 month, which is a greater reduc-
tion seen than with other anti resorptive drugs. The de-
crease in serum CTX was more pronounced and faster 
than the decreases in serum P1NP and BSAP. There 
was a significant correlation between serum CTX re-
duction and increased BMD (24). 

In FREEDOM, the median values for serum CTX 
were 0.049 g/mL (-90%) at day 10 and 0.131 ng/mL at 
mounth 6, after the first extension dose (the seventh dose 
of denosumab). For serum P1NP, median values were 
19.0 µg/L (-51%) at day 10 and 13.0 µg/L at mounth 6. 
In the 6 years of denosumab treatment without descon-
tinue the drug, the median BTM values remained below 
the median values observed at FREEDOM baseline (25).

Taken together, these data suggest that biochemical 
markers of bone turnover are useful tools to assess the 
therapeutic effects of anti-catabolic or anti-resorptive 
osteoporosis medications and that serial measurements 
can help to decide whether a patient is responding or 
not to a specific treatment.

CHANGES IN BTMS WITH OSTEOANABOLIC 
THERAPY

Anabolic agents represent an important approach to 
the treatment of osteoporosis. They target bone for-

mation which distinguishes them from the mechanism 
of action of most of the drugs that we have available 
which have their primary action to inhibit bone resorp-
tion. Parathyroid hormone (PTH) is currently the only 
approved osteoanabolic therapy for osteoporosis. It is 
available as the full-length molecule PTH (1-84) in Eu-
rope and as the recombinant amino-terminal fragment 
PTH (1-34) (teriparatide) worldwide. Another promi-
sing therapeutic osteoanabolic class is targeted against 
sclerostin. Monoclonal antibodies against sclerostin, 
romosozumab and blosozumab, are currently being 
developed and have advanced to clinical trials. 

PTH 

Both teriparatide and PTH (1-84) are administered by 
subcutaneous daily injection for up to a 2-year course 
for the treatment of osteoporosis in postmenopausal 
women and in men with osteoporosis who are at high 
risk for fracture. In Japan, a weekly regimen of teripara-
tide is also approved to treat osteoporosis (26). In con-
trast to antiresorptive therapies, teriparatide and PTH 
(1-84) directly stimulate processes associated with bone 
accrual. Virtually all clinical studies with PTH therapy 
show an interesting discordance in the timing of the in-
crease in bone formation and bone resorption markers. 
Bone formation markers increase first followed subse-
quently by an increase in resorption markers. In the te-
riparatide studies, the bone formation markers, BSAP 
and PICP increase by 1 month of therapy (27,28). It 
was observed an increase of 67% in PICP in the first 
month and serum CTX increased 88% in the sixth mon-
th (27). The increase in bone resorption markers, NTX 
and deoxypyridinoline (DPD), is delayed, relative to 
the increase in the bone formation markers, and is not 
of the same magnitude (27,28). A subanalysis of The 
Fracture Prevention Trial showed that changes in PICP 
at 1 month and P1NP at 3 months are sensitive and 
accurate predictors of the lumbar spine BMD response 
at 18 months (27). The changes noted in BTMs also 
reflect the histomorphometric findings of an effect of 
PTH to increase processes associated with bone forma-
tion first before there is any evidence for bone resorp-
tion (29). This period of time when PTH stimulates 
bone formation directly, without any evidence for bone 
remodeling, has been called the “anabolic window” 
(30). This concept also suggests that during this pe-
riod of time, when only bone formation is ongoing, 
the primary anabolic mechanism is bone modeling. The 
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notion that the adult human skeleton can model is a re-
lative new one, because it was previously thought to be 
demonstrable only in the growing human skeleton. Es-
timates have placed the percentage of bone accrual due 
to PTH-induced modeling at about 30%. When bone 
remodeling is stimulated, there is still greater bone for-
mation than bone resorption, thus maintaining the ana-
bolic window at a period of time beyond the modeling 
events (31).

The pattern of change in bone turnover markers 
with weekly teriparatide (56.5 ug/week) appears to be 
different from daily use of the drug. While changes in 
bone formation markers with weekly teriparatide are 
similar to the daily regimen (32,33), the u-NTX, re-
flecting bone resorption falls, after an initial tendency 
to rise. Black and cols. have reported similar results us-
ing weekly PTH (1-84) (34). 

Many patients who are switched to PTH therapy 
have been taking an antiresorptive agent. A sub-
group analysis of the EUROpean Study of FORSteo  
(EUROFORS) stratified patients by previous antire-
sorptive therapy (alendronate, risedronate, etidronate 
and non-bisphosphonate) before the switch to teripa-
ratide. Regardless of previous antiresorptive use, bone 
formation markers P1NP and BSAP increased in all 
groups after 1 month of teriparatide treatment and con-
tinued to rise through 6 months, although the incre-
ment change varied according to previous antiresorp-
tive treatment (35). In another study, Miller and cols. 
compared the effect of previous exposure to risedronate 
or alendronate in terms of subsequent effects of teripa-
ratide (36). The hypothesis of this study was that the 
more potent effects of alendronate on bone turnover 
markers would lead to a slower onset of effect on bone 
formation markers, in comparison to risedronate. The 
results of this trial were consistent with this hypothesis.

In concept, the combination of an osteonabolic and 
an antiresorptive agent could be more beneficial than 
monotherapy with either drug alone, because the even-
tual increase in bone resorption with teriparatide, which 
is believed to limit PTH’s effects, would be controlled 
by the antiresorptive agent. However, most of the stu-
dies that have utilized combination therapy with PTH 
(1-84) or teriparatide and an antiresorptive have not 
been promising. Using alendronate as the antiresorp-
tive agent, Black and cols. (37) studied postmenopausal 
women with 100 ug of PTH (1-84) while Finkelstein 
and cols. (38) studied men with 40 ug of teriparatide. 
In both cases, BTMs in the combination therapy group 

mirrored the effects of monotherapy with alendronate, 
with reductions in bone formation and bone resorp-
tion markers. It appeared that the potent antiresorp-
tive effects of alendronate interfered with the potential 
actions of PTH (1-84) or teriparatide in this setting. 
This premise was tested by Deal and cols. (39) utili zing 
a less potent antiresorptive agent, raloxifene. In this 
study, the combination therapy arm showed an increase 
in bone formation markers similar to teriparatide alone. 
The increases in bone resorption markers, however, 
were reduced in comparison to teriparatide alone (39). 
The combination of teriparatide and risedronate in men 
also showed that BTMs mirrored the BTMs changes 
in the teriparatide-alone arm (40). The raloxifene (37) 
and risedronate (38) combination studies were small, 
and further data are needed, but they strengthened the 
idea that the anabolic window could be expanded by 
using combination therapy with teriparatide and an an-
tiresorptive drug that does not have potent effects on 
bone resorption. Enforcing this notion is the combina-
tion therapy study of teriparatide and zoledronic acid. 
The pattern of change in BTMs with this combination 
is different from the combinations previously described. 
With combination therapy, there was a rapid, but tran-
sient, reduction in CTX during the first 2 months, with 
a subsequent and gradual increase with levels remaining 
above baseline for last 6 months of the study. Levels of 
both markers were significantly lower with combina-
tion therapy versus teriparatide alone (p < 0.002) (41). 

Combination therapy with teriparatide and deno-
sumab is based upon a different hypothesis. The cata-
bolic actions of PTH are believed to require RANK-L. 
If the RANK-L inhibitor denosumab is used with PTH, 
therefore, that catabolic pathway should be inhibited, 
thus “permitting” PTH to utilize more exclusively the 
osteoanabolic Wnt signaling pathway. This hypothesis 
was tested in the Denosumab and Teriparatide Adminis-
tration (DATA) (42). One hundred postmenopausal 
women with osteoporosis were randomized to receive 
teriparatide and denosumab, alone or in combination 
for 12 months. This study showed a densitometric 
bene fit in year 1 in the combination arm which was sus-
tained in year 2 (43). As anticipated, patients on mono-
therapy with denosumab showed a decrease in BTMs 
while patients in the teriparatide alone arm showed an 
increase of BTMs. In the combination therapy cohort, 
CTX falls with a time course and extent that is indis-
tinguishable from the denosumab monotherapy arm. 
However, P1NP and osteocalcin decline with a much 
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slower time course and to a lesser extent (combination 
therapy: osteocalcin: -39 ± 22%, denosumab monother-
apy: -55 ± 20%). A 12-month extension of the DATA 
Study showed that osteocalcin continued to decrease 
in the combination group, but still to a lesser extent 
than denosumab monotherapy. CTX suppression re-
mained similar in the denosumab and in the combina-
tion therapy group (44). BMD increments during the 
two years of combination therapy with teriparatide and 
denosumab were higher than with either medication as 
monotherapy (44).

Sclerostin antibodies

Sclerostin is a glycoprotein product of the SOST gene 
and secreted mainly by osteocytes. It acts as an inhibi-
tor of the anabolic Wnt signaling pathway by occupying 
the Wnt binding site at the LRP5/LRP6 complex (45-
49). In the rare human diseases known as van Buchem 
or sclerosteosis, genetic mutations lead to loss of scle-
rostin expression. These individuals have high bone 
mass and do not fracture (49,50). These human disea-
ses were a clue that eventually led to the development 
of humanized monoclonal sclerostin antibodies. These 
antisclerostin antibodies allow Wnt signaling pathway 
to function unimpeded by sclerostin and thus serve as a 
new pharmacologic osteoanabolic class. 

Romosozumab (AMG 785/CDP7851, being de-
veloped by Amgen and UCB), is the first humanized 
monoclonal antibody to sclerostin for which clinical trials 
results were published. In the phase 1 trial, changes in 
BMD and BTMs were evaluated in 72 healthy subjects 
(51). Subjects were randomized to receive a single dose 
of placebo or either one dose of romosozumab SC (reg-
imens 0.1, 0.3, 1, 3, 5 or 10 mg/kg) or one dose of ro-
mosozumab IV (regimens 1mg or 5 mg/kg). Bone for-
mation markers P1NP, BSAP and osteocalcin showed 
a marked increase after a single SC injection, reaching 
maximum increments of 184%, 126% and 176% respec-
tively with the 10 mg/kg SC, and 167%, 125%, 143% 
respectively with the 5 mg/kg IV regimen. Surpris-
ingly, serum CTX decreased also in a dose-dependent 
manner, reaching nadirs of -54% with 10 mg/kg SC 
and -49% with 5 mg/kg IV (51). Ionized calcium con-
centration showed a small (4%) but transient reduction 
with levels returning to baseline thereafter. PTH lev-
els increased transiently in the romosozumab cohorts 
possibly reflecting the changes in the ionized calcium 
concentration. In another phase I study, ascending 

multiple-doses of romosozumab were administered for 
12 weeks to healthy men and postmenopausal women 
with low bone mass (52). Patients were randomized 
to receive either placebo or one of the SC regimens 
of romosozumab [1 or 2 mg/kg once every 2 weeks 
(Q2W) or 2 or 3 mg/kg once every 4 weeks (Q4W)]. 
Bone formation markers P1NP, osteocalcin and BSAP 
increased in the romosozumab groups. P1NP showed 
the greatest increments in the first 8 weeks of dosing 
compared to baseline and to smaller increases in the 
last 4 weeks of dosing, with levels returning to base-
line within 4 to 8 weeks after the last romosozumab 
dose. Osteocalcin and BSAP changed in the same man-
ner. P1NP levels increased by 106% and 147% in men, 
and by 83% and 129% in women at the romosozumab 
1 mg/kg Q2W and at 3 mg/kg cohorts respectively. 
Changes in serum CTX levels were noteworthy for a 
decline with romosozumab treatment. Maximum re-
ductions in CTX were -21% for placebo, and -35% and 
-37% for postmenopausal women in the romosozumab 
Q4W regimen at 2 or 3 mg/kg respectively. In men, 
CTX reached a nadir of -42% on the 1 mg/kg Q2W 
and -50% on the 3 mg/kg Q4W romosozumab cohorts 
(52). Changes in BTMs reflected the salutary effects 
seen at BMD, with lumbar spine BMD increasing be-
tween 4-7%, and total hip between 2-3% in patients 
taking romosozumab. These studies were followed by 
the results of the phase II study, which enrolled 419 
postmenopausal women with low BMD (T-score ≤ -2.0 
and > -3.5 at lumbar spine, total hip or femoral neck 
(53). Romosozumab dosing regimens were: monthly 
SC doses (70 mg, 140 mg or 210 mg), or Q 3-month 
SC doses (140 mg or 210 mg) for a total of 12 months. 
The controls included placebo or one of 2 active com-
parators: alendronate 70 mg weekly or teriparatide 20 µg 
SC daily. A rise in bone formation markers was noticed 
after one week of romosozumab treatment, reaching a 
peak after one month and decreasing thereafter to or 
below baseline levels (53). Conversely, CTX levels fell 
rapidly by the first week of romosozumab with CTX 
levels remaining below baseline values at 12 months. 
Similarly to results of the phase 1 trial, a transient re-
duction was noted in serum calcium concentration tak-
ing romosozumab, along with an also transient increase 
in PTH levels. Phase III trials of romosozumab are cur-
rently ongoing (54,55).

Blosozumab (Eli Lilly, Indianapolis, IN, USA) is an-
other humanized sclerostin antibody that is being tes-
ted at this time. In a recent publication, results of two 

BTM and osteoporosis therapy



Co
py

rig
ht

©
 A

BE
&

M
 to

do
s o

s d
ire

ito
s r

es
er

va
do

s.

511Arq Bras Endocrinol Metab. 2014;58/5

phase I trials of blosozumab in postmenopausal women 
were reported. The first trial was a single-dose study, 
randomized, subject- and investigator blind, placebo-
controlled, single-dose, dose-escalation study. A total 
of 60 subjects were randomized to 8 cohorts: 5 cohorts 
received IV regimens of blosozumab in a dose range 
(7.5, 25, 75, 225, and 750 mg). At each dose level 
during the dose-escalation phase, subjects received 
blosozumab or placebo. Another cohort received either 
blosozumab 150 mg or placebo SC. The other two co-
horts with prior exposure to bisphosphonate received 
either 225 mg or 750 mg of IV blosozumab (56). 
The second phase I trial was a multiple-dose, multi-
center, randomized, subject- and investigator blinded, 
placebo-controlled, parallel design study, in which 59 
patients were randomized to either placebo or bloso-
zumab SC (270 mg) or IV (750 mg) once every 2 
weeks (Q2W), or blosozumab SC (180 or 270 mg) or 
IV 540 mg once every 4 weeks (Q4W ) for 8 weeks. 
Dose-dependent responses were noted in BTMs levels 
of patients who received blosozumab. Bone formation 
markers OC, BSAP and P1NP increased in patients in 
the single- and multiple-dose regimens. CTX decreased 
after a single SC or IV dose of blosozumab, also in a 
dose-dependent manner, returning thereafter to base-
line levels. In the trial with repeated doses of bloso-
zumab, the reduction in CTX did not appear to have 
a clear dose-response relationship, but CTX levels re-
turned to baseline except for patients on the 750 mg IV 
arm where CTX levels increased to nearly 100% above 
baseline. Total sclerostin (free and blosozumab-bound 
sclerostin) increased, with levels later decreasing in the 
same manner as the decline in blosozumab concentra-
tion. The similarity in this kinetics could reflect levels of 
sclerostin predominantly bound to blosozumab. BTMs 
in the subset of patients with previous bisphosphonate 
exposure showed similar dose-dependent responses, al-
though with a lower magnitude (56). 

CONCLUSION 

BTMs have the potential to be useful monitoring to-
ols in osteoporosis therapeutic regimens. Their change 
following treatment with an anti-absorptive or osteoa-
nabolic agent may reflect a bone effect and should be 
considered in evaluating failure to therapy, along with 
BMD reductions and the presence of a fracture. Con-
sidering the significant change at 95% confidence, de-
crease of at least 25% following an anti-resorptive and 

an increase of at least 25% following an osteoanabolic 
agent are the minimal change required (57)

The data are still insufficient to relate BTMs changes 
alone to the outcome index of fracture risk reduction. 
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Physical exercise and osteoporosis: 
effects of different types of exercises 
on bone and physical function 
of postmenopausal women
Exercício físico e osteoporose: efeitos de diferentes tipos de exercícios 
sobre o osso e a função física de mulheres pós-menopausadas

Linda Denise Fernandes Moreira1, Mônica Longo de Oliveira1, 
Ana Paula Lirani-Galvão1, Rosângela Villa Marin-Mio1, Rodrigo 
Nolasco dos Santos1, Marise Lazaretti-Castro1

ABSTRACT
Physical exercise is an important stimulus for osteoporosis prevention and treatment. However, 
it is not clear yet which modality would be better to stimulate bone metabolism and enhance phy-
sical function of postmenopausal women. This review paper aims to summarize and update pre-
sent knowledge on the effects of different kinds of aquatic and ground physical exercises on bone 
metabolism and physical function of postmenopausal women. Moderate to intense exercises, 
performed in a high speed during short intervals of time, in water or on the ground, can be part of 
a program to prevent and treat postmenopausal osteoporosis. Mechanical vibration has proven 
to be beneficial for bone microarchitecture, improving bone density and bone strength, as well 
as increasing physical function. Although impact exercises are recognized as beneficial for the 
stimulation of bone tissue, other variables such as muscle strength, type of muscle contraction, 
duration and intensity of exercises are also determinants to induce changes in bone metabolism 
of postmenopausal women. Not only osteoanabolic exercises should be recommended; activities 
aimed to develop muscle strength and body balance and improve the proprioception should be 
encouraged to prevent falls and fractures. Arq Bras Endocrinol Metab. 2014;58(5):514-22

Keywords
Osteoporosis; bone health; postmenopausal; physical function; physical activity

RESUMO
O exercício físico é um estímulo muito importante para o tratamento da osteoporose. Contudo, 
ainda não está claro qual modalidade seria melhor para estimular o metabolismo ósseo e me-
lhorar a função física de mulheres pós-menopausadas. Este trabalho visa resumir e atualizar 
os principais achados sobre os efeitos de diferentes tipos de exercícios aquáticos e de solo 
para a função física e metabolismo ósseo de mulheres pós-menopausadas. Exercícios mode-
rados a intensos, executados em alta velocidade durante intervalos de tempo curtos, na água 
ou em solo, podem fazer parte de um programa para prevenir e tratar a osteoporose na pós-
-menopausa. A vibração mecânica se mostrou benéfica para a microarquitetura óssea, aumen-
tando a densidade e a resistência ósseas, bem como melhorando a função física. Apesar de os 
exercícios de impacto serem  adequados para a estimulação do tecido ósseo, outras variáveis, 
como força muscular, tipo de contração, duração e intensidade dos exercícios, também são 
determinantes para induzir mudanças no metabolismo ósseo de mulheres pós-menopausadas. 
Além da ação sobre o osso, outras atividades que visem aumentar a força muscular e melhorar 
a propriocepção e o equilíbrio corporal também devem ser encorajadas para a prevenção de 
quedas e fraturas. Arq Bras Endocrinol Metab. 2014;58(5):514-22
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Physical exercise and postmenopausal osteoporosis

INTRODUCTION 

O steoporosis is an osteometabolic disease charac-
terized by substantial loss of bone mass and mi-

croarchitecture deterioration of bone tissue, affecting 
bone quality and strength and increasing fracture risk. 
Fractures affect the muscle and the skeletal systems, 
cause chronic pain, loss of functional capacity and com-
promise quality of life (1).

Osteoporosis is a global health issue, since there are 
around 200 million people with this disease in the World. 
Only in the United States, its prevalence will reach 14 
million people in 2014 (2). Pharmacological strategies 
as the use of antiresorptive and anabolic agents that 
may increase bone mineral density (BMD) and redu-
ce the risk of osteoporotic fractures can be rather ex-
pensive. However, general measures of prevention and 
treatment such as calcium and vitamin D supplementa-
tion, the guidance for fall prevention and the practice 
of specific physical exercises, can be instituted before 
the manifestation of the disease and may promote other 
health benefits (3).

Bone tissue is continuously remodeled, and as a 
dynamic tissue, it adapts and responds to various sti-
muli, such as physical exercise and mechanical vibra-
tion (3). During physical activity mechanical forces can 
be exerted on bones through ground reaction forces 
and by the contractile activity of muscles, resulting in 
maintenance or gain of bone mass. Studies have already 
pointed out many of the mechanical stimuli that are 
beneficial to bone tissue, including some physical acti-
vities as aquatic and ground exercises (4,5). However, 
it is not yet fully clarified which would be the best envi-
ronment, activity type, intensity, frequency or duration 
of physical exercise to contribute with bone health of 
postmenopausal women. Moreover, the objectives of 
this article are to present the most important and latest 
findings on literature about physical activity in the pre-
vention and treatment of postmenopausal osteoporosis. 

MATERIALS AND METHODS 

A literature search was conducted up to February 
2014. We considered a total of sixty scientific referen-
ces focusing on physical exercises and postmenopausal 
osteoporosis, including books’s chapters, original and 
review articles. Research was carried out at pubmed.
org, scielo.com and sciencedirect.com. Keywords used 
in the research were: menopause, postmenopausal, 

physical activity, physical exercise, osteoporosis, os-
teopenia, muscle strength, aerobic training, resistance 
training, balance training, falls, aquatic exercises, water 
exercises. The most important findings are summarized 
in table 1.

IMPACT AND AEROBIC EXERCISES 

Nikander and cols. (6) observed that athletes who par-
ticipate in aerobic non-weight bearing sports, as cyclists 
and swimmers, usually present lower BMD compared 
to the ones taking part in impact sports. The aerobic 
non-weight bearing sports generate high levels of mus-
cle forces but with no impact forces, and this may be a 
sign that gravitational loading (impact) is really relevant 
to bone stimulation (6). 

A seven-year longitudinal study (7) followed the 
changes in bone mass of competitive male master cy-
clists and found out that many of them had low BMD 
and a high fracture risk. The authors, thus, recommen-
ded alternative exercises (weight lifting, plyometrics, or 
other high impact activity) as a complement to cycle 
training to help minimize bone loss in this population. 
Thinking of postmenopausal women, cycling could be 
recommended for the improvement of general health, 
along with another impact weight bearing and streng-
thening physical activity. 

A review on the osteogenic effects of walking, the 
most commom exercise worldwide, showed that the 
impact promoted by this activity could improve femo-
ral BMD in postmenopausal women, with no positive 
effects on spine BMD (8). Another study (9) confir-
med that walking as a singular exercise therapy has no 
significant effects on BMD at the lumbar spine, at the 
radius, or for the whole body in perimenopausal and 
postmenopausal women, although significant and po-
sitive effects on femoral neck BMD are evident with 
interventions with more than 6 months in duration. It 
seems that only the impact of a brisk walking is not 
enough to stimulate spine BMD in ambulatory post-
menopausal women.

Another study (10) compared 44 eldery runners to 
sedentary controls (over 65 years of age) and found out 
the runners presented a significantly better total body 
BMD. Other authors (11) found similar results when 
comparing sedentary to active postmenopausal women 
(treadmill walking-30 min + step climbing- 10 min): 
improvement by 2.0% (p > 0.05) and 6.8% (p < 0.05) 
in lumbar and femoral neck, respectively in the training 
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Table 1. A summary of the most important findings on different modalities of physical exercise and bone health

Exercise 
modalities Ref. Findings

Impact and 
aerobic 
exercises

(6) Aerobic non-weight bearing sports (cycling and swimming) usually lead to a lower BMD compared to impact sports

(7) Competitive male master cyclists had low BMD and a high risk for fractures. The authors recommended alternative exercises (weight 
lifting, plyometrics or other high impact activity) as a complement to cycle training to help minimize bone loss 

(8) The impact promoted by walking could improve femoral BMD in postmenopausal women, with no positive effects on spine BMD

(9) Walking as a singular exercise therapy has no significant effects on BMD at the lumbar spine, at the radius, or for the whole body in 
perimenopausal and postmenopausal women, although there were significant and positive effects on femoral neck BMD

(10) Compared 44 eldery runners to sedentary controls (over 65 years of age) and found out the runners presented a significantly better total 
body BMD

(12) After 6 months of strengthening, high-impact or no exercise (control) there was a significant increase in the BMD at the spine and femoral 
neck in the high-impact group compared to the strengthening and control groups

Resistance 
exercises

(13) Physical activities involving impact forces (generating both gravitation and muscle loading), tended to have a slightly better effect on bone 
metabolism and reduction of fracture risk than isolate no-impact resistance training, as weight lifting

(14) The type of exercise that better benefit BMD of femoral neck was no-impact high intensity resistance training for lower limb. The authors 
also concluded that for the BMD of spine combined exercises (resistance + aerobic + impact) seem to be most recommended 

(18) A program of moderate to high intensity (70 to 90% of one maximum repetition-1RM) resistance training, with 3 to 4 bouts of 8 to 12 
repetitions of each exercise, performed 2 or 3 times a week, can maintain or improve the BMD of hip and femur in postmenopausal 
women 

(19) Interventions on older adults with osteoporosis or osteopenia revealed that resistance training have a beneficial effect on the domains of 
physical function and activities of daily life

(20) Resistance exercises performed 4 times a week, in a very dynamic way (resistance + velocity = Power training) with high loads (70% to 
90% of 1 RM) and few repetitions (6 repetitions) are recommended

(22) Strengthening the back extensor muscles in postmenopausal women can lead to a significant reduction in vertebral fracture, as well as 
the enhancement of body balance and fall reduction

(23) Increasing the strength of back extensor muscles reduced the incidence of new vertebral fractures in patients that underwent 
vertebroplasty surgery

Balance and 
proprioception 
exercises

(27,28) Gait re-education, exercises and techniques designed to improve posture should be proposed to postmenopausal women

(29) Gait re-education and proprioceptive exercises should also be performed in a swimming pool (water at the xiphoid process level) because 
water can add an “extra” imbalance to these exercises 

(31) 18 weeks of resistance, proprioception and balance training can reduce the number of falls, improve functional capacity, dynamic balance 
and quality of life when compared to the control group. The incidence of falls was reduced by 38% in the training group, versus a 16% 
reduction in the control group

(32) Tai-chi Chuan (3 times a week, during 12 weeks) in 77 postmenopausal women, improved by 17.8% the knee extensor strength and 
26.1% the static balance, without changes in control group

(33) The risk of falls in osteopenic post-menopausal women was evaluated before and after 24 weeks of tai chi training. There was an 
improvement in tread width, stability of the trunk and a decrease in the number of falls

Whole body 
vibration

(36,37) Experimental work showed that the mechanical vibration may be beneficial for bone microarchitecture, improving bone density and bone 
strength

(38) Vibratory stimuli in the form of a vibrating platform of low frequency and intensity (30 Hz, 0.2g) inhibited bone loss in the spine and femur 
in osteopenic women with low weight after one year of treatment

(39) The mechanical vibration mitigates bone loss mainly in the femoral site

(41) After 8 weeks of mechanical vibration (30 Hz, 0.3 g, 20 min) in postmenopausal women the NTx/Cr (urine resorption marker) was 
significantly reduced by 34.6% compared to control group

(42) The isolated effect of low frequency vibration versus walking (3 x/week, for 8 weeks) in post-menopausal women was studied and the 
vibration group showed better results than control group, improving the femoral neck BMD by 4.3% and the body balance by 29%

Aquatic 
exercises

(49,50) High impact sports seem to be more osteogenic than no-impact sports such as swimming or cycling, in children, young adults or older 
adults

(51) Swimming does not seem to negatively affect bone mass: swimmers and sedentary controls have similar BMD values. However, 
swimmers presented a higher bone turnover than sedentary controls that may result in a stronger structure and consequently in a 
stronger bone 

(5) A 24-week high intensity aquatic exercise program (HydrOS) decreased number of fallers and strongly improved neuromuscular 
parameters 

(54) A 24-week high-intensity aquatic exercise program (HydrOS), increased bone formation marker (P1NP) and decreased the increment rate 
of bone resorption marker (CTx) and prevented the bone loss at femoral trochanter
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group, whereas the control group lost 2.3% (p < 0.05) 
and 1.5% (p > 0.05) in the BMD of the same sites. 

Basat and cols. (12), studied 42 postmenopausal 
women allocated to three groups receiving strengthe-
ning exercise, high-impact exercise or no exercise (con-
trol). After 6 months there was a significant increase in 
the BMD at the lumbar spine (p = 0.017) and femoral 
neck (p = 0.013) in the high-impact group compared 
to the strengthening and control groups. Serum osteo-
calcin (OC), a bone formation marker, increased (p = 
0.033) and NTx, a bone resorption marker, decreased 
significantly (p = 0.034) only in the high-impact group. 
These results show that impact forces are a relevant ele-
ment in the stimulation of bone metabolism.

RESISTANCE EXERCISES

It seems that the two major ways to stimulate bone me-
tabolism through exercises are by using resistance and 
impact exercises. In 2009, Wendy and cols. (13), de-
clared that, although the lack of conclusive evidence, it 
seemed that physical activities involving impact forces, 
and therefore generated both gravitation and muscle 
loading, tended to have a slightly better effect on bone 
metabolism and reduction of fracture risk than isolate 
no-impact resistance training, as weight lifting. Howe-
ver, as elderly people usually present other joint limita-
tions, such as osteoarthritis, herniated discs, vertebral 
fractures and knee problems, impact exercises are not 
always feasible to this population. In these cases no-im-
pact resistance training is recommendable. 

Contrarily, Howe and cols. (14) analyzed many ran-
domized control trials (RCTs) including 4,320 partici-
pants, and verified that the type of exercise that better 
benefit femoral neck BMD was the lower limb no-im-
pact high intensity resistance training. The authors also 
concluded that for the spine BMD combined exercises 
(resistance + aerobic + impact) seem to be most recom-
mended. 

During resistance training the variety of muscles 
forces applied to bone (at places where tendons are at-
tached) generate stimuli capable of promoting a bone 
osteogenic response (15). This mechanism promotes 
actions like tension, compression and torsion, creating 
electrical signals able to stimulate the bone metabolism 
and the mineral apposition at the places that suffered 
the muscle-tendon forces (16), increasing the BMD 
and possibly inhibiting bone resorption (17). A resis-
tance training program of moderate to high intensity 

(70 to 90% of one maximum repetition-1RM), inclu-
ding 3 to 4 bouts of 8 to 12 repetitions of each exercise, 
performed 2 or 3 times a week, is able to maintain or 
improve the BMD of hip and femur in postmenopausal 
women when performed over one year duration (18).

Despite the effects of resistance training on bone 
mass and metabolism, a systematic review on the effects 
of resistance exercises on function in older adults with 
osteoporosis or osteopenia, revealed that interventions 
using resistance training have a beneficial effect on the 
domains of physical function and activities of daily life 
(19).

Studies have shown that exercises that stimulate 
bone formation usually present the following characte-
ristics: dynamism, high intensity and short duration of 
stimulus (4,5). Resistance exercises performed 4 times 
a week, in a very dynamic way (resistance + velocity = 
Power training) with high loads (70% to 90% of 1 RM) 
and few repetitions (6 repetitions) are recommended, 
once this kind of strategy involves vigorous muscle con-
tractions and demand the action of fiber type II (most 
capable of stimulating bone formation) (20).

In this context, Stengel and cols. conducted a 
randomized trial (21) in which 53 pre-trained wo-
men (mean age 58.2 years) were randomized into a 
strength training (ST) or power training (PT) group. 
The difference between the groups was the movement 

velocity during the resistance training: ST - 4 seconds 
for concentric and 4 seconds for eccentric contraction; 
PT – explosive concentric and 4 seconds for eccentric 
contraction). After 2 years of training, women submit-
ted to PT maintained lumbar spine BMD, while ST lost 
2.4%. The authors concluded that power training mi-
ght be superior to strength training to maintain BMD 

in postmenopausal women. In addition, power training 
was safe, as it did not lead to increased injury or pain.

The strengthening of the back extensor muscles has 
been the focus of many studies so far. Sinaki and cols. 
(22) observed that by improving the back extensors 
muscle force in postmenopausal women a significant 
reduction in vertebral fracture occurred, as well as the 
enhancement of body balance and fall reduction. In the 
same line, other study showed that the increase in the 
back extensors strength reduced the incidence of new 
vertebral fractures in patients that underwent verte-
broplasty surgery (23). This way, the strengthening of 
back extensor muscles should be a target in a physical 
training program for postmenopausal women. 

Physical exercise and postmenopausal osteoporosis
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BALANCE AND PROPRIOCEPTIVE EXERCISES 

When vertebral fractures occur, the vertebral bodies 
collapse and this may result in increased hyperkyphosis, 
which may provoke anteroposterior oscillation of the 
trunk and, consequently, balance loss (24). In addition, 
the proprioceptors located in the paravertebral muscles 
will also present reduced sensitivity to the perception of 
straightening of the trunk, contributing to the increase 
of fall risk (25).

Along with the gait re-education, exercises and te-
chniques designed to improve posture are very impor-
tant to this population (26,27). Initially, gait must be 
trained by working with the muscle groups involved in 
it, such as the hip flexors (which help to get the heel off 
the floor), knee extensors and hallux extensors as well, 
because when touching the ground they trigger the 
gluteus maximum muscles, important in the discharge 
of the trunk in front (26). Some examples of exercises 
to improve gait and balance would be (preferably bare-
foot): walk with enlarged base of sustentation, walk in 
different directions, walk on the heels and on the toes, 
small jumps (for people who do not have an increased 
fracture risk), weight transfer from one leg to another, 
unipedal support and coordination exercises of upper 
and lower limbs (28). It is also beneficial to perform 
this type of training in a swimming pool (water at the 
xiphoid process level) because water can add an “ex-
tra” imbalance to these exercises when one is immersed 
and also provide additional resistance, collaborating to 
muscle strengthening (29).

Proprioception is the term used to describe the awa-
reness of position or postural movement, in the percep-
tion of gravity and/or the position of the parts of the 
body. The proprioceptors are present in the joints, ten-
dons, ligaments and they send information regarding 
the spatial organization of the segments to the central 
nervous system (CNS) (30). Proprioception training 
is important because in addition to the visual and ves-
tibular systems, it helps to improve postural control. 
Thus, the association between muscle strengthening 
and proprioceptive exercises is essential to improve mo-
bility. A study performed by Teixeira and cols. (31) de-
monstrated in 100 women over 55 years that 18 weeks 
of resistance, proprioception and balance training can 
reduce the number of falls, improve functional capacity, 
dynamic balance and quality of life when compared to 
the control group. The incidence of falls was reduced 
by 38% in the training group, versus a 16% reduction in 
the control group.

Exercises that encourage the proprioception and 
dynamic stabilization, such as destabilization in balan-
ce boards and trampoline, can also be used depending 
on the physical condition of the patients (29). Pereira 
and cols. (32) investigated the effects of Tai-chi Chuan 
(three times a week, during 12 weeks) in 77 postme-
nopausal women. The training improved by 17.8% the 
knee extensor strength and 26.1% the static balance, 
without changes in control group. Chyu and cols. (33) 
evaluated the risk of falls in osteopenic post-menopau-
sal women before and after 24 weeks of tai chi training 
and concluded that this practice improved tread width 
(important for the gait improvement), trunk stability 
and, therefore, decrease the number of falls. In addition 
to Tai-chi, dancing, especially ballroom dancing, can 
also be recommended because it helps training weight 
transfer, coordination and proprioception.

WHOLE BODY VIBRATION 

In addition to the specific exercises, physical resources 
such as vibratory stimuli are also being employed for 
the improvement and maintenance of musculoskeletal 
conditions in people with low bone mass. Various in 
vitro studies with different frequencies and intensities 
have been conducted to stimulate osteoblasts, osteocy-
tes and osteoclasts (34,35) as well as experimental work 
showing that the mechanical vibration may be benefi-
cial for bone microarchitecture, improving bone densi-
ty and strength (36,37).

Rubin and cols. (38) demonstrated that vibratory 
stimuli in the form of a vibrating platform of low fre-
quency and intensity (30 Hz, 0.2 g) inhibited bone loss 
in the spine and femur in osteopenic women with low 
weight (n = 70) after one year of treatment. The place-
bo group lost 2.13% of femoral neck BMD and 1.6% of 
spine BMD, whereas the platform group prevented the 
bone loss. Further, many other studies were conducted 
with different protocols to observe the mechanical vi-
bration effects on bone mass, bone markers and muscle 
strength (39,40). A former meta-analysis concluded 
that the mechanical vibration mitigates bone loss main-
ly in the femoral site (39). Bone remodeling markers 
also suffer influence of mechanical vibration, and some 
studies have shown a reduction of the values of NTX 
and CTX, markers of bone resorption. Turner and cols. 
(41) studied the dose-response relation with mechani-
cal vibration (30 Hz, 0.3 g, 20 min) in postmenopausal 
women and noted that after 8 weeks NTx/Cr (urine 
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resorption marker) was significantly reduced by 34.6% 
compared to control group.

Few researchers have studied the effects of isolated 
vibration. Gusi and cols. (42) studied the isolated effect 
of low frequency vibration versus walking (3 x/week, 
for 8 weeks) in post-menopausal women and found 
that the vibration group showed better results than 
controls, improving femoral neck BMD by 4.3% and 
body balance by 29%. 

Although evidences suggest the use of the vibra-
ting platforms in the prevention and treatment of os-
teoporosis, it is important to emphasize that low inten-
sities and low amplitudes (cited in the studies above) 
are more suitable for individuals with a higher risk of 
fractures (43), being a safer strategy to this population. 
While more studies are necessary to understand more 
deeply the effects of mechanical vibration on bone me-
tabolism, low intensity mechanical vibration has been 
shown to improve musculoskeletal parameters and can 
be a useful tool as part of the prevention and treatment 
protocol for osteoporosis.

AQUATIC EXERCISES

Many of the studies that found positive effects of exer-
cises on bone mass and metabolism included jumps and 
high impact physical activities (44,45) that not always 
can be practiced by elderly. Apart from bone fragility, 
this population frequently presents other musculoskele-
tal impairment (46), which prevent them from being 
involved in high impact physical activities. In these ca-
ses, none or low impact exercises should be recommen-
ded, as resistance training or aquatic exercises. 

It is known that bone tissue responds to mechanical 
load applied either through muscle contraction or im-
pact (gravitational) forces; for so, loads have to exceed 
the ones applied to bone during everyday life (47). Stu-
dies with no-impact exercises (weight lifting) showed 
positive effects on bone mass, due to the action of mus-
cle tension stimulating bone tissue (14,21). Thus, the 
muscle-tendon-bone interaction during the resistance 
exercise, even with no impact, could develop some os-
teogenic effect on bone. 

Aquatic exercises such as swimming or vertical water 
exercise in which the participant stays standing (with 
water-high at the xiphoid appendices level) apply no or 
a low impact on bone, once in water the fluctuation is 
in charge of maintaining the persons’ body fluctuating 
(48). The reduction of the gravity forces on human 

body when immersed in water makes aquatic exercise 
more comfortable and tolerable to elderly people with 
joint diseases. Some literature reviews have shown that 
high impact sports seem to be more osteogenic than 
no-impact sports such as swimming or cycling, in chil-
dren (49), young adults (49) or older adults (50). The-
se arguments lead many health professionals to avoid 
recommending aquatic exercises for the prevention and 
treatment of osteoporosis. 

Nevertheless, Gómez-Bruton and cols. (51), in a 
review study focusing on swimmers’ bone mass, me-
tabolism and structure, observed that swimming does 
not seem to negatively affect bone mass, as many be-
lieve, although it may not be one of the best sports to 
be practiced in order to increase this parameter, due 
to the hypogravity and lack of impact. This review pa-
per showed that swimmers and sedentary controls have 
similar BMD values. However, swimmers presented a 
higher bone turnover than sedentary controls that may 
result in a stronger structure and consequently in a 
stronger bone, concluded the authors.

The guideline on physical activity and bone health 
published by the American College of Sports Medici-
ne (52) recommends that exercise programs for elderly 
people should include weight-bearing endurance and 
resistance activities aimed at preserving bone mass, and 
also activities designed to improve balance and prevent 
falls. The aquatic environment in a pool is propitious to 
the development of body balance and muscle strength 
(5), once water waves caused by the persons’ move-
ments challenges the gravity center making it difficult 
to stay balanced and stable, this way, stimulating the 
action of trunk muscles that help to control body ba-
lance (53). 

There have been reported bone responses after 
aquatic exercises in the vertical position performed by 
postmenopausal women, with positive effects on their 
physical function (53), but a real reduction in fall inci-
dence was not observed among this population. Mo-
reira and cols. (5), however, conducted a high intensity 
aquatic exercise protocol, called HydrOS, that inclu-
ded 108 postmenopausal women (58.8 ± 6.4 years of 
age) randomized into Control group (CG; n = 44) and 
Aquatic exercise group (AEG; n = 64). Both groups 
received elementary calcium 500 mg/day and cholecal-
ciferol 1,000 IU/day. For 24 weeks, the AEG partici-
pated in the aquatic exercise program, whereas the CG 
remained sedentary. After the program the number of 
falls and fallers in the CG remained unchanged, whe-
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reas in the AEG, the mean number of falls decreased 
from 2.00 to 0.29 (p < 0.0001), and the number of 
fallers decreased by 44% (p < 0.0001). All neuromus-
cular variables significantly improved in the AEG: flexi-
bility (26.6%; p < 0.0001), unipedal stance (14.1%; p < 
0.001), mobility (23.7%; p < 0.001), handgrip strength 
(13.4%; p < 0.001), strength of back extensor mus-
cles (26.2%; p < 0.001), strength of hip flexor muscles 
(18.5%; p = 0.039), and knee extensor muscles (7.7%; 
p < 0.001). In the CG, significant improvements in fle-
xibility (12.2%; p = 0.009), unipedal stance (4.5%; p 
< 0.001), mobility (10%; p < 0.001), and strength of 
hip flexors (5.7%; p = 0.039) were observed and could 
be explained by increasing serum 25-hydroxyvitamin D 
level attributable to supplementation.

In another arm of the previous study, Moreira and 
cols. (54) evaluated the 24-week effects of a high-in-
tensity aquatic exercise program (HydrOS) on bone 
remodeling markers and bone mass of postmenopau-
sal women. Results showed an augment in bone for-
mation marker (P1NP) only in the AEG (15.8%; p = 
0.001), and although both groups experienced signifi-
cant enhancements in bone resorption marker (CTx), 
this increase was less considerable in the AEG (15% in 
the AEG and 29% in the CG). The femoral trochan-
ter BMD presented a 1.2% reduction in the CG (p = 
0.009), whereas in the AEG no change was observed 
(p = 0.069), showing that the aquatic exercise program 
was efficient in attenuating bone resorption raise and 
enhancing bone formation, which prevented the parti-
cipants in the AEG from reducing the femoral trochan-
ter BMD, as happened in the CG.

These previous studies showed that apart from 
hypogravity and the significant reduction in impact 
during the aquatic exercises in the vertical position, 
it was possible to stimulate bone metabolism through 
exercises against the water resistance, executed with the 
maximum speed, wide range of motion, few repetitions 
and high intensity. The results also showed that a high 
intensity aquatic exercise program can significantly im-
prove body balance and reduce falls, one of the major 
implications of postmenopausal osteoporosis.

PRECAUTION DURING EXERCISES
When prescribing an exercise program to prevent or 
treat postmenopausal osteoporosis, some precautions 
should be taken to guarantee the effectiveness and 
safety of the program. First recommendations would 
be to wear very well tied shoes and with adherent so-

les; and also start the exercise session with a warm up 
(organic activity, e.g. walking; joint rotations or gentle 
stretching). During all the exercise execution the parti-
cipant should maintain a good body posture, to prevent 
muscle pain and fracture. During exercises of destabi-
lization in balance boards and trampoline, the patient 
should stand in front of a wall or a fixed bar on the wall, 
where he/she can hold in case of a slip, to prevent a fall.

It is very important to strengthen the abdominal 
muscles, used in the maintanance of good body pos-
ture during almost all activities of daily life, and also 
necessary for the normal spine functioning. And it is 
notorious that one of the main actions of the abdomi-
nal muscles is the spine flexion, however, this kind of 
movement lead to a lot of stress at the vertebral body, 
and in case the person presents bone fragility, a fracture 
may happen. Early in 1966 Nachemson (55) detected 
that spine flexion was the position that most stressed the 
vertebral bodies. Later in 1984, Sinaki and Mikkelsen 
(56) figured out that from a group of osteoporotic post-
menopausal women that performed spine flexions as an 
exercise routine, 89% presented vertebral fractures after 
a period of two years. Since than, studies with osteopo-
rotic people performing spine flexion exercises are not 
carried out anymore. Abdominal exercises can be safely 
proposed to osteoporotic women with the following 
strategies: isometric contractions with the spine aligned 
in the physiologic position without Valsalva maneuver, 
semi hip flexions with the person lying on the floor, hip 
anteversion and retroversion, and forced exhaling.

Another precaution would be not to exclusively 
trust the results of the dual-energy X-ray absorptiome-
try (DXA) exams. Sometimes DXA exams may show 
normal values for a person’s bone mass, when, in fact, 
that bone is of poor quality and fragile, because of 
corticosteroids action (57). Fractures due to the use 
of oral corticosteroid occur in the presence of higher 
bone density than is the case for patients with invo-
lutional osteoporosis (58). So, consider other factors 
rather then DXA exams, such as age, genetics, previous 
fracture, calcium and vitamin D ingestion and use of 
alcohol, cigarettes and corticosteroids, all elements that 
can diminish bone quality and increase the risk of frac-
tures (59).

CONCLUSIONS

Walking as an exercise program can improve the femo-
ral BMD in postmenopausal women, but not the spine 
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BMD in this population. A combined exercise program 
(resistance + aerobic + impact) is recommended for an 
enhancement of spine BMD. Although impact exerci-
ses are recognized as beneficial for bone tissue stimula-
tion, it seems that other variables such as muscle stren-
gth, type of muscle contraction, duration and intensity 
of exercises are also determinants to induce changes in 
bone metabolism of postmenopausal women. It is im-
portant to emphasize that not only osteogenic exercises 
should be recommended; activities aimed to develop 
muscle strength and body balance and improve the 
proprioception should be encouraged to prevent falls 
and fractures. 

Many different exercise modalities as suitable to be 
practiced by postmenopausal women for the prevention 
and treatment of osteoporosis, such as weight lifting, 
walking, running, jumping, step climbing, and even 
swimming and water aerobics, as long as the programs 
include moderate to intense exercises (70% to 90% of 
1RM), are performed in a high speed during short in-
tervals of time, in a frequency of 2 to 4 times a week. 
Mechanical vibration has also proven to stimulate bone 
metabolism and physical function in the postmenopau-
sal period, being a very safe and feasible alternative to 
this population.

Postmenopausal women should engage in exercises 
with some precautions, to avoid the risk of injuries and 
fractures. For so, it is strictly recommended that after 
consulting with a physician, patient follows an exercise 
program prescribed by a specialist at the area: a physical 
education professional or a physiotherapist.

Disclosure: no potential conflict of interest relevant to this article 
was reported. 
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Long-term risks of 
bisphosphonate therapy
Riscos do tratamento a longo prazo com bisfosfonatos

Nelson B. Watts1

ABSTRACT 
The objective this study was to summarize long-term risks associated with bisphosphonate 
therapy. Search of relevant medical publications for data from clinical trials, trial extensions, 
observational studies and post-marketing reports. Trial extensions and modifications did not 
reveal significant long-term safety issues. Observational data suggest at least as many benefits 
as risks. Post-marketing reports of musculoskeletal pain, osteonecrosis of the jaw and atypical 
femur fractures have been widely circulated in the lay press. Most focus on long-terms risks 
has been on osteonecrosis of the jaw and atypical femur fractures which occur in patients who 
have not received bisphosphonate therapy but may be more frequent (though still uncommon) 
in patients who have been on treatment for 5 years or longer. Lower-risk patients may be able 
to stop treatment after 3-5 years for a “drug holiday,” which mitigates these long-term risks; for 
higher risk patients, therapy through 6-10 years appears to be advisable and offers more bene-
fits than risks. Arq Bras Endocrinol Metab. 2014;58(5):523-9

Keywords
Bisphosphonates; alendronate; ibandronate; risedronate; zoledronate; fractures; osteonecrosis

RESUMO
O objetivo deste estudo foi resumir os riscos associados ao tratamento a longo prazo com 
bisfosfonatos. Foram pesquisadas as publicações médicas relevantes incluindo ensaios clíni-
cos, extensões de ensaios clínicos, estudos observacionais e relatórios pós-comercialização 
(vigilância farmacológica). As extensões e modificações de ensaios clínicos não indicaram 
nenhuma situação de alarme quanto à segurança dos bisfosfonatos a longo prazo. Dados 
observacionais sugerem pelo menos tantos benefícios quanto riscos. Entretanto, relatos pós-
-comercialização de dor musculoesquelética, osteonecrose da mandíbula e fraturas de fêmur 
atípicas foram amplamente divulgados na imprensa leiga. O foco nos riscos a longo prazo do 
tratamento com bisfosfonatos tem sido pincipalmente a osteonecrose da mandíbula e as fra-
turas atípicas de fêmur. Essas últimas, embora mais frequentes (ainda que pouco comuns) em 
pacientes que receberam tratamento com bisfosfonatos por 5 anos ou mais, podem ocorrer em 
indivíduos não tratados com esses medicamentos. Pacientes com baixo risco de fratura podem 
potencialmente parar o tratamento depois de 3 a 5 anos (“drug holiday”). Esse procedimento 
reduz os riscos desses medicamentos a longo prazo. Não obstante, nos pacientes de maior 
risco a terapia por 6 a 10 anos parece ser aconselhável e oferece mais benefícios do que riscos. 
Arq Bras Endocrinol Metab. 2014;58(5):523-9

Descritores
Bisfosfonatos; alendronato; ibandronato; risedronato; zoledronato; fraturas ósseas; osteonecrose

INTRODUCTION

B isphosphonates were discovered in the mid 1800s 
and continue to be used commercially as anti-sca-

ling agents. In the late 1960s they began to be used for 
treatment of metabolic bone diseases including hete-

rotopic ossification, fibrous dysplasia, osteogenesis im-
perfecta, Paget’s disease of bone, hypercalcemia due to 
a variety of causes, bone loss due to a variety of causes, 
destructive arthropathy and skeletal involvement with 
metastatic cancer or multiple myeloma (1). In the Uni-
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ted States, four bisphosphonates are approved for the 
prevention and/or treatment of postmenopausal oste-
oporosis, osteoporosis in men and osteoporosis due to 
long-term glucocorticoid therapy. Alendronate and ri-
sedronate can be given orally daily, weekly or monthly, 
zoledronate is a once-yearly intravenous infusion and 
ibandronate can be given either orally (monthly) or in-
travenously (every third month). Bisphosphonates bind 
strongly to hydroxyapatite crystals in bone (zoledrona-
te most strongly, risedronate least strongly; alendronate 
and ibandronate have intermediate affinity for bone). 
Drug that does not bind with bone is rapidly excre-
ted by the kidneys. In the process of bone resorption, 
bisphosphonates are released from the bone and enter 
the osteoclasts, causing loss of resorptive function and 
accelerating apoptosis. There is a rapid and substantial 
decrease in bone turnover markers with a maximum 
effect in 3-6 months and modest increases in bone den-
sity in the first few years of treatment (3%-5%) that then 
plateau. With continued treatment, the new steady sta-
te is maintained for 10 years (2,3) and probably longer. 

BENEFITS OF TREATMENT WITH 
BISPHOSPHONATES

Bisphosphonates have proven efficacy for prevention of 
bone loss due to aging, estrogen deficiency and glu-
cocorticoid use. Three of the four (alendronate, rise-
dronate and zoledronate) have been shown in place-
bo-controlled trials to prevent fractures of the spine, 
hip and other non-vertebral sites (4-6). Because of this 
“broad-spectrum” antifracture efficacy, bisphosphona-
tes have been the agents of choice for most patients 
with osteoporosis. Table 1 shows the current indica-
tions for these agents and the available dosing forms. 

SHORT-TERM SIDE EFFECTS

Orally-administered bisphosphonates are usually well 
tolerated but may irritate the esophagus and should 
not be used by patients who cannot remain upright, 
who have active upper gastrointestinal symptoms or 
delayed esophageal emptying. Up to a third of patients 
receiving their first intravenous dose of zoledronate or 
monthly oral dose of ibandronate or risedronate expe-
rience one or more symptoms of acute-phase reactions 
(fever, muscle aches etc.) (7-9) but these rarely recur 
with repeated administration. Hypocalcemia may occur 
but is usually mild and not clinically recognized (10). 
Iritis has been described with bisphosphonates (more 
with IV than oral) but is rare (< 1 per 1,000).

Although there is no evidence of renal toxicity from 
oral bisphosphonates, the only route of elimination is 
by the kidneys, so they should be used with caution if 
at all by patients with reduced kidney function (alen-
dronate should not be used if GFR < 35 mL/min for 
alendronate, risedronate and ibandronate require GFR 
of at least 30 mL/min). Renal toxicity may occur with 
rapid IV administration of zoledronate; its use is con-
traindicated for patients with creatinine clearance under 
35 mL/min (11,12). 

LONG-TERM STUDIES WITH BISPHOSPHONATES 

Bisphosphonates used in the US were approved ba-
sed on placebo-controlled trials of 3-4 years’ duration. 
Several of these studies have been extended, with two 
alendronate cohorts followed for 10 years (2,3), rise-
dronate cohorts followed for 4 (13) and 7 years (14) 
and zoledronate cohorts followed for 6 years (15). No 
new safety concerns have emerged. Although there 
have been some concerns about possible oversuppres-

Table 1. Names and indications for nitrogen-containing bisphosphonates in Brazil

Name
Postmenopausal osteoporosis Glucocorticoid-induced osteoporosis

Men
Prevention Treatment Prevention Treatment

Alendronato (Fosamax®, 
Alendil®, generic)

5 mg daily

35 mg weekly

10 mg daily

70 mg weekly

10 mg daily 10 mg daily

70 mg weekly

Ibandronato (Boniva®) 150 mg monthly

3 mg IV every third month

Risedronato (Actonel®) 5 mg daily

35 mg weekly

150 mg monthly

5 mg daily

35 mg weekly

150 mg monthly

√ √ 5 mg daily

35 mg weekly

150 mg monthly

Risedronato (generic) 35 mg weekly 35 mg weekly    

Zoledronic acid (Aclasta®) 5 mg IV yearly 5 mg IV yearly 5 mg IV yearly 5 mg IV yearly 5 mg IV yearly

Risks of bisphosphonate 
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sion of bone turnover, iliac crest biopsies after up to 10 
years of treatment have not shown oversuppression (2).

Since their approval and wide-spread use, a number 
of potential safety concerns have been identified but 
with no clear cause-and-effect relationship but at least 
some evidence of increased risk (albeit rare) with thera-
py of 5 years or longer. These include musculoskeletal 
pain, atrial fibrillation (AF), esophageal cancer, osteo-
necrosis of the jaw (ONJ) and atypical femur fractures 
(AFF). The latter two have been subject to close scru-
tiny and widespread discussion in the medical literature 
and in the lay press.

MUSCULOSKELETAL PAIN

The label for all bisphosphonates lists musculoskele-
tal pain as a potential side effect. The US FDA recei-
ved 117 reports of severe musculoskeletal pain (bone, 
joint and/or muscle pain) between 1995 and 2005 in 
adults on bisphosphonates (16). Symptoms may occur 
at any point after starting bisphosphonate therapy, im-
proved promptly in some patients after discontinuation 
of the drug but many patients experienced a gradual 
or incomplete resolution of symptoms (16). The me-
chanism for this effect is not known and evidence sup-
porting a causal relationship between musculoskeletal 
pain (a common problem in this age group) and bis-
phosphonate use is lacking. At present, the FDA re-
commends instructing patients to alert their physician 
if such symptoms occur for consideration of stopping 
the medication.

ATRIAL FIBRILLATION

In the HORIZON Pivotal Fracture Trial (PFT), more 
subjects had atrial fibrillation (AF) as a serious adverse 
event in the zoledronate group (1.3%) compared with 
the placebo group (0.5%) (6). It was unclear if this im-
balance was causally related to the medication or simply 
a chance finding. This occurrence of AF did not seem 
to be associated with the timing of the infusion, the 
acute phase reaction following the infusion or any acute 
electrolyte imbalance. No increase in the rate of AF was 
noted in a smaller and shorter study (17) nor was an 
increase in AF noted in the oncology trials of zoledro-
nate, using a dose of zoledronate 10-times higher than 
is used to treat osteoporosis.

Retrospective analysis alendronate and risedronate 
data do no support an association of atrial fibrillation 

with bisphosphonate use. Several larger observational 
studies have been published with mixed results (18-21). 
The information currently available does not show a 
consistent association and the overall evidence does not 
suggest causality – there is no convincing mechanism 
to account for this effect, which seems to be indepen-
dent of the dose and duration of therapy. At the present 
time, the US Food and Drug Administration (FDA) 
recommends that physicians not alter their prescribing 
patterns for bisphosphonates while it continues to mo-
nitor post-marketing reports of AF in such patients.

ESOPHAGEAL CANCER

The FDA has received reports of 23 cases of esophage-
al cancer among patients receiving oral bisphosphonate 
therapy, described in a letter to the editor by Wyso-
wski and cols. (22). In addition, 31 cases of esophageal 
cancer from Europe and Japan have been reported in 
patients after using oral bisphosphonates (22). These 
report did not provide information regarding risk fac-
tors for esophageal cancer or the expected incidence of 
esophageal cancer in this age group (23) and did not 
include a control group (24). Two other reports, one 
from European national registries and the second from 
the US Medicare database, have not shown an increased 
risk of esophageal cancer among individuals receiving 
oral bisphosphonates compared with those who were 
not (25,26). Also, the time from exposure to diagnosis 
was brief and hence not consistent with a causal rela-
tionship (27,28). Later reports have not provided addi-
tional clarity (29,30). Although further studies looking 
at the potential risk for carcinogenicity are needed, the 
current data do not support a causal association betwe-
en oral bisphosphonates and esophageal carcinoma.

OSTEONECROSIS OF THE JAW

In 2003, a letter to the editor reported osteonecrosis 
of the jaw (ONJ) in 36 patients with advanced cancer 
who were being treated with high doses of intravenous 
bisphosphonates (approximately 10 times higher than 
the doses used to treat osteoporosis) (31). Subsequent 
reports (32,33) included patients receiving lower doses 
of bisphosphonates for treatment of osteoporosis, but, 
to date, well over 90% of reported cases have been in 
cancer patients. This subject was extensively addressed 
by a Task Force of the American Society for Bone and 
Mineral Research (34).

Risks of bisphosphonate 
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This condition has received considerable public expo-
sure which caused misconceptions among medical and 
dental professionals as well as the public regarding the se-
riousness and frequency of this condition. Some patients 
decided to stop bisphosphonate treatment although they 
were at high risk of fracture and low risk of ONJ.

ONJ is a clinical diagnosis: exposed necrotic bone in 
the maxillo-facial region, not healing after 6 to 8 weeks 
in patients with no history of craniofacial radiation 
(34). The bone may be yellow or white, the borders 
smooth or ragged. ONJ often follows an invasive pro-
cedure, such as dental extraction, or occurs in patients 
with poorly-fitting dentures or bony exostoses. There 
may be pain, swelling, paresthesias, drainage, soft tis-
sue ulceration, sinus tracks and loosening of teeth but 
many patients are asymptomatic (33). Some lesions 
heal slowly or not at all, but healing has been reported 
(35) and is probably the rule rather than the exception. 
ONJ has been seen in subjects not using bisphosphona-
tes, but the background incidence is not known.

ONJ was not identified prospectively in any of the 
clinical trials that included over 60,000 patient-years 
in studies for osteoporosis or Paget’s disease (36). Re-
trospective review of records from the HORIZON trial 
with IV zoledronate for osteoporosis, 2 cases of ONJ 
were identified: one who received zoledronate and one 
who received placebo (37). It is estimated that there 
have been over 200 million prescriptions in the US for 
oral bisphosphonates and over 6 million patients trea-
ted with IV bisphosphonates for cancer world-wide 
(38). Epidemiologic data suggest an incidence of ONJ 
in oral bisphosphonate users ranging from 1:10,000 to 
1:250,000 (34). 

A causal link between bisphosphonate use and ONJ 
is likely but has not been conclusively established. ONJ 
has also been seen in patients receiving high-dose de-
nosumab for treatment of advanced cancer spread to 
bone (39). Possible mechanisms include over-suppres-
sion of bone turnover (failure of osteoclasts to remove 
diseased necrotic bone) or interference with clearance 
of microfilms. 

The American Society for Bone and Mineral Re-
search Task Force performed a comprehensive review 
(34) and the American Dental Association published 
guidelines in 2011 (40). Patients receiving bisphos-
phonates should be informed that there are risks of any 
treatment, including a low risk of ONJ with long-term 
therapy. Regular dental visits and maintenance of good 
oral hygiene including routine dental cleaning and nee-

ded restorative procedures are important. Ideally, pa-
tients who need invasive dental procedures should have 
procedures done and healing complete before starting 
bisphosphonate therapy, if circumstances permit. Pa-
tients already taking a bisphosphonate may elect to take 
some time off therapy, though there is no evidence that 
this will improve outcomes.

“ATYPICAL” FEMUR FRACTURES

Although bisphosphonates reduce the rates of fractu-
res due to osteoporosis, reports have suggested a link 
between bisphosphonate use and the development 
of so called “atypical” insufficiency fractures. Table 2 
compares and contrasts “typical” and “atypical” femur 
fractures. Proximal femur fractures (hip) due to os-
teoporosis have no warning symptoms, are unilateral 
(on the side of a fall), have an acute angle and may 
be comminuted. Atypical fractures are often preceded 
by weeks of months of prodromal pain in the thigh or 
groin, require little or no trauma (Figure 1). Thirty 
percent of atypical fractures are bilateral. The location 
is in the subtrochanteric region of the femoral shaft. 
They are transverse or oblique angle with a medial spike 
and little or no comminution. They begin as a localized 
periosteal reaction of the lateral cortex. Cortical bone 
is unusually thick (and this is not a something that bis-
phosphonates do) and healing is often delayed.

Bone biopsies in such patients often show severely 
reduced bone turnover (57), although I have seen a 

Figure 1. X-rays showing an impending femoral shaft fracture (A) and a 
representative “atypical” diaphyseal femoral fracture with lateral cortical 
thickening and a lucency appearing like a “beak” and (B) with thickened 
cortices and a medial spike. From (56), ©S The Endocrine Society, used 
with permission.

Risks  of bisphosphonate 
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patient with one of these subtrochanteric fractures 
whose iliac crest biopsy was completely normal. Several 
retrospective studies have also suggested an association 
between bisphosphonate use and atypical fractures (41-
44). The association between long term bisphosphona-
te use and atypical fractures does not prove causality; 
additional large-scale studies are needed to further cla-
rify this issue. 

POSSIBLE “SIDE BENEFITS” OF 
BISPHOSPHONATE THERAPY

Not all the news about long-term bisphosphonate use 
is bad. There is evidence from controlled trials and ob-
servational studies that bisphosphonate treatment is as-
sociated with a decreased risk of breast cancer (45-48), 
colorectal cancer (49), gastric cancer (50), stroke (51) 
and myocardial infarction (52) as well as improved sur-
vival (17,53). 

DRUG HOLIDAYS

Bisphosphonates are unique in that the drugs accumu-
late in bone and there appears to be residual benefit in 
terms of fracture reduction for some time after a 3 to 5 
year course of bisphosphonate treatment (13).

The little data we have suggests that for higher risk 
patients, continuing treatment for 6-10 years is better 
than stopping after 3-5 years (3,15,54). Although the 
“drug holiday” concept has been widely accepted (55), 
data are not robust on how long to treat, how long the 
holiday should be, when the holiday should be stopped 
or effectiveness of treatment after re-starting. The good 
news is that a break in bisphosphonate therapy may “re-
set the clock” on ONJ and AFF. I believe there is logic 
to support the following scenarios:

1. Fracture risk is mild: bisphosphonate treatment 
or 3-5 years, then stop. The “drug holiday” can 
be continued until there is significant loss of 
BMD (i.e., more than the least significant chan-
ge as determined by the testing center) or the 
patient has a fracture, whichever comes first.

2. Fracture risk is moderate: bisphosphonate treat-
ment for about 5 years, offer a “drug holiday” 
of 3-5 years or until there is significant loss of 
BMD or the patient has a fracture, whichever 
comes first. 

3. Fracture risk is high: bisphosphonate treatment 
for 6-10 years, offer a “drug holiday” of 1-2 
years, until there is significant loss of BMD or 
the patient has a fracture, whichever comes first. 
A non-bisphosphonate treatment (e.g., raloxi-
fene, teriparatide) may be offered during the 
“holiday” from the bisphosphonate. 

It has been suggested that a decrease in BMD or 
increase in bone turnover marker (BTM) might be used 
to decide when to end a drug holiday, but the risedro-
nate study showed that fracture risk remained reduced 
despite what appeared to be unfavorable changes in 
these parameters (13). Conversely, there is no evidence 
that, off treatment, fracture risk is reduced if BMD is 
stable or BTM is low.

CONCLUSIONS 

Bisphosphonates offer a safe and effective treatment to 
reduce fracture risk, with evidence for “broad spectrum” 
(i.e., spine, hip and non-vertebral) fracture risk reduction 
not shown for other available agents. They can be admi-
nistered orally (daily, weekly or monthly) or intravenous-
ly (quarterly or yearly). Since their initial introduction in 
the US in 1995, questions have been raised about their 

Table 2. Features of typical and atypical femur fractures

Typical femur fractures Atypical femur fractures

•	 No warning symptoms

•	 Caused by a fall

•	 Unilateral

•	 Proximal

•	 Acute angle (femoral neck, intertrochanteric)

•	 May be comminuted

•	 Prodromal thigh or groin pain

•	 Little or no trauma*

•	 ~30% bilateral

•	 Subtrochanteric location**

•	 Transverse/oblique angle, medial spike*

•	 Little or no comminution*

•	 Begin as a localized periosteal reaction of the lateral cortex*

•	 Thick cortices

* Major features; four of five required by the ASBMR Task Force. Shane E, Burr D, Abrahamsen B, Adler RA, Brown TD, Cheung AM, et al. Atypical subtrochanteric and diaphyseal femoral fractures: 
second report of a task force of the American society for bone and mineral research. J Bone Miner Res. 2014;29(1):1-23.
** Location is a requirement.

Risks of bisphosphonate 



Co
py

rig
ht

©
 A

BE
&

M
 to

do
s o

s d
ire

ito
s r

es
er

va
do

s.

528 Arq Bras Endocrinol Metab. 2014;58/5

association with possible side effects (osteonecrosis of the 
jaw, musculoskeletal pain, atrial fibrillation, atypical frac-
tures, esophageal cancer) that appear to be rare and may 
not be causally related. For most patients with osteopo-
rosis, the benefits of treatment outweigh the risks. 

Because bisphosphonates are avidly bound to bone, 
a reservoir of drug accumulates after years of treatment 
that is gradually released over months or years and 
appears to result in a lingering anti-fracture benefit for 
some time after therapy is stopped. This makes it possi-
ble to consider “drug holidays” – time off bisphospho-
nate therapy (but possibly on another agent) – and then 
resuming therapy. Although there is no strong science to 
guide us, we believe that some time off treatment should 
be offered to most patients on long-term bisphospho-
nate therapy. The duration of treatment and the length 
of the “holiday” should be tailored to individual patient 
circumstances, including the risk of fracture and the bin-
ding affinity of the particular bisphosphonate used.

Disclosures: stock options/holdings, royalties, company owner, 
patent owner, official role: OsteoDynamics, co-founder, stockhol-
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ved consulting fees from the following companies in the past year: 
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Imagepace, Janssen, Lilly, Merck, Novartis, Noven, Pfizer/Wye-
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research support from the following companies: Merck, NPS.
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Osteoporosis management in patient 
with renal function impairment
Manejo da osteoporose no paciente com função renal comprometida

Guilherme Alcantara Cunha Lima1, Francisco de Paula Paranhos-Neto1, Giselly 
Rosa Modesto Pereira2, Carlos Perez Gomes3, Maria Lucia Fleiuss Farias1

ABSTRACT
Aging is associated with decreases in bone quality and in glomerular filtration. Consequently, 
osteoporosis and chronic kidney disease (CKD) are common comorbid conditions in the el-
derly, and often coexist. Biochemical abnormalities in the homeostasis of calcium and 
phosphorus begin early in CKD, leading to an increase in fracture risk and cardiovascu-
lar complications since early stages of the disease. The ability of DXA (dual energy X-ray 
absorptiometry) to diagnose osteoporosis and to predict fractures in this population 
remains unclear. The management of the disease is also controversial: calcium and vitamin D, 
although recommended, must be prescribed with caution, considering vascular calcifi-
cation risk and the development of adynamic bone disease. Furthermore, safety and effec-
tiveness of osteoporosis drugs are not established in patients with CKD. Thus, risks and 
benefits of antiosteoporosis treatment must be considered individually. Arq Bras Endocrinol 

Metab. 2014;58(5):530-9
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RESUMO
O envelhecimento associa-se tanto ao declínio da qualidade óssea quanto da filtração glomeru-
lar. Consequentemente, osteoporose e doença renal crônica (DRC) são comorbidades frequen-
tes em idosos, e muitas vezes coexistem. Anormalidades bioquímicas na homeostase do cálcio 
e do fósforo surgem precocemente na DRC, causando aumento do risco de fraturas e de com-
plicações cardiovasculares desde fases precoces da doença. A capacidade da densitometria 
(DXA) em diagnosticar osteoporose e predizer fraturas nessa população é questionável. O ma-
nejo da doença é também controverso; cálcio e vitamina D são recomendados com cautela, de-
vido ao risco de calcificações vasculares e de doença óssea adinâmica. Além disso, a segurança 
e a eficácia dos medicamentos para osteoporose ainda não estão estabelecidas em pacientes 
com DRC. Assim, riscos e benefícios do tratamento para osteoporose devem ser considerados 
individualmente nesses pacientes. Arq Bras Endocrinol Metab. 2014;58(5):530-9
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INTRODUCTION

I t is not uncommon in daily practice to detect 
decreased glomerular filtration in patients with 

osteoporosis, or else to identify bone fragility in pa-
tients in conservative treatment for chronic kidney 
disease (CKD). The management of these patients is 
often difficult and many doubts persist.

The diagnosis of CKD is given to any individual 
with a glomerular filtration rate (GFR) below 60 mL/
min/1.73 m2 or when a GFR ≥ 60 mL/min/1.73 m2 is 
associated with at least one marker of kidney damage 
(albuminuria, abnormal urinary sediment, electrolyte 
abnormalities secondary to tubular disorders, kidney 
abnormalities detected by histology or imaging me-



Co
py

rig
ht

©
 A

BE
&

M
 to

do
s o

s d
ire

ito
s r

es
er

va
do

s.

531Arq Bras Endocrinol Metab. 2014;58/5

Osteoporosis management in CKD

thods, or renal transplantation) present for at least 3 
months (1). It is estimated that 5-10% of the world 
population have CKD, due to high prevalence of un-
dertreated chronic diseases, like arterial hypertension 
and diabetes mellitus, and increased life expectancy of 
the population (2) (see table 1 for the classification 
of CKD).

most adequate osteoporosis drugs to be employed in 
patients with renal impairment (12,13). In this review 
only pre-dialysis population will be considered.

OSTEOPOROSIS, BONE FRAGILITY AND CKD 
Osteoporosis is defined as a disorder associated with 
decreased bone mass and deterioration of bone mi-
croarchitecture, with consequent increased risk of 
fractures (14). This is an important public health 
problem, due to its high morbidity and mortality, 
especially in elderly people. The diagnosis of os-
teoporosis is based on dual-energy x-ray absorptiome-
try (DXA scan), when patient’s bone mineral density 
(BMD) is 2.5 SD or more below that of a young-adult 
reference population, or in the presence of fractures 
in adulthood (hip, vertebra, distal radius, humerus, 
ribs) due to trauma equal to or less than a fall from 
standing height, independent of DXA (15). Data on 
prevalence of osteoporosis in Brazil are variable: Ca-
margo and cols. (16) identified osteoporosis by DXA 
in 6.4 to 16.1% of men and 22.2 to 33.2% of wo-
men living in São Paulo. The BRAZOS study, which 
evaluated 2,420 men and women aged 40 years and 
older in different regions of Brazil and from different 
socio-economic classes, reported low-impact fractures 
in 15.1% of women and 12.8% of men (16).

Cunningham and cols. (18) reported that osteopo-
rosis is more common in patients with renal impair-
ment than in the general population. Klawansky and 
cols. (5) found that 11% of men and 24% of women with 
osteoporosis had GFR < 35 mL/min/1.73 m2. Ens-
rud and cols. (4) observed a 2-fold increased risk of hip 
fractures in patients with GFR < 45 mL/min/1.73 m2. 

Several factors favor bone fragility in CKD patients. 
Alterations in bone histology (osteitis fibrosa, whe-
re the main component is the high bone turnover 
due to hyperparathyroidism; adynamic bone disease 
and osteomalacia, where the primary disorders are 
the insufficient bone formation and mineralization) 
can be observed even in asymptomatic individuals 
(19). Chronic metabolic acidosis, endocrine disor-
ders (hyperparathyroidism, hypogonadism, decreased 
IGF-1), sedentary lifestyle, medications (glucocorti-
coids, anticoagulants, immunosuppressive drugs), 
malnutrition, myopathy, neuropathy, amyloidosis 
and immobilization are more common in these pa-
tients than in the general population, and contribute 
to the increased risk of bone fractures and complica-
tions (12,20,21). 

Table 1. CKD Classification by GFR (KDIGO 2012)

Categories GFR (mL/min/1.73 m2) Conditions

G1* ≥ 90 Normal or high

G2* 60-89 Mildly decreased**

G3a 45-59 Mildly to moderately decreased

G3b 30-44 Moderately to severely decreased

G4 15-29 Severely decreased

G5 < 15 Renal failure

CKD: chronic kidney disease; GFR: glomerular filtration rate. 
* In the absence of evidence of kidney damage, G1 and G2 categories do not meet criteria for 
CKD; ** In relation to the level of young adults. 

The estimated GFR (eGFR) can be obtained in di-
fferent ways. Classically, Cockcroft and Gault equation 
[(140 – age)/(serum creatinine x 72)] x 0.85 if female) 
is the most used because it is easy to perform and does 
not involve logarithmic variables. However, it has low 
accuracy compared to other methods, especially in pa-
tients at extremes of age and those with mild increase in 
serum creatinine, usually overestimating the GFR. The 
CKD-EPI equation (Chronic Kidney Disease – Epide-
miology Collaboration) has higher accuracy, especially 
in those patients with GFR > 60 ml/min/1,73 m2 (3), 
and is currently recommended by the international con-
sensus KDIGO 2012 (Kidney Disease: Improving Glo-
bal Outcomes): GFR = 141 x min (SCr/κ, 1)α x max 
(SCr/κ,1)-1209 x 0.993Age x 1.018 [if female] x 1.159 
[if black], where SCr is serum creatinine (mg/dL), κ is 
0.7 for females and 0.9 for males, α is -0329 for fema-
les and -0411 for males, min indicates the minimum of 
SCr/k or 1 and max indicates the maximum of SCr/k 
or 1 (1,3). These and other relatively equations used to 
estimate GFR are available on the Brazilian site www.
sbn.org.br and other electronic medical devices.

Many complications of CKD are initiated at early 
stages of the disease, among which the disturbances in 
bone metabolism (1). At any age, these patients have 
increased risk of fragility fractures (4). Despite the ac-
curacy of DXA in the diagnosis and prediction of frac-
tures in the general population, studies in CKD patien-
ts fail to demonstrate its ability in determining bone 
disease (4-11). In addition, some doubts persist on the 



Co
py

rig
ht

©
 A

BE
&

M
 to

do
s o

s d
ire

ito
s r

es
er

va
do

s.

532 Arq Bras Endocrinol Metab. 2014;58/5

Osteoporosis management in CKD

CHRONIC KIDNEY DISEASE – MINERAL AND BONE 
DISORDER (CKD-MBD)

Changes in bone and mineral metabolism occur 
early in the course of CKD and progress as kidney 
function declines. These changes are called Chronic 
Kidney Disease-Mineral and Bone Disorder (CKD- 
MBD), which includes renal osteodystrophy, ex-
traskeletal (vascular) calcification related to abnor-
malities of bone mineral metabolism and excessive 
mortality (22). Renal osteodystrophy is the compo-
nent of CKD-MBD that is identified and quantified 
through bone histomorphometry and includes os-
teitis fibrosa (hyperparathyroidism), adynamic bone 
disease and osteomalacia (1,19). Several factors rela-
ted to the pathophysiology of CKD-MBD have been 
described as markers of increased cardiovascular risk 
and mortality in these patients, such as hyperpara-
thyroidism, increased FGF-23 (Fibroblast Growth 
Factor-23) and metabolic acidosis (1,23,24). The 
biochemical CKD-MBD abnormalities are summa-
rized in table 2.

(26). The decrease in intestinal calcium absorption 
leads to PTH hypersecretion (25,27). The reduced 
expression of vitamin D receptor (VDR) and cal-
cium-sensitive (CaR) receptor, increasing bone resis-
tance to PTH action and estimulating its secretion, is 
also observed (22,25). b) FGF-23 is a phosphatonin 
produced by osteoblasts and osteocytes which rises 
very early in CKD to counterbalance phosphate re-
tention. FGF-23 causes inhibition of 1α-hydroxylase, 
contributing to reduced calcitriol synthesis and to se-
condary hyperparathyroidism (23). Increased serum 
phosphate further reduces calcitriol synthesis and can 
precipitate in vessels and soft tissues with calcium, re-
ducing the ionized calcium fraction (indirectly stimu-
lating the PTH secretion) (25). c) CKD also results 
in inability to generate new bicarbonate needed to 
buffer the amount of acid generated by the tissues, 
resulting in acidosis (21,24). Chronic metabolic aci-
dosis occurs early in the course of CKD and can lead 
to bone fragility in several ways: increased secretion 
and resistance to PTH, increased osteoclastic activi-
ty, increased renal elimination of calcium, bone mi-
neral dissolution and malnutrition (21,28). 

Table 2. Metabolic disturbances associated with CKD

Increased PTH

Decreased 25-hydroxyvitamin D

Decreased calcitriol

Increased FGF-23

Metabolic acidosis

Increased bone alkaline phosphatase

Hyperphosphatemia (late disorder)

Hypocalcemia (late disorder)

FGF-23: fibroblast growth factor-23.

The elevation in serum PTH is observed from 
early stages of CKD and results in increased bone re-
sorption in order to maintain calcium balance. Chro-
nic PTH hypersecretion is related to high turnover 
bone disease, with increased risk of fractures and 
bone deformities (25). As shown in figure 1 several 
factors contribute to hyperparathyroidism: a) The de-
creased pool of functioning nephrons results in limi-
ted capacity for calcitriol production (the active form 
of vitamin D), due to the smaller amount of 1α-hy-
droxylase, the enzyme responsible for the conversion 
of 25-hydroxyvitamin D (25OHD) in its active form. 
CKD patients, even at early stages of the disease, also 
have a higher prevalence of vitamin D insufficiency/
deficiency than that found in the general population 

Decreased production of 1α-hydroxylase, phosphorus accumulation, increased FGF-23, 
vitamin D deficiency, chronic metabolic acidosis and bone resistance to the PTH action results 
in hyperparathyroidism, increasing bone resorption and predisposing to bone deformities and 
fractures.
FGF-23: fibroblast growth factor-23.

Figure 1. Pathophysiology of secondary hyperparathyroidism in CKD.

↓ 1α-hydroxylase

↑ Phosphorus ↓ Calcitriol

↓

↑ FGF-23

↓ Vitamin D  ↓ Calcium

↑ Bone resistance

Metabolic acidosis

↑ PTH

BONE EVALUATION IN CKD

DXA is the main method used in the diagnosis and 
treatment of osteoporosis in the general population, 
as it measures bone mass and determines the risk of 
fractures (29). However, in patients with CKD, its ef-
fectiveness in identifying bone fragility and predicting 
fractures is uncertain (1). Studies with CKD patients 
in conservative treatment have shown conflicting re-
sults (4-11,18), as summarized in table 3. Klawansky 
and cols. (5) observed that osteopenia and osteopo-
rosis were more common in patients with moderate 
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(GFR 35-60 mL/min/1.73 m2) or severe (GFR < 35 
mL/min/1.73 m2) renal impairment. On the other 
hand, Hsu and cols. (6) evaluated 13,848 individuals 
over 20 years with CKD and and did not observe any 
correlation between BMD and renal function. The 
role of DXA for predicting fracture risk in pre-dialysis 
CKD is also undefined (4,8-11), as also shown in ta-
ble 3. Jassal and cols. (8) reported correlation between 
GFR and BMD, but not between bone loss by DXA 
and osteoporotic fractures after a 4-year follow-up, 
independent of the renal function of participants. 
Ensrud and cols. (4) observed a negative correlation 
between femoral neck BMD and risk of hip and spi-
ne fractures in women with moderate to severe renal 
impairment. Nickolas and cols. (30) reported that pa-
tients with CKD may present advanced bone disease 
with a high risk of fractures despite having normal or 
even high BMD. In a recent study of male patients 
with grade 3 and 4 CKD, we found that only 3.9% of 
them had osteoporosis by DXA, but 31.4% reported 
low-impact fractures, confirming the ineffectiveness 
of this method in predicting bone fragility in CKD 
(11). Due to the inconsistency of the DXA results in 
CKD patients undergoing conservative treatment, as 
well as in the dialysis population, the official position of 
the international consensus KDIGO (1) is that, for pa-
tients with stage 3b-5 (GFR < 45 mL/min/1.73 m2), 
DXA should not be used due of its inability to predict 
fractures and determine the type of renal osteodystro-
phy, and because it can provide misleading information 
about the bone health of these patients. 

Transiliac bone biopsy with double tetracycli-
ne labeling has been the method of choice to define 
the type and severity of bone disease in CKD-MBD. 
However, it is an invasive method justified only in spe-
cific situations, usually in the more advanced forms of 

kidney disease (19). Histopathological findings reflec-
ting increased activity of osteoblasts and osteoclasts, 
and peritrabecular fibrosis indicate osteitis fibrosa, me-
diated by hyperparathyroidism. Bone mineralization 
defect with accumulation of non-mineralized osteoid 
characterizes osteomalacea, and low or very low rate 
of bone turnover but normal osteoid are indicative of 
adynamic bone disease. Intermediate degrees may oc-
cur (1,19). In the absense of biopsy, serum PTH levels 
above 400 pg/mL associated with alkaline phospha-
tase above 3 times the normal in patients with CKD 
5 suggest fibrous osteitis, but do not exclude other 
disorders, like as adynamic bone disease. In patients 
with CKD 3 and 4, it is suggested to keep PTH values   
below the upper normal limit of the assay (1).

High resolution peripheral quantitative com-
puted microtomography (HR-pQCT) is a new 
and noninvasive method which enables the analy-
sis of bone microarchitecture through peripheral 
sites: distal radius and distal tibia. It is effective to 
demonstrate changes in the microstructure during 
the aging process and also in the detection of the 
risk of fragility fractures (31). HR-pQCT is able to 
identify cortical and trabecular bone loss in patien-
ts with several degrees of CKD (32,33). Paranhos-
Neto and cols. recently compared patients with CKD 
stages 3 and 4 using HR-pQCT, and found a greater 
impairment of cortical and trabecular bone parameters 
in stage 4 (lower density and thickness associated with 
increased trabecular area and cortical perimeter, sug-
gesting trabecularization of cortical bone). FGF-23 and 
metabolic acidosis were the only independent factors 
associated with bone alterations, and can be important 
biomarkers in the clinical management of these patients 
(34). However, the method does not allow evaluation 
of bone dynamics or mineralization. 

Table 3. Correlation between DXA x kidney function and fractures in CKD predialysis patients

Authors Year Number of 
participants Results

Klawansky and cols. (5) 2003 13,831 Positive correlation between DXA x kidney function

Jassal and cols. (8) 2007 1,713 Positive correlation between DXA x kidney function, but no correlation between DXA x fractures

Hsu and cols. (6) 2002 13,848 No correlation between DXA x kidney function

Jamal and cols. (7) 2010 635 No correlation between DXA x kidney function 

Ensrud and cols. (4) 2007 396 Negative correlation between FN BMD and hip and vertebrae fractures

Yenchek and cols. (9) 2012 2,754 Negative correlation between FN BMD and fragility fractures

Jamal and cols. (10) 2012 211 Negative correlation between FN BMD and hip and vertebral fractures 

Lima and cols. (11) 2014 51 Positive correlation between FN BMD x kidney function, but no correlation between DXA and fractures

DXA: dual X-ray absorptiometry; BMD: bone mineral density; FN: femoral neck; CKD: chronic kidney disease.

Osteoporosis management in CKD
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OSTEOPOROSIS TREATMENT IN CKD PATIENTS

Due to the high prevalence of osteoporosis and CKD- 
MBD, especially in the elderly population, it is not 
uncommon the coexistence of these conditions. Al-
though both result in bone fragility and increased 
risk of fractures, differences in pathophysiology must 
be considered for their proper management. While 
the central objective of osteoporosis treatment is to 
maintain or increase bone mass and reduce fracture 
risk, the main objective in CKD-MBD is to restore 
mineral balance (12,13). In a patient with osteopo-
rosis and decreased glomerular filtration, factors 
such as the presence of CKD-MBD, effectiveness of 
osteoporosis drugs in preventing fractures, cardio-
vascular risk reduction and safety profile are funda-
mental for the decision to prescribe or not an os-
teoporosis medication (13).

CKD-MBD management 

The maintenance of serum calcium, phosphorus and 
25OHD within the normal range are recommenda-
tions of international consensus KDIGO (1) for patien-
ts with CKD stages 3-5. Measures such as adequacy of 
phosphorus and protein intake, use of phosphate bin-
ders, vitamin D supplementation with pro-active (ergo 
or cholecalciferol) and/or active (calcitriol) are requi-
red (35). 

The nutritional therapy in pre-dialysis CKD is aimed 
to control the protein-energy malnutrition, the elec-
trolyte disturbances and metabolic changes. The pro-
tein intake in non-dialysis patients with GFR < 30 mL/
min/1.73 m2 should be 0.8 g/kg/day, with 50-60% 
of proteins of high biological value. It is important to 
consider that high protein intake results in accumula-
tion of uremic toxins and acceleration of renal damage; 
on the other hand, low protein intake increases the risk 
of malnutrition, metabolic acidosis, loss of muscle mass 
and bone fragility, and does not slow disease progres-
sion (1). 

Disorders of calcium and phosphorus are uncom-
mon in patients with GFR > 20 mL/min/1.73 m2 
(27). However, with the worsening of renal function, 
a calcium x phosphorus product above 55 (mg/dl)2 
increases the risk of vessels and tissues calcification 
and, as a consequence, the cardiovascular risk of the-
se patients (36). In predialysis phase, usually the opti-
mal levels of phosphorus are achieved by protein res-
triction (1,35). In patients with hyperphosphatemia 

refractory to dietary measures, the use of phosphorus 
binders is indicated. In the absence of hypercalcemia, 
phosphorus binders containing calcium (carbonate, 
acetate) can be prescribed, but the calcium x phos-
phorus product and the risk of ectopic calcification 
should be evaluated. Calcium supplementation is 
useful in correcting hypocalcemia, in reducing intes-
tinal phosphorus absorption and minimizing hyper-
parathyroidism in CKD patients (35). Nevertheless, 
concerns about the potential increase in extra-skele-
tal calcification risk of and in calcium x phosphorus 
product exist (35,36). Even in the general population, 
calcium salts supplements have been associated with 
increased risk of cardiovascular events; oral intake 
of this element through foods like milk, cheese and 
yogurt seems more adequate (37). Langsetmo and 
cols. (38) recently published a study on the effects of 
calcium intake in mortality of a cohort of 9,033 par-
ticipants: both dairy products and calcium supple-
mentation were protective in women and neutral in 
men, but the authors did not assess the subgroup of 
patients with renal impairment. Due to the risk of ex-
tra-skeletal calcifications and the potential myocardial 
deleterious effect of calcium supplementation, espe-
cially in patients with known vascular calcification, 
total amount of elemental calcium should not exceed 
1.5 grams per day and be preferentially administered 
in the diet (35,37). 

Replacement of vitamin D (ergocalciferol or cho-
lecalciferol), aiming to correct hypovitaminosis D 
and minimize hyperparathyroidism, is indicated as 
in the general population. In individuals with severe 
renal impairment, decreased 1α-hydroxylase enzyme 
can reduce the effectiveness of ergo or cholecalciferol 
replacement, making sometimes necessary the use of 
calcitriol. This agent is important to re-establish op-
timal calcium and phosphorus levels and minimize 
hyperparathyroidism, but should be prescribed with 
caution because of the risk of hypercalcemia, hyper-
phosphatemia, vascular calcification and adynamic 
bone disease (1,39). 

In moderate to severe CKD patients on conser-
vative treatment, serum PTH should be maintained 
in the upper limit of normality. When PTH levels are 
very high, resulting in high turnover disease (osteitis 
fibrosa), there is an increased rate of bone resorption 
and fracture risk. When PTH levels are suppressed, 
resulting in low turnover disease (adynamic bone 
disease), there is also an increased risk of fractures 

Osteoporosis management in CKD
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due to low bone formation (1). Moreover, in CKD 
patients, an accumulation of N-terminal portion of 
PTH, especially in dialysis patients, may overestima-
te its serum level (40). The PTH therapeutic target 
in pre-dialysis patients is not known. KDIGO con-
sensus suggests that in patients with GFR < 45 mL/
min/1,73 m2 and PTH above the normal value, ef-
forts to adequacy of serum phosphorus, calcium and 
25OHD are priority to the absolute values   of PTH. 
Attempts to normalize serum ionized calcium/cal-
cium corrected for albumin, phosphorus, 25OHD 
and alkaline phosphatase (marker of bone turnover) 
are more important than the absolute values of PTH, 
even if they are above normal limits (1). The calci-
mimetic agent cinacalcet, which reduces the PTH 
and calcium levels by changing the set point of the 
calcium-sensitive receptor, is not approved for use 
in predialysis patients (35). It is worth noting that 
increased PTH alone is not a good predictor of bone 
turnover in CKD (1,35). Bone biopsy, although ex-
pensive and not widely available, should be conside-
red in doubtful cases to guide treatment (1). 

Chronic metabolic acidosis is associated with de-
clining renal function (23) hyperparathyroidism and 
decreased BMD (28). Raphael and cols. (41) have 
shown that the maintenance of serum bicarbonate 
at high-normal levels reduced CKD progression and 

increased patient survival. Reduction of protein ca-
tabolism and the hospitalization rate were also re-
ported (24,42,43). KDIGO consensus (1) establishes 
that patients with CKD and serum bicarbonate < 22 
mmol/L require oral bicarbonate replacement.

Osteoporosis drugs

Most large-scale studies to determine the effective-
ness and safety of osteoporosis drugs in the general 
population did not include patients with severe renal 
impairment (GFR < 30 ml/min/1.73 m2) (12). The 
consensus KDIGO (1) reports safety and efficacy of 
these drugs in patients with CKD 1-3 without evi-
dence of CKD-MBD, but does not guarantee their 
use in patients with GFR < 30 mL/min/1.73 m2, 
or those with metabolic disturbances of CKD-MBD, 
recommending bone biopsy with double tetracycline 
labeling to assess the potential benefit of the pres-
cription in this population. Table 4 summarizes the 
recommendations for pharmacological classes of os-
teoporosis drugs. 

Bisphosphonates

These antiresorptive agents, widely used in the treat-
ment of osteoporosis, have been evaluated in patients 
with low GFR (44). Jamal and cols. (45) evaluated 
the FIT study subgroup with renal impairment classi-

Table 4. Summary of osteoporosis drugs in CKD

Classes Comments

Bisphosphonates Zoledronic acid: not recommended if GFR < 35 mL/min/1.73 m2 

Oral bisphosphonates: not recommended if GFR < 30 mL/min/1.73 m2 

Potential benefit in reducing vascular calcification and cardiovascular risk 

Potential risk of nephrotoxicity, hypocalcemia and adynamic bone disease

Denosumab Absence of renal elimination 

Potential risk of hypocalcemia and adynamic bone disease

Safety profile in CKD undefined

Strontium ranelate Potential increased cardiovascular risk

Safety profile in CKD undefined

Teriparatide Safe in patients with GFR > 30 mL/min/1.73 m2 without biochemical abnormalities 
Potential benefit in patients with adynamic bone disease

SERMs Safe in patients with GFR > 30 mL/min/1.73 m2 without biochemical abnormalities

Ineffective in prevention of non-vertebral fractures

Potential risk of stroke and thromboembolic events

Calcitonin No studies in patients with CKD-MBD

Ineffective in prevention of non-vertebral fractures

No lasting effect 

Potential analgesic effects for new vertebral fractures

GFR: glomerular filtration rate; CKD: chronic kidney disease; SERMs: selective estrogen receptor modulators; CKD-MBD: chronic kidney disease - mineral and bone disorder.
In patients with GFR < 45 mL/min/1,73 m2, prior correction of biochemical abnormalities is indicated. Bone biopsy is recommended before prescribing osteoporosis drugs in patients with GFR < 
45 mL/min/1,73 m2, to evaluate CKD-MBD presence.

Osteoporosis management in CKD
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fied as CKD 2-4. Treatment with alendronate increased 
BMD regardless of eGFR, and also reduced the risk of 
fractures to a similar degree in those with and without 
reduced renal function. The authors did not report dif-
ferences in adverse events by renal function. Miller and 
cols. (46) reviewed 9 studies with risedronate. The 
analysis included 4,500 patients on placebo and 4,496 
patients on risedronate 5 mg/day for up to 3 years. Pa-
tients were categorized as having mild (GFR 50 to < 80 
mL/min/1.73 m2), moderate (GFR 30 to < 50 mL/
min/1.73 m2), or severe (GFR < 30 mL/min/1.73 m2) 
renal impairment. In both the placebo and risedronate 
treatment groups, patients with the most severe renal 
impairment were older and had more severe osteopo-
rosis. Risedronate effectively preserved BMD and re-
duced the incidence of vertebral fractures. Also, the 
incidences of overall adverse events and of renal func-
tion–related adverse events were similar in both groups. 
Boonen and cols. (47) evaluated patients with GFR 
< 35 mL/min/1.73 m2 receiving zoledronic acid 
and did not describe worsening of renal function. 
It is noteworthy that all patients included in these 
studies had no evidence of CKD-MBD. In contrast, 
nephrotoxicity in patients receiving pamidronate or 
ibandronate were reported in a review (48). Miller 
and cols. (49) have recently published a review of the 
literature on the renal safety of bisphosphonate use for 
osteoporosis. The authors concluded that the benefits 
outweigh risks; and even in elderly, frail, osteoporotic 
patients with renal impairment, intravenous bisphos-
phonate therapy administration in accordance with the 
prescribing information did not result in long‐term re-
nal function decline. 

The potential benefit of these drugs in reducing 
the vascular calcification and atherosclerosis progres-
sion is still undetermined (12,44). Santos and cols., 
in a systematic review, analyzed the results of 169 
articles that assessed the thickening of the intima-
media of the carotid arteries or the calcification of 
the aorta and coronary arteries, and suggested that 
bisphosphonates exert an inhibitory effect on the 
atherosclerotic process (50).

One concern with bisphosphonate use in CKD 
patients is the induction of adynamic bone disease, 
due to the suppression of bone formation, resulting 
in bone fragility and fractures. Amerling and cols. 
(51) studied 13 patients with CKD 2-4 in use of bis-
phosphonates through bone biopsy, and found that 
all of them developed adynamic bone disease. Thus, 

bisphosphonates are not indicated in patients with 
evidence of adynamic bone disease or osteomalacia 
(31). Hypocalcemia was also reported in patients 
with evidence of CKD-MBD receiving bisphospho-
nates, especially after intravenous application of zo-
ledronic acid (12).

Denosumab

The anti-RANKL monoclonal antibody Denosumab 
(Dmab) decreases bone resorption and is useful for 
osteoporosis treatment and prevention of fractures 
in the general population. One advantage of this pro-
duct compared to other osteoporosis drugs is that it 
does not have renal elimination (52). Jamal and cols. 
(53) evaluated the effects of Dmab on fracture and 
BMD by level of kidney function in postmenopau-
sal women included in FREEDOM study: the eGFR 
was 15-29 mL/min in 73; 30-59 mL/min in 2,817; 
60-89 mL/min in 4,069, and 90 mL/min or greater 
in 842. None had stage 5 CKD. Changes in creatinine 
and calcium and the incidence of adverse events were 
similar between groups and did not differ by level of 
kidney function. Fracture risk reduction and changes in 
BMD at all sites were in favor of DMAb. Block and 
cols. (54) studied patients with GFR ranging from > 
80 mL/min/1.73 m2 to kidney failure requiring he-
modialysis, after a single-dose of D-mab. In only one 
patient there was an important reduction in GFR (from 
baseline values of 14 to 6 mL/min/1.73 m2). The au-
thors found no differences in pharmacokinetics and 
pharmacodynamics that justified dose adjustment based 
on GFR. However, as bisphosphonates, Dmab inhibits 
bone resorption which may provoke hypocalcemia, and 
limits bone formation, raising concerns about adynamic 
bone disease (12). More studies are needed to define 
the risk-benefit ratio of this drug in predialysis CKD.

Strontium ranelate

This medication rebalances bone remodeling, wi-
thout a great inhibition of bone resorption, which 
could reduce the risk of hypocalcemia and adynamic 
bone disease. However, due to the renal excretion 
of strontium, it is contra-indicated in patients with 
a GFR below 30 mL/min (CKD grades 4 and 5). 
Recently the EMA (European Medicines Agency), 
based on reports of patients with cardiovascular com-
plications using this drug, recommended that stron-
tium ranelate should be not be used in patients with 

Osteoporosis management in CKD
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severe arterial hypertension, previous cardiovascular or 
cerebrovascular disease (55). As CKD patients are at 
high risk of cardiovascular complications, more stu-
dies are necessary to evaluate risks and benefits of 
strontium ranelate in patients with moderate CKD 
(grade 3).

Teriparatide

This anabolic agent, analogue of PTH, is used to treat 
osteoporosis, especially in patients with severe disea-
se and multiple fractures (56). In patients with mild 
to moderate CKD (GFR 30-79 mL/min/1.73 m2) 
who had normal serum PTH, teriparatide was effecti-
ve in increasing BMD and reducing the risk of frac-
tures, and also safe (57). As increased PTH levels 
constitutes a contraindication to teriparatide (56), 
the use of this drug in CKD, a condition related to 
hyperparathyroidism, seems inappropriate. Teripara-
tide might be useful in CKD patients with adynamic 
bone disease, where hyperparathyroidism is not the 
central disorder, and in those who underwent prior 
parathyroidectomy, but few studies have evaluated 
its use in these conditions (12-13). 

Selective estrogen receptor modulators (SERM)

Raloxifene was evaluated by Ishani and cols. (58) in 
patients with mild to moderate CKD. It increased 
BMD and reduced the risk of vertebral fractures. 
There were no significant side effects, although an 
increase in raloxifene plasma levels in CKD patients 
has been published (59). One concern is the increased 
risk of stroke (60) and fatal deep vein thrombosis, 
which limits its use in patients with increased risk of 
thromboembolic and cardiovascular diseases as seen 
in CKD. Bazedoxifene, another SERM approved for 
osteoporosis treatment, has also been evaluated in 
patients with mild to moderate renal impairment. It 
reduced the risk of fractures and was safe, but the 
majority of patients included had a GFR 60-90 mL/
min/1.73 m2 (61).

Calcitonin

The calcium sparing effect of calcitonin in renal tubules 
might decrease PTH in CKD, a condition associated 
with hyperparathyroidism. However, tachyphylaxis 
with prolonged use and lack of efficacy in non-ver-
tebral fractures (62), as well as the paucity of data in 
CKD patients do not favor its use in CKD. Calcitonin 

seems to have an analgesic effect after new vertebral 
fractures (63), but in clinical practice other methods 
to relief pain are recommended.

CONCLUSIONS

CKD patients are at high risk of fractures and bone 
complications. Several factors are related, and may 
be present since early stages of the disease when the 
patient is asymptomatic. The correction of biochemi-
cal abnormalities is an important tool to reduce bone 
complications, regardless of DXA results, as this exam 
may not reflect the real risk of fractures in this popu-
lation. Proper nutritional guidance and measures to 
prevent falls are also fundamental tools.

Osteoporosis drugs can be used in patients with 
GFR > 45 mL/min/1.73 m2 as in the general po-
pulation, but few large-scale studies evaluated their 
efficacy and safety in patients with more severe degrees 
of CKD. The absence of consistent results on fracture 
risk or cardiovascular complications (vascular calcifi-
cation), the potential risk of adynamic bone disease 
secondary to decreased bone formation and the lack 
of widely available method for evaluating the effica-
cy of the long run treatment make their indication 
restricted. 

In patients with GFR < 45 mL/min/1.73 m2 
and biochemical abnormalities of CKD-MBD, such 
as secondary hyperparathyroidism, hyperphosphate-
mia, hypovitaminosis D or chronic metabolic acido-
sis, we should first correct these disorders. In case of 
persistent low BMD and/or low impact fractures, a 
bone biopsy is recommended for evaluating the type 
of bone disease before starting an osteoporosis me-
dication. 

A multidisciplinary team (nephrology, endocrino-
logy, cardiology, nutrition and physiotherapy) acting 
since the early stages of CKD, and an individualized 
approach to minimize the influence of the various 
factors involved in CKD-MBD, are key factors to re-
duce bone metabolic and cardiovascular risk in these 
patients.

Disclosure: no potential conflict of interest relevant to this article 
was reported. 
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Ethnic aspects of vitamin D deficiency
Aspectos étnicos da deficiência de vitamina D

Aline Correia1, Maria do Socorro Azevedo1, 
Fernando Gondim1, Francisco Bandeira1

ABSTRACT
Vitamin D deficiency has been linked to bone fragility in children and adults, and to an increased 
risk of chronic diseases. The main sources of vitamin D are the diet and cutaneous synthesis, 
the latter being the most important one, since foods are relatively poor in vitamin D. The main 
factors influencing this endogenous production are the seasons, the time of day, latitude and 
skin phototype. Due to the contribution of sun exposure in maintaining vitamin D levels, it 
would be expected that this deficiency would be more prevalent in countries at a high latitude; 
it has been shown, however, that hypovitaminosis D is commonly found in tropical regions 
such as Brazil. In high latitude regions in which extreme skin phototypes have been compared, 
the prevalence of vitamin D deficiency is more common in people with originally darker skin 
who have a natural barrier to the already lower UV irradiation penetrating the skin. In Brazil, 
particularly in the areas where sun rays are more abundant, the difference in sunlight exposure 
between subjects showed no significant variation in serum 25-hydroxyvitamin D (25OHD). Arq 

Bras Endocrinol Metab. 2014;58(5):540-4
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RESUMO
A deficiência de vitamina D tem sido associada à fragilidade óssea em crianças e adultos e 
ao aumento do risco de doenças crônicas. As principais fontes de vitamina D são a dieta e a 
síntese cutânea, sendo esta última a mais importante, uma vez que os alimentos são relativa-
mente pobres em vitamina D. Os principais fatores que influenciam essa produção endógena 
são as estações do ano, a hora do dia, a latitude e o fototipo de pele. Devido à contribuição da 
exposição solar em manter os níveis de vitamina D, seria de esperar que essa deficiência fosse 
mais prevalente nos países com alta latitude; no entanto, a hipovitaminose D é comumente 
encontrada em regiões tropicais como o Brasil. Em regiões de alta latitude em que os extremos 
de fototipos de pele foram comparados à prevalência de deficiência de vitamina D, é mais co-
mum em pessoas com pele originalmente mais escura que têm uma barreira natural à já baixa 
penetração da irradiação UV na pele. No Brasil, particularmente nas áreas mais ensolaradas, a 
diferença de exposição solar entre os indivíduos não mostrou variação significativa nos níveis 
séricos de 25-hidroxivitamina D (25OHD). Arq Bras Endocrinol Metab. 2014;58(5):540-4

Descritores
Deficiência de vitamina D; índice solar; fototipo de pele; 25OHD

INTRODUCTION

V itamin D deficiency has been associated with bone 
fragility in children and adults and an increased 

risk of chronic diseases such as cardiovascular diseases, 
diabetes mellitus type 1 and 2 and cancer (1). The sour-
ces of vitamin D are cutaneous production and diet; 
however, only some foods naturally contain it, and few 

are rich in vitamin D. In Brazil, diet is usually poor in 
vitamin D and supplementation with multivitamin pre-
parations is rarely seen (2). Exposure to sunlight is the 
main source of vitamin D and factors such as season, 
time of day, latitude, skin phototype, sun exposure du-
ration, type of clothing and the use of sunscreens may 
influence its synthesis (3).
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When the early humans, who originated in Africa, mi-
grated northwards, skin lightening occurred, as an adap-
tation to the lower amount of ultraviolet irradiation requi-
red for the cutaneous synthesis of vitamin D (4). Melanin 
evolved as an effective natural sunscreen, decreasing the 
production of vitamin D in the skin, because of its ca-
pacity to absorb ultraviolet radiation (UVB) photons, as 
people with increased skin pigmentation require longer 
exposure to the sun for synthesizing the same amount of 
vitamin D than persons with fair skin (1). The differences 
in serum 25OHD levels between individuals of different 
ethnicities is based on the view that contemporary hu-
mans are genetically adapted to the environment of our 
ancestors and that the profound changes in lifestyle that 
have occurred over the last 10,000 years (including re-
duced sun exposure) have been too fast for the human 
genome to adjust to them (5).

The concept of skin phototype was described by Fitz-
patrick (Table 1) about 3 decades ago, classifying indivi-
duals according not only to skin color, but also to the 
way in which they respond to repetitive sun exposure 
regarding melanin production (tanning) (6). Most stu-
dies to date have evaluated the differences between se-
rum 25OHD concentrations in phototypes type I or II, 
compared to the darkest type (VI), claiming that less pig-
mented skin has higher concentrations due to its greater 
capacity to synthesize vitamin D (7).

low sun incidence, such as Norway (60°N), which show a 
lower frequency of vitamin D deficiency (probably becau-
se of the diet), when compared to countries with a higher 
solar incidence, such as those of Mediterranean Europe. 
In the Middle East (lower latitudes) there is a high pre-
valence of vitamin D deficiency, which can be explained 
by the habitual use of clothing covering almost the entire 
body (9). These locations are usually in semiarid and arid 
areas with year-round sunshine and little rain throughout 
the year (Figures 1 and 2).

There is much debate concerning the ideal serum 
25OHD concentrations. The Endocrine Society (10) re-
commends 30 ng/mL or above, with a parathyroid hor-
mone plateau occurring between 30 and 40 ng/mL; the 
Institute of Medicine (11), on the other hand, considers 
levels above 20 ng/mL to be appropriate for most indi-
viduals. 

Table 1. Classification of skin phototypes

Skin types Description

Type I Very fair skin, always burns and never tans

Type II Fair skin, always burns and sometimes tans

Type III Less fair skin, sometimes burns and always tans

Type IV Light brown skin, rarely burns and always tans

Type V Dark brown skin, never burns and always tans 

Type VI Dark skin, never burns and always tans

Adapted from Fitzpatrick TB, 1988.

Sun exposure may also be estimated using the sun in-
dex (number of hours per week of sun exposure multi-
plied by the fraction of the total body surface area exposed 
– using the rule of 9 adapted from the burning patient 
score) (8). There are few studies quantifying the respon-
se of serum 25OHD according to sun exposure and skin 
type (2).

At high latitudes serum 25OHD levels exhibit variabi-
lity throughout the year, with a peak in late summer and a 
nadir in late winter, due to the variation in the UVB that 
reaches the skin (9). A paradox exists in countries with a 

Figure 1. Northern and southern latitudes (in degrees). Adapted from 
Bandeira F, et al., 2006 (9).

Figure 2. The tropics and semiarid and arid regions globally. 
Adapted from Bandeira and cols. 2006 (9).
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Based on the important contribution of sunlight ex-
posure to the production and maintenance of serum 
25OHD levels, it would be reasonable to believe that vita-
min D deficiency may be a problem restricted to countries 
situated at higher latitudes. However, several studies from 
sunny countries have shown that vitamin D deficiency is a 
common phenomenon, despite the abundance of sunlight 
in these locations, such as Brazil, making it a global health 
problem (12-14).

ETHNICITY AND VITAMIN D DEFICIENCY ABROAD

Although some studies have found no differences in se-
rum 25OHD levels between individuals with light skin 
and those with dark skin (15), others have reported lo-
wer levels being more common in people with dark skin 
than in fair-skinned individuals (16-18).

In a study on 503 volunteers (aged between 18 and 85 
years) the association of ethnicity, skin color and sun ex-
posure with serum levels of 25OHD was evaluated. It was 
noted that among the ethnic groups, Asians had the lowest 
mean (15 ng/mL), ethnicity being one of the main deter-
minants of the variations in serum 25OHD levels (19).

In a study on construction workers in the United States 
a significant correlation between the sun index and serum 
25OHD levels was found (8). In a study conducted in Ha-
waii (20°N) by Binkley and cols. (20) with a population 
of young surfers, vitamin D deficiency was found in 51%, 
using 30 ng/mL as cutoff point, despite a high rate of sun 
exposure in that tropical location. These results suggest 
that sun exposure alone is not the predominant factor in 
the prevention of vitamin D deficiency. Ginter and cols. 
(21), in a study of 224 elderly patients (> 60 years), showed 
a prevalence of vitamin D deficiency (< 30 ng/mL) of 40% 
(44°N). In this sample, individuals from three different eth-
nic groups were evaluated with no significant differences 
being found between them. Interestingly, another similar 
study in young patients (22) revealed lower serum 25OHD 
levels in individuals of non-European ancestry. The main 
predictors of vitamin D status were vitamin D intake (parti-
cularly from supplements) and skin pigmentation.

In a study comparing black and white Americans in 
relation to total and bioavailable serum 25OHD serum 
levels and to vitamin D-binding protein (which pro longs 
the half-life of 25OHD), it was observed that dark-skin-
ned individuals had low levels of total 25OHD and vi-
tamin D-binding protein, resulting in similar estimated 
concentrations of bioavailable 25OHD. It is speculated 
that low levels of the vitamin D-binding protein may con-

fer a predisposition to inadequate levels of vitamin D in 
Afro-Americans. It is proposed, therefore, that racial diffe-
rences in the prevalence of genetic polymorphisms in the 
vitamin D-binding protein gene provide a likely explana-
tion for this observation. The higher prevalence in dark-
-skinned individuals of a polymorphism in the vitamin D-
-binding protein gene is associated with low serum levels 
of this protein, resulting in bioavailable serum 25OHD 
levels similar to those of fair-skinned individuals, despite 
the former having lower levels of total 25OHD (23). Gu-
tiérrez and cols., in a study conducted in the U.S. (24), 
evaluated Caucasians, Hispanics and subjects of African 
descent and found differences in both serum 25OHD and 
PTH levels and in bone mineral density, suggesting that 
the ideal levels and action of vitamin D in the body may 
be individualized, depending on the ethnicity.

ETHNICITY AND VITAMIN D DEFICIENCY IN BRAZIL
In our institution a cross-sectional study (25) was con-
ducted to assess the prevalence of vitamin D deficiency 
according to sun index and skin phototype. A large 
sample comprising 894 individuals older than 18 years 
was evaluated. The mean age was 58.15 ± 12.08 years, 
59.1% were female and the majority (60.6%) had a skin 
phototype between III and IV (the Fitzpatrick classifi-
cation). The prevalence of vitamin D deficiency, using 
cut-off points for serum 25OHD levels below 20 and 
30 ng/mL, was 28.5% and 43.5%, respectively. The 
mean serum 25OHD level was 26.06 ± 10.37 ng/mL 
and the mean sun index was 5.21 ± 4.96 (Table 2).

The prevalence of vitamin D deficiency (serum 
25OHD < 30 ng/mL) in those individuals with a low 
sun index (< 1) was 71.2%, and in those with a higher 
one (> 7) it was 67.9%. These differences were very small 
considering the amount of sun exposure in the 2 groups. 
Likewise, the differences in mean serum 25OHD levels 
between the 2 groups, although statistically significant 
(25.3 vs. 27.8 ng/mL; p = 0.012), was small in absolute 
terms, considering the differences in the amount of sunli-
ght that both groups of individuals were exposed to, de-
monstrating that, despite a high sun exposure in everyday 
life, the mean serum 25OHD concentrations were below 
30 ng/mL in the vast majority of subjects (25) (Figure 3).

The prevalence of vitamin D deficiency among indi-
viduals with a low sun index (< 1) and those with a high 
one (> 7) ranged from 29.5 to 21.3% (considering serum 
25OHD < 20 ng/mL) and from 71.2 to 67.9% (conside-
ring serum 25OHD < 30 ng/mL), both with no statisti-
cal significance (p = 0.119) (25).
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Similarly, as shown in figure 3 (B), the prevalence of 
vitamin D deficiency (< 20 ng/mL) was 55.6% for those 
with skin phototype I in comparison to 23.9% among those 
with skin phototype VI. Considering serum 25OHD levels 
below 30 ng/mL, the prevalence of vitamin D deficiency 
was 88.9% for those individuals with skin type I, and 65.7% 
for those with skin type VI. These data suggest that skin 
tanning due to higher sun exposure was the main factor in 
determining the lower prevalence of vitamin D deficiency 
in individuals with a higher sun index and darker skins (25).

Most of the population (60.6%) had a skin phototype of 
III or IV, and there was no statistical significance (p = 0.158) 
between mean serum 25OHD levels of those with very fair 
skin (type I) and those with dark skin (type VI) (25).

We also conducted a study at two beaches located on 
the coastline of the state of Pernambuco (latitude 8°S) 
in order to evaluate the changes in serum 25OHD le-
vels after prolonged sun exposure in 10 healthy subjects 
with pigmented skin due to frequent exposure to sunlight 
with more than 70% of body surface area exposed. Serum 
25OHD levels increased from 22.59 ± 5.45 ng/mL to 
24.39 ± 6.60 ng/mL after 4 hours of sunlight exposu-
re and to 25.80 ± 5.81 ng/mL after one week, before 
the next exposure. Changes in serum 25OHD levels were 
fewer than expected for the intensity of sun exposure, su-
ggesting that unprotected sun exposure can be a less ap-

Table 2. Prevalence of vitamin D deficiency (%) according to sun index 
and skin phototype

< 20 ng/mL < 30 ng/mL p value 

n = 255 (%)  n = 644 (%)

Sun index 

0-1 46 29.5 111 71.2 156 p = 0.119 

> 1-2 40 37.0 86 79.6 108 

> 2-3 46 33.1 105 75.5 139 

> 3-4 19 35.8 41 77.4 53 

> 4-5 22 28.2 50 64.1 78 

> 5-6 19 24.1 60 75.9 79 

> 6-7 12 29.3 28 68.3 41 

> 7 51 21.3 163 67.9 240 

Skin phototype

I 10 55.6 16 88.9 18 p = 0.133 

II 45 33.1 102 75.0 136 

III 61 25.1 180 74.1 243 

IV 81 27.1 207 69.2 299 

V 42 32.1 95 72.5 131 

VI 16 23.9 44 65.7 67 

Adapted from Gondim and cols. 2013 (25).
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propriate approach for correction of vitamin D deficiency 
than oral vitamin D supplementation (26).

In a study of 121 healthy young (mean age 24.7 years) 
individuals living in the city of São Paulo (23°S) a positive 
association was shown between sun exposure and serum 
25OHD levels, and individuals with low sun exposure 
had lower 25OHD levels than those with intermediate or 
high sun exposure. Mean serum 25OHD was 31.5 ng/
mL (27). Similarly, elderly people (mean 79.1 years) from 
the city of Sao Paulo showed mean serum 25OHD levels 
of 11.6 ng/mL during the winter, suggesting a major in-
fluence of seasonality (28), and an evaluation of 99 active 
elderly individuals aged 55-83 years from different ethnic 
backgrounds showed a mean serum 25OHD of 31.56 ± 
12.36 ng/mL in winter and 36.64 ± 12.68 ng/mL in 
summer. The increase in serum 25OHD levels in sum-
mer occurred in white men aged 55-70 years and was not 
observed in adults over 71 years, suggesting that seasonal 
variation in serum 25OHD levels may be influenced by 
gender, ethnicity and age (12).

In another study from our institution on 284 elderly 
men from the city of Recife attending a primary care cli-
nic, vitamin D deficiency (serum 25OHD levels < 20 ng/

Figure 3. Distribution of vitamin D deficiency (%) according to sun 
index and skin phototype. 
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mL) was observed in 31.5% and insufficiency (25OHD 
levels < 30 ng/mL) in 66.7%. There were no significant 
differences in the serum 25OHD levels between indivi-
duals with higher sun exposure and those with lower sun 
exposure. Most individuals (66.7%) had skin phototype 
IV, V or VI, according to the Fitzpatrick classification (2).

In summary, regarding ethnicity, sun exposure and 
the differences between high and low latitudes, the data 
presented above suggest that in high latitude regions in 
which extreme skin phototypes have been compared, the 
prevalence of vitamin D deficiency is more common in 
peo ple with originally darker skin who have a natural bar-
rier to the already lower UV irradiation penetrating the 
skin. On the other hand, in tropical regions in which ex-
treme skin phototypes (type I and VI) are not common, 
higher sun exposure rates lead to tanner skins and a lower 
prevalence of vitamin D deficiency. However, in those are-
as most individuals with high rates of daily exposure to 
the sun have serum 25OHD below 30 ng/mL, sugges-
ting that skin tanning limits the progressive rise in serum 
25OHD towards optimal concentrations.

Disclosure: no potential conflict of interest relevant to this article 
was reported.
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Bone disease in hypoparathyroidism
Doença óssea no hipoparatiroidismo

Bart L. Clarke1

ABSTRACT
Hypoparathyroidism is a rare disorder that may be acquired or inherited. Postsurgical hypo-
parathyroidism is responsible for the majority of acquired hypoparathyroidism. Bone disease 
occurs in hypoparathyroidism due to markedly reduced bone remodeling due to the absence 
or low levels of parathyroid hormone. Chronically reduced bone turnover in patients with hy-
poparathyroidism typically leads to higher bone mass than in age- and sex-matched controls. 
Whether this increased bone density reduces fracture risk is less certain, because while incre-
ased bone mineralization may be associated with increased brittleness of bone, this does not 
appear to be the case in hypoparathyroidism. Treatment of hypoparathyroidism with recombi-
nant parathyroid hormone may reduce bone mineral density but simultaneously strengthen the 
mechanical properties of bone. Arq Bras Endocrinol Metab. 2014;58(5):545-52

Keywords
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RESUMO
O hipoparatireoidismo é uma enfermidade rara que pode ser adquirida ou herdada. Dentre as 
causas adquiridas dessa doença, destaca-se como maior responsável o hipoparatireoidismo 
pós-cirúrgico. As manifestações ósseas dessa patologia decorrem devido a uma diminuição 
marcada no remodelamento ósseo causada pela diminuição ou ausência do hormônio da pa-
ratireoide. Esse remodelamento ósseo cronicamente reduzido leva a um aumento da massa 
óssea, evidenciado quando indivíduos com hipoparatireoidismo são comparados a controles 
de mesma idade e sexo. Entretanto, não se sabe se esse aumento de massa óssea reduz o 
risco de fratura. Apesar de o aumento da massa óssea estar associado a um aumento da fra-
gilidade óssea em algumas situações, este não parece ser o caso no hipoparatireoidismo. O 
tratamento com hormônio recombinante da paratireoide pode reduzir a densidade mineral 
óssea ao mesmo tempo em que melhora as propriedades mecânicas do osso. Arq Bras Endocrinol 

Metab. 2014;58(5):545-52
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INTRODUCTION

H ypoparathyroidism is a rare disorder characteri-
zed by the presence of decreased serum calcium 

and absent or inappropriately decreased serum para-
thyroid hormone (PTH). This condition is most often 
acquired, but may also be inherited (1). The acquired 
form is most often due to removal of, or damage to, the 
parathyroid glands or their blood supply at the time of 
neck surgery for thyroid disease, head and neck cancer, 
or parathyroid disease. Postsurgical hypoparathyroi-
dism is responsible for about 75% of acquired cases (2). 
The next most common cause in adults is thought to 

be autoimmune disease, affecting either only the para-
thyroid glands, or the parathyroid glands in addition to 
multiple other endocrine organs. Remaining cases are 
due to a variety of rare infiltrative disorders, metastatic 
disease, iron or copper overload, ionizing radiation ex-
posure, or rare genetic disorders. 

This disorder is characterized by markedly reduced 
bone remodeling due to the absence or markedly redu-
ced presence of PTH (3-5). Chronically reduced bone 
turnover in patients with hypoparathyroidism typically 
leads to increased bone mass compared to that in age- 
and sex-matched controls (6-11). Whether this incre-
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ased bone density reduces fracture risk is less certain, 
because increased bone mineralization may be associa-
ted with increased brittleness of bone, although this 
does not appear to be the case in hypoparathyroidism. 
Treatment of hypoparathyroidism with recombinant 
parathyroid hormone may reduce bone mineral density 
(BMD) but concomitantly strengthen bone. 

BONE MINERAL DENSITY

Bone mineral density is usually upper-normal or incre-
ased in patients with chronic hypoparathyroidism. One 
of the first studies that showed this used single photon 
absorptiometry to measure skeletal mass in the pro-
ximal femur, lumbar spine, and distal radius in 19 fe-
males with hypoparathyroidism after surgery for either 
thyroid carcinoma or hyperparathyroidism (6). Healthy 
subjects, as well as normocalcemic patients who had 
undergone the same surgical procedure without de-
veloping hypoparathyroidism, were used as controls. 
Skeletal mass was measured after a mean postoperative 
interval of 13 years in patients operated on for thyroid 
carcinoma, and 10 years in patients operated on for 
hyperparathyroidism. Bone mass was 10-32% greater in 
hypoparathyroid patients than in controls. In patients 
who retained parathyroid function after total thyroi-
dectomy or surgical treatment of hyperparathyroidism, 
bone mass did not differ from that in age-matched 
healthy controls. Long term L-thyroxine treatment 
using doses that suppressed endogenous TSH produc-
tion was not associated with decreased bone mass in 
this study, although other studies have not found this 
(12,13). Reduced PTH production, vitamin D treat-
ment, and calcium supplementation were all thought 
to have contributed to the increased bone mass found 
in the patients with postsurgical hypoparathyroidism.

Greater insight into the architectural basis of the in-
crease in bone mass in hypoparathyroidism has been 
obtained by using peripheral quantitative computed 
tomography (pQCT). Using this technique, Chen and 
cols. (14) compared volumetric bone mineral density 
(vBMD) and geometry of the distal radius and mid-ra-
dius among postmenopausal women with postoperati-
ve or idiopathic hypoparathyroidism, primary hyperpa-
rathyroidism, and normal control individuals. At the 4% 
distal radius site, which is enriched in cancellous bone, 
trabecular vBMD was higher in the patients with hy-
poparathyroidism, lower in controls, and lowest in pa-
tients with primary hyperparathyroidism. At the 20% 

mid-radius site, cortical vBMD also was greater in hypo-
parathyroidism, lower in controls, and lowest in prima-
ry hyperparathyroidism. The BMD differences among 
these three groups could be explained by differences 
in bone geometry. At both radial sites, total bone area 
and both periosteal and endosteal surfaces were greater 
in primary hyperparathyroidism than in patients with 
hypoparathyroidism or controls, and cortical thickness 
and area were higher in patients with hypoparathyroi-
dism compared to controls and patients with primary 
hyperparathyroidism. Increased cancellous bone vo-
lume has been shown by high-resolution pQCT, and 
increased bone mechanical strength has been suggested 
by microfinite element analysis (15).

Hypoparathyroidism has been reported to attenu-
ate high-turnover bone loss seen in postmenopausal 
women. Takamura and cols. (11) hypothesized that 
patients with transient hypoparathyroidism might have 
altered BMD. This study evaluated 140 women who 
had undergone total thyroidectomy with BMD measu-
rements of the lumbar spine, femoral neck, and radius 
three years after surgery. At the time of surgery, 99 pa-
tients were ≥ 50 years old, and 41 were < 50 years old. 
Patients were divided into three groups according to 
their postoperative parathyroid function, with 80 pa-
tients having normal parathyroid function, 54 having 
transient hypoparathyroidism, and 6 having permanent 
hypoparathyroidism. Among the 99 patients aged ≥ 50 
years, 36 transient hypoparathyroid patients had me-
dian BMD Z-scores at all three sites that were signifi-
cantly higher, by 1.083 at the lumbar spine, 0.533 at 
the femoral neck, and 1.047 at the radius, compared 
to the same sites in the 60 patients with normal para-
thyroid function aged ≥ 50 years. BMD in the three 
permanent hypoparathyroid patients ≥ 50 years was 
higher than those in the normal and transient hypo-
parathyroid patients, but the differences did not rea-
ch statistical significance, except at the femoral neck. 
Multivariate logistic regression analyses showed that  
Z-scores > 0 were associated significantly only with tran-
sient postoperative hypoparathyroidism. In the patients 
< 50 years, BMD values were not significantly different 
among the three groups except at the radius in perma-
nent hypoparathyroid patients, which was significantly 
lower than those of the other patients. This study con-
cluded that transient postsurgical hypoparathyroidism 
was associated with increased BMD in postmenopausal 
women, possibly due to attenuation of high-turnover 
bone loss in this group.
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BONE HISTOMORPHOMETRY

Although only two studies have evaluated bone histo-
morphometry in patients with hypoparathyroidism, the 
most comprehensive information on the effects of hy-
poparathyroidism on the skeleton has come from histo-
morphometric analysis of iliac crest bone biopsies. 

In the first of these studies, Langdahl and cols. (3) 
obtained iliac crest bone biopsies from 4 men and 8 
women with vitamin D-treated hypoparathyroidism and 
13 age- and gender-matched control individuals. Nine 
of the subjects had postoperative hypoparathyroidism 
for 2 to 53 years duration, and 3 had idiopathic 
hypoparathyroidism for their entire lifetime. Ten of the 
patients were treated with 1-α-hydroxylated vitamin 
D (0.5 to 3.0 mcg/d), and two received calciferol oil 
(1600 to 3520 mcg/d). There was a nonsignificant 
trend toward an increase in cancellous bone volume 
in the hypoparathyroid subjects, but the structural 
indexes, marrow star volume, trabecular star volume, 
and trabecular thickness were not different from those 
in control individuals. Bone forming surface and bone-
formation rate were reduced significantly by 58% and 
80%, respectively, in the hypoparathyroid subjects, and 
remodeling activation frequency in the hypoparathyroid 
patients was reduced to 0.13 per year, compared with 0.6 
per year in control individuals. Initial mineral apposition 
rate also was lower by a factor of 5 in the hypoparathyroid 
subjects, but this difference was not statistically 
significant. The total resorption period was prolonged 
from 26 to 80 days in the hypoparathyroid subjects, and 
the resorption depth was reduced. The reconstructed 
remodeling cycles derived from these data are shown 
in figure 1. The balance between the resorption depth 
and wall thickness of cancellous bone packets was slightly 
positive by approximately 5 mm in the hypoparathyroid 
subjects compared with the control individuals.

Rubin and cols. (16) performed a more recent, larger 
histomorphometric study involving 24 women and 
9 men with hypoparathyroidism treated with vitamin 
D and 33 age- and gender-matched control subjects. 
The etiologies of the hypoparathyroid state were  
post-thyroid surgery (n = 18), autoimmune (n = 
13), and DiGeorge syndrome (n = 2), and the mean 
duration of their disease was 17 ± 13 (SD) years. 
Vitamin D intake varied between 400 and 100,000 
IU/d, calcitriol intake between 0 and 3 mcg/day, and 
calcium supplementation between 0 and 9 g/d. Ten 
of the 33 hypoparathyroid subjects received thiazide 
diuretics. In contrast to the earlier smaller Langdahl 

Figure 1. Reconstructed remodeling cycles in cancellous bone in 
hypoparathyroid (upper) and normal (lower) subjects. Note that all phases 
of the remodeling cycle are prolonged in hypoparathyroidism. Reproduced 
with permission from ref. 3.

Hypoparathyroidism

Normals

study (3), cancellous bone volume was increased in 
the hypoparathyroid patients (Figures 2 and 3). The 
structural basis for the higher cancellous bone volume 
in hypoparathyroidism was increased trabecular width, 
with trabecular number and trabecular spacing both 
similar to those in control subjects. Cortical width 
also was significantly greater in the hypoparathyroid 
subjects, and cortical porosity was 17% lower than in 
control subjects, but this difference was not statistically 
significant. Remodeling activity was assessed separately 
on the cancellous, endocortical, and intracortical skeletal 
envelopes. Osteoid surface and width were reduced in 
the hypoparathyroid subjects on all three envelopes. 
Tetracycline-based bone formation rate was significantly 
lower on all three envelopes in the hypoparathyroid 
subjects, with the most profound reduction (more 
than five-fold) seen on the cancellous envelope (Figure 
4). The reduction in bone formation rate was due to 
significant decreases in both mineralized surface and 
mineral apposition rate on all three envelopes. Eroded 
surface did not differ between the hypoparathyroid 
and normal subjects, but the bone resorption rate was 
significantly lower in the hypoparathyroid subjects on 
all three envelopes. As in the earlier Langdahl study (3), 
these findings are indicative of a profound reduction 
in the bone turnover rate in hypoparathyroidism, 
accompanied by an increase in bone mass in both 
cancellous and cortical compartments.
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Figure 2. Low-magnification view of iliac crest bone biopsies obtained 
from a normal control subject (left) and a hypoparathyroid patient (right). 
Biopsies were stained with Goldner-Masson trichrome stain. Note that 
cancellous bone volume and cortical thickness are increased in the 
hypoparathyroid patient. Reproduced with permission from ref. 16.

Figure 3. Cancellous and cortical bone measurements obtained by bone histomorphometry in patients with hypoparathyroidism (hatched bars) and 
normal controls (open bars). Values are mean ± SD. Drawn from data from Rubin and cols. Reproduced with permission from ref. 2.

The effects of PTH deficiency on cancellous and 
cortical bone mass, which were observed initially by 
noninvasive imaging and by 2D histomorphometry, 
were confirmed recently by the 3D analytical capabi-
lity afforded by micro-computed tomography. Results 
from the study by Rubin and cols. (17) confirmed the 
increase in cancellous bone volume and trabecular thi-
ckness in hypoparathyroid subjects, and demonstrated 
higher trabecular number and trabecular connectivity 
in comparison with matched control subjects. In addi-

tion, the structural model index was lower in hypopara-
thyroidism, indicating that the trabecular structure was 
more platelike than rodlike (Figure 5).

Christen and cols. (18) reported on the material 
composition of the bone matrix in hypoparathyroi-
dism. Using backscatter electron imaging, they found 
that the mean mineralization density in iliac bone from 
subjects with hypoparathyroidism was similar to that of 
control subjects, although there was greater interindi-
vidual variation in mineralization parameters in the hy-
poparathyroidism subjects than in the control subjects. 
This result was surprising because one might have ex-
pected that mineralization density would be enhanced 
in hypoparathyroidism owing to the low turnover and 
attendant increase in mineralization as the bone beco-
mes more mature. These findings suggest that minerali-
zation density is controlled by other factors, in addition 
to the degree of secondary mineralization, and indica-
tes that the higher BMD by densitometry in hypopara-
thyroidism is due in large part to the increase in bone 
tissue volume rather than an increase in the amount of 
mineral within the tissue.

Hypoparathyroidism bone disease
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Figure 5. Micro-CT images of cancellous bone from a patient with 
hypoparathyroidism (left) and a normal control subject (right). The 
cancellous bone in the patient with hypoparathyroidism appears heavier 
and denser. Reproduced with permission from ref. 17.

Figure 4. High-power magnification views of tetracycline labels in a 
hypoparathyroid patient (left) and normal control subject (right). Note that 
tetracycline labelling was markedly reduced in the patient with 
hypoparathyroidism, reflecting low bone turnover. Reproduced with 
permission from ref. 16.

Hypoparathyroidism Control

1 mm

MARKERS OF BONE TURNOVER

Previous studies have shown that markers of bone tur-
nover are lower in patients with hypoparathyroidism 
than in healthy age- and sex-matched controls. Markers 
of bone formation are decreased relative to those in 
healthy controls, and markers of bone resorption are 
similarly decreased. These findings generally confirm 
the bone histomorphometry findings reported in the 
preceding section, with specific results discussed in tre-
atment trials discussed in the following section on res-
ponse to treatment with PTH. 

FRACTURES

The mechanism behind PTH activation of bone remo-
deling is intimately dependent on the time of exposure 
of bone cells to parathyroid hormone levels. Sustained 
high PTH levels trigger catabolism, while transitory 
elevations induce anabolism. Mendonça and cols. (19) 
recently performed a small study assessing the impact 
of hypoparathyroidism on BMD, frequency of subcli-
nical vertebral fracture, and mandible morphometry. 
This study evaluated 33 postmenopausal women, 16 of 
whom had hypoparathyroidism, and 17 of whom were 
healthy controls matched for age, weight and height. 

BMD of the lumbar spine, total hip, and 1/3 distal ra-
dius, radiographic evaluation of vertebral morphome-
try, panoramic radiography of the mandible, and bio-
chemical evaluation of mineral metabolism and bone 
remodeling were assessed in both groups. There were 
no significant differences in lumbar spine or total hip 
BMD between the groups. There was marked hetero-
geneity of lumbar spine BMD in the hypoparathyroid 
patients, with increased BMD in four, normal BMD 
in nine, osteopenia in one, and osteoporosis in two pa-
tients. BMD was decreased in the 1/3 distal radius in 
the hypoparathyroid patients (P < 0.005). The hypopa-
rathyroid group had increased morphometric vertebral 
fractures and decreased mandible cortical thickness. 
The study concluded that vertebral fragility fractures 
occurred in hypoparathyroid patients despite normal or 
increased BMD.

Underbjerg and cols. (20) recently showed that 
post-surgical hypoparathyroidism was associated with 
decreased upper extremity fracture risk. The study eva-
luated data on fractures and other outcomes in patients 
with postsurgical hypoparathyroidism due to nonma-
lignant causes in the Danish National Patient Registry, 
with information confirmed by review of individual 
hospital records. Individual cases were matched with 
three age- (± 2 years) and gender-matched controls 
from the general background population. Compared 
to controls, patients did not have increased risk of any 
fracture, whereas risk of fracture of the upper extremi-
ties was significantly decreased. The authors concluded 
that postsurgical hypoparathyroidism is associated with 
protection against upper extremity fractures. Whether 
these findings apply to patients with hypoparathyroi-
dism due to other causes is not yet clear. No other pu-
blished studies to date have formally assessed fracture 
incidence in patients with hypoparathyroidism.

RESPONSE TO TREATMENT WITH PTH

Regardless of the cause of hypoparathyroidism, the 
effects of chronic PTH deficiency on the human ske-
leton are profound. In normal adults, bone mass is re-
gulated by a delicate balance between bone resorption 
and formation in a tightly regulated process termed re-
modeling. PTH is one of the key regulators of the rate 
of bone remodeling. A reduction or absence of circula-
ting PTH leads initially to a decrease in bone resorption 
and then to a coupled reduction in bone formation. 
However, the balance between resorption and forma-

Hypoparathyroidism bone disease
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tion favors the latter because, over time, bone mass in-
creases in patients with hypoparathyroidism. This effect 
is seen in both cancellous and cortical bone compart-
ments (6,7,14,16,21).

To assess effects of PTH therapy on 3-dimensional 
bone structure, Sikjaer and cols. (22) randomized 62 
patients with hypoparathyroidism to 24 weeks of treat-
ment with either PTH(1-84) 100 µg/day subcutaneou-
sly or similar placebo as add-on therapy to calcium and 
vitamin D supplementation. Microcomputed tomogra-
phy was performed on 44 iliac crest bone biopsies, with 
23 biopsies taken from patients on PTH treatment, 
obtained after 24 weeks of treatment. Compared with 
placebo, PTH treatment caused a 27% lower trabecu-
lar thickness (p < 0.01) and 4% lower trabecular bone 
tissue density (p < 0.01), whereas connectivity density 
was 34% higher (p < 0.05). Trabecular tunneling was 
evident in 11 (48%) of the biopsies from the PTH tre-
atment group. Patients with tunneling had significantly 
higher levels of biochemical markers of bone resorption 
and formation. In cortical bone, the number of Haver-
sian canals per area was 139% higher (p = 0.01) in the 
PTH treatment group, causing a trend toward increa-
sed cortical porosity (p = 0.09). At different subregions 
of the hip, areal BMD (aBMD) and volumetric BMD 
(vBMD), as assessed by dual-energy X-ray absorptio-
metry (DXA) and quantitative computed tomography 
(QCT), decreased significantly by 1% to 4% in the PTH 
treatment group. However, at the lumbar spine, aBMD 
decreased by 1.8% (p < 0.05), whereas vBMD increased 
by 12.8% (p = 0.02) in the PTH treatment group com-
pared with the placebo group.

Rubin and cols. (23) hypothesized that parathyroid 
hormone(1-84) [PTH(1-84)] treatment would res-
tore skeletal properties toward normal in hypopara-
thyroidism. This study included 64 subjects with hy-
poparathyroidism who were treated with PTH(1-84) 
for 2 years. All subjects underwent histomorphometric 
assessment with percutaneous iliac crest bone biopsies 
at baseline and at 1 or 2 years. Another group of sub-
jects had a single biopsy at 3 months, having received 
tetracycline before beginning PTH(1-84) and prior to 
the biopsy, using a quadruple-label protocol. Bioche-
mical bone turnover markers were measured. Structu-
ral changes after PTH(1-84) treatment for two years 
included reduced trabecular width (144 ± 34 µm to 
128 ± 34 µm, p = 0.03) and increased trabecular num-
ber (1.74 ± 0.34/mm to 2.07 ± 0.50/mm, p = 0.02). 
Cortical porosity increased after two years of treatment 

from 7.4% ± 3.2% to 9.2% ± 2.4% (p = 0.03). Histomor-
phometrically measured dynamic parameters, including 
mineralizing surface, increased significantly at three  
months, peaked at one year (0.7% ± 0.6% to 7.1% ± 6.0%, 
p = 0.001), and persisted at two years. Biochemical me-
asurements of bone turnover increased significantly, 
peaking after five to nine months of therapy, and persis-
ting for 24 months. The study concluded that PTH(1-
84) treatment of hypoparathyroidism is associated with 
increases in histomorphometric and biochemical indi-
ces of skeletal dynamics. Structural changes were felt 
to be consistent with an increased remodeling rate in 
both trabecular and cortical compartments, with tun-
neling resorption in cortical bone. These changes were 
interpreted as suggesting that PTH(1-84) improves 
abnormal skeletal properties in hypoparathyroidism, 
and restores bone metabolism toward normal eupara-
thyroid levels.

Gafni and cols. (24) discontinued calcitriol therapy 
and treated 2 adult and 3 adolescent hypoparathyroid 
patients with synthetic human PTH 1-34 (hPTH 1-34), 
injected two to three times daily for 18 months, with 
doses individualized to maintain serum calcium at 1.9 
to 2.25 mmol/L. Biochemical markers and BMD were 
assessed every 6 months, and iliac crest biopsies perfor-
med before and after one year of treatment. hPTH 1-34 
therapy significantly increased bone markers to supra-
normal levels. Bone histomorphometry revealed that 
treatment dramatically increased cancellous bone vo-
lume and trabecular number, and decreased trabecular 
separation. Changes in trabecular width were variable, 
suggesting that the increase in trabecular number was 
due to the observed intratrabecular tunneling. Cortical 
width remained unchanged, but hPTH 1-34 treatment 
increased cortical porosity. Cancellous bone remode-
ling was also stimulated, inducing significant changes 
in osteoid, mineralizing surface, and bone formation 
rate. Similar changes were seen in endocortical and in-
tracortical remodeling. BMD Z-scores were unchanged 
at the spine and femoral neck. Total hip Z-scores incre-
ased, but total body BMD Z-scores decreased during 
the first 6 months of treatment and then stabilized, 
remaining significantly decreased compared to baseli-
ne. Radial Z-scores also decreased with treatment, and 
this was most pronounced in the growing adolescent 
patient. Daily hPTH 1-34 therapy for hypoparathyroi-
dism stimulated bone turnover, increased bone volu-
me, and altered bone structure in the iliac crest. These 
findings were interpreted as suggesting that treatment 

Hypoparathyroidism bone disease
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with hPTH 1-34 in hypoparathyroid adults and adoles-
cents has varying effects in the different skeletal com-
partments, leading to an increase in trabecular bone 
and an apparent trabecularization of cortical bone.

Neer and cols. (25) showed that compared with ba-
seline in postmenopausal osteoporotic women, BMD 
increased at the lumbar spine by 2.9% ± 4% (p < 0.05) 
from 1.24 ± 0.3 to 1.27 ± 0.3 g/cm(2) (T-score 1.7 
± 2.0 to 1.9 ± 2.0) after treatment with teriparatide 
(PTH 1-34) over 21 months. The lumbar spine is a 
site that is enriched in cancellous bone. Because PTH 
is known to be anabolic for cancellous bone, this ob-
servation was interpreted to indicate that new, younger 
bone was being formed as a result of PTH treatment. 
A more detailed examination of skeletal features using 
high resolution imaging or bone biopsy will be necessa-
ry to elucidate which changes in microarchitectural pa-
rameters contribute to the increase in trabecular BMD. 
Such results also would be of great interest in terms of 
a comparison between the effects of PTH(1–84) as a 
therapy for osteoporosis or as replacement therapy for 
hypoparathyroidism. Along with the increase in lum-
bar spine BMD, a decrease in the distal 1/3 radius, a 
site enriched in cortical bone, was observed, decreasing 
by 2.4% ± 4.0% (p < 0.05) from 0.73 ± 0.1 to 0.70 
± 0.1 g/cm(2) (T-score, -0.03 ± 2.0 to -0.26 ± 1.0). 
These results suggest that teriparatide causes endos-
teal resorption. These data do not imply that bone is  
wea kened because salutary effects on microarchitec-
ture and bone size could well provide biomechanical 
advantages despite the reduction in BMD. More detai-
led skeletal assessment will be required to answer this 
question. Overall, these changes in trabecular and cor-
tical skeletal compartments recall the pattern seen with 
PTH treatment of osteoporosis in individuals who do 
not have hypoparathyroidism (26).

Taken together, these studies suggest that treatment of 
patients with hypoparathyroidism with PTH of different 
forms reduces BMD toward normal and improves bone 
microarchitecture, resulting in improved bone strength. 
These changes should also lead to reduced fracture risk, 
but prospective randomized controlled trials have not 
yet been conducted to demonstrate this.

CONCLUSION
Bone disease occurs in hypoparathyroidism due to the 
absence or relative deficiency of parathyroid hormo-
ne. Lack of parathyroid hormone results in low bone 
turnover and increased bone mineral density with as-

sociated increased bone mineralization. Whether these 
changes affect risk of fracture is not yet clear. Never-
theless, treatment with parathyroid hormone appears to 
improve the structural quality of bone.
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ABSTRACT
Bone disease in severe primary hyperparathyroidism (PHPT) is described classically as osteitis 
fibrosa cystica (OFC). Bone pain, skeletal deformities and pathological fractures are features 
of OFC. Bone mineral density is usually extremely low in OFC, but it is reversible after surgical 
cure. The signs and symptoms of severe bone disease include bone pain, pathologic fractures, 
proximal muscle weakness with hyperreflexia. Bone involvement is typically characterized as 
salt-and-pepper appearance in the skull, bone erosions and bone resorption of the phalanges, 
brown tumors and cysts. In the radiography, diffuse demineralization is observed, along with 
pathological fractures, particularly in the long bones of the extremities. In severe, symptomatic 
PHPT, marked elevation of the serum calcium and PTH concentrations are seen and renal in-
volvement is manifested by nephrolithiasis and nephrocalcinosis. A new technology, recently 
approved for clinical use in the United States and Europe, is likely to become more widely 
available because it is an adaptation of the lumbar spine DXA image. Trabecular bone score 
(TBS) is a gray-level textural analysis that provides an indirect index of trabecular microarchi-
tecture. Newer technologies, such as high-resolution peripheral quantitative computed tomo-
graphy (HR-pQCT), have provided further understanding of the microstructural skeletal features 
in PHPT. Arq Bras Endocrinol Metab. 2014;58(5):553-61

Keywords
Hyperparathyroidism; osteitis fibrosa cystica; nephrocalcinosis 

RESUMO
A doença óssea no hiperparatiroidismo primário grave é representada pela osteíte fibrosa cís-
tica (OFC). Dor óssea, deformidades esqueléticas e fraturas patológicas são achados comuns 
na OFC. A densidade mineral óssea está, usualmente, extremamente diminuída na OFC, mas 
é reversível após a cura cirúrgica. Os sinais e sintomas da doença óssea grave incluem dor ós-
sea, fraturas patológicas e fraqueza muscular proximal com hiper-reflexia. O comprometimento 
ósseo é tipicamente caracterizado pela aparência em “sal-e-pimenta” nos ossos do crânio, ero-
sões ósseas e reabsorção das falanges, tumores marrons e cistos. Na radiografia, observam-se 
desmineralização difusa e fraturas patológicas especialmente nos ossos longos das extremida-
des. No hiperparatiroidismo primário (HPTP) sintomático grave, as concentrações séricas de 
cálcio e PTH estão usualmente bem elevadas e o comprometimento renal se caracteriza pela 
presença de urolitíase e nefrocalcinose. Uma nova tecnologia, recentemente aprovada para uso 
clínico nos Estados Unidos e na Europa, torna-se provável se difundir rapidamente, pois utiliza 
as imagens geradas pela densitometria DXA. O escore trabecular ósseo (TBS), obtido por meio 
da análise do nível da textura cinza das imagens dos corpos vertebrais, fornece informações 
indiretas sobre a microarquitetura trabecular. Novos métodos, como a tomografia de alta re-
solução quantitativa periférica computadorizada (HRpqCT), têm proporcionado conhecimentos 
adicionais sobre os achados da microarquitetura esquelética no HPTP. Arq Bras Endocrinol Metab. 

2014;58(5):553-61
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Hiperparatireoidismo; osteíte fibrosa cística; nefrocalcinose
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Figure 1. Plain X-Ray shown “salt-and-pepper” appearance of the skull 
in a 38 years old female patient OFC.

Figure 2. Subperiosteal bone erosions on phalanges of the same patient 
from figure 1.

SKELETAL DISEASE IN SEVERE PRIMARY 
HYPERPARATHYROIDISM

B one disease in severe primary hyperparathyroidism 
(PHPT) is described classically as osteitis fibrosa 

cystica (OFC). Bone pain, skeletal deformities and pa-
thological fractures are features of OFC (1). Bone mi-
neral density is usually extremely low in OFC, but it is 
reversible after surgical cure (2). 

The clinical presentation of PHPT has changed glo-
bally, with the first reports in the 1970s coming from 
the United States and Europe where the multichannel 
scree ning test was introduced. Most patients whose 
PHPT is discovered in this manner do not show overt 
skeletal or renal complications. In Latin America, at 
a time when the United States and European centers 
were describing a change in this clinical phenotype, 
most studies continued to see a very symptomatic dise-
ase. With time, however, countries such as Brazil have 
also seen a change in the presentation of PHPT toward 
the asymptomatic form (3). This change has also been 
reported recently in China (4). However, other Asian 
countries like India, Iran, Saudi Arabia and Thailand 
reported widespread prevalence of symptomatic disease 
with skeletal manifestations (3). 

In a series of 124 patients from Recife, about ten 
years ago, 25% of patients had severe skeletal involve-
ment and OFC (1). Similar data were found in the city 
of São Paulo (5). More recently, however, in a recent 
epidemiological study from the same institution with 
4207 patients evaluated, only 6.1% had OFC (6). 

The aim of this work is to review current more rele-
vant data on bone involvement in the various forms of 
primary hyperparathyroidism.

Clinical manifestations

The signs and symptoms of severe bone disease include 
bone pain, pathologic fractures, proximal muscle weak-
ness with hyperreflexia. Although these patients usually 
present with non-specific symptoms such as weakness, 
depression and constipation, the dominant picture oc-
curs due to severe bone abnormalities (1). Bone in-
volvement is typically characterized as salt-and-pepper 
appearance in the skull (Figure 1), bone erosions and 
bone resorption of the phalanges (Figure 2), brown 
tumors and cysts (1). The osteoclastomas are typical 
radiological changes of severe hyperparathyroidism, re-
presented by OFC (7) (Figure 3).

Bone disease in PHPT

Renal involvement is manifested by nephrolithiasis 
and nephrocalcinosis (3). The stones are usually small, 
comprised of calcium oxalate or calcium phosphate and 
are seen on abdominal radiographs or renal ultrasound. 
In the most severe cases, mineralization of renal tissue 
occurs (8). 

Symptomatic patients may also present with neu-
ropsychiatric symptoms, such as anxiety, depression, 
confusion, memory loss, irritability, difficulty in con-
centration, and sleep disorders (1). The prevalence of 
these symptoms is not known due to the lack of rigo-
rous and systematic evaluation in most series (3). 
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Figure 3. Fifty-seven years old with female with osteitis fibrosa cystica 
showing huge osteoclastomas in the femurs bilaterally. 

Bone disease in PHPT

Diagnosis

Radiography

Diffuse demineralization is observed, along with pa-
thological fractures, particularly in the long bones of 
the extremities along with a salt and pepper appearance 
of the skull (8). 

Subperiosteal bone erosions in the distal phalanges 
and on the lateral aspects of the middle phalanges are 
also seen, appearing as sclerotic or lytic lesions with 
irregular margins. The pelvis, long bones and shoul-
ders are common sites to see these manifestations. The 
cortex of the long bones is extremely thin and almost 
absent in some patients (9). 

Ultrasound

Ultrasonography of the kidneys and urinary tract should 
be obtained if the clinical history suggests nephrolithia-
sis. It is reasonable to considered this even in the absence 
of symptoms of nephrocalcinosis or nephrolithiasis (8). 

Bone mineral density

Bone mineral density of the lumbar spine, hip regions 
(total hip and femoral neck) and distal 1/3 radius 
should be measured in all patients. The distal 1/3 ra-

dius, a site of cortical bone, is particularly important to 
measure in PHPT because of the catabolic effects of 
PTH in cortical bone (10). 

High-resolution peripheral computed tomography 
(HRpQCT) permits non-invasive assessment of corti-
cal and trabecular microarchitecture of the distal radius 
and tibia. As noted below, HRpQCT has been applied 
recently to evaluate cortical and trabecular bone quality 
in PHPT (3).

Laboratory data

In severe, symptomatic PHPT, marked elevation of 
the serum calcium and PTH concentrations are com-
mon. The accurate measurement of the serum calcium 
should take into account the fact that 40% of circula-
ting calcium is bound to albumin. If the serum albumin 
concentration is abnormal, the measured serum cal-
cium concentration must be adjusted using the formu-
la: [corrected calcium = serum calcium concentration 
mg/dL + [0.8 × (4-serum albumin)]. The direct mea-
surement of ionized calcium can be useful in selected 
situations such as extreme hyper- and hypoalbumine-
mia, thrombocytosis, Waldenström’s  macroglobuline-
mia and myeloma (8). 

Biochemical markers of bone formation, such as 
osteo calcin, alkaline phosphatase (AP) or markers of 
bone resorption, such as deoxypyridinoline, N-telopep-
tide (NTX) and C-telopeptide (CTX) are typically ma-
rkedly elevated in severe PHPT  . Alkaline phosphatase 
is well above normal in virtually all patients with OFC 
(7). 

Renal function and serum 25OHD, as well as 24-
hour urine calcium must be evaluated. Low levels of 
25(OH)D have been linked to the severity of the di-
sease, increased bone turnover and low bone mineral 
density measurements (9). Table 1 shows the main di-
fferences between the various forms of hypercalcemic 
primary hyperparathyroidism.

Localization techniques

Among the several technologies that are useful in loca-
ted the abnormal parathyroid gland, ultrasonography is 
inexpensive and noninvasive. Its disadvantage is in limi-
ted resolving power and in being operator dependent. 
Ultrasonography has a sensitivity of 88% and specifici-
ty of 94%, but when combined with Tc-99-sestamibi 
scintigraphy with SPECT-CT it can improve to 97 and 
100% respectively (8,9,11). 
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Table 1. Clinical and laboratory data of 64 patients with primary hyperparathyroidism from one institution

Baseline Asymptomatic Renal stone 
disease

Osteitis fibrosa 
cystica P Reference

Range

Age (y) 66.75 ± 0.63 55.8 ± 5.09 38.7 ± 4.38 < 0.01

Sex ratio (M:F) 1:4 2:7 11:10 < 0.01

Serum calcium (mg/dL) 10.98 ± 0.02 11.32 ± 0.17 13.35 ± 0.35 < 0.01 8.6–10.3

Serum phosphorus (mg/dL) 2.79 ± 0.29 2.56 ± 0.47 1.99 ± 0.29 < 0.01 2.5–4.5

Serum PTH (pg/mL) 135.45 ± 13.50 165.85 ± 15.06 579.6 ± 628.4 < 0.01 10–65

Serum 25-hydroxyvitamin D (ng/mL) 26.97 ± 4.13 20.02 ± 0.56 15.91 ± 1.11 < 0.01 12–68

Urine NTx (nmol/mmol of creatinine) 51.3 ± 6.4 154.1 ± 62.9 501.5 ± 201 < 0.05 50–60 (premenopausal)

15–120 (postmenopausal)

6–65 (men)

Serum CTx (pg/mL) 752.6 ± 496.3 727.3 ± 220.4 2,210.2 ± 375.4 < 0.05 50–450 (premenopausal)

90–680 (potsmenopausal)

70–480 (men)

BMD t score

Lumbar spine -2.02 ± 0.15 -1.83 ± 0.85 -4.25 ± 0.24 < 0.01

Femoral neck -2.03 ± 0.28 -1.81 ± 0.38 -5.44 ± 1.37 < 0.01

Distal radius -2.23 ± 0.74 -1.79 ± 0.04 -5.33 ± 0.69 < 0.01

Adapted from: Bandeira and cols. (9).

The use of sestamibi scintigraphy in the preoperati-
ve localization of parathyroid lesions has improved the 
success of surgery, especially in patients who have had 
previous neck surgery. Success is dependent, in part, on 
successful localization of abnormal parathyroid tissue. 
This test can also be performed in suspected skeletal 
brown tumors and metastatic parathyroid cancer, whi-
ch may be due to increa sed perfusion, metabolism and 
osteoclastic activity (9). In contrast to ultrasound and 
scintigraphy, 4D computed tomography can visualize, 
at times with greater accuracy, multiple gland involve-
ment (8). Magnetic resonance imaging (MRI) may also 
be used especially to identify ectopic parathyroid tissue 
(11). Considering all options, SPECT-CT is often con-
sidered to be the first choice because of its better spatial 
resolution. The combination of two different methods 
can also be used to improve the localization of the pa-
rathyroid lesion (11).

The hungry bone syndrome

The “hungry bone disease” occurs in consequence of 
the rapid accrual of calcium from the intravascular com-
partment into the skeleton and under these conditions 
can result in severe hypocalcemia and the urgent need 
for intravenous calcium replacement (1,2,7,8).

As parathyroidectomy is the treatment of choice for 
all patients with symptomatic PHPT, various degrees of 
improvement have been shown following surgical cure. 

In severe disease, these include regression of skeletal 
abnormalities with increased bone mineral density and 
in many cases shrinkage of osteoclastomas (1,8,12). In 
patients with OFC, the average gain in bone density 
after surgical cure was 40 ± 29% in lumbar spine, 86 
± 39% in femoral neck and 22 ± 11% in distal radial, 
only 1 year after surgery (7). The marked and rapid 
improvement in bone mineral density among subjects 
with OFC contrasts with the slower gains in those with 
asymptomatic PHPT (1,13).

In severe PHPT, markedly increase bone turnover 
results in the efflux of calcium from bone. After para-
thyroidectomy, rapid bone resorption ceases immedia-
tely, but bone formation continues (14-17). 

Bisphosphonates, described in the table 2, have 
been used preoperatively in patients with severe PHPT 
in order to decrease bone turnover (bone resorption 
and bone formation) and to prevent, therefore, the de-
velopment of postoperatively severe hypocalcemia and 
its complications such as seizures and coma (1,7,16).

A study that evaluated bisphosphonate use pre-ope-
ratively in patients with OFC (7) showed that the speed 
and degree of postoperative hypocalcemia was signifi-
cantly controlled preventing the occurrence of specific 

Bone disease in PHPT
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signs and symptoms. Average serum calcium levels pre-
operatively were 13.51 ± 0.87 mg/dL and PTH: 1389 
± 609 pg/mL. In the first week following surgical cure, 
serum calcium and PTH levels fell to 8.23   ± 0.46 mg/
dL and 45.8 ± 72.9 respectively. Oral calcium carbonate 
and vitamin D3 were sufficient, without the need for in-
travenous calcium administration (7) (Figures 4 and 5). 
The preoperative use of bisphosphonates did not appear 
to compromise the recovery of bone density after pa-
rathyroidectomy. Mean increases after 1 year of 40 ± 
29% in lumbar spine, 86 ± 39% in femoral neck and 22 
± 11% in distal radius were appreciated (7) (Figure 6).

Table 2. Suggested bisphosphonate regimen for pre-operative use in patients with osteitis fibrosa cystica

Compound Route Dose (mg) Duration Time before surgery

Pamidronate Intravenously 90 Single infusion 10 – 30 days

Zolendronic acid Intravenously 5 Single infusion 10 – 30 days
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Figure 4. Changes in serum calcium in a patient with severe PHPT who 
underwent treatment with alendronate 140 mg/week for 6 weeks prior to 
parathyroidectomy. 

Figure 5. Changes in serum PTH in the same patient of figure 2, showing 
sharp decrease immediately after parathyroidectomy. 

Figure 6. Long-term changes in bone mineral density in the same patient. 
Note the continuous gain in bone density up to seven years of follow-up.

Vitamin D deficiency is a risk factor for the develo-
pment of hungry bone syndrome, and high-dose su-
pplementation is recommended early postoperatively 
(14,17). Although most patients respond to high dose 
cholicalciferol, some patients will need active metaboli-
tes of vitamin D such calcitriol (18). 

In hungry bone syndrome, there is not a uniform 
standard therapeutic approach. Often, however, repla-
cement amounts of calcium can be in the range of 6-12 
g per day. The amount needed will vary according to the 
severity of hypocalcemia. Attention should be paid to 
the need for correction of hypomagnesemia also (15).

SKELETAL DISEASE IN ASYMPTOMATIC 
AND IN NORMOCALCEMIC PRIMARY 
HYPERPARATHYROIDISM

The preceding section reviews aspects of symptomatic 
primary hyperparathyroidism, a classical presentation 
that has become more and more uncommon. Over the 
past 40 years, with the widespread use of the multichan-
nel autoanalyzer in the United States and elsewhere in 
the world, the presentation of PHPT has shifted to a 
predominantly asymptomatic one (19). Overt skeletal 
disease, detected radiologically, occurs in a vanishingly 
small percentage of patients. The early clinical presen-
tation of PHPT undoubtedly accounts, at least in part, 
for the observation that overt skeletal disease has be-
come unusual. Despite the fact that most patients do 

 -4: before the bisphosphonate; -1: after bisphos pha nate; 3: 0: time of parathyroidectomy.

0: time of parathyroidectomy.
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not show classical radiological findings of PHPT, bone 
involvement is readily detected in most patients by dual 
energy X-ray absorptiometry (DXA). By DXA, bone 
mineral density is typically reduced. More recently, ap-
plication of newer imaging modalities such as the trabe-
cular bone score (TBS) and high resolution peripheral 
quantitative computed tomography (HRpQCT), have 
demonstrated abnormalities in trabecular microarchi-
tecture that are readily seen in the mild asymptomatic 
PHPT seen today in many parts of the world. 

More recently, a newer presentation of PHPT has 
emerged, in which patients present with elevated PTH 
levels and consistently normal serum calcium. Patients 
with this phenotypical presentation, normocalcemic 
PHPT, are usually discovered during the evaluation for 
a metabolic bone disease. In this section we review the 
assessment of bone disease in mild asymptomatic and 
normocalcemic PHPT. 

Skeletal abnormalities in asymptomatic PHPT 

Most patients with PHPT in the developed, and now 
also in the developing world, are discovered to have 
hypercalcemia incidentally on routine blood tests. Whi-
le X-rays rarely show classical findings of PHPT (see 
prior section), bone mass is typically reduced when it 
is measured by DXA. For many years, it was believed 
that the negative effects of PHPT on the skeleton were 
restricted to cortical bone. The densitometric profile of 
PHPT shows bone mineral density (BMD) reductions 
at the distal 1/3 forearm, a site composed primarily of 
cortical bone, with relative preservation of the lum-
bar spine, a predominantly trabecular site (13,19,20). 
Histomorphometric and micro-computed tomography 
analyses of bone biopsy specimens confirmed reduc-
tions in cortical bone, demonstrating that cortical thi-
ckness was significantly lower in patients with PHPT 
compared to controls, with relative preservation of tra-
becular parameters (20-22). 

While the densitometric and histomorphometric 
findings are generally in agreement, they are inconsis-
tent with numerous epidemiological reports demonstra-
ting increased fracture risk at both vertebral and non-
-vertebral sites in patients with PHPT (23-27). Newer 
technologies, such as HRpQCT, have provided further 
understanding of the microstructural skeletal features in 
PHPT. Data from these newer technologies are more 
consistent with epidemiological fracture data in PHPT. 
HRpQCT measures volumetric bone density, bone ge-

ometry, skeletal microarchitecture, and bone strength 
in the cortical and trabecular compartments. By HR-
pQCT, both the cortical and trabecular compartments 
are affected adversely in PHPT, with reduced volumetric 
densities at cortical and trabecular compartments, thin-
ner cortices, and more widely spaced and heterogeneou-
sly distributed trabeculae (28-30). These studies have 
also shown that the adverse effects of PHPT are likely 
to be mitigated by weight-bearing, since the radius, a 
non weight-bearing site, is generally more affected than 
the tibia, a weight-bearing site. Stein and cols. (29) have 
provided additional insight into trabecular microstruc-
ture by using individual trabecula segmentation analysis 
of the HRpQCT images, a technique to segment the 
trabecular network into individual plates and rods. By 
this analysis in postmenopausal women with PHPT, the 
trabecular network is topologically configured with rela-
tively fewer plate-like than rod-like trabeculae, reduced 
connectivity, and a less well axially aligned trabecular 
network. This analysis is consistent with the expectation 
that trabecular bone strength is reduced in PHPT.

Although HRpQCT remains a research tool, a new 
technology, recently approved for clinical use in the 
United States and Europe, is likely to become more 
widely available because it is an adaptation of the lum-
bar spine DXA image. Trabecular bone score (TBS) is 
a gray-level textural analysis that provides an indirect 
index of trabecular microarchitecture. TBS is obtained 
from the DXA image through the application of TBS 
software (31-33). A high TBS value is associated with 
a dense trabecular network and greater bone strength, 
whereas a low TBS value is associated with qualitatively 
worse bone microarchitecture (32,33). Prospective stu-
dies in postmenopausal women have demonstrated that 
TBS predicts vertebral, hip and other major osteoporo-
tic fractures (34-37). In PHPT, TBS shows a partially 
degraded microarchitecture (38-40) including cohorts 
that are predominantly asymptomatic with mild dise-
ase. In a predominantly asymptomatic cohort, Silva 
and cols. (38) demonstrated that while over half of the 
subjects presented with normal lumbar spine T-scores 
by DXA, only 27% of subjects had normal TBS values. 
TBS has also been found to be associated with vertebral 
fracture in subjects with PHPT (39,40). 

Natural history of bone loss in asymptomatic PHPT

The natural history of asymptomatic PHPT was defi-
ned by two large prospective cohorts. Rao and cols. 
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(41,42) monitored 80 asymptomatic patients for up 
to 11 years, during which time there was no wor-
sening of biochemical or densitometric indices. Sil-
verberg and cols. (19) published their cohort of 101 
asymptomatic patients followed for up to 10 years. 
Approximately 25% of these patients showed dise-
ase progression. Age was the only predictor of pro-
gression, with patients younger than 50 years of age 
three times more likely to show progression. Rubin 
and cols. (13) reported the 15-year follow-up study 
of these patients, finding that disease progression over 
that longer time period amounted to 37% of the co-
hort. Of particular interest was accelerated bone loss 
at the distal 1/3 radius and femoral neck between  
years 10 and 15. There are limited data on the natural 
history of PHPT using the new technologies descri-
bed above. In a small cohort study by Eller-Vainicher 
and cols. (40) TBS remained stable in a non-operative 
cohort followed over 2 years. There are no published 
longitudinal HRpQCT data in subjects with PHPT 
not undergoing parathyroidectomy. 

Reversal of abnormalities post-parathyroidectomy

In the cohort studied by the group at Columbia Uni-
versity Medical Center (13), patients who underwent 
successful parathyroid surgery experienced gains in 
bone density by DXA at 5, 10, and 15 years, respecti-
vely, of 9, 6, and 12% at the lumbar spine; 1, 7 and 10% 
at the femoral neck; and 4, 8, and 7% at the distal ra-
dius. The findings have been confirmed by randomized 
control trials of surgery versus observation (42-44) also 
demonstrating increased bone density at the hip and/
or lumbar spine. 

In the study of Eller-Vainicher and cols. (40) TBS 
was compared in a small cohort of subjects with PHPT 
undergoing parathyroidectomy to a non-operative co-
hort. While TBS remained stable in the non-operati-
ve group, it improved in surgically-treated patients at 
month 24. While similar data were observed for BMD 
at lumbar spine and hip sites, the mean Z-score increase 
for TBS was greater than for BMD at the lumbar spine 
or hip sites. 

Hansen and cols. (45) prospectively followed wo-
men with PHPT before and 1 year post-parathyroi-
dectomy using DXA and HRpQCT. By DXA, post-
-operative improvements in BMD were noted at the 
lumbar spine and total hip. By HRpQCT, at both the 
radius and tibia, there were significant improvements 

in various cortical and trabecular parameters, associated 
with significant changes in bone biomechanical proper-
ties. These changes were associated with an improve-
ment in failure load. 

Normocalcemic PHPT

Over the past decade, a newer clinical description of 
PHPT has emerged, characterized by consistently nor-
mal total and ionized serum calcium concentrations with 
elevated PTH levels, in the absence of obvious causes for 
secondary hyperparathyroidism (41,46-48). Individuals 
with this new phenotype, normocalcemic PHPT, are in-
creasingly being discovered as many physicians are now 
requesting PTH levels in patients with, or suspected of, 
an underlying metabolic bone disease despite a normal 
serum calcium concentration (46-48). As a consequen-
ce, normocalcemic PHPT has primarily been diagnosed 
in populations referred to metabolic bone diseases units. 
One might expect, therefore, that these subjects are not 
truly asymptomatic because they constitute a referral po-
pulation. For example, in a cohort described by Lowe 
and cols. (49) at the time of diagnosis, 57% had osteo-
porosis, 11% had documented fragility fractures, and 
14% had nephrolithiasis. Other normocalcemic cohorts 
have been published (50-54), also describing patients 
from referral populations. While bone disease in these 
normocalcemic subjects has been noted, in some studies 
but not in others (51), to be more severe, as determined 
by DXA, than in subjects with asymptomatic hypercalce-
mic PHPT, this is likely to be a function of selection bias. 

Charopoulos and cols. (55) utilized peripheral quanti-
tative computed tomography to assess the skeleton in sub-
jects with normocalcemic PHPT in comparison to those 
with hypercalcemic disease. The investigators found cata-
bolic effects in both groups that were more pronounced in 
hypercalcemic subjects. However, while cortical geometric 
properties were also adversely affected in subjects with nor-
mocalcemic PHPT, trabecular properties were preserved.

The natural history of skeletal disease in normocalce-
mic PHPT is not well defined, nor is the response to para-
thyroidectomy. In the cohort described by Lowe and cols. 
(49) during a mean follow-up period of 3.1 years, 43% 
of patients had a decline in bone density of at least 5% by 
DXA, with similar reductions at all sites. In a cohort des-
cribed by Koumakis and cols. (54), subjects with normal 
total and ionized calcium levels pre-operatively demons-
trated a densitometric gain of 4.1% at the femoral neck 
at 1 year after parathyroid surgery (p = 0.044), without 
significant change at the spine or radius.

Bone disease in PHPT
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CONCLUSIONS

The classical descriptions of PHPT are of a highly 
symptomatic disease with overt skeletal manifestations, 
including osteitis fibrosis cystica. While uncommon, 
patients still present with this severe form of PHPT 
even in countries where multichannel screening is rou-
tine. In countries where screening tests are not routi-
ne, overt skeletal disease is more common. While the 
presentation of PHPT has shifted to an asymptomatic 
one, new technologies such as TBS and HRpQCT have 
documented more extensive skeletal involvement in 
asymptomatic PHPT than previously appreciated. Fur-
ther studies are needed to delineate the skeletal involve-
ment in normocalcemic PHPT. In addition, the extent 
to which subjects show improvement after successful 
parathyroid surgery, as determined by these more sen-
sitive approaches to skeletal assessment, is needed.
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Tratamento cirúrgico do 
hiperparatireoidismo secundário: 
revisão sistematizada da literatura
Surgical treatment of secondary hyperparathyroidism: 
a systematic review of the literature

Felipe Ferraz Magnabosco1, Marcos Roberto Tavares2, 
Fábio Luiz de Menezes Montenegro2

RESUMO
O hiperparatireoidismo (HPT) secundário tem prevalência elevada em doentes renais crônicos. 
Decorre de alterações na homeostase mineral, principalmente do cálcio, que estimulam as glându-
las paratireoides, com aumento na secreção de paratormônio (PTH). O estímulo prolongado pode 
levar à autonomia na função paratireóidea. Inicialmente, o tratamento é clínico, mas a paratireoi-
dectomia (PTx) pode ser necessária. A PTx pode ser total, subtotal e total seguida de autoimplante 
de tecido paratireóideo. Este trabalho compara as indicações e resultados dessas técnicas na lite-
ratura. Foi realizada revisão sistematizada dos trabalhos publicados entre janeiro de 2008 e março 
de 2014 sobre tratamento cirúrgico do hiperparatireoidismo secundário nas bases de dados MedLi-
ne e LILACS. Foram utilizados os termos: hiperparatireoidismo; hiperparatireoidismo secundário; 
glândulas paratireoides e paratireoidectomia. Foram restritos a pesquisas apenas em humanos; 
artigos disponíveis em meio eletrônico; publicados em português, espanhol, inglês ou francês. 
A amostra final foi constituída de 49 artigos. A PTx subtotal e a total mais autoimplante foram as 
técnicas mais utilizadas, sem consenso sobre a técnica mais efetiva. Embora haja certa preferência 
pela última, a escolha depende da experiência do cirurgião. Há consenso sobre a necessidade de 
identificar todas as paratireoides e sobre a criopreservação de tecido paratireóideo, quando possí-
vel, para enxerto em caso de hipoparatireoidismo. Exames de imagem podem ser úteis, especial-
mente nas recidivas. Tratamentos alternativos do HPT secundário, tanto intervencionistas quanto 
conservadores, carecem de estudos mais aprofundados. Arq Bras Endocrinol Metab. 2014;58(5):562-71

Descritores
Hiperparatireoidismo; hiperparatireoidismo secundário; glândulas paratireoides; paratireoidectomia

ABSTRACT
Secondary hyperparathyroidism (HPT) has a high prevalence in renal patients. Secondary HPT 
results from disturbances in mineral homeostasis, particularly calcium, which stimulates the pa-
rathyroid glands, increasing the secretion of parathyroid hormone (PTH). Prolonged stimulation 
can lead to autonomy in parathyroid function. Initial treatment is clinical, but parathyroidectomy 
(PTx) may be required. PTx can be subtotal or total followed or not followed by parathyroid tis-
sue autograft. We compared the indications and results of these strategies as shown in the litera-
ture through a systematic literature review on surgical treatment of secondary HPT presented in 
MedLine and LILACS from January 2008 to March 2014. The search terms were: hyperparathyroi-
dism; secondary hyperparathyroidism; parathyroidectomy and parathyroid glands, restricted to 
research only in humans, articles available in electronic media, published in Portuguese, Spa-
nish, English or French. We selected 49 articles. Subtotal and total PTx followed by parathyroid 
tissue autograft were the most used techniques, without consensus on the most effective surgi-
cal procedure, although there was a preference for the latter. The choice depends on surgeon’s 
experience. There was consensus on the need to identify all parathyroid glands and cryopreser-
vation of parathyroid tissue whenever possible to graft if hypoparathyroidism arise. Imaging 
studies may be useful, especially in recurrences. Alternative treatments of secondary HPT, both 
interventional and conservative, require further study. Arq Bras Endocrinol Metab. 2014;58(5):562-71
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Hyperparathyroidism; secondary hyperparathyroidism; parathyroid glands; parathyroidectomy
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Tratamento cirúrgico do HPT secundário

INTRODUÇÃO

A s glândulas paratireoides são responsáveis pela 
síntese e secreção do paratormônio (PTH) (1-8). 

Há diversas causas de hipersecreção hormonal, caracte-
rizando parte da doença denominada hiperparatireoi-
dismo (HPT) (1-9). O HPT secundário é consequência 
de alterações metabólicas que geram estímulos extra-
glandulares compensatórios na homeostase mineral, 
principalmente do cálcio (1-8,10-12).

Diversas condições nas quais existe menor disponi-
bilidade de cálcio iônico podem levar ao HPT secun-
dário, como má-absorção de cálcio ou vitamina D, os-
teomalácia, raquitismo, pseudo-hipoparatireoidismo, 
hipercalciúria idiopática, uso crônico de lítio, resis-
tência tecidual à vitamina D, hipomagnesemia severa 
ou, como causa bastante comum, doença renal crônica 
(DRC) em pacientes em diálise (1,2,4-6,8,11,13-34). 
Existiam cerca de 90 mil pacientes em tratamento dialí-
tico no Brasil em 2011, com tendência de aumento ao 
longo dos anos (35). Estima-se que o HPT secundário 
seja diagnosticado em cerca de 90% dos pacientes com 
DRC em hemodiálise (4,7,13,27). A prevalência da 
doença é elevada, mesmo sendo pouco diagnosticada 
e tratada (20).

Em razão da alta prevalência da DRC, associa-se 
muito o termo HPT secundário envolvendo hiperplasia 
paratireóidea e DRC, apesar de existirem outras formas 
menos comuns. O presente estudo restringe-se a essa 
situação.

Disfunções na absorção tubular renal do fosfato le-
vam à hiperfosfatemia. A deficiência renal na conversão 
de 25-hidroxicolecalciferol para 1,25-diidroxicolecal-
ciferol (vitamina D, calcitriol) causa diminuição na ab-
sorção intestinal de cálcio. A ação direta do calcitriol 
na paratireoide inibe a transcrição do ácido desoxirri-
bonucleico relacionado à síntese do PTH (5). Assim, 
níveis séricos elevados de fosfato e produção diminuída 
de vitamina D causam hipocalcemia e elevam os níveis 
de PTH circulante. Como consequência prolongada, há 
hiperplasia de células paratireóideas e aumento na secre-
ção de PTH (1,2,4,5,8,13,19,20,22,23,27,31,36-39).

O fator de crescimento fibroblástico 23 (FGF23) 
e o gene Klotho participam do metabolismo mineral 
e também das alterações observadas em portadores de 
DRC (30,32,39). Demonstrou-se que o FGF23 é uma 
potente fosfatonina indutora de excreção renal de fos-
fato, reduz a produção de 1,25-diidroxicolecalciferol e 
diminui a proliferação celular (30,39). A proteína Klo-

tho é um agente antiapoptótico, agindo como cofator 
na interação FGF23/receptor (30,39). Além do efeito 
indireto na função paratireóidea do FGF23 via inibi-
ção da síntese do calcitriol, a abundante expressão de 
Klotho nas paratireoides sugere que o FGF23 também 
possa afetar diretamente a função glandular (39). Des-
cobertas desse eixo não alcançaram a plenitude de en-
tendimento (39).

Nas condições fisiológicas, PTH, cálcio, calcitriol e 
fósforo interagem de forma regulatória entre si (1). A 
concentração sérica de cálcio iônico constitui o princi-
pal regulador de PTH. No HPT secundário há perda 
dos mecanismos normais de regulação hormonal, com 
aumento da função secretora das glândulas (1,2).

Com a persistência do estímulo metabólico res-
ponsável pelo quadro do HPT secundário, em 5% a 
8% dos pacientes as glândulas paratireoides adquirem 
autonomia funcional, mantendo a hipersecreção hor-
monal mesmo resolvido o estímulo inicial da glândula 
(5,24,40). A estimulação prolongada das paratireoides 
leva à hiperplasia difusa policlonal e também monoclo-
nal nodular, com perda da resposta aos mecanismos de 
regulação (6,19). O crescimento glandular costuma ser 
assimétrico e assincrônico, podendo haver glândulas de 
tamanho quase normal, porém hiperativas (5). Essa con-
dição é importante na evolução do doente, pois, mesmo 
após transplante renal, poderá persistir a hipersecreção 
de PTH e hipercalcemia, que pode prejudicar o funcio-
namento e a viabilidade do rim transplantado (6).

A evolução para estágio glandular autônomo é infre-
quente e seu desenvolvimento é relacionado ao tempo 
de hemodiálise bem como da DRC (6,34). Entretanto, 
especula-se sobre a existência de fatores cromossômicos 
da glândula relacionados à autonomia, concomitantes 
às circunstâncias clínicas, pois a autonomia pode surgir 
independente do tempo de estímulo (6). 

O HPT pode se manifestar clinicamente de diversas 
formas, por sinais e sintomas resultantes do acometi-
mento, principalmente, do sistema musculoesquelético 
(5,19,39,41).

O tratamento do HPT secundário é, inicialmente, 
clínico (1). Quando a doença não responde mais ao trata-
mento clínico, indica-se a paratireoidectomia (PTx) (1-
3,11,13,14,16-20,23,24,27-29,33,34,37,38,40,42-
44). A PTx pode reduzir significativamente os níveis de 
fosfato e PTH. É tratamento efetivo e seguro, realizado 
em portadores de HPT secundário refratário (3,7,11,1
4,16,17,19,24,37,45,46).
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A PTx é indicada para 1% a 30% dos pacientes com 
até 10 anos de hemodiálise e em cerca de 36% a 40% 
dos pacientes com mais de 10 anos de tratamento dia-
lítico (1,6,11,18,20,24). Para os transplantados renais, 
a PTx é realizada entre 0,6% a 32% dos casos (5,37). 
Trabalho realizado no Hospital das Clínicas da Facul-
dade de Medicina da Universidade de São Paulo (HC-
-FMUSP) mostrou porcentagem de 3,1% (15).

A Sociedade Brasileira de Nefrologia indica PTx 
quando o nível sérico de PTH encontra-se persistente-
mente acima de 800 pg/mL, acompanhado de hiper-
calcemia e/ou hiperfosfatemia refratárias ao tratamen-
to clínico, presença de glândulas maiores que 1,0 cm³ 
ao ultrassom, calcificações extraósseas ou arteriolopatia 
urêmica calcificante e doença óssea avançada, progressi-
va e debilitante que não responde ao tratamento clínico 
(11,14,16,17,20,37). A PTx também é indicada na per-
sistência do HPT secundário um ano após transplante 
renal bem-sucedido (conhecido também como HPT ter-
ciário), associado com hipercalcemia persistente (16,17).

No HPT secundário há manifestação hiperplásica e 
multiglandular (5,24) e na intervenção cirúrgica deve ser 
feita exploração de todas as paratireoides (5). Existem, 
basicamente, três opções técnicas: PTx total; PTx sub-
total e PTx total seguida de autoenxerto heterotópico 
de tecido paratireóideo (1,3,5,13,14,16,17,37,47,48).

Para a autoenxertia, após remoção das paratireoi-
des, uma das glândulas é escolhida e fragmentada. Os 
fragmentos são implantados em tecido subfacial, em lo-
jas musculares (1,5,13,18,48,49). O local de implante 
varia, com preferência pelo músculo braquiorradial do 
membro superior não dominante ou região pré-ester-
nal (5,13,34). O enxerto passa a funcionar 10 a 30 dias 
depois da implantação. Após 60 dias a maioria dos pa-
cientes apresenta nível detectável de PTH (2,50).

Visto existirem diversas abordagens cirúrgicas no 
HPT secundário, discussões sobre a evolução, tendên-
cias, descobertas e atualizações sobre o tema são de 
grande relevância para se criar uma análise científica 
crítica e baseada em evidências. Nesta revisão sistemati-
zada da literatura sobre a abordagem cirúrgica do HPT 
secundário, comparamos diferentes estratégias cirúrgi-
cas e achados de pesquisas com estudos de referência.

MATERIAIS E MÉTODOS

Na revisão sistematizada percorremos seis etapas: esco-
lha dos descritores; seleção das bases de dados para bus-
ca; estabelecimento dos critérios de seleção da amostra; 

análise geral dos resultados da pesquisa; definição da 
amostra final e interpretação e discussão dos resultados.

Foram escolhidas as base de dados da Literatura 
Latino-Americana e do Caribe em Ciências da Saúde 
(LILACS) e do MedLine (PubMed), por serem abran-
gentes, confiáveis e internacionais. Foram selecionados 
estudos publicados entre 1º de janeiro de 2008 a 8 de 
março de 2014. A busca foi realizada em março de 2014.

Os Descritores em Ciências da Saúde (DeCS) se-
lecionados foram: hiperparatireoidismo; hiperparati-
reoidismo secundário; glândulas paratireoides e para-
tireoidectomia. Os critérios de seleção foram: textos 
em qualquer formato; pesquisas apenas em humanos; 
disponíveis na íntegra em meio eletrônico; produzidos 
nos idiomas: português, espanhol, inglês e francês e 
abordando o tema “tratamento cirúrgico do hiperpara-
tireoidismo secundário”.

Do levantamento inicial, foram excluídos os artigos 
repetidos e os não relacionados ao tema após leitura do 
título e resumo.

Para seleção final dos artigos, foram observados 
procedência das publicações, descritores utilizados, ob-
jetivo da pesquisa, metodologia empregada, resultados 
obtidos e tangência com o tema.

Foi realizada leitura integral dos textos para poste-
rior compilação e discussão dos resultados, comparan-
do os resultados com a literatura disponível em livros-
-texto e trabalhos de excelência na área.

RESULTADOS

Todos os descritores apresentaram resultados de busca, 
resultando em 1.952 artigos na base de dados PubMed 
e 201 na base de dados LILACS para a seleção por tí-
tulos (Tabela 1). Pelo título, foram selecionados 135 
artigos não repetidos. Após leitura dos resumos, res-
taram 49 artigos, constituindo a amostra final. Destes, 
26 (53,06%) eram artigos originais, 11 (22,45%) arti-
gos de revisão de literatura, 7 (14,28%) relatos de caso, 
2 (4,08%) teses de doutorado, 2 (4,08%) fragmentos 
de Diretrizes da Sociedade Brasileira de Nefrologia so-
bre Paratireoidectomia na Doença Renal Crônica e 1 
(2,04%) carta ao editor.

Oito (28,57%) dos trabalhos originais e teses de 
doutorado escolhidos tinham como objetivo principal 
a análise das repercussões clínicas após PTx; 7 (25%) 
avaliaram a eficiência, segurança e resultados da PTx 
total com autoimplante; 3 (10,71%) descreveram os re-
sultados da PTx subtotal; 2 (7,14%) apresentaram nova 
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técnica cirúrgica, demonstrando também a eficiência da 
PTx minimamente invasiva; 2 (7,14%) discutiram ca-
racterísticas genéticas e moleculares do HPT; 2 (7,14%) 
examinaram a utilidade da monitorização de hormônio 
paratireóideo intraoperatório (ioPTH) em portadores 
de HPT secundário; 2 (7,14%) descreveram aspectos 
da criopreservação de tecido da glândula paratireoide 
hiperplásica de humanos; 1 (3,57%) abordou a situação 
atual no Brasil de pacientes com HPT secundário em 
hemodiálise com indicação de PTx e 1 (3,57%) traba-
lhou sobre as taxas recentes de sucesso da PTx. Qua-
tro (36,36%) artigos de revisão trataram da descrição 
estrutural, funcional e fisiológica das glândulas parati-
reoides, assim como patologia e repercussões clínicas; 
três (27,27%) trataram das estratégias atuais, técnicas, 
indicações, vantagens, desvantagens e repercussões do 
tratamento cirúrgico do HPT secundário; 2 (18,18%) 
observaram aspectos gerais do HPT, como etiologia, 
quadro clínico, diagnóstico, exames de imagem e trata-
mento; 1 (9,09%) expôs o histórico das glândulas para-
tireoides inseridas na Medicina e 1 (9,09%) investigou a 
influência do volume cirúrgico em falhas no HPT.

DISCUSSÃO

O termo “HPT terciário” foi utilizado de forma hete-
rogênea em 22 (44,90%) referências selecionadas (2,5). 
Em alguns estudos, HPT terciário corresponde à per-

sistência do HPT após transplante renal bem-sucedido; 
pode significar também secreção autônoma de PTH 
decorrente de HPT secundário prolongado (2,3,5-
7,10,12,13,27,37,38,40,45). Em outros, HPT secun-
dário e terciário são processos relacionados, mas enti-
dades distintas e separadas (13). Como justificativa ao 
uso do termo, os trabalhos trouxeram que, ao contrário 
do HPT secundário, no HPT terciário há hipercalce-
mia (4,5,8,12,13,27,38,40). Outro critério considera 
uma fase de proliferação policlonal no HPT secundário 
e, depois, uma fase de proliferação monoclonal, carac-
terizando o HPT terciário (3). Contudo, não há dife-
renciação morfológica de tecido autonomizado, o que 
sustenta as discussões sobre o termo (3).

A taxa de sucesso cirúrgico no tratamento do HPT 
secundário foi superior a 67,37% nas pesquisas seleciona-
das, independente do tipo de PTx (Tabela 2). Contudo, 
esses resultados apresentaram vieses: morte por outras 
causas; objetivo divergente; omissão da porcentagem de 
cura; intercorrências prejudiciais ao acompanhamento; 
abandono do tratamento; razões desconhecidas; pesqui-
sa finalizada antes da verificação. Poucas pesquisas com-
pararam diretamente as opções cirúrgicas. Esta análise é 
difícil, pois houve diferente tempo de acompanhamento 
dos doentes entre os estudos e diversos parâmetros do 
que é considerado sucesso. Mesmo assim, corroborou-se 
que a PTx é um tratamento efetivo do HPT secundário 
não responsivo a tratamento clínico.

Tabela 1. Etapas de seleção de artigos na base de dados PubMed e LILACS referente a trabalhos publicados no período de 1º de janeiro de 2008 a 8 
de março de 2014

Descritores
Trabalhos 

encontrados

Excluídos/Critério de exclusão
Selecionados para 

leitura de títuloFora do período Não humanos Outros 
idiomas

Não disponíveis 
na íntegra

Nº % Nº % Nº % Nº % Nº % Nº %

Ba
se

 d
e 

da
do

s 
M

ed
Li

ne

Hiperparatireoidismo 25.976 44,41 21.226 44,25 885 46,43 283 43,01 2.658 44,28 924 47,34

Hiperparatireoidismo 
secundário

10.458 17,88 8.303 17,31 382 20,04 165 25,07 1.177 19,61 431 22,08

Glândulas 
paratireoides

15.857 27,11 13.956 29,09 389 20,41 126 19,15 1.049 17,48 337 17,26

Paratireoidectomia 6.197 10,60 4.485 9,35 250 13,12 84 12,76 1.118 18,63 260 13,32

Total 58.488 100 47.970 100 1.906 100 658 100 6.002 100 1.952 100

Ba
se

 d
e 

da
do

s 
LI

LA
CS

Hiperparatireoidismo 508 51,84 330 54,82 55 49,11 0 0 29 44,61 94 46,77

Hiperparatireoidismo 
secundário

172 17,55 92 15,28 26 23,21 0 0 19 29,23 35 17,41

Glândulas 
paratireoides

170 17,35 119 19,77 11 9,82 0 0 7 10,77 33 16,42

Paratireoidectomia 130 13,26 61 10,13 20 17,86 0 0 10 15,38 39 19,40

Total 980 100 602 100 112 100 0 0 65 100 201 100

Fonte: PubMed e LILACS.

Tratamento cirúrgico do HPT secundário
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Tabela 2. Efetividade do tratamento do HPT secundário por PTx de acordo com a amostra final

Autor Ano Periódico N Tipo de PTx Efetivamente tratados

Mazzaferro S and cols. 2008 Nephrol Dial Transplant 77 PT (36); PS (8); PT+AT (33) > 69 (> 90%)

Sayad H and cols. 2008 La Tunisie Medicale 57 PS 55 (96,49%)

Wahab MA, Al Kanhal F 2008 Saudi J Kidney Dis Transpl 1 PT+AT 1 (100%)

Pérez JA and cols. 2009 Rev Chilena de Cirugía 33 PS (12); PT+AT (21) 32 (96,97%)

Pitt SC and cols. 2009 Surgery 140 PL (29): 1 glândula (12) / 2 glândulas 
(17); PS (104); PT+AT (3); Reoperação 

(12)

132 (94,28%)

Sun Y and cols. 2009 World J Surg 67 PT+AT 66 (98,51%)

Barreira CESR 2010 Tese de Doutorado 11 PT+AT 10 (90,91%)

Kandil E and cols. 2010 Am J Med Sci 19 PT+AT 11 (57,89%)

Kievit AJ and cols. 2010 World J Surg 72 PT+AT 52 (72,22%)

Magalhães DP and 
cols.

2010 Med Oral Patol Oral Cir Bucal 1 PT Desconhecido

Pitt SC and cols. 2010 World J Surg 105 PL (15); PS (71); PT+AT (10); Reoperação 
(9)

103 (98,09%)

Schaefer B and cols. 2010 Nephrol Dial Transplant 18 PT+AT 17 (94,44%)

Caliseo CT and cols. 2011 Rev Col Bras Cir 101 PT+AT Desconhecido

Ferreira GF and cols. 2011 Clinics 19 PT+AT 17 (89,47%)

Belda I and cols. 2011 Cir Esp 1 PS 1 (100%)

Nascimento Júnior CP 2011 Tese de Doutorado 19 PT+AT 11 (57,89%)

Park JH and cols. 2011 Endocr J 15 PL (4); PS (8); PT+AT (3) PL (3) (75%); PS (8) (100%); PT+AT 
(3) (100%)

Rudofsky G and cols. 2011 Eur J Med Res 40 PT+AT Desconhecido

Tournis S and cols. 2011 J Musculoskelet Neuronal Interact 1 PS 1 (100%)

Ardito G and cols 2012 Br J Radiol 1 PT+AT 0 (0%)

Lersundi AR and cols. 2012 Cir Esp 13 PT+AT 11 (84,61%)

Santos RO and cols. 2012 J Osteoporos 66 PT+AT 56 (84,85%)

Hamouda M and cols. 2013 Saudi J Kidney Dis Transpl 70 PS 48 (68,57%)

Total - - 947 - > 638 (> 67,37%)

N: número de pacientes submetidos à paratireoidectomia; PTx: paratireoidectomia; PT+AT: paratireoidectomia total com autoimplante; PT: paratireoidectomia total; PS: paratireoidectomia subtotal; 
PL: paratireoidectomia limitada.

A escolha entre as diferentes modalidades cirúrgi-
cas deve levar em consideração: riscos de recorrência 
do HPT; riscos de hipoparatireoidismo definitivo; iden-
tificação, caso ocorra, do foco da recorrência e trata-
mento da recidiva (3,6,34,46,49). Não houve unani-
midade sobre o método ideal, pois portadores de HPT 
secundário constituem um grupo bastante heterogêneo 
(6,14). Todas as técnicas apresentaram pontos positivos 
e negativos (Tabela 3), sendo as diferenças relacionadas 
aos riscos de recorrência e complicações (13). A escolha 
da estratégia cirúrgica relaciona-se à experiência e à ha-
bilidade do cirurgião (13,16,17). Todavia, é incontes-
tável a importância da exploração cervical bilateral com 
localização de todas as paratireoides (13,51).

A persistência do HPT geralmente resulta de ressec-
ção inicial incompleta e/ou de glândula supranumerá-
ria ou ectópica e em aproximadamente 15% dos casos 
(9) necessita nova intervenção (5,13). As taxas de su-
cesso são significativamente menores com reoperação, 
reforçando a importância de atingir níveis de PTH ade-
quados na primeira intervenção (7).

PTx subtotal ou total com autoimplante apresen-
tam resultados semelhantes, mais satisfatórios e com 
baixa morbidade (4,13,14,16,17,20,27,40,43). Na 
bibliografia elencada, 88,23% dos trabalhos que fir-
maram opinião sobre a estratégia cirúrgica de escolha 
optaram pela PTx total com autoimplante e/ou subto-
tal, demonstrando a maior aceitação destas (Tabela 4).  

Tratamento cirúrgico do HPT secundário
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Tabela 3. Relação entre os aspectos positivos e negativos envolvendo as diferentes técnicas no tratamento do hiperparatireoidismo secundário

PTx Aspectos positivos Aspectos negativos

PT - Baixa taxa de recidiva/recorrência (2,12,13) - Hipoparatireoidismo definitivo (1,2,6,16-18,23,34,43,49,53)

- Aumento da incidência de doença óssea adinâmica (1-3)

- Maior incidência de intoxicação por alumínio (3)

PS - Facilidade de identificação do local da recorrência (14)

- Baixa morbidade e mortalidade (14)

- Baixo índice de hipoparatireoidismo após cirurgia (5,13,16,17,49)

- Alta eficiência (4,13,14)

- Taxa de recidiva/recorrência maior (1,2,6,12,17,48)

- Risco aumentado de iatrogenias em caso de nova abordagem cirúrgica 
(1)

- Necessidade de abordagem cervical em caso de recidiva (2,5,14,45)

- Dificuldade de acesso ao tecido hiperfuncionante (2)

- Necessidade de submeter o paciente à nova anestesia geral em caso 
de reoperação (5,6,13,14,18,45)

- Intercorrências no coto (5)

PT+AT - Possibilidade de realizar enxerto tardio sob anestesia local (1,52)

- Baixo índice de hipoparatireoidismo após cirurgia (1,5,16-18,50)

- Baixa morbidade e mortalidade (11,34,45)

- Tempo de permanência em hospital curto (11)

- Baixa taxa de recorrência (2,11,17,48)

- Excisão do enxerto sob anestesia local, em ambulatório, em caso de 
recorrência (5,6,11,13,14,18,34,45)

- Facilidade na identificação de recorrência (3,5, 6,14,18,34,45)

- Não necessita fazer nova abordagem cervical (2,13,14,45,47)

- Alta eficiência (4,13,14,18,42,43,45)

- Baixo risco de paratiromatose (45)

- Facilidade de acesso ao implante em caso de recidiva 
(2,13,18,34,42,43)

- Risco de hiperparatireoidismo persistente (46)

- Transplante desnecessário em pacientes que não desenvolvem 
hipoparatireoidismo (46)

- Viabilidade do enxerto em longo prazo questionada (1)

- Dispor de estrutura adequada para criopreservação (1,2,5,13)

- Maior dificuldade de localização da recorrência (14)

- Ressecção do implante em caso de recidiva dificultado (14,47)

- Necessidade de outra incisão no antebraço (5)

- Dispêndio de maior tempo cirúrgico (5)

PTx: paratireoidectomia; PT: paratireoidectomia total; PS: paratireoidectomia subtotal; PT+AT: paratireoidectomia total com autotransplante.

Tabela 4. Técnica cirúrgica de preferência no manejo do hiperpa-
ratireoidismo secundário de acordo com as publicações

Técnica cirúrgica N %

PT+AT 16 32,65

PS 5 10,20

PT 1 2,04

PL 1 2,04

PT+AT ou PS 9 18,37

PS ou PL 1 2,04

PT+AT ou PS ou PL 1 2,04

Não abordaram estratégia cirúrgica de forma direta 15 30,61

Total 49 100

N: número de trabalhos; PT+AT: paratireoidectomia total com autoimplante; PT: paratireoi-
dectomia total; PS: paratireoidectomia subtotal; PL: paratireoidectomia limitada.
Fonte: PubMed e LILACS.

A complicação mais frequente nessas duas técnicas é a 
hipocalcemia transitória, observada em 15% a 30% dos 
doentes (13,18,23,49,52). 

A taxa de recidiva/recorrência após PTx total é mui-
to baixa, pois, teoricamente, não é deixado tecido para-
tireóideo remanescente (2,12,13). As técnicas subtotal 
e total com autoimplante apresentaram taxa mediana 

de 7% de recorrência, variável entre 5% a 80% devido à 
hiperplasia do tecido glandular remanescente, enquan-
to a PTx total permaneceu em 0% a 4% (13). Porém, 
as taxas de recorrência não são comparáveis, pois são 
poucas casuísticas publicadas de PTx total exclusiva. 
Além disso, a PTx total resulta com maior frequência 
em hipoparatireoidismo definitivo, visto que o tecido 
paratireóideo é retirado, necessitando suplementação 
de cálcio e vitamina D (1,2,6,16-18,23,34,43,49,53). 
Em longo prazo, existe evidência histomorfométrica de 
redução do metabolismo ósseo em pacientes com hi-
poparatireoidismo sem DRC, embora nesses pacientes 
haja pouca repercussão clínica aparente (53). Apenas 1 
(2,04%) dos trabalhos indica a PTx total exclusiva (12) 
(Tabela 4).

Os resultados da PTx subtotal são bons, com baixos 
índices de morbidade e mortalidade (4,13,14) e me-
nor taxa de hipoparatireoidismo pós-cirúrgico devido 
ao tecido paratireóideo remanescente (5,13,16,17,49). 
Entretanto, a PTx subtotal tem recidiva/persistência 
superior à que ocorre após PTx total mais autoimplan-
te (1,2,6,12,17,48). Embora seja mais fácil a localiza-
ção do tecido hiperfuncionante, pois a persistência/

Tratamento cirúrgico do HPT secundário



Co
py

rig
ht

©
 A

BE
&

M
 to

do
s o

s d
ire

ito
s r

es
er

va
do

s.

568 Arq Bras Endocrinol Metab. 2014;58/5

recorrência da doença é no pescoço ou mediastino 
(14), a presença do coto pode dificultar a localização 
de uma glândula supranumerária (5). Uma desvanta-
gem da PTx subtotal é a necessidade de reoperação 
do pescoço nas recidivas, pois requer anestesia geral 
e maior risco de lesão do nervo laríngeo recorrente 
(1,2,5,6,13,14,18,45). Ademais, a perda do pedícu-
lo da paratireoide deixado por essa técnica pode causar 
hipoparatireoidismo (5). Entre os artigos selecionados, 
apenas 14,70% apresentaram a técnica como preferência 
(Tabela 4). Desses, um optou pelo procedimento subto-
tal por não possuir meios de criopreservação (23) e outro 
por opção do Serviço, mas expôs preferência pelas téc-
nicas PTx total com autoenxerto ou PTx subtotal (33).

A técnica mais utilizada foi a PTx total com au-
toenxerto heterotópico de tecido paratireóideo (1-
3,5,6,9,14,18,42,43,48), preferida em 47,06% das 
publicações (Tabela 4) e aplicada em 44,98% dos pa-
cientes (Tabela 2).

A taxa de sucesso do autotransplante com tecido a 
fresco no HPT secundário após PTx total foi variável 
– ocorre em 50% a 90% dos casos, com nível sérico de 
PTH ideal encontrado com seguimento de 10 anos após 
a cirurgia (1). Nesse procedimento, é crítico selecionar o 
tecido a ser implantado. Áreas nodulares possuem capa-
cidades proliferativas maiores e implicam maiores taxas 
de recidiva do HPT em longo prazo (3,50,54). Após 
enxerto de áreas nodulares, houve 60% de recidiva em 
10 anos, enquanto para enxerto de áreas de hiperplasia 
difusa foi apenas 20% (3). No HC-FMUSP, a recidiva 
do HPT no enxerto foi de 15,8% (3). Em alguns pa-
cientes, o tecido enxertado parece ter comportamento 
variável e diferente do normal nas condições de hiper-
calcemia e hipocalcemia, refletindo sua autonomia (55).

Destacam-se a favor da PTx total com autoimplan-
te o baixo índice de hipoparatireoidismo após cirurgia 
(porém relativamente maior se comparado à PTx sub-
total) (1,5,16-18,50) e a baixa taxa de recorrência que, 
quando ocorre, geralmente se relaciona ao implante 
(2,11,17,48). Excisão da recidiva no enxerto pode ser 
realizada sob anestesia local (2,5,6,11,13,14,18,34,42,
43,45), com menor probabilidade de nova abordagem 
cervical em caso de recidiva (2,13,14,45,47). Há maior 
facilidade na identificação do local da recidiva por cole-
ta do PTH nos dois membros superiores para compa-
ração dos resultados. Diferença significativa (gradiente) 
entre eles sugere recidiva decorrente do implante. Caso 
os níveis sejam semelhantes, pode-se atribuir a recidiva 
à presença de outra paratireoide no pescoço ou no tó-

rax (3,5,6,14,18,34,45). Como desvantagem, a técni-
ca proporciona risco de HPT persistente (46). Requer 
também estrutura para criopreservação, demandando 
cuidados especiais e custo elevado (1,2,5,13).

Independentemente do tipo de cirurgia, a crio-
preservação de tecido é recomendada (13), pois, se 
houver hipoparatireoidismo, fragmentos de parati-
reoide autóloga armazenados poderão ser implantados 
(2,3,14,46). Todavia, um estudo questionou a neces-
sidade da criopreservação por ser procedimento caro e 
que despende muito tempo, com taxa de sucesso tardio 
altamente variável (46). No HC-FMUSP, houve fun-
cionamento do enxerto tardio de paratireoide criopre-
servada armazenada por tempo superior a 18 meses em 
aproximadamente 60% dos casos em um estudo (3) e 
em 40% em outro (56) – de acordo com a literatura, 
que relata sucesso entre 17% e 64% (1,14).

Houve procedimentos mencionados como alterna-
tivas para o tratamento do HPT secundário. Em todos 
foi enfatizada a necessidade de identificação de todas 
as glândulas, escolhendo por critérios macroscópicos, 
conforme experiência do cirurgião, a(s) glândula(s) 
acometida(s) a remover. Essa conduta pode ser consi-
derada no HPT secundário persistente após transplan-
te renal, atribuído a provável adenoma resultante do 
HPT secundário. Em casos selecionados, pode-se ter 
resultados semelhantes à PTx subtotal com a PTx limi-
tada, que consiste em ressecção de apenas uma ou duas 
glândulas paratireoides que se apresentem macroscopi-
camente hiperplásicas (13,38,40). Queda no nível de 
PTH intraoperatório (ioPTH) foi observada em 94% 
dos indivíduos tratados dessa forma, taxa equivalente 
à obtida com a PTx total seguida de autoimplante ou 
subtotal, considerando cura a normocalcemia obtida e 
a melhora dos sintomas clínicos após a cirurgia (13,40). 
Todavia, foi reportado risco de persistência ou recor-
rência 5,2 vezes maior com essa técnica (13,40). Essa 
discordância pode estar associada à indicação cirúrgica 
da PTx limitada (13). Caso apenas uma ou duas glân-
dulas sejam retiradas por não identificação das outras 
e o paciente possua quatro glândulas hiperplásicas, a 
chance de recorrência chega a 100% (13). Logo, essa 
estratégia é ainda muito controversa (13,38).

Foi também relatada como tratamento a isquemia das 
paratireoides. Faz-se ligadura dos vasos que mais prova-
velmente suprem uma glândula não identificada (7).

No caso de suspeita de recidiva no implante em que 
não foi demonstrado gradiente entre os braços, pode-se 
excluir o membro implantado temporariamente da cir-

Tratamento cirúrgico do HPT secundário
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culação por meio de garroteamento. Para diagnóstico, 
ao se realizar a interrupção do retorno venoso de onde 
se enxertou o tecido paratireóideo, espera-se queda do 
nível de PTH se a fonte for do implante. Esse teste é 
denominado Teste de Casanova e existem simplifica-
ções propostas para sua execução (14,57).

Outro assunto bastante discutido nos artigos selecio-
nados foi a utilização de exames complementares pré- 
ou transoperatórios. O ponto mais importante quando 
da utilização de diagnóstico de imagem é a visualização 
de todas as paratireoides, inclusive supranumerárias ou 
ectópicas, sendo a cintilografia com 99mTc-sestamibi o 
exame de maior sensibilidade na localização de glându-
las hiperfuncionantes (11).

A dosagem do ioPTH apareceu como método útil 
de controle para diminuir o risco de recidiva por essa 
causa (5,6,9,13,19,23,48). Um estudo mostrou acurá-
cia de aproximadamente 95% de predição de cura com 
esse método (27). No HC-FMUSP, a cirurgia radio-
guiada não mostrou benefício na rotina, sendo indicada 
apenas em alguns casos de reoperação.

Também foram citadas as cirurgias minimamente 
invasivas (7). Alguns estudos mostraram excelentes re-
sultados (58). Todavia, devem ser vistos com ressalvas, 
pois o método é válido para tratamento de HPT pri-
mário (adenoma) e não do HPT secundário (hiperpla-
sia) que, por definição, é multiglandular. Assim, para 
pacientes com HPT secundário, deve-se intervir com 
exploração cervical bilateral (27).

Os artigos selecionados elencaram alternativas de 
tratamento do HPT secundário por meio de novas 
drogas ou técnicas menos invasivas que o tratamento 
cirúrgico. A primeira delas foi a utilização de calcio-
miméticos, especialmente o cinacalcet (2,16,37,42,45). 
O estudo E.V.O.L.V.E.TM avaliou o cinacalcet quanto a 
eventos cardiovasculares e morte em pacientes dialíticos 
com DRC e HPT secundário (25,26,31). A conclusão 
foi que o cinacalcet não reduz significativamente o risco 
de manifestação de doença entre tais pacientes, apesar 
da melhora de parâmetros bioquímicos (26). Entre-
tanto, alguns critérios podem ter alterado os achados, 
como a não separação dos pacientes por grupo etário 
ou a alta taxa de PTx no grupo controle, o que pode ter 
diminuído o número de eventos nesses pacientes (29). 
Um estudo de custo-efetividade bem conduzido mos-
trou que a operação é mais custo-efetiva no paciente 
que tem condições cirúrgicas e que o cinacalcet é su-
perior ao tratamento clínico com análogos do calcitriol 
em pacientes sem condições cirúrgicas (59).

Outro procedimento não cirúrgico relacionado foi 
a injeção percutânea de etanol ou calcitriol no interior 
das paratireoides (2,3,28), que não apresentou resul-
tados satisfatórios em diversos centros (2,3,18,20,60). 
Estudo realizado no HC-FMUSP não demonstrou re-
dução significativa nos níveis de PTH em 19 portadores 
de HPT secundário que receberam injeção de etanol 
ou calcitriol. Todos foram posteriormente submetidos 
à PTx (2,3).

Um tratamento alternativo não cirúrgico com po-
tencial é a ablação percutânea de tecido hiperplásico 
por radiofrequência guiada por ultrassom, que ainda 
está em fase de estudos experimentais (28).

Variações da técnica de autoenxerto também foram 
relatadas, como a injeção subcutânea de fragmentos de 
paratireoide em membro superior, com funcionalidade de 
87,5% com 16 meses de seguimento pós-operatório (18).

CONCLUSÃO

Há relativa escassez de trabalhos objetivos sobre o tema 
exposto e poucos comparando as diferentes alternativas 
cirúrgicas e com o mesmo padrão de análise – fato que 
limitou a presente pesquisa. Novos estudos e maior de-
senvolvimento da área permitirão conclusões mais defi-
nidas e definitivas.

Quanto à definição do termo “hiperparatireoidismo 
terciário”, não houve consenso. Esse fato interferiu, in-
clusive, na metodologia de busca dos artigos do estudo.

A PTx é um procedimento eficiente no tratamento 
do HPT secundário não responsivo ao tratamento clí-
nico. A PTx total com autoimplante e a PTx subtotal 
são as estratégias mais utilizadas atualmente. Apesar da 
tendência à escolha da primeira, não há consenso sobre 
a melhor técnica. A escolha cabe ao cirurgião, baseada 
em sua experiência e habilidade. Não existem dados in-
questionáveis que permitam estabelecer critérios labo-
ratoriais claros de sucesso da operação até o momento. 
Isso impede a determinação de qual técnica é melhor, 
se é que existe uma diferença real.

A criopreservação de tecido glandular é desejável, 
embora inviável em diversos locais. A criação de bancos 
de criopreservação pode ser uma alternativa interessan-
te. Entretanto, a não disponibilidade de estrutura para 
tal não deve impedir a realização da PTx, pois, mesmo 
no hipoparatireoidismo, há melhora na sobrevida dos 
pacientes submetidos à cirurgia em comparação àqueles 
que não receberam esse tratamento.

Tratamento cirúrgico do HPT secundário
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Tratamentos cirúrgicos alternativos do HPT secun-
dário, como PTx limitada e isquemia das glândulas ou 
do tecido hiperfuncionante, carecem de estudos apro-
fundados para aplicação prática.

Métodos de imagem para localização pré e transope-
ratória de tecido paratireóideo podem ser úteis, embora 
a validade de utilização esteja definida apenas no HPT 
primário. Ainda não foi estabelecido no HPT secundá-
rio se a dosagem de ioPTH pode elevar a eficiência da 
cirurgia e diminuir o tempo de procedimento, especial-
mente na presença de paratireoide supranumerária. No 
HPT secundário, existe dúvida quanto à influência da 
função renal ausente na queda do ioPTH após a ressec-
ção das glândulas doentes.

A efetividade da cirurgia minimamente invasiva é 
controversa no HPT secundário, visto que a doença é 
multiglandular e todas as paratireoides devem ser iden-
tificadas nas operações. Da mesma forma, alternativas 
não cirúrgicas no tratamento do HPT secundário não 
responsivo a tratamento conservador, como injeção 
percutânea de etanol ou calcitriol nas paratireoides, cal-
cimiméticos ou injeção subcutânea de fragmentos de 
paratireoide, carecem de estudos comparativos prospec-
tivos definitivos. Essas alternativas poderão ter indica-
ção excepcional em portadores de doença severa e sem 
condição clínica de se submeter ao tratamento habitual.

Houve avanço no tratamento clínico por meio do 
uso de calcimiméticos. A questão se esse avanço poderá 
evitar reoperação em caso de persistência ou recidiva 
permanece aberta.
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Modifiable factors of vitamin 
D status among a Brazilian 
osteoporotic population attended 
a public outpatient clinic
Fatores modificáveis do status de vitamina D em uma população 
brasileira de osteoporóticos assistidos em um ambulatório público

Marília Brasilio Rodrigues Camargo1, llda Sizue Kunii1, Lilian Fukusima Hayashi1, 
Patrícia Muszkat1, Catherine Gusman Anelli1, Rosângela Villa Marin-Mio1,  
Lígia Araújo Martini2, Natasha França2, Marise Lazaretti-Castro1

ABSTRACT
Objectives: To evaluate the serum 25-hydroxyvitamin D [25(OH)D] concentration in Brazilian oste-
oporotic patients and the modifiable factors of vitamin D status in this population. Subjects and 
methods: In a cross-sectional study, 363 community-dwelling patients who sought specialized 
medical care were evaluated between autumn and spring in São Paulo, Brazil. Serum levels of 
25(OH)D and parathormone (PTH), biochemical and anthropometric measurements, and bone 
density scans were obtained. The group was assessed using two questionnaires: one question-
naire covered lifestyle and dietary habits, skin phototype, sun exposure, medical conditions, and 
levels of vitamin D supplementation (cholecalciferol); the other questionnaire assessed health-
-related quality-of-life. Logistic regression and a decision tree were used to assess the association 
between the variables and the adequacy of vitamin D status. Results: The mean age of the overall 
sample was 67.9 ± 8.6 years, and the mean 25(OH)D concentration was 24.8 ng/mL. The prevalen-
ce of inadequate vitamin D status was high (73.3%), although 81.5% of the subjects were receiving 
cholecalciferol (mean dose of 8,169 IU/week). 25(OH)D was positively correlated with femoral 
neck bone mineral density and negatively correlated with PTH. In the multivariate analysis, the 
dose of cholecalciferol, engagement in physical activity and the month of the year (September) 
were associated with improvement in vitamin D status. Conclusions: In this osteoporotic popu-
lation, vitamin D supplementation of 7,000 IU/week is not enough to reach the desired 25(OH)
D concentration (≥ 30 ng/mL). Engagement in physical activity and the month of the year are 
modifiable factors of the vitamin D status in this population. Arq Bras Endocrinol Metab. 2014;58(5):572-82

Keywords
25-hydroxyvitamin D; cholecalciferol; physical activity; osteoporosis; Brazil

RESUMO
Objetivos: Avaliar a concentração sérica de 25-hidroxivitamina D [25(OH)D] em pacientes osteo-
poróticos brasileiros e os fatores modificáveis do status de vitamina D nesta população. Sujeitos 
e métodos: Em um estudo transversal, 363 pacientes, residentes na comunidade, que procura-
vam atendimento médico especializado, foram avaliados entre o outono e a primavera, em São 
Paulo, Brasil. Níveis séricos de 25(OH)D e paratormônio (PTH), avaliações bioquímicas e antropo-
métricas e exames de densitometria óssea foram obtidos. O grupo foi avaliado por meio de dois 
questionários: um questionário abordou estilo de vida e hábitos alimentares, fototipo de pele, ex-
posição solar, problemas médicos e os níveis de suplementação de vitamina D (colecalciferol); o 
outro questionário avaliou a qualidade de vida relacionada à saúde. Regressão logística e árvore 
de decisão foram utilizadas para avaliar a associação entre as variáveis e a adequação do status 
de vitamina D. Resultados: A idade média da amostra foi de 67,9 ± 8,6 anos e a concentração 
média de 25(OH)D foi de 24,8 ng/mL. A prevalência de um status de vitamina D inadequado foi 
elevada (73,3%), apesar de 81,5% dos indivíduos receberem colecalciferol (dose média de 8.169 
UI/semana). 25(OH)D correlacionou-se positivamente com a densidade mineral óssea do colo de 
fêmur e negativamente com PTH. Nas análises multivariadas, a dose de colecalciferol, a prática 
de exercícios físicos e o mês do ano (setembro) foram associados com a melhora do status de vi-
tamina D. Conclusões: Nesta população osteoporótica, a suplementação de 7.000 UI/semana não 
é suficiente para atingir a concentração desejada de 25(OH)D (≥ 30 ng/mL). A prática de exercícios 
físicos e o mês do ano são fatores modificáveis do status de vitamina D na população estudada. 
Arq Bras Endocrinol Metab. 2014;58(5):572-82
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INTRODUCTION

T he central role of vitamin D in bone health and 
muscle function has long been acknowledged, 

and evidence suggests that adequate vitamin D sta-
tus is essential for the management of osteoporosis 
(1-4). Controversy exists regarding the optimum 
level of serum 25-hydroxyvitamin D [25(OH)D] in 
a healthy population. However, most experts agree 
that a serum 25(OH)D concentration of at least 30 
ng/mL is the endpoint for skeletal health outcomes 
(1,2,5). Inadequate vitamin D status induces secon-
dary hyperparathyroidism, which stimulates bone loss 
and subsequently increases the risk of osteoporosis 
and fractures (6). Exposure to sunlight, which indu-
ces vitamin D synthesis in the skin, is an important 
determinant of vitamin D status, and several studies 
have shown that its production is influenced by a va-
riety of factors, including skin pigmentation, clothing 
style, season and air pollution, among others (7-10). 
Serum 25(OH)D concentration decreases with incre-
asing age and body mass index (BMI) and increases 
with increasing intake of vitamin D and physical acti-
vity (5,8,9). 

In Brazil, a country with a sunny climate, a proper 
amount of 25(OH)D in the population would be ex-
pected. However, a survey among Brazilian adults reve-
aled high prevalence rates of hypovitaminosis D in the 
winter and in the summer (77% and 37%, respectively) 
(5). Similarly, an 86% prevalence rate of inadequate vi-
tamin D status was reported in Brazilian postmenopau-
sal women receiving vitamin D supplementation of 400 
IU/day (11). By contrast, a lower prevalence of hypo-
vitaminosis D was observed in elderly Brazilian practi-
tioners of outdoor physical activities (7% in the summer 
and 19% in the winter) (9).

Because inadequate vitamin D status is a health 
problem worldwide, identifying modifiable factors of 
vitamin D status has clinical relevance (10,12). The 
aims of our study were, firstly, to evaluate the 25(OH)
D concentration and the prevalence of hypovitaminosis 
D in Brazilian osteoporotic patients who were seeking 
specialized medical care. Secondly, we examined the 
clinical and nutritional profile of these patients and po-
tential modifiable factors of vitamin D status, including 
levels of vitamin D supplementation and lifestyle habits. 
Thirdly, we attempted to identify whether vitamin D 
status influences muscle strength and functional ability 
in these patients.

SUBJECTS AND METHODS

This cross-sectional study evaluated 363 community-
-dwelling patients who attended a specialized outpa-
tient clinic of the Federal University of São Paulo. 
Postmenopausal women over the age of 45 (absence 
of menses for a minimum of 2 years) and men older 
than 50 who were undergoing osteoporosis treatment 
for at least 3 months were eligible to participate. Oste-
oporosis was defined as a bone mineral density (BMD)  
T-score at the distal radius, femoral neck, total hip and/
or lumbar spine ≤ -2.5 SD, as well as a BMD T-score 
between -1.0 and -2.5 SD at any of these sites, in addi-
tion to a history of low-trauma, fragility fractures of 
the hip, spine or wrist after the age of 45 (13,14). En-
rollment occurred between late autumn and late spring 
in 2009, 2010 and 2011. All of the subjects formerly 
received or were receiving treatment for osteoporosis 
with any approved osteoporosis medication, including 
calcium and vitamin D supplementation. 

The study protocol was approved by the University 
Research Ethics Committee, and written consent was 
obtained from all of the participants. 

Fasting samples of blood and urine were obtained 
from the patients, and the samples were kept frozen at 
-20°C until the analyses were performed. Height and 
weight were recorded. A trained physician assessed the 
group using a standard questionnaire and a health-rela-
ted quality-of-life questionnaire (the Health Assessment 
Questionnaire Disability Index – HAQ-DI) (15). Bone 
density and body composition were assessed using du-
al-energy X-ray absorptiometry (DXA). Muscle streng-
th tests were performed to measure hand-grip strength, 
hip flexor strength and knee extensor strength. 

Laboratory measurements

Serum total calcium (Ca), phosphorus (P), albumin 
(Alb) and urine calcium (UCa) were measured using 
the colorimetric method; Ca was adjusted for Alb con-
centration (16). Urine creatinine (UCr) and serum cre-
atinine were measured using the kinetic colorimetric 
method. Creatinine clearance (ClCr) was calculated 
using the Cockcroft-Gault equation. The UCa-UCr 
ratio was calculated. Aspartate aminotransferase (AST), 
alanine aminotransferase (ALT) and alkaline phospha-
tase (ALP) were measured using an enzymatic method. 
C-terminal telopeptide of collagen type I (CTX-I) and 
total procollagen type 1 amino-terminal propeptide 
(P1NP) as well as parathormone (PTH) were measu-
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red using commercial kits (chemoluminescence, Roche, 
Elecsys 2010 analyzer, USA). For CTX-I, the intra-assay 
and inter-assay coefficients of variation (CVs) were 4.6% 
and 4.7%, respectively; for PINP, the intra-assay and in-
ter-assay CVs were 1.8% and 2.7%, respectively; and for 
PTH, the intra-assay and inter-assay CVs were 3.0% and 
3.5%, respectively. Total 25(OH)D was evaluated using 
a commercial chemiluminescent immunoassay method 
(DiaSorin, Liaison analyzer, USA) with intra-assay and 
inter-assay CVs of 1.6% and 5.6%, respectively.

Anthropometrics

Weight and height were measured using a digital scale 
and a wall-mounted stadiometer, respectively. BMI was 
calculated and categorized according to the World He-
alth Organization classification (17).

Standard questionnaire

The participants were asked about their age, age of me-
nopause, place of residence, level of education, and the 
following factors (highlighted in italics):

Fractures that occurred after falls after the age of 45 
and in the past 5 years, as well as the fracture sites, were 
recorded.

The subjects were categorized into those who enga-
ged in some form of regular physical exercise (any regu-
lar exercise for a minimum of 30 minutes per time) and 
those who did not. The amount of exercise per week 
was categorized as 1 or 2 times, 3-5 times or ≥ 6 times.

Smoking: the subjects were classified as smokers or 
non-smokers; the non-smoking group comprised peo-
ple who said they had never smoked or had smoked at 
some stage in their lives. 

Medical conditions related to low bone mass and vi-
tamin D inadequacy were recorded.

The use of concurrent medications within the last 3 
months was recorded, including any bone-related the-
rapy, such as bisphosphonates, raloxifene, teriparatide 
and hormone replacement therapy, and medications 
that could potentially affect bone mineral metabolism, 
such as glucocorticoids and anticonvulsants. The use of 
calcium and vitamin D supplements was also recorded.

The participants were categorized according to their 
skin phototype (Fitzpatrick classification). Non-black skin 
types are classified as “I” to “IV”, and black skin types 
are classified as “V” and “VI” (18,19).

Use of sunscreen: the subjects were classified as usual 
users or non-users of sunscreen according to their own 
evaluation.

Sun exposure was measured with the sun index (SI). 
The SI corresponds to the number of hours per week 
spent outside without sun protection multiplied by the 
percentage of the body exposed to sunlight (9% for 
face, 1% for each hand, 9% for each arm and 18% for 
each leg) (13). 

Calcium and vitamin D intake were assessed by 
analyzing the patients’ dietary records. The participants 
were oriented to register their food intake for a period 
of 3 alternate days, including 2 weekdays and 1 weekend 
day. Initially, the intake amounts were measured using ho-
memade measures, and these values were later converted 
into kilograms and into macronutrient and micronutrient 
amounts. The data were analyzed using the Nutrition 
Data System for Research software (version 2007; NDS-R, 
University of Minnesota, Minneapolis, MN, USA). 

HAQ-DI

The HAQ-DI consists of 20 questions that cover ac-
tivities of daily life, such as dressing, rising, eating, 
walking, performing hygiene activities, reaching, grip-
ping, and performing ordinary activities. According to 
the answers, the patients were classified as having mild 
to moderate difficulty, moderate to severe disability or 
severe to very severe disability (15,20).

Muscle strength tests

Blood pressure and the skin condition of the lower limbs 
were verified before beginning the tests, which were 
not performed on patients with high blood pressure 
(systolic ≥ 170 mmHg and/or diastolic ≥ 100 mmHg), 
pain, limb immobilization, varicose veins or paresis or 
on patients who refused. The grip strength of both the 
right and left hands was measured using a hand-grip 
dynamometer (Analogue Dial – A5001, Takei, Japan). 
The maximum isometric strength of the hip flexor and 
knee extensor on the subjects’ dominant limb was tes-
ted using a portable mechanical dynamometer (model 
01163; Manual Lafayette Muscle Test System, USA) as 
described elsewhere (21). 

DXA measurements

The lumbar spine (LS) at L1-L4, total femur (TF), fe-
moral neck (FN) and body composition (total fat and 
lean body mass and total body BMD) were measured 
using DXA (Discovery A, QDR for Windows XP, Ho-
logic, USA). BMD was assessed and analyzed accor-
ding to the recommendations of the Brazilian Society 

Modifiable factors of vitamin D status
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for Clinical Densitometry (14). The whole body DXA 
exams were conducted in accordance with the procedu-
res recommended by the manufacturer (Hologic, Inc., 
Bedford, MA) (22). The CV was 0.8% for the LS and 
the TF and 1.2% for the FN. The variability (CV) for 
total fat and lean body mass and total body BMD from 
Hologic QDR DXA instruments ranges from 1.2-3.2%, 
0.6-2.2% and 1.0-1.8%, respectively (23,24).

Statistical analysis

For all of the statistical analysis, we used the SPSS, ver-
sion 17.0 (USA). The numerical variables were des-
cribed with medians, means and standard deviations 
(SDs), and the categorical variables were described with 
absolute and relative frequencies. The associations be-
tween the categorical variables were verified using the 
chi-square test or Fisher’s exact test, as appropriate. The 
quantitative variables of 2 groups were compared using 
Student’s t-test or the Mann-Whitney test, as appro-
priate. For comparing more than 2 groups, the Kruskal-
-Wallis nonparametric test was used. After the differences 
between the groups were detected, subsequent Mann-
-Whitney tests were conducted to locate the differen-
ces; the Bonferroni correction was applied to maintain 
the level of global significance. Subsequently, we used 
Pearson’s linear correlation to establish the association 
between 25(OH)D and the quantitative variables. The 
partial correlation was used to assess the associations be-
tween 25(OH)D and the FN T-score, the FN BMD and 
the total body BMD after controlling for the physical 
activity variable. Odds ratios (OR, with 95% CI) were 
determined using binary logistic regression (backward 
method). A decision tree was also produced as a form of 
multivariate analysis: the algorithm employed was Chi-
-square Automatic Interaction Detection.

There were no significant differences between the se-
xes in 25(OH)D concentration, age, BMI, lifestyle and 
dietary habits, skin phototype or sun exposure. Thus, 
both sexes were considered together in the analyses of 
the associations between 25(OH)D and the quantitati-
ve variables as well as in the multivariate analyses.

For all of the statistical tests, the results were consi-
dered significant when p < 0.05.

RESULTS

Figure 1 shows the prevalence of inadequate vitamin 
D status according to various cut-off points for the 
25(OH)D concentration.

The sample comprised primarily of women (n = 
343; 94.5%). The metropolitan area of São Paulo (n 
= 353; 97.2%) was the main place of residence repor-
ted. Overall, 13.5% of the participants (n = 49) met 
the criteria for obesity (BMI ≥ 30 kg/m2). The mean 
age of menopause was 45.9 ± 6.1 years, and the mean 
time between menopause and the study was 21.8 years 
(range 2.0 – 48.0 years). 

The food records were completed by 45% of the 
participants (154 women and 9 men). Excluding su-
pplemental intake, the average daily calcium consump-
tion was 808 ± 362 mg, and the average daily vitamin 
D intake was 173 ± 92 IU. The median intake of die-
tary calcium was 751 mg/day in women and 595 mg/
day in men, and the median intake of dietary vitamin D 
was 155 IU/day in women and 112 IU/day in men. 
There was no significant difference between the gen-
ders in the energy consumed (kcal/day) or in the daily 
consumption of calcium or vitamin D (Mann-Whitney, 
p = 0.320, p = 0.561, and p = 0.495, respectively).

Table 1 shows the summary measures of age, BMI, 
laboratory evaluations, supplemental dose of calcium/
vitamin D and DXA results of the study population as a 
whole and according to gender. 

In table 2, the characteristics of the population are 
shown. 

Seventy-four patients (20.4%) reported experien-
cing one or more clinical fractures of the wrist, hip 
and/or spine after the age of 45. Fifty-seven patients 
(15.7%) reported one (n = 45) or more fractures (n = 
12) related to a fall within the past 5 years. The most 
common fracture site related to a fall was the wrist (n = 
18), followed by the foot (n = 9), the hip (n = 7) and 
the ankle (n = 5). 
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Figure 1. Vitamin D status: distribution of the population, according to the 
cut-off points for serum 25(OH)D levels.

Modifiable factors of vitamin D status



Co
py

rig
ht

©
 A

BE
&

M
 to

do
s o

s d
ire

ito
s r

es
er

va
do

s.

576 Arq Bras Endocrinol Metab. 2014;58/5

Table 1. Clinical and laboratory parameters of the study population 

Variable
Whole group Female Male

Comparison
Between 

Sexes

n Median Minimum Maximum n Median Minimum Maximum n Median Minimum Maximum p value

Age, years 363 68.0 47.0 87.0 343 68.0 47.0 87.0 20 68.0 54.0 84.0 0.922*

BMI, kg/m2 363 25.6 16.6 42.8 343 25.6 16.6 42.8 20 26.8 19.3 36.4 0.208

25(OH)D, ng/mL
(1)

363 23.1 6.4 94.6 343 23.0 6.4 94.6 20 25.9 10.9 46.7 0.486

PTH, pg/mL
(2)

363 52.4 12.4 176.8 343 52.2 12.4 176.8 20 52.8 28.7 133.0 0.588

PINP, ng/mL
(3)

363 22.5 5.0 180.4 343 22.5 5.0 180.4 20 15.3 6.5 171.9 0.234

CTX-I, ng/mL
(4)

363 0.147 0.010 1.270 343 0.148 0.010 1.270 20 0.113 0.010 0.583 0.354

Alb, g/dL
(5)

363 4.3 3.1 5.0 343 4.3 3.1 5.0 20 4.3 3.6 4.8 0.270

ClCr, mL/min
(6)

363 66 26 153 343 66.0 26 153 20 67.0 46.0 121.0 0.526

Ca, mg/dL
(7)

363 9.3 8.0 10.7 343 9.3 8.0 10.7 20 9.1 8.6 10.3 0.425

P, mg/dL
(8)

363 3.5 1.9 4.8 343 3.5 2.0 4.8 20 3.2 1.9 3.8 < 0.001

AST, U/L
(9)

363 20.0 11 55 343 20.0 11.0 55.0 20 21.0 15.0 31.0 0.652

ALT, U/L
(10)

363 13.0 4 54 343 13.0 4 54 20 16.0 8.0 46.0 0.041

ALP, U/L
(11)

363 62.0 19 420 343 62.0 19 420 20 54.3 32.0 84.0 0.092

UCa/UCr
(12)

362 0.079 0.002 0.481 342 0.079 0.003 0.481 20 0.068 0.002 0.194 0.551

Cholecalciferol, IU/week 296 7,000 400 83,333 281 7,000 400 83,333 15 7,000 5,000 21,000 1.000

Calcium suppl., mg/day 202 500 178 1500 189 500 178 1500 13 500 500 1000 0.261

T-score LS 344 -2.8 -6.1 1.2 325 -2.8 -6.1 0.6 19 -2.4 -5.7 1,2 0.237

T-score FN 347 -1.8 -4.0 1.2 329 -1.8 -4.0 1.2 18 -2.0 -3.0 -0.8 0.937

T-score TH 347 -1.6 -4.9 0.7 329 -1.6 -4.9 0.7 18 -1.5 -2.7 -0.2 0.565

Total body BMD, g/cm2 332 0.933 0.691 1.352 314 0.928 0.691 1.352 18 1.024 0.891 1.227 < 0.001

Fat mass, % 332 35.4 15.8 49.0 314 35.7 15.8 49.0 18 25.0 17.8 33.7 < 0.001

Lean mass, g 332 37,010 24,441 67,018 314 36,402 24,441 47,929 18 49,733 39,083 67,018 < 0.001

The nonparametric Mann-Whitney test was used to compare data between the groups, except for the comparison of age (*Student’s t-test).
Reference values: (1) 30-100 ng/mL; (2) 15-65 pg/mL; (3) female median 37.09 ng/mL (5-95thpercentile, 16.27-73.87 ng/mL); (4) female, post menopause, 0.556 ± 0.226 ng/mL; male, 50-70 
yr, 0.304 ± 0.200 ng/mL; male > 70 yr, 0.394 ± 0,230 ng/mL (5) 3.2-5.6 g/dL; (6) ≥ 60 mL/min; (7) 8.5-10.5 mg/dL; (8) 2.5-4.5 mg/dL; (9) up to 32 U/L; (10) up to 31 U/L; (11) 50-250 U/L; (12) 
< 0.210.

Diabetes and hypertension were reported by 
16.8% and 57.3% of participants, respectively. Thirty-
-nine participants (10.7%) had chronic lung diseases 
such as asthma and chronic obstructive pulmonary di-
sease. Fifty participants (13.8%) reported at least one 
medical condition known to affect the adequacy of vi-
tamin D status, such as chronic liver disease (n = 10), 
intestinal malabsorption (n = 7), gastric surgery (n = 
3), the use of anticonvulsants (n = 4), the use of glu-
cocorticoids (n = 18), primary hyperparathyroidism 
(n = 6), or more than 2 of these medical conditions 
(n = 2).

The majority of the participants (81.5%) were re-
ceiving vitamin D supplementation (cholecalciferol) 
as well as bisphosphonate treatment (75.5%). Twenty-
-six participants (7.2%) were receiving treatment with 
raloxifene or hormone replacement therapy, and 3 
participants (0.8%) were receiving treatment with te-

riparatide. In the overall sample (n = 363), the mean 
cholecalciferol dose was 8,169 IU/week. Considering 
only the participants using cholecalciferol (n = 296), 
the mean dose varied according to vitamin D status: 
for a 25(OH)D concentration < 20.0 ng/mL (n = 94), 
the mean dose was 8,723 ± 4,586 IU/week; and for 
a 25(OH)D concentration from 20.0 to 29.9 ng/mL  
(n = 112), the mean dose was 8,560 ± 3,830 IU/
week. The cholecalciferol dose was significantly higher 
only for the patients with 25(OH)D ≥ 30.0 ng/mL 
(n = 90), namely, 13,185 ± 12,618IU/week (Kruskal-
-Wallis, p < 0.001). There was no relationship between 
vitamin D status and the presence or absence of diseases 
such as diabetes (c2 = 1.49, p = 0.475), hypertension 
(c2 = 0.35, p = 0.840) and chronic lung disease (c2 = 
1.67, p = 0.435).

The mean 25(OH)D concentrations did not differ 
among the groups according to sex, age (< 60 years 

Modifiable factors of vitamin D status
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Table 2. General characteristics of the study population

Characteristics
Whole Group

n %

Highest level of education 363 100.0

Illiteracy/reading and writing 44 12.1

Up to elementary school 239 65.8

Up to high school 55 15.2

Up to university 25 6.9

Sunscreen use 363 100.0

Yes 130 35.8

No 233 64.2

Skin phototype 363 100.0

Type I 7 1.9

Type II 79 21.8

Type III 174 47.9

Type IV 87 24.0

Type V and VI 16 4.4

BMI (kg/m2) 363 100.0

< 18.5 9 2.5

18.5-24.9 156 43.0

25.0-29.9 149 41.0

≥ 30.0 49 13.5

HAQ-DI 362 100.0

Mild to moderate difficulty 283 78.2

Moderate to severe disability 67 18.5

Severe to very severe disability 12 3.3

Sun exposure index (#) 363 100.0

≤ 2.03 285 78.5

> 2.03 78 21.5

# SI of 2.03, for example, corresponds to having one’s face, arms and hands exposed to the 
sun without protection for 7h a week.

old, 61-70 years old and > 70 years old), BMI, skin 
phototype, HAQ-DI score, SI (≤ 2.03 and > 2.03), use 
of sunscreen (yes/no), history of medical conditions known 
to affect the adequacy of vitamin D status (yes/no) 
and history of fractures (yes/no). The serum 25(OH)
D concentration was also compared across SI quarti-
les, and no difference was observed (Kruskal-Wallis, 
p = 0.916). Table 3 shows the factors associated with 
higher 25(OH)D concentrations: engagement in phy-
sical activity, vitamin D supplementation, not-smoking, 
and a PTH concentration in the normal range. As ex-
pected, the participants who had their blood drawn in 
August had lower 25(OH)D concentrations compared 
with the June and September groups.

The serum 25(OH)D concentration had weak but 
significant correlations with the cholecalciferol dose 
(r = 0.272, p < 0.001), the FN T-score (r = 0.141, p 
= 0.009), FN BMD (r = 0.138, p = 0.010) and total 
body BMD (r = 0.141, p = 0.010) and a negative cor-
relation with PTH (r = -0.138, p = 0.009). Even after 
controlling for physical activity, serum 25(OH)D still 
maintained positive correlations with the FN T-score (r 
= 0.148, p = 0.007), FN BMD (r = 0.145, p = 0.008) 
and total body BMD (r = 0.145, p = 0.008). The cor-
relations between 25(OH)D and the muscle strength 
tests were not statistically significant.

In the multivariate analysis, we assessed the effects 
of various factors on the adequacy of the 25(OH)D 
concentration (≥ 30 ng/mL) by using logistic regres-
sion. The response variable was the adequacy of vi-
tamin D status. The explanatory variables we tested 
were age, ClCr, BMI, skin phototype, SI, fat mass, the 
cholecalciferol dose, the month of the blood draw and 
physical activity. Only the cholecalciferol dose, phy-
sical exercise and the month of the blood draw were 
significantly associated with the adequacy of vitamin 
D status. According to the final model, those who en-
gaged in physical activity were 2.12 times more likely 
to have a serum 25(OH)D concentration ≥ 30 ng/
mL compared with those who did not; those who had 
their blood drawn in September were 2.52 times more 
likely to have a serum 25(OH)D concentration ≥ 30 
ng/mL than those who did not. Furthermore, the fi-
nal model showed that the chance of having adequa-
te vitamin D status increased by 12% for each 1,000 
IU/week increase in the dosage of cholecalciferol. To 
better understand the relationship between the abo-
ve mentioned explanatory variables and the concen-
tration of 25(OH)D, we used the decision tree method 
(Figure 2). We could confirm the association between 
the cholecalciferol dose and physical activity and hi-
gher 25(OH)D concentrations. The patients who 
were taking a cholecalciferol dose ≤ 6,986 IU/week 
had a mean 25(OH)D concentration of 20.2 ng/mL. 
Physical activity was associated with improvement 
when the patient had a suboptimal 25(OH)D mean 
value (Node 2, Figure 2). Node 3 (Figure 2) indicated 
that 29 patients were taking a cholecalciferol dose > 
14,000 IU/week; in this group, the mean 25(OH)
D concentration was 32.7 ng/mL. The participants 
who did not engage in physical activity did not differ 
significantly from those who were physically active in 
terms of age, sex, BMI, functional abilities, comorbid 
conditions or treatment.

Modifiable factors of vitamin D status
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Cholecalciferol IU/week

Adj. P-value = 0.000, F = 16.543,

df1 = 2, df2 = 360

Table 3. Factors related to higher levels of 25(OH)D in the study population

Variable Test
25(OH)D

p Mean ± SD n

Physical activity Student’s t 0.033 24.8 ± 11.3 363

Yes t = 2.15 (B)26.3 ± 10.1 155

No (A)23.7 ± 11.9 208

Frequency of physical activity Kruskal-Wallis 0.007 24.8 ± 11.3 363

No (A)23.7 ± 11.9 208

1-2 times (B)27.9 ± 10.4 62

3-5 times 25.3 ± 9.7 66

More than 6 times 25.0 ± 10.3 27

Vitamin D supplementation Student’s t < 0.001 24.8 ± 11.3 363

Yes t = 3.88 (B)25.9 ± 11.2 296

No (A)20.1 ± 10.5 67

Smoking Student’s t 0.042 24.8 ± 11.3 363

Yes t = 2.04 (A)21.4 ± 7.9 40

No (B)25.2 ± 11.6 323

Month of the blood draw Kruskal-Wallis 0.026 24.8 ± 11.3 363

June (B)27.0 ± 12.6 78

July 24.2 ± 11.1 61

August (A)22.8 ± 9.4 140

September (B)28.3 ± 12.7 49

October/November/December 24.4 ± 11.9 35

PTH Student’s t #0.022 24.8 ± 11.3 363

< 15 pg/mL t = 2.31 32.4 ± - 1

15-65 pg/mL (B)25.6 ± 11.3 263

> 65 pg/mL (A)22.6 ± 10.9 99

(A) and (B) means are different at the 5% level of significance. # Comparison between the groups “PTH 15-65” and “PTH > 65”.

Node 0

Mean 24.808 (SD ± 11.27)

n = 363 (100%)

Node 1

Mean 20.207 (SD ± 9.544)

n = 91 (25.1%)

Node 4

Mean 27.541 (SD ± 10.391)

n = 110 (30.3%)

Node 5

Mean 23.982 (SD ± 10.057)

n = 133 (36.6%)

Node 2

Mean 25.593 (SD ± 10.342)

n = 243 (66.9%)

Node 3

Mean 32.672 (SD ± 16.935)

n = 29 (8.0%)

25(OH)D ng/mL

≤ 6986 IU

Yes No

6986, 14000 IU > 14000 IU

Physical activity

Adj. P-value = 0.007, F = 7.316,

df1 = 1, df2 = 241

Figure 2. Decision tree: modifiable factors of vitamin D status in the study population.
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DISCUSSION

Our research covered osteoporotic patients who were 
seeking secondary care in a public health-care setting. 
The participants had characteristics similar to the ge-
neral population of the São Paulo metropolitan area 
(SPMA) (25-29). The SPMA is located at 23°S and 
46°W in southeastern Brazil with a population over 
19 million; 11.3% of the people are over 60 (30). The 
region has approximately 2,000 industries with high 
pollution potential and a fleet of more than 8.4 million 
vehicles (30). A low level of 25(OH)D is highly pre-
valent in the Brazilian population in various regions of 
the country (31,32), even in areas closer to the equa-
tor (33). However, the high prevalence of inadequate 
vitamin D status in our sample – 36% had vitamin D 
status < 20 ng/mL, and 73% had vitamin D status < 
30 ng/mL – was unexpected, considering that 81.5% 
of the subjects were receiving supplemental vitamin D 
(the mean cholecalciferol dose was 8,169 IU/week). 
“The Brazilian Osteoporosis Study” (BRAZOS) reve-
aled low dietary intake of vitamin D (80 IU/day) and 
calcium (~400 mg/day) in southeastern Brazil (34). 
Although their intake was still inadequate (34,35), our 
population showed a higher dietary intake of vitamin 
D (~170 IU/day) and calcium (~800 mg/day). It is 
possible to credit this difference to the fact that our 
population is composed of osteoporotic patients who 
most likely received nutritional guidance to consume 
these nutrients.

In our public outpatient clinic, 25(OH)D blood test 
is not routinely available, and the prescription of chole-
calciferol may vary based on the clinical assessment of the 
patient. However, most commonly, we adopt standardi-
zed weekly doses of 7,000 IU or 14,000 IU (1,35). It 
is important to remember that the mean cholecalciferol 
dose was 13,185 IU/week for the participants who re-
ceived vitamin D supplementation and had adequate vi-
tamin D status. The decision tree showed that the 29 pa-
tients who were receiving a cholecalciferol dose > 14,000 
IU/week achieved a mean 25(OH)D concentration > 
30 ng/mL, which is considered a desirable 25(OH)D 
concentration in terms of PTH levels and health outco-
mes by most experts (8,36). These findings corroborate 
the observations of other authors (11,35,37-39) and in-
dicate that even in a sunny country such as Brazil, higher 
supplemental vitamin D doses may be necessary to gua-
rantee adequate vitamin D status (11).

As shown by others (6,32,33,38), the 25(OH)D con-
centration was positively correlated with BMD and nega-
tively correlated with PTH in our research. This positive 
effect on BMD (FN) could be a consequence of a decre-
ase in the PTH concentrations of the patients with higher 
levels of 25(OH)D (6). Because secondary hyperpara-
thyroidism stimulates bone loss and increases the risk of 
fractures (6), these observations may be clinically relevant, 
particularly for patients in treatment for osteoporosis. 

The majority of subjects were evaluated during the 
winter, which might have contributed to the lack of a 
relationship between the 25(OH)D concentration and 
the sun exposure index, which has also been observed 
by other authors (40). We can also speculate that the 
lack of a relationship between sun exposure index and 
25(OH)D may be explained by the fact that our popu-
lation, which has relative homogeneity, lives in a region 
where air quality exceeds the standards for several days 
out of the year, and air pollution can adversely affect 
vitamin D production in the skin (5,30,41). 

We found that higher 25(OH)D concentrations 
were associated with various parameters, including not-
-smoking, physical activity, the month of the blood 
draw and the use of cholecalciferol. However, in the 
multivariate analysis, only the supplemental dose of vi-
tamin D, physical activity and the month of the blood 
draw remained associated with higher 25(OH)D con-
centrations. Other authors have also observed lower 
25(OH)D concentrations in smokers (10,42). Althou-
gh a negative correlation between the 25(OH)D con-
centration and obesity has been observed by various 
authors (5,8,43), this result was not produced in our 
study and others (44). The majority of the participants 
had BMI between 18.5 and 29.9 kg/m2 (median 25.6 
kg/m2), whereas only 13.5% had BMI ≥ 30 kg/m2. In 
our study, this relative homogeneity of the population 
and the small number of participants with extreme weight 
values (BMI < 18.5 kg/m2 and ≥ 30 kg/m2) might 
have contributed to the lack of a relationship between 
the 25(OH)D concentration and obesity (44). 

The engagement in physical activity increased the 
odds of having adequate vitamin D status 2.12 times. 
This association does not necessarily indicate causality, 
but physical activity has been associated with higher le-
vels of 25(OH)D in various studies (9,10,45,46). One 
could bear in mind that higher levels of serum 25(OH)
D may promote a sense of well-being and increase one’s 
willingness to engage in physical activity. On the other 
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hand, people who exercise tend to be outside more fre-
quently and are more active, which leads to greater sun 
exposure. Interestingly, in our study, no relationship be-
tween sun exposure index and 25(OH)D was observed. 
We certainly do not intend to question the importance of 
sun exposure in the production of vitamin D, given that 
our results showed that the season had an influence on 
serum 25(OH)D concentration. As expected, the serum 
25(OH)D concentrations were lower in August (the end 
of winter), and the patients’ blood tests in September 
(the beginning of spring) were more likely to show an 
adequate serum 25(OH)D concentration (OR = 2.52). 
However, our results indicated that physical activity was 
a factor associated with improved vitamin D status even 
after controlling for the month of the blood draw (in the 
logistic regression analysis). Thus, we could hypothesi-
ze that exercise independently modifies 25(OH)D levels 
(46). Cholecalciferol is fat-soluble and stored in body fat 
depots. As physical activity promotes weight loss, the sto-
red cholecalciferol may be released, which leads to an in-
creased 25(OH)D concentration (44). Exercise increases 
energy expenditure and activates thermogenic function 
in adipose tissues. Recently, in animal studies, irisin was 
described; this hormone, which is secreted by muscle, 
has powerful effects on the browning of white adipose 
tissues and activates thermogenic function in adipose 
tissue (47). Perhaps these effects promote a decrease in 
the uptake of vitamin D by adipose tissue (reducing adi-
pose stores), enhancing the circulating vitamin D levels. 
Another hypothesis is that an increase in serum 25(OH)
D may be linked with increased muscle usage and the 
release of 25(OH)D from the muscle tissue itself. More 
recently, in animal studies, it was shown that after up-
take into mature muscle cells, 25(OH)D is held there 
by vitamin D binding protein. This sequestration by the 
skeletal muscle could protect 25(OH)D from hepatic de-
gradation and thus could provide a functional store to 
maintain vitamin D status (48). However, more data are 
needed to clarify these complex relationships.

CONCLUSIONS

In this osteoporotic population, the prevalence of ina-
dequate vitamin D status was high (73.3%). We found 
that vitamin D supplementation of 7,000 IU/week 
was not enough to reach the desired 25(OH)D con-
centration (≥ 30 ng/mL), and our findings suggest 
that doses ≥ 14,000 IU/week seem optimal. These 

findings reinforce the need for laboratory assessments 
of 25(OH)D concentration, even in sunny countries 
such as Brazil, at least for higher-risk patients such 
as osteoporotic patients. Lower serum 25(OH)D 
concentrations were found at the end of the winter 
(August), and engaging in physical exercise could be 
a factor in improving vitamin D status. These obser-
vations may be useful for planning public health stra-
tegies for improving vitamin D status in the general 
population.

Acknowledgments: this research was sponsored by the São Paulo 
Research Foundation (Fapesp); Grant 08/55567-7. Marília Bra-
silio Rodrigues Camargo received a scholarship from the National 
Council for Scientific and Technological Development (CNPq). 
Roche Diagnostics of Brazil kindly provided PTH, CTX-I and 
PINP assay kits.

Disclosure: no potential conflict of interest relevant to this article 
was reported.

REFERENCES
1.  Bishoff-Ferrari HA. How to select the doses of vitamin D in the 

management of osteoporosis. Osteoporos Int. 2007;18:401-7.

2.  Holick MF, Chen TC. Vitamin D deficiency: a worldwide problem with 
health consequences. Am J Clin Nutr. 2008;87(suppl):1080S-6S.

3.  Holick MF. The vitamin D epidemic and its health consequences. J 
Nutr. 2005;135:2739S-48S. 

4.  Bischoff-Ferrari H, Willet WC, Wong JB, Stuck AE, Staehelin HB, 
Orav EJ, et al. Prevention of nonvertebral fractures with oral vita-
min D and dose dependency. Arch Intern Med. 2009;169(6):551-61.

5.  Unger MD, Cuppari L, Titan SM, Magalhães MCT, Sassaki AL, Reis 
LM, et al. Vitamin D status in a sunny country: where has the sun 
gone? Clin Nutr. 2010;29(6):784-8.

6.  Lips P. Vitamin D deficiency and secondary hyperparathyroid-
ism in the elderly: consequences for bone loss and fractures and 
therapeutic implications. Endocr Rev. 2001;22(4):477-501.

7.  Rizzoli R, Eisman JA, Norquist J, Ljunggren O, Krishnarajah G, 
Lim SK, et al. Risk factors for vitamin D inadequacy among wom-
en with osteoporosis: an international epidemiological study. Int 
J Clin Pract. 2006;60(8):1013-19.

8.  Holick MF, Siris ES, Binkley N, Beard MK, Khan A, Katzer JT, et 
al. Prevalence of vitamin D inadequacy among postmenopausal 
North American receiving osteoporosis therapy. J Clin Endocri-
nol Metab. 2005;90(6):3215-24.

9.  Maeda SS, Kunii IS, Hayashi LF, Lazaretti-Castro M. Increases in 
summer serum 25-hydroxyvitamin D (25(OH)D) concentrations in 
elderly subjects in São Paulo, Brazil vary with age, gender and 
ethnicity. BMC Endocr Disord. 2010;10:12.

10.  Nanri A, Foo LH, Nakamura K, Hori A, Poudel-Tandukar K, Mat-
sushita Y, et al. Serum 25-hydroxyvitamin D concentrations and 
season-specific correlates in Japanese adults. J Epidemiol. 
2011;21(5):346-53.

11.  Pignotti GAP, Genaro PS, Pinheiro MM, Szejnfeld VL, Martini LA. 
Is a lower dose of vitamin D supplementation enough to increase 
25(OH)D status in a sunny country? Eur J Nutr. 2010;49:277-83.

Modifiable factors of vitamin D status



Co
py

rig
ht

©
 A

BE
&

M
 to

do
s o

s d
ire

ito
s r

es
er

va
do

s.

581Arq Bras Endocrinol Metab. 2014;58/5

12.  Mithal A, Wahl DA, Bonjour JP, Burckhardt P, Dawson-Hughes B, 
Eisman JA, et al.; IOF Committee of Scientific Advisors (CSA) Nu-
trition Working Group. Global vitamin D status and determinants 
of hypovitaminosis D. Osteoporos Int. 2009;20(11):1807-20.

13.  Lips P, Hosking D, Lippuner K, Norquist JM, Wehren L, Maalouf G, 
et al. The prevalence of vitamin D inadequacy amongst women 
with osteoporosis: an international epidemiological investiga-
tion. J Int Med. 2006;260(3):245-54.

14.  Brandão CMA, Camargos BM, Zerbini CA, Papler PG, Mendonça 
LMC, Albergaria B-H, et al. 2008 Offical positions of the Brazilian 
Society of Clinical Densitometry – SBDens. Arq Bras Endocrinol 
Metab. 2009;53(1):107-12.

15.  Ferraz MB, Oliveira LM, Araújo PM, Atra E, Tugwell P. Crosscul-
tural reliability of the physical ability dimension of health assess-
ment questionnaire. J Rheumatol. 1990;17(6):813-17.

16.  Portale AA. Blood calcium, phosphorus, and magnesium. In: Fa-
vus MJ (ed). Primer on the metabolic bone diseases and disor-
ders of mineral metabolism. 4th ed. Philadelphia: Lippincott Wil-
liams & Wilkins; 1999. p. 115-8.

17.  World Health Organization (2000) Obesity: preventing and manag-
ing the global epidemic. Available at: http://www.who.int/nutrition/
publications/obesity/WHO_TRS_894/en/. Accessed on: Oct 10, 2012.

18.  Fitzpatrick TB. The validity and practicality of sun-reactive skin 
types I through VI. Arch Dermatol. 1988;124(6):869-71.

19.  Saraiva GL, Cendoroglo MS, Ramos LR, Araújo LMQ, Vieira JGH, 
Kunii I, et al. Influence of ultraviolet radiation on the production 
of 25 hydroxyvitamin D in the elderly population in the city of São 
Paulo (23° 34’S), Brazil. Osteoporos Int. 2005;16:1649-54.

20.  Bruce B, Fries JF. The Stanford Health Assessment Questionnaire: 
dimensions and practical applications. Health Qual Life Out-
comes. 2003;1(1):20.

21.  Moreira-Pfrimer LDF, Pedrosa MAC, Teixeira L, Lazaretti-Casto M. 
Treatment of vitamin D deficiency increases lower limb muscle 
strength in institutionalized older people independently of regu-
lar physical activity: a randomized double-blind controlled Trial. 
Ann Nutr Metab. 2009;54:291-300.

22.  CDC/NCHS (2006) National Health and Nutrition Examination 
Survey: body composition procedures manual. Available at: 
http://www.cdc.gov.nchs/data/nhanes_05_06/BC.pdf. Accessed 
on: Aug 31, 2012.

23.  Hangartner TN, Warner S, Braillon P, Jankowski L, Shepherd J. The 
official positions of the international society for clinical densitom-
etry: acquisition of dual-energy X-ray absorptiometry body com-
position and considerations regarding analysis and repeatability 
of measures. J Clin Densitom. 2013;16(4):520-36.

24. Tothill P. Dual-energy X-ray absorptiometry measurements of to-
tal-body bone mineral during weight change. J Clin Densitom. 
2005;8(1):31-8.

25. Instituto Brasileiro de Geografia e Estatística (2010). Síntese de 
indicadores sociais. Uma análise das condições de vida da popu-
lação brasileira. Available at: http://ibge.gov.br/home/estatísticas/
população/condicaodevida/ indicadoresminimos/sinteseindicso-
ciais2010/SIS_2010.pdf. Accessed on: Oct 10, 2012.

26.  Instituto Brasileiro de Geografia e Estatística (2010). Antropome-
tria e estado nutricional de crianças, adolescentes e adultos no 
Brasil. Available at: http://ibge.gov.br/home/estatísticas/popula-
ção/condicaodevida/pof/ 2008_2009_encaa/pof_20082009_encaa.
pdf. Accessed on: Oct 10, 2012. 

27.  Schmidt MI, Duncan BB, Azevedo e Silva G, Menezes AM, Mon-
teiro CA, Barreto SM, et al. Chronic non-communicable diseases 
in Brazil: burden and current challenges. Lancet. 2011; 377:1949-61.

28.  Paim J, Travassos C, Almeida C, Bahia L, Macinko J. The Brazil-
ian health system: history, advances and challenges. Lancet. 
2011;377:1778-97.

29.  Schmidt MI, Duncan BB, Hoffmann JF, Moura L, Malta DC, Car-
valho RMS. Prevalence of diabetes and hypertension based on 
self-reported morbidity survey, Brazil, 2006. Rev Saude Publica. 
2009;43 Suppl 2:74-82

30.  Orlando JP, Alvim DS, Yamazaki A, Correa SM, Gatti LV. Ozone 
precursors for the São Paulo metropolitan area. Sci Total Environ. 
2010;408(7):1612-20.

31.  Saraiva GL, Cendoroglo MS, Ramos LR, Araújo LMQ, Vieira JGH, 
Maeda SS, et al. Prevalence of vitamin D deficiency, insufficiency 
and secondary hyperparathyroidism in the elderly inpatients and 
living in the community of the city of São Paulo, Brazil. Arq Bras 
Endocrinol Metab. 2007;51(3):437-42.

32.  Scalco R, Preamor MO, Fröehlich, Furlanetto TW. High prevalence of 
hypovitaminosis and secondary hyperparathyroidism in elders li-
ving in nonprofit homes in South Brazil. Endocrine. 2008;33:95-100.

33.  Bandeira F, Griz L, Freese E, Lima DC, Thé AC, Diniz ET, et al. Vita-
min D deficiency and its relationship with bone mineral density 
among postmenopausal women living in the tropics. Arq Bras 
Endocrinol Metab. 2010;54(2):227-32.

34.  Pinheiro MM, Schuch NJ, Genaro PS, Ciconelli RM, Ferraz MB, 
Martini LA. Nutrient intakes related to osteoporotic fractures in 
men and women – The Brazilian Osteoporosis Study (BRAZOS). 
Nutr J. 2009;8:6. 

35.  Heaney RP. The vitamin D requirement in health and disease. J 
Steroid Biochem Mol Biol. 2005;97(1-2):13-9.

36.  Maeda SS, Saraiva GL, Kunii IS, Hayashi LF, Cendoroglo MS, Ra-
mos LR, et al. Factors affecting vitamin D status in different popu-
lations in the city of São Paulo, Brazil: the São PAulo vitamin D 
Evaluation Study (SPADES). BMC Endocr Disord. 2013;13:14.

37.  Heaney RP, Davies KM, Chen TC, Holick MF, Barger-Lux MJ. Hu-
man serum 25-hydroxycholecalciferol response to extended oral 
dosing with cholecalciferol. Am J Clin Nutr. 2003;77:204-10.

38.  Fuleihan GE-H, Nabulsi M, Tamin H, Maalouf J, Salamoun M, 
Khalife H, et al. Effect of vitamin D replacement on musculoskel-
etal parameters in school children: a randomized controlled trial. 
J Clin Endocrinol Metab. 2006;91(2):405-12.

39.  Holick MF, Biancuzzo RM, Chen TC, Klein EK, Young A, Bibuld D, et 
al. Vitamin D2 is as effective as Vitamin D3 in maintaining circu-
lating concentrations of 25-hydroxyvitamin D. J Clin Endocrinol 
Metab. 2008;93(3):677-81.

40.  Hanwell HEC, Vieth R, Cole DEC, Scillitani, Modoni S, Frusciante 
V, et al. Sun exposure questionnaire predicts circulating 25-hy-
droxyvitamin D concentrations in Caucasian hospital workers in 
southern Italy. J Steroid Biochem Mol Biol. 2010;121:334-7.

41.  Manicourt D-H, Devogelaer J-P. Urban tropospheric ozone in-
creases the prevalence of vitamin D deficiency among Belgian 
postmenopausal women with outdoor activities during summer. 
J Clin Endocrinol Metab. 2008;93(10):3893-9.

42.  Brot C, Jorgensen NR, Sorensen OH. The influence of smoking 
on vitamin D status and calcium metabolism. Eur J Clin Nutr. 
1999;53(12):920-6.

43.  Mason C, Xiao L, Imayama I, Duggan CR, Bain C, Foster-Schubert 
KE, et al. Effects of weight loss on serum vitamin D in postmeno-
pausal women. Am J Clin Nutr. 2011;94:95-103.

44.  Canto-Costa MHS, Kunii I, Hauache OM. Body fat and cholecalcif-
erol supplementation in elderly homebound individuals. Braz J 
Med Biol Res. 2006;39(1):91-8.

45.  Scragg R, Camargo CAJ. Frequency of leisure-time physical activ-
ity and serum 25-hydroxyvitamin D levels in the US population: 
results from the Third National Health and Nutrition Examination 
Survey. Am J Epidemiol. 2008;168:577-86.

46.  Brock K, Huang W-H, Fraser DR, Ke L, Tseng M, Stolzenberg-Sol-
omon R, et al. Low vitamin D status is associated with physical 

Modifiable factors of vitamin D status



Co
py

rig
ht

©
 A

BE
&

M
 to

do
s o

s d
ire

ito
s r

es
er

va
do

s.

582 Arq Bras Endocrinol Metab. 2014;58/5

Modifiable factors of vitamin D status

inactivity, obesity and low vitamin D intake in a large US sample 
of healthy middle-aged men and women. J Steroid Biochem Mol 
Biol. 2010;121:462-6.

47.  Boström P, Wu J, Jedrychowski MP, Korde A, Ye L, Lo JC, et al. A 
PGC1-α-dependent myokine that drives brown-fat-like develop-
ment of white fat and thermogenesis. Nature. 2012;481:463-8.

48.  Abboud M, Puglisi DA, Davies BN, Rybchyn M, Whitehead NP, 
Brock KE, et al. Evidence for specific uptake and retention mecha-
nism for 25-hydroxyvitamin D (25OHD) in skeletal muscle cells. 
Endocrinology. Endocrinology. 2013;154(9):3022-30.



Co
py

rig
ht

©
 A

BE
&

M
 to

do
s o

s d
ire

ito
s r

es
er

va
do

s.

583

case report

Arq Bras Endocrinol Metab. 2014;58/5

Normocalcemic primary 
hyperparathyroidism: long-term follow-up 
associated with multiple adenomas
Hiperparatireoidismo primário normocalcêmico 
associado a múltiplos adenomas

Larissa Pimentel1, Sirley Portela1, Alyne Loureiro1, Francisco Bandeira1

SUMMARY
Normocalcemic primary hyperparathyroidism (NPHPT) is a condition characterized by elevation 
of the parathyroid hormone (PTH) in the presence of normal serum calcium and the absence 
of secondary causes. The case described illustrates the long-term follow-up of a postmenopau-
sal woman with NPHPT patient who progressed with multiple adenomas. This case reports a 
77-year-old female who has chronic generalized pain and osteoporosis. Her initial serum PTH 
was 105 pg/mL, with total serum calcium of 9.6 mg/dL, albumin 4.79 g/dL, phosphorus 2.8 mg/dL, 
and 25OHD after supplementation was 34.6 ng/mL. The bone densitometry (BMD) results were as 
follows: lumbar spine: T-score -3.0, femoral neck: T-score -2.6 and distal radius: -4.2. Other causes 
of secondary hyperparathyroidism were ruled out and cervical ultrasound and Tc-99-Sestamibi 
scan were negative. She used oral alendronate and three infusions of zoledronic acid for treat-
ment of osteoporosis. In the 10th year of follow-up, after successive negative cervical imaging, 
ultrasound showed a nodule suggestive of an enlarged right inferior parathyroid gland. PTH 
levels in fluid which was obtained during fine-needle aspiration (FNA) were over 5,000 pg/mL 
and a Sestamibi scan was negative. The patient underwent parathyroidectomy, and a histological 
examination confirmed parathyroid adenoma. Post-operatively serum PTH remained elevated 
in the presence of normal serum calcium levels. A follow-up cervical ultrasound showed a new 
solid nodule suggestive of an enlarged right superior parathyroid gland. PTH levels in the aspira-
tion fluid were remarkably high. A second parathyroidectomy was performed, with the excision 
of a histologically confirmed parathyroid adenoma. In conclusion, this is an unusual presentation 
of NPHPT and highlights the long-term complications. Arq Bras Endocrinol Metab. 2014;58(5):583-6 

SUMáRIO
Hiperparatiroidismo primário normocalcêmico (NPHPT) caracteriza-se pela elevação do hormô-
nio da paratiroide (PTH), na ausência da elevação dos níveis séricos de cálcio e exclusão de 
causas secundárias. O caso descrito ilustra o seguimento de uma mulher na pós-menopausa 
com NPHPT que evoluiu com múltiplos adenomas. Este caso relata uma paciente de 77 anos 
de idade que tem dor generalizada crônica e osteoporose. O PTH inicial foi elevado com níveis 
séricos de cálcio, albumina, fósforo e 25OH vitamina D normais. A densitometria óssea (DMO) 
evidenciou um T-SCORE da coluna lombar: -3.0, colo do fêmur: -2.6 e rádio distal: -4.2. Outras 
causas de hiperparatireoidismo secundário foram descartadas e a ultrassonografia cervical e 
varredura com Sestamibi foram negativos. Fez uso de alendronato e três infusões de ácido zole-
drônico para o tratamento da osteoporose. No décimo ano de seguimento, depois de sucessivas 
imagens negativas, a ultrassonografia evidenciou um nódulo sugestivo de adenoma de parati-
reoide inferior direita. A paciente foi submetida à paratireoidectomia, e um exame histológico 
confirmou a hipótese. A elevação dos níveis séricos de PTH no pós-operatório se manteve com 
níveis normais de cálcio. A nova ultrassonografia cervical evidenciou outro nódulo sugestivo de 
adenoma de paratireoide superior direita. Uma segunda paratireoidectomia foi realizada, cujo 
histológico confirmou outro adenoma de paratireoide. Conclui-se que essa é uma apresentação 
incomum de NPHPT e destaca as complicações a longo prazo. Arq Bras Endocrinol Metab. 2014;58(5):583-6
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INTRODUCTION

Normocalcemic primary hyperparathyroidism 
(NPHPT) is a condition characterized by eleva-

tion of the parathyroid hormone (PTH) in the presence 
of normal serum calcium and the absence of secondary 
causes, such as renal insufficiency, vitamin D deficiency, 
use of medications such as hydrochlorothiazide and li-
thium, as well as hypercalciuria and malabsorption sta-
tes. NPHPT was only recognized as a distinct condition 
at the Third Workshop on Management of Asymptoma-
tic Primary Hyperparathyroidism held in 2008. Its natu-
ral history and management are not yet fully established, 
with few studies and case reports in the literature (1,2). 
Such cases usually originate in referral centers for bone 
diseases (3). The epidemiology of this disease is not well 
defined, due to the different exclusion criteria of secon-
dary causes. In MrOS (The Osteoporotic Fractures in 
Men Study), the prevalence of normocalcemic hyperpa-
rathyroidism was 0.4% in a population of 2,364 males, 
while in the DHS (Dallas Heart Study), in a population 
of 3,450 individuals of males and females, it was 3.1% 
(4). As in most cases of primary hyperparathyroidism, 
the elevation of PTH is the result of a single parathyroid 
adenoma, which is removed by surgery, leading to clini-
cal and laboratory resolution (3,5). The case described 
below illustrates the long-term follow-up of a postme-
nopausal woman with NPHPT patient who progressed 
with multiple adenomas.

CASE REPORT 

A 77-year-old female was referred to the endocrine 
clinic for evaluation of chronic generalized pain and 
osteoporosis. She presented a history of surgical meno-
pause at the age of 45. Initial serum PTH was 105 pg/
mL, with total serum calcium of 9.6 mg/dL, albumin 
4.79 g/dL, phosphorus 2.8 mg/dL, and 25OHD of 

10.2 ng/mL (Table 1). Vitamin D supplementation 
was started and by the end of the first year of follow-
up serum 25OHD concentrations were   34.6 ng/mL, 
which remained adequate during the course of treat-
ment. Bone densitometry (BMD) results were as fol-
lows: lumbar spine 0.862 (T-score -3.0), femoral neck 
0.721 (T-score -2.6) and distal radius -4.2 (Table 2). 
Serum PTH remained elevated despite adequate serum 
25OHD levels. Other causes of secondary hyperpar-
athyroidism were ruled out and cervical ultrasound and 
Tc-99-Sestamibi scan were negative. Oral alendronate 
was started.

A follow-up BMD two years later showed no change 
at the lumbar spine and a 7% gain at the femoral neck. 
The patient continued to exhibit elevated serum PTH 
levels in the presence of normal serum calcium and 
25OHD concentrations (Table 1). Cervical imaging 
continued to be negative for parathyroid enlargement. 

Owing to gastrointestinal complaints oral alen-
dronate was replaced by zoledronic acid and the pa-
tient continued to exhibit improvements in BMD: 6.9% 
gain at the lumbar spine and no change at the femoral 
neck (Table 2). After the second infusion, further im-
provements were observed: 3.9% gain in lumbar spine 
and 3.3% in femoral neck and no gain in femoral neck, 
BMD 0.765, T-score (-1.8) (Table 2). After the third 
infusion of zoledronic acid, the laboratory values were 
as follows: serum ionized calcium 1.25 mmol/L, PTH 
91.5 pg/mL, 25OHD 43 ng/mL and C-terminal telo-
peptide (CTX) 138 pg/mL (Table 1).

In the 10th year of follow-up, after successive nega-
tive cervical imaging, ultrasound showed a 0.6 cm-solid 
nodule suggestive of an enlarged right inferior parathy-
roid gland. PTH levels in fluid which was obtained during 
fine-needle aspiration (FNA) were over 5,000 pg/mL 
and a Sestamibi scan was negative. The patient under-
went parathyroidectomy, and a histological examina-

Table 1. Laboratory data during follow up

2001-2002 2003 2005 2006 2007 2008 2009 2011 2012

PTH (pg/mL) 78-105 56-76 88,2-99,5 65-82 76-101 91,5 94-150 51-201 101

Serum calcium (mg/dL) 9.4-9.6 10 9.4-9,6 9.5 9.3 9.0 9.9 9.4

Albumin (g/dL) 4.79 4.5 4.2 4.5 4.0 4.2 4.3 4.5

Serum ionized calcium (mmol/L) 1.2 1.1 1.15 1.25

Phosphorus (mg/dL) 2.8 2.7 2.9 2.7

Serum 25OHD (ng/mL) 10.2 34.6 38 43 36 48

Serum CTX (pg/mL) 138 219 303

PTH: parathyroid hormone; 25OHD: 25-hydroxi-vitamin D; CTX: C-telopeptide. References: PTH: 15-65 pg/mL, serum calcium: 8,5-10,2 mg/dL, albumin: 3,5-5,5 g/dL, serum ionized calcium: 
1,05-1,30 mmol/L, phosphorus: 2,5-4,5 mg/dL, serum 25OHD: > 30 ng/mL, serum CTX: 60-480 pg/mL.

Long-term follow-up of NPHPT
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years of follow-up the disease progressed without the 
development of hypercalcemia, suggesting that it may 
be an independent condition.

There are few data available regarding complications 
and the natural history of NPHPT. Lowe and cols. re-
ported a follow-up of 37 patients, of whom 29 were 
postmenopausal women, 6 premenopausal women and 
2 males, with a mean age of 58 years with normal renal 
function. They considered serum 25OHD above 20 
ng/mL as an inclusion criterion (65% had levels abo-
ve 30 ng/mL). In the follow up analysis, there were 
4 fragility fractures, 14% had nephrolithiasis and 57% 
had osteoporosis at diagnosis. Parathyroidectomy was 
performed in 10 subjects, in whom the presence of two 
parathyroid adenomas and hyperplasia was observed in 
2 cases, while the others showed a single parathyroid 
adenoma (6).

In our institution, a study on 33 patients compa-
red data on NPHPT with asymptomatic hypercalcemic 
PHPT (5). The following inclusion criteria for the diag-
nosis of NPHPT were used: serum 25OHD levels abo-
ve 30 ng/mL, no use of bisphosphonates, thiazide diu-
retics, anticonvulsants or lithium, estimated glomerular 
filtration rate above 60 mL/min (MDRD-Modification 
of Diet in Renal Disease), and absence of hypercalciu-
ria and malabsorption diseases. Mean age was 64 years, 
and 79% were female. There was a high prevalence of 
nephrolithiasis (18%), suggesting that normocalcaemia 
does not preclude clinical manifestations. It was also 
observed that bone mineral density at the distal radius 
was better preserved in the group with normal calcium 
serum than in the group with hypercalcemia. In our 
case, the patient presented predominantly with osteo-
porosis, which initially showed some response to bis-
phosphonates but subsequently progressed to a more 
rapid bone loss without the development of hypercal-
cemia. There was no evidence of nephrolithiasis during 
follow-up. 

Other studies have evaluated the presence of osteo-
porosis and nephrolithiasis in NPHPT. Tordjman and 
cols., evaluated a cohort comprising 32 patients with 
normocalcemic hyperparathyroidism and found a high 
prevalence of osteoporosis (36%), with 9% presenting 
nephrolithiasis (7). Cakir and cols., in their investigation 
of 18 patients with normocalcemic hyperparathyroidism 
and a mean age of 50 years (47% female) found that 
47% had osteoporosis and 11% nephrolithiasis (8).

Wade and cols. presented a cohort of 93 patients 
with primary hyperparathyroidism, of whom 58 pa-

Table 2. Bone mineral density (T-score) during follow up previously to 
parathyroidectomy

Baseline T-score

LS -3.0

FN -2.6

DR -4.2

Year 2

LS -2.75

FN -1.79

Year 5

LS -2.2

FN -1.8

Year 10

LS -2.5

FN -2.4

DR -3.8

LS: lumbar spine; FN: femoral neck; DR: distal radius.

tion confirmed a right inferior parathyroid adenoma 
of 0.7 x 0.6 cm, the nodule wasn’t intrathyroid and 
the predominant cell type was oxyphil. Post-operatively 
serum PTH remained elevated in the presence of nor-
mal serum calcium levels. At that time abdominal ultra-
sound showed no evidence of kidney stones.

During the first year following parathyroidectomy, 
BMD unexpectedly worsened at the lumbar spine (-7%) 
and at the distal radius (-8%), excluding other factors 
that could interfere in BMD (Table 2). At this time, se-
rum PTH was 201 pg/mL, and a follow-up cervical ul-
trasound showed a 0.6 cm new solid nodule suggestive 
of an enlarged right superior parathyroid gland, again 
with a negative Tc-99-Sestamibi scan. PTH levels in the 
aspiration fluid were remarkably high (19,600 pg/mL) 
suggesting a new parathyroid adenoma as a cause of the 
elevated PTH levels. A second parathyroidectomy was 
performed, with the excision of a histologically con-
firmed parathyroid adenoma.

DISCUSSION

Elevation of serum PTH may be a finding during eva-
luation of reduced bone mass and, when associated 
with the absence of hypercalcemia, causes of seconda-
ry hyperparathyroidism should be excluded in order 
to confirm the diagnosis of normocalcemic primary 
hyperparathyroidism. There is uncertainty regarding 
NPHPT as an incipient presentation of classic primary 
hyperparathyroidism, but in the present case over 10 

Long-term follow-up of NPHPT
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tients (62% of the sample) had serum ionized calcium 
measured preoperatively. Eighty percent had elevated 
levels and 14% normal levels. The mean age was 60 years, 
63% were female, 13% had a history of bone fragility 
fracture and 25% had nephrolithiasis. Of the patients 
with normal serum ionized calcium, 5 (62%) subjects 
had a single adenoma at surgery and 3 (28%) had mul-
tiple adenomas (9). Our patient always had normal se-
rum ionized calcium concentrations. 

Cervical ultrasonography was effective in localizing 
the parathyroid lesions in the present case although it 
took almost a decade of follow-up and repeated nor-
mal ultrasound examinations for those lesions become 
apparent. The Tc-99-Sestamibi scan was less sensitive, 
failing to localize either adenoma. The sensitivity of ul-
trasound is highly operator-dependent, but its accuracy 
may be as high as 88% in asymptomatic hypercalcemic 
patients (10). When it detects intra-thyroid nodules, 
FNA with measurement of PTH in the aspiration fluid 
is very useful as thyroid nodules may cause false-positi-
ve Sestamibi scan results (11). In the present case both 
adenomas had very high PTH levels in their aspiration 
fluid. Multiphase computed tomography of the cervical 
region (4D-CT) has became the preferred localizing 
method for those patients in whom the parathyroid le-
sion is not detected by ultrasound or scintigraphy, as 
its sensitivity is high for both adenoma and hyperpla-
sia (12). Until the issue of long-term complications of 
NPHPT is not completely understood, it seems reaso-
nable to consider surgery for those patients in whom 
the parathyroid lesion is localized by imaging procedu-
res or traditional operation (neck exploration) for tho-
se who have osteoporosis or renal stone disease with 
negative imaging. 

In conclusion, this case illustrates an unusual pre-
sentation of NPHPT and highlights the long-term 

complications, irrespective of the development of 
hypercalcemia. 

Disclosure: no potential conflict of interest relevant to this article 
was reported.
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Instruções para autores
Informações Gerais 
Ressaltamos a importância de seguir estas instruções com atenção. O não res-
peito às normas acarretará atrasos ao processo de revisão do  manuscrito (MS). 
O MS deve ser apresentado exclusivamente para os ABE&M, nunca ter sido 
publicado ou estar sob consideração para publicação, em forma substancial, 
em outro periódico, profissional ou leigo. O MS deve ser redigido em Inglês 
ou Português, em conformidade com as especificações descritas abaixo. Aos 
autores que não são fluentes na forma escrita do idioma inglês, recomenda-
-se que seu MS seja revisado   e editado por um expert nesse sentido antes da 
apresentação. Essa iniciativa deve facilitar e acelerar todo o processo de revi-
são e potencial publicação do seu MS. 

Trabalhos que não cumpram esses requisitos serão devolvidos ao 
autor para adequação necessária antes da revisão pelo corpo edito-
rial.  
Todas as submissões são a princípio cuidadosamente avaliadas pelos edito-
res científicos. Os MS que não estejam em conformidade com os critérios 
gerais para publicação serão devolvidos aos autores no período de três a 
cinco dias. Os MS em conformidade são enviados habitualmente para dois 
revisores.  

Categorias de Manuscritos 
Contribuições originais de pesquisa podem ser submetidas aos ABE&M 
como artigo original ou comunicação resumida. Outras categorias especiais 
de MS são descritas abaixo. Todos os MS devem seguir as limitações de nú-
mero de palavras para o texto principal, conforme especificado a seguir. O 
número total  de palavras não inclui o resumo, as referências ou legendas de 
tabelas e figuras. O número de palavras deve ser anotado na página de rosto, 
juntamente com o número de figuras e tabelas. O formato é semelhante para 
todas as categorias de MS e é descrito em detalhes na seção “Preparação do 
Manuscrito”. 

Artigos Originais 
O artigo original é um relatório científico dos resultados de pesquisa original,  
clínica ou laboratorial, que não tenha sido publicado, ou submetido para pu-
blicação, em outro periódico, seja em papel ou eletronicamente. O artigo  
original não deve exceder 3.600 palavras no texto principal, incluir mais de 
seis figuras e tabelas, e deve possuir até 35 referências. 

Comunicação Resumida
A comunicação resumida consiste de dados originais de importância sufi-
ciente para justificar a publicação imediata. É uma descrição sucinta dos re-
sultados confirmatórios ou negativos de um estudo focado, simples e 
objetivo.  Objetividade e clareza aumentam a possibilidade de um manuscri-
to ser aceito para publicação como comunicação rápida. O texto principal 
deve ter no máximo 1.500 palavras, até 20 referências e não mais que duas 
ilustrações (tabelas ou figuras ou uma de cada). 

Artigos  de  Revisão 
Os ABE&M publicam artigos de revisão que apresentam uma avaliação crítica 
e  abrangente da literatura sobre questões atuais no campo da endocrinolo-
gia e da metabologia nas áreas clínica ou básica. Todos os artigos de revisão 
são submetidos preferencialmente após convite dos ABE&M e estão sujeitos 
à revisão pelos pares. Artigos nesta categoria são encomendados pelos edi-
tores a autores com experiência comprovada na área de conhecimento, ou 
quando a proposta direcionada pelos autores em contato prévio receber a 
aprovação do conselho editorial. Esses MS não devem ter mais de 4.000 pa-
lavras no texto principal, não podem incluir mais de quatro figuras ou tabelas 
e devem conter até 60 referências. Os autores devem mencionar a fonte e/ou 
solicitar autorização para o uso de figuras ou tabelas publicadas previamente. 

Diretrizes ou Consensos 
Consensos ou diretrizes propostos por sociedades de profissionais, forças-
-tarefa e outras associações relacionadas com a Endocrinologia e Metabolo-
gia podem ser publicadas pelos ABE&M. Todos os MS serão submetidos à 
revisão por pares, devem ser modificáveis em resposta às críticas e serão 
publicados apenas se cumprirem as normas editoriais da revista. Esses MS 
habitualmente não devem ultrapassar 3.600 palavras no texto principal, não 
devem incluir mais de seis figuras e tabelas e devem conter até 60 referências. 

Relato de Caso 
Comunicação breve utilizada para apresentar relatos de casos, ou de caso 
isolado, de importância clínica ou científica. Estes relatórios devem ser con-
cisos e objetivos. Devem conter dados de pacientes isolados ou de famílias 
que adicionem substancialmente conhecimento a etiologia, patogênese e 
história natural da condição descrita. O relato de caso deve conter até  2.000 
palavras, não incluir mais de quatro figuras e tabelas, e deve conter até 30 
referências. 

Carta ao Editor 
Cartas ao Editor podem ser apresentadas em resposta a artigos publicados 
nos ABE&M nas últimas três edições. As cartas devem ser breves comentá-
rios relacionados a pontos específicos, de acordo ou desacordo, com o traba-
lho publicado. Dados originais publicados relacionados ao artigo publicado 
são estimulados. As cartas podem ter no máximo 500 palavras e cinco refe-
rências completas. Figuras e tabelas não podem ser incluídas. 

Preparação do Manuscrito 

Formato Geral 
Os  ABE&M  exigem que todos os MS sejam apresentados em formato de 
coluna única, seguindo as seguintes orientações: 
•	 O	manuscrito	deve	ser	apresentado	em	formato	Word.	
•		 Todo	o	texto	deve	ser	em	espaço	duplo,	com	margens	de	2	cm	de	ambos	

os lados, usando fonte Times New Roman ou Arial, tamanho 11. 
•		 Todas	 as	 linhas	 devem	 ser	 numeradas,	 no	manuscrito	 inteiro,	 e	 todo	o	

documento deve ser paginado. 
•		 Todas	as	tabelas	e	figuras	devem	ser	colocadas	após	o	texto	e	devem	ser	

legendadas. Os MS submetidos devem ser completos, incluindo a página 
de título, resumo, figuras e tabelas. Documentos apresentados sem todos 
esses componentes serão colocados em espera até que o manuscrito este-
ja completo. 

Todas as submissões devem incluir: 
•		 Uma	carta	informando	a	importância	e	relevância	do	artigo	e	solicitando	

que este seja para publicação nos ABE&M. No formulário de inscrição, os 
autores podem sugerir até três revisores específicos e/ou solicitar a exclu-
são de até outros três. 

O manuscrito deve ser apresentado na seguinte ordem: 
1.  Página de título. 
2.  Resumo (ou Sumário para os casos clínicos). 
3.  Texto principal. 
4.  Tabelas e figuras. Devem ser citadas no texto principal em ordem numérica. 
5.  Agradecimentos. 
6.  Declaração de financiamento, conflitos de interesse e quaisquer subsídios 

ou bolsas de apoio recebidos para a realização do trabalho. 
7.  Referências. 

Página de Título 
A página de rosto deve conter as seguintes informações: 
1.  Título do artigo. 
2.  Nomes completos dos autores e coautores, departamentos, instituições, 

cidade e país. 
3.  Nome completo, endereço postal, e-mail, telefone e fax do autor para cor-

respondência. 
4.  Título abreviado de, no máximo, 40 caracteres para títulos de página. 
5.  Palavras-chave (recomenda-se usar MeSH terms e até 5). 
6.  Número de palavras – excluindo a página de rosto, resumo, referências, 

figuras e tabelas. 
7.  Tipo do manuscrito. 

Resumos 
Todos os artigos originais, comunicados rápidos e relatos de casos deverão 
ser apresentados com resumos de, no máximo, 250 palavras. O resumo deve 
conter informações claras e objetivas sobre o estudo de modo que possa ser 
compreendido, sem consulta ao texto. O resumo deve incluir quatro seções 
que refletem os títulos das seções do texto principal. Todas as informações 
relatadas no resumo devem possuir origem no MS. Recomenda-se o uso de 
frases completas para todas as seções do resumo. 

Introdução 
O propósito da introdução é estimular o interesse do leitor para o trabalho 
em questão com uma perspectiva histórica  e justificando seus objetivos. 

Materiais e Métodos 
Deve ser descrito em detalhe como o estudo foi conduzido de forma que 
outros investigadores possam avaliar e reproduzir o trabalho. A origem dos 
hormônios, produtos químicos incomuns, reagentes e aparelhos deve ser 
indicada. Para os métodos modificados, apenas as novas modificações de-
vem ser descritas. 

Resultados e Discussão 
A seção Resultados deve apresentar brevemente os dados experimentais 
tanto no texto quanto por tabelas e/ou figuras. Deve-se evitar a repetição no 
texto dos resultados apresentados nas tabelas. Para mais detalhes sobre a 
preparação de tabelas e figuras, veja a seguir. A Discussão deve focar na in-
terpretação e no significado dos resultados, com comentários objetivos, con-
cisos, que descrevam sua relação com outras pesquisas nessa área.  
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Na Discussão, deve-se evitar a repetição dos dados apresentados em Resul-
tados, pode-se conter sugestões para explicá-los e deve-se terminar com as 
conclusões.   

Autoria 
Os ABE&M adotam as diretrizes de autoria e de contribuição definidas pelo 
Comitê Internacional de Editores de Periódicos Médicos (www.ICMJE.org). 
A coautoria irrestrita é permitida. O crédito de autoria deve ser baseado ape-
nas em contribuições substanciais para: 
1. concepção e desenho, análise ou interpretação de dados; 
2. redação do artigo ou revisão crítica do conteúdo intelectual; 
3. aprovação final da versão a ser publicada. 
Todas essas condições devem ser respeitadas. O primeiro autor é responsá-
vel por garantir que todos os autores contribuíram para a realização do MS e 
concordaram com seu conteúdo e sua submissão aos ABE&M. 

Conflito de Interesses 
Uma	 declaração	 de	 conflito	 de	 interesse	 para	 todos	 os	 autores	 deve	 ser	
incluí da no documento principal, seguindo o texto, na seção Agradecimen-
tos. Mesmo que os autores não tenham conflito de interesse relevante a di-
vulgar, devem relatar na seção Agradecimentos. 

Agradecimentos 
A seção Agradecimentos deve incluir os nomes das pessoas que contribuí-
ram para o estudo, mas não atendem aos requisitos de autoria. Os autores 
são responsáveis por informar, a cada pessoa listada na seção de agradeci-
mentos, sua inclusão e qual sua contribuição. Cada pessoa listada nos agra-
decimentos deve dar permissão – por escrito, se possível – para o uso de seu 
nome. É da responsabilidade dos autores coletar essas informações. 

Referências 
As referências da literatura devem estar em ordem numérica (entre parênte-
ses), de acordo com a citação no texto, e listadas na mesma ordem numérica 
no final do manuscrito, em uma página separada. Os autores são responsá-
veis pela exatidão das referências. O número de referências citadas deve ser 
limitado, como indicado anteriormente, para cada categoria de apresentação. 

Tabelas 
As	tabelas	devem	ser	apresentadas	no	mesmo	formato	que	o	artigo	(Word).		
Atenção: não serão aceitas tabelas com arquivos em Excel. As tabelas devem 
ser autoexplicativas e os dados não devem ser repetidos no texto ou em figu-
ras e conter as análises estatísticas. As tabelas devem ser construídas de 
forma simples e serem compreensíveis sem necessidade de referência ao 
texto.	Cada	tabela	deve	ter	um	título	conciso.	Uma	descrição	das	condições	
experimentais pode aparecer em conjunto como nota de rodapé. 

Gráficos e Figuras 
Todos os gráficos ou figuras devem ser numerados. Os autores são respon-
sáveis pela formatação digital, fornecendo material adequadamente dimen-
sionado. Todas as figuras coloridas serão reproduzidas igualmente em cores 
na edição online da revista, sem nenhum custo para os autores. Os autores 
serão convidados a pagar o custo da reprodução de figuras em cores na re-
vista impressa. Após a aceitação do manuscrito, a editora fornecerá o valor 
dos custos de impressão. 

Fotografias 
Os ABE&M preferem publicar fotos de pacientes sem máscara. Encorajamos 
os autores a obter com os pacientes ou seus familiares, antes da submissão 
do MS, permissão para eventual publicação de imagens. Se o MS contiver 
imagens identificáveis   do paciente ou informações de saúde protegidas, os 
autores devem enviar autorização documentada do próprio paciente, ou pais,  
tutor ou representante legal, antes de o material ser distribuído entre os edi-
tores, revisores e outros funcionários dos ABE&M. Para identificar indiví-
duos, utilizar uma designação numérica (por exemplo, Paciente 1); não 
utilizar as iniciais do nome.  

Unidades de Medida 
Os resultados devem ser expressos utilizando o Sistema Métrico. A tempera-
tura deve ser expressa em graus Celsius e tempo do dia, usando o relógio de 
24 horas (por exemplo, 0800 h, 1500 h). 

Abreviaturas Padrão 
Todas as abreviaturas no texto devem ser definidas imediatamente após a 
primeira utilização da abreviatura. 

Pacientes
Para que o MS seja aceito para submissão, todos os procedimentos descritos 
no estudo devem ter sido realizados em conformidade com as diretrizes da 
Declaração de Helsinque e devem ter sido formalmente aprovados pelos co-
mitês de revisão institucionais apropriados, ou seu equivalente. 

As características das populações envolvidas no estudo devem ser detalha-
damente descritas. Os indivíduos participantes devem ser identificados ape-
nas por números ou letras, nunca por iniciais ou nomes. Fotografias de 
rostos de pacientes só devem ser incluídas se forem cientificamente relevan-
tes. Os autores devem obter o termo de consentimento por escrito do pacien-
te para o uso de tais fotografias. Para mais detalhes, consulte as Diretrizes 
Éticas. 

Os pesquisadores devem divulgar aos participantes do estudo potenciais 
conflitos de interesse e devem indicar que houve essa comunicação no MS. 

Animais de Experimentação 
Deve ser incluída uma declaração confirmando que toda a experimentação  
descrita no MS foi realizada de acordo com padrões aceitos de cuidado ani-
mal, como descrito nas Diretrizes Éticas. 

Descrição Genética Molecular 
Usar	terminologia	padrão	para	as	variantes	polimórficas,	fornecendo	os	nú-
meros de rs para todas as variantes relatadas. Detalhes do ensaio, como, por 
exemplo, as sequências de iniciadores de PCR, devem ser descritos resumi-
damente com os números rs. Os heredogramas devem ser elaborados de 
acordo com as normas publicadas em Bennett et al. J Genet Counsel. 
2008.17:424-33. DOI 10.1007/s10897-008-9169-9. 

Nomenclaturas 
Para genes, use a notação genética e símbolos aprovados pelo Comitê de 
Nomenclatura	HUGO	Gene	(HGNC)	–	(http://www.genenames.org/~~V).	

Para mutações, siga as diretrizes de nomenclatura sugeridas pela Sociedade 
Human	Genome	Variation	(http://www.hgvs.org/mutnomen/).	

•	 Fornecer	e	discutir	os	dados	do	equilíbrio	Hardy-Weinberg	dos	polimorfis-
mos	analisados	na	população	estudada.	O	cálculo	do	equilíbrio	de	Hardy-
-Weinberg	pode	ajudar	na	descoberta	de	erros	de	genotipagem	e	do	seu	
impacto nos métodos analíticos.   

•	 Fornecer	as	frequências	originais	dos	genótipos,	dos	alelos	e	dos	haplóti-
pos.

•	 Sempre	 que	 possível,	 o	 nome	 genérico	 das	 drogas	 deve	 ser	 referido.	
Quando um nome comercial de propriedade é usado, ele deve começar 
com letra maiúscula. 

•	 Siglas	devem	ser	usadas			com	moderação	e	totalmente	explicadas	quando	
usadas pela primeira vez. 

TRABALHOS APRESENTADOS EM INGLÊS 
O MS deve ser escrito em inglês claro e conciso. Evite jargões e neologismos. 
A revista não está preparada para realizar grandes correções de linguagem, 
o que é de responsabilidade do autor. Se o inglês não é a primeira língua dos 
autores, o MS deve ser revisado por um especialista em língua inglesa ou um 
nativo. Para os não nativos da língua inglesa e autores internacionais que 
gostariam de assistência com sua escrita antes da apresentação, sugerimos 
o serviço de edição científica do American Journal Experts  (http://www.jour-
nalexperts.com/index.php) ou o PaperCheck (http://www.papercheck.com/). 
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Instructions for authors
General Information
We	emphasize	the	importance	of	following	these	instructions	carefully.	Failu-
re	to	do	so	will	delay	the	processing	of	your	manuscript.
Manuscripts	should	be	submitted	solely	to	ABE&M	and	may	not	have	been	
published,	or	be	under	consideration	for	publication,	in	any	substantial	form	
in	another	periodical	–	rofessional	or	lay.
Manuscripts must be written in idiomatic English or Portuguese and conform 
to the specifications described below. If authors are not fluent in written me-
dical	and	scientific	English,	they	are	strongly	encouraged	to	have	their	ma-
nuscripts	reviewed	and	edited	by	an	expert	English	writer	prior	to	submission.	
This will increase the chances that the paper will be accepted and will speed 
the publication of those manuscripts that are accepted.

Papers that do not meet these requirements will be returned to the 
author for necessary revision before formal review.
All	submissions	are	initially	evaluated	in	depth	by	the	scientific	editors.	Pa-
pers that do not conform to the general criteria for publication will be retur-
ned	to	the	authors	without	detailed	review,	typically	within	three	to	five	days.	
Otherwise,	manuscripts	will	be	sent	to	reviewers	(most	commonly	two).

Manuscript Categories
Reports	of	original	research	may	be	submitted	to	ABE&M as an Original Arti-
cle or Brief Report. Other special categories of manuscripts are described 
below. All manuscripts must adhere to the word count limitations, as speci-
fied	below,	for	text	only;	the	word	count	does	not	include	the	abstract,	refe-
rences, or figure/table legends. The word count must be noted on the title 
page, along with the number of figures and tables. The format is similar for all 
manuscript categories and it is described in detail in “Manuscript Prepara-
tion” section.

Original Articles
Original Article is a scientific report of the results of original research that has 
not been published or submitted for publication elsewhere (either in print or 
electronically).	Represent	a	substantial	body	of	laboratory	or	clinical	work.	In	
general, original paper should not exceed 3,600 words in the main text, inclu-
de no more than six figures and tables and 35 references.

Review Articles
The ABE&M publishes review articles which present a balanced perspective 
on	timely	 issues	within	the	field	of	clinical	endocrinology.	All	 reviews	are	
submitted upon invitation and are subject to peer review. Articles in this 
category	are	requested	by	the	Editors	to	authors	with	proven	experience	in	
the field. Authors considering the submission of uninvited reviews should 
contact	the	editors	in	advance	to	determine	whether	the	topic	that	they	pro-
pose is of current potential interest to the Journal. These manuscripts 
should be no longer than 4,000 words in the main text, include no more 
than four figures and tables and 60 references. The author should mention 
the	source	and/or	request	authorization	for	use	of	previously	published	fi-
gures or tables.

Consensus Statements
Consensus Statements related to the endocrine and metabolic health stan-
dards	and	healthcare	practices	may	be	submitted by professional societies, 
task forces, and other consortia. All such submissions will be subjected to 
peer review, must be modifiable in response to criticisms, and will be publi-
shed	only	if	they	meet	the	Journal’s	usual	editorial	standards.	These	manus-
cripts	should	typically	be	no	longer	than	3,600	words	in	the	main	text,	include	
no more than six figures and tables and 60 references.

Brief Report
Brief report should consist of new data of sufficient importance to warrant 
immediate	publication.	It	is	a	succinct	description	of	focused	study	with	im-
portant,	but	very	 straightforward,	negative	or	 confirmatory	 results.	Brevity	
and	clarity	are	always	likely	to	enhance	the	chance	of	a	manuscript	being	ac-
cepted for publication. A maximum of 1,500 words in the main text plus up to 
20	references	and	normally	no	more	than	two	illustrations	(tables	or	figures	
or one of each).

Case Report
A brief communication presenting collected case reports, or single case re-
ports of clinical or scientific significance. These reports should be concise and 
focused.	They	should	address	observations	of	patients	or	families	that add 
substantially to the knowledge of the etiology, pathogenesis and delineation 
of the natural history or management of the condition described.	Brevity	and	
clarity	are	always	likely	to	enhance	the	chance	of	a	manuscript	being	accep-
ted for publication. These manuscripts should be 2,000 words or less, with no 
more than four figures and tables and 30 references.

Letter
Letters	to	the	Editor	may	be	submitted	in	response	to	work	that	has	been	
published in the Journal. Letters should be short commentaries related to 
specific points of agreement or disagreement with the published work. 
Letters are not intended for presentation of original data unrelated to a 
published article. Letters should be no longer than 500 words with no 
more	than	five	complete	references,	and	may	not	include	any	figures	or	
tables.

Manuscript Preparation

General Format
The Journal requires that all manuscripts be submitted in a single-column 
format that follows these guidelines:

•		 The	manuscript	must	be	submitted	in	MS-Word	format.
•		 All	text	should	be	double-spaced	with	2	cm	margins	on	both	sides	using	

11-point	type	in	Times	Roman	or	Arial	font.
•	 All	 lines	should	be	numbered	 throughout	 the	entire	manuscript	and	 the	

entire document should be paginated.
•	 All	tables	and	figures	must	be	placed	after	the	text	and	must	be	labeled.	

Submitted papers must be complete, including the title page, abstract, fi-
gures, and tables. Papers submitted without all of these components will 
be placed on hold until the manuscript is complete.

All submissions must include:
•		 A	cover	letter	requesting	that	the	manuscript	be	evaluated	for	publication	

in ABE&M	and	any	information	relevant	to	your	manuscript.	Elsewhere	on	
the	submission	form	authors	may	suggest	up	to	three	specific	reviewers	
and/or request the exclusion of up to three others.

The manuscript must be presented in the following order:
1.  Title page.
2.		Structured	Abstract	(or	summary	for	case	reports).
3.  Main text.
4.		Tables	and	Figures.	They	must	be	cited	in	the	main	text	in	numerical	order.
5.  Acknowledgments.
6.		Funding	statement,	competing	interests	and	any	grants	or	fellowships	su-

pporting the writing of the paper.
7.  Reference list.

Title Page
The title page must contain the following information:

1.		Title	of	the	article	(a	concise	statement	of	the	article’s	major	contents).
2.	Full	names,	departments,	institutions,	city	and	country	of	all	co-authors.
3.  Full name, postal address, e-mail, telephone and fax numbers of the cor-

responding author.
4.  Abbreviated title of not more than 40 characters for page headings.
5.		Up	to	five	keywords	or	phrases	suitable	for	use	in	an	index	(it	is	recom-

mended to use MeSH terms).
6.	 	Word	count	–	excluding	title	page,	abstract,	references,	figures	and	tables.
7.		Article	type.

Structured Abstracts
All Original Articles, Brief Reports, Reviews, Case Reports should be submit-
ted with structured abstracts of no more than 250 words. The abstract must 
be self-contained and clear without reference to the text and should be writ-
ten for a general journal readership. The abstract format should include four 
sections that reflect the section headings in the main text. All information re-
ported in the abstract must appear in themanuscript. Please use complete 
sentences for all sections of the abstract.

Introduction
The	article	should	begin	with	a	brief	 introductory	statement	 that	places	 the	
work to follow in historical perspective and explains its intent and significance.

Materials and Methods
These should be described and referenced in sufficient detail for other inves-
tigators to repeat the work. The source of hormones, unusual chemicals and 
reagents, and special pieces of apparatus should be stated. For modified me-
thods,	only	the	modifications	need	be	described.

Results and Discussion
The	Results	section	should	briefly	present	 the	experimental	data	 in	 text,	
tables, and/or figures. For details on preparation of tables and figures, see 
below. The Discussion should focus on the interpretation and significance 
of the findings with concise objective comments that describe their rela-
tion to other work in that area. The Discussion should not reiterate the Re-
sults.
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Authorship
The ABE&M ascribes to the authorship and contributorship guidelines defi-
ned	by	the	International	Committee	of	Medical	Journal	Editors	(www.ICMJE.
org).	Unrestricted	joint	authorship	is	allowed.	A	maximum	of	two	correspon-
ding authors is allowed. The uniform requirements for manuscripts submit-
ted	to	medical	journals	state	that	authorship	credit	should	be	based	only	on	
substantial contribution to:
1.		conception	and	design,	or	analysis	and	interpretation	of	data.
2.		drafting	the	article	or	revising	it	critically	for	important	intellectual	content.
3.  and final approval of the version to be published.
All these conditions must all be met. The corresponding author is responsible 
for ensuring that all appropriate contributors are listed as authors and that all 
authors	 have	 agreed	 to	 the	 manuscript’s	 content	 and	 its	 submission	 to	
ABE&M.

Conflict of interest
A conflict of interest statement for all authors must be included in the main 
document, following the text, in the Acknowledgments section. If authors 
have no relevant conflict of interest to disclose, it should be indicated in the 
Acknowledgments section.

Acknowledgments
The Acknowledgments section should include the names of those people 
who	contributed	to	a	study	but	did	not	meet	the	requirements	for	authorship.	
The corresponding author is responsible for informing each person listed in 
the	 acknowledgment	 section	 that	 they	 have	 been	 included	 and	 providing	
them	with	a	description	of	 their	 contribution	so	 they	know	 the	activity	 for	
which	they	are	considered	responsible.	Each	person	listed	in	the	acknowledg-
ments must give permission – in writing, if possible – for the use of his or her 
name.	It	is	the	responsibility	of	the	corresponding	author	to	collect	this	infor-
mation.

References
References to the literature should be cited in numerical order (in parenthe-
ses) in the text and listed in the same numerical order at the end of the ma-
nuscript on a separate page or pages. The author is responsible for the 
accuracy	of	references.	The	number	of	references	cited	should	be	limited,	as	
indicated	above	for	each	category	of	submission.

Tables
Tables	should	be	submitted	in	the	same	format	as	your	article	(Word)	and	not	
another format. Please note: we cannot accept tables as Excel files within the 
manuscript.	Tables	should	be	self-explanatory	and	the	data	they	contain	must	
not	be	duplicated	in	the	text	or	figures.	Tables	must	be	constructed	as	simply	
as possible and be intelligible without reference to the text. Each table must 
have	a	concise	heading.	A	description	of	experimental	conditions	may	appear	
together	with	footnotes	at	the	foot	of	the	table.	Tables	must	not	simply	dupli-
cate the text or figures.

Figures and Legends
All	figures	must	display	 the	figure	number.	Sizing	the	figure:	The	author	 is	
responsible	 for	providing	digital	art	 that	has	been	properly	sized,	cropped,	
and has adequate space between images. All color figures will be reproduced 
in full color in the online edition of the journal at no cost to the authors. Au-
thors	are	requested	to	pay	the	cost	of	reproducing	color	figures	in	print	(upon	
acceptance of the manuscript, the publisher will provide price quotes).

Photographs
The ABE&M	strongly	prefers	to	publish	unmasked	patient	photos.	We	encou-
rage all prospective authors to work with families prior to submission to 
address the issue of permission for review and possible publication of patient 
images.	If	your	submission	contains	ANY	identifiable	patient	images	or	other	
protected	 health	 information,	 you	MUST	 provide	 documented	 permission	
from	 the	patient	 (or	 the	patient’s	parent,	guardian,	or	 legal	 representative)	
before the specific material will be circulated among editors, reviewers and 

staff for the purpose of possible publication in ABE&M.	If	it	is	necessary	to	
identify	an	individual,	use	a	numerical	designation	(e.g.	Patient	1)	rather	than	
using	any	other	identifying	notations	such	as	initials.

Units of Measure
Results should be expressed in metric units. Temperature should be expres-
sed	in	degrees	Celsius	and	time	of	day	using	the	24-hour	clock	(e.g.,	0800	h,	
1500 h).

Standard Abbreviations
All	abbreviations	in	the	text	must	be	defined	immediately	after	the	first	use	of	
the abbreviation.

Experimental Subjects
To be considered, all clinical investigations described in submitted manus-
cripts must have been conducted in accordance with the guidelines in The 
Declaration	of	Helsinki	and	must	have	been	formally	approved	by	the	appro-
priate institutional review committees or its equivalent. 
The	study	populations	should	be	described	in	detail.	Subjects	must	be	identi-
fied	only	by	number	or	 letter,	not	by	 initials	or	names.	Photographs	of	pa-
tients’	faces	should	be	included	only	if	scientifically	relevant.	Authors	must	
obtain written consent from the patient for use of such photographs. For fur-
ther details, see the Ethical Guidelines.
Investigators	must	disclose	potential	conflict	of	interest	to	study	participants	
and	should	indicate	in	the	manuscript	that	they	have	done	so.

Experimental Animals
A statement confirming that all animal experimentation described in the sub-
mitted manuscript was conducted in accord with accepted standards of hu-
mane animal care, as outlined in the Ethical Guidelines, should be included in 
the manuscript.

Molecular Genetic Description
•		 Use	 standard	 terminology	 for	 variants,	providing	 rs	numbers	 for	 all	 va-

riants	reported.	These	can	be	easily	derived	for	novel	variants	uncovered	
by	the	study.	Where	rs	numbers	are	provided,	the	details	of	the	assay	(pri-
mer	sequences,	PCR	conditions,	etc.)	should	be	described	very	concisely.

•		 Pedigrees	should	be	drawn	according	to	published	standards	(See	Bennett	
et al. J Genet Counsel. 2008;17:424-33. DOI 10.1007/s10897-008-9169-9).

Nomenclatures
•	 For	genes,	use	genetic	notation	and	symbols	approved	by	the	HUGO	Gene	

Nomenclature Committee (HGNC) – (http://www.genenames.org/).
•		 For	mutation	nomeclature	 please	use	 the	nomenclature	 guidelines	 sug-

gested	by	the	Human	Genome	Variation	Society	(http://www.hgvs.org/mu-
tnomen/).

•	 Provide	information	and	a	discussion	of	departures	from	Hardy-Weinberg	
equilibrium	(HWE).	The	calculation	of	HWE	may	help	uncover	genotyping	
errors	and	impact	on	downstream	analytical	methods	that	assume	HWE.

•	 Provide	 raw	genotype	 frequencies	 in	 addition	 to	 allele	 frequencies.	 It	 is	
also	desirable	to	provide	haplotype	frequencies.

•	 Whenever	possible,	drugs	should	be	given	their	approved	generic	name.	
Where	a	proprietary	(brand)	name	is	used,	it	should	begin	with	a	capital	
letter.

•	 Acronyms	should	be	used	sparingly	and	fully	explained	when	first	used.

FOR PAPERS SUBMITTED IN ENGLISH
Papers must be written in clear, concise English. Avoid jargon and neolo-
gisms. The journal is not prepared to undertake major correction of language, 
which	is	the	responsibility	of	the	author.	Where	English	is	not	the	first	langua-
ge	of	the	authors,	the	paper	must	be	checked	by	a	native	Engligh	speaker.	For	
non-native English speakers and international authors who would like assis-
tance with their writing before submission, we suggest American Journal 
Experts for their scientific editing service (http://www.journalexperts.com/in-
dex.php) or PaperCheck (http://www.papercheck.com/).
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ADDERA D3. INDICAÇÕES: Tratamento auxiliar da desmineralização óssea pré e pós-menopausa, do raquitismo, da osteomalácia, da osteoporose e na prevenção de quedas e fraturas em idosos com deficiência de vitamina 
D. PRECAUÇÕES: Em pacientes com arteriosclerose, insuficiência cardíaca, hiperfosfatemia e insuficiência renal, deve ser avaliado o risco/benefício da administração da vitamina D. Em caso de hipervitaminose D, 
recomenda-se administrar dieta com baixa quantidade de cálcio, grandes quantidades de líquidos e, se necessário, glicocorticoides. INTERAÇÕES MEDICAMENTOSAS: O uso concomitante de ADDERA D3 e fármacos que 
contêm magnésio pode resultar em hipermagnesemia. Não se recomenda o uso simultâneo de vitamina D e calcifediol, devido ao aumento do potencial tóxico. O uso associado a preparações com cálcio em doses elevadas ou 
diuréticos tiazídicos aumenta o risco de hipercalcemia e o uso com fósforo, também em doses elevadas, aumenta o potencial de risco de hiperfosfatemia. REAÇÕES ADVERSAS: A vitamina D quando ingerida em quantidade 
excessiva pode ser tóxica. Doses diárias de 10.000U.I. a 20.000U.I. em crianças e 60.000U.I. em adultos podem provocar sintomas tóxicos como hipercalcemia, além de vômitos, dores abdominais, sede em demasia, urina em 
excesso, diarreia e eventual desidratação. POSOLOGIA: A dosagem varia em uma faixa terapêutica, entre 1.000 a 50.000UI, dependendo da patologia e do nível sérico de vitamina D, SEMPRE A CRITÉRIO MÉDICO, 

levando-se em conta os dados de Eficácia e Segurança. MS 1.7817.0028. VENDA SOB PRESCRIÇÃO MÉDICA. Referências bibliográficas: 1) Bula do produto: Addera D3. JUNHO 2014.

SE PERSISTIREM OS SINTOMAS, O MÉDICO DEVERÁ SER CONSULTADO.

CONTRAINDICAÇÕES: Contraindicado para pacientes com arteriosclerose, insuficiência cardíaca, hiperfosfatemia e insuficiência renal.
INTERAÇÕES MEDICAMENTOSAS: Antiácidos contendo magnésio, diuréticos tiazídicos e calcifediol.
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FORXIGA® (dapagliflozina) COMPRIMIDOS REVESTIDOS. FORXIGA® (dapagliflozina) comprimidos revestidos. USO ORAL. USO ADULTO. Reg. MS  – 1.0180.0404. FORXIGA® (dapagliflozina) é um inibidor do cotransportador 
sódio – glicose 2 (SGLT2) que melhora o controle glicêmico em pacientes com diabetes mellitus tipo 2, através da redução da reabsorção renal de glicose e consequente excreção do excesso de glicose na urina. INDICAÇÕES: FORXIGA® 
é indicado como adjuvante a dieta e exercícios para melhora do controle glicêmico em pacientes com diabetes mellitus tipo 2 em monoterapia ou em combinação com metformina, uma tiazolidinediona, uma sulfonilureia ou insulina 
(isolada ou com até duas medicações antidiabéticas orais), quando a terapia existente juntamente com dieta e exercícios não proporciona controle glicêmico adequado. Indicado em combinação inicial com metformina quando ambas 
as terapias são apropriadas. CONTRAINDICAÇÕES: FORXIGA® é contraindicado a pacientes com conhecida hipersensibilidade a dapagliflozina ou aos outros componentes da fórmula. ADVERTÊNCIAS E PRECAUÇÕES: FORXIGA® 
não é indicado para uso por pacientes com diabetes tipo 1 e não deve ser utilizado para o tratamento de cetoacidose diabética. FORXIGA® não deve ser usado em pacientes com insuficiência renal moderada a grave (taxa 
de filtração glomerular estimada [TFGe] persistentemente < 45 mL/min/1,73m2 calculada pela fórmula de Modificação da Dieta na Doença Renal [MDRD da sigla em inglês] ou depuração de creatinina [ClCr] persistentemente < 60 
mL/min calculado pela fórmula de Cockcroft – Gault) ou doença renal em fase terminal (ESRD). Pacientes com diabetes e doença cardiovascular: o perfil de segurança de FORXIGA® em estudos nessa população específica foi 
consistente com o de FORXIGA® na população dos estudos clínicos em geral. Pacientes com risco de depleção de volume: deve – se considerar a suspensão temporária de FORXIGA® em pacientes que desenvolverem depleção 
de volume. Infecções do trato urinário: a excreção urinária de glicose pode estar associada com aumento no risco de infecções do trato urinário, portanto, a suspensão temporária de FORXIGA® deve ser considerada no tratamento 
de pielonefrite ou sepse urinária. Uso com medicações conhecidas por causar hipoglicemia: uma dose menor de insulina ou de secretagogos de insulina pode ser necessária para reduzir o risco de hipoglicemia em combinação 
com FORXIGA®. Gravidez: não deve ser usado no segundo e terceiro trimestres de gravidez. Não existem estudos adequados e bem controlados de FORXIGA® em mulheres grávidas. Quando a gravidez for detectada, FORXIGA® deve 
ser descontinuado. Categoria de risco na gravidez: C – Este medicamento não deve ser utilizado por mulheres grávidas sem orientação médica ou do cirurgião dentista. Lactação: FORXIGA® não deve ser utilizado 
em mulheres que estejam amamentando. Uso pediátrico: segurança e a eficácia de FORXIGA® em pacientes pediátricos não foram estabelecidas. Uso geriátrico: não são recomendadas alterações de dose de FORXIGA® com 
base na idade. REAÇÕES ADVERSAS: a interrupção do tratamento devido a eventos adversos em pacientes que receberam FORXIGA® 10 mg foi de 4,3% em comparação com 3,6% para o grupo placebo. Os eventos mais comuns 
foram: infecção genital, infecção do trato urinário, dor nas costas e poliúria. Verificar a bula completa do produto para maiores informações. INTERAÇÕES MEDICAMENTOSAS: o metabolismo de dapagliflozina é mediado 
principalmente pela UGT1A9 – dependente da conjugação glicuronídeo. Em estudos realizados em indivíduos sadios, a farmacocinética da dapagliflozina não foi alterada pela metformina, pioglitazona, sitagliptina, glimepirida, 
voglibose, hidroclorotiazida, bumetanida, valsartana ou sinvastatina. Após o uso concomitante de dapagliflozina com rifampicina ou ácido mefenâmico não houve qualquer efeito clinicamente significativo na eliminação de glicose na urina 
em 24 horas. Em estudos conduzidos em indivíduos sadios, a dapagliflozina não alterou significativamente a farmacocinética da metformina, pioglitazona, sitagliptina, glimepirida, hidroclorotiazida, bumetanida, valsartana, sinvastatina, 
digoxina ou varfarina. Outras interações: os efeitos da dieta, tabagismo, produtos à base de plantas e uso de álcool sobre a farmacocinética da dapagliflozina não foram especificamente estudados. POSOLOGIA: a dose recomendada 
de FORXIGA®, em monoterapia ou terapia combinada, é 10 mg, uma vez ao dia, a qualquer hora do dia, independentemente das refeições. Para pacientes em risco de depleção de volume devido a condições coexistentes, uma dose 
inicial de 5 mg de FORXIGA® pode ser apropriada. Não são necessários ajustes de dose de FORXIGA® com base na função renal ou hepática. Para maiores informações, consulte a bula completa do produto. FRX004. Rev0114. VENDA 
SOB PRESCRIÇÃO MÉDICA. SE PERSISTIREM OS SINTOMAS, O MÉDICO DEVERÁ SER CONSULTADO.

CONTRAINDICAÇÕES: Pacientes com conhecida hipersensibilidade a dapagliflozina ou aos outros componentes da 
fórmula. INTERAÇÕES MEDICAMENTOSAS: A farmacocinética da dapagliflozina não foi alterada pela metformina, 
pioglitazona, sitagliptina, glimepirida, hidroclorotiazida, valsartana ou sinvastatina.

Primeiro com mecanismo de ação 
independente de insulina1,5,6

Controle glicêmico com perda de peso1

Administração oral, 1 vez ao dia1

Eficácia no controle glicêmico com 
benefício adicional de perda de peso¹

ELIMINA EM MÉDIA 
70g DE GLICOSE POR DIA1-4
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