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RESUMO

GEHRKE, Barbara. Avaliacao da densidade e microarquitetura ésseas e composi¢ao
corporal dos pacientes jovens com virus da imunodeficiéncia humana. 2023. 123 f. Tese
(Doutorado em Fisiopatologia Clinica e Experimental) — Faculdade de Ciéncias Médicas,
Universidade do Estado do Rio de Janeiro, Rio de Janeiro, 2023.

Objetivo: Avaliar os parametros 6sseos de densidade e microarquitetura, além da
composicao corporal, de pacientes jovens portadores do virus da imunodeficiéncia humana
(HIV) e comparar com grupo controle, a fim de entender os mecanismos fisiopatoldgicos
envolvidos e sugerir protocolos de rastreio precoce. Metodologia: Foram recrutados 135
participantes (81 infectados e 54 controles saudaveis), de ambos os sexos, com idades entre 20
e 50 anos. Os participantes foram submetidos a questionario detalhado, analise de prontuario,
exames laboratoriais e urina de 24 horas. Densitometria 0ssea (DXA) e tomografia
computadorizada quantitativa periférica de alta resolucdo (HRpQCT) foram realizados para
avaliar quantidade e qualidade dssea, respectivamente. Aplicacdo do questionario SARC-F,
avaliacdo da forca de preensdo manual (FPM) com dinamdmetro, Teste Up & Go (TUG) e
avaliagdo da composicéo corporal foram realizados para investigar sarcopenia. O rastreio de
fraturas vertebrais foi feito por morfometria vertebral (VFA) utilizando DXA. As ferramentas
FRAX e NOGG foram aplicados para avaliacdo do risco de fraturas. Resultados: Cinquenta
participantes de cada grupo completaram o estudo. ldade, sexo, etnia, peso, altura, indice de
massa corporal (IMC), e consumo de &lcool foram estatisticamente semelhantes entre os grupos.
Densidade mineral 6ssea [1,177 g/cm® (0,971 — 1,446) versus 1,271 g/cm?® (0,947 — 1,627), p
0,023] e Z-score [-0,5 desvios padréo (DP) (-2,1 — +2,4) versus +0,2 DP (-1,9 — +2,3), p 0,021]
foram estatisticamente inferiores em coluna lombar dos participantes portadores de HIV em
comparacdo com grupo controle. Houve pardmetros 0sseos estatisticamente inferiores na
HRpQCT principalmente da tibia distal dos pacientes do grupo HIV. Encontramos uma
prevaléncia de 12% de fraturas vertebrais morfométricas em pacientes assintomaticos do grupo
HIV. Resultados de testes funcionais também mostraram inferioridade no grupo HIV com
significancia estatistica (TUG e SARC-F) e a FPM apresentou p 0,052 com valores mais baixos
para grupo HIV. Na composicdo corporal um maior nimero de participantes do grupo HIV
apresentaram alteracfes em massa magra apendicular e massa magra apendicular corrigida para
altura ao quadrado quando utilizamos pontos de corte sugeridos por protocolos mundiais bem
estabelecidos para o diagnostico de sarcopenia. Participantes do grupo HIV apresentaram maior
risco de fraturas, com significancia estatistica, calculado através da ferramenta FRAX.
Conclusdes: Encontra-se bem estabelecido na literatura que individuos portadores de HIV
desenvolvem mecanismos fisiopatoldgicos que reduzem massa 0ssea, alteram propriedades da
composicdo corporal e apresentam maior risco de fratura, principalmente em idades mais
avancadas. No nosso estudo, encontramos parametros inferiores e presenca de fraturas em uma
populacdo jovem, a qual ndo € habitualmente rastreada para as complicacOes citadas.
Desenvolvemos protocolos de rastreio para diagndstico precoce a fim de reduzir a
morbimortalidade e melhorar a qualidade de vida de individuos jovens com elevado risco de
fraturas.

Palavras-chave: HIV. HR-pQCT. DXA. VFA. Baixa massa 0ssea. Fraturas por fragilidade.

Composicéo corporal. Sarcopenia.



ABSTRACT

GEHRKE, Barbara. Evaluation of bone density and microarchitectural parameters and body
composition of young people living with the human immunodeficiency virus. 2023. 123 f. Tese
(Doutorado em Fisiopatologia Clinica e Experimental) — Faculdade de Ciéncias Médicas,
Universidade do Estado do Rio de Janeiro, Rio de Janeiro, 2023.

Objective: To evaluate bone density and microarchitecture, in addition to body
composition, in young patients with the human immunodeficiency virus (HIV) and compare
with healthy control group, in order to understand the pathophysiological mechanisms involved
and suggest early screening protocols. Methodology: We recruited 135 participants (81 infected
and 54 healthy controls), of both genders, aged between 20 and 50 years. Participants were
examined, questionnaires were applied, analysis of medical records, laboratory tests and 24-
hour urine were completed. Dual X-ray absorptiometry (DXA) and peripheral quantitative
high-resolution computed tomography (HR-pQCT) were performed to assess bone quantity and
quality, respectively. Application of SARC-F quetionnaire, assessment of muscle strength with
handgrip test, Test Up & Go (TUG) and body composition were performed to suspect or
diagnose sarcopenia in these individuals. In order to screen morphometric vertebral fractures,
vertebral fracture assessment (VFA) was performed using DXA. The tools FRAX and NOGG
were applied to evaluate the risk porbability of fractures. Results: Fifty participants from each
group completed the study. The median age was 40 (25-49) vs. 36.5 (22-50) for the HIV and
control groups, respectively (p 0.120). Gender, race, weight, height, body mass index, and
smoking were also statistically similar between groups. Bone mineral density [1.177 g/cm?®
(0.971 — 1.446) versus 1.271 g/cm® (0.947 — 1.627), p 0.023] and Z-score [-0.5 standard
deviations (SD) (-2.1 — +2.4) versus +0.2 SD (-1.9 — +2.3), p 0.021] were statistically lower at
lumbar spine of participants with HIV when compared to the control group. There were
statistically lower bone parameters in the HRpQCT, mainly in the distal tibia of patients with
HIV. Participants from HIV group presented higher risk of fractures, with statistical
significance, calculated through FRAX tool. We found a 12% prevalence of morphometric
vertebral fractures in asymptomatic individuals with HIV. Functional tests also showed
statistically significant inferior results in the HIV subjects (TUG and SARC-F) and handgrip
strength showed p 0.052 with lower values for the infected group. In terms of body composition,
a greater number of participants in the HIV group showed changes in appendicular lean mass
and appendicular lean mass adjusted for height when we used cutoff points suggested by well-
established global protocols for the diagnosis of sarcopenia, although no significant differences
were evidenced between groups. Conclusions: It is well established in literature that individuals
with HIV develop pathophysiological mechanisms that reduce bone mass, alter body
composition properties and present a higher risk of fractures, especially at older ages. In our
study, we found lower bone and muscle parameters and the presence of fractures in a young
population, which is not usually screened for the aforementioned complications. We have
developed screening protocols for early diagnosis in order to reduce morbimortality and
improve quality of life in young individuals at high-risk for fractures.

Keywords: HIV. HR-pQCT. DXA. VFA. Low bone density. Fragility fractures. Body

composition. Sarcopenia.
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INTRODUCAO

O virus da imunodeficiéncia humana (HIV) tem sido um desafio para o sistema de saude
desde o inicio da década de 1980 (1, 2). Nos dias atuais, ainda estamos diante de incidéncia e
prevaléncia consideraveis da doenca. Em 2021, estimou-se que mais de 38,4 milhGes de pessoas
viviam com a infeccdo pelo HIV mundialmente (3).

A doenca se tornou uma condicdo cronica e tratavel e atualmente uma pessoa jovem que
adquire o virus apresenta uma expectativa de vida proxima ou igual a populagdo que néo
apresenta a doenca (4). O uso de terapia antirretroviral (TARV) ndo apenas reduziu a morbidade
e mortalidade, mas também contribuiu & prevencao da doenca (5). A despeito da disponibilidade
de diversos recursos para a prevencao da transmissao do virus, a incidéncia permanece alta (3).
Devido a transicdo demografica, com aumento da expectativa de vida (longevidade) dos
pacientes HIV, osteopenia e osteoporose tém se tornado mais comuns nesse grupo populacional
(6).

Osteoporose é uma desordem esquelética caracterizada por baixa massa 6ssea com a
deterioracdo da microarquitetura do o0sso, predispondo o individuo a fraturas por fragilidade
(7). Essa condigdo geralmente resulta em uma piora da qualidade de vida e aumenta a
morbimortalidade, sendo observada com maior frequéncia na populacdo idosa. EXxistem
diversos mecanismos envolvidos na fisiopatologia da doenca dssea (8):

a) Defeitos na microarquitetura trabecular;

b) Defeitos intrinsecos das propriedades materiais do tecido 6sseo;

c) Reparo disfuncional de microdanos provenientes de atividades diarias;

d) Taxas excessivas de remodelamento 6sseo.

Para a prevencdo da doenca Ossea que progride no envelhecimento, existem
recomendagdes bem estabelecidas na literatura, as quais devem ser instituidas ainda na infancia,
adolescéncia e no adulto jovem. Um elemento essencial para prevenir osteoporose consiste na
obtencdo de um pico de massa 0ssea adequado, o qual ocorre por volta dos 30 anos de idade
(9). Os principais fatores que interferem no pico de massa 0ssea sdo etnia, género e fatores
genéticos (hereditariedade— responsavel por determinar 60 a 80% do pico de massa 0ssea) (10,
11). A nutricdo adequada com ingesta apropriada de calcio e exposicao solar periddica para
conversdo da vitamina D se mostraram essenciais para a manutencdo da salde déssea a longo
prazo (9). Outros aspectos importantes para o pico de massa 0ssea sdo ciclos menstruais
regulares e realizacdo de atividade fisica regular e balanceada (9). No periodo do climatério ou

inicio da menopausa a mulher apresenta queda do estrogénio o que leva a uma perda 6ssea mais
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acelerada devido ao processo de reabsorcao do tecido 6sseo que ocorre principalmente em 0sso
trabecular (mais presente em esqueleto axial, isto &, colunas dorsal e lombar) (9). Homens
também iniciam processo de reducdo de testosterona (andropausa) por volta dos 50 anos e
sofrem perda d6ssea (9). A perda de um desvio padrdo (DP) aumenta o risco de fraturas vertebrais
em duas vezes ou risco de fratura de quadril em duas vezes meia (9).

Doengas que geram inflamac&o cronica no organismo, como no caso dos individuos
com HIV ou uso de medicamentos que interferem no metabolismo 6sseo podem comprometer
0 pico de massa 0ssea, elevando o risco de fraturas devido ao desenvolvimento de osteoporose
grave em pacientes mais jovens (12).

Infelizmente, a grande maioria dos pacientes apenas diagnosticam osteoporose apds um
episddio de fratura. As fraturas s@o de baixo-impacto (como queda da prépria altura) e ocorrem
com maior frequéncia nas vértebras, quadril ou punho. Apos a primeira fratura, o risco de uma
nova fratura aumenta em 5 vezes no primeiro ano apds o evento. Aproximadamente 50% dos
individuos que sofreram fratura osteoporética sofrerdo um novo evento no futuro (13-15). As
fraturas aumentam morbimortalidade e pioram a qualidade de vida do individuo, portanto,
devem ser prevenidas e tratadas (16-18).

Nos individuos infectados pelo HIV, o risco de fraturas aumenta aproximadamente 10
anos mais cedo do que na populacao geral (19). Além disso, diversos estudos reportaram baixa
massa Ossea com elevado risco de osteoporose, osteopenia e osteomalacia em pacientes
infectados pelo HIV, incluindo mulheres, homens, pacientes jovens e idosos e criancas
verticalmente contaminadas (12, 20).

Osteopenia e osteoporose atingem aproximadamente 50% e 25% dos pacientes HIV,
respectivamente (21). Fraturas ocorrem nesse grupo devido a uma combinacao multifatorial de
riscos para osteoporose, 0S quais estes pacientes podem apresentar (uso cronico de
glicocorticoides, sedentarismo, uso de opidides, alcool, tabagismo, deficiéncia de célcio e
vitamina D e hipogonadismo) (11, 22). Além disso, diversos fatores de risco associados ao HIV,
como uso de TARV, contagem de células T CD4", duracdo da doenca, morbidade cronica,
alterac6es da composi¢éo corporal, estado inflamatdrio cronico e reconstituicdo imune, podem
estar envolvidos com a fisiopatologia da doenga 6ssea nos pacientes infectados pelo HIV (21).
Grandes estudos descreveram o aumento do risco de fraturas em pacientes portadores do virus
com relatos de aumento no risco de fratura podendo chegar de 4 a 5 vezes maior em populagéo
com HIV quando comparados a individuos ndo infectados (23-28).

O desequilibrio da interface imunoesquelética estd associado a osteoporose nos

pacientes infectados pelo HIV. Essa interface consiste na centralizagdo de células e citocinas



16

compartilhadas entre os sistemas esquelético e imune. As células B secretam osteoprotegerina
(OPG), um fator anti-osteoclastogénico potente que preserva a massa 6ssea (29). Um estudo
reportou que as células B podem ser responsaveis pela producédo de 64% de OPG na medula
Ossea, portanto, diante da disfuncdo desta célula, a producdo de OPG fica prejudicada,
favorecendo a reabsorcdo Ossea (30). As células B e T ativadas secretam fatores pro-
osteoclastogénicos incluindo o receptor activator of nuclear factor B ligand (RANKL, em
portugués, ligante do receptor ativador do fator nuclear kB), interleucina (IL)-17A e tumor
necrosis factor (TNF, em portugués, fator de necrose tumoral)-a promovendo perda 6ssea em
estados inflamatdrios crénicos (29). Existem evidéncias de que na populagdo com HIV a
expressdo do RANKL encontra-se aumentada e que existe uma menor atividade da OPG em
células imunes, o que gera uma perda dssea acelerada (31). A TARV também intensifica a
perda da massa 0ssea durante a reversdo da doenca, visto que a reconstituicdo imune produz
citocinas osteoclastogénicas (29).

Existem medicamentos no arsenal de TARVS, os quais apresentam maior influéncia na
massa 0ssea e que requerem maior atencdo. Um estudo que avalia os efeitos da TARV no
metabolismo 6sseo descreve uma perda de densidade mineral dssea (DMQO), que varia entre 2
a 6% em quadril e coluna, ocorrendo nos primeiros 24 a 48 meses com posterior estabilizacdo
(32). A magnitude dessa perda 6ssea é comparada a que ocorre com uso de glicocorticoides ou
durante o primeiro ano de transicdo menopausal (32). Essa perda inicial € marcada por um
aumento dos marcadores de reabsorcdo 0ssea no sangue seguida do aumento compensatério de
marcadores de formacdo 6ssea, configurando um estado de elevada remodelacdo 6ssea, que
parece ser um dos principais mecanismos envolvidos na perda da massa 6ssea causada pelas
TARVs (32).

Um estudo de revisdo de 2016 correlacionou o tenofovir disoproxil fumarate (TDF, em
portugués, fumarato de tenofovir desoproxila - inibidor de transcriptase reversa analogo de
nucleotideo) com uma piora da DMO 1 a 3% maior em comparagao com o uso de outras TARVS
(33). Essa piora ocorre principalmente no primeiro ano de exposi¢do ao tratamento e mostrou-
se reversivel nos resultados de estudos switch (33). E descrito na literatura que o inicio da
terapia com TDF pode ocasionar alteragdes osteometabdlicas com interferéncia no
metabolismo da vitamina D e consequente reducdo dos niveis de vitamina D ativa [1,25-
dihidroxi vitamina D (1,25(0OH)2Ds3)] (32). Pode haver também aumento dos niveis de
parathyroid hormone (PTH, em portugués, paratormonio), tubulopatias com hipofosfatemia
(casos raros de Sindrome de Fanconi) ou até mesmo osteomalacia. Portanto, sugerem reposicéo

da vitamina D no inicio da terapia com TDF a fim de evitar repercussdes osteometabdlicas (33).
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Outro medicamento que mostrou interferéncia no metabolismo dsseo dos pacientes com
HIV é o efavirenz (EFV — inibidor da transciptase reserva ndo-andlogo dos nucleosideos) e foi
descrita a diminuicdo dos niveis séricos de 25-hidroxi vitamina D [25(OH)D] em 2,5 a 5 ng/mL
apos o seu inicio. O mecanismo deste medicamento consiste em inducdo das enzimas citocromo
P450 envolvidas no metabolismo da vitamina D, acelerando o catabolismo de 25(OH)D e
1,25(0OH)2D3 (32).

Tem descrito na literatura que a vitamina D possui efeito imunomodulatério mediado
por seus receptores nas células do sistema imune inato e adaptativo. Ela aumenta a expressao
de CD14 e catelicidina, as quais sdo moléculas envolvidas em respostas imunes inatas, além de
reduzir expressdo de citocinas em células T ativas, suprimindo a proliferacdo de células T e a
producdo de citocinas inflamatdrias, consequentemente reduzindo o estado inflamatorio (32).

Ainda faltam estudos para esclarecer os mecanismos exatos dos quais 0s inibidores de
protease (IP) agem interferindo no metabolismo 6sseo, no entanto, mostrou-se que ocorre a
perda da massa 6ssea com o uso dessa classe de drogas (34). Dentre os IPs, as diferentes drogas
mostraram efeitos distintos, no entanto, é possivel concluir que elas podem ocasionar inibi¢éo
de atividade osteoblastica e estimulo a formacéo de osteoclastos, favorecendo a reabsorcao
Ossea (34).

A ativacdo imune crbnica provocada pelo HIV leva a uma low-grade sistemic
inflammation (LGSI, em portugués, inflamacao sistémica de baixo grau), o que pode reduzir a
atividade de substancias responsaveis pela sintese de proteinas musculares e levar a uma
disfuncdo do tecido adiposo, com acimulo de gordura ectopica (35). Os antirretrovirais
promovem dano mitocondrial através do aumento da inflamacdo muscular e por agdo direta,
podem reduzir a expressdo génica de proteinas envolvidas na sintese proteica. Além disso,

podem levar a alteracdes na composicdo corporal (35).

As primeiras drogas utilizadas no tratamento do HIV apresentavam como efeito adverso
a lipodistrofia devido a redistribuicdo de gordura no organismo (36, 37). Inibidores da
transcriptase reversa analogos de nucleosideo — estavudina e zidovudina - foram associados a
lipoatrofia, enquanto os IP ocasionaram lipohipertrofia (36, 37). Tenofovir alafenamide (TAF),
recentemente adicionado ao arsenal de TARVs no Brasil, mostrou ter menos efeito nas massas
0ssea e muscular, no entanto, apresentou resultados de maior indice de massa corporal (IMC)
e percentual de gordura corporal em seus usuarios em comparacdo com pacientes que nédo
usavam a droga (38). Alguns inibidores da integrase (raltegravir, elvitegrvir e dolutegravir)

também foram associados ao aumento de peso (39) e os IP demonstraram alteracdes
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metabolicas e ganho de gordura corporal em estudos prévios (40-42). Em contrapartida,
usuarios de TDF parecem apresentar menor impacto no ganho de peso em comparagdo com
outras TARVSs (43). Esse aumento de percentual de gordura corporal levaa uma LGSI que eleva
o risco de resisténcia a insulina e diabetes, o que pode resultar em reducdo de forca e qualidade

muscular (35).

Assim, a populacdo infectada pelo HIV é mais propensa ao desenvolvimento de
sarcopenia que frequentemente ocorre em concomitancia ao envelhecimento, porém nos
pacientes HIV pode ser visto em idades mais precoces aumentando morbimortalidade e
reduzindo performance fisica e qualidade de vida (44). O RANKL também se expressa na
musculatura esquelética, e como dito anteriormente, apresenta maior expressao em pacientes
infectados pelo HIV, o que pode resultar em disfuncéo e perda musculoesquelética, por inibicdo

da diferenciacdo miogénica (31).

Nos ultimos anos, 0sso e musculo sdo cada vez mais reconhecidos como tecidos que
interagem, ndo apenas por conta das superficies adjacentes ou como resultado dos efeitos
mecanicos do musculo sobre a funcdo do 0sso, criando-se o conceito de “unidade osso-
musculo”, que se comunica via sinais paracrinos e endocrinos para coordenar seu
desenvolvimento e adaptar a resposta a qualquer injaria (45, 46). Portanto, temos evidéncia de
que a sarcopenia e a osteoporose compartilham muitas vias comuns incluindo a sensibilidade
para reduzir a secrecdo de hormonios anabolicos, atividade inflamatéria aumentada com
citocinas e moléculas anabolicas ou catabdlicas secretadas pelo masculo esquelético ou células

osseas (7).

Atualmente os critérios utilizados para diagnéstico de sarcopenia seguem o European
Working Group on Sarcopenia in Older People (EWGSOP2) (47). Para classificacdo de
provavel sarcopenia se avalia a forca muscular por meio da forca de preensdo palmar (FPM)
com utilizacdo de dinamdémetro, que quando abaixo dos pontos de corte definidos, revela
provavel sarcopenia. Sarcopenia é confirmada quando o individuo apresenta baixa forca
muscular associada a baixa massa muscular [massa magra apendicular (MMA) abaixo dos
valores de referéncia obtidos através da composicdo corporal por Dual-energy X-ray
Absortiometry (DXA, em portugués, absorciometria de raios-X de dupla energia). Sarcopenia
severa leva em consideracdo alteracdo dos parametros descritos acima associados a baixa
performance fisica (47). Os parametros definidos para o diagndstico de sarcopenia levam em
consideragdo uma populacdo idosa, portanto, ndo devem ser generalizados para grupos mais

jovens.
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Em suma, em vista dos fatos expostos acima, o estudo proposto visa avaliar a quantidade
e qualidade dsseas, através da densidade e microarquitetura Osseas, além da composicdo
corporal e realizacao de testes funcionais para avaliar musculo em pacientes jovens infectados
pelo HIV, a fim de identificar qual a contribuicdo deste virus e dos TARVS para a deterioracao
da massa 6ssea e desenvolvimento da sarcopenia em idades mais jovens. O diagndstico precoce
e consequente tratamento objetivam evitar fraturas por fragilidade e perda de funcionalidade e
mobilidade em uma populacdo que ainda apresenta potencial laborativo prolongado. Além
disso, o rastreio osteometabdlico ao diagndstico da infecgdo e acompanhamento no inicio e na
escolha da TARV podem ser importantes, permitindo a reposi¢do do colecalciferol, no intuito
de evitar a piora da massa 6ssea. Pode-se também orientar medidas dietéticas e de atividade
fisica visando a melhora da sarcopenia, 0 que contribui para uma menor perda de massa 6ssea
ao longo da vida.

Atualmente os protocolos definidos para rastreio de doenca 0ssea na populacao
infectada por HIV recomendam a realizacdo do fracture risk assessment tool (FRAX -
ferramenta que calcula a probabilidade de fratura de quadril e fratura osteoporética maior em
10 anos) em mulheres pré menopausa >40 anos e homens entre 40-49 anos. A realizacdo de
DXA é recomendada em mulheres pds-menopausa, homens com >50 anos, pacientes em uso
cronico de glicocorticoides e/ou com elevado risco de quedas ou histdria prévia de fratura por
fragilidade (48). Entretanto, esperarmos essa idade para fazer a primeira avaliacdo nos pacientes
portadores do virus pode ser catastréfico, pois permitira a perda 6ssea mais acelerada do que na
populacdo geral e com um risco maior de fraturas, elevando a morbimortalidade e prejudicando
a funcionalidade desses pacientes.

Protocolos atuais de rastreio de sarcopenia apresentam pontos de corte voltados para
populacdes idosas, sem considerar grupos especificos como os pacientes portadores de HIV.
Portanto, é preciso criar novos protocolos de rastreio para populagdes mais jovens que

apresentam elevado risco de perda de massa e for¢a muscular.
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1. OBJETIVOS

1.1. Gerais

Avaliar os pardmetros 6sseos e musculares de pacientes jovens portadores do
HIV através de DXA e high resolution peripheral quantitative computed tomography (HR-
pQCT, em portugués, tomografia computadorizada quantitativa periférica de alta resolucao) e

comparar com populagdo de caracteristicas semelhantes.

1.2.  Especificos

a) Identificar presenca de fraturas vertebrais morfométricas;
b) Avaliar a presenca de alteragdes na microestrutura e densidade 6&sseas,
composicao corporal e testes funcionais musculares na populacao jovem com

HIV.
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2. MATERIAL E METODOS

2.1  Tipo de pesquisa

Trata-se de um estudo clinico observacional e transversal. Os participantes foram
selecionados aleatoriamente (desde que atendidos os critérios de inclusdo e removidos 0s
critérios de exclusdo) nos ambulatorios de doengas infecto-parasitarias (DIP) e de medicina
interna/Clinica Médica do Hospital Universitario Pedro Ernesto (HUPE) da Universidade do
Estado do Rio de Janeiro (UERJ). Os participantes foram separados em 2 grupos: grupo

controle e grupo com portadores de HIV.

2.2  Etica da pesquisa

O projeto foi aprovado pelo Comité de Etica em Pesquisa do HUPE (ANEXO A),
Certificado de Apresentacdo de Apreciacdo Etica sob ndmero 29162020.1.0000.5259. Os
procedimentos envolvendo os participantes foram realizados de acordo com os principios
descritos na Declaracdo de Helsinki. Todos os participantes assinaram o0 termo de
consentimento livre e esclarecido (ANEXO B).

2.3 Amostra

Foram analisados um total de 135 prontuérios de individuos elegiveis ao estudo (81
pessoas com o HIV e 54 para grupo controle), provenientes dos ambulatérios de DIP e de
medicina interna/Clinica Médica HUPE/UERJ.
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2.3.1 Critérios de incluséo

Os participantes poderiam ser de ambos os sexos com idade entre 20 e 50 anos.
Mulheres precisavam apresentar ciclos menstruais regulares. Pacientes do grupo HIV
precisavam ter diagndstico e estar em tratamento da doenca ha pelo menos um ano e deveriam

comparecer regularmente as consultas no ambulatério de DIP (a cada 6 meses).

2.3.2 Critérios de exclusio

Foram excluidos individuos portadores de doencas do metabolismo d&sseo, tais como:
hipoparatireoidismo, hiperparatireoidismo priméario, raquitismo, osteogénese imperfeita,
mieloma multiplo, doenca de Paget; assim como condi¢des que interfiram no metabolismo
0sseo, tais como: diabetes, hipertireoidismo, hiperparatirecidismo, hipercortisolismo,
menopausa ou faléncia ovariana precoce, doencas hepaticas, reumatologicas e/ou
hematoldgicas, sindromes disabsortivas intestinais ou historia de cirurgia bariatrica, acidose
tubular renal, histdria de cancer, hipogonadismo ou alteracdo da funcao renal de carater agudo
ou cronico correspondendo a uma estimativa de filtracdo glomerular menor que 60
mL/min/1.73m? calculada através da equacdo desenvolvida pela Chronic Kidney Disease
Epidemiology Collaboration (CKD-EPI, em portugués, Colaboracdo de Epidemiologia e
Doenca Renal Crénica). Individuos com nivel cognitivo alterado, incapazes de compreender as
etapas do estudo também foram excluidos. Gestantes foram excluidas devido a radiacdo emitida
pelo DXA e HR-pQCT e individuos com peso superior a 120 quilogramas (Kg) ndo puderam
participar devido a capacidade maxima suportada pelo aparelho de DXA. Pessoas em uso
cronico de glicocorticoides, inibidores de bombas de prétons, anticonvulsivantes e

thiazolidinedionas foram excluidos do estudo devido a interferéncia no metabolismo 6sseo (49).
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2.4  Delineamento experimental

Os participantes passaram inicialmente por processo de analise de prontuérios para
identificacdo de possiveis patologias ou uso de medicacdes que poderiam interferir no
metabolismo 6sseo. Os mesmos foram abordados em consultas de rotina agendadas nos
ambulatérios de origem. Apos explicacdo, fornecimento do termo de consentimento livre e
esclarecido e assinatura do mesmo, iniciaram processo de participagdo no estudo. Foram
realizados questionario (ANEXO C), exame fisico completo, uso das calculadoras FRAX e
National Osteoporosis Guideline Group (NOGG) para avaliagéo do risco de fratura, solicitacéo
de exames laboratoriais (sangue e urina de 24 horas), aplicacdo de questionario SARC-F, Timed
Up & Go (TUG) e avaliacdo da forca de preensdo palmar (FPM) através de dinamémetro. Em
um segundo momento, participantes foram contactados através de nimero telefénico fornecido
pelos mesmos para realizacdo de exames de imagem [DXA e HR-pQCT]. Para a realizacdo de

DXA os participantes ndo poderiam estar em periodo menstrual ou pré-menstrual.

2.4.1 Exame fisico
Foi feito exame fisico com andlise ectoscdpica para avaliar presenca de deformidades

Osseas pré-existentes, mensuracao de pressdo arterial e aquisicdo de medidas antropométricas

[peso, altura e IMC (peso em quilogramas/altura em metros quadrados)].

2.4.2 Avaliacdo do risco de fraturas

Foi feita avaliacdo do risco de probabilidade de fraturas em 10 anos por meio da
ferramenta conhecida como FRAX, em participantes com 40 anos ou mais de ambos 0s sexos.

Esta ferramenta encontra-se disponivel em: https://abrasso.org.br/calculadora/calculadora/. A

infeccao pelo HIV foi considerada uma “causa secundaria de osteoporose” para ajuste de risco
de probabilidade. Em seguida, procedemos com o calculo de risco de fraturas com a ferramenta

da NOGG para classificar como risco baixo, moderado ou alto.


https://abrasso.org.br/calculadora/calculadora/
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2.4.3 Anédlise laboratorial

Investigacdo bioquimica foi conduzida para excluir possiveis condi¢es que afetam o
metabolismo dsseo. Calcio total, fosforo, magnesio, 25(OH)D, PTH e niveis séricos de
albumina foram dosados para avaliar o metabolismo 6sseo. Também foram dosados no sangue:
hemograma completo, funcbes renal, tireoidiana e hepética, horménios sexuais (niveis de
testosterona total, sex hormone binding globulin [SHBG, em portugués, globulina ligadora dos
horménios sexuais) e estradiol em homens], hormdnios luteinizante e foliculo estimulante,
prolactina, volume de hemossedimentacao, glicose de jejum (pelo menos 8 horas), hemoglobina
glicada, insulina, perfil lipidico, hepatograma completo e reserva alcalina. Marcadores de
remodelagdo Ossea, tais como: C-terminal cross-linking telopeptide, em portugués, C-
telopeptideo terminal do colageno tipo 1 (3-CTX) e osteocalcina (OC) também foram
analisados. Urina de 24 horas com dosagem de calcio, fosforo, sodio e creatinina foi solicitada.
O método utilizado para PTH, B-CTX e OC foi quimioluminescéncia ndo competitiva e para
25(0OH)D utilizamos quimioluminescéncia competitiva, para ambos os métodos utilizamos o
aparelho Maglumi X8 da Snibe (China). Os participantes foram orientados a realizar jejum de
8 horas para a coleta dos exames. O diagnostico de hipogonadismo foi baseado no calculo da
testosterona livre a partir da testosterona total, SHBG e albumina. Pacientes com valores de
testosterona livre inferiores a 6,5 ng/dL foram excluidos do estudo.

2.4.4 Questionario SARC-F

Para rastreio do risco de sarcopenia e avaliacdo do comprometimento funcional foi
aplicado o questionario SARC-F. Participantes de ambos os grupos responderam baseados em
sua percepcao a respeito dos seguintes itens: levantar-se de uma cadeira ou cama, subir 10
degraus de escada, capacidade de mobilidade e locomocéo entre comodos, forca muscular e
numero de quedas nos ultimos 12 meses. Cada um desses aspectos apresentam classificacdes e
pontuacOes e 0 participante que pontua 4 ou mais apresenta alta probabilidade de sarcopenia
(47, 50).

2.4.5 Timed Up & Go (TUG)

Consiste em um teste que avalia a performance fisica do participante. O individuo foi

orientado a sentar-se em uma cadeira e instruido pelo examinador a se levantar sem suporte,
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em seguida caminhar a distancia de 3 metros, girar 180° e retornar ao ponto de partida para
sentar-se na cadeira novamente. O tempo levado para completar o movimento foi
cronometrado. Tempo superior a 20 segundos ¢ considerado alterado (51). A Figura 1 ilustra a

realizacdo do teste.

Figural- Timed Up & Go

2.4.6 Forca de preensdo palmar (FPM)

A FPM é realizada para avaliar a forca muscular. Cada participante foi orientado a
exercer a capacidade de forca muscular maxima no membro superior dominante utilizando o
dinam6metro manual portatil (Jamar Model 1 — 70729, Asimow Engineering Company, Santa
Monica, CA, EUA), de acordo com as recomendacfes da American Society of Hand Therapists
(em portugués, Sociedade Americana de Terapéutas de Méaos) (52). Participantes foram
orientados a se sentar em cadeira com posicao aduzida dos ombros, cotovelos flexionados a
90°, antebraco em posicao neutra e pés encostando o chdo. O examinador instruiu o participante
a exercer a forca muscular madxima em 3 tentativas com intervalos de 2 minutos entre cada
medida. A média de resultados foi adquirida para posterior analise dados. Valores < 16 e <27
Kg para mulheres e homens, respectivamente, eram considerados alterados (53). A Figura 2

mostra o dinambmetro e o posicionamento adequado.

Figura 2 Dinamb&metro manual Jamar e posicionamento adequado para realizagdo da FPM
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Figura 2 - Dinamometro manual Jamar e posicionamento adequado para realizacdo da FPM

24.7 DXA

Cada individuo foi submetido a exame de Densitometria com dupla fonte de raios-X
com o aparelho GE Lunar Prodigy Advance, GE Healthcare Madison, WI, EUA. Foram
avaliadas composicdo corporal total — massa magra, massa gorda, massa livre de gordura,
percentual de gordura e densitometria dssea com analise de DMO areal nos sitios de coluna
lombar (das vértebras L1-L4), fémur proximal e radio 33%. Resultados foram indicados em
valores absolutos (g/cm?) e DP da DMO esperada como referéncia para populagio da mesma
idade (Z-score). De acordo com a International Society for Clinical Densitometry (ISCD, em
portugués, Sociedade Internacional de Densitometria Clinica), individuos que apresentaram
DMO Z-score de < -2.0 DP foram classificados como baixa massa 6ssea para idade. Homens
tinham menos de 50 anos e mulheres estavam na pré-menopausa; por esse motivo, T-scores ndo
foram utilizados. O coeficiente de variacdo para DMO no aparelho utilizado é de 2.3% em
fémur e 1.8% em coluna lombar. Os exames de DXA foram operados pelo mesmo técnico e
avaliados pela mesma médica.

Massa magra apendicular de membros superiores e inferiores foi utilizada para calcular
a MMA em Kg e os valores de referéncia considerados alterados séo < 15 Kg and < 20 Kg, para
mulheres e homens, respectivamente (47, 54, 55). Em seguida, calculamos o indice de MMA
(IMMA), através da razao da MMA pela estatura ao quadrado (em Kg/m?). Foi adotado a

reducao do IMMA > 2 DP abaixo da média de controles jovens com idades entre 18— 40 anos,
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sendo < 55 Kg/m? e < 7,00 Kg/m? considerados alterados, para mulheres e homens,
respectivamente (56). Utilizamos pontos de corte recomendados pela EWGSOP2 e baseados na
definicdo operacional de Baumgartner's, a qual corresponde a > 2 DP abaixo da média de
referéncia para controles jovens com idades entre 18 e 40 anos (Z-score). Também analisamos
tecido adiposo visceral e tecido adiposo subcutaneo. Calculamos o indice de massa gorda pela
razdo do peso de gordura (Kg) dividido por altura ao quadrado (m?) (57).

2.4.8 Vertebral fracture assessment (VFA - avaliacio de fraturas vertebrais)

A pesquisa de fraturas vertebrais foi feita através do método DXA-VFA. O paciente é
posicionado em decubito lateral pelo técnico e a imagem da coluna é captada com analise das
alturas anterior, medial e posterior de cada vértebra. Por meio da escala semiquantitativa de
Genant foram identificadas fraturas pré-existentes.

2.4.9 HR-pQCT

Foi feita analise da densidade volumétrica e microarquitetura 6sseas mediante HR-
pQCT utilizando o aparelho X-treme CT (SCANCO Medical AG, Briittisellen, Switzerland).
Participantes realizaram imagem dos membros ndo dominantes e imobilizados. Os membros
utilizados foram radio e tibia distal. DMO volumeétrica foi estimado em osso total [Tt.BMD],
0sso cortical [Ct.BMD] e osso trabecular [Th.BMD]. Parametros microestruturais analisados
foram: espessura cortical [Ct.Th: razdo entre volume cortical ésseo e superficie dssea externa],
nimero de trabéculas [Th.N], fracdo de volume 0Gsseo trabecular [BV/TV, derivado da
densidade trabecular/1200 mg de hidroxiapatita], espessura trabecular [Th.Th: (BV/TV)/Tb.N],
separacdo trabecular [Th.Sp: (1-BV/TV)/Tb.N], e ndo homogeneidade trabecular [Th.1/N.SD,
desvio padrdo de 1/Th.N (58). Em cada sitio obtivemos 104 cortes, contribuindo para a
formagéo de imagem tridimensional (3D) com representacdo em direcdo axial. O coeficiente
de variacdo no aparelho de HR-pQCT utilizado ¢é de 3-5% para parametros microarquiteturais
e 1-2% para medidas de densidade.

2.5  Amostra Metodologia estatistica


http://n.sd/

28

A anélise estatistica foi realizada utilizando o software SPSS versdo 29.0.0.0 (241) para
Windows (SPSS Inc., Chicago, IL, EUA). Teste de Kolmogorov-Smirnov avaliou o padrdo de
distribuicdo das variaveis numéricas. A maior parte das variaveis ndo respeitou a curva de
normalidade e, portanto, utilizamos testes ndo paramétricos. Variaveis numéricas foram
expressas em mediana (minimo e maximo) e foram analisadas pelo teste de Mann-Whitney.
Varidveis categodricas foram analisadas pelo teste de Qui-quadrado de Pearson. Um valor de p
<0.05 foi considerado estatisticamente significativo. CorrelacGes entre variaveis numericas
foram realizadas com o teste de Spearman. Graus de forca de correlacdo foram baseados nos
seguintes coeficientes (r): muito fraca (0.00 —0.19), fraca (0.20 — 0.39), moderada (0.40 — 0.69),
forte (0.70 — 0.89) e muito forte (0.90 — 1.00). Diferencas foram consideradas significantes
guando o = 5% (p <0.05), afirmando que a hipostese estudada foi significativamente distinta

entre os grupos estudados.

3. RESULTADOS
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Abstract

Purpose People living with the human immunodeficiency virus (PLWH) developed higher life expectancy along with
chronic bone disease over the past years. Our purpose is to evaluate bone mineral density, bone microarchitecture and
fractures in young PLWH and understand the disease’s contribution to bone derangements and fracture risk.

Methods Eighty-one HIV-infected and 54 control young (2050 years) male and female subjects were enrolled in this study.
Methods for patient evaluation included DXA-VFA (dual energy X-rays and vertebral fracture assessment), HR-pQCT (high
resolution peripheral quantitative computed tomography), biochemistry and FRAX.

Results Fifty participants from each group completed all exams. Median age was 40 (25-49) vs. 36.5 (22-50) for the HIV
and control groups, respectively (p 0.120). Ethnicity, body mass index, serum phosphorus, 25-hydroxyvitamin D, PTH and
CTX were similar between groups, although ALP and OC suggested higher bone turnover in PLWH. VFA identified
morphometric vertebral fractures in 12% of PLWH. PLWH had lower values for lumbar spine areal BMD and Z score,
volumetric BMD, trabecular bone fraction (BV/TV) and trabecular number measured at the distal tibia by HR-pQCT; as a
consequence, trabecular separation and heterogeneity were higher (all p < 0.05). The FRAX-estimated risk for hip and major
osteoporotic fractures was statistically higher in PLWH (p <0.001).

Conclusion Our results confirm severe bone impairment and fractures associated with HIV in young patients. Thus, we
developed a screening protocol for young PLWH to detect bone fragility, reduce skeletal disease progression and morbi-
mortality, decrease fracture risk, and increase quality of life.
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Introduction

Human immunodeficiency virus (HIV) has been a challenge
to the health system since the beginning of the 1980s [1, 2],
and it was estimated that more than 38.4 million people
were living with HIV infection worldwide in 2021 [3]. It
has become a chronic and treatable condition, and currently,
a young person who acquires the virus is expected to live
almost as long as a person of the same age without it [4],
which contributes to a higher incidence and prevalence of

IMMUNE SYSTEM

HIV
** /lmelf;i:sl; :.d\ * *
Costimulation
B @
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SKELETAL SYSTEM
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s
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. BONE RESORPTION

Fig. 1 Effects of Human immunodeficiency virus on immune and
skeletal systems. The image describes the pathophysiology of HIV in
the immune system and skeletal system. Its influence on B and T cells
leads to a decreased activity of osteoprotegerin (OPG) and an
increased expression of the ligand of receptor activator of nuclear
factor kappa beta (RANKL), favouring differentiation and activation
of osteoclasts and consequent increase in bone resorption
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osteopenia and osteoporosis in people living with HIV
(PLWH) [5].

Osteoporosis is a skeletal disorder characterized by low
bone mass and deterioration of bone microarchitecture,
predisposing the individual to fractures [6]. This condition
usually leads to a worsening of quality of life and an
increase in morbimortality, frequently observed in the
elderly population. However, there is evidence of bone loss
in PLWH since disease onset, and with an increase in life
expectancy, they have been shown to be at risk for fractures
due to severe osteoporosis at earlier ages [7, 8].

Osteopenia and osteoporosis are described in
approximately 50% and 20% of PLWH, respectively [9].
PLWH are exposed to the traditional multifactorial risks
for bone loss [10] and several risk factors associated with
HIV, such as antiretroviral therapy (ART), CD4" T-cell
counts, duration of infection and chronic illness, may be
involved in the pathophysiology of bone disease in
PLWH [9].

In HIV-infected patients, bone loss occurs due to several
mechanisms: (a) B-cell dysfunction, increased production of
proinflammatory cytokines [tumour necrosis factor-o (TNF-
a), interferon-y, interleukin (IL)-1, IL-6, IL-7, IL-17 and
macrophage-colony stimulating factor (M-CSF)], enhanced
osteoclast activity [11]; (b) changes in Wnt/B-catenin sig-
nalling [7, 11]; and (c) increased expression of receptor
activator of nuclear factor kappa beta (RANKL) and
reduced activity of osteoprotegerin (OPG) [11]. Figure 1
summarizes bone loss mechanisms in PLWH.

Currently, worldwide protocols recommend screening in
PLWH following the same criteria as for the general
population [12]. The aim of our study was to evaluate the
bone properties of young PLWH by dual energy X-ray
absorptiometry (DXA), including vertebral fracture assess-
ment (VFA) and high-resolution peripheral quantitative
computed tomography (HR-pQCT). Based on these results,
we determined and proposed the most appropriate moment
to screen for bone alterations in PLWH to prevent early loss
and fragility fractures.

Methods
Study design and population

An observational and cross-sectional study was carried out
from March 2020 to April 2023, and 135 participants (81
PLWH, 54 uninfected) of both sexes and aged 20-50 years
were recruited. Participants were selected at random from
infectious diseases and general internal medicine clinics at
Hospital Universitario Pedro Emesto (HUPE) in Rio de
Janeiro. Eligible participants self-identified their race/eth-
nicity. PLWH and control subjects needed to be in good
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health circumstances, presenting no preexisting conditions
that may interfere with bone health.

Written informed consent was signed by each participant.
FEthical standards were followed according to the Helsinki
Declaration. The study protocol was approved by the
Research  Ethics Committee of HUPE (number:
29162020.1.0000.5259).

Data obtained for each subject included age, weight, and
height to calculate body mass index (BMI: Weight!heightz),
alcohol intake (=3 units/day), smoking habit (current smoker),
comorbid conditions, current and previous ART, and cumu-
lative duration of ART. Inclusion criteria for PLWH were
diagnosis of HIV infection for at least one year, the need to
attend medical appointments regularly (at least every six
months), and the use of ART or not. In addition, women in
both groups needed to have regular menstrual cycles. Data
regarding the disease, such as viral charge, serum CD4"
levels and infection duration, were obtained in PLWH.

Exclusion criteria were weight greater than 120 kilo-
grams (Kg) due to DXA machine, menopause/premature
ovarian failure, pregnancy, HIV/HCV coinfection, pre-
existing conditions [13] or use of medications that may
interfere with bone health (such as chronic use of gluco-
corticoids), except ART. Subjects with a diagnosis of
acquired immunodeficiency syndrome were excluded from
our sample.

Biochemistry

The biochemical investigation was conducted to rule out
conditions that affect bone metabolism. Calcium, phos-
phorus, magnesium, 25-hydroxyvitamin D [25(0OH) D],
parathyroid hormone (PTH) and albumin serum levels of
participants were assessed to evaluate their bone status.
Renal, thyroid, and hepatic functions and haemogram,
sexual hormones (total testosterone, sex-hormone-binding
globulin and oestradiol levels were dosed in men), pro-
lactin, erythrocyte sedimentation volume, glucose, glycated
haemoglobin, insulin, lipid profile and alkaline reserve were
observed. The bone tumover markers C-terminal telopep-
tide of type 1 collagen (8-CTX) and osteocalcin (OC) were
also analysed. Twenty-four-hour urine with calcium, phos-
phorus, sodium, and creatinine dosage was requested. The
method used for PTH, B-CTX, and OC was noncompetitive
chemiluminescence, and for 25(0H) D, we used competi-
tive chemiluminescence with Maglumi X8 from Snibe
(China). Values 230 ng/mL are considered adequate for
PLWH [14].

Fracture risk assessment tool (FRAX)

The probability of fracture risk in ten years was assessed by
FRAX (https://abrasso.org.br/calculadora/calculadora/) in

all participants 240 years. HIV infection was considered a
cause of “secondary osteoporosis” to adjust for risk prob-
ability. Patients with previous fractures were marked as
“yes” at the risk tool. We used the risk calculator tool from
the National Osteoporosis Guideline Group (NOGG) to
classify patients as low, moderate or high risk.

Vertebral fracture assessment (VFA)

VFA was completed in the HIV group to screen for mor-
phometric asymptomatic vertebral fractures. The semi-
quantitative scale of Genant was used to identify preexisting
fractures.

Areal bone density evaluation by DXA

Subjects underwent DXA using Prodigy-GE equipment (GE
Lunar Prodigy Advance, GE Healthcare, Madison, WI, USA)
for areal bone mineral density (BMD) at radius 33%, femoral
neck (FN), total hip (TH) and lumbar spine (L1-L4) assess-
ment. The results are indicated as absolute values (g / cm?) and
standard deviations (SDs) from the expected mean BMD for
the reference age-matched population (Z score). According to
the International Society for Clinical Densitometry (ISCD),
participants with a BMD Z score of < —2.0 SD were classified
as below the expected range for age. Male participants were
<50 years old, and women were premenopausal; therefore, T
scores were not used. The BMD coefficient of variation in our
institution is 2.3% at the hip and 1.8% at the lumbar spine
(LS). DXA scans were performed by the same operator and
assessed by the same physician.

HR-pQCT

Volumetric density and bone microarchitecture were
assessed by high-resolution peripheral quantitative com-
puted tomography (HR-pQCT) using X-treme CT
(SCANCO Medical AG, Briittisellen, Switzerland). The
immobilized non-dominant distal radius and tibia of parti-
cipants were imaged. Volumetric BMD was estimated for
the entire bone [Tt. BMD], cortical bone [Ct. BMD] and
trabecular bone [Tb.BMD]. Microstructural parameters
included cortical thickness [Ct. Th: ratio of cortical bone
volume to the outer bone surface], trabecular number [Tb.
N], trabecular bone volume fraction [BV/TV, derived from
trabecular density/1200 mg hydroxyapatite], trabecular
thickness [Tb. Th: (BV/TV)/Tb. N], trabecular separation
[Tb. Sp: (1-BV/TV)/Tb. NJ, and trabecular inhomogeneity
[Tb.1/ N.SD, the standard deviation of 1/Tb. N, reflects the
inhomogeneity of the network] [15]. This machine utilizes a
2-dimensional detector combined with a 0.08-mm point-
focus X-ray tube, enabling the acquisition of numerous CT
sections with a nominal resolution of 82 pm. At each site,
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104 slices were obtained, forming a 9-mm 3-dimensional
representation in the axial direction. The radiation dose is
<3 pSv/measurement, comparable to DXA. The coefficient
of variation for HR-pQCT in our institution is 3-5% for
microarchitectural parameters and 1-2% for density
measurements.

Statistical analysis

Statistical analysis was performed using SPSS version
29.0.0.0 (241) for Windows (SPSS Inc., Chicago, IL, USA).
The Kolmogorov—Smimov test was used to evaluate the
distribution pattemn of numerical variables. Most variables
did not follow the normality curve; therefore, we used
nonparametric tests. Numerical variables are expressed as
medians (minimum and maximum) and were analysed by
Mann—Whitney or Student’s ¢ tests. Categorical variables
were analysed by Pearson’s chi-squared or Fisher’s tests.
Correlations between numeric variables were evaluated by
Spearman tests. A p value <0.05 was considered statisti-
cally significant.

Results

Fifty subjects in each group completed the study. Partici-
pants who did not complete all exams were excluded, as
well as those who presented secondary causes for bone
disease (four control subjects were excluded). All women
were at menacme and presented regular menstrual cycles.
Men with hypogonadism were excluded. Figure 2 shows the
enrolment of PLWH.

The time since infection onset varied from 3 to 40 years,
with a median value of 156 (36—480) months. Exposure to
ART with tenofovir (TDF) varied from 0 to 252 months,
with a median value of 96 (0-252) months. Of the 50
PLWH, 34% and 90% had a history or were currently using
protease inhibitors (PIs) and/or TDF, respectively. Some
PLWH had to discontinue TDF due to worsening of kidney
function. Twenty-two percent of HIV-infected patients had
a history of opportunistic infections. In this study, the serum
CD4 count was 659.5 (65-1279) cells/mm’.

There was no significant difference between groups with
respect to sex, age, weight, height, BMI, alcohol intake and
ethnicity. Three PLWH were current smokers, while there
were no smokers in the control group. Dietary calcium intake
varied from very low to as high as 1200mg in the control
group and 1500 mg in the HIV group (p 0.01). However,
serum calcium (corrected for albumin) was lower in HIV
patients (p<0.001). Eighteen percent of PLWH presented
high levels of PTH (>65 pg/mL) vs. 10% in the controls
(highest serum levels were 102 pg/mL vs. 93.24 pg/mL,
respectively), although no significant difference was found.

@ Springer

On the other hand, PLWH showed alterations in bone
health. Serum OC and total alkaline phosphatase (ALP),
although not CTX, were higher in HIV-infected, suggesting
higher bone tumover. The risk of major osteoporotic and
hip fractures evaluated by FRAX was higher in PLWH who
also showed a 12% prevalence of morphometric vertebral
fractures. Participants had no previous history of fracture or
high-impact traumas.

FRAX and NOGG were calculated with and without FN
BMD for participants with 240 years. In PLWH without FN
BMD, 21 subjects (42%) presented moderate risk of frac-
ture (indicating that they should proceed with DXA), while
3 subjects (6%) were high risk (those with vertebral frac-
tures). When FN BMD was added to the tool, all 3 fractured
patients changed to low risk, and 4 (8%) nonfractured HIV-
infected patients changed from moderate to high risk. In the
control group before FN BMD was added to the tool,
17 subjects (34%) were at moderate risk and none were at
high risk. After including FN BMD, 2 subjects (4%)
changed from moderate to high risk and the remaining
became low risk.

These data are shown in Table 1.

Bone density and microstructure evaluated by DXA and
HR-pQCT were also compromised in PLWH, as demon-
strated in Table 2. .S BMD and Z score were significantly
reduced in PLWH. Total vBMD was also lower at the distal
tibia, mostly due to differences in trabecular BMD.
Microstructure alterations detected in PLWH included
lower bone fraction (BV/TV), trabecular number and
thickness, and higher separation and heterogeneity of the
trabecular network.

We studied separately the six HIV-infected that had
vertebral morphometric fractures as evidenced by VFA. The
four males and two females were young, 33 to 47 years old,
but had long-term duration of infection and treatment,
ranging from 72 to 264 months. None of them had BMD Z
score values <—2 SD, suggesting low bone density for their
age. These data are shown in Table 3. None of the fractured
PLWH presented the history of significant weight loss.

Discussion

Our study identified morphometric vertebral fractures by
VFA in 12% of young PLWH. With the results found, we
propose a screening protocol for young PLWH. Late bone
disease diagnosis might bring catastrophic consequences by
increasing physical limitations and reducing working hours
and functionality.

Our prevalence of vertebral fractures was higher than that
encountered by Tan et al. [16], as they revealed an 8%
prevalence of fractures in PLWH and none among controls.
Their sample was composed of 23 HIV patients and 23
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A total of 118 medical records were reviewed

9 refused to participate

28 were excluded due to pre-existing
conditions that affect bone health

40 women and 41 men (total of 81 HIV-
infected subjects) accepted to participate and
signed written informed consent

l

40 women and 41 men completed
biochemistry

15 women and 10 men lost follow-
up and did not complete imaging

1 woman and 2 men were excluded due
to biochemistry alterations (diabetes
and hypogonadism)

3 men were hospitalized due to
opportunistic diseases and were no longer
eligible (chronic glucocorticoid use)

24 women and 26 men completed imaging

I

24 women and 26 men completed all stages
of the study

Fig. 2 Flowchart describing study design to recruit subjects for HIV-infected group

controls, predominantly men, aged between 45 and 56
years. Two studies revealed a prevalence similar to ours,
with 11.1% (95% confidence interval, 4.5 to 25.0) and
12.4%, respectively [17, 18]. In the latter study, 70% of
subjects who had vertebral fractures were in the non-
osteoporotic range, and no significant increase in fracture
prevalence was observed with BMD reduction [18]. It
seems that in PLWH, DXA results are not compatible with
the risk of fracture, underestimating bone fragility and
fracture probability. In a prospective cohort study with 5826
PLWH, fracture rates were 1.98 to 3.69 times higher than
those in the general population [19]. It is expected that
fracture incidence at any site in PLWH varies from 0.1 to
8.4 per 1000 person-years, which is considered a high
incidence when compared to the uninfected population [8].
A meta-analysis with >100.000 PLWH presented a higher
prevalence of all fracture events (4.08% vs. 0.44%) and
fragility fractures (2.66% vs. 2.19%) in affected individuals
than healthy controls [20].

We diagnosed 3 male subjects aged 33 years who had
vertebral fractures, probably associated with bone
derangement and low peak bone mass at younger ages.
They were diagnosed with HIV 6, 8 and 11 years before our
study. Knowing that initial symptoms of the disease might
take several years to appear, they could have been infected
before or during the peak bone mass phase, which justifies
higher bone fragility and fractures in early ages. The other 3
fractures occurred in patients aged 240 years. The oldest
participant had an infection duration of 22 years, implying
that the combination of ageing, low peak bone mass (dis-
ease onset at 25 years) and progressive bone loss (due to
HIV and ART exposure) contributed to bone fragility and
fracture.

The FRAX tool gave the risk probability of hip and
major osteoporotic fractures in 10 years. Further analysis
was carried out using the NOGG tool. Both FRAX and
NOGG were higher when calculated without BMD in
patients with fractures when compared to using FN BMD.

@ Springer
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control groups m—cs =

Age (years) 40 (2549) 36.5 (22-50) 0.120
Weight (Kg) 77.75 (50-103.5) 77.4 (54-110) 0.659
Height (cm) 166 (150-187) 169.5 (153-186) 0473
BMI (Kg/cm?) 26.9 (17.44-37.5) 27.7 (19.34-39.4) 0.459
Caucasian (%) 56 58 1.00
Gender 24F / 26M 25F/25M 1.00
Serum calcium (mg/dL) 9.57 (8.52-10.6) 9.92 (9.04-10.66) <0.001
Serum magnesium (mg/dL) 2.0 (1.7-24) 2.0 (1.8-2.7) 0311
Serum phophorus (mg/dL) 3.8 (2.7-5.8) 39 (29-54) 0.568
25(OH) vitamin D (ng/mL) 27.7 (12.9-424) 279 (13.5-57.8) 0.936
PTH (pg/mL) 41.82 (15.87-102) 40.76 (14.45-93.24) 0424
B-CTX (ng/mL) 0.389 (0.175-0.897) 0.396 (0.111-0.640) 0311
ALP (iULL) 175 (63-494) 146 (35-350) 0.003
Osteocalcin (ng/mL) 20.32 (4.76-59.6) 17 (6.14-29.27) 0.041
Estradiol in men (pg/mL) 28.3 (3-79.2) 32 (10.3-129.6) 0.356
Total testosterone in men (ng/dL) 430 (270-820) 456 (269-811) 0.880
Free testosterone in men (ng/dL) 8.87 (6.62-13.7) 8.71 (6.64-25.77) 0.391
FRAX hip with BMD (%) 0.1 (0.0-0.6) 0.0 (0.0-0.8) 0.268
FRAX major with BMD (%) 1.9 (1.3-4.1) 1.75 (1.4-3.1) 0.077
FRAX hip without BMD (%) 0.2 (0.1-0.8) 0.1 (0.0-0.1) <0.001
FRAX major without BMD (%) 2.3 (1.7-5.9) 1.6 (1.1-2.1) <0.001

Variables are expressed in median values (minimum and maximum)

HIV Human immunodeficiency virus, F female, M male, 25 (OH) D 25-hydroxi-vitamin D, PTH parathyroid
hormone, §-CTX C-terminal telopeptide of type 1 collagen, ALP alkaline phosphatase, FRAX Fracture Risk

Assessment Tool

Bold values show statistical significance (p < 0.05) of the analyzed variables

The hypothesis is that although they presented vertebral
fractures, DXA results were not compatible with low bone
mass; therefore, fracture risk seems to be lower than the
actual risk for PLWH. The FRAX and NOGG results
underestimate the real fracture risk in young PLWH who
already suffered a fracture, as they do not take into con-
sideration bone quality parameters. In PLWH who did not
suffer previous fractures, both tools increased risk after
considering FN BMD results.

Our study found that OC and ALP levels were higher (p
0.041 and p 0.003, respectively) in PLWH. All participants
had normal hepatic parameters; therefore, we may infer that
the increased levels of ALP are probably of bone origin.
Although there was no statistical significance, the minimum
and maximum B-CTX serum levels of PLWH were higher
than those of the control group [0.389 (0.175-0.897) vs.
0.396 (0.111-0.640), p 0.311]. These data are comparable
to those found in the study by Bedimo et al. [21] and
reinforce that the pathophysiology of impaired bone meta-
bolism in PLWH is largely associated with increased bone
turnover.

@ Springer

Furthermore, a study concluded that patients treated with

ART present higher levels of OC, mainly those using TDF,
when compared to those of untreated PLWH [22]. There
were significantly higher serum levels of OC in PLWH,
which might be explained by the fact that 90% of the group
was exposed to TDF during ART treatment. Evidence
shows that therapies containing PI induce increased osteo-
clast activity as well as a decrease in osteoblastogenesis,
resulting in higher concentrations of pyridinoline and
deoxypyridinoline crosslinks, resembling an increased bone
turnover state. We found that longer periods of TDF
exposure were inversely correlated with serum calcium,
radius 33% BMD and some HR-pQCT parameters at the
distal radius and tibia. In addition, therapies containing TDF
mediate mitochondrial dysfunction, which causes an
inflammatory state, increasing cytokine production and
consequent osteoclast maturation and bone resorption [22].

There is evidence that the prevalence of vitamin D
deficiency ranges widely among PLWH. Although some
studies relate low vitamin D levels to longer ART duration
and cumulative ART use in PLWH, we were not able to
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Table 2 Results of dual energy

X-ray absorptiometry (DXA) HIV: geoup Conteoligranp P

and high resolution peripheral DXA

quantitative computed 5

tomography (HR-pQCT) of HIV LS BMD (g/em®) 1.177 (0.971 to 1.446) 1.271 (0.947 to 1.627) 0.023

and control groups LS Z-score (SD) —0.55 (=2.1to +2.4) +0.2 (—1.9 to +2.3) 0.021
FN BMD (g/cm?) 1.029 (0.822 to 1.417) 1.070 (0.774 to 1.444) 0.253
FN Z-score (SD) —0.2 (=2.1to +3.1) +0.2 (—2.1 to +2.7) 0.275
TH BMD (g/cm?) 1.048 (0.811 to 1.396) 1.093 (0.819 to 1.456) 0.208
TH Z-score (SD) —0.2 (-2.3to +3.2) +0.1 (=24 to +2.4) 0.172
R 33% BMD (g/cm?) 0.921 (0.779 to 1.133) 0.897 (0.504 to 1.114) 0.986
R 33% Z-score (SD) —0.45 (—1.8 to +1.3) —0.2 (2.1 to +1.1) 0.409
HR-pQCT
Distal radius
Tt.BMD (mg HA/cm®) 349.6 (220.8-519.8) 373.4 (233.5-500.2) 0.080
CtBMD (mg HA/cm®) 936.3 (774.5-1034.1) 945.9 (830.5-1059.2) 0.362
CtTh (mm) 0.840 (0.470-1.370) 0.870 (0.470-1.360) 0.429
Tb.BMD (mg HA/cm®) 176.4 (69-279.6) 177.9 (100.9-351.6) 0.110
BV/TV (1) 0.147 (0.057-0.233) 0.148 (0.084-0.293) 0.112
Tb.N (mm™") 1.92 (1.20-2.62) 2.06 (1.50-2.59) 0.056
Tb.Th (mm) 0.072 (0.048-0.114) 0.077 (0.049-0.145) 0.184
Tb.Sp (mm) 0.442 (0.307-0.786) 0.415 (0.294-0.580) 0.047
Tb.1/N.SD (mm) 0.191 (0.109-0.515) 0.167 (0.111-0.341) 0.077
Distal tibia
Tt.BMD (mg HA/cm?®) 314.3 (204.2-491.0) 345.7 (223.1-502.8) 0.015
CtBMD (mg HA/cm®) 949.0 (841.5-1044.2) 977.1 (845.1-1037.2) 0.054
CtTh (mm) 1.30 (0.92-1.84) 1.32 (0.90-2.22) 0.272
Tb.BMD (mg HA/cm’®) 150.95 (84.3-291.4) 177.2 (91.7-280.5) 0.005
BV/TV (1) 0.126 (0.070-0.243) 0.148 (0.076-0.234) 0.005
Tb.N (mm™") 1.72 (1.15-2.43) 1.94 (0.98-2.56) 0.032
Tb.Th (mm) 0.071 (0.044-0.113) 0.083 (0.045-0.111) 0.012
Tb.Sp (mm) 0.504 (0.329-0.798) 0.443 (0.303-930) 0.020
Tb.1/N.SD (mm) 0.235 (0.139-0.449) 0.194 (0.124-0.513) 0.017

BMD bone mineral density, vBMD volumetric bone mineral density, LS lumbar spine, FN femoral neck, TH
total hip, R 33% Radius 33%, Tt.BMD vBMD of entire bone, Ct.BMD cortical vBMD, Ct.Th cortical
thickness, Th.BMD trabecular vBMD, BV/TV bone volume-to-total volume ratio, 7h.N trabecular number,
Tb.Th trabecular thickness, Th.Sp trabecular separation, Th.l/N.SD inhomogeneity of trabecular network

Bold values show statistical significance (p < 0.05) of the analyzed variables

explain this association. Additionally, studies have con-
sidered the association between low vitamin D concentra-
tions and disease progression, which was also not confirmed
in our study. An association between lower vitamin D levels
and the use of efavirenz, ritonavir, zidovudine and TDF has
been described in the literature [23]. Despite similar 25(OH)
D values between groups, 18% of PLWH had increased
levels of PTH (>65 pg/mL) vs. 10% of the control group.
PLWH presented calcium levels were statistically lower
when compared to that of healthy subjects, which empha-
sizes the importance of maintaining 25(0OH) D levels
>30 ng/mL (as recommended for high-risk patients with
comorbidities) to reduce bone fragility [14].

Most articles on PLWH and microarchitectural commit-
ment study smaller samples or participants >50 years old,
including postmenopausal women, which present altera-
tions compatible with oestrogen drop [24]. Our study ruled
out these adversities to understand the pathophysiology of
bone disease throughout infection and ART. Table 4 shows
several studies and their results.

Our study observed similar bone parameters at HR-
pQCT in the distal radius in both groups, with only trabe-
cular separation (Tb. Sp) differences, presenting higher
values in PLWH than in the controls (p 0.047). However,
several bone parameters at the distal tibia showed sig-
nificant differences between groups. Yin et al. [24] studied
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Table 3 Characteristics of HIV-

infected participants that Parameters Patient | Patient 2 Patient 3 Patient 4 Patient 5 Patient 6

revealed n_mrphomelric vertebral Age (years) 13 33 13 40 43 47

fracture with VFA
Gender Male Male Male Female Male Female
BMI (Kg/h?) 29.4 26 24 34.6 23.6 274
Time of infection (months) 72 132 96 252 240 264
25(0H) D (ng/mL) 32.8 27.8 26 26.8 38 18.9
Osteocalcin (ng/mL) 22.46 17.5 224 79 21 37.19
B-CTX (ng/mL) 0.535 0471 0.528 0.290 0.200 0.372
PTH (pg/mL) 28.79 67.56 3747 54.74 3391 49.09
Estradiol (pg/mL) 179 399 3893 NA 18 NA
Total testosterone (ng/dL) 439 722 362 NA 421 NA
LS BMD (gfcmz) 1.202 1.409 0.971 1.274 1.250 1.169
LS Z-score (SD) -0.7 +0.9 -1.6 +0.4 +0.3 —0.4
TH BMD (g:’cm2) 1.122 1.261 0.982 1.052 1.169 0.865
TH Z-score (SD) 0.0 +0.8 —0.5 +0.3 +1.4 0.2
FN BMD (glcmz) 1.143 1.330 0.994 1.036 1.125 0.956
FN Z-score (SD) +0,3 +1,6 -0.2 +0.2 +1.1 ~1.0
Radius 33% BMD (g!cmz) 0.985 0.992 0.938 0.928 0.982 0.877
Radius Z-score (SD) -02 0.0 —0.6 +0.5 +1.1 0.0
FRAX hip-fracture (%) with BMD NA NA NA 0.1 0.1 0.2
FRAX major osteoporotic fracture (%) NA NA NA 32 3.1 4.1
with BMD
NOGG risk with BMD NA NA NA Low Low Low
FRAX hip-fracture (%) without BMD NA NA NA 0.5 0.6 0.8
FRAX major osteoporotic fracture (%) NA NA NA 4.0 5.0 5.9
without BMD
NOGG risk without BMD NA NA NA High High High
Vertebral fracture location L3 T11 T9 T9 T8 TI0

VFA Vertebral Fracture Assessment, 25(0OH) D 25-hydroxi vitamin D, PTH parathyroid hormone, f-CTX
C-terminal telopeptide of type 1 collagen, BMD bone mineral density, LS lumbar spine, TH total hip, FN
femoral neck, SD standard deviation, FRAX Fracture Risk Assessment Tool, NA not applicable

postmenopausal women that showed similar results,
affecting mainly the distal tibia.

In another study with younger subjects, pre-
menopausal women (22 HIV and 44 controls), using HR-
pQCT and DXA, showed lower trabecular density and
trabecular number in HIV-infected (14.1% and 13.2%,
respectively), with p<0.05, and only the distal radius
had lower cortical density (—3%), with statistical sig-
nificance in PLWH [25]. DXA showed lower areal BMD
at LS in HIV-infected women (LS T score —0.70 vs.
—0.03, p 0.014), despite similar proximal femur BMD.
Similarly, we found that LS BMD was statistically lower
in PLWH.

A study with younger men ranging 22 years in both
groups analysed changes at HR-pQCT and DXA (15 peri-
natal transmission, 15 adolescence-infected). DXA showed
statistically significant lower BMD and Z scores at all sites
(LS, hip, and radius). Abnormal trabecular and cortical

@ Springer

microarchitecture results were seen in those with lower peak
bone mass, predisposing to fragility fractures at early ages
[26]. Another study with young male subjects (38 HIV-
infected (18 perinatally infected, 20 adolescence-infected)
and 20 uninfected, aged 20 to 25 years) also observed that
areal BMD, Z scores and volumetric BMD measures were
lower in PLWH. It seems that chronic immune activation
and decreased osteoblast precursor numbers caused by
infection contribute to lower peak bone mass [27]. These
data agree with ours, as we also found that young PLWH
presented compromised bone parameters and 12% had
vertebral fractures.

Kazakia et al. [28]. demonstrated that there was a sig-
nificantly lower bone quality at the distal tibia in PLWH
compared to healthy controls (comparable to data found in
our study), although DXA results presented no significant
differences between groups. Similarly, a Brazilian study
[29] compared male, 250-year-old HIV-infected (n = 30)
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HIV diagnosis

Evaluate Vitamin D status [25(OH) vitamin D serum
levels], calcium intake inquiry and calculate FRAX
in patients > 40 years

f:éfiil 3‘32?;& 2 oo Begin ART: ‘ FRAX in > 40 years:
- e TDF and PI arc associated e If hip or major osteoporotic
with worse bone parameters fracture probability in 10 years is
Recommended calcium intake: e FEFV is associated with > 3% or 20%, respectively — high
1000 — 1200 mg per day vitamin D deficiency risk — Dbisphosphonates are
e  Prefer TAF strongly recommended
Recommendations:  Smoking ) ; .
cessation and safe alcohol s Use NOGG - if high risk-
consumption bisphosphonates are  strongly
recommended

Imaging:

infection

present.

e In PLWH we recommend dorsal and lumbar spine X-ray or VFA to screen for
vertebral fractures in patients with 30 years or more and/or 5 years or more of HIV

¢ In PLWH we recommend DXA and TBS (if available) in patients with 5 years of
more of HIV infection — repeat periodically (every 3 years to accompany bone loss
and search for vertebral fractures)

+ Treatment is strongly recommended when fragility or morphometric fracture is

up

Follow-up with BMD/Z-score with DXA:
¢ Indicated when presence of morphometric vertebral fracture for treatment follow-

+  Repeat periodically (every 1 or 2 years) if using anti-osteoporosis treatment.

Change ART if bone parameters’ alterations or presence of vertebral fracture:
¢ Remove TDF and PI and rearrange therapy in accordance with patient profile
(previous drugs and resistance)

Fig. 3 Recommendations for screening of bone disease in young
PLWH. Flowchart showing suggested screening protocol for bone
disease in young HIV-infected patients. PLWH people living with
HIV, HIV human immunodeficiency virus, 25(0H) D 25-hidroxi
vitamin D, FR AX Fracture Risk Assessment Tool, ART anti-retroviral

and controls (n=36) for DXA and HR-pQCT. Osteo-
porosis was more prevalent among PLWH (17.9 vs. 5.9%, p
0.011). Nevertheless, microarchitecture and quality differ-
ences were observed by HR-pQCT even in subjects who
were not in the osteoporotic range and had HIV and bone
derangements when compared to the controls [29].
According to Brown et al. [12], screening for bone dis-
ease in PLWH is recommended for men between 4049

therapy, TDF tenofovir disoproxil fumarate, PI protease inhibitors,
EFV efavirenz, TAF tenofovir alafenamide, NOGG National Osteo-
porosis Guideline Group, BMD bone mineral density, DXA dual
energy X-ray absorptiometry, TBS trabecular bone score, VFA ver-
tebral fracture assessment

years and premenopausal women (240 years) using FRAX.
DXA is recommended in postmenopausal women, men
aged 250 years, patients with chronic use of glucocorticoids
and/or at high-risk for falls or with previous fragility frac-
tures. Nevertheless, we believe that an active search for
vertebral fractures should be included in screening proto-
cols, as the FRAX tool and DXA were not able to express
fracture risk according to microarchitectural commitment
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evidenced in young PLWH. Our suggested protocol is
shown in Fig. 3 [30, 31].

HRp-QCT is available in a few research centres around
the world, therefore limiting its routine use. It would have
been interesting to assess bone quality by Trabecular
Bone Score software with DXA to evaluate if the results
correlate with what was found by HR-pQCT in PLWH. A
previous study evidenced the association between lower
TBS values and a higher prevalence of vertebral fractures
[32].

Alendronate and zoledronate are the main drugs with
proof of effectiveness and safety for osteoporosis treatment
in elderly PLWH [33]. Few studies consider younger
populations and there is scarce data regarding the effec-
tiveness of therapy on fracture risk reduction [34, 35]. Also,
the effectiveness and safety of denosumab (a fully human
monoclonal antibody that inhibits RANKL) in PLWH
remains unknown. Its use brings concem to secondary
infections, although a small study with PLWH did not
describe this adverse event [36].

A limitation of our study was that we did not perform VFA
in healthy control subjects, as they had no complaint of dorsal
symptoms or history of bone disease. We also found diffi-
culties in identifying the start date of ART and determining
the drugs used as subjects had long periods of disease with
several therapeutic approaches due to drug resistance. The
duration of the disease was based on its onset, although
patients could have been infected much earlier, presenting few
or no symptoms and delaying diagnosis. Finally, some
patients had a history of therapy interruption due to poor
adherence, which was also difficult to estimate. These factors
interfere in bone disease progression in PLWH and must be
elucidated whenever possible.

The data obtained in our study show that severe bone
impairment and fragility (with consequent fractures) occur
in young PLWH. New protocols are needed, particularly in
young PLWH where prediction tools have not been able to
quantify fracture risk adequately. We developed a screening
protocol for young PLWH that includes evaluation of bone
metabolism and risk factors for fragility fractures and spinal
imaging to identify early low bone mass and vertebral
fractures. An early detection of an elevated risk of fractures
will enable preventive strategies.
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ABSTRACT:

Objective: To evaluate muscle functionality and performance and body composition in young
people living with human immunodeficiency virus (PLWH) and define screening protocols for
sarcopenia in this population.

Methods: Eighty-one HIV-infected and 54 uninfected (20 to 50 years) male and female
subjects were enrolled to participate. Patient evaluation included body composition by DXA
(dual energy X-rays), SARC-F questionnaire, hand grip test and timed up & go.

Results: Fifty PLWH and 50 age-gender matched controls completed the study. The median
age was 40 (25-49) vs. 36.5 (22-50) for the HIV and control groups, respectively (p 0.120).
Race, gender, body mass index, phosphorus and 25-hydroxyvitamin D were similar between
groups. HDL-c was significantly lower in HIV-infected (p 0.006). Groups had similar body
composition parameters, although more PLWH presented appendicular lean mass (ALM) and
ALM adjusted to height (ALM/h?) below reference values (18% vs 4%). SARC-F questionnaire
and TUG were significantly compromised in HIV-infected when compared to controls (p 0.001
and 0.005, respectively). Hand grip test was slightly lower in PLWH than in control group (29.0
Kg (9.3 —56.0) vs. 32.8 Kg (13.3 — 57.3); p 0.052).

Conclusion: Our results confirm that there is loss of functionality, physical performance and
muscle strength in young HIV-infected. Therefore, we developed a screening protocol with new
cut-off values considering a younger population of HIV-infected that are at high-risk for
sarcopenia. With early diagnosis we may decrease muscle dysfunction, morbimortality,

providing an increase in quality of life and working hours.

Key words: Body composition; Sarcopenia; Muscle strength; Appendicular lean mass; HIV
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INTRODUCTION:

People living with human immunodeficiency virus (PLHIV), nowadays, present higher
life expectancy thanks to the development of antiretroviral therapies (ART). This population
have almost the same life expectancy as healthy individuals and they may develop chronic
diseases, such as osteoporosis, cardiovascular disease, diabetes, and sarcopenia more frequently
(1). The prevalence of sarcopenia in PLHIV is around 30% and this number is similar to the
prevalence in individuals with cardiovascular disease, dementia, diabetes mellitus and
respiratory disease in the general population (1, 2).

Sarcopenia consists of a generalized and progressive skeletal muscle disease that may
culminate in adverse outcomes such as: reduced functionality and physical performance and
higher risk of falls and fractures, therefore, increased morbimortality (3). Sarcopenia is frequent
in elderly individuals, but it may be recognized in earlier stages of life, mainly in people with
risk factors and comorbidities. There is evidence in literature that young PLHIV present higher
prevalence of sarcopenia when compared to healthy controls, which may vary between 17.5
and 21.9% in women and men, respectively (4, 5).

The period of highest muscle strength is observed in healthy individuals during young
adulthood (up to 40 years), naturally lower in women when compared to men (6). Muscle
strength decline occurs around 16.6 to 40.9% in >40 years when compared to younger
population (6).The diagnosis of sarcopenia is identified by low muscle strength and confirmed
by low muscle quantity or quality. These two associated with low physical performance classify
sarcopenia as severe (3).

There are several risk factors that contribute for the development of sarcopenia in
PLHIV such as use of ART and chronic immune activation caused by virus leads to a low-grade
systemic inflammation (LGSI — low grade systemic inflammation), which can reduce the
activity of substances responsible for the synthesis of muscle proteins and lead to a dysfunction
of the adipose tissue, with ectopic fat accumulation. Antiretrovirals promote mitochondrial
damage through increased muscle inflammation and, by direct action, can reduce gene
expression of proteins involved in protein synthesis. In addition, they can lead to changes in
body composition (Figure 1).

There is also evidence that Receptor Activator of Nuclear Factor kappa-B Ligand
(RANKL) plays an important role in the inhibition of miogenic differentiation. PLHIV present
increased expression of RANKL, favouring bone and muscle loss and dysfunction (7).
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The objective of our study is to comprehend the different tools that may be used to
diagnose sarcopenia in young PLHIV and to understand the best moment to start screening this

condition in a population considered at high-risk.

METHODS:

Study design and population

We performed a cross-sectional study in which 135 participants (81 PLHIV and 54
uninfected) were recruited to participate. The study was carried out during the period of March
2020 and April 2023. Inclusion criteria were men and women with age between 20 and 50
years. All participants signed written informed consent and the study’s ethical standards were
in accordance with the Helsinki Declaration. Study protocol was approved by the Research
Ethics Committee of Hospital Universitario Pedro Ernesto (HUPE/State University of Rio de
Janeiro, Brazil) - number 29162020.1.0000.5259.

PLHIV were enrolled from an outpatient clinic for infectious diseases at HUPE. These
participants needed to have the diagnosis of HIV infection for at least one year, could be treating
with ART or not, and needed to attend medical appointments at least every six months. Data
concerning infection and treatment were gathered in HIV-infected subjects. Healthy control
participants were recruited from the internal medicine outpatient clinic at HUPE.

Exclusion criteria were menopause or premature ovarian failure, low testosterone levels
in males, glomerular filtration rate below 60 mL/min/1.73m?, weight superior to 120 kilograms
(Kg) (due to equipment maximum capacity), pregnancy, use of medications that may interfere
with muscle and bone health (chronic use of glucocorticoids, anticonvulsants, proton pump
inhibitors, loop diuretics) and preexisting conditions that may affect muscle and bone
metabolism (endocrine, liver, kidney, rheumatologic and hematologic diseases, tubular renal

acidosis, malabsorptive intestinal syndromes or bariatric surgery, and neoplasms).

Biochemistry

Blood was collected during fast for routine tests (haemogram, glucose, glycated
hemoglobin, lipid profile, urea, creatinine, alkaline reserve, hepatic function), free T4, TSH, 25
hydroxyvitamin D [25(OH) D] and sexual hormones (oestradiol, testosterone and sex hormone

binding globulin (SHBG) in men). 25(0OH) D was measured by competitive chemiluminescence



50

(Maglumi X8 from Snibe, China). Recommended levels were >20 ng/mL for healthy controls
and >30 ng/mL for those at risk of fractures, which include PLHIV (8).

Physical exam
Anthropometric data was collected, such as: weight (Kg), height (m) and body mass
index (BMI - calculated by the reason of weight over squared height in Kg/m?).

Evaluation of muscle parameters and performance

As detailed below, lean mass was evaluated by dual energy X-ray absorptiometry
(DXA) whereas muscle function and performance were evaluated by the SARC-F
questionnaire, hand grip test and timed up & go (TUG), as recommended by the European
Working Group on Sarcopenia in Older People (EWGSOP2) (3).

- SARC-F questionnaire

SARC-F consists of a self-reported questionnaire used for screening of sarcopenia risk.
Patients that score >4 are likely to have sarcopenia, according to literature, in elder individuals
(3, 9). In our sample, which consists of young subjects, we considered altered whenever they
scored >1. Figure 2 shows SARC-F questionnaire.

- Timed Up & Go (TUG)

This test evaluates the participant’s physical performance. The time taken to complete the
movement is considered altered when >20 seconds for elder individuals (10). In our sample, we
used a cut-off value of >10 seconds to consider the test altered.

- Hand Grip Test

The hand grip test evaluates muscle strength. Each participant exerted their highest
muscular strength capacity with dominant arm using a handheld calibrated manual
dynamometer (Jamar Model 1 — 70729, Asimow Engineering Company, Santa Monica, CA,
USA), according to the recommendations of the American Association of Hand Therapists (11).
Grip strength is considered weak when <26Kg for men and <16Kg for women, determined by
the Foundation for the National Institutes of Health (FNIH) Sarcopenia Project (12).
Intermediate grip strength is classified between 26 — 31.9Kg in men and 16 — 19.9Kg in women
(12). In our sample, we considered altered muscle strength when <32 Kg for men and <20 Kg

for women.
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Body composition by DXA

The evaluation of lean mass was performed by DXA with the objective of determining
muscle quantity. Lean mass measured at upper and lower limb was used to calculate
appendicular lean mass (ALM) in Kg. ALM was then adjusted to height by calculating the
reason of ALM and squared height (Kg/m?) (13). We used cut-offs suggested by the EWGSOP2
and based on Baumgartner's operational definition, which correspond to > 2 standard deviations
(SD) below the mean reference values for young controls with ages between 18 and 40 years
(Z score) , in which abnormal results for appendicular lean mass index (ALMI = ALM/height?)
are <5.5 Kg/m? and <7.00Kg/m? and ALM are <15 Kg and <20 Kg, for women and men,
respectively (3, 14, 15). We also analyzed: fat, lean and tissue mass in grams (g); fat region and
fat tissue (%); visceral adipose tissue and subcutaneous adipose tissue area, volume, and mass
(cm?, cm® and g, respectively). Fat mass index (FMI) was calculated by the reason of weight
(Kg) over squared height (m?) (16).

Diagnosis of sarcopenia

According to the recommendations of EWGSOP2, the criterion used to classify as
probable sarcopenia was low muscle strength (altered hand grip test) and diagnosis of
sarcopenia is confirmed by low muscle quantity (low appendicular lean mass by DXA). The
condition is considered severe when both criteria are achieved in association with low physical
performance (altered TUG) (3).

Statistical analysis

We used SPSS version 29.0.0.0 (241) for Windows (SPSS Inc., Chicago, IL, USA).
Non-parametric tests were used as the Kolmogorov-Smirnov test revealed that most numerical
variables didn’t respect normality curve. The study compared results between healthy subjects
and PLHIV. Chi-squared test or Fisher’s test were used to compare categoric variables.
Numerical variables used Mann-Whitney or Student t tests. Correlations between numeric
variables were evaluated by Pearson or Spearman tests. Strength degrees of correlation were
based on correlation coefficient (r): very weak (0.00 — 0.19), weak (0.20 — 0.39), moderate (0.40
— 0.69), strong (0.70 — 0.89) and very strong (0.90 — 1.00). Differences were considered
statistically significant when a=5% (p <0.05).
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RESULTS:

Medical records of 135 young PLHIV on current treatment at our institution were
evaluated. After signed consent, they were submitted to laboratory tests, in which abnormalities
leaded to exclusion (four controls were excluded due to hypogonadism or diabetes, 6 PLHIV
were excluded due to chronic glucocorticoid use/hospitalization, hypogonadism or diabetes,
while 25 PLHIV lost follow-up) and scheduled for physical function tests and DXA. Fifty
PLWH and 50 age-gender matched controls completed the study with SARC-F
questionnaire, TUG, hand grip test and body composition.

PLHIV consisted of 24 women and 26 men, median age 40 years (25-49). Duration of
HIV infection was estimated as 156 (36-480) months, exposure to tenofovir as 96 (0 — 252)
months, and serum CD4+ was 659.5 (65 — 1279) cell/mm?.

Groups were similar in respect to age, race, gender, BMI, serum phosphorus and vitamin
D levels. The only metabolic difference was a lower HDL-cholesterol (HDL-c) in HIV-patients.
Median BMI was compatible with overweight in both groups. However, PLHIV performed
worse on physical tests, as shown in Table 1.

Table 2 presents body composition results obtained with DXA. All analyzed parameters
were similar between groups either those related to fat mass distribution and visceral fat, or
those related to muscle mass. There was a high prevalence of overweight and obesity in both
groups according to BMI, 38% of PLHIV and 60% of controls were overweight, while obesity
was diagnosed in 24% of PLHIV (14% grade 1 and 10% grade 2) and 20% of controls (14%
grade 1 and 6% grade 2); only one male patient was underweight. In PLHIV FMI revealed 1
female with mild fat deficit, 32% had normal values, 40% excess fat, 18% were obese class 1
and 8% obese class 2. In control group FMI was classified as 31.25% normal, 47.9% excess
fat, 16.6% obese class 1 and 4% obese class 2.

Table 3 shows the alterations of muscle function tests, ALM and ALM/h? in both
groups. SARC-F questionnaire was considered altered when the participant scored 1 or more
and revealed statistical significance in between groups; only 3 HIV-infected women scored 4
in SARC-F. In HIV-infected group 8 subjects scored 1, 6 scored 2, 1 scored 3 and 3 scored 4
(considered high-risk for sarcopenia). Among control subjects 4 scored 1 and 1 scored 2. TUG
duration was considered inadequate when >10 seconds and was significantly higher in PLHIV.
None of the participants had TUG result superior to 20 seconds, however 32% of HIV-infected

patients vs 6% of control subjects had TUG test >10 seconds. Despite similar total lean mass,



53

the proportion of PLWH (18%) with ALM below sex-specific normal range was higher than in
control group (4%) (with ALM and/or ALM/h? below reference values).

Five (10%) of PLWH presented intermediate grip strength while seven (14%) evidenced
weak grip strength. Therefore, 14% of our HIV-infected sample presented probable sarcopenia.
It is important to highlight that these cut-off points take into consideration an elder population
as reference. Thus, if we use a less rigid criterion and expand our cut-off to <32 Kg in men <20
Kg in women, 24% of PLHIV evidenced altered results and were classified as probable
sarcopenia. Eight percent of PLHIV confirmed sarcopenia with low muscle strength (weak or
intermediate hand grip) and low muscle quantity (ALM and/or ALM/h? below reference
values), while 2% by the more rigid criteria had sarcopenia (weak hand grip plus low muscle
mass). In control group 2% presented weak grip strength classifying as probable sarcopenia.
Considering a less rigid criterion, 4% had intermediate grip strength, adding up 6% of control
subjects with probable sarcopenia. None of the control subjects confirmed diagnosis of
sarcopenia with concomitant low muscle quantity by both criteria (more or less rigid). The
lowest value of muscle strength for women in HIV group was 9.3 Kg vs. 13.3 Kg for a woman
in control group.

The population was studied for statistical correlations for all variables analyzed in the
study. The parameters that showed significant correlations are exposed in Table 4.

DISCUSSION:

Considering that frequently used definitions for diagnosis of sarcopenia are mainly for
elderly populations, the results found are substantial for a younger group. We believe that the
use of functional muscle tests to screen for muscle disorders and progressive loss of
functionality in young PLHIV are of extreme importance. The fact that in literature we only
dispose of cut-off values that contemplate older populations, highlight the need of new
protocols with individualized cut-off values focused on younger individuals. Also, more studies
are needed to understand the role of ALM and ALM/h? in body composition assessment of
young HIV-infected. Our study is the first to suggest a screening protocol for young PLWH
considering individualized cut-off values, according to the results found.

SARC-F questionnaire was applied to screen sarcopenia and data evidenced p 0.001,

considering altered results whenever subjects score >1, with higher results for PLHIV. This



54

underscores that PLWH may develop physical limitations and higher morbidity when compared
to healthy individuals with similar age. However, of twelve (24%) participants from HIV-
infected group that presented altered results for hand grip strength, only 5 (10%) had at least
one concomitant mobility or physical functionality complaint while answering the
questionnaire. For this reason, SARC-F questionnaire might not be the best tool for initial
screening of sarcopenia in young PLHIV, as it may underestimate diagnosis considering its
focus on elderly individuals. This tool is intended to identify people at risk for sarcopenia and
PLHIV are already considered at high-risk(17).

Also, altered TUG results with predominance in PLWH, considering >10 seconds cut-
off value, evidence a higher compromise of mobility and physical performance in young PLHIV
(p 0.005). When comparing the number of subjects with TUG >10 seconds in each group,
statistical significance was maintained (p 0.002).

In reference to muscle strength evaluation, considering the higher cut-off values,
probable sarcopenia was statistically higher in PLHIV when compared to controls (p 0.023).
EWGSOP2 highlight that low muscle strength as a determinant of sarcopenia diagnosis has
gained force recently, outweighing the importance of muscle mass at diagnosis (3). Also, they
concluded that although sarcopenia is associated with decreased muscle quantity and quality,
muscle strength is better than the quantification of muscle mass to predict undesirable outcomes
(3).

Results from this study confirm decreased functionality and mobility in young PLHIV,
which may be related to lower appendicular lean mass. Although median values of body
composition parameters did not differ between PLHIV and controls, the proportion of PLWH
with ALM and ALM/h2 below reference values was higher than that found in controls, although
not statistically significant. Higher BMI, serum CD4 values and proportion of individuals in
ART are factors that may attenuate the difference of muscle mass in PLHIV when compared to
controls (2).

Therefore, we suggest that simple and unexpensive tools, such as SARC-F questionnaire
to screen for functionality and mobility commitment (cut-off >1), TUG to estimate physical
performance (cut-off value >10 seconds) and hand grip test to estimate muscle strength (cut-
off values <32 Kg and <20 Kg for men and women, respectively) must be used in young PLHIV
since disease onset to diagnose and treat sarcopenia, avoiding unwanted outcomes such as
higher morbidity and progressive loss of functionality at younger ages (3).

Several studies have shown the association of PLHIV and ART with low muscle mass,

sarcopenia and fat redistribution (5, 18-21). A systematic review and metanalysis of 2022
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concluded that the prevalence of sarcopenia in 18 years or older (mean ages from 33.0 to 62.1
and from 24.2 to 60 in PLWH and healthy controls, respectively) is 30.3% for low muscle mass
only and 4.5% for low muscle mass and strength in PLHIV (2). The age ranges from the latter
study also considered individuals over 50 years, therefore, a larger number of individuals with
low muscle mass was found when compared to our study (30.3% vs. 18%). Also, using the
same criteria, low muscle mass and strength were identified in 2% of our HIV sample against
4.5% in this metanalysis that considers a higher age range.

Konishi et al. investigated sarcopenia in Japanese PLHIV (male subjects >60 years) and
found that 46% had hidden obesity (BMI is adequate but the body fat percentage is higher than
reference values), 10.3% had pre sarcopenia (low muscle mass) and 16.1% had sarcopenia (low
muscle mass and low muscle strength or decreased physical function) (23). In our study, 18%
evidenced pre sarcopenia, 2% had sarcopenia and 8% revealed hidden obesity (while no
participant in control group had hidden obesity, even though BMI was similar between groups).
These differences found between Konishi et al. and our study might be explained by the
differing age ranges and race. They described that subjects using tenofovir alafenamide (TAF)
had significantly higher skeletal muscle mass, BMI, body fat mass, and skeletal muscle mass
index when compared to those not using TAF (23). This ART seems to be an alternative to
preserve bone and muscle health in PLHIV, although higher BMI and fat mass were observed.
On the other hand, treatments with TDF present a smaller impact in weight gain (24). During
our study none of the patients were receiving TAF. Cases of renal tubulopathy with
hypophosphatemia have been described in PLHIV using TDF (25-27). In our sample none of
the HIV-infected presented hypophosphatemia.

Considering that both groups were overweight, the hypothesis of protective effect of
oestrogen on bone and muscle tissues might justify the absence of significant differences
between groups in body composition parameters. Fat tissue is one of the main sources of
aromatase, responsible for the synthesis of oestrogen from androgen precursors. Oestrogen
plays an important role in homeostasis of bone and muscle tissues and exerts protective action
on bone (28).

We found that a longer duration of HIV-infection is related to fat accumulation and
muscle loss, as well as increase in time at TUG (reduced physical performance) and decrease
in muscle strength. Higher CD4" values were associated to higher grip strength, which means
that immunocompetent PLHIV were able to maintain muscle strength. Also, longer exposure
to TDF was correlated to muscle loss and fat accumulation. Although correlations were

statistically significant, most coefficients were weak. Nevertheless, we may infer that longer
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periods of HIV-infection, ART exposure and immunodeficiency must draw attention to
unfavorable outcomes related to sarcopenia and these findings are compatible with literature
(17).

Nowadays the available options to treat sarcopenia are mainly non-pharmacological
(29). The measures that present significant evidence are adequate nutrition and practice of
resistance exercises. Nutritional approach must include adequate protein intake according to
weight, antioxidant substances intake and vitamin D supplementation (29). Further studies are
needed to elucidate proper and consistent recommendations regarding selective androgenic
receptor modulators, anabolic/androgenic steroids, growth hormone and other therapies (29).

Literature suggests that vitamin D status must always be assessed [recommended levels
> 30ng/dL for HIV-infected (8)], as well as and protein intake [1.0 — 1.2 g/Kg body weight per
day divided in several meals (30)] to provide adequate recommendations as preventive
measures. Also, healthcare professionals must incentive the practice of >150 minutes per week
of physical activity divided in aerobic and resistance exercises (31). These measures may
prevent not only sarcopenia and osteoporosis, but also weight gain and metabolic disorders in
PLWH. Physical activity plays an important role in the preservation of muscle strength and
physical functionality according to literature (17, 29).

A limitation of our study was that we did not manage assess muscle quality. Magnetic
resonance imaging and computed tomography have been used to determine muscle attenuation
and fat infiltration, but their use have been limited to research purposes as no cut-off values
have been defined for the diagnosis of sarcopenia (16, 32). Also, we did not evaluate protein
intake, which is an important determinant of muscle health.

We conclude that sarcopenia is still underdiagnosed in young PLHIV, which are
considered at high-risk. New cut-off values for muscle function tests were suggested to reach a
higher number of patients with functionality and mobility commitment and that might benefit
from sarcopenia treatment. Factors such as: duration of disease, exposure to ART and
immunodeficiency seem to be important determinants of muscle dysfunction and require
attention. If not treated, sarcopenia may culminate in dependence, reduced physical
performance, higher morbimortality, reduction of working capacity and of quality of life. Thus,
we draw attention to the necessity of screening since disease onset, covering every aspect of

this individual’s treatment to provide long-lasting health.
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Figure 1 Pathophysiological mechanisms responsible for sarcopenia development in patients living
with HIV
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The image shows multifactorial processes involved in sarcopenia development in people living with human
immunodeficiency virus (PLWH). The process of ageing by itself is known to contribute to muscle loss and
decreased functionality. Ageing allied to HIV infection and anti-retroviral therapy (ART) enhances the mechanisms
that lead to sarcopenia. PLWH present chronic immune activation and inflammation, which contribute to
mitochondrial dysfunction, increased expression of Receptor Activator of Nuclear Factor kappa-B Ligand
(RANKL), gastrointestinal (GI) tract microbiome alteration, fat redistribution and muscle loss and dysfunction.
Risk factors such as sedentarism, drug abuse, sociodemographic factors combined with duration of disease and
ART exposure intensifies muscle loss and dysfunction. Also, microbiome alteration and accumulation of fat tissue
predispose to muscle inflammation, oxidative stress, and insulin resistance, increasing diabetes and cardiovascular
disease risk. Consequences of sarcopenia in PLWH are loss of functionality, higher morbimortality and decrease
in life quality in earlier ages. The practice of physical activity may help slow down the development and

progression of sarcopenia.



Figure 2 SARC-F questionnaire
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Component:

Muscle strength

Walking assistance/dependence

Rising from chair

Climbing stairs

Number of falls

Question

How much difficulty do you have in

lifting and carrying 10 pounds
(approximately 4.5 Kg)?

How much difficulty do you have
walking across a room?

How much difficulty do you have
transferring from a chair or bed?

How much difficulty do you have
climbing 10 stairs?

How many times have you fallen in

the past 12 months (1 year)?

Score
None =0
Some=1

A lot or unable =2

None =0

Some =1

A lot or unable without help =
2

None =0

Some =1

A lot or unable without help =
2

None =0
Some=1
A lot or unable = 2

None =0
1-3falls=1
4 or more falls=2

Score > 4 predicts higher risk of sarcopenia and further investigation is recommended.
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Table 1 Participants characteristics and tests for sarcopenia

HIV group Control group p
n =250 n =50

Gender 24F/26 M 25F/25M 1.00
Race (% Caucasian) 56 58 1.00
Age (years) 40 (25 — 49) 36.5 (22 — 50) 0.120
Weight (Kg) 76.7 (50.1 — 102.6) 76.7 (54.4 — 109.8) 0.448
Height (cm) 166 (150 — 187) 169.5 (153 — 186) 0.473
BMI (Kg/cm?) 26.9 (17.44 — 37.5) 27.7 (19.34 — 39.4) 0.459
Biochemistry

Serum phosphorus (mg/dL) 3.8(2.7-5.8) 3.9(29-5.4) 0.568
25(0H) vitamin D (ng/mL) 27.7(12.9-42.4) 27.9 (13.5-57.8) 0.936
25(0OH)D below 30 ng/mL (%0) 58 56 1.000
HDLc (mg/dL) 44.5 (23 - 124) 53 (19-99) 0.006
LDLc (mg/dL) 110.8 (56 — 177.2) 113 (76.6 — 202) 0.146
Triglycerides (mg/dL) 103 (37 — 405) 81 (21 - 276) 0.189
Muscle Function Tests

Test Get Up & Go (seconds) 8.91 (5.70 — 16.26) 8.23 (5.57 — 10.95) 0.005
Grip test (Kg) 29.0 (9.3 - 56.0) 32.8(13.3-57.3) 0.052
SARC-F (score) 0(0-4) 0(0-2) 0.001

Variables are expressed in median values (minimum and maximum).
HIV: Human immunodeficiency virus; F: female; M: male; 25 (OH) D: 25-hydroxi-vitamin D; HDLc: high density
lipoprotein; LDLc: low density lipoprotein; B-CTX: C-terminal telopeptide of type 1 collagen



Table 2 Body composition evaluated by DXA
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HIV group Control group p
n =50 n =50
Total mass (Kg) 76.7 (50.1 — 102.6) 76.7 (54.4 — 109.8) 0.448
Total tissue mass (g) 74252.5 (47901 — 100127) 74321 (52588 — 107069) 0.448
Total lean mass () 47569 (33215 — 69460) 50085 (33777 — 71506) 0.234
Total fat free mass (g) 50233.5 (35302 — 72931) 52580 (35588 — 75869) 0.236
ALM (Kg) 22.55(13.8-32.8) 24.3(13.5-35.4) 0.198
ALM/h? (Kg/m?) 7.95 (5.51 - 10.63) 8.42 (5.36 — 10.82) 0.137
ALM/BMI (Kg/Kg/m?) 0.79(0.494 - 1.217) 0.83(0.531 - 1.238) 0.477
Total fat mass (g) 24140.5 (11923 — 53610) 26030 (9362 — 54687) 0.845
Total fat region (%) 32.75 (18.5-52.3) 33.5(14.6 —49.8) 0.767
Total fat tissue (%) 34 (19.3-53.5) 34.8 (15.2-51.1) 0.751
VAT volume (cmd) 600 (103 — 2368) 622 (2 —1995) 0.374
VAT mass (g) 566 (97 — 2234) 586.5 (2 — 1882) 0.374
VAT area (cm?) 71 (14 - 257) 69.5 (0 — 235) 0.372
SAT volume (cm?) 1401 (51 - 3579) 1492 (152 - 3737) 0.836
SAT mass (g) 1322 (48 — 3376) 1408 (144 — 3525) 0.836
SAT area (cm?) 168 (6 — 430) 165 (16 —401) 0.803

G: grams; Kg: kilograms; VAT: Visceral adipose tissue (intra-abdominal fat); SAT: Subcutaneous adipose tissue;

ALM: Appendicular lean mass; ALM/h% Appendicular lean mass adjusted for height squared; ALM/BMI:

Appendicular lean mass adjusted for body mass index; cm?: squared centimeters; cm®: cubic centimeters



Table 3 Analysis of alterations in each group divided by gender
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HIV male HIV female Control male Control female p
Alteration SARC-F score >1 6 12 0 5 0.004
Alteration TUG test >10 6 10 2 1 0.002
seconds
Intermediate grip strength 4 1 2 0 0.436
16 — 19.9Kg for women and
26 —31.9 Kg for men
Weak grip strength <16 Kg 5 2 0 1 0.059
for women and <26 Kg for
men
Probable sarcopenia <20 Kg 9 3 2 1 0.023
for women and <32 Kg for
men
Sarcopenia (low muscle 3 1 0 0 0.117
strength <20 Kg and <32 Kg
for women and men,
respectively)
+ low muscle mass)
ALM <15 Kg for women 3 4 0 2 0.160
and <20 Kg for men
ALM/h? <5.5 Kg/m? for 3 2 0 1 0.204

women and <7.00 Kg/m?
for men

HIV: human immunodeficiency virus; TUG: Test Get Up & Go; Kg: kilograms; ALM: appendicular lean mass,
ALM/h?; ALM adjusted for height




Table 4 Correlations found in our study
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TUG (seconds)
Total fat tissue (%)
Total fat region (%)
VAT area (cm?)
Hand grip test (Kg)
Total lean mass (g)
ALM (Kg)

ALM/h? (Kg/m?)

Time of infection
p 0.029; r 0.309
p 0.005; r 0.393
p 0.006; r 0.386
p 0.034;r0.309
p 0.037;r-0.276
p 0.002; r -0.420

p <0.001; r -0.452
p 0.045; r -0.285

CD4* cell count

Exposure to TDF
p 0.015; r 0.343
p 0.018;r0.334

p 0.026; r -0.315
p 0.028; r-0.310

TUG: Test Up & Go; VAT: Visceral adipose tissue (intra-abdominal fat); cm?: squared centimeters; Kg: kilograms;

G: grams; ALM: Appendicular lean mass; ALM/h? Appendicular lean mass adjusted for squared height
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4. DISCUSSAO

Os dados do nosso estudo, no qual avaliamos a densidade e microarquitetura 6sseas,
além da composicdo corporal e testes funcionais que fazem parte do espectro diagnostico da
sarcopenia, demonstraram que pacientes jovens que vivem com o HIV apresentam
comprometimento da qualidade 6ssea e da funcionalidade muscular. Grande parte dos estudos
previamente publicados avaliam populacdes idosas portadoras do virus, confirmando que ha
piora dos parametros 0sseos e musculares com o envelhecimento (6, 19, 38, 59-63). Até a
presente data, esse é o estudo com maior nimero de pacientes HIV e controle, de ambos os
sexos, que avaliou uma populacdo jovem e sem comorbidades que possam interferir nas
condicdes estudadas. A partir dos dados obtidos, fomos os primeiros a sugerir novos protocolos
de rastreio para diagnostico precoce de doengas dssea e muscular em jovens com HIV, visto
que os protocolos atuais recomendam rastreio apenas em idades mais avangadas e com
ferramentas que podem subestimar o risco de fraturas e de desfechos musculares.

A doenca 0ssea no portador de HIV passou a chamar atencéo principalmente devido ao
envelhecimento dessa populacéo, que tem sido possivel desde a descoberta das TARVS (5). A
terapia visando negativacdo da carga viral e aumento da contagem de células T CD4", trouxe
repercussdes clinicas com alteracbes metabdlicas crbnicas devido aos efeitos adversos das
drogas (64). Alguns efeitos adversos descritos sdo dislipidemia, diabetes, toxicidade renal e
0Ossea, além de redistribuicdo de gordura e aumento do risco cardiovascular (65-69).

A inflamacdo cronica de baixo grau causada pelo virus e pelos efeitos adversos
exercidos pelas TARVs mostraram ser fatores importantes para a piora da massa 6ssea (35).
Além disso, a soma de fatores inerentes ao envelhecimento como a menopausa e andropausa
(com queda dos niveis de estrogénio nas mulheres e testosterona nos homens), intensifica a
reabsorcdo 6ssea ja presente devido ao virus e a TARV (70-74).

No entanto, ao estudarmos uma amostra de pacientes com mediana de idade de 40 anos
(25 — 49) no grupo HIV e 36,5 anos (22 — 50) no grupo controle, excluindo-se mulheres com
ciclos menstruais irregulares (ou menopausa), homens com hipogonadismo, usuarios de
medicamentos ou portadores de comorbidades que interferem no metabolismo 0sseo, retiramos
0s vieses de perda dssea ocasionada por questdes que ndo envolvem o virus. Os portadores de
HIV apresentavam mediana de 13 anos de doenca e eram, em sua maioria, imunocompetentes
(mediana da contagem de células T CD4* foi de 659,5 (65-1279) células/mm®. Mesmo
excluindo os possiveis fatores confundidores, encontramos piores parametros 6sseos de DMO

areal em coluna lombar (BMD e Z-score, com p 0,023 e 0,021, respectivamente) e da
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microarquitetura Ossea através de HR-pQCT (em tibia distal, principalmente), com
significancia estatistica. Esses achados foram semelhantes a estudos previamente publicados
(75-78). Devemos ressaltar que apesar do fato de que apenas 2 pacientes no grupo HIV
apresentaram Z-score <-2,0 na densitometria dssea, 0 comprometimento da qualidade 6ssea nos
parametros de HR-pQCT foi significativo no grupo HIV em comparagdo com grupo controle.
Esses dados chamam atencdo a hipdtese de que a densitometria dssea pode ndo ser o melhor
exame para rastreio da doenca 0ssea nessa populacéo, visto que subestima o risco de fraturas
por fragilidade por ndo avaliar parametros relacionados a qualidade do 0sso.

Pacientes com diagnoéstico na infancia e adolescéncia podem apresentar maior prejuizo
da massa 6ssea em fases mais precoces. 1sso ocorre pelo fato de que eles adquiriram a doenca
durante periodo de formacdo 6ssea, 0 que explica a aquisicdo de um pico de massa éssea
inferior. Estudos prévios em adultos jovens, os quais adquiriram o virus por transmissao vertical
ou na adolescéncia, mostram que existe prejuizo do pico de massa dssea nos pacientes jovens
com HIV e isso se confirma em nosso estudo (76, 79). Uma paciente com Z-score -2,1 em
coluna lombar tinha 32 anos no momento do estudo e apresentava duracdo da infeccdo de 23
anos (diagnostico aos 9 anos de idade, com provavel comprometimento do pico de massa
6ssea). O outro paciente que apresentou Z-score do colo do fémur e fémur total alterados (-2,3
e -2,1, respectivamente) tinha 26 anos com duracdo de infec¢do de 8 anos (diagnostico aos 18
anos).

Um achado de extrema importancia e que guiou grande parte da confeccdo do nosso
protocolo de rastreio de doenca déssea no paciente HIV jovem foi a prevaléncia de 12% de
fraturas vertebrais morfométricas apés realizacéo de rastreio com DXA-VFA. Estudos prévios
descrevem aumento da prevaléncia de fraturas nessa populacao (80-83). Chamamos atencédo ao
fato de que os protocolos atuais de rastreio ndo indicam avaliacdo por imagem da coluna
vertebral com busca ativa para fraturas vertebrais assintomaticas. O achado de fratura vertebral
é de extrema importancia, uma vez que muda a classificacdo de risco desse paciente e indica
inicio de terapia farmacologica anti-osteoporotica (84, 85). Uma vez iniciada terapia para
tratamento da osteoporose, 0 DXA € indicado para acompanhamento e avaliacdo da eficacia no
tratamento.

Observamos que os pacientes com HIV apresentaram maior risco de fratura apenas pelo
fato de terem a infeccdo e selecionarmos “osteoporose secundéria” na ferramenta para célculo
do FRAX. Ao preenchermos o campo de DMO em colo do fémur, os pacientes que
apresentavam fraturas vertebrais deixaram de ter alto risco por apresentarem densitometria

0ssea normal. Como descrito acima, apesar de ndo apresentarem alteracdo na DMO, a qualidade
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Ossea mostrou-se alterada de forma significativa, o que torna o FRAX uma ferramenta que pode
subestimar o real risco de fratura ao acrescentarmos DMO do colo do fémur em pacientes ja
fraturados. Naqueles sem fraturas, ao adicionar o dado de DMO do colo do fémur, 4 mudaram
de risco moderado para alto risco, e nenhum desses apresentavam fratura prévia. Sendo assim,
0 FRAX parece ser uma ferramenta Gtil para calculo do risco de fraturas em pacientes com HIV
>40 anos que ndo apresentam fratura pré existente.

No nosso estudo ndo encontramos diferenca significativa entre os grupos em relacdo ao
marcador de reabsorcdo 0ssea (3-CTX). Apesar disso, OC e fosfatase alcalina foram maiores
no grupo com HIV (p 0,041 e 0,003, respectivamente), o que indica um maior remodelamento
0sseo nesse grupo. Estudos prévios descrevem que o aumento da remodelacdo 6ssea parece ser
um dos principais mecanismos fisiopatoldgicos que explica a piora da massa 0ssea nessa
populacéo (86, 87).

Apesar dos resultados de 25(OH)D e PTH serem semelhantes entre os grupos estudados,
mais pacientes no grupo HIV apresentaram PTH acima do valor de referéncia. Além disso, 0s
valores de calcio sérico corrigido para albumina foram significativamente menores no grupo
HIV em comparacdo com os controles (p <0,001). Levando em consideracdo as recomendacdes
para populacdes de alto risco para osteoporose, sugerimos a manutengao dos niveis sericos de
25(0OH)D >30 ng/mL e recomendamos ingesta satisfatoria de célcio entre 1000 e 1200mg ao
dia, no intuito de reduzir a progressdo da doenca 6ssea no paciente com HIV (88, 89).

No protocolo sugerido apos analise dos dados do nosso estudo, recomendamos a
realizacdo de imagem do esqueleto axial (coluna toracia e lombar) em posic¢Ges antero-posterior
e perfil através de radiografia a partir dos 30 anos de idade e/ou nos pacientes com duracao de
infeccdo >5 anos. Recomendamos também o célculo de risco por meio das calculadoras FRAX
e NOGG, que quando classificados como alto risco (probabilidade de fratura osteoporética
maior >20% e fratura de quadril >3% em 10 anos), o uso de bisfosfonato € fortemente
recomendado. A realizacdo de densitometria 6ssea foi recomendada ap6s 5 anos do diagndstico
e deve ser repetida a cada 3 anos para avaliacdo de perda da massa Ossea. Também
recomendamos DXA para acompanhamento dos casos de alto risco pelo FRAX/NOGG e
naqueles com fratura pré existente, os quais devem realizar tratamento farmacoldgico anti-
osteoporose (repetir a cada 1 a 2 anos). O protocolo também preconiza reavaliacdo da TARV
com preferéncia para drogas com menos efeitos sobre o metabolismo 0sseo (retirada de TDF,
e considerar troca de IP e EFV) e recomenda que o paciente cesse tabagismo e fagca consumo

seguro de alcool.
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Ainda que diagnostiquemos e tratemos a doenca 6Ossea no HIV, ndo podemos
desconsiderar os aspectos musculares e a interferéncia da sarcopenia ou da baixa forga muscular
como contribuintes para desfechos indesejaveis no paciente jovem com HIV. Estd bem
estabelecida na literatura a relacao entre osteoporose e sarcopenia (45, 90, 91).

No nosso estudo, avaliamos diversos parametros do espectro de diagnostico da
sarcopenia. Atualmente, 0 EWGSOP2 (47) recomenda iniciar o rastreio com o questionario
SARC-F (para identificacdo dos casos suspeitos), sequido de avaliacdo da forca muscular
(classificando como provavel sarcopenia os casos com baixa forca muscular) e confirmando o
diagnéstico com a realizacdo da composicdo corporal para obtencdo da massa magra
apendicular. Por ultimo, é feito o teste de performance fisica classificando o individuo com
sarcopenia severa, se alterado. Realizamos todas as etapas sugeridas com SARC-F, FPM, DXA
e TUG.

Observamos em nosso estudo que houve heterogeneidade nos resultados e que o
questionario SARC-F ndo parece ser um bom rastreio para populagdo jovem com HIV, visto
que esses individuos ainda apresentam certa mobilidade e funcionalidade em comparacdo com
populacdo mais idosa, para a qual esses protocolos foram criados. Encontramos resultados
inferiores, com significancia estatistica, no TUG e SARC-F (quando consideramos pontos de
corte de >10 segundos e qualquer pontuacdo >1 no questionario, respectivamente). Esses
resultados alterados evidenciam que individuos infectados apresentam maior comprometimento
de mobilidade, performance fisica e, consequentemente, maior morbidade. For¢a de preensdo
palmar mostrou valores discretamente inferiores no grupo com HIV com p 0,052. Apesar de
ndo encontrarmos dados da composi¢do corporal significativamente menores na populacéo
jovem com HIV em comparagdo com grupo controle, mais pacientes infectados apresentaram
valores inferiores a normalidade no que tange MMA e IMMA. Dessa forma, chamamos atengédo
ao fato de que precisamos de protocolos atualizados voltados para popula¢fes mais jovens com
pontos de corte individualizados, visando maior sensibilidade no rastreio e objetivando
diagndstico precoce e tratamento.

Encontramos prevaléncia de provavel sarcopenia e sarcopenia confirmada de 14% e 2%,
respectivamente, no grupo HIV, enquanto que no grupo controle 2% tinham provavel
sarcopenia e nenhum confirmou sarcopenia. A maioria dos estudos que avaliam sarcopenia em
populacédo portadora do virus leva em consideracao pacientes mais idosos (5, 38, 59, 92).

Um estudo realizado em populacdo de pacientes jovens com HIV (com idade
semelhante ao nosso estudo) avaliou individuos com IMC dentro da normalidade, porém

imunodeficientes, e que encontravam-se hospitalizados por periodo curto. O diagnostico de
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sarcopenia apresentou prevaléncia maior do que a encontrada em nosso estudo, mas reforcamos
que se trata de um grupo com caracteristicas distintas do nosso (93).

E importante ressaltar que nossa amostra apresentou predominancia de sobrepeso, com
mediana de IMC de 26,9 (17,44 — 37,5) versus 27,7 (19,34 — 39,4) no grupo HIV e controle,
respectivamente. Dessa forma, acreditamos que pode existir um componente protetor do
estrogénio presente nos tecidos muscular e 6sseo. No tecido adiposo ocorre a aromatizagdo do
androgénio em estrogénio e existem evidéncias de que o estrogénio possui papel importante na
homeostase dos tecidos muscular e dsseo (94).

Uma alteracdo metabdlica encontrada no nosso estudo foi niveis estatisticamente
inferiores de lipoproteinas de alta densidade (HDL), com p 0,006, e esse achado é descrito na
literatura (95, 96). As TARVs mais antigas parecem contribuir de forma mais importante para
essa alteracdo (inibidores da transcriptase reversa analogos dos nucleosideos — zidovudina e
estavudina e inibidores da protease) e, nos dias atuais, dispomos de drogas com menos efeitos
no perfil lipidico (inibidores da integrase — raltegravir e dolutegravir) (68, 97).

Baseado nos resultados encontrados em nosso estudo, listamos recomendag6es para o
diagnostico e rastreio de sarcopenia na populacdo jovem com HIV. Para aplicacdo do SARC-
F, recomendamos investigar mais a fundo o paciente que apresentar >1 score ap6s responder o
questionario, considerando que as perguntas sao voltadas para uma populacdo idosa e que
jovens deveriam exercer 0s elementos questionados sem grandes dificuldades. Também
recomendamos ampliar os valores de corte da FPM para <32 Kg e <20 Kg em homens e
mulheres, respectivamente, para conferir maior sensibilidade ao teste e abranger maior nimero
de pacientes jovens com comprometimento da forca muscular. Para o TUG sugerimos o ponto
de corte de >10 segundos para considerar o teste como alterado, tendo em vista que individuos
jovens ndo devem utilizar o mesmo ponto de corte utilizado para idosos no intuito de avaliar a
performance fisica. Sugerimos a realizacdo destes testes desde o diagnostico. Por ultimo, é
recomendado na literatura a ingesta proteica de 1,0 a 1,2 g/Kg de peso por dia associada a
pratica regular de exercicios de pelo menos 150 minutos semanais (97-99).
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CONCLUSAO

Podemos concluir através do nosso estudo, que o paciente jovem portador do HIV
apresenta desordens importantes na DMO e microarquitetura dssea, que aumentam o risco do
surgimento de fraturas por fragilidade. Além disso, observamos comprometimento da
mobilidade e da funcionalidade/forca muscular desses pacientes em compara¢do com grupo
controle, ressaltando a importancia de estudo funcional muscular em pacientes mais jovens. Os
protocolos sugeridos visam realizacdo de diagnostico precoce para reduzir morbimortalidade,
aumentar capacidade e tempo laborativos, permitir maior funcionalidade muscular e
performance fisica com consequente aumento na qualidade de vida em grupo populacional que

se encontra com crescente aumento da expectativa de vida.
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ANEXO B — Termo de consentimento Livre e Esclarecido para HIV e controle

TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO

Vocé estd sendo convidado(a) a participar, como voluntario(a), do estudo intitulado “Avaliacio da
microarquitetura 6ssea e composicdo corporal dos pacientes com wvirus da Imunodeficiéncia Humana”
conduzido por Dra. Barbara Gehrke, sob orientag8o da Prof. Dra. Maria Caroline Alves Coelho Amaral. Este
estudo visa avaliar as diferengas na massa dssea, na composi¢do corporal e presenca ou n3o de fraturas em
pacientes com HIV e comparar com a populagdo sem o virus. O objetivo deste estudo é identificar o

periodo ideal para rastreio desta populagdo quanto a doengas de diminuicdo da massa 6ssea e muscular,

visando prevengdo e melhora da qualidade de vida.

Serdo selecionados pacientes com o virus da imunodeficiéncia humana (HIV) entre 20 e 50 anos, e
com peso inferior a 120kg. Sua participag3o ndo é obrigatdria. A qualquer momento, vocé poderd desistir
de participar e retirar seu consentimento. Sua recusa, desisténcia ou retirada de consentimento ndo

acarretara prejuizo.

Meste estudo, serd realizada Densitometria Ossea para avaliacio da massa dssea e da presenga de
fraturas e Tomografia dos ossos, os quais apresentam risco irrelevante quanto a radiagdo emitida, com
niveis seguros & sadde do paciente. Além disso havera coleta de sangue e de urina de 24 horas, que ndo
apresentam risco adicional para o paciente, podendo apenas levar a um incdmodo no local da coleta e dor.
Por dltimo, serd realizado teste de for¢a muscular o que pode ocasionar dor muscular apds o esforgo. Sua
participagdo nesta pesquisa consistird em realizagdo de Densitometria, Tomografia, exames laboratoriais e
de urina e avaliagdo do caminhar e da for¢a muscular. Sera realizado o primeiro contato com o participante
através de consulta no Hospital Universitdrio Pedro Ernesto com a pesguisadora Barbara Gehrke com
preenchimento de questiondrio, andlise de prontudrio e de exames prévios & pesquisa. O contato do

pesquisador serd disponibilizado para gue o participante tenha uma fonte de tirada de dividas e contatos
referentes ao estudo. Informamaos que essa pesquisa ndo gera custos ao participante, exceto de transporte,

para realizagdo das consultas e exames.

Os dados obtidos por meio desta pesquisa serdo confidenciais e ndo serdo divulgados em nivel

individual, visando assegurar o sigilo de sua participag3o.

O pesquisador responsével se compromete a tornar plblicos nos meios académicos e cientificos os

resultados obtidos de forma consolidada sem qualquer identificacdo de individuos participantes.

Rubrica do participante Rubrica do pesquisador
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Caso vocé concorde em participar desta pesquisa, assine ao final deste documento, que possui duas
vias, sendo uma delas sua, e a outra, do pesquisador responsavel / coordenador da pesquisa. Seguem os
telefones e o enderego institucional do pesquisador responsédvel e do Comité de Etica em Pesquisa — CEP,
onde vocé podera tirar suas dividas sobre o projeto e sua participac3o nele, agora ou a qualguer

momento.

Contatos do pesquisador responsdvel: Barbara Gehrke, pds-graduanda, com enderego institucional

Boulevard 28 de Setembro, 77, com email barbara gehrke@yahoo.com.br e telefone celular (21)

981012123 /(21) 966855665.

Contatos do CEP HUPE: cep-hupe@uerj.br ; telefone (21) 28688253; segunda a sexta das 09:00 a

12:00 e 13:00 &5 17:00. Boulevard 28 de Setembro, 77 — Vila 1sabel — Rio de laneiro, R,

Caso vocé tenha dificuldade em entrar em contato com o pesquisador responsdvel, comunigue o

fato & Comissdo de Etica em Pesquisa da UERJ: Rua 530 Francisco Xavier, 524, sala 3018, bloco E, 32 andar, -

Maracani - Rio de Janeiro, RJ, e-mail: etica@uerj.br - Telefone: (021) 2334-2180. O CEP COEP é responsdvel
por garantir a protecdo dos participantes de pesquisa e funciona as segundas, quartas e sextas-feiras, de

10h as 1Zh e 14h as 16h.

Declaro gque entendi os objetivos, riscos e beneficios de minha participacdo na pesquisa, e gque

concordo em participar.

Rio de Janeiro, de de,

Nome do(a) participante:

Assinatura:

Nome dola) pesquisador:

Assinatura:
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TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO

Vocé estd sendo convidado(a) a participar, como voluntério{a), do estudo intitulado “Avaliagio da
microarquitetura dssea e composi¢do corporal dos pacientes com virus da Imunodeficiéncia Humana”
conduzido por Dra. Barbara Gehrke, sob orientacdo da Prof. Dra. Maria Caroline Alves Coelho Amaral. Este
estudo visa avaliar as diferengas na massa 0ssea, na composigdo corporal e presenga ou nio de fraturas em
pacientes com HIV e comparar com a populagdo sem o virus. O objetivo deste estudo ¢ identificar o
periodo ideal para rastreio desta populagdo quanto a doengas de diminuigdo da massa dssea e muscular,

visando prevencio e melhora da qualidade de vida.

Serdo selecionados pacientes saudaveis entre 20 e 50 anos, e com peso inferior a 120kg. Sua
participagdo ndo é obrigatéria. A qualguer momento, vocé poderd desistir de participar e retirar seu

consentimento. Sua recusa, desisténcia ou retirada de consentimento ndo acarretara prejuizo.

Neste estudo, sera realizada Densitometria Ossea para avaliacdo da massa dssea e da presenca de
fraturas e Tomografia dos ossos, os quais apresentam risco irrelevante quanto a radiagdo emitida, com
niveis seguros a salde do paciente. Além disso havera coleta de sangue e de urina de 24 horas, que ndo
apresentam risco adicional para o paciente, podendo apenas levar a um incdmodo no local da coleta e dor.
Por dltimo, serd realizado teste de forca muscular o que pode ocasionar dor muscular apds o esforgo. Sua
participacdo nesta pesquisa consistirda em realizacio de Densitometria, Tomografia, exames laboratoriais e
de urina e avaliagdo do caminhar e da forga muscular. Sera realizado o primeiro contato com o participante
através de consulta no Hospital Universitario Pedro Ernesto com a pesquisadora Barbara Gehrke com
preenchimento de questionario, analise de prontudrio e de exames prévios a pesquisa. O contato do
pesquisador sera disponibilizado para que o participante tenha uma fonte de tirada de duvidas e contatos
referentes ao estudo. Informamos que essa pesquisa ndo gera custos ao participante, exceto de transporte,

para realizagdo das consultas e exames.

Os dados obtidos por meio desta pesquisa serdo confidenciais e ndo serdo divulgados em nivel

individual, visando assegurar o sigilo de sua participagdo.

0 pesquisador responsavel se compromete a tornar publicos nos meios académicos e cientificos os

resultados obtidos de forma consolidada sem qualquer identificacdo de individuos participantes.

Rubrica do participante Rubrica do pesquisador
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Caso vocé concorde em participar desta pesquisa, assine ao final deste documento, que possui duas
vias, sendo uma delas sua, e a outra, do pesquisador responsavel / coordenador da pesquisa. Seguem os
telefones e o endereco institucional do pesquisador responsavel e do Comité de Etica em Pesquisa — CEP,
onde vocé poderd tirar suas dividas sobre o projeto e sua participagdo nele, agora ou a qualquer

momento.

Contatos do pesquisador responsavel: Barbara Gehrke, pds graduanda, com endereco institucional

Boulevard 28 de Setembro, 77, com email barbara gehrke@yahoo.com.br e telefone celular (21)
981012123 / (21) 966855665

Contatos do CEP HUPE: cep-hupe@uerj.br ; telefone (21) 28688253; segunda a sexta das 09:00 a
12:00 e 13:00 as 17:00. Boulevard 28 de Setembro, 77 — Vila Isabel — Rio de Janeiro, RI.

Caso vocé tenha dificuldade em entrar em contato com o pesquisador responsdvel, comunique o
fato & Comissdo de Etica em Pesquisa da UERJ: Rua S3o Francisco Xavier, 524, sala 3018, bloco E, 32 andar, -
Maracana - Rio de Janeiro, RJ, e-mail: etica@uerj.br - Telefone: (021) 2334-2180. O CEP COEP é responsavel

por garantir a prote¢do dos participantes de pesquisa e funciona as segundas, quartas e sextas-feiras, de
10h as 12h e 14h as 16h.

Declaro que entendi os objetivos, riscos e beneficios de minha participacdo na pesquisa, e que

concordo em participar.

Rio de Janeiro, de de,

Nome do(a) participante:

Assinatura:

Nome do(a) pesquisador:

Assinatura:
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ANEXO C — Questionario

PROJETO DOUTORADO BARBARA GEHRKE Data: !

Nome:

GRUPO: CONTROLE [ HIV [

Prontuwérie:

Data de nascimento / / Idade:

Sexo:  fem [ masc [] Caucasiano [] Nio caucasiano []

Enderego: CEP:

Telefones:
Profissdo/Escolaridade:

Medicamentos (EXCLUIR GLICOCORTICOIDES)

85

Especificar doses ¢ tempo de uso:

Historia Patoldgica Pregressa

Histéria Familiar

Fraturas pais (quadril): 0 sim 0 ndo Osteoporose (pais): 0 sim O ndo

Historia Fisioldgica
Masc: Pubarca anos  Fem: Menarca __ anos Pubarca: _ anos Ciclos:

Histdéria Social

Hiébitos de alimentac¢fo (infincia/adolescéncia/idade adulta):

Ingesta de célcio - copos de leite (300 mg) iogurte (300 mg) + fatias de queijo (150 mg) + outros {300 mg):

mg/dia
Ingesta de suplementos de Cilcio on Vitamina D?

Etilismo (dose e frequéncia):

Tabagismo (magos/ano):
Drogas ilicitas (tipo e frequéncia):
Atividade fisica: (tipo e frequéncia)

Exame Fisico

Peso: Altura: IMC: PA: X mmHg FC:

Mucosas:

Facies: o tipica 0O atipica: Dentes (estado geral):

Pescogo:

Torax/mamas (principalmente p osteoporose em homens):

Ap. CV: Ap . Resp|

ABD: MMIL:

Marcha:

Forga Muscular: o simétrica nos 4 membros 0 assimétrica (descrever):

Risco de Queda? O ndo O sim
O nimero de quedas dltimo ano: O visdo deficiente O dificuldade de deambulagio
O fraqueza muscular O falta de equilibric O hipotensdo ortostdtica O neuropatia periférica

O oulros:

Sinais de Fratura: O perda de altura (4 em) 0O deformidade tordcica O superposi¢do da costela e pelve

O protusdo abdominal 0O cifose
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Exames Laboratoriais Data: Laboratério:

Cileio (vr: a =%+
Proteinas totais (vt a =+
Albumina (vr: a =+
Ca Corrigido (vr: a =+
Magnésio (vt a =+
Fosforo (vt a =+
PTH (vr: a =+
25-0HD {vr: a =+
CTX (vr: a =%
Osteocaleina (vt a =+
Creatinina (vr: =
Ureia {vr: =4
TSH (vt a =
T4L vt a =
HbAIC {vr: a =
Glicemia {vr: a =
TGO (vt a =
TGP vt a =
FA (vt a =+
GGT {vr: a =
Testo total s vt a =
SHBG {vr: a =
Estradiol (vt a =+
LH (vr: a =
FSH {vr: a =

Prolactina
Ca Ur 24h {vr: a =
Cr Ur 24h {vr: a =
Na Ur 24h (vt a =
P Ur 24h (vt a =
Volume urindrio vt a =
Gasometria venosa ou reserva alcalina {vr: a =4
Hb (vr: a =
Ht (vr: a =
YCM (vr: a =
HCM (vt a =
Leuco (vt a =
Plaquetas vt a =
VHS vt a =
Insulina {vr: a =4
Lipidograma {vr: a |

FRAX: Quadril:
Fraturas maiores:

NOGG (FRAX sem densitometria): Quadril:

Fraturas maiores:



Tomografia Periférica Quantitativa de Alta Resolugio

Data: !

HR-pQCT distal radius

HR-pQCT distal tibia

Dtotal (mg HA/cem)

Diotal (mg HA/cem)

Ct.vBMD (mg HA/cem)

Ct.vBMD (mg HA/cem)

Ct.Th (mm)

Ct.Th (mm)

Th.vBMD (mg HA/cem)

Th.vBMD (mg HA/cem)

BV/TV BV/TV

Th.N (1/mm) Th.N {1/mm)
Tb.Th (mm) Tb.Th (mm)
Th.Sp (mm) Th.Sp (mm)

t{Th.1/N.5D (mm)

tTh. I/N.SD (mm)

Densitometria 6ssea Data:

! /

Sitio

BMD (g/em?)

T-score

L-score

Coluna (L__-L_ )

L1

L2

L3

L4

Fémur Total

Colo do Fémur

Radio (33%)

VFA

Composicio Corporal Data:

! /

Parimetros

Resultados

Percentual de Gordura (%)

Massa gorda (g)

Massa magra (g)

Massa livre de gordura (g)

ALM (Kg)

ALM/IMC (Kg/Kg/m?)

ALM/h? (Kg/m?)
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Data: ! /
Teste “get up and go™ :

Dinamimetro manual:




Questionirio SARC-F:

1) Forga = O quanto de dificuldade vocé tem para levantar e carregar 4,5kg?
(O=nenhuma; I=alguma; 2= muita ou incapaz

2) Ajuda para caminhar = O quanto de dificuldade vocé tem para atravessar um comodo?
(O=nenhuma; Il=alguma; 2=muita, uso apoios ou incapaz

3) Levantar da cadeira = O quanto de dificuldade vocé tem para levanter de uma cama ou cadeira?
O=nenhuma; I=alguma; 2=muita ounio consegue sem ajuda

4) Subir escadas = O quanto de dificuldade vocé tem para subir um lance de escadas de 10 degraus?
O=nenhuma; Il=alguma; 2=muita ounio consegue

5) Quedas = Quantas vezes vocé caiu no ltimo ano?

O=nenhuma; 1=1a 3 quedas; 2=4 ou mais quedas
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PACIENTES HIV
Ano diagndistico: { Duragfo da doenca:
Carga viral: Detectivel 2 nlimero de copias: ! log

Indetectivel < abaixo de gquantas copias?

CD4: CD4/CDS:
Tenofovir: SIM [0 NAO O Tempo (meses):
Nadir CD4:

Doengas oportunistas: SIM [ NAO O
Quais?

Tempo total em TARY (meses):

Especificar quais TARYVY e o tempo de cada (meses):
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ANEXO D — Artigo publicado — Riedel’s Thyroiditis as a part of the I[gG4 Systemic Disease:
A case Report

EDORIUM Journals
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www jjcasereportsandimages.com

CASE REPORT PEER REVIEWED | OPEN ACCESS

Riedel’s thyroiditis as a part of the IgG4 systemic disease:
A case report

Marques etal. 1

Thamyres Marques, Barbara Gehrke, Francinne Machado Ribeiro,
Marise Machado, Sérgio de Oliveira Romano, Maria Caroline Alves Coelho

ABSTRACT

Introduction: Riedel’s thyroiditis (RT) is a fibro-
inflammatory process that can affect the thyroid gland
alone or might extend to adjacent tissues. This condition
may evolve to multifocal systemic fibrosclerosis in
30—40% of the patients. Riedel's thyroiditis is a rare
disease that is usually treated by surgery as it consists
of a hardened, adhered goiter with local invasion that
resembles a malignant lesion. This thyroid disease is
considered the most associated to immunoglobulin G4-
related disease (IgG4-RD). IgG4-RD is characterized by a
dense lymphoplasmacytic infiltrate with numerous IgG4
positive plasma cells present in other organs besides the
thyroid.

Case Report: The report refers to a 53-vear-old female
Brazilian patient. The patient had a medical history of
hypothyroidism and also showed increase of the cervical
volume since the beginning of 2018. A surgical treatment
was proposed in 2019 and histological aspects suggested
the diagnosis of RT. After further analysis of the material
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obtained in biopsy, the microscopy assessment revealed
lymphoplasmacytic inflammation with high fibrosis
suggesting 1gG4 related sclerotic disease.

Conclusion: This case highlights the importance of
investigating I2G4-RD in patients with RT as it seems
to be a new clinical entity. The diagnosis is a challenge
and the combination of histopathological features/
immunohistochemical staining with clinical, laboratorial,
and radiological findings is extremely important.

Keywords: Immunoglobulin G4-related disease, Retro-
peritoneal fibrosis, Sclerosis, Thyroiditis
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INTRODUCTION

Riedel’s thyroiditis (RT) is characterized by a fibrotic and
inflammatory process that spreads to tissues that surround
the thyroid gland. It is an uncommon condition with
prevalence of 1 in each 100,000 people, most frequent in
females between 30 and 50 years [1]. According to Rotondi
et al., Berhard Riedel first described RT in 1896, but onlyin
2010 Dalgren suggested the histologic diagnostic criteria,
which included: fibro-inflammatory process involving all or
a portion of the thyroid gland; presence of fibrous extension
to thyroid capsule and adjacent tissues; inflammatory
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cells infiltration (without giant cells), lymphoid follicles,
oncocytes or granulomas; presence of occlusive phlebitis
and absence of a neoplasm [2].

Studies demonstrate that RT seems to be the thyroid
condition most associated with immunoglobulin G4-
related disease (IgG4-RD), that is characterized by
dense lymphoplasmacytic infiltrate with numerous IgG4
positive plasma cells, and propensity to form tumefactive
lesions and storiform fibrosis [2]. The diagnosis of this
disease is a challenge due to the heterogeneity of its
clinical presentation and variable diagnostic criteria.

CASE REPORT

A 53-year-old woman, smoker (25 packs/year), carrier
of hypothyroidism (diagnosed in 2015 with positive
antibodies against thyroperoxidase), complaining of
hoarseness, dysphagia and increase of cervical volume.
Computed tomography (CT) of the cervical region
(Figure 1) demonstrated a mass at the left base of the
neck, heterogeneous, extending into the mediastinum,
measuring 7.0x5.0x5.0 cm, encasing the common carotid
artery and associated with thrombosis of the internal
jugular vein at the same side. Magnetic resonance imaging
(MRI) of cervical region showed a mass with isointense
signal in T1 and hyperintense in T2, insinuating into
the thoracic introit at the same side for approximately
2.7 cm, surrounding vascular structures, measuring
7.0%4.0%4.5 cm. The patient was treated by surgery and
histological aspects suggested the diagnosis of Riedel’s
thyroiditis: fibroblastic proliferation with inflammatory
lymphoplasmacytic component replacing normal thyroid
tissue and extending to striated muscle, with the presence
of obliterating angiitis associated. Then, prednisone was

Figure 1: Computed tomography of the cervical region mass
at the left base of the neck, heterogeneous, extending into the
mediastinum, measuring 7.0x5.0x5.0 cm (red arrow).

Table 1: Immunoglobulin results

IgG1 405-1011
range (mg/dL)

Result 790 269

IgG2 168786
range (mg/dL)
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Figure 2: Immunohistochemistry of the mass at the left base
of the neck immunostaining for immunoglobulin G (IgG)
and IgG4 in IgGg4-related thyroiditis. (A) Thyroid tissue with
hematoxylin and eosin staining, (B) IgG immunostaining, and
(C) IgG4 immunostaining. Both ratio IgG4*/IgG* ratio in tissue
was <10%.

Figure 3: Magnetic resonance angiography of abdominal
aorta contrast-absorbing periaortic tissue, about 0.7 cm
thick, asymmetrie, mainly on the anterior wall, located near
the infrarenal aorta, at the level of the origin of the inferior
mesenteric artery (red arrow).

initiated at dose of 20 mg. Abdominal CT and blood
samples were requested due to possible association
with IgG4-RD. No changes in bone metabolism, hepatic
function, or IgG4 titer (Table 1) were observed.
Abdominal CT evidenced aorta with preserved caliber,
presenting a thickening of parietal tissue, highlighting
contrast from underneath the kidneys extending
down to the common iliac artery to the left, suggesting
retroperitoneal fibrosis. Computed tomography of
cervical region eight months after prednisone evidenced
lesion at topography of the thyroid gland to the left,
measuring 6.7x4.2x3.1 cm. After further analysis of
the material obtained through biopsy, microscopy
examination revealed atrophic thyroid parenchyma and
intense infiltrated lymphoplasmacytic inflammation
with extensive fibrosis that extends up to muscular
structures surrounding the thyroid, associated with
obliterating angiitis, and also involving the parathyroid
glands, suggesting IgG4 related sclerotic disease. IgG4

Total IgG
(mg/dL)

38 32 1230

IgG3 11-85
range (mg/dL)

I1gG4 3—201
range (mg/dL)

Serum levels ofimmunoglobulin (Ig); Immunoglobulins (Ig); Immunoglobulin G1 (IgG1); Immunoglobulin G2 (IgG2); Immunoglobulin

G3 (IgG3); Immunoglobulin G4 (IgG4).
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immunostaining with the ratio IgG4*/IgG* ratio in tissue
<10% (Figure 2).

Magnetic resonance angiography of thoracic and
abdominal aorta was requested in order to visualize
the retroperitoneal fibrosis and to define the best
therapeutic approach for RT associated to IgG4-RD.
The exam demonstrated enhancing of periaortic tissue,
approximately 0.7 em thick, asymmetric, mainly on the
anterior wall, located near the infrarenal aorta, suggestive
of periaortitis (Figure 3). Unfortunately, glucocorticoid
dosage could not be optimized due to diabetes onset
after eight months of prednisone and patient refusal. At
the moment patient is undergoing evaluation to initiate
Rituximab therapy.

DISCUSSION

I1gG4-related disease is a new clinical entity, immune-
mediated, characterized by lymphoplasmacytic infiltrate
rich in IgG4-positive plasma cells that can affect various
organs, including the thyroid. It is an underdiagnosed
disease with current prevalence of 6/100,000, peak
incidence between 50 and 70 years of age and male
predominance [2]. Riedel’s thyroiditis seems to be the
thyroid disease with highest association to IgG4-RD,
although the real prevalence of this association remains
unknown [3].

Riedel’s thyroiditis can be associated with primary
sclerosing cholangitis, orbital and mediastinal fibrosis,
or with retroperitoneal fibrosis as described in this case
report. Riedel’s thyroiditis can occur at the same time of the
retroperitoneal fibrosis or years later, and when associated
with RT there is a higher prevalence in females [2].

Riedel’s thyroiditis is suspected in the presence of
fixed and hard neck mass. It can commonly manifest with
obstructive symptoms such as dysphagia, hoarseness,
and dyspnea due to involvement of structures adjacent to
the thyroid gland. In addition, it may present symptoms
of hypothyroidism or hypoparathvroidism [4]. In our
case, similar to what is evidenced in literature, RT
caused pressure symptoms due to an increase of the
thyroid gland (dvsphagia and hoarseness). Although
hypothyroidism may be found in 1/3 of patients with
RT, the diagnosis of hyvpothyroidism was prior to the
onset of RT symptoms in our patient. Several cases of
Hashimoto’s thyroiditis have been reported previously
or concomitantly to RT. Usually the thyroid function is
normal, although 90% of cases antibody titers against
thyroglobulin (Tg-Ab) and thyroperoxidase (TPO-
Ab) are elevated [5, 6]. Hypoparathyvroidism may
be a presenting symptom, because of its growth and
compression, independent of surgical complications.
However, our patient had normal laboratory levels of
calcium and phosphorus.

There is a possible association of RT with smoking,
which could be linked to a more aggressive course of the
disease. Tobacco use may influence the immune response

Marques etal. 3

by activating fibrosis-related genes expression especially
connective tissue growth factor, growth factor-pi, and
interleukin-1p [7].

Imaging tests are not usually specific for the disease,
but they can support the diagnosis. Ultrasound may
present with low echogenicity of the thyroid gland, while
CT shows a hypodense, infiltrative mass which enhances
after contrast and MRI shows hypointensity in T1 and
T2 images. In our patient, MRI showed expansive mass
with isointense signal in Ti and hyperintense in T2,
which differs from literature. Similar to previous reports,
MRI has not added any new information compared to
ultrasonography or CT. These findings explain why the
diagnosis is not confirmed by imaging tests and usually
requires a histopathological analysis to rule out malignant
tumor [8, 9].

Anaplastic  carcinoma, papillary  carcinoma,
lymphoma, fibrotic Hashimoto’s thyroiditis, and sarcoma
of the thyroid are considered differential diagnosis of
RT, as thev may present clinical similarities, such as
compressive symptoms due to gland growth [10-12].
Histological features of diffuse sclerosing papillary
thyroid cancer may have resemblance to RT and should
be ruled out [13].

The pathogenesis of the connection between RT and
IgG4-RD is not vet kmown. In healthy subjects, IgG4
represents less than 5% of the total IgG and it seems to
play a minor role in the IgG4-RD, since they are generally
considered anti-inflammatory. There is no clear evidence
if IgG4 participates in the pathogenesis or if it is a
consequence of the process. Recent data defend the idea
that an increase in IgG4 levels should be interpreted as
an effort to reduce inflammation mediated by a given
antigen [3].

The diagnosis of IgG4-RD is a challenge and for the
definitive diagnosis the combination of histopathological
features/immunohistochemical stain with clinical,
laboratorial, and radiological findings suggestive of the
disease is necessary. The laboratorial diagnosis is marked
by an increase in IgG4 (normally over 135 mg/dL) blood
levels and radiological findings consist of the involvement
of other organs [2, 3].

The histopathological features are divided into major
and minor criteria. For the diagnosis it is necessary 2
of the 3 major criteria: infiltrate rich with IgG4 cells;
storiform aspect fibrosis and obliterative phlebitis. The
minor criteria: phlebitis without obliteration and an
increase in eosinophil levels alone are neither sensitive
nor specific for the disease.

IgG4 immunostaining is an essential test for the
pathological diagnosis of IgG4-RD. There is no cutoff
for the number of IgG4* plasma cells in the tissue to
characterize the disease. This number appears to be
tissue specific and depends on the amount of fibrosis at
diagnosis. On biopsy specimens over 10 numbers of [gG4*
plasma cells per high-power field (hpf) is suggestive of
IgG4-RD [14, 15].
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However, several inflammatory lesions, lymphoma,
and malignances may increase the number of IzG4*
plasma cells per hpf unrelated to IgG4-RD [16, 17]. In
this case the IgG4*/IgG* ratio seems to be better than the
isolated IgG4* dosage. Some authors suggest a 40% cutoff
in the IgG4*/IgG* ratio in any organ to document the
disease in case of patients with histopathological features
and a compatible clinical picture [18, 19]. Nevertheless,
40% of patients with biopsy-proven disease may have
normal IgG4 serum levels [20].

The patient had retroperitoneal fibrosis on imaging
and met two major histopathological criteria, which
strongly suggested IgG4-RD. Yet, she had normal serum
dosage of IgG4 and the ratio IgG4+/IgG+ ratio in tissue
was < 10% at immunochistochemical. These results
may be due to sampling artifact, use of corticosteroid
during a long period (eight months) before the exam or
progression to a fibrotic stage. Thus, in the absence of a
more specific biomarker, the diagnosis is based primarily
on the morphological appearance on biopsy. Tissue IgG4
count and IgG4*/IgG* ratio seems to be of secondary
importance [21].

Regarding treatment, there are no clinical trials due to
the rare number of cases involving this disease. However,
according to literature, the wuse of glucocorticoids
constitutes the base of the initial treatment, but there
is no consensus about dosage, ranging from 15 to 100
mg per day. The response to therapy is evidenced by
reduction of lesion dimensions, with consequent relief
of compressive symptoms [22, 23]. Our patient did
not show reduction of cervical mass with 20 mg of
prednisone and unfortunately this dose could not be
increased due to the development of secondary diabetes.
For this reason, another therapy had to be considered.
The increment of fibrosis evidenced in late disease
in comparison to early disease (with predominance
of inflammation) could explain the non-response to
glucocorticoids therapy [23-25].

Patients who do not present an acceptable response to
corticosteroids or those who cannot use this medication
for anv other reason, may use tamoxifen as a second line
treatment. It is a selective estrogen receptor modulator
that stimulates tumor growth factor beta (TGF-g)
which works as a powerful growth inhibitor, usually
administrated around 10—20 mg two times daily [26].
Rituximab and micofenolate are immunosuppressive
agents that may also be considered when treating RT
associated to IgG4-GD. Both have anti-fibrotic features
and are used in systemic fibrosis that do not respond to
the drugs named above [27, 28].

The prognosis of RT is extremely variable, from mild
to rapidly progressive forms and tracheal compression is
the major cause of mortality (around 10%). Surgery may
be considered in order to alleviate compressive symptoms
and to rule out malignity, once it is very difficult to
differentiate fibrotic tissue from normal thyroid gland
during procedure [9].

Marques etal. 4

CONCLUSION

Riedel’s thyroiditis is a rare condition, with prevalence
higher in women and characterized by the appearance
of goiter with compression of adjacent structures due
to invasion of extra-thyroid tissues. Riedel’s thyroiditis
seems to be the thyroid disease that is most associated
to IgG4-RD, and for this reason it is important to actively
investigate this association and accomplish a biopsy
with histopathology analysis and laboratory evaluation.
Though it is an uncommeon disease and with limited cases
reported in literature, a considerable amount of patients
respond well to drug therapy, being surgerv preferred
only to relief compressive symptoms.
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OBJECTIVES: To evaluate the mean concentration of 25-hydroxivitamin D [25(OH) D] and prevalence of hypo-
vitaminosis D in individuals residing in Rio de Janeiro, Brazil.

METHODS: The data of 80,000 consecutive individuals who had 25(0H) D measurements performed by electro-
chemiluminescence between 1/2/2018 and 2/5/2018 were selected. Patients who reported the use of therapies/
supplements were excluded. Levels of 25(0H) D =20 ng/mL (ages <60 years) and >30 ng/mL (ages >60 years)
were considered adequate.

RESULTS: We analyzed the data of 24,074 individuals (1-95 years old, 64.7% female). Descriptive curves showed
that, in both sexes, the mean values of 25(0H) D decreased from the first years of life until adolescence, then
slightly increased, and then tended to stabilize during adulthood. Levels of 25(OH) D <20 ng/mL were observed
in 6% of girls versus 3.6% of boys and in 13.6% of adolescent girls versus 12.6% of adolescent boys and 11% of
adults. The percentage of seniors with serum levels of 25(OH) D <20 ng/mL was 13.6% in women and 12.7% in
men; 53.2% of women and 50.6% of men had levels <30 ng/mL.

CONCLUSIONS: Mean 25(0OH) D values were higher in children and lower in adolescents and women.
Approximately 90% of non-seniors and presumably healthy residents of the urban metropolitan region of Rio
de Janeiro presented satisfactory levels of 25(0H) D during the summer months; however, in over half of the
elderly, the serum concentrations of 25(0H) D were inadequate. Therefore, strategies for the prevention of
hypovitaminosis D should be considered in the senior population.

KEYWORDS: 25-Hydroxivitamin D; Vitamin D Deficiency; Hypovitaminosis D Prevalence; Rio De Janeiro; Brazil.

B INTRODUCTION

Vitamin D is a fat-soluble hormone that is present in two
main forms (ergocalciferol and cholecalciferol); while it may

compositions, rates of physical activity, and the use of
sunscreen; its production is significantly higher in regions
with greater latitudes, during the summer months, and
around noon (2-4). It is known that the major role of vitamin

be obtained through diet, it is essentially available by the
action of type B ultraviolet rays on 7-dehydrocholesterol,
present in the human epidermis (1). The endogen produc-
tion of cholecalciferol depends on genetic factors, body
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D is related to the homeostasis of calcium/phosphorus and
promotion of bone mineralization; however, studies con-
ducted in the last decade suggested that vitamin deficiency
may contribute to the pathogenesis of autoimmune diseases,
cancer, insulin resistance, diabetes mellitus, dyslipidemia,
arterial hypertension, metabolic syndrome, chronic inflam-
mation, endothelial dysfunction, and cardiovascular disease
(5-11). These findings have significantly increased interest in
evaluating the serum concentration of 25 hydroxivitamin
D [25(0OH) DJ; therefore, 25(OH) D is currently one of the
most important hormones in clinical practice worldwide.
Although recent studies have demonstrated that bioavailable
25(0OH) D (not attached to binding protein), free 25(0H) D
(not attached to binding protein/albumin), and 25(OH)
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D/24-25 dihydroxyvitamin D are promising diagnostic tools,
the consensus continues to recommend that vitamin D status
should be evaluated by measuring 25(0H) D with competitive
tests (radioimmunoassay, chemiluminescence, and electroche-
miluminescence) o, preferably, by high performance liquid
chromatography with ultraviolet detection or together with
tandem mass spectrometry (12). Independent of sex or age
range, serum 25(0OH) D concentrations <20 ng/mL (50 nmol/
L) and <30 ng/mL (75 nmol/L) for many years were the
standard to diagnose deficiency and insufficiency of vitamin
D, respectively (13). Nevertheless, these cutoffs were elabo-
rated based on Caucasian populations and no longer
represented a consensus. Currently, most specialists consider
that serum 25(0OH) D values =20 ng/dL are adequate for
maintaining bone health and calcium homeostasis in children
and adults (14-16). However, some recognize that levels >30
ng/mL are required for the preservation of bone mineraliza-
tion in specific groups, including teenagers (13), and for
obtaining benefits unrelated to bone metabolism (15). The
reference values used currently in Brazil to classify the levels
of 25(0OH) D as adequate were published by the Brazilian
Clinical Pathology Society and Laboratory Medidne (BCPS/
LM) and the Brazilian Endocrinology and Metabolism Sodety
(BEMS) in 2014, which were updated in 2018 (17). Values =20
ng/mL are desirable for the healthy population up to 59 years
of age, and values =30 ng/mL are recommended for the
elderly (aged =60 years). Values >30 ng/mL are also recom-
mended for individuals classified into certain risk groups,
induding pregnant women, patients with osteometabolic
diseases such as sarcopenia, chronic kidney disease, diabetes
mellitus, cancer, and for patients who are using glucocorticoids,
anticonvulsants, and antiretroviral therapies (18). Despite the
large variability of methods used for measuring and several
different cutoffs, in 2007, it was estimated that approximately
1 billion people around the world presented inadequate levels
of serum 25(0H) D (6). A systematic review published in 2014
analyzed 103 articles that were selected between 2003 and 2013
and concluded that vitamin D deficiency is global and mainly
affects women in the Middle East. However, the authors
warned that only a small number of studies were performed in
children and adolescents, and that these were performed in
specific populations, mainly in South America and Africa (19).
In addition, in a search performed in PubMed in 11/11/2019
using the term “Vitamin D,” we identified 850 publications
concerning Brazilian studies, in which only 15 estimated the
prevalence of hypovitaminosis D. With a total sample of 3.338
individuals evaluated through different methodologies, the

tage of hypovitaminosis D encountered was between
8.2% and 85.7% of the Brazilian population (20-34). Consider-
ing that knowledge of vitamin D status in specific populations
is important for the development of public healthcare policies
associated with the prevention and treatment of hypovitami-
nosis, we performed the present study to evaluate the
secondary data of a large sample of men and women, who
were presumably healthy and of all ages, to evaluate the
distribution of 25(0OH) D (vitamin D profile) and prevalence of
hypovitaminosis D in individuals who live in the metropolitan
area of the city of Rio de Janeiro.

B PATIENTS AND METHODS

Following approval from the Research Ethics Committee
of the University Hospital of the State University of Rio
de Janeiro (UER]) (registration N° 04191018.3.0000.5259),

CLINICS 2021;76:e2571

a retrospective study was conducted with the cooperation of
the Endocrinology Division of the UER] Medical School and
Diagndsticos da America (DASA) diagnostics company.

From DASA’s laboratory information system, two members
of DASA mined de-identified data from 80,000 consecutive
patients who had 25(0OH) D measurements run by DASA’s
central laboratory, which is situated in Rio de Janeiro, from 1/
2/2018 to 2/5/2018. Patients with chronological ages <1 year
and who reported the use of therapies and/or vitamin
supplements at the time of blood withdrawal were excluded,
reducing our sample size to 24,483 patients.

For the analysis that required chronological age, 59 patients
were excluded because of lack of data.

The analysis of 25(0H) D was performed using electro-
chemiluminescence (ADVIA Centaur, Siemens Healthcare
Diagnostics, Tarrytown, NY, USA). The total variation
coefficient and interassay variation coefficients were up to
12% and 8%, respectively. In accordance with the BCPS/LM/
BEMS guidelines, we considered adequate levels of 25(0H)
D >20ng/mL and >30ng/mL in individuals up to 59 years
old and in those aged =60 years, respectively.

The statistical analyses of the study were performed using
the statistical software ‘R’ (R' Foundation for Statistical
Computing, Vienna, Austria; URL: hitp://www.R-project.
org/). Although the results of the analysis were not signifi-
cantly affected, for better graphical visualization, we exclu-
ded extreme values from the Chauvent test. For this reason,
the general sample included 24,074 patients. The skewness,
kurtosis, and Shapiro-Welk tests were used to evaluate the
normality of the distribution of the 25(0H) D levels in the
studied population, and Bartlett and Kruskal-Wallis tests
were used to evaluate the homogeneity and significance
of the variables, respectively, when considering different
genders and age ranges. As the hypothesis of equality for the
distinct age subgroups was rejected by the Bartlett and
Kruskal-Wallis tests, the Bonferroni test was then applied to
identify homogeneous age groups in terms of serum levels of
25(0H) D. The A Chi-square test was used to estimate if the
proportion of individuals with hypovitaminosis D differed
significantly between the groups. The criterion for the
determination of significance adopted in this study was 5%.

B RESULTS

Levels of 25(0H) D in 24,074 individuals aged 1-95 years
(64.7% female) were analyzed.

Skewness, kurtosis, and Shapiro-Welk tests demonstra-
ted that the serum levels of 25(0OH) D in the studied
population were slightly different from a normal distribution
(Figure 1).

Descriptive curves showed that, in both sexes, the mean
values of 25(0OH) D decreased from the first years of life to
adolescence, then slightly increased, and then tended to
stabilize during adulthood (Figure 2).

The levels of 25(0H) D were higher in men at all life
stages. The proportion of women with 25(0H) D levels
<20 ng/mL was significantly higher than that of men in the
patients aged <60 years (p<0.001). This difference was not
significant for those aged =60 years (p=0.1588) (Figure 2).

The Bartlett test showed that there was no homogeneity in
the variances when considering gender and age ranges, and
the Kruskal-Wallis test indicated that, with this significant
difference, the data analysis should consider the levels of
25(0OH) D separately.

96



CLINICS 2021;76:€2571

Vitamin D status throughout life stages
Leao LMCSM et al.

002 003 004
1

Frequency

000 o001
|

0 10 20

1 I I 1

30 40 50 60

25(0H)D (ng/mL) - [N = 24,074, skewness. 0.62, kurtosis. 0.5]

Figure 1 - Density plot for 25-hydroxyvitamin D values (ng/mL).
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Figure 2 - Mean values of 25-hydroxyvitamin D (ng/mL) according to sex and age. Female: red line; Male: blue line.

e 25(0H) D per age: Bartlett's K-squared=227.68, df=93,
p=2.697¢-13.

e 25(0H) D per sex: Bartlett's K-squared=13.117, df=1,
p=0.0002927.

e 25(0H) D per age: Kruskal-Wallis K-squared=581.99,
df=93, p<2.2e-16.

« 25(0OH) D per sex: Kruskal-Wallis K-squared=80.502, df=1,
p<2.2e-16.

The Bonferroni test identified homogenous groups for
25(0H) D levels, which were significantly different from
each other (Table 1).

Based on the analysis of mean values of 25(0H) D,
according to sex and to conventionally established age
subgroups (Table 2), we observed a statistically significant
reduction in 25(0OH) D levels in the age range of 1-11 years

compared with the age range of 12-18 years, in both sexes
(p<0.001). An increase in 25(OH) D levels was also observed
in the age range of 12-18 years compared with the range of
19-59 years, which was statistically significant for women
(p<0.001). A non-significant difference in the mean 25(0OH)
D levels was found when comparing the age ranges of those
aged 60-95 years with those aged 19-59 years.

As also shown in Table 2, 6% of female and 3.6% of male
children aged <12 years presented inadequate serum levels
of vitamin D (25(0H) D <20 ng/mL). This percentage
increased to 13.4% and 12.6%, respectively, in female and
male adolescents, and was approximately 11% in adults of
both sexes <60 years of age.

The percentage of seniors with serum levels of 25(OH) D
that were <20 ng/mL was 13.6% in women and 12.7% in
men; however, when considering the cutoffs established by
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Table 1 - Homogenous age groups by sex for the levels of 25-hydroxivitamin D [the Bonferroni test was used to separate groups with

statistically different means (p<0.05)].

n Mean values Sb 1% Quartile Median 3" Quartile
Female subjects
Group 1: Ages 1-4 years 501 34.3491 8.726559 284 329 39.7
Group 2: Ages 5-10 years 1,198 31.48205 7.981029 258 30.5 36.3
Group 3: Ages 11-15 years 1,087 27.91766 8.450635 224 26.7 324
Group 4: Ages 16-53 years 9,614 30.04439 9.271459 236 28.8 30.0
Group 5: Ages 54-95 years 3,139 30.36008 9.77338 242 29.6 35.8
Total 15,539
Male subjects
Group 1: Ages 1-4 years 510 35.71765 9.155856 292 35.0 415
Group 2: Ages 5-11 years 1433 3293936 8.683551 26.7 31.8 38.0
Group 3: Ages 12-95 years 6.533 30.63023 9.676679 239 29.6 35.9
Total 8,476
n: sample size; SD: standard deviation.
Table 2 - Means, medians, and hypovitaminosis D percentages by sex and age group.
Mean SD Median 25" Quartile 75" Quartile %
From 1 to 11 (years old)
Female (n=1928) 317 84 30.7 258 36.8
25(0H) D <20 ng/mL 17.5 23 18.1 16.5 19.3 6.0
Male (n=1943) 337 89 324 272 39.0
25(0H) D <20 ng/mL 17.8 20 18.3 173 19.2 36
From 12 to 18 (years old)
Female (n=1429) 28.9 88 27.8 230 33.7
25(0H) D <20 ng/mL 16.7 28 17.6 15.2 18.7 134
Male (n=1092) 30.3 9.8 29.2 236 35.6
25(0H) D <20 ng/mL 16.2 33 17.4 142 18.9 126
From 19 to 59 (years old)
Female (n=9918) 30.2 93 28.8 237 354
25(0H) D <20 ng/mL 16.8 27 17.5 15.6 18.9 113
Male (n=4409) 30.7 96 29.6 241 35.9
25(0H) D <20 ng/mL 16.7 28 17.3 15.0 18.9 11.0
From 60 to 95 (years old)
Female (n=2264) 30.0 9.8 29.3 238 35.4
25(0H) D <20 ng/mL 151 38 16.1 122 18.4 136
25(0H) D <30 ng/mL 229 55 24.2 19.8 27.2 532
Male (n=1032) 30.6 9.9 29.8 238 35.8
25(0H) D <20 ng/mL 15.9 34 16.7 149 18.6 127
25(0H) D <30 ng/mL 231 5.1 23.9 198 27.2 50.6

25(OH) D: 25 hydroxivitamin D; n: sample size by age and sex; SD: standard deviation; %: percentage.

BCPS/1M/BEMS for this age range (25(0H) D <30ng/mL),
we observed that 53.2% of women aged >60 years and
50.6% of men aged >60 years had inadequate levels of
25(0OH) D (Table 2).

B DISCUSSION

In this retrospective study that was accomplished by
accessing the de-identified electronic database of the largest
commercial laboratory in Latin America, the 25(OH) D
serum levels of 24,074 presumably healthy individuals were
evaluated to determine its distribution in different genders
and age ranges, as well as the prevalence of hypovitaminosis
D in residents of the urban metropolitan region of Rio de
Janeiro, located at latitude 22°54'13" South.

We observed that, in both sexes, the levels of 25(0OH) D
decreased from the first years of life to adolescence, then
slightly increased, and then tended to stabilize during

adulthood. Furthermore, we observed that during child-
hood, adolescence, adulthood, and elderly life, the levels of
25(0OH) D appeared to be lower in women; we also saw that
the 25(OH) D mean values were homogeneous in the
different age ranges and subgroups of both sexes. Children,
particularly male children, presented higher 25(0OH) D mean
values, while female teenagers presented lower mean values.

Regarding the children and adolescents’ profiles, we
verified that the results of the present study corroborated
several important publications. In a populational study
performed in the European continent involving 55,844
individuals, the authors observed that adolescents between
15 and 18 years of age had a higher risk of vitamin D
deficiency (25(OH) D <12 ng/mL) than children aged bet-
ween 1 and 14 years, adults, and even seniors (>61 years of
age) (35). Additionally, in a recent study performed with
2,416 healthy children and teenagers, the authors docu-
mented that the nadir of 25(OH) D occurs between 14 and
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16 years of age in male and female adolescents, respecti-
vely (36).

A reduction in serum levels of 25(0OH) D in adolescents has
been universally described, particularly in female adoles-
cents, suggesting that this phase might be a risk for
hypovitaminosis D presentation, which, when severe and/
or for an extended period, may have negative consequences
that can be relevant for both linear growth and peak bone
mass (37-41). Therefore, the status of vitamin D may be an
important factor to be considered in this age range (26,42).

The mechanisms responsible for an increase in the
prevalence of hypovitaminosis D in the adolescent period
have not yet been elucidated and may be related to biological
parameters, low ingestion of foods rich in vitamin D (milk,
oily fish, and specific mushrooms), reductions of sun
exposure, and physical activity, all of which have been
directly associated with lower levels of 25(0OH) D (4,39,42).
A Brazilian study conducted with 136 adolescents found
that only 14.9% of this population ingested adequate
quantities of vitamin D, 17.6% used topic sunscreen daily,
and 27.9% did not practice regular outdoor physical activ-
ities (26). Reinforcing the importance of lifestyle, it was
demonstrated that Italian teenagers who practiced outdoor
activities for <3h per week presented a higher prevalence of
hypovitaminosis D (16).

There is little information available concerning the levels of
25(0H) D in children. However, in a study performed in the
Brazilian Southeast region, the authors observed, similarly to
us, that the percentage of hypovitaminosis D is smaller in
nurslings, suggesting that breastfeeding-associated vitamin
D supplementation and regular sun exposure may elevate
25(0H) D levels in nurslings and young children (22).

In accordance with several publications, we observed that
the mean values of 25(0H) D were lower in women at all life
phases, with a significant difference in those <60 years old.
This difference between genders is not well studied, and thus
far, cannot be separately justified because of circulating
concentrations of sexual steroids. The available studies that
evaluate the correlation between serum levels of 25(0OH) D,
testosterone, free testosterone, estradiol, and sexual hormone
binding globulin are controversial (43-47).

We also observed that female adolescents showed a
decrease in 25(0H) D levels during the pubertal period
and, as demonstrated by the Bonferroni test, a discrete
increase after menopause, which was previously described
by Katrinaki et al. (48). It is possible that the increase and
decrease of tissue receptor expression to 1,25 hydroxivitamin
D are linked, respectively, to increases and decreases of
estrogen serum levels, and this hormonal process may
contribute to vitamin D alterations (48,49). However, it is
known that several other conditions may also influence
25(0H) D levels.

It is important to highlight that factors such as reduced
insulin sensitivity, elevated body mass index (BMI), and
increased bone turnover may be associated with the puber-
tal process in female adolescents and may contribute to
decreases in 25(0OH) D levels. In fact, Geserick et al. (36)
demonstrated in their research that preceding the 25(0H) D
nadir, there is a peak of bone formation and resorption
markers mainly in the 3 and 4™ pubertal stages for girls
and boys, respectively. Moreover, according to several reports
in the literature (5051), the authors reported an inverse
correlation between serum levels of 25(0H) D and BMI, both
in children and adolescents.

Vitamin D status throughout life stages
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A review study published in 2009 indicated that factors
such as reduction in time to sun exposure and epidermal
production of vitamin D3, reduction of the expression and
affinity to vitamin D receptors, lower intestinal vitamin D
absorption, higher BMI, renal function deterioration, lower
estrogen levels, and an increase in insulin-like growth factor
1 may all contribute to the decline of 25(0H) D levels in the
elderly population (49).

Although the 25(0H) D mean value levels appear to be
similar when we confront the totality of individuals over and
under 60 years old, the detailed analysis of our distribution
graphs suggests that values of 25 (OH) D in seniors decline
with increasing age and that there is no difference in the
averages between sexes in this age range. These findings,
which could be confirmed by expanding our sample of older
patients, are supported by the results of previous research
conducted on a Mediterranean population, in which the
average 25(0OH) D concentrations in men and women aged
=70 years were similar and significantly lower than other
age range averages (48).

1t is noteworthy that the mean 25(0H) D values were
approximately 30 ng/mL in all subgroups evaluated in this
study. Within this context, it is worth mentioning that, for the
same values of 25(0OH) D, parathyroid hormone concentra-
tions were 1.5-2 times higher in senior individuals than in
adolescents (52). Thus, similar serum levels of 25(OH) D may
have different metabolic consequences in youth and seniors,
and higher cutoff values are recognized for the elderly
population.

Considering the cutoff values currently adopted in Brazil,
we observed that only 6% of girls and 3.6% of boys aged
<12 years showed inadequate vitamin D serum levels (25
(OH) D <20 ng/mL). This percentage increased to 13.4%
and 12.6%in male and female adolescents, respectively, and
was nearly 11% in adults of both genders up to 59 years of
age. The percentage of seniors with 25(OH) D serum levels
<20 ng/mL was very similar to that observed in adoles-
cents; however, in 53.2% of women and 50.6% of men =60
years of age, the serum concentrations of 25(0H) D were
<30 ng/mL; therefore, they were considered inadequate for
this age range.

The comparison of prevalence in the literature is not an
easy task because of the large diversity of methods used for
25(0OH) D dosage and the different cutoff values used in
studies. Sample compositions (dimension, ethnicity, age
range, comorbidities, and use of medications that interfere
with absorption/action of vitamin D), geographical coordi-
nates of the locations where the research was conducted, and
seasonal differences can also impede accurate comparisons.

Data collected from studies with European populations
from diverse ethnicities and residents at different latitudes
showed that 8.3% and 17.7% of individuals presented levels
of 25(0H) D <30 ng/mL in summer and winter, respec-
tively. This percentage may reach 40.4% when considering
Caucasians and varies according to age, with a range of 4-
7% in children, 12-40% in adolescents, 9-24% in adults, and
1-8% in seniors (35).

In contrast, the results of an extensive study that involved
5,276 adults from the city of Hong Kong, located in the
Northern (N) hemisphere at a similar latitude as ours
(22° ° N), revealed that hypovitaminosis D (25(OH) D <30
ng/mL) was observed in 46.3% of individuals. The pre-
valence in patients around 20 years old was 62.5%, in those
around 60 years old it was 44.5%, and in seniors aged
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=70 years the prevalence was 44.5% (53). The elevated
prevalence of hypovitaminosis D in the Asian population
appears to be corroborated by a recent systematic review
involving 21,236 post-menopausal women, in which 99.4%
of the Chinese versits 29% of the American subjects presented
25(0H) D concentrations <30 ng/mL (54).

Information extracted from records of the National Insti-
tutes of Health showed that the prevalence of hypovitaminosis
D in children varies from 7% in South America to 95% in
Afghanistan, and that the prevalence of hypovitaminosis D
appears to be higher in women living in the Middle East (19).

Of the 15 studies regarding the prevalence of hypovitami-
nosis D in the Brazilian population (Table 3), only Silva et al.
(31) evaluated a broad age range sample of individuals aged
14-91 years who did not receive vitamin D supplementation.
Using the cutoff values of 14 and 32 ng/mL to define
deficiency and insufficiency, the authors found percentages
of 0.8% and 42.4%, respectively.

Aratijo et al. (22) evaluated 220 adolescents aged between
15 and 19 years (mainly black women) from the city of Jodo
Pessoa (latitude 7° S), reporting that 8.2% had insufficiency
(25(0H) D <30 ng/mL) and 42.7% had vitamin D deficiency
(25(0H) D<20 ng/mL), a much higher prevalence than that
observed in our study.

Saraiva et al. (29) analyzed 25(0OH) D concentrations in 420
elderly patients from the city of Sio Paulo, located at latitude
23°S, in which 69.7% were female, noting that 71.2% of the
institutionalized seniors (n=177) and 43.8% of the ambula-
torial seniors (n =243) presented with 25(0OH) D levels <20
ng/mL. Similar to our observations, the 25(0OH) D averages
were considerably lower in women.

Taking into consideration the variability of the cutoff
values used to define hypovitaminosis D, it is possible that
the use of 25(0H) D averages might be a more adequate
parameter for comparing different populations. In a large
study conducted with a numerous sample size of individuals
who were residents at Crete Island (latitude 35° N), the
averages of 25(0OH) D were 19.48 +9.51 ng/mL for men and
18.01+9.01 ng/mL for women, comparable to the Polish
population (18.049.6 ng/mL), although much lower than
the levels observed in our sample (48,55). The 25(0OH) D
average encountered in our adolescent population was also
considerably higher than that reported in the Greek and
Italian populations (16,48), which is equivalent to what was
found in a study performed with Brazilian individuals in the
rural zone of the state of Sao Paulo that demonstrated levels
of 29.2+ 0.8 ng/mL (26).

The comparatively higher mean value of 25(0H) D found
in our study was expected because the city of Rio de Janeiro
has favorable geographical coordinates, is coastal, presents
abundant sunny days in all seasons, and offers several
opportunities for outdoor activities. Furthermore, the blood
samples used in the study were collected during the summer
period, and the estimated 25(0OH) D serum concentrations
were measured in presumably healthy individuals.

1t is important to emphasize, however, that the present
study was conducted based on retrospective information
from a laboratory database, which may contain misleading
reports, including those regarding the use of drugs and
supplements. Additionally, with the available data, it was
not possible to analyze race, BMI, physical activity, and the
use of sunscreen in the selected sample.

Thus, although our results must be evaluated with proper
caution, the large number of examinations included in our
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study, standardization of the assay for 25(0H) D dosages,
and adopted criteria for both the methods and statistical
analyses allow us to conclude that, in the studied population,
and in accordance to the literature, the 25(0H) D mean
values were higher in children and lower in adolescents and
women. We also conclude that the majority of presumably
healthy non-senior individuals, who resided in the metro-
politan region of Rio de Janeiro, demonstrated satisfactory
levels of 25(OH) D (=20 ng/mL) during the summer
months. However, more than half of the elderly population
had inadequate serum 25(0OH) D concentrations (<30 ng/
mL). Therefore, strategies for the prevention and monitoring
of hypovitaminosis D should be considered for the senior
population.
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ABSTRACT

Introduction: The recent development of anticancer
treatments focused on disrupting the signaling pathways
has arrived as a promising alternative for conditions
previously untreatable. Nivolumab is a second-
generation monoclonal antibody that works as a negative
regulatory agonist of the programmed cell death protein
1 (PD-1) receptor expressed by B and T lymphocytes
and natural killer cells, preventing the binding of PD-1
to its ligands programmed cell death ligand-1 (PD-L1)
and programmed cell death ligand-2 (PD-Lz2), therefore
protecting healthy tissues. As a result of an increased
immune system activity, this may provide inflammatory
side effects known as immune-related adverse events
(IRAEs). Thyroid dysfunction (TD) is frequently observed
in patients using Anti-PD-1.

Case Report: Our case report refers to two patients of
67 and 75 years old, feminine and masculine genders,
respectively, that developed Nivolumab-induced TD with
transient hyperthyroidism and posterior evolution to
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hypothyroidism. Both were treated with Levothyroxine
after thyrotoxicosis phase.

Conclusion: Thyroid dysfunction has been a recurrent
IRAE described in patients using Anti-PD-1 and it is
usually a treatable condition. OQur patients manifested
a less common TD known as lymphocytic thyroiditis.
Because there is an increased tendency of using immune
checkpoint inhibitors, both cases highlight the importance
of close monitoring to detect the development and
progression of TD, avoiding preventable morbidity and
allowing to maintain cancer therapy.

Keywords: Immune checkpoint inhibitors, Neoplasms,
Nivolumab, Thyroiditis

How to cite this article

Gehrke B, Oliveira RA, Canedo JAF, Araujo PB,
Coelho MCA. Thyroid dysfunction in patients
undergoing Nivolumab cancer treatment: Case
reports and review of literature. Int J Case Rep
Images 2021;12:1012237Z01BG2021.

Article ID: 101223Z01BG2021

SRR

doi: 10.5348/1012237Z01BG2021CR

INTRODUCTION

The recent development of anticancer treatments
focused on disrupting the signaling pathways has arrived
as a promising alternative for conditions previously
untreatable [1]. Cancer cells have the capability to
stimulate different immune checkpoint pathways that
harbor immunosuppressive functions [2]. Therefore, the
immune checkpoint inhibitors (ICIs) target regulatory
pathways in T cells to enhance antitumor immune
responses [3].

The antibody against programmed cell death 1 (Anti-
PD-1) receptor called Nivolumab is a second-generation
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monoclonal antibody that works as a negative regulatory
agonist of the PD-1 receptor expressed by B and T
Iymphocytes and natural killer (NK) cells, preventing
the binding of PD-1 to its ligands programmed cell death
ligand-1 (PD-L1) and programmed cell death ligand-2
(PD-L2). It also protects healthy tissues (Figure 1) [1].
The purpose is to block inhibitory pathways that act as
an obstacle to adequate and efficient antitumor T cell
responses [4]. Nivolumab was approved by the U.S. Food
and Drug Administration (FDA) in 2014 for the treatment
of various cancers including melanoma and non-small
cell lung cancer (NSCLC) [4, 5]

As a result of an increased immune system activity,
the immune checkpoint blockage may provide side effects
which are usually called immune-related adverse events
(IRAEs). The organs frequently affected by this Anti-
PD-1 drug are: gastrointestinal tract, endocrine glands,
skin, and liver [5]. Thyroid dysfunction (TD) is frequently
observed in patients using Anti-PD-1 (Nivolumab and
Pembrolizumab), and here we report two cases of patients
who developed Nivolumab-induced TD [6].

A ®
® e
" CANCER CELLS
LYMPQCYTE T CELL
y M
ANTI-PD-L1
ANTI-PD-1

Figure 1: Mechanism of action of immune checkpoint inhibitors
Anti-PD-1 and Anti-PD-L1. The surface of immune cells such as
B and T lymphocytes and natural killer cells express the receptor
programmed cell death 1 (PD-1). PD-1 binds to its ligand
(programmed cell death ligand 1—PD-L1) and prevents T cells
from exterminating cancer cells. Antitumor immune responses
occur when antibodies Anti-PD-1 and/ or Anti-PD-L1 connect to
its respective receptor at the surface of the lvmphocyte T cell,
inhibiting the binding of PD-1 to PD-L1.

CASE SERIES

Case1

A 67-year-old woman with diagnosis of melanoma
at the dorsal region and metastasis to lungs who
began Nivolumab treatment and developed moderate
cutaneous reaction requiring therapy with prednisone
1 mg/kg/day. The patient had partial recovery of skin
adverse event with glucocorticoid. A blood test was
performed after initial administration of Nivolumab
showing signs of hyperthyroidism: thyroid-stimulating
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hormone (TSH) of 0.013 mU/L [reference values
(RV): 0.3—4.0] and free thyroxine (fT4) of 2.1 ng/dL
(RV: 0.9-1.8). Because there were no clinical signs of
thyroid hyperfunction, it was decided to observe and
repeat the exam further along treatment. After eight
months of Nivolumab, the patient developed overt
hypothyroidism with TSH of 25.0 mU/L and fT4 of 0.3
ng/dL. Levothyroxine was initiated daily at the dose of
50 mcg, with satisfactory response.

Case 2

A 75-year-old man with diagnosis of NSCLC with
metastasis to lungs and liver began treatment with
Nivolumab and after two months showed alteration of
thyroid function compatible with hyperthyroidism (TSH
of 0.03 mU/L and T4 of 2.2 ng/dL). Tt was decided to
maintain clinical observation and repeat exams after
three weeks. Results revealed hypothyroidism (TSH
of 19.0 mU/L and fT4 of 0.5 ng/dL) with positivity of
Anti-thyroperoxidase antibody (Anti-TPOADb). The TSH
receptor antibody (Anti-TSIAb) was negative. Therapy
with levothyroxine was started with initial dose of 25 meg
per day and progressively increased until 75 mcg per day,
to achieve euthyroidism. The patient evolved to death due
to the severity of his clinical condition.

DISCUSSION

The case reports showed two patients in use
of Nivolumab that developed initially transient
hyperthyroidism  with  posterior  evolution to
hypothyroidism. Thyroid dysfunction is described in
patients using Nivolumab in a range of 0-18.5% [1].
The most common manifestations of Nivolumab TD
are hypothyroidism, either overt or subclinical with an
incidence of 8%, primary autoimmune hyperthyroidism
or Graves’ disease in up to 2.8%; and silent or painless
thyroiditis, also known as lymphocytic thyroiditis, with
incidence of 1.6% [7]. Thyroid dysfunction caused by ICI
is more prevalent in females, being consistent with what
is found in the general population [1].

Both hypothyroidism and painless thyroiditis have
an autoimmune pathogenesis that involves humoral
and cellular response mechanisms which need
further research. Hypothyroidism, usually caused by
Hashimoto’s disease, consists of a chronic autoimmune
inflammation of the thyroid gland [1]. The Graves’
disease may be suggested due to the presence of Anti-
TSIAb, which activates TSH receptors and increase
thyroid hormone production [1]. Studies speculate
that lymphocytic thyroiditis occurs due to the fact
that Nivolumab induces the reduction of immune
feedback in healthy thyroid tissue, leading to the
development of an inflammatory process (thyroiditis)
[1]. Frequently, this painless thyroiditis is expressed
with an initial transient hyperthyroidism (destruction
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of follicular cells leading to the release of thyroid
hormone) followed by hypothyroidism, and some
patients return to euthyroidism or develop permanent
hypothyroidism [1]. A study with 657 patients using ICI
therapies (monotherapy or combinations) described
hypothyroidism in 84% of the patients who had
documented transient thyroiditis [8].

In order to differentiate primary autoimmune
hyperthyroidism from lymphocytic thyroiditis, the gold
standard exam is radioactive iodine uptake scintigraphy.
A low uptake reveals thyroiditis, whereas an increased
uptake of 25% or over indicates Graves’ disease [1].
Unfortunately, our patients were not submitted to this
exam during hyperthyroidism evaluation. Moreover,
patients with TD due to ICI may express elevated levels
of anti-TPOAbs in approximately 50% of the cases, which
was observed in one of our cases [8].

Thyroid disorders are frequently asymptomatic and
are monitored by routine laboratory tests during follow-
up [9]. According to Gonzalez-Rodriguez et al. [1], 67%
of patients who develop thyroiditis are asymptomatic
during thyrotoxicosis phase and this is what we observed
in our patients. Therefore, we may hypothesize that they
developed aninflammatory process similar to lymphocytic
thyroiditis as a result of Nivolumab therapy, considering
that the first exam evidenced hyperthyroidism with rapid
transition to hypothyroidism.

Van Kooten et al. [10] described two cases with
thyroiditis onset 2—4 weeks after initiating treatment
with Nivolumab, an evolution similar to that of our
patients. The authors speculate that the underlying
pathophysiological mechanism is a transient destructive
thyroiditis, a conclusion based on the relatively rapid
resolution and temporarily increased FDG uptake
observed with F-fluorodeoxy glucose positron emission
tomography (FDG-PET/CT). For this reason, thionamides
are not recommended to treat the initial hyperthyroidism
phase [10]. Orlov et al. [11] and de Filette et al. [12] also
described painless thyroiditis with thyrotoxicosis and
subsequent hypothyroidism in patients using Anti-PD-1
monoclonal antibody therapy.

The incidence of IRAE with PD-1 or PD-L1 inhibitors is
different from that reported with cytotoxic T lymphocyte-
associated antigen-4 monoclonal antibodies (Anti-CTLA-
4-Ipilimumab) agents [13]. Hypophysitis has been more
commonly described in patients using Ipilimumab
reaching 5.6% [7]. Ipilimumab induces TD in a range of
0-7.4% of the patients treated. On the other hand, TD was
more incidental in patients who used Anti-PD-1 and the
most common manifestation was hypothyroidism with
Pembrolizumab and Nivolumab reaching 8.5% and 8%,
respectively [7]. For both medications, hypothyroidism
is the most frequent thyroid dysfunction followed
by hyperthyroidism [1]. PD1 is expressed by T and B
Iymphocytes and NK cells while CTLA4 is expressed only
by T Iymphocytes. For this reason, when these surface
proteins are inhibited, the cells tend to proliferate. This
elucidates the reason why Anti-PD1 therapies could lead
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to more thyroidopathies compared to Anti-CTLA4 [1].

A meta-analysis published in 2018, with 38 clinical
trials including 7551 patients, revealed that the incidence
of hypothyroidism and hyperthyroidism was higher
in individuals using combination therapy. Also, those
on PD-1 inhibitor therapy had an increased risk of
developing hypothyroidism and the study evidenced that
hyperthyroidism was significantly greater with anti-PD-1
compared to anti-PD-L1 [14].

Thyroid disorders are more likely to be observed
in patients receiving Anti-PD-1 therapy who have
positivity for antithyroid antibodies [5]. This occurs due
to the additive effect of the T-cell-mediated immunity
and the way that the Anti-PD-1 therapy modulates
humoral immunity, intensifying preexisting thyroid
autoimmunity [5]. In a study with Nivolumab, 26% of
the patients who developed TD presented antithyroid
antibodies at baseline, whereas 36% presented them
along the treatment, which reinforces the immune-
mediated determinant of this condition [1]. Interestingly,
the histologic evaluation of Hashimoto’s thyroiditis
(autoimmune thyroiditis) shows evidence of infiltration
by lymphocytic B cells and cytotoxic T cells. PD-1 is
expressed by T and B lymphocytes and, for this reason,
when these surface receptors are inhibited the cells tend to
multiply, inducing immune response which exacerbates
due to preexisting thyroid autoimmunity [1].

According to Kimbara et al. [15], in a study with 168
patients, the incidence of TD was significantly higher in
those with thyroid autoimmunity compared to individuals
without. Particularly in this analysis, the presence of
antithyroglobulin antibodies (TgAb) before Nivolumab
was associated with a large and significant hazard ratio of
TD compared to that of TPOAb. In addition to that, 74% of
23 patients who developed TD presented increased levels
of TgAb during Nivolumab treatment and 2 patients with
TPOAD alone at baseline became positive for TgAb when
developed TD. None of our patients had a previous history
of TD and unfortunately, they had no previous dosage of
antibodies against the thyroid.

There are strong recommendations in most papers
that screening of thyroid function and its autoantibodies
should be performed at baseline and every 4—6 weeks as
Nivolumab is administered intravenously every 2 weeks,
or if the patient presents any symptoms suggestive of TD
[3, 16].

In a study with 657 patients undergoing therapy
with ICI, in which 56 presented TD (14 were receiving
Nivolumab), the median time to thyrotoxicosis was 6
weeks after starting the ICI therapv and the median time
to hypothyroidism was 17 weeks [8]. In our case report
the time to hypothyroidism after starting Nivolumab was
32 weeks in case 1 and 11 weeks in case 2.

If thyroiditis is speculated, it might be prudent
to observe the transient hyperthyroidism and omnce
established hypothyroidism initiate Levothyroxine.
During thyrotoxicosis period therapy with beta blocker
may be considered and although in some references
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steroids are not routinely recommended during this
phase, in severe symptomatic hyperthyroidism we may
consider suspending ICI and initiating corticosteroids
[8—10]. Depending on the clinical condition of the
patient, it might be necessary to evaluate cortisol levels
aside from thyroid function, to exclude the possibility of
adrenal insufficiency before initiating Levothyroxine [9].

It is uncommon for patients to discontinue Nivolumab
treatiment because of TD, as it can be controlled with
thyroid drugs during the cancer treatment [3]. The
discontinuation rate of Anti-PD-1/PD-L1 ranges from 3 to
8% due to IRAE, whereas for Ipilimumab it reaches up to
15% [9]. When administered Ipilimumab in combination
with Nivolumab, the discontinuation rate increases to
36% [9].

Latest data suggested that the development of IRAEs
might be associated with higher response rates to cancer
treatment and a longer median duration of response, as
seen in a study from 2019 where the response rate was
38.2% among the 34 patients in the thyroiditis group and
17.4% among the 69 patients from non-thyroiditis group
(p = 0.028), while the median progression-free survival
was 10.1 months in the thyroiditis group and 3.7 months
in the non-thyroiditis group [17]. From that point of view,
the presence of IRAE (specifically TD) might grant a
better prognosis for the patient due to a more effective
and potent immune-mediated response to therapy [9].
Yamauchi et al. [6] described a curious relationship
between TD consequent to ICI and good prognosis
in NSCLC patients, although sample sizes were small
(approximately 50 patients in two different studies). The
study explains that there is evidence that target antigens
exist at the lung and the thyroid gland, so if the patient
develops TD as an IRAE, immune responses to lung
cancer are expected as antibodies recognize antigens in
both sites [6]. Our second patient had NSCLC, but the
disease aggravated and he didn’t survive.

CONCLUSION

The use of ICI therapy has increased in the last decade
and IRAEs have a high incidence with these medications.
Endocrine adverse events, especially TD, are frequent in
this scenario. Close monitoring is necessary to detect the
development and progression of TD, avoiding preventable
morbidity and allowing to maintain cancer therapy.
Therefore, endocrinologists and oncologists must work
together to make sure that the patient is being followed
appropriately.
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Abstract

Objective: Tumour-induced osteomalacia (TIO) is a rare paraneoplastic condition
characterized by decreased tubular phosphate reabsorption. The purpose of this
study was to evaluate bone mineral density (BMD) and microarchitecture in six TIO
patients compared with eighteen healthy controls.

Design: Volumetric BMD and microarchitecture were evaluated by high-resolution
peripheral quantitative computerized tomography (HR-pQCT), and areal BMD was
evaluated by dual-energy X-ray absorptiometry (DXA). Differences between groups
were significant for p-value < .05.

Patients: All TIO subjects were healthy until development of diffuse bone pain and
multiple skeletal fractures and deformities. At baseline, sPi and TmPi/GFR were low
and patients were on vitamin D and phosphate replacement at the study.
Measurements and Results: Compared with controls, TIO patients had lower aBMD
at lumbar spine and hip, and lower vBMD at trabecular, cortical and entire bone, at dis-
tal radius (R) and distal tibia (T): Dtrab (R = 118.3 x 177.1; T = 72.3 x 161.3 gHA/cm®);
Dcomp (R = 782.3 x 866.5; T = 789.1 x 900.9 gHA/cm?); and Dtotal (R = 234.5 x 317;
T = 1671 x 295.8 gHA/cm?®). Bone microarchitecture was very heterogeneous among
patients and significantly different from controls: lower Ct.Th (R = 0.59 x 0.80;
T=0.90x1.31 mm), BV/TV (R=0.09 x0.14; T=0.06 x 0.13) and Tb.N (R =1.46 x 2.10;
T=0.93 x 1.96 mm™); and also higher Tb.Sp (R = 0.70 x 0.41; T = 1.28 x 0.45 mm) and
Tb.1/N.SD (R=0.42 x 0.18; T = 0.87 x 0.20 mm).

Conclusion: In this original study of TIO patients, DXA and HR-pQCT evaluation iden-
tified lower areal and volumetric BMD and severely impaired microarchitecture at cor-

tical and trabecular bones, which probably contribute to bone fragility and fractures.

KEYWORDS
bone density, bone microarchitecture, high-resolution peripheral quantitative computerized
tomography (HR-pQCT), hypophosphatasia, osteomalacia
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1 | INTRODUCTION

Oncogenic osteomalacia (OOM) or tumour-induced osteomalacia
(TIO) is a rare paraneoplastic disorder associated with decreased
tubular phosphate reabsorption, hypophosphataemia, low or low-
to-normal levels of 1,25-dihydroxyvitamin D [1,25(0H),D] and el-
evated alkaline phosphatase. Serum calcium, 25-hydroxyvitamin D
[25(0OH)D] and parathyroid hormone (PTH) levels are usually nor-
mal.* These changes result from the overproduction of fibroblast
growth factor 23 (FGF 23) and other phosphatonins, which inhibit
renal phosphate reabsorption by suppressing the type 2a and 2c
Na-dependent phosphate cotransporters (NaPi-2a and NaPi-2c)
present in the proximal tubules, in addition to inhibiting hydroxyl-
ation of 25(0OH)D by negative action on la-hydroxylase :—3nz‘_.'me.2
The incidence and prevalence of the disease worldwide is still
unknown, but there are approximately 500 cases reported in the
literature.™® The age at the diagnosis can vary, with an average of
40-45 years and with no predilection for gender.? The clinical pic-
ture is usually nonspecific, with musculoskeletal pain, progressive
muscle weakness and weight loss. Patients may present a history of
multiple fractures and bone deformities depending on the severity
and duration of symptoms.4

Tumour-induced osteomalacia is usually due to tumours of
mesenchymal origin that produce phosphatonins. These tumours
may be located anywhere with a predilection for bone and soft
tissues and in most cases occur in the appendicular extremities
and skeleton.® Tumour localization is the major challenge of TIO
as its excision is the only known cure. Conventional imaging tests
are generally unable to locate the lesion due to its slow growth,
reduced size and benign behaviour.? Although rare, there are
reported cases of TIO caused by malignant tumours.® The best
localization methods are functional imaging studies using soma-
tostatin analogue-labelled radicisotopes such as OctreoScan,
since most of these tumours have somatostatin receptors.l'2
Functional studies can be complemented by anatomical studies
to improve the accuracy of the lesion site, thus facilitating the
surgical approach.m

Individuals with TIO have severe defects of bone mineraliza-
tion caused by chronic hypophosphataemia, often associated with
the negative influence of secondary hyperparathyroidism that may
arise due to vitamin D deficiency or clinical treatment with oral
phosphate supplementation.1 X-rays may suggest reduced miner-
alization of the skeleton, deformities, fractures and pseudofrac-
tures. Dual-energy X-ray absorptiometry (DXA) may detect low
bone density in patients with TIO, although central sites such as
the lumbar spine and proximal femur areal bone mineral density
(aBMD) may be falsely increased by fractures. HR-pQCT was em-
ployed to evaluate patients with genetic hypophosphataemic rick-
ets *® and vitamin D-dependent rickets’ but has never been used
to evaluate patients with TIO. The aim of this study was to evalu-
ate patients with T1O in comparison with healthy control subjects
using DXA and HR-pQCT.

2 | METHODS

2.1 | Subjects

The study protocol was approved by the Research Ethics Committee
of the Hospital Universitdario Clementino Fraga Filho (HUCFF—
Federal University of Rio de Janeiro, Brazil). Written informed con-
sent was obtained from all patients and controls before participating
in the study, which was in accordance with the Second Declaration
of Helsinki. The patients were selected at an outpatient clinic for
osteometabolic diseases at HUCFF based on having a medical his-
tory compatible with acquired osteomalacia in adulthood (patients
referred muscle weakness, diffuse bone pain, fractures), physical
examination (skeletal deformities), laboratory tests confirming hy-
perphosphaturia as the sole renal tubular defect, and radiclogical
findings compatible with the diagnosis of osteomalacia. The bio-
chemical investigation was performed at diagnosis, at the moment
of the study and after surgery, and the fracture history of each pa-
tient was acquired at the moment of the diagnosis and throughout
follow-up. Adult patients previously identified as having genetic hy-
pophosphataemic rickets were excluded from this protocol. Six male
patients met the criteria for TIO, whereas eighteen healthy individu-
als were included as a control group. At the time of the study, all
TIO patients were on vitamin D (calcitriol and/or cholecalciferol) and
oral phosphate supplements. The dosage of vitamin D (cholecalcif-
erol and/or calcitriol) administered was according to the necessity of
each patient, in order to obtain clinical and laboratory improvement.
Joulie's solution at the dosage of 2 g per day (fractioned in 4 to 5
times daily) was used to restitute the levels of phosphate. Control
patients were matched for age and body mass index (BMI), between
40 and 70 years old, and were not using any medication or had any
disease that interferes with bone density. The control group is part
of a database of healthy individuals who performed the same exami-
nations as the TIO group.

2.2 | Biochemistry

The mean values of serum calcium, phosphorus, creatinine, alka-
line phosphatase (ALP), and 24-hour urine calcium, phosphorus and
creatinine measured during the previous 6 months were obtained
for analysis. Tubular phosphate reabsorption was calculated in all
patients. Blood was drawn after an overnight fast between 8 and
10 a.m. on the same day DXA and HR-pQCT were performed. The
samples were kept frozen at —-40°C until measurement of PTH by
chemiluminescence (Immulite 2000, Siemens)—normal range 1.16-
7.105 pmol/L—and 25-hydroxyvitamin D by electrochemilumines-
cence (Elecsys 2010, Roche). The reference values used in Brazil
to classify the serum levels of 25(0OH) D as adequate were pub-
lished as a position statement of the Society of Endocrinology and
Metabolism (SBEM) and the Brazilian Society of Clinical Pathology/
Laboratery Medicine (SBPC). Values above 50 nmol/L are desirable
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for the healthy population up to 64 years old, and values higher than
75 nmol/L are recommended for individuals aged 65 years and older
and also for those classified as risk groups such as patients with re-
current falls, osteoporosis, fragility fractures, secondary hyperpar-
athyroidism, sarcopenia, pregnant women, diabetes mellitus, cancer
and chronic kidney disease and also patients in use of glucocorti-
coids, and anticonvulsant and antiretroviral therapies‘m

2.3 | Areal bone density evaluation by DXA

All participants underwent DXA using Prodigy-GE equipment at the
HUCFF (GE Lunar Prodigy Advance, GE Healthcare) for assessment
of areal BMD at the lumbar spine (L1-L4), femoral neck (FN) and total
hip (TH). The results were expressed as the absolute values (g.fcmzl
and standard deviations (SDs) from the expected mean BMD for the
reference age-matched population (Z-score). The patients with a BMD
Z-score of -2.0 SD or lower were classified as lower-than-expected
BMD for their age according to the International Society for Clinical
Densitometry (ISCD). The BMD coefficient of variation in our institu-
tion is 1.8% at the lumbar spine and 2.3% at the hip. All DXA scans were
performed by the same operator and evaluated by the same physician.

2.4 | Volumetric BMD and microstructure
evaluation by HR-pQCT

Bone volumetric density and microarchitecture were measured
on the appropriately immobilized nondominant distal forearm and
tibia using a 3D HR-pQCT system (Xtreme CT |, SCANCO Medical
AG). This system employs a 2D detector combined with a 0.08-mm
point-focus X-ray tube, which enables the acquisition of several CT
sections with an 82-pum nominal resolution. A total of 110 sections
were obtained at each site, generating a 9-mm 3D representation
in the axial direction. The radiation dose was similar to that used in
standard DXA procedures (less than 3 pSv per measurement). The
attenuation data were transformed to equivalent hydroxyapatite
(HA) densities. The variables included in the analysis were as fol-
lows: volumetric BMD (g HA/cm®) in the trabecular (Dtrab), corti-
cal (Dcomp) or total (Dtotal) region; cortical thickness (Ct. Th, mm);
bone volume-to-total volume ratio (BV/TV, 1); trabecular thickness
(Tb. Th, mm); trabecular number (Tb.N, mm™2); trabecular separation
(Tb. Sp, mm); and standard deviation of the Th. Sp (tTb.1/N.SD, mm),
which reflects the heterogeneity of the trabecular network. The HR-
pQCT coefficient of variation in our institution is 1%-2% for density
measurements and 3%-5% for microarchitectural parameters.

2.5 | Statistical analysis

The statistical analysis was performed using SPSS version 20.0
for MacOS (5PSS Inc). The Kolmogorov-Smirnov test was used to
evaluate the distribution pattern of the numerical variables. The

numerical variables had a normal distribution and were expressed as
the mean + standard deviation. Unpaired Student's t-test was per-
formed to compare numerical variables between the two groups. A
p-value <.05 was considered statistically significant.

3 | RESULTS

All TIO patients and control subjects were males. The descriptive
characteristics of the TIO patients are shown in Table 1. At the time
of the diagnosis, all patients reported being healthy until the onset
of bone pain, multiple severe fractures, thoracic and/or pelvic de-
formities and height loss, leading to a major compromise in mobil-
ity and quality of life. The suspicion of oncogenic osteomalacia was
based on the severity of symptom and laboratory results showing
hypophosphataemia, low maximal tubular reabsorption of phos-
phate, high serum alkaline phosphatase, and normal serum levels of
calcium and 25-hydroxyvitamin D. Renal tubular acidosis (and other
chronic kidney diseases) and primary or secondary hyperparathy-
roidism were excluded. Most patients had fractures of the ribs, and
four patients evidenced femoral fracture with osteosynthesis. One
subject presented fracture at the tibia, and another subject had a
fracture at the radius. The most affected patient presented multiple
vertebral fractures (Cé to D11), had lost 32 centimetres in height,
had severe thoracic deformities and was restricted to a wheelchair.
All fractures occurred without major trauma and no other causes
for bone fragility were identified. Four other patients walked with
the aid of crutches. Four patients were submitted to surgery after
evaluation with DXA and HR-pQCT and achieved cure. The locations
of the tumours were as follows: sole of the foot, inguinal region,
tongue and mediastinum. The histopathological analysis confirmed
three mesenchymal tumours and one squamous carcinoma, with
positive immunohistochemistry for vimentin in all of them. Other
positive markers were CD34, CD68, CD?2 and FLI 1. The remaining
two patients, in whom tumour location was not possible, continued
with follow-up and clinical treatment with supplementation of phos-
phate, calcium and vitamin D (see Table 1 for detailed information).

The age and body mass index were similar between the groups.
The mean age of TIO patients was 58.67 + 10.44 years and of con-
trol patients was 58.94 + 3.13 years. TIO patients had lower values
for areal BMD at all sites and lower TH Z-scores evaluated by DXA,
although only three were classified as lower-than-expected BMD
accerding to ISCD. No subject in the control group presented this
alteration (Table 2).

No association was found between duration of treatment with
phosphate plus vitamin D and serum alkaline phosphatase (S ALP).
Patients with a longer duration of treatment did not necessarily
present lower ALP levels suggesting a more compensated state of
the disease.

Patient 1 presented the worse parameters on DXA, compatible
with very low vBMD at trabecular and cortical compartments, and
also very low cortical thickness, despite long treatment duration and
normal serum values of 5 ALP. Patient 2 evidenced the worse bone
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TABLE 2 Results of dual-energy X-ray absorptiometry (DXA) and high-resolution peripheral quantitative computerized tomography (HR-

pQCT) of tumour-induced osteomalacia (T1O) patients

113

TIO patients 1 2 3 4 5 6
DXA
LS BMD (g/cmz) 1.000 1.201 0.866 1.229 1.102 0.934
LS Z-score -3.6 +1.3 2.5 +0.9 -0.6 24
FN BMD (g/cmz) 0.506 0.744 0.746 0.850 1.221
FN Z-score -41 -0.5 =17 -0.3 +17
TH BMD (g/cm?) 0.637 0.805 0.682 0.935 0.808
TH Z-score -3.5 -0.6 -2.3 -0.3 =15,
HR-pQCT
Distal radius
Dtotal (mg HA/cm®) 1421 192.4 285.8 268.7 2403 2777
Dcomp (mg HA/cm?) 705 809.1 819.6 798.9 852.4 708.9
Ct. Th (mm) 0.39 0.58 0.67 0.64 0.75 0.53
Dtrab (mg HA/cm®) 61.3 61.7 154.5 147 95.8 189.5
BV/TV (1) 0.051 0.051 0.129 0.122 0.08 0.158
Tb.N (mm™?) 1.01 0.78 1.31 1.85 173 2.08
Tb. Th (mm) 0.05 0.066 0.098 0.066 0.046 0.076
Tb. Sp (mm) 0.936 1.221 0.666 0.475 0.532 0.405
Tb.1/N.SD (mm) 0.647 0.873 0.34 0.254 0.221 0.197
Distal tibia
Dtotal (mg HA/cm®) 134.9 100.9 126.7 2371 209.6 193.8
Dcomp (mg HA/cm®) 773.2 806.9 766.9 743.2 7577 887
Ct. Th (mm) 0.72 0.83 0.57 1.37 1.07 0.85
Dtrab (mg HA/cm?®) 66 =59 66.4 101.9 112.6 93.3
BV/TV (1) 0.055 -0.005 0.055 0.085 0.094 0.078
Tb.N (mm?) 11 0.38 0.83 0.54 1.18 1.59
Tb. Th (mm) 0.05 -0.01 0.066 0.156 0.08 0.049
Tb. Sp (mm) 0.860 2.668 1.132 1.686 0.771 0.579
Tb.1/N.SD (mm) 0.526 1:52% 0.615 1.732 0.583 0.257

Note: Data of patient #5 regarding femur DXA parameters are not presented due to the presence of bilateral prosthesis.

Abbreviations: BMD, bone mineral density; BV/TV, bone volume-to-total volume ratio; Ct. Th, cortical thickness; Dcomp, cortical vBMD; Dtotal,
vBMD of entire bone; Dtrab, trabecular vBMD; FN, femoral neck; LS, lumbar spine; Tb.1/N.SD, inhomogeneity of trabecular network; Tb.N,
trabecular number; Tb. Sp, trabecular separation; Tb. Th, trabecular thickness; TH, total hip; vBMD, volumetric bone mineral density.

parameters on HR-pQCT due to microarchitectural derangement,
and DXA results did not reflect such a negative change compared
with other TIO patients. Thus, areal BMD was probably inaccurate
due to vertebral collapse and hip deformities, whereas volumetric
density measured at distal radius and distal tibia more likely rep-
resented the severe skeletal disease. HR-pQCT analysis of patient
2 was repeated and confirmed negative values of trabecular bone
indices at distal tibia, mainly vBMD. The interpretation, according
to manufacturer, is that trabecular bone density (Dtrab) is possi-
bly similar or lower than bone marrow density, which varies from
-100 mgHA/cm® to +100 mgHA/cm®. DXA and HR-pQCT data are
shown in Table 2.

When compared to the control group, the TIO patients
had lower values for Dtrab, cortical (Dcomp) and entire region
(Dtotal) vBMD at the distal radius and distal tibia. They also

showed lower values for cortical thickness (Ct. Th), trabecular
number (Tbh.N) and bone volume-to-total volume ratio (BV/TV),
and higher trabecular separation (TbSp) and heterogeneity of the
trabecular network (Tb.1/N.SD) at both regions. These data are
shown in Table 3.

4 | DISCUSSION

Our study is the first to describe bone volumetric density and mi-
croarchitecture using HR-pQCT in male patients with oncogenic os-
teomalacia during adulthood. When compared to controls matched
by sex, age and BMI, TIO patients had lower volumetric BMD at the
trabecular and cortical bones, as well as derangements in micro-
structural parameters obtained by HR-pQCT at the distal radius and
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TABLE 3 Comparisons between anthropometric characteristics and bone parameters obtained by DXA and HR-pQCT in male patients

with tumour-induced osteomalacia (T1O) and controls

TIO(N=6)
Age at study (years) 58.67 £10.44
BMI (kg/m?) 23.60+4.44
DXA
LS BMD (g/cm?) 1.000+0.217
LS Z-score -1.15+1.99
FN BMD (g/cm?) 0.813 £ 0.260
FN Z-score -0.98+2.12
TH BMD (g/cm?) 0.773+0.117
TH Z-score -1.68 £1.30
HR-pQCT
Distal radius
Dtotal (mg HA/cm®) 234.50 + 56.58
Dcomp (mg HA/cm®) 782.31+61.09
Ct. Th (um) 0.59+0.12
Dtrab (mg HA/cm®) 118.30 £ 53.22
BV/TV (1) 0.09 +0.04
Tb.N (mm™) 1.46 +0.50
Tb. Th (mm) 0.06 +0.01
Tb. Sp (mm) 0.70+0.31
Tb.1/N.SD (mm) 0.42+0.27
Distal tibia
Dtotal (mg HA/cm®) 167.16 £ 53.79
Dcomp (mg HA/cm®) 789.15 +52.42
Ct. Th (um) 0.90+0.28
Dtrab (mg HA/cm?®) 72.38+42.73
BV/TV (1) 0.06 £0.03
Tb.N (mm™) 0.93+0.44
Tb. Th (mm) 0.06 +0.05
Tb. Sp (mm) 1.28+0.78
Tb.1/N.SD (mm) 0.87 £0.60

Control (N = 18) p value
58.94 +3.13 .578
27.30+4.76 172

1.188 +0.166 .047
-0.16+1.36 197
0.980 +0.110 .048
0.03+0.98 .186
1.021+£0.118 .002
-0.20+0.99 .013
317.02 £ 60.81 .004
866.51 +54.38 .005
0.80+£0.21 015
17717 £32.18 015
0.14+0.02 015
210+0.26 .004
0.07 £0.01 417
0.41+0.06 .005
0.18 £0.06 .002
295.87 £ 49.65 .001
900.90 + 40.29 .002
1.31+0.23 .007
161.33+27.33 <.0001
0.13+0.02 <.0001
1.96 +£0.30 .001
0.06 +0.01 .251
0.45 +0.07 .001
0.20 £0.04 .001

Abbreviations: BMD, bone mineral density; BMI, body mass index; BV/TV, bone volume-to-total volume ratio; Ct. Th, cortical thickness; Dcomp,
cortical vBMD; Dtotal, vBMD of entire bone; Dtrab, trabecular vBMD; DXA, dual-energy X-ray absorptiometry; FN, femoral neck; HR-pQCT, high-
resolution peripheral quantitative computerized tomography; LS, lumbar spine; Tb. N, trabecular number; Tb. Th, trabecular thickness; TH, total hip;
tTb.1/N.SD, inhomogeneity of trabecular network; vBMD, volumetric bone mineral density.

The bold values were representing statistically significant values for p <.05.

distal tibia. The DXA analysis also showed a lower areal BMD at the
lumbar spine, femoral neck and total hip.

Our data are in accordance with the low BMD and T-score in
the two TIO patients described by Piemonte et al.!* and Malabanan
et al.*2 who also had low phosphorus and history of fractures at the
time of diagnosis, with one of the patients using a wheelchair. Other
studies that reported lower bone mineral density in individuals with
other causes of hypophosphataemic osteomalacia included vitamin
D deficiency, nutritional, malabsorption and renal tubular acidosis.
One study evaluating a patient with autosomal dominant hypo-

phosphataemic rickets found lower BMD at the lumbar spine.m‘15

A low aBMD in patients with osteomalacia is mainly due to cal-
cium, phosphate and/or vitamin D deficiency, since osteomalacia is
primarily a process of replacement of the mineralized bone matrix by
unmineralized bone matrix, named osteoid. The assessment of BMD
by DXA in these individuals has its value in monitoring the effec-

tiveness of pharmacological treatment®®

and of the postoperative
follow-up after tumour excision in cases of TIO; however, the results
from the DXA analysis can suffer from interference of pseudofrac-
tures, fractures and bone deformities. In this scenario, HR-pQCT can
give more accurate information regarding volumetric bone density

and microstructure using distal regions of the skeleton that are less
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affected in these adults. On the other hand, it is not uncommon for
TIO patients to present with symptomatic peripheral Looser zones,
especially in the lower limbs.

High-resolution peripheral quantitative computerized tomog-
raphy may predict the risk of fractures and evaluates a tridimen-
sional BMD, which is different from what DXA provides, as it does
not distinguish cortical from trabecular bone and analyses areal
BMD. Through this study, we evaluated how the bone tissue of
patients with TIO could behave concerning bone microarchitec-
ture and therefore could influence treatment management and
intensity of therapy. The presence of worse bone parameters in
HR-pQCT could reflect an aggressive evolution of the disease and
highlights the necessity of an intensified clinical management for
these patients. HR-pQCT improved our knowledge in the bone
derangements associated with bone fragility and fractures in pa-
tients not classified as osteoporosis using DXA. The same proba-
bly applies to TIO patients, in whom DXA not always detects such
alterations.'®

The lower volumetric BMD values in the trabecular, cortical and
entire bone at the radius and tibia are in accordance with the lower
areal BMD in all central sites in DXA detected in our TIO patients
compared with controls; however, only the evaluation using HR-
pQCT detected the deranged bone microstructure in trabecular and
cortical bone compartments.

Using HR-pQCT to study 29 adults with genetic hypophospha-
taemic rickets, Shanbhogue et al also found a lower total vBMD at
the radius and tibia and a low cortical vBMD at the radius.® Cheung
et al also found a low cortical vBMD in 34 adults and children with
X-linked hypophosphataemic rickets (XLH) upon pQCT 3n3|‘,‘5i5.17
As pointed out by the authors, these results in the cortical bone are
expected in patients with osteomalacia due to excess nonmineral-
ized osteoid accumulated in the cortex, as demonstrated by previous
histomorphometric studies.’® In contrast to these findings, Colares
Neto et al found no differences between adults with XLH and con-
trols with respect to total and cortical vBMD at both sites.”

Cheung et al.’” found a high Dtrab at the radius in all patients
with XLH but mainly in children using calcitriol and phosphate salts,
as the adults were not receiving treatment. One histomorphometric
study of adult patients with XLH and moderate-to-severe osteoma-
lacia did not show trabecular osteopenia either in symptomatic or
in asymptomatic patients. The normal-to-increased calcified bone
trabecular volume found in these subjects seemed to be due to
low bone turnover with remodelling imbalance and preservation of
the trabecular mass.? Colares Neto et al found the same results as
Cheung et al at the distal radius analysis but not in the distal tibia
where Dtrab was low in all patients.”Y The authors attributed these
differences to distinct mechanical load at each site and the fact that
deformities in the legs modify the strain points with irregular bone
formation.

One study with bone biopsy of a patient with TIO using histo-
morphometry allied with analysis of bone mineralization density
distribution (BMDD) showed reduced trabecular bone volume and
slight increase in the osteoblastic surface, which was associated with

wiLEY-

a significant reduction in osteoclastic surface and resorptive activ-
ity, denoting a low bone turnover.?® This finding is in line with our
results of low Dtrab despite no significant alteration in Tb. Th, which
suggests that TIO also leads to a low rate of bone turnover with a
reduction in bone mass over time, despite the established clinical
treatment. These differences between Dtrab values found in pa-
tients with hypophosphataemic rickets of genetic origin compared
to those with acquired osteomalacia in adulthood due to a phospha-
turic tumour may be related to greater disease severity in the TIO
group. Many patients with XLH have mild disease, and some individ-
uals are minimally affected even without phosphorus treatment and
vitamin D ~SU|:|pIerT1ent;1ti0n?31

We found derangement of the trabecular bone considering the
decreased BV/TV and Tb.N, and increased Tb. Sp and heterogeneity
of the trabecular network, which highlights an important compro-
mise of the trabecular architecture in addition to the reduction in the
trabecular volume mentioned above. These architectural changes
were also reported by Shanbogue et al and Colares Neto et al”®

Our study is limited due to its cross-sectional design and small
sample size, but the rarity of TIO must be considered. Another lim-
itation is that although TIO seems to be the more probable aetiology
for acquired severe hypophosphataemic-hyperphosphaturic osteo-
malacia in all six patients, only four patients had the hypophospha-
taemic tumours confirmed and removed. In the other two patients,
tumour location was not achieved, although they were submitted
to all imaging examinations. This type of tumour is usually small and
characterized by slow growth, and probably for these reasons, the
imaging examinations were not able to capture the lesions. However,
the fact that all patients initiated osteomalacia in adulthood, the ab-
sence of family history of this disease and the exclusion of other
tubulopathies favour the hypothesis of tumoral osteomalacia.
Unfortunately, 1,25 (OH),D and FGF-23 assays were not available
in our centre. Also, the gonadal status was not evaluated since TIO
patients and control subjects did not present symptoms or history
of hypogonadism. To our knowledge, this is the first study to assess
bone density and microstructure parameters in TIO patients based
on HR-pQCT and DXA results compared with healthy controls. Our
findings may help to better understand and treat this serious dis-
ease, and further prospective studies may evaluate the real impact
of surgery and clinical treatment on the evolution of bone properties
in these patients.

In conclusion, we demonstrated that patients with TIO have de-
creased bone density and impaired microarchitecture at both the
cortical and trabecular compartments, as evaluated by HR-pQCT.
These findings suggest that TIO severely affects bone health and
may lead to fragility fractures and increased mortality.
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Bisphosphonates (BPs) are medications widely used in clinical practice to treat osteoporosis
and reduce fragility fractures. Its beneficial effects on bone tissue have been consolidated in the
literature for the last decades. They have a high affinity for bone hydroxyapatite crystals, and most
bisphosphonates remain on the bone surface for a long period of time. Benefits of long-term use of
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of antiresorptive therapy has drawn attention to two extremely rare, although severe, adverse events.
That is, atypical femoral fracture and medication-related osteonecrosis of the jaw are more common
in patients with high cumulative doses and longer duration of therapy. BPs have demonstrated safety
and effectiveness throughout the years and evidenced increased BMD and reduced fracture risks,
resulting in reduced morbimortality, and improved quality of life. These benefits overweight the risks
of rare adverse events.
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INTRODUCTION mineralization emerged (7). BPs differ from PPi in that
isphosphonates (BPs) are medications with 2 hydroxyl group is connected to the central carbon,
Bconsolidatcd evidence of anti-osteoporotic effect, which increases the ability to bind to calcum (7).

and they have already been used for more than two
decades in the clinical field (1). The benefits of fracture
prevention and bone mineral density (BMD) increase are
maintained for years during and after discontinuation of
treatment with BP (1-5). Other positive aspects of these
agents are lower healthcare costs, reduced morbidity,
and significantly increased survival rates (6). Three-
year use of zoledronic acid (ZOL) reduces mortality in
individuals with low trauma hip fractures by 28% (6).
BPs are derivatives of inorganic pyrophosphate
(PPi), which are chemically stable compounds.
Studies accomplished in the 1960s evidenced that
these compounds are able to hinder calcification by
connecting to hydroxyapatite crystals. Therefore, the
hypothesis that regulating PPi levels could control bone

Arch Endocrinol Metab, 202X, v.XX(X). 1-7, €000629.

The antiresorptive potency of BPs is determined by
the presence of a nitrogen or amino group. These
components increase the potency from 10 to 10.000
when comparing the first generation (clodronate and
tiludronate) from the second and third generations
(alendronate (ALN), risedronate (RIS), ibandronate
(IBN), pamidronate, and ZOL) (7).

The Food and Drug Administration approved ALN
in 1996, and since then, throughout several years, studies
have been conducted to evaluate the efficacy and safety
of BPs (1-5). ALN, RIS, and ZOL could reduce the risk
of vertebral, nonvertebral, and hip fractures (1). IBN
has been demonstrated to reduce the risk of vertebral
fractures, and there is a paucity of data to prove the
beneficial effect on hip and nonvertebral fractures (8,9).

Copyight® AESM il fights resened.



BPs have been widely used in clinical practice to
treat osteoporosis for several years. However, doubts
concerning the duration of treatment and drug holidays
remain (1). This article will review the beneficial effects
and risks of long-term treatment with BDs.

MECHANISM OF ACTION OF BPS

BPs are known to have an affinity for bone
hydroxyapatite crystals and, therefore, bind to this
component at the surface of the bone matrix. Moreover,
BPs are incorporated into areas where bone remodeling
is active (1,7,10,11). This group of drugs can prevent
bone resorption and increase BMD and strength (10).
The reduction of fracture in postmenopausal women,
when compared to placebo, occurs after 1-2 years of
treatment with BPs (1).

Those containing nitrogen in their composition
act by binding and inhibiting the activity of farnesyl
pyrophosphate synthase. This enzyme regulates the
mevalonic acid pathway and plays an important role
in producing cholesterol, other sterols, and lipids. The
inhibition of farnesyl pyrophosphate synthase modifies
the post-translational protein, ultimately leading to the
inhibition of osteoclast recruitment and activity at the
bone surface, as well as osteoclast apoptosis (7). BPs,
therefore, inhibit the recruitment of osteoclasts and
induce the apoptosis of these cells, resulting in the
suppression of osteoclast-mediated bone resorption
(1,10). They attach to the bone mineral surface owing
to their high affinity to hydroxyapatite (Table 1), and
the remaining dosage fraction is excreted by the kidneys
(7,10,12-14). Patients with impaired renal function
have decreased excretion of the medication; therefore,
its use is not recommended in patients with a glomerular
filtration rate of <30 mL/min (10). Morcover, they are
hydrophilic and, therefore, have poor absorption in
the gastrointestinal tract when administered orally (less
than 1% absorption per oral dose) (7).

BPs remain in the bone structure for a long period
of time (10). Pieces of evidence show that, when the
bone that contains BP resorbs, a part of this medication

Benefits and risks of bisphosphonates

is released and recirculates locally and systemically,
thereby attaching once again to other surfaces and
inhibiting bone resorption (15). This retention of BPs
in the bone tissue explains the slow bone loss after
therapy discontinuation as the drug may be retained
for up to 10 years in the bone matrix (11,15).

BENEFICIAL PIECES OF EVIDENCE FOR LONG-
TERM USE OF BPS

Bone and cols. published in 2004 a multicenter study
concerning the use of ALN in postmenopausal women
tor 10 years. Compared with bascline measurements,
the ALN treatment resulted in a significant increase
of BMD at the lumbar spine (13.7%), femoral neck
(5.4%), and total hip (6.7%). The beneficial effect on
BMD and bone remodeling markers was maintained,
and the safety of the long-term therapy was confirmed.
Nevertheless, a progressive loss of effect of the drug
suspension was observed (5).

The Fracture Intervention Trial Long-term Exten-
sion (FLEX) is another multicentric study that evaluat-
ed the effects of extended treatment with oral BPs (10
years) compared with the 5-year use in 1099 postmeno-
pausal women (15). Women participating in the FLEX
trial had to have a T-score of -1.6 standard deviation
(SD) or less but not necessarily be in the osteoporosis
range. Women who discontinued ALN after 5 years of
therapy and switched to placebo presented a statisti-
cally significant (P < 0.001) increase in serum levels of
bone turnover markers when compared with those that
followed receiving ALN therapy (raise of 28.1% for al-
kaline phosphatase specific for bone (BSAP), 55.6% for
C-telopeptide of type 1 collagen (B-CTX), and 59.5%
tor N-propeptide of type 1 collagen (P1NP)), although
these serum levels remained lower than pretreatment
levels. Moreover, individuals treated with ALN for 5
years followed by placebo had a statistically significant
(P < 0.001) decrease in BMD at the lumbar spine and
total hip compared with the group that maintained
ALN for 10 years. The BMD at the spine and total
hip decreased by -3.7% and -2.4%, respectvely, in 10

Table 1. Pharmacological characteristics of bisphosphonates considering affinity to hydroxyapatite and relative anti-resorptive potency. The table
illustrates affinity to hydroxyapatite and relative anti-resorptive patency from lowest to highest, in order, from left to right

Characteristics

Affinity
Relative anti-resorptive potency

Risedronate < Ipandronate < Alendronate< Zoledronic acid

Alendronate < Ibandronate < Risedronate < Zoledronic acid

Arch Endocrinol Metalb, 202X, v.XX(X), 1-7, e000629.
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years. Furthermore, as an exploratory outcome, the
study documented the incidence of fractures for up
to 10 years. The risk of clinical vertebral fractures in
those treated with ALN for 5 years and switched to
placebo was over two times higher than those using
5-10 mg daily of ALN for up to 10 years (5.3% versus
2.4%, respectively) (Figure 1A). Therefore, the relative
risk reduction was 55%, and the absolute risk reduc-
tion was 2.9%. Concerning all clinical and nonvertebral
fractures, no significant differences were documented.
There was no increase in risk of nonvertebral fractures,
and the risk of clinical vertebral fractures in the group
treated with ALN for 10 years decreased compared
to the group that switched to placebo at year 5. This
result indicates that extended therapy (10 years) does
not implicate adverse effects on bone strength. The
high-risk groups comprise those with larger benefits in
preventing vertebral clinical fractures: women with pre-
existing fractures or those with very low BMD (T-score
of 2.5 SD or less) at the baseline. The number needed
for extended 10-year therapy is 25 in high-risk groups,
compared with 50-300 in lower-risk groups (with no
previous vertebral fracture or osteoporosis diagnosis)
(1). Data from a post hoc subgroup analysis showed
that, for women without vertebral fracture but with an
osteoporotic range (T-score of 2.5 SD or less) at the
femoral neck at the FLEX baseline, extended therapy
for up to 10 years with ALN decreased the risk of non-
vertebral fractures (3). The results of the FLEX study
call attention to the fact that a 5-year therapy with BP
has a long-term effect on bone tissue. The reason is
that, based on observational studies, the cumulative ef-
fect on the total hip BMD was a 1%-3% gain compared
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with the 5%-10% loss in untreated women of the same
age (16).

The Health Outcomes and Reduced Incidence
with Zoledronic acid Once Yearly-Pivotal Fracture
Trial (HORIZON-PFT) studied the long-term
effects of ZOL 5 mg. A total of 1,233 osteoporotic
postmenopausal women using ZOL for 3 years were
randomized into two separate groups: placebo (n =
617) and 3 more years of ZOL (n = 616). The main
endpoint analyzed was femoral neck BMD, and the
other secondary endpoints were fractures, other
BMDs, bone turnover markers, and safety issues. Bone
turnover markers elevated in a 3-year ZOL group
followed by 3 years of a placebo, whereas in the 6-year
ZOL group, they remained steady although both
presented smaller values than the baseline. Regarding
bone turnover markers, PINP increased in both groups
with a 14% difference between them (P = 0.0001), and
values remained under pretreatment. The 3-year ZOL
group followed by placebo resulted in a statistically
significant (P < 0.0009) inferior BMD at the femoral
neck compared with the 6-year ZOL group, with a
difference of 1.04%, although it still remained above
baseline values. At the lumbar spine, the difference
in BMD was 2.03% higher in the 6-year ZOL group
compared with the 3-year ZOL group (P = 0.002).
The risk of morphometric vertebral fractures in women
treated with ZOL for 3 years and switched to placebo
was approximately two times higher when compared
with those using 5 mg yearly of ZOL for up to 6 years
(6.2% versus 3.0%, respectively, odds ratio of 0.51
with P = 0.035) (Figure 1B). Regarding the incidence
of all clinical fractures, nonvertebral fractures, and

i FLEX trial: Risk of Clinical Vertebral Fracture (%) HORIZON-PFT trial: Risk of Morphometric Vertebral Fractures (%)
10 10

9 9

8 RR=0.45 3 OR=0.51

B 95% Cl (0.24, 0.85) 7 — 095% Cl (0.26, 0.95)

6 6 g

5.3%

5 5

4 4

3 2.4% 3 ]

2 2

1 1

0 Alendronate 5 years Alendronate 10 years h Zoledronate 3 years Zoledronate 6 years
RR: relative risk; Cl: confidence interval; OR: odds ratio.
Figure 1. Vertebral fracture risk reduction in long-term use of bisphosphonates evidenced at FLEX and HORIZON-PFT trials. A. illustrates the smaller risk
of clinical vertebral fractures at the group that used Alendronate for up to 10 years when compared to the group that used Alendronate for 5 years and
switched to placebo for 5 years. B. illustrates the smaller risk of morphometric vertebral fractures at the group that used Zoledronate for up to 6 years
when compared to 3 years of treatment with Zoledronate plus 3 years of placebo.
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clinical vertebral fractures, no significant differences
were documented, although confidence intervals were
vast, and thus, we cannot rule out a possible benefit.
Basced on the results of this trial, we may conclude that
postmenopausal women diagnosed with osteoporosis
and high risk of fractures (particularly vertebral
fractures) may benefit from continuous treatment with
5 mg yearly of ZOL for up to 6 years (2). A second
extension of the HORIZON-PFT trial observed the
results of 9-year extension therapy with ZOL. Women
were randomized to a 3-year placebo after a 6-year
therapy with ZOL or maintenance of treatment for up
to 9 years with ZOL. No significant differences were
observed in BMD values, bone turnover markers, and
the number of fractures. Therefore, the results suggest
that the extended treatment with ZOL for up to 9 years
has no additional benefit, although the sample size
evaluated was much smaller than the previous extension
study (190 women) owing to follow-up loss (17).
Furthermore, a smaller study with extended use
of RIS published in 2004 observed the effects of a
7-year treatment in postmenopausal women with
osteoporosis. The endpoints were BMD analysis, bone
turnover marker levels, and assessment of vertebral, and
nonvertebral fractures. The groups included 5 vyears
of placebo followed by 2 years of RIS (n = 81) and 7
vears of RIS group (n = 83); all 136 women completed
the study. The study evidenced an increase in BMD
measurements after 5 years of treatment with RIS when
compared with the bascline and remained stable or
increased in patients treated with 7 years of RIS. BMD
at the lumbar spine raised 8.8% in the 5-year RIS group
and 11.5% in the 7-year RIS group when compared
with the study onset. Considering bone turnover
markers, in the 7-year RIS group, N-telopeptide
measured in urine decreased by 54% at 3 months and
63% at 7 years, when compared with the baseline. The
incidence of vertebral fractures was similar in groups
using RIS for 5 years, suspended therapy, and RIS
for up to 7 years, although a significant reduction in
vertebral fractures was observed in the 5-year placebo
group that began treatment with RIS for 2 years. The
incidence of nonvertebral fractures in a 5-year placebo
followed by 2-year RIS was 7.4%, whereas the 7-year
RIS group presented a lower incidence of 6.0% but
was not significant. Further analysis demonstrated that
once patients started receiving treatment with RIS
after the 5-year placebo therapy, fracture incidence was
diminished. The reason is that there was a statistically
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significant reduction of new fractures when compared
with 4-5 years of placebo (2 »s. 12 patients, with P =
0.008). The study concluded that extended use of RIS
maintains anti-fracture cfficacy and is well tolerated for
a long period of time (18).

Therefore, the task force of the American Society
for Bone and Mineral Research (ASBMR) reaffirms the
results and conclusions of the studies described above.
The ASBMR also suggests that postmenopausal women
receiving oral BP for 2 5 years or intravenous BP for 2 3
years and with hip, spine, or multiple other osteoporotic
tractures before or during therapy or hip BMD T-score
of £ -2.5 SD or high risks of fracture (obtained using
fracture risk calculators) will benefit from maintaining
BP or switching to another anti-fracture therapy and
should be reassessed every 2-3 years (19).

RISKS ASSOCIATED WITH THE USE OF BPS

Adverse events non-related to extended use of BP
are gastrointestinal symptoms with oral BPs, flu-
like symptoms when administered intravenously,
hypocalcemia, musculoskeletal pain, and atrial
fibrillation (Table 2) (7,11). Individuals with known
gastroesophageal reflux disease or with esophageal
stricture are most affected by oral BP administration
owing to csophageal irritation and crosion (7).
Concerning flu-like symptoms, approximately 10%-30%
of individuals that received the first infusion of nitrogen-
containing BP present an acute phase reaction marked
by influenza-like symptoms (headache, arthralgia,
myalgia in association with transient pyrexia) (7).
Morecover, hypocalcemia may occur after intravenous
BP infusion, most frequently in patients with high
rates of bone resorption mediated by osteoclasts, renal
dysfunction, hypovitaminosis D, or undiagnosed cases
of hypoparathyroidism (7). Severe musculoskeletal pain
is a rare adverse event that may occur at any phase of
intravenous or oral BP treatment (7).

Table 2. Bisphosphonates adverse events and duration of therapy

Short-term adverse events Long-term adverse events

Gastrointestinal symptoms {oral Medication-related osteonecrosis of

administration) the jaw

Hypocalcemia Atypical femoral fracture
Musculoskeletal pain

Arial fibrillation

Flu-like symptoms (intravenous
administration)
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Approximately 10 years after BP approved the
osteoporosis treatment, post-marketing reports based
on the long-term treatment of millions of patients
revealed the occurrence of two initially unexpected
adverse events: atypical femoral fracture (AFF) and
medication-related osteonecrosis of the jaw (MRONT).
Both conditions are extremely rare and, therefore, must
not hinder the long-term use of these antiresorptive
agents when indicated (6).

Concerns regarding the long-term use of BP draw
attention to the possibility that normal physiological
bone turnover and repair may be reduced. This case
may lead to the accumulation of microdamage or
microcracks and reduced bone strength leading to AFF
(1,15). Table 3 presents the major and minor criteria
of AFF (6,20). The locations where AFF occur are
considered atypical as they are regarded as the most
resistant region of the femur, thereby being improbable
to fracture with low trauma in the absence of fragility (1).
Subtrochanteric and diaphyseal fractures account for
7%-10% of all femoral fractures, and among them, 75%
are related to major trauma (20). Other risk factors for
the occurrence of AFF are low 25-hydroxyvitamin D
concentrations (less than 20 ng/mL), diabetes, use of
a glucocorticoid, low total hip BMD, history of falls,
older age, and femoral shape (20,21).

Commonly, AFF begins with a periosteal callus
shown as a blurred formation, posteriorly becoming
solidified. The periosteal calluses reflect an attempt
to cure bone tissue before evolving into a fracture,
and they occur in AFF near the developing fracture
on the lateral cortex of the bone (20). Patients with
this complication may present contralateral fracture
in 28%, healing delay in 26%, and thigh pain in 30%-
70% of cases (22). Therefore, whenever the patient
with extended use of BP complains of groin or thigh
pain, an urgent bilateral femoral imaging evaluation
is required to detect partial fracture, stress reaction,
or total hip fracture (20). Imaging may be used to
diagnose AFF, and conventional radiography seems
convenient, although advanced imaging technologies
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(scintigraphy, computerized tomography scan, and
magnetic resonance imaging) present higher specificity
and sensitivity for detection in the initial phases (20).

The absolute risk of AFF in patients undergoing
BP treatment ranges from 3.2 to 50 cases per 100.000
person-years with short-term use (<5 years) and
approximately 113 per 100.000 person-years with long-
term use (>5 years) (23). A recently published study
evidenced that, in women treated with BP for over 3
years, the 5-year, and 10-year cumulative incidences
of AFF were above fourfold and 10-fold, respectively,
compared with women treated with BP for less than 3
years (24). Schilcher and cols. carried out a Swedish
study and observed that for each additional year of BP
use, the adjusted odds of AFF increase by 2.5-fold (25).
However, although the relative risk of AFF is higher in
patients on BP treatment, the absolute risk is uniformly
very low among studies (20).

The risk of AFF should be analyzed alongside the
benefits of preventing osteoporotic fractures. The use of
amino-BPs in high-risk patients (with clinical vertebral
fractures) is estimated to avoid 3300 clinical fractures
per 100.000 person-years of treatment, whereas its use
in moderate-risk patients (femoral neck BMD T-score
< -2.0) prevents 1,700 clinical fractures per 100.000
person-years (20,26). Moreover, for each 100 typical
femoral neck or intertrochanteric fractures prevented
by BP use, one subtrochanteric atypical fracture
occurs (27). Therefore, we may conclude that the risk-
benefit analysis favors BP therapy for women at high
risk for fracture.

MRONJ is an uncommon (prevalence varies from
0% to 0.04%) but threatening condition described in
patients undergoing antiresorptive treatment with
BP (11). This condition occurs in approximately
1.04-69 cases per 100.000 person-years. Patients
with diagnosed cancer associated with malignant
hypercalcemia or bone metastasis present a significantly
higher incidence of MRONJ, ranging from 1% to 10%
(28). This complication is defined as the “presence
of exposed jaw bone, or bone that can be probed,

Table 3. Minor and Major criteria of atypical femoral fractures (AFF). Four of the five major criteria must be present for the diagnosis of AFF

Minor criteria:

Major criteria:

Use of medications or comorbidities that increase risk of AFF
Symptoms of groin or thigh pain

Bilateral fractures

Increase in cortical thickness of diaphysis

Lateral cortex periosteal reaction

Delayed healing

Spontaneous or minimal trauma fracture

Absence of comminution

Located at femoral shaft or subtrochanteric region

Short oblique or transverse orientation

Incomplete fractures involving lateral cortex, while complete fractures extend
through both cortices
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through an intraoral or extraoral fistula, for at least 8
weeks in patient with history of antiresorptive and /or
antiangiogenic therapy, and in the absence of previous
radiation therapy to head and neck”. The diagnosis
of MRONTJ is clinical, although imaging may be
accomplished to assist in doubtful cases (11).

Similar to AFF, the duration of antiresorptive
treatment, including adherence to therapy, has been
identified as a risk factor for MRON]J (11,29-31).
Other risk factors are a history of cancer, chronic use
of glucocorticoids (or antiangiogenic, antithrombotic,
immunosuppressants, proton pump inhibitors,
or antircsorptive agents), smoking, hypertension,
rheumatoid arthritis, or diabetes mellitus. In addition,
local risk factors may contribute to the development
of this adverse event, such as invasive oral procedures,
trauma, poor oral hygiene, inflammatory oral discases,
and dental infecdon (11).

A recently published posidon paper reunites the
recommendations of three important societies: the
Brazilian Society of Endocrinology and Metabolism
(SBEM), the Brazilian Society of Stomatology and Oral
Pathology (SOBEP), and the Brazilian Association for
Bone Evaluation and Osteometabolism (ABRASSO).
The paper recommends that patients considered to
initiate therapy with an antiresorptive agent must be
referred to dentists for prior orientation and preventive
procedures (11). Moreover, no evidence supports the
interruption of BP treatment prior to dental procedures
to inhibit MRONJ (11,32), including the use of
B-CTX scrum levels to predict the risk of MRON]J
before oral procedures (11). Regular preventive
dental evaluations, orientations for oral hygiene, and
prophylactic use of antibiotics before procedures,
such as extraction, should be considered. Moreover,
plain amoxicillin or its association with clavulanate is
highly recommended (11). For those who are allergic
to penicillin, clindamycin may be used. The literature
described several prophylactic protocols regarding the
period of use of antibiotics. Data suggest initiating
therapy 48-72 hours prior to the dental procedure
and maintaining treatment for 1-3 wecks after the
procedure (11).

Patients that need to maintain ant-ostcoporotic
treatment owing to the high risk of fracture may
use anabolic treatment to enhance regeneraton of
MRONJ (improvement of bone regeneration ratio and
bone turnover markers), according to data described
in the literature (33,34). In addition, more favorable
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outcomes were described when recombinant human
bone morphogenetic protein 2 (rhBMP-2) was used in
association with teriparatide, suggesting that rhBMP-2
boosts bone regeneration in MRON]J cases (33).
Similarly, patients suffering from AFF may consider using
teriparatide as an adjunct therapy, particularly those
with no evidence of healing after 4-6 wecks following
the surgical procedure (20,35). The literature described
few cases of healing improvement owing to the anabolic
effect of the drug (20). After 2 years of treatment with
an anabolic agent, antiresorptive therapy may be resumed
and must be individualized, considering the risk of
fracture, resolution of adverse event (MRONT] or AFF),
and type of treatment (surgical or not). Anti-osteoporotic
agents that may be used are raloxifene, denosumab, BPs,
and hormone replacement therapy (36).

In conclusion, through this review of the benefits
and risks of the extended use of BP, we may conclude
that the effects on BMD and the risk of fracture
observed in long-term treatment far outweigh the
risks of rare and severe adverse cvents. These positive
effects are not restricted to bone changes once there
is a reduction of morbimortality and an increase in
patents’ quality of life who receive adequate treatment
for ostcoporosis. Extended therapy with BP should
be considered in patients with a high risk of fragility
fractures (2,6,15,22). Thus, the decision to continue
or interrupt therapy with BPs is a challenge and should
tollow the recommendations described above.
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