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RESUMO

FRATURA VERTEBRAL E HIV: REVISAO SISTEMATICA E METANALISE

AUTOR: Thales Augusto de Santa Helena Ilha
ORIENTADORA: Melissa Orlandin Premaor

A expectativa de vida dos individuos infectados pelo HIVV aumentou com o advento da
terapia antirretroviral. Consequentemente, comorbidades incomuns nessa populacéo
comecgaram a surgir, sendo 0 6sseo um dos sistemas afetados. A fratura vertebral é um sinal
de reducdo na qualidade 6ssea e uma caracteristica da osteoporose. O presente estudo teve
como objetivo avaliar a frequéncia de fratura vertebral em homens e mulheres infectados pelo
HIV, com idade superior a 18 anos. Foi realizada uma revisdo sistematica a partir de ensaios
clinicos randomizados (RCTSs), estudos de coorte, estudos transversais e estudos de caso-
controle. O protocolo de estudo foi registrado no International Prospective Register of
Systematic Reviews (PROSPERO) sob o numero CRD42016048702. Foram incluidos
estudos independente da forma de avaliacdo das fraturas vertebrais: clinicas ou
morfometricas. A estratégia de busca incluiu os seguintes descritores: "Spinal Fractures";
"Fractures, Bone"; "HIV"; "Acquired Immunodeficiency Syndrome"”; and "Anti-Retroviral
Agents" nos bancos de dados PubMed, BIREME, EMBASE e a Cochrane Library. Além
disso, alguns estudos foram selecionados a partir das referéncias dos artigos incluidos.
Estudos escritos em qualquer idioma e sem limites de data de publicacdo foram aceitos. Dois
pesquisadores realizaram de forma independente a selecdo dos estudos e a extracdo dos dados.
Posteriormente, os resultados obtidos foram discutidos e acordados entre ambos. No total, 488
estudos foram encontrados, dos quais 90 foram excluidos por serem duplicados. Apds triagem
por titulos e resumos, 53 estudos permaneceram. Desses, 28 foram excluidos por falta de
desfecho, delineamento inadequado e publicacdo redundante. Um total de 85,411 individuos
HIV positivos foram identificados em 26 estudos. A metanalise da prevaléncia de fraturas
vertebrais incluiu 14 estudos com 10.593 individuos. A prevaléncia foi de 12.7% (IC 5.6% a
26.4%). Ao serem avaliada separadamente as fraturas vertebrais clinicas (n = 5) e as
morfometricas (n = 9), a prevaléncia foi de 3.9% (IC 95%: 0.9 a 15.8) e 21,1% (Cl 14,1% a
30.4%), respectivamente. A metanalise de incidéncia de fraturas vertebrais incluiu 10 estudos,
com 430589 individuos. A incidéncia foi de 0.8 (IC 95%: 0.4 a 1.8) por 1000 pessoas-ano.
Nenhum estudo de incidéncia avaliou fraturas morfométricas. Em 9 estudos, 56117
individuos infectados pelo HIV foram comparados com 5171132 controles nao infectados. Os
individuos infectados pelo HIV apresentaram odds ratio de 2.3 (IC 95%: 1.37 a 3.85) quando
comparados aos ndo infectados. Ndo foram encontradas associacdes entre idade e sexo com
prevaléncia de fratura vertebral no HIV. Concluindo, individuos infectados pelo HIV
apresentam uma frequéncia elevada de fraturas vertebrais morfométricas. Esses individuos
ainda possuem maior chance de fraturas vertebrais quando comparados a pessoas HIV
negativas.

Palavras-chave: “Fratura vertebral”, “HIV”, “metanalise”, “osteoporose”.



ABSTRACT

HIV AND VERTEBRAL FRACTURES: A SYSTEMATIC REVIEW AND
METANALYSIS

AUTHOR: Thales Augusto de Santa Helena Ilha
SUPERVISOR: Melissa Orlandin Premaor

The survival of HIV-infected patients has increased with the advent of antiretroviral
therapy. Consequently, comorbidities uncommon in these population emerged and the
skeleton is one o f systems affected. Vertebral fracture is a sign of reduction in bone quality
and a hallmark of osteoporosis. This study aims to assess the frequency of spine fractures in
HIV-positive men and women aged over 18 years. We performed a systematic review of
randomized controlled trials (RCTSs), cohort studies, cross-sectional studies, and case-control
studies. The study protocol is registered with the International Prospective Register of
Systematic Reviews (PROSPERO) under the number CRD42016048702. Studies that have
evaluated either morphometric or clinical vertebral fracture were included. The search
strategy included the following descriptors: "Spinal Fractures”; "Fractures, Bone™; "HIV";
"Acquired Immunodeficiency Syndrome™; and "Anti-Retroviral Agents” in the databases
PubMed, BIREME, EMBASE, and the Cochrane Library. Additionally, some studies were
selected from the reference lists of the included articles. We considered studies written in any
language and with no publication date limits. Two protocol members independently
performed the selection of the studies. Also, two research members also performed the data
extraction, separately. Afterward, it was discussed and agreed between both. In total 488
studies were found, of which 90 were excluded due overlap. After the title and abstracts
screening, 53 studies remained. Of these, 28 were excluded due to lack of outcome, study
design, and redundant publication. A total of 102.744 individuals HIV positive were
identified at 26 studies. The metanalysis of the prevalence of vertebral fractures included 14
studies with 10.593 subjects. The prevalence was 12.7% (Cl 5.6% to 26.4%). Besides, when
we evaluated independently clinical vertebral fracture (n = 5) and morphometric vertebral
fracture (n=9), the prevalence was 3.9% (95%CI 0.9% to 15.8%) and 21,1% (95%CI 14,1% to
30.4%) respectively. The metanalysis of the incidence of vertebral fractures included 10
studies with 430589 individuals. The incidence was 0.8 (95% CI 0.4 to 1.8) per 1000 person-
years. There was no study of incidence evaluating morphometric fractures. In 9 studies, 56117
HIV-infected patients were compared with 5171132 HIV-uninfected controls. The HIV-
infected patients had an odds ratio of 2.3 (95% CI 1.37 to 3.85) when compared with HIV-
uninfected patients. We did not find association between age and gender and prevalence of
vertebral fracture in HIV. In conclusion, the frequency of morphometric vertebral fractures is
high in HIV-subjects. Moreover, HIV-positive subjects had a higher chance of vertebral
fractures when compared with HIV-negative subjects.

Keywords: "spine fracture", “HIV”, “meta-analysis”, “0steoporosis”.
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1. INTRODUCAO

Os primeiros casos de Sindrome da Imunodeficiéncia Adquirida (AIDS) foram
descritos no inicio dos anos 80. E o virus da Imunodeficiéncia Humana (HIV) apresentava,
usualmente, uma evolucdo tipica. A infeccdo priméaria era caracterizada por uma resposta
imune celular e humoral contra o virus, sendo seguida por um periodo prolongado de laténcia
clinica — em que o paciente permanecia praticamente assintomatico - e posteriormente pelo
surgimento dos sinais e sintomas clinicos da doenca. O tempo médio do surgimento clinico da
doenca e Gbito do paciente girava em torno de dois anos (PANTALEO, 1993). No entanto,
com o surgimento da terapia antirretroviral (TARV), no meio da década de 90, houve um
declinio na mortalidade e na morbidade desses pacientes, principalmente pela coinfec¢do de
patdgenos oportunistas, freqlientes nessa populacdo até entdo, como o Cytomegalovirus,
Pneumocystis carinii, Mycobacteriumm avium (PALELLA, 1998).

Concomitante ao aumento da expectativa de vida com o uso da TARV, 0s pacientes
infectados pelo HIV comecaram a apresentar maior incidéncia de doencas antes ndo
relacionadas a AIDS. Muitas dessas comorbidades, frequentes em pessoas de idade mais
avancada, surgem de maneira precoce em individuos infectado pelo HIV (ABERG, 2014).
Dentre os 6rgdos afetados, um dos principais € o 0sso. Reducdes na densidade mineral dssea
(DMO) e na massa 0ssea sao reportadas em pacientes infectados pelo HIV independente de
sexo e idade (BROWN, 2006).

As razdes que levam a reducGes na DMO parecem ser multifatoriais. Assim como na
populacdo em geral, fatores relacionados ao estilo de vida - como o tabagismo, ingestdo de
alcool, sedentarismo, uso de opiaceos ou ma nutricdo -, a presenca de comorbidades
(hipogonadismo, deficiéncia de vitamina D, disfuncdo tireoideana) e certas terapias
medicamentosas (usos prolongado de corticoides ou agentes antiepiléticos) demonstram
importante papel entre as principais causadas da alteracdo dssea (COMPSTON, 2014). Além
disso, a prépria infeccdo por si s6 do virus HIV e o uso da TARV sdo apontadas como
causadores da desmineralizacdo 6ssea (WALKER-BONE, 2012). Ainda, dentre os farmacos
utilizados no tratamento do HIV, varia¢fes no grau de comprometimento ésseo sao relatados
quando comparados diferentes tipos de terapias antirretrovirais (WALKER-BONE, 2012).
Dessa forma, tanto o tempo de infeccdo com HIV, como o tipo e a duracdo da terapia
repercutem na reducdo da DMO dos pacientes.

O impacto da reducdo da DMO na pratica clinica se d& através do aumento na

incidéncia de osteopenia, osteoporose e risco de fraturas, recentemente observadas elevadas
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em pacientes HIV em relagdo a populacdo geral (WARRINER, 2014). Em um estudo
longitudinal, Bonjoch et al ( 2010) encontraram uma forte incidéncia de baixa DMO em
pacientes infectados por longo periodo pelo HIV e em uso prolongado de TARV. Cerca de
75% dos pacientes apresentaram algum grau de reducdo na DMO e aproximadamente 30% ja
apresentavam osteoporose. Em meta-anélise realizada a partir de estudos transversais,
homens e mulheres portadores de HIV apresentaram um risco 3,7 vezes maior para
desenvolver osteoporose (95% IC 2,3-5,9) e um aumento de risco de 6,4 vezes (95% IC 3,7-
11,3) de sofrerem reducdes na densidade mineral 6ssea quando comparados a pessoas
soronegativas (BROWN, 2006).

Embora os trabalhos que demonstrem a incidéncia e a prevaléncia de fraturas em
individuos infectados pelo HIV apresentem delineamentos heterogéneos, em relacdo ao
tamanho da amostra, o género da populacdo estudada, o tipo de fratura e a forma como ela foi
avaliada, a grande maioria dos estudos demonstram aumentos significativos no risco de
fraturas (COMPSTON, 2014).

Diretrizes internacionais recomendam a avaliagio da DMO através do DEXA e a
estimativa de risco para fraturas por fragilidade 0ssea através do Instrumento de Avaliacdo do
risco de fratura da OMS (FRAX®) em pacientes infectados pelo HIV com fatores de risco
para osteoporose, principalmente em mulheres pds-menopausa e homens acima dos 50 anos
(ABERG, 2014). Ja a avaliacdo de fraturas vertebrais através de raio-x sdo indicadas somente
em alguns pacientes. No entanto, essas fraturas sd0 muito comuns em pessoas com
osteoporose na populacdo em geral e, recentemente, estudos mostram sua alta prevaléncia
também em pacientes HIV (GAZZOLA, 2015). Dessa forma, compreender e quantificar a
magnitude das fraturas vertebrais e 0 seu real impacto nos paciente infectados pelo HIV é

fundamental para elaboracao de estratégias de prevencdo e tratamento nessa populacao.

1.1 OBJETIVOS
1.1.1 Objetivo Geral
Descrever a associacdo entre pacientes infectados pelo HIV recebendo ou ndo

tratamento para a Sindrome da Imunodeficiéncia Humana com a prevaléncia e a incidéncia de

fraturas vertebrais a partir de estudos oriundos da literatura mundial.
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1.1.2 Objetivos Especificos

- Verificar os estudos que abordem fraturas vertebrais em pacientes HIV na literatura
mundial.

- Avaliar a qualidade dos estudos que relacionem fratura vertebral ao paciente HIV.

- Analisar de forma conjunta e quantitativamente os resultados dos estudos que
apresentem como desfecho fratura vertebral em pacientes HIV.

- Estimar a prevaléncia e a incidéncia de fraturas vertebrais em pacientes HIV a partir dos
estudos analisados.

- Estimar a razdo de chances no paciente HIV ser acometido por fraturas vertebrais.

- Avaliar a associacdo de possiveis fatores de risco para fratura vertebral em pacientes
HIV.

2. REVISAO DA LITERATURA

2.1. Osteoporose

Reducbes na DMO e na microestrutura Ossea sdo caracteristicas conhecidas da
osteoporose. Essas alteracdes comprometem a forca ¢ssea, levando a um aumento no risco de
fraturas, principalmente na coluna, quadril e antebraco. O diagndstico presuntivo da
osteoporose € estabelecido através da avaliagdo da DMO, pelo método de densitometria por
dupla emisséo de raios-x (DEXA) ou pela ocorréncia de fraturas vertebrais ou de quadril, em
pessoas adultas, excluindo-se a ocorréncia de algum trauma maior (COSMAN, 2014). A
osteoporose, pelo DEXA, é definida quando a DMO do quadril ou da coluna encontra-se <
2,5 desvios padrdes abaixo da média de DMO da populagdo jovem, saudavel e de mesmo
sexo (Escore-T). Ja a osteopenia é definida com o Escore-T entre -1.0 e -2,5. As fraturas
vertebrais também demonstram consisténcia para o diagndstico da osteoporose, mesmo na
auséncia de um exame de densitometria 6ssea. De maneira geral, a maioria das fraturas
vertebrais priméarias sdo assintomaticas e podem permanecer sem diagndstico por anos. Elas
sdo, independente da DMO, idade e demais fatores de risco, sinais de alteracfes na forca e na
qualidade Ossea, sendo dessa forma uma forte preditor de novas fraturas vertebrais. A
presenca de uma unica fratura vertebral aumenta o risco subsequente de fraturas em 5 vezes

na prépria coluna e em 2 a 3 vezes no quadril e em outros 0ssos (COSMAN, 2014).
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As fraturas de quadril estdo associadas a taxas de mortalidade em um ano entre 8,4 e
36%, sendo esses indices maiores nos homens (ABRAHAMSEN, 2009). Além disso, 20%
das fraturas de quadril requerem um longo periodo de recuperacdo, necessitando atendimento
domiciliar especializado; e somente 40% dos pacientes retornam aos niveis de independéncia
funcional pré-fratura (COSMAN, 2014). Em um estudo realizado no HUSM-RS, Ribeiro et al
( 2014) encontrou indices de mortalidade pds-fratura de quadril de 4,3% durante a internacéo
para reducdo incruenta da fratura e de 14,3% durante o primeiro ano.

2.2. Alteracgoes 6sseas no HIV

A reducdo da DMO em pacientes infectados pelo HIV vem sendo demonstrada em
alguns estudos (COMPSTON, 2014; WARRINER, 2014) sendo o HIV considerado em
algumas diretrizes como uma das patologias que contribuem para o desenvolvimento ou
causam a osteoporose (COSMAN, 2014). A incidéncia de fraturas vertebrais também
encontra-se elevada nessa populagdo. Em seus estudos, Gazzola et al (2015) encontraram pelo
menos uma fratura vertebral em mais de um a cada dez pacientes infectados pelo HIV
(12,4%) em uma amostra de 194 pacientes. Esses valores aumentam para 24,4% quando sao
considerados somente 0s pacientes acima de 50 anos.

Os fatores de risco para osteoporose comuns na populacdo em geral sdo, da mesma
forma, associados a reducdo da DMO em pacientes HIV positivos. Porém idade avancada,
baixo IMC e menopausa sdo mais constantemente associados a baixa DMO nesses pacientes
(WARRINER, 2014). DisfuncBes endocrinas, como a deficiéncia androgénica sdo
correferidos a aumentos na perda de massa 6ssea e na incidéncia de fraturas em homens
(WALKER-BONE, 2012). O hipogonadismo mostra-se prevalente em pacientes soropositivo,
sendo um importante fator de risco para a reducdo da densidade 6ssea em homens HIV. O
género masculino bem como a coinfeccao por hepatite C estdo entre os fatores de risco mais
relevantes em diversos estudos (WARRINER, 2014; BONJOCH, 2010). A terapia com
glicocorticoides, comorbidades (diabetes e doenca renal) e fatores comportamentais — tais
como o abuso de alcool, o tabagismo, 0 uso de drogas ilicitas, um estilo de vida sedentario e
uma dieta inadequada - também contribuem para reducdo da massa 6ssea em pacientes HIV
(COMPSTON, 2014; WARRINER, 2014).

As razbes que levam a perda de massa dssea em pacientes infectados pelo HIV ainda
ndo estdo totalmente esclarecidas. Segundo alguns autores, essa redugéo pode ser causada

pela prépria proteina viral do HIV, pela terapia antirretroviral e ou pelo metabolismo da
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vitamina D. Todos teriam efeito direto no metabolismo 6sseo, especialmente nos osteoclastos
e osteoblastos, ou agiriam indiretamente gerando um processo inflamatério sistémico, que
levaria & apoptose dos osteoblastos e reduziria a funcionalidade dessas células, promovendo,
assim, a reabsor¢do dssea (AZI1Z, 2014).

A infeccdo pelo HIV é acompanhada de uma série de alteragdes, incluindo uma
reducdo massiva das células T oriundas do tecido linféide do trato gastrointestinal, alteracdes
na microbiota, aumentos na translocacdo bacteriana, ativacdo imune, elevacdo dos niveis
inflamatorios sistémicos (BRENCHLEY, 2006). O aumento das citocinas e das quimiocinas
inflamatorias tem efeito direto sobre 0 metabolismo 6sseo, pela ativagdo dos osteoclastos e
supressdo da atividade osteoblastica (WARRINER, 2014).

A remodelacdo dssea, caracterizada pela acdo dos osteoblastos e osteoclastos, vem
sendo aferida por marcadores bioguimicos que indicam tanto a atividade de formagéo como a
de absorcdo 6ssea. Segundo as diretrizes da “National Osteoporosis Foundation” (NOF), os
marcadores bioquimicos de remodelacdo 0ssea, dentre outras competéncias, sdo capazes de
predizer o risco de fraturas - independente da DMO —, a magnitude da perda de massa 0ssea,
servindo, inclusive, como parametro de controle durante terapias medicamentosas para
aumento DMO em pacientes osteoporoticos (COSMAN, 2014).

Aziz et al ( 2014), com intuito de analisar a associacdo dos marcadores bioquimicos de
remodelacdo 0ssea em pacientes infectados pelo HIV, comparou um grupo de pacientes em
uso de TARV, sem o uso de TARYV, e pessoas ndo infectadas pelo virus. Em seus resultados
0s pesquisadores encontraram aumento significativo na atividade osteoclastogénica, avaliadas
principalmente pelo aumento da atividade da fosfatase acido tartarato-resistente (TRAP) nos
pacientes portadores do virus, sendo a magnitude ainda maior nos pacientes em uso da
TARV. Os pesquisadores ainda sugerem a utilizacdo desses marcadores para monitorar o
inicio da osteoporose nos pacientes HIV.

Com o objetivo de avaliar 0s mecanismos que aumentam a osteopenia em pacientes
infectados pelo HIV, Titanjij et al (2014) quantificaram a concentracdo plasmatica de um
marcador sensivel e especifico de reabsorcdo dssea, o telopeptideo terminal C de colageno
(CTx), e de formacdo dssea, osteocalcina. A média do CTx encontrado foi 63% mais alta
(p=0,007) em individuos infectados pelo HIV em uso TARV quando comparados ao controle.
Ja a osteocalcina apresentou reducdo de 18% (p=0,06) nos pacientes HIV. Os resultados
sugerem que a perda de DMO nesses pacientes seja causada por alteragdes na homeostase de

formacéo e reabsorcéo Ossea.
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A TARYV é apontada como uma das causas da perda de massa 0ssea nos pacientes,
sendo a ela atribuida entre 2 a 6% de perdas na DMO dentro do primeiro ou segundo ano ap6s
0 inicio da terapia (MCCOMSEY, 2011). A magnitude da reducdo da massa Gssea varia de
acordo com o tipo de terapia utilizada, sendo o Tenofovir um dos maiores aceleradores da
perda de massa 6ssea (NEGREDO, 2015).

Em um estudo longitudinal, Yin et al (2012) acompanharam por 5 anos mulheres
hispanicas e afro-americanas pds-menopausa. A perda de DMO foi 2,4 vezes mais alta nas
mulheres infectadas pelo HIV comparada com as nao infectadas (—1,2 = 0,3% vs. —0,5 *
0,3%, P = 0,0009), independente do uso de TARV. No entanto, 88% das mulheres infectadas
pelo HIV ja possuiam historico de exposicdo a TARV nessa amostra. A média de exposicao
aos TARV foi de 4,5 + 3,1 anos e, embora somente 14% tenha sido submetida a TARV por
menos de 2 anos, a perda de massa 0ssea ndo diferiu entre os participantes.

A incidéncia de fraturas também parece ser mais alta nos primeiros anos de tratamento
com TARV. Em um trabalho recente que acompanhou uma populagdo predominantemente de
homens brancos jovens, desde o inicio da TARV, a incidéncia de fraturas autorreferida foi
maior nos primeiros dois anos ap6s o inicio da terapia medicamentosa do que nos anos
subsequentes (YIN, 2012).

A deficiéncia de vitamina D, hormdnio essencial para o metabolismo 0sseo, é
altamente prevalente na populacédo infectada pelo HIV. A TARV vem demonstrando papel
importante na reducdo da vitamina D e tem sido bastante estudada. O Efavirez, por exemplo,
afetaria 0 metabolismo da vitamina D pela inducdo da enzima 24-hidroxilase, enzima que
hidrolisa a forma ativa desse hormdnio em suas formas inativas (ESCOTA, 2014).

Pacientes soropositivos para 0 HIV apresentam alterac6es no balango pro-oxidantes e
antioxidantes, sendo que esse desequilibrio pende a favor da formacéo de radicais livres e ao
aumento de lesGes oxidativas, caracterizando assim um estado de estresse oxidativo.
Reducdes nas defesas antioxidantes sdo percebidas pelos baixos indices de glutationa
intracelular e sistémica. Essas alteracbes presentes no HIV podem ser consideradas como
potentes indutoras da atividade e replicacdo viral, além de causadoras de disfuncdes no DNA
das células infectadas (TORRES, 2014).

O aumento de marcadores de estresse oxidativo também é encontrado em
pacientes osteopordticos, sugerindo que os radicais livres possam atuar também no
metabolismo dsseo. Sendur et al (2009), ao investigar 0s niveis de enzimas antioxidantes e de
oxido nitrico (NO) em mulheres pds-menopausa, encontram elevacBes significativas em

comparacdo ao grupo controle de malondialdeido plasmatico, NO e reducdes na glutationa
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redutase, sugerindo que o estresse oxidativo possa ter importante papel na perda mineral 6ssea

nessa populacéo.

2.3. Fraturas vertebrais

Sendo uma das principais marcas de fragilidade &ssea, a fratura vertebral é
considerada um consistente diagndstico para a osteoporose, mesmo na auséncia de exames de
densitometria 6ssea (COSMAN, 2014). E, inclusive, na sua presenca ha indicacdo de
tratamento farmacoldgico com intuito de reduzir o risco subseqliente de fraturas
osteopordticas. Independente da idade, DMO e/ou presenca de fatores de risco, a confirmacao
radioldgica de fratura vertebral, mesmo na auséncia de sintomas, é sinal de reducdo na forca e
qualidade 0ssea, aumentando a chance tanto de novas fraturas vertebrais como a de outras
fraturas (COSMAN, 2014). Em metanalise, Klotzbuecher et al (2000) demonstram que a
presenca de fraturas vertebrais em mulheres peri/pds-menopausa apresenta um aumento no
risco relativo de novas fraturas no punho de 1,4 (95% 1C=1,2, 1,7, no quadril de 2,3 (2,0, 2,8),
de novas fraturas vertebrais de 4,4 (3,6, 5,4) e fraturas em qualquer sitio (exceto coluna
vertebral) de 1,8 (1,7, 1,9). Black et al (1999), ap6s acompanhar por 8 anos pacientes com
fratura vertebral, constatou aumento no risco de novas fraturas vertebrais em 5 vezes e em 3
vezes de fratura de fémur proximal em comparacgéo a pessoas sem fraturas vertebrais.

As taxas de prevaléncia e incidéncia de fraturas vertebrais aumentam diretamente com
a idade e parecem diferir ou se equivaler entre homens e mulheres de acordo com a faixa
etaria. Estudos que incluem homens e mulheres com idade entre 50 — 55 anos apresentam
taxas de incidéncia maiores nos homens do que nas mulheres (BALLANE, 2017). No entanto,
essa proporc¢do parece se inverter a partir dos 60 anos e substancialmente a partir dos 70 anos.
Estudos que langam méo de um espectro de idade maior, por vezes, ndo encontram diferenca
entre os sexos. Dados de uma pesquisa de base populacional europeia, European Vertebral
Osteoporosis Study (EVOS) (O'NEILL, 1996), encontrou uma prevaléncia de 12,2% e 12%
em homens e mulheres com idades entre 50-79 anos. Assim, a diferenca nas taxas de fratura
vertebral entre 0s géneros varia em alguns estudos de acordo com as idades da populacéo
avaliada.

As taxas de fratura vertebral sofrem influéncias de variaveis geogréaficas e étnicas de
acordo com a populacdo e o pais estudado (CAULEY, 2014; SCHOUSBOE, 2016;
BALLANE, 2017). Estudos em coortes de base populacional, langando mdo de métodos

radiograficos, vém sendo realizados na tentativa de estimar a prevaléncia e a incidéncia de
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fraturas vertebrais, bem como as possiveis associacGes entre género e idade. Considerando
esses estudos, em recente revisdo, Schousboe (2016) agrupa em grafico estudos que
utilizaram métodos radiograficos quantitativos similares de avaliagdo de fratura vertebral. A
prevaléncia nitidamente aumenta com a idade em todos os paises. Além disso, os indices de
prevaléncia estratificados por idade demonstram-se mais elevados em paises com maioria da

populacdo caucasiana e reduzidas em paises de populacGes latinas e asiaticas (Figura 1).
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Figura 1: Prevaléncia de fraturas vertebrais morfométricas por idade e pais em mulheres. Defini¢Ges

de fratura vertebral pelos métodos de “Eastell, ~Black, ~"Ross. Maodificado de Schoushoe (2016).

Em parte, as disparidades encontradas nas taxas de prevaléncia e incidéncia de fraturas
vertebrais presentes na literatura podem ser atribuidas também aos diferentes métodos e
protocolos utilizados na afericdo das fraturas vertebrais. Ainda, embora alguns métodos de
avaliacdo sejam semelhantes, ha divergéncia entre os parametros de normalidade e de fratura
vertebral entre eles. (BALLANE, 2017).

2.4. A biomecanica da fratura vertebral

A fratura de uma vértebra é capaz de alterar a distribuicdo de forcas que agem sobre a
coluna vertebral e, consequentemente, a biomecéanica da coluna vertebral. Essa alteracdo esta
associada ao surgimento de novas fraturas descendente, fendmeno conhecido como “Cascata

da Fratura Vertebral”. A etiologia ¢ atribuida, além da falta de qualidade dssea, a diversos
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fatores como a fraqueza muscular, degeneracdo dos discos intervertebrais e as mudancas
mecéanicas, causando aumento de carga na vértebra adjacente e o surgimento de hipercifose
(BROY, 2016).

Os discos intervertebrais sé0 um componente importante na distribuicdo das forcas
que agem sobre as vértebras da coluna como um todo. Com o envelhecimento, hd uma
progressiva degeneracdo dos discos intervertebrais, tornando-os mais fibrosados e rigidos,
reduzindo sua capacidade de distribui¢do das cargas (figura 2). Como consequéncia, algumas
partes da vértebra sdo sujeitas a uma maior carga de estresse. Com a degeneracdo do disco,
aumenta a carga sobre o arco neural e regido posterior a vértebra atingida, principalmente
quando o individuo encontra-se em posicdo ortostatica. Esse fendmeno induz a perda de
massa 0ssea e a deteriorizacdo da microestrutura no terco anterior vertebral, potencializando
as fraturas vertebrais em cunha (CHRISTIANSEN, 2010; BROY 2016). Essas alteragdes nos
levam a supor que esse mecanismo seja um dos principais responsaveis pelas fraturas

vertebrais em cunha anterior sejam tdo comuns na osteoporose.
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Figura 2: llustracdo da mudanga na distribui¢do das forcas aplicadas sobre as vértebras com a
degeneracdo discal. Extraido de Broy (2016).

As fraturas vertebrais sdo caracterizadas por reducdes na altura do corpo vertebral.
Dessa forma, mudancas no padrdo postural dos pacientes sdo consequéncias evidentes, sendo
alteracdes no plano sagital e reducdes estaturais sequelas comuns. Por essa razdo, uma das
formas mais eficientes de avaliar a incidéncias de fraturas vertebrais clinicamente ¢ a afericao
da altura do paciente. Reducdes estaturais aferidas superiores a 2 cm ou informadas pelo
paciente superiores a 4 cm sdo fortes indicios de fratura vertebral. A perda de valores
superiores a 2 cm apresenta uma sensibilidade de 35% e uma especificidade de 94% para

novas fraturas vertebrais incidentes (SIMINOSKI, 2005). Enquanto que a perda de altura
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referida superior a 4 cm esta associada a uma probabilidade 3 vezes maior de se encontrar
uma fratura vertebral (SIMINOSKI, 2006).

Além da massa Ossea vertebral e da microarquitetura, a forca dssea parece ser
influenciada pela macroestrutura e geometria dos corpos vertebrais. Morfologia vertebral vem
sendo associada a um aumento no risco de fraturas em alguns trabalhos presentes na literatura.
Em um estudo caso-controle em 29 mulheres pds-menopausa, Roux et al (2016) monstraram
que a heterogeneidade e a reducédo das alturas dos corpos vertebrais estdo associadas a um
maior risco de fratura vertebral. Segundo os mesmos autores, o angulo de curvatura medido
na regido anterior do corpo vertebral estd relacionado & ocorréncia de fraturas vertebrais
(Figura 3). Mulheres p6s menopausa que apresentaram vértebras com a curvatura cortical

reduzida, ou seja, a borda anterior do corpo vertebral mais concava, tendem a fraturar menos.

Figura 3: Medida do angulo de curvatura realizada por Roux et al (2016). Um circulo é formado a
partir de 3 pontos posicionados na regido cortical anterior do corpo vertebral. O angulo é formado com o raio

obtido dos pontos superior e inferior.

2.5. A definicdo e a avaliacdo das fraturas vertebrais

As avaliacbes das fraturas vertebrais sdo comumente realizadas por protocolos
quantitativos (morfolégicos) ou semiquantitativos. Independente do método, diversos
protocolos vem sendo descritos na literatura com sensibilidade e especificidades variada. Ndo
h& um padrdo ouro entre eles. No entanto, a sua escolha deve levar em consideracdo alguns

fatores: os recursos disponiveis, a reprodutibilidade do método, o grau de experiéncia do
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avaliador e a finalidade da afericdo - se para uso clinico ou pesquisas (FERRAR, 2005;
GRADOS, 2009).

Uma serie de estudos vem comparando os diferentes métodos de aferi¢do de fratura
vertebral, buscando os que apresentem maior sensibilidade, especificidade e reprodutibilidade
(OEI, 2013). Além do raio-x, alguns trabalhos sugerem como alternativa a avaliacdo das
fraturas vertebrais através do DEXA. Dentre as principais vantagens, estaria a possibilidade
de realizagdo do exame simultaneamente a avaliacdo da densidade mineral Gssea e, ainda, a
reduzida taxa de exposicdo a radiacdo. As doses de radiacdo emitidas pelo DEXA variam de
aproximadamente 0,002 a 0,05 mSv. J& o raio-X de lateral da coluna toracica e lombar
apresenta dose aproximada de 0,6mSv (DAMILAKIS, 2010).

Em um trabalho comparando os método de mensuracdo de fratura vertebral pelo
DEXA com o raio-x, Diacinti et al ( 2012) lancou mé&o de radiologistas experientes para aferir
os exames de 930 mulheres pds-menopausa. Foi encontrada uma concordancia de 98,76%
quando comparados os resultados, com um escore k de 0.96 [95%(Cl), 0.95-0.98]. E,
tomando como base a avaliacdo de fraturas vertebrais pelo raio-x como o metodo padréo, o
DEXA foi referido como um recurso de boa acuracia. No entanto, em recente reviséo
sistematica, apesar da heterogenicidade presente nos estudos, Lee et al ( 2016) encontraram
sensibilidade moderada, mas alta especificidade do DEXA para detectar fraturas vertebrais
quando comparado ao raio-x. Assim, 0 metodo pode vir a somar as técnicas e aos recursos
diagndsticos para osteoporose e demais alteracfes dsseas.

Grado et al (2009) compararam os principais métodos para afericdo de fraturas
vertebrais baseados em raio-x ou no DEXA, com objetivo de determinar a relevancia de cada
método na pratica clinica, em ensaios clinicos e em estudos epidemiolégicos. Os
pesquisadores compararam o0 metodo semiquantitativo com quatro métodos morfologicos
diferentes encontrando boa concordancia tanto intraobservadores (96.4%, k = 0.91).

Para a pratica clinica didria, 0 método semiquantitativo proposto por Genant et al
(1993) é sugerido pela literatura como sendo um método de com boa sensibilidade e
especificidade para o diagnostico de fraturas vertebrais, mesmo por analisadores pouco
experientes treinados (GENANT, 1993). No entanto, para Uemura et al (2015) a falta de
experiéncia do avaliador gera indices superestimados de fraturas vertebrais, além de reduzir a
concordancia interobservadores, diferentemente do encontrado em avaliadores experientes.
Apesar de ser indicado treinamento prévio para melhor eficacia e fidedignidade no

diagnéstico (UEMURA, 2015), a analise semiquatitativa é de baixo custo e gera através de
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observacdes de simples padrBes radioldgicos informagdes Uteis para o diagnostico,

progndstico e avaliacdo do grau de gravidade da osteoporose.

2.5.1. Método semiquantitativo

Em 1993, Genant et al (1993), ao analisar a incidéncia e a prevaléncia de fraturas
vertebrais em 57 mulheres pds-menopausa com idade entre 65 e 75 anos, propdem uma
metodologia de afericdo semiquantitativa. No estudo, os pesquisadores compararam 0 método
semiquantitativo com outro método puramente quantitativo. E, com intuito de reduzir o
possivel viés intra e interobservadores, comuns ndo somente em pesquisas cientificas como na
pratica clinica, lancaram mao de dois avaliadores. Um deles mais experiente e outro
inexperiente, mas treinado para perceber as alteracdes morfologicas nas fraturas vertebrais.
Ainda, para manter a reciprocidade intraobservador, cada avaliador independente analisava a
mesma imagem em dois momentos distintos. Como resultado os pesquisadores encontraram
altos indices de correlacdes tanto intraobservador quanto interobservador.

No metodo semiquantitativo sdo analisadas as vértebras de T4 — L4, sendo cada
vertebra graduada por inspecdo visual visualizacdo, sem qualquer mensuracdo direta, da
seguinte forma:

Grau 0: Normal (sem deformidade);

Grau 0,5: “Borderline”

Grau 1 : Deformidade leve (reducdo na regido anterior, media ou posterior do corpo
vertebral de 20-25% e uma reducéo de area de 10-20%);

Grau 2: Deformidade moderada (reducdo na regido anterior, média ou posterior do
corpo vertebral de 25-40% e uma reducéo de area de 20-40%);

Grau 3: Deformidade severa (reducdo na regidao anterior, media ou posterior do corpo
vertebral e de area superior a 40%).

E considerado como fratura vertebral o grau 1, 2 e 3, sendo o grau 0 ou 0,5 atribuidos
como normal. Os autores ainda propuseram um indice de fratura espinhal para cada paciente,
o0 qual soma os escores de deformidade vertebral e divide pelo nimero de vértebras avaliadas
(Figura 4).
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FIG. 1. Semiquantitative visual grading of vertebral deformities: Graphic representation.

Figura 4: Adaptado de Genant et al 1993.

2.5.2. Avaliacéo quantitativa ou morfometrica

O método quantitativo € considerado tanto objetivo quanto reprodutivo. Diversas
abordagens referentes a0 método vém sendo propostas. De maneira geral, as alturas dos
corpos vertebrais sdo medidas e as razdes entre elas sdo calculadas (Figura 6). Dependendo
dos desvios padrbes ou do percentual de reducdo nas razdes, as vertebras sdo classificadas
como sendo normais, apresentando deformidades ou fraturas. Obviamente, a classificacdo e a
nomenclatura variam em cada metodo. Dentre os mais adotados na literatura encontramos os
propostos por: Smith-Bindman et al (1991) em que cada corpo vertebral € marcado com 6
pontos, definidos como altura anterior (Ha), altura posterior (Hp) e altura média (Hm). As
razdes entre as alturas sdo calculadas da seguinte modo: razdo anterior-posterior (APR) =
Ha/Hp; razdo média-posterior (MPR) = Hm/Hp; razdo adjacente posterior-posterior (HPR) =
Hp/hpa.
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Figura 5: Exemplo da marcagéo dos 6 pontos no corpo vertebral. Adaptado de Genant et al 1993.

A prevaléncia de fraturas definida é de 15% de diferenca entre APR, MPR ou HPR
comparada com a média da populacdo normal. A incidéncia de fraturas é definida como
reducdo nas alturas de mais de 15% durante o acompanhamento radiolégico.

A definicdo de fratura vertebral por métodos quantitativos varia de acordo com 0s
autores. Melton et al (1993) propdem a definicdo de fratura vertebral como a reducdo menor
que 85% da taxa média de mulheres normais para o nivel vertebral em qualquer uma das
razdes: AH/PH, MH/PH, PH/PH -1, PH/PH+1. Eastell et al (1991) define fratura vertebral
como qualquer reducédo de 3 desvios-padrdes abaixo da razdo média vértebro-especifica em
mulheres normais. Minne et al (1991) aponta como fratura vertebral qualquer altura que
dividida pela altura da quarta vértebra torécica (T4) (AH/AHT4, MH/MHT4, PH/PHTA4)
reduz 3 desvios padrbes abaixo da razdo média vértebro-especifica em mulheres normais.
Caso T4 esteja fraturada ou ndo possa ser aferida, lanca-se méo de T5 (ou eventualmente T6)
como referéncia. Os autores definem fratura vertebral como qualquer razdo abaixo do 3°
percentil do intervalo normal. J& para McCloskey et al (1993) sdo necessarios dois critérios
para definicdo de fratura vertebral: o primeiro deles é a reducdo nas razdes conforme
propostas por Eastell et al (1991), e a segunda consiste na reducdo da razéo calculada a partir
da altura posterior predita do corpo vertebral. Para se obter o nivel vertebral, a “média predita
da altura posterior” ¢ calculada a partir da medida da altura posterior quatro vértebras
adjacente do paciente e a média das alturas posteriores das quatro vértebras adjacentes de

mulheres normais.

2.6. Problemas na identificacdo das fraturas vertebrais

De maneira geral, as fraturas vertebrais sdo avaliadas por radiografias da coluna
toraco-lombar, com incidéncia lateral dos raios. Embora haja varios métodos de avaliacdo que
possam ser facilmente empregados na clinica médica, a correta interpretacdo das imagens

acaba sendo desafiadora e controversa. Segundo Ferrar & Eastell (2005), o primeiro problema
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esta em compreender claramente como seriam radiologicamente vértebras normais, para
depois, sim, identificar as anormalidades. Com as variac@es intra e inter-individuos, tanto no
tamanho dos corpos vertebrais, como nas variagdes morfoldgicas, € dificil definir um padréo
nitido de normalidade. Outro obstaculo enfatizado pelos autores é a discrepancia de formas
que 0s corpos vertebrais, inclusive os normais, podem adotar quando o raio incide de forma
obliqua. A causa pode ser 0 mau posicionamento do paciente ou ainda pelo efeito paralaxe
(mudanca aparente na posicdo do objeto por mudanca real do observador) causado por feixes
de raios divergentes.

A divergéncia entre os autores na definicdo de fratura vertebral pelos métodos
quantitativos, conforme exposto, dificulta a comparagdo entre os estudos. Dessa forma,
estudos que buscam quantificar o real impacto das fraturas vertebrais pelo em diferentes

regides se tornam mais imprecisos pelos possiveis vieses de aferigéo.
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3. METODO

3.1. Delineamento e tipos de estudos incluidos

O presente trabalho foi um estudo de reviséo sistematica e de meta-anélise que visou
avaliar a fratura vertebral em pessoas infectadas pelo HIV. As diretrizes para elaboracdo de
revisdes sistematicas e meta-analises propostas PRISMA foram seguidas. Foram aceitos
artigos com os seguintes delineamentos: ensaio clinico randomizado, estudos de coorte,

estudos transversais e estudos de caso-controle.

3.2. Estratégia de busca

A busca dos artigos foi realizada na PubMed, na Regional Library of Medicine
(BIREME), EMBASE (Elsevier), e na Cochrane Library (Cochrane Database of Systematic
Reviews - CDSR). Além disso, foram incluidos trabalhos relacionados ao tema encontrados
nas referéncias dos artigos selecionados. Foram considerados artigos publicados em qualquer
idioma e sem limite de tempo de publicacdo. As buscas foram realizadas no periodo de agosto
de 2016 a marco de 2017.

Os termos de uso utilizados foram os Descriptors in Health Sciences (DeCS), MeSH
and Emtree (EMBASE), sendo modificados conforme cada base de dados. Os termos
utilizados foram: ("hiv" [MeSH Terms] OR "hiv" [All Fields]) AND ("spinal fractures”
[MeSH Terms] OR ("spinal” [All Fields] AND "fractures” [All Fields]) OR "spinal
fractures"[All Fields] OR (“vertebral"[All Fields] AND "fracture"[All Fields]) OR "vertebral
fracture"[All Fields]) para Pubmed; (tw:(Fractures, Bone)) OR (tw:(Spinal Fracture)) AND
(tw:( HIV)OR (tw:(Acquired Immunodeficiency Syndrome)OR  (tw:(Anti-Retroviral
Agents)), para Bireme; 1 'human immunodeficiency virus' OR ‘antiretrovirus agent' OR
‘acquired immunodeficiency’ OR ‘'acquired immunodeficiency syndrome' AND 2 ‘spine
fracture’ AND 'fracture’/exp OR ‘fracture’ OR 'fragility fracture'/exp OR 'fragility fracture’ OR
'vertebral fracture'/exp OR ‘'vertebral fracture’ OR ‘vertebral fracture assessment’ AND 3
'human’/de AND ([adult]/lim OR [aged]/lim OR [middle aged]/lim OR [very elderly]/lim OR
[young adult]/lim) para EMBASE; e (spine fracture:ti,ab,kw OR "fracture":ti,ab,kw) AND
("HIV positive":ti,ab,kw OR "AIDS":ti,ab,kw OR "antiretroviral therapies":ti,ab,kw), sendo a

busca restrita somente a ensaios clinicos e estudos de coorte para COCHRANE.
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3.3. Populagéo estudada

Foram incluidos homens e mulheres maiores de 18 anos, HIV positivos com ou sem
TARV. Néo foram aceitos trabalhos realizados em pessoas menores de 18 anos ou HIV
negativas, bem como artigos a partir de outras populagdes ou estudos feitos em animais.

3.4. Intervencao e exposicao

Foram incluidos estudos que avaliaram tanto fraturas vertebrais através de métodos de
imagem — morfométricas - como os que aferiram a partir de prontuarios e CID — fraturas
vertebrais clinicas. Estudos que analisaram coortes especificas de pacientes com HIV (como,
por exemplo, estudos que lancaram méo somente de pacientes HIV positivo com Hepatite C)

foram excluidos.

3.5. Comparacéo e controle

- Intervencdo: terapia antiretroviral, HIV sem TARV.

- Controle: pessoas saudaveis, pessoas HIV positivo.

3.6. Desfecho

O presente estudo teve como desfechos primarios:
- Prevaléncia de fratura vertebral;

- Incidéncia de fratura vertebral;

Dos desfechos secundarios:

- Hazard ratio para fraturas 6sseas;

3.7. Processo de selecdo dos estudos e extracdo dos dados

A selecdo dos estudos foi realizada por dois pesquisadores de maneira independente.
Primeiramente, os estudos foram rastreados com base nos seus titulos e resumos. Os estudos
pré-selecionados tiveram seus textos lidos na integra e sua elegibilidade duplamente checada.

Em trabalhos cuja identificacdo, elegibilidade ou extracdo dos dados ndo estavam de acordo
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entre os dois pesquisadores avaliadores, um terceiro e quando necessario um quarto revisor
reavaliaram os artigos em quest&o.

A extracdo dos dados foi realizada, da mesma forma, por dois pesquisadores
independentes. Caso ndo houvesse consenso em 100%, novamente langou-se mdo de um
terceiro e/ou quarto revisor. Os artigos tiveram o0s seguintes dados extraidos: nome do
primeiro autor, ano de publicacdo, delineamento do estudo, local de realizacdo do estudo,
idade, género, uso de terapia antirretroviral, nimero de fraturas vertebrais, forma de avaliacdo
das fraturas vertebrais (clinicas, auto reportadas, CID, morfométricas) e desfecho
(prevaléncia, incidéncia, odds/hazard ratio de fraturas vertebrais). Quando os dados n&o
puderam ser obtidos unicamente através da leitura do artigo, os respectivos autores foram

contatados por e-mail.

3.8. Avaliagdo da qualidade dos estudos e do risco de vies

A avaliacdo do risco de viés dos artigos selecionados foi realizada de forma
independente por dois pesquisadores e classificada entre alta, baixa e incerta. As
discrepancias que sugiram entre os pareceres dos avaliadores foi resolvida pela analise de um
terceiro avaliador.

Para analise do risco de viés para ECR e estudos de coorte ou caso-controle foi
utilizada a ferramenta Cochrane Collaboration (ZENG, 2015) e a escala de Newcastle-Ottawa
(STANG, 2010). A escala de Newcastle-Ottawa avalia a selecdo, comparabilidade e
exposicdo para estudos de caso-controle e selecdo, comparabilidade e desfecho para estudos
de coorte. Nela, 9 estrelas representam o escore maximo obtido por um estudo, sendo que a
partir de 6 estrelas o trabalho ja pode ser considerado com uma alta qualidade relativa. Os
estudos transversais tiveram sua qualidade avaliada pela escada de Crombie (ZENG, 2015).
Essa escala ¢ composta por 7 itens, sendo cada um deles julgado com “Sim” (1 ponto),

~ %

“Incerto” (0,5 pontos) ou “Nao” (zero pontos).
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4. Analise estatistica

Os dados de prevaléncia, incidéncia e razdo de chances fratura vertebral foram
analisadas separadamente. As frequéncias de fraturas vertebrais entre os estudos foram
combinadas através de modelos de efeito randémico. Foram calculadas as taxas de
prevaléncia e incidéncia combinadas entre os estudos e seus respectivos intervalos de
confianca, de 95%. A heterogeneidade entre os estudos foi aferida através do teste Qui-
quadrado e do I-squared. As analises de sensibilidade tiveram seus calculos realizados com
base nos estudos outlier. As andlises de subgrupos para o tipo de estudo e a forma de
avaliacdo da fratura foram realizadas utilizando o método Mantel-Haenszel. Além disso, foi
realizada uma metarregressdo da analise de prevaléncia, usando sexo e idade como
covariaveis. O viés de publicacéo foi avaliado utilizando funnel plots. Todas as analises foram
realizadas no programa R [R version 3.2.4, 2016, The R Foundation for Statistical
Computing, Platform: x86_ 64-apple-darwin13.4.0 (64-bit)] e no RStudio [RStudio Team
(2015). RStudio: Integrated Development for R. RStudio, Inc., Boston, MA URL

http://www.rstudio.com/.].
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Abstract

The survival of HIV-infected patients has increased with the advent of antiretroviral therapy.
Consequently, comorbidities, previously uncommon in this population, have emerged and the skeleton is one of
the systems affected. Vertebral fracture is a manifestation of reduced bone strength and a hallmark of
osteoporosis. This study aims to assess the frequency of spine fractures in HIV-positive men and women aged
over 18 years. We performed a systematic review of randomized controlled trials, cohort studies, cross-sectional
studies, and case-control studies. The study protocol is registered at the PROSPERO (CRD42016048702).
Studies that evaluated morphometric and/or clinical vertebral fracture were included. The search strategy
included the following descriptors: "Spinal Fractures"; "Fractures, Bone"; "HIV"; "Acquired Immunodeficiency
Syndrome"; and "Anti-Retroviral Agents" in the databases: PubMed, BIREME, EMBASE, and the Cochrane
Library. Two protocol members independently performed the selection and data extraction of the studies. In total
488 studies were found, of which 53 had their full texts evaluated. A total of 85,411 HIV positive individuals
were identified in 26 studies. The meta-analysis of the prevalence of vertebral fractures included 14 studies with
10,593 subjects. The prevalence was 12.7% (Cl 5.6% to 26.4%). When we evaluated independently studies of
clinical vertebral fracture (n=5) and morphometric vertebral fracture (n=9), the prevalence was 3.9% (95%CI 0.9
to 15.8) and 21.1% (CI 14.1% to 30.4%) respectively. HIV-infected individuals had an odds ratio of 2.3 (95% CI
1.37 to 3.85) when compared with HIV-uninfected patients. We did not find any association between age and
gender and the prevalence of vertebral fracture in HIV in the meta-regression. There were insufficient data to
provide a robust estimate of the incidence of spine fractures in HIV-infected individuals. In conclusion, HIV-
positive subjects had a higher risk of vertebral fractures when compared with HIV-negative subjects.

Keywords: "spine fracture", “HIV”, “meta-analysis”, osteoporosis
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INTRODUCTION

With the advent of antiretroviral therapy (ARV), the survival of HIV-positive
individuals has increased. Consequently, the spectrum of comorbidities they exhibit has
increased. Many of these comorbidities, common in the older population, arise at a younger
age in individuals infected with HIV and one of the affected systems is the skeleton. Although
studies showing the incidence and prevalence of fractures in HIV-infected patients have
different designs concerning the sample size, age and gender, study population, type of
fracture, and method of fracture assessment, the vast majority show a significant increase in
the risk of fracture®™. Reduction in bone mineral density (BMD) has been reported in HIV-
infected patients regardless of sex and age, with an odds ratio of 6.4 for reduced BMD and 3.7
for osteoporosis when compared with uninfected controls®®.

Vertebral fractures are one of the most common manifestations of osteoporosis.
Radiographically confirmed vertebral fractures are a sign of impaired bone quality and
strength and a strong predictor of future vertebral and non-vertebral fractures®. The presence
of one vertebral fracture is associated with a five-fold increase in the risk of subsequent
vertebral fractures and a three-fold increase in hip fracture risk”. Most vertebral fractures are
asymptomatic, and only about one-fourth of incident radiographic vertebral deformities are
clinically diagnosed®. The prevalence of vertebral fractures in the general population
increases with age, occurring in approximately 25% of women over 50 years®.

Recently, studies have demonstrated an increased prevalence of vertebral fracture in
HIV patients"®. However, these studies have different designs, sample sizes, and fracture
assessment, which make the findings of each study difficult to interpret and generalize. Thus,
we have performed a systematic review and meta-analysis to quantify the prevalence,

incidence, and risk of vertebral fractures in HIVV-individuals.
MATERIALS AND METHODS

The meta-analysis was carried out according to the PRISMA
Guidelines®. The study was registered at PROSPERO, an international database of
prospectively registered systematic reviews, with protocol number CRD42016048702 9
https://www.crd.york.ac.uk/PROSPERO/display_record.asp?ID=CRD42016048702). It was
approved by the Research Committee of Health Sciences Centre of the Federal University of
Santa Maria (045911).
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Studies were included in the meta-analysis if they met the following criteria: (1)
Randomized controlled trials, cohort studies, cross-sectional, and case-control; (2) men and
women aged over 18 years, HIV-positive with or without antiretroviral therapy; (3) have
evaluated both morphometric or clinical vertebral fracture; and (4) the primary outcome of
interest was prevalence or incidence of vertebral fractures, and/or the secondary outcome was
hazard ratio of fracture. Animal studies, studies that evaluated specific cohorts of patients
with HIV (for example, studies that assess a particular variable only in patients e.g. HIV with
hepatitis-C, or just HIV with lipodystrophy), or those that did not meet the inclusion criteria
were excluded from the initial review.

The search for studies was performed in EMBASE (Elsevier), PubMed, the Regional
Library of Medicine (BIREME), and the Cochrane Library (Cochrane Database of Systematic
Reviews - CDSR). Also, studies based on the reference lists of the included articles were
analyzed. Studies written in any language and with no publication date limits were
considered.

The terms used include the Descriptors in Health Sciences (DeCS), MeSH and Emtree
(EMBASE) terms, which were modified for each database. The terms used were: ("hiv"
[MeSH Terms] OR "hiv" [All Fields]) AND ("spinal fractures" [MeSH Terms] OR ("spinal™
[All Fields] AND "fractures” [All Fields]) OR ™spinal fractures"[All Fields] OR
("vertebral"[All Fields] AND "fracture"[All Fields]) OR "vertebral fracture"[All Fields]) in
Pubmed; (tw:(Fractures, Bone)) OR (tw:(Spinal Fracture)) AND (tw:( HIV)OR (tw:(Acquired
Immunodeficiency Syndrome)OR (tw:(Anti-Retroviral Agents)), in Bireme; 1 ‘human
immunodeficiency virus' OR ‘antiretrovirus agent’ OR ‘'acquired immunodeficiency’ OR
‘acquired immunodeficiency syndrome' AND 2 ‘spine fracture’ AND ‘fracture’/exp OR
‘fracture’ OR ‘fragility fracture'/exp OR ‘fragility fracture’ OR ‘vertebral fracture'/exp OR
'vertebral fracture' OR 'vertebral fracture assessment’ AND 3 'human‘/de AND ([adult]/lim OR
[aged]/lim OR [middle aged]/lim OR [very elderly]/lim OR [young adult]/lim) in EMBASE;
and (spine fracture:tiab,kw OR "fracture™:ti,ab,kw) AND ("HIV positive™:ti,ab,kw OR
"AIDS":ti,ab,kw OR ™"antiretroviral therapies™:ti,ab,kw), restricted only to clinical trial and
cohort studies in COCHRANE.

Whenever different articles from the same database were obtained, only the oldest was
included in the meta-analysis. The authors were contacted by email when more data were

required.
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Selection process

The selection of the studies was performed by two protocol members independently.
Firstly, the studies were screened based on their titles and abstracts. The studies that could not
be ruled out in this procedure had their full texts evaluated. Additionally, for all selected
items, the full texts were sought, and their eligibility was double-checked. If there was dis-
agreement between the two reviewers regarding the identification, eligibility, and inclusion of
items, they were checked again by a third reviewer and, if necessary by a fourth reviewer.

Data collection process

The data of each study were extracted, independently, by two protocol members (TSI
and RMC). The agreement between the two extractors should be 100%. In the cases where
there was disagreement, a third and, if necessary, a fourth party adjudicated. The following
data were extracted from each article: the name of the first author, year of publication, study
design, site, age, gender, ART use, number of vertebral fractures, method of vertebral fracture
evaluation (clinical, morphometric, ICD, self-reported), and outcome (vertebral fracture
prevalence, incidence, odds/hazard ratio). When any of these data could not be extracted from

the full text of the study, the authors were contacted.
Risk of bias (quality) assessment

Assessment of the risk of bias of the included studies was performed
independently by two authors and was ranked as high, low and uncertain. Possible
discrepancies were adjudicated by the other protocol members. All included studies were
cohort, randomized clinical trials, case—control, or cross-sectional studies. For RCTs and
cohort or case-control studies, bias risk assessment was conducted by the Cochrane
Collaboration tool® and Newcastle-Ottawa scale ™ respectively. The Newcastle-Ottawa
scale assessed the selection, comparability and exposure of a case-control study and selection,
comparability, and outcome of a cohort study. In it, 9 stars represent maximum score for a
study, and the study with over 6 stars would be regarded as relatively high quality. For cross-
sectional study assessment quality Crombie’s Scale™” was used. Crombie’s Scale is
composed of 7 items, and each item is graded as "Yes" (1 point), "Unclear" (0.5 points), or
"No" (0 points).
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Vertebral fracture definition

There are differing criteria for the definition of vertebral fracture and thus rates may
vary within the same population depending on the approach selected. In addition, some
studies use just ICD coding to detect the incidence or prevalence of vertebral fracture, which
restricts data to inclusion only of fractures that present clinically. Because of the
heterogeneity of methods used for vertebral fracture assessment among the studies, for the
purposes of this analysis we separated the studies into two groups according to the approach
utilised. Studies that used imaging methods (X-ray, DXA or CT), independent of protocol,
were allocated to the morphometric vertebral fracture group. Studies that used ICD, self-
report, or did not describe the method of vertebral fracture assessment were allocated to the

clinical vertebral fracture group.

Data synthesis and statistical analysis

Data on the prevalence, incidence, and the odds ratio of vertebral fracture were
summarized separately. The frequencies of fractures were combined across studies using
random effects models. A combined prevalence and a combined incidence and their
respective 95% confidence intervals were calculated. Heterogeneity between the studies in
effect measures was assessed using both the Chi-square test and the I-squared statistic. We
conducted sensitivity analyses based on the outliers. The subgroup analyses for study type and
fracture assessment were carried out using the Mantel-Haenszel method. In addition, we
performed a meta-regression of the prevalence analysis using gender and age as covariates.
Publication bias was evaluated using funnel plots (Supplementary material). All the analyses
were made using the software R [R version 3.2.4, 2016, The R Foundation for Statistical
Computing, Platform: x86 64-apple-darwinl13.4.0 (64-bit)] and RStudio [RStudio Team
(2015). RStudio: Integrated Development for R. RStudio, Inc., Boston, MA URL

http://www.rstudio.com/.].
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RESULTS

Study selection

In total 488 studies were found in the electronic database search, of which 90 were
duplicates. After screening the title and abstracts, 53 relevant studies remained and underwent
detailed full-text review. Of these, 28 were excluded due to lack of suitable outcome, study
design, or redundant publication. A total of 26 articles met the eligibility criteria and were
included in the meta-analysis. The process of relevant studies selection and the number of
articles excluded at each stage are outlined in the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) flow diagram (Figure 1).

Study characteristics

Table 1 describes the study characteristics of the 26 studies included in our meta-
analysis. A total of 85,411 individuals HIV positive were identified in 26 studies. We found
12 cross-sectional studies with a total of 2,004 subjects; 10 cohort studies with 74,116; 3 case-
control studies with 8,689 and 1 randomized clinical trial with 602. For vertebral fracture
ascertainment, 11 studies used imaging methods, 7 used ICDs or databases, 4 used self-
reported questionnaires, 1 used clinical charts, and 2 did not describe the method used.
Twenty-two studies recruited male and female participants, 4 studies recruited only males,
and 2 studies recruited only females. Most of the subjects in the studies were taking
antiretroviral therapy. Apart from the study conducted by Gallant et al, which was a
multicenter study enrolling participants from several countries (South America, Europe,
USA), the studies took place in individual countries: 8 from lItaly, 8 from USA, 2 from

France, 2 from Denmark and one each from Taiwan, Australia, UK and Japan.

Study quality

The Newcastle-Ottawa Scale was applied to assess the selection, comparability, and
exposure of the case-control and cross-sectional study, and the selection, comparability, and
outcome of the cohort study. These scores are displayed in Table 2. The Crombie's items

assessment for cross-sectional studies is described in the supplementary material (Table 5).
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HIV and vertebral fracture

Fourteen studies were used in the assessment of the prevalence of vertebral fracture in
HIV-positive subjects (Figure 2). The mean age of the included subjects varied from 40 to 53
years. Two subgroups were evaluated independently: clinical vertebral fracture and
morphometric vertebral fracture, with 5 and 9 studies, respectively. The overall prevalence
was 12.7% (95% CI 5.6% to 26.4%). The prevalence of morphometric vertebral fracture was
21.1% (95% CI 14.1 to 30.4), and of clinical vertebral fracture 3.9% (95%CI 0.9 to 15.8).

A sensitivity analysis was carried out to investigate the effect of heterogeneity of
available studies on results of the meta-analysis of the prevalence of vertebral fracture..
Firstly, we excluded the included articles one by one; however, no single article could explain
the source of the heterogeneity. Secondly, we excluded the outliers studies “*¥, but no
difference was found (data not shown).

The meta-analysis of the incidence of vertebral fractures included 10 studies with
430,589 PY HIV- infected individuals. The pooled estimate of the incidence was 0.8 (95% CI
0.4 to 1.8) per 1000 person-years. The assessment for heterogeneity was significant for
vertebral fractures (Q = 1.438, p = 0.0001, 12= 95.9%). However, when we excluded one
outlier study (Young et al 2011), the incidence estimate decreased to 0.6 (95% CI 0.4 to 0.8)
per 1000 person-years and the heterogeneity remained significant, but lower (Q = 0.194, p =
0.0001, 12= 74.9%). The incidence rate of each study is described in Table 2.

In a total of 9 studies, 56,117 HIV-infected patients were compared with 517,1132
HIV-uninfected controls. HIV patients had a 2.3-fold increase in the odds ratio of vertebral
fracture (95% CI 1.37 to 3.85) when compared with HIV-uninfected patients (Figure 3).
There was no interaction between the assessment method [morphometric or clinical vertebral,

P=0.211] and the study type (case-control and cross-sectional, P=0.918]; (data not shown).
Meta-regression

The results for the meta-regression of the prevalence analysis are shown in Table 3.

There was no interaction between age and gender and the prevalence of vertebral fractures.
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DISCUSSION

This systematic review included 26 studies, with 85.411 HIV-infected subjects. The
pooled results indicated that HIV infection was associated with an increase in the risk of
vertebral fracture. When compared with HIV-negative subjects, HIV patients had a 2.3-fold
increased risk of vertebral fracture.

Previous studies have shown that HIV infection has adverse effects on bone health. In
2006, a meta-analysis of cross-sectional studies reported an odds ratio of 6.4 for reduced
BMD and 3.7 for osteoporosis, defined as a BMDT-score <-2.5 in HIV-infected subjects
compared with uninfected controls®. In another meta-analysis, Shiau et al™® found a modest
increase in the incidence of fracture in HIV-infected individuals, with an incidence rate ratio
of 1.35 (95% CI 1.10-1.65) for fragility fracture and 1.58 (95% CI 1.25-2.00] for any
fracture.

The exact mechanisms underlying bone disease in the HIV-infected population remain
unclear. Risk factors for fracture include many of those seen in the general population, for
example smoking, alcohol abuse, and glucocorticoid therapy, as well as HIV-specific risk
factors such as anti-retroviral therapy, co-infection with hepatitis C, and hypogonadism. In
addition, co-morbidities associated with HIV infection such as renal disease and diabetes also
increase fracture risk™.

In our study, the meta-regression did not show an association between age or gender
and vertebral fracture. Although individual studies have included older subjects, the age range
in the analyzed studies in our meta-regression was from 40 to 53 years, which may have
contributed to this finding. The positive association between age and vertebral fracture
prevalence in the general population has been well documented in several large population-
based studies™®. The narrow age range in our study could have blunted this association.

The influence of gender on vertebral fractures in the general population
appears to vary with age. Studies that include men and woman have reported that the
incidence is higher in men than women under the age of 50-55 years“®). For men and woman
aged 50-79 years, data from European Vertebral Osteoporosis Study (EVOS)®” have shown
that the prevalence of vertebral fracture in the age-standardized population in Europe was
12.2% and 12% respectively. Other studies show that the risk rises in women after the age of
60 years and substantially after 70 years of age*®. There was no interaction between gender

and vertebral fracture in our study.
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Although the vast majority of the subjects in the studies evaluated in this systematic
review and meta-analysis were on ART, the type and the duration of therapy were not
described in several studies; therefore, we could not study its influence on vertebral fractures.
The effects of ART on bone mineral density in HIV infected individuals are well documented,
with losses of between 2% and 6% during the first year of therapy and a tendency to stabilise
thereafter, this effect varying with the drugs used. Bolland et al®® investigated temporal
changes in BMD of adults with HIV in longitudinal studies. The authors found that BMD was
stable in HIV cohorts established on antiretroviral therapy, whereas cohorts initiating therapy
had short-term accelerated BMD loss followed by a longer period of stability. To examine
whether ART initiation is associated with increased fracture rate, Yin®® evaluated the
incidence of fracture in HIV-positive subjects from 26 randomized ART studies (n=4640)
followed in the AIDS Clinical Trials Group (ACTG) Longitudinal-Linked Randomized Trial
study for 5 years. The authors found that in ART-naive subjects, fracture rates were higher in
the first 2 years after ART initiation [(0.53/100 person-years) when compared to the
subsequent years (0.30/100 person-years)]. Nonetheless, the data on vertebral fracture
incidence after initiation ART are sparse. In addition, most studies did not include
morphometric evaluation of vertebral fractures.

The disparity between the prevalence of morphometric (21.1%) and clinical vertebral
fractures (2.8%) in our study is in agreement with findings in the general population. Clinical
vertebral fracture rates are considerably lower than radiographic vertebral fracture rates,
reflecting the minority of these fractures that come to clinical attention V. In the general
population, the prevalence of morphometric vertebral fractures in people age 50 years and
over varies between 9.5 and 37%“®?Y the value increasing with age and also varying
according to the definition of vertebral fracture. In the EVOS study, the prevalence varied
from 12.2% for men and 12% for women using the McCloskey method to 20.2% and 20.2%,
respectively, when the Eastell method was used. In our analysis, studies using
semiquantitative and quantitative methods were pooled together. This approach might have
generated a conservative bias, underestimating the frequency of fractures. Studies that used
the semiquantitative method could have missed mild fractures, classified as grade 1 by Genant
22 hecause of the difficulty of detecting this type of fracture in younger individuals.

In our study, the data for vertebral fracture incidence were obtained from 10 studies.
Nine of them used ICD data or self-reporting. Since only around one third of vertebral
fractures are symptomatic, use of self-reporting data will underestimate the incidence.

Furthermore different coding is used in ICD9 and ICD10, which may have contributed to the
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variation in reported incidence. The most recent version of ICD 10 defines several subtypes of
vertebral fractures, and depending on the coding used by each study, different types and sites
of vertebral fracture may be included. Hence, high impact fractures or fractures in cervical
vertebrae may be included. Furthermore, the incidence ratio found in our study should be
interpreted with caution as there were insufficient data to provide a robust estimate.

Our study has some limitations. It is a systematic review and meta-analysis of
observational studies that aimed to evaluate the frequency and risk of vertebral fractures,
therefore it is to be expected that our pooled analysis showed heterogeneity. Differences in
the design of the studies, the populations studied, the method used for vertebral fracture
evaluation, and the quality of the studies may all have contributed to the observed
heterogeneity. Nevertheless, there was no interaction between the study type or method used
for fracture and the pooled odds ratio of spine fractures. Another limitation is the fact that
some studies included in our cohort were not specifically designed to evaluate vertebral
fracture and/or vertebral fracture was not the primary endpoint.

Our study demonstrates that the risk of vertebral fracture in HIV-positive subjects is
approximately double that of HIV-negative subjects, a finding that has important clinical
implications. Although the risk factors for vertebral fractures have not been clearly
established in the "HIV infected population, identification and correction of risk factors
recognized in other populations, such as smoking, alcohol abuse, sedentary lifestyle, vitamin
D deficiency, and the use of glucocorticoids should be recommended. Moreover, screening
for spine fractures with X-ray should be considered in high risk individuals. Further studies
are required to establish vertebral fracture incidence in HIV-positive individuals, to identify

the risk factors involved, and to develop effective strategies for their prevention
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Table 1. Studies characteristics
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Recruitment

Study . Age Gender time VF
Author Year design Site (years) (%) (years of ART(%) ascertainment
follow-up)
= 0, =
Bedimo® 2012 Conot  usa 8- o9 198éf)009 69.4% IcD
-(24) Cross- 51 (31- 68% 0 Semiquantitative
Borderi 2014 sectional Italy 67) male NA 86.13% / Morphometric
L (25) Cross- 43 (37- 87.2% . Semiquantitative
Ciullin ALY sectional Italy 52) male A o / Morphometric
+ (26) Cross- 47 (24- 64.15% ) Lateral spine x-
Clo 2015 sectional Italy 72) male NA ray
0, g
Collin® 2009 Cohort France 36.2 7;; f 199(; i;)og 100% -
South
Gallant® 2004 RCT ~ America  gq  T392% 49 eeks 1009 2 -Ateralspinex-
Europe, male ray
USA
29) Cross- 49 (40 3 T Semiquantitative
Gazzola 2015 sectional Italy 51) 73%male NA 70.61% / Morphometric
36.7 .
Hansen®” 2012 Cohort  Denmark (305 ;il/; 199(51*42)009 78% ICD
44.5)
— 0, —
Kurita® 2014 Cohort  Japan o 8% 2005(5)2010 65,9% -
32) Cross- 44.2 70.6% 3
Mazzotta 2015 sectional Italy +10 male NA 79.7% Self-reported
48.6 .
Pepe®® 2012 Cross- — yay  (40-  100% NA 100%  Semiquantitative
sectional 69) male
-(®) Cross- 51 (36- 71% o Semiquantitative
Porcelli 2014 sectional Italy 75) male NA 100% / Morphometric
Prieto- Case- 434 51.8%
Alhambra®” 2014 control  DEMMAK 520 female AN (e i ICD
40 .
Sharma® 2015 Cohot  USA (34— fle‘r)ﬁa/l"e 2002(1*0)2013 63% Self-reported
46)
- 0,
Short® 2014 ez uk  celEE o NA 78%  Self-reported
sectional - 51) male
49.1 .
Stephens 2016 Cross- usa (28— I8 50072010 815%  Semiquantitative
sectional 56.1) male
49.5 . Semiquantitative
Thouvenin® 2015 sgcrtci)cs)z;I France (46,1 riil/g NA 100%  / Morphometric
53.7) (LDCT)
-(37) Cross- 53 (42- 100% 0 Semiquantitative
Tort 2012 sectional Italy 71) male NA 78.12% / Morphometric
- _ 0,
Triant® 2008 Case usa 20— 6518% 1995 5008 - IcD
control 79 male
0, _
Wormack®#  2011/2013 ~ Cohort ~ USA 5?’6(1‘;8 e ez 7% IcD
<20 - 76.9 —
Yang“V 2012 Cohort  Taiwan oo 90.1% 2005-2008 - ICD
male
- 0,
Yin® 2012 Cohot  USA 394@33 53 5) 99.69%  Self-reported
- 0,
Yin® 2010 iz usa  229%  100% 50055007 79.34% - Semiquantitative
sectional 0.7 female
3) Case- . 88.54% 1998 - 2009 ICD/ Victorian
Yong 2011 control Australia 498 male (10.5) 80.32% HIV Database
Self-reported /
- 0,
Young® 2011 Cohort  USA 404233;4 7% 20002008  727%  HOPS electronic
databases

- = information not given; NA = not assessed; RCT = Randomized Clinical Trial; ICD = International Code
Diseases; LCDT = Low-Dose Computed Tomography;USA = United States of America; UK = United Kingdom.
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Table 2.Quality assessment of included studies.

Quality assessement criteria

Author Sy selection  Comparability  QUteome/ Overall
design exposure quality
Bedimo Cohort ekl * * 6
Collin Cohort *% - * 3
Hansen Cohort Kk * hkkk 8
Kurita Cohort *k _ ek 4
Prieto- Case-control ~ *** * ok 6
Alhambra
Sharma Cohort ** * *% 5
Triant Case-control ek * - 4
Wormack Cohort *hk * *% 6
Yang Cohort xk - ek 4
Yin (2012) Cohort falaked - - 3
Yong Case-control *ok * ek 6
Young Cohort * * *k 4

Newcastle-Ottawa Scale was obtained to assess the selection, comparability and exposure of the case-control study,
while the selection, comparability and outcome for the cohort study. -: no point; *: one point; **: two points; ***: three
points.

Table 3. Details of Incidence Vertebral Fracture by Cohort.

Cohort Persons/Years Incident Vertebral Fracture* 95% - Cl
Bedimo et al 2012 305237 0.4 0.3-0.5
Collin et al 2009 6380 0.5 01-14
Gallant et al 2004 1533 0.7 0.0-3.6
Hansen et al 2012 29348 0.6 04-1.0
Kurita et al 2014 2805 0.7 0.1-26
Sharma et al 2015 22520 1.2 08-1.7
Yang et al 2012 12898 0.5 0.2-1.0
Yin et al 2012 23200 0.3 0.1-0.6
Yong et al 2011 25452 0.7 04-.11
Young et al 2011 1216 14.8 8.8-23.3
Total 430589 0.8 04-1.8

* = per 1.000 persons/years; Cl = confidence interval

Table 4. There was no association between age and gender and the prevalence of vertebral fractures.

Subgroups No of Summary effects Heterogeneity
studies RP (95% CI) pValue 12% p Value

Meta-regression

for age Age (years) 14 0.09 -0.16,0.35 0.465 98.59 <0.0001
Meta-regression
for gender Male 14 0.03  -0.04, 0,06 0.653 97.37 <0.0001

Table 4. Main results of the meta-regression. C-C= case control estudies; C-S= cross-section studies; VF=vertebral
fractures; RP=prevalence ratio
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Figure 2. Forest plot of the prevalence of vertebral fractures in HIV-positive subjects

Study Events Total . Prop (in %) 95%—-CIl W(fixed) W(random)
Mazzota et al 2015 10 184 = 54 [2.6; 9.8] 2.6% 7.4%
Prieto—Alhambra et al 2014 1 4 H 25.0 [0.6; 80.6] 0.2% 5.2%
Short et al 2014 0 168+~ 0.0 [0.0; 2.2] 0.1% 4.4%
Triant et al 2008 86 8525 v 1.0 [0.8; 1.2] 23.8% 7.7%
Young et al 2011 18 152 —— 11.8 [7.2;18.1] 4.4% 7.5%
I
C‘»T%—
Borderi et al 2014 47 202 T 23.3 [17.6;29.7] 10.1% 7.6%
Clo et al 2015 12 53 — 22.6 [12.3; 36.2] 2.6% 7.4%
Ciullin 2017 19 141 e 13.5 [8.3;20.2] 4.6% 7.5%
Gazzola et al 2015 24 194 —— 124 [8.1;17.8] 5.9% 7.6%
Pepe et al 2012 9 50 —*— 18.0 [8.6;31.4] 21% 7.3%
Porcelli et al 2014 35 131 oo 26.7 [19.4; 35.2] 7.2% 7.6%
Stephens 2016 108 232 I — 46.6 [40.0; 53.2] 16.2% 7.6%
Thouvenin et al 2015 46 397 —F 11.6 [8.6;15.2] 11.4% 7.6%
Tortiet al 2012 43 160 v —E— 26.9 [20.2; 34.4] 8.8% 7.6%
IR S
e
Fixed effect model 10593 ? 11.2 [10.3; 12.3] 100% -
Random effects model e 12.7 [5.6; 26.4] - 100%
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Figure 3. Forest plot of the odds ratio of vertebral fractures in HIV-positive subjects

Experimental Control Odds Ratio
Study Events Total Events Total . OR 95%-Cl W(fixed) W(random)
Pepe et al 2012 9 50 0 27 ——'—— 12.59 [0.70; 225.27] 0.2% 2.7%
Prieto—Alhambra et al 2014 3 4 3361 13439 I — 9.00 [0.94; 86.51] 0.2% 3.9%
Torti et al 2012 43 160 21 163 1|—°— 249 [1.40; 4.42] 5.6% 13.5%
Triant et al 2008 86 8525 10300 2208792 } 218 [1.76; 2.69] 29.0% 15.9%
Yin et al 2010 5 92 7 95 —'—— 0.72 [0.22; 2.36] 2.4% 8.7%
g
<
Hansen et al 2012 18 5306 17 26530 —'— 5.31 [2.73; 10.31] 2.1% 12.8%
Sharma et al 2015 27 1713 11 662 - 0.95 [0.47; 1.92] 5.8% 12.5%
Wormack 2011 111 40115 211 79203 ; 1.04 [0.83; 1.31] 52.4% 15.8%
Young et al 2011 18 152 65513 2842221 v 5.69 [3.48; 9.31] 2.3% 14.2%
o
.:O..
Fixed effect model 56117 5171132 ? 1.67 [1.45; 1.92] 100% -
Random effects model {> 2.30 [1.37; 3.85] - 100%
Heterogeneity: |I-squared=88.2%, tau-squared=0.4236, p<0.0001 !
I 1 I 1
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Figure 5. . Funnel plot of meta-analysis of the odds ratio of vertebral fractures in HIV-

positive subjects
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Table 5: Quality assessment, by Crombie’s items, of included cross-sectional studies

Studies Q1 Q2 Q3 Q4 Q5 Q6 Q7 Total
Borderi Yes Yes Yes Unclear  Yes Yes Yes 6.5
Ciullin Yes Yes Yes Unclear Yes Yes Yes 6.5
Clo No Unclear  Yes No Unclear  Yes Yes 4
Gazzola Yes Yes Yes Unclear Yes Yes Yes 6.5
Mazzotta No Yes Yes Unclear No Yes Yes 4.5
Pepe Yes Yes Yes Unclear Yes Yes Yes 6.5
Porcelli Yes Yes Yes Unclear Yes Yes Yes 6.5
Short No Yes Yes Unclear No Yes Yes 4.5
Stephens Yes Yes Yes Unclear Yes Yes Yes 6.5
Thouvenin Yes Yes Yes Unclear Unclear  Yes Yes 6
Torti Yes Yes Yes Unclear Unclear  Yes Yes 6
Yin Yes Unclear Yes  Unclear Yes Yes Yes 6

Q1 =Appropriateness of design to meet the aims; Q2 = Adequate description of the data; Q3=
Report the response rates; Q4= Adequate representativeness of the sample to total; Q5= Clearly

stated aims and likelihood of reliable and valid measurements; Q6 = Assessment of statistical
significance; Q7= Adequate description of statistical methods. Yes = 1 point; Unclear = 0.5
points; No = 0 points.
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6. CONCLUSOES

Os resultados da presente revisdo sistematica e metanalise associam a infecgdo pelo
HIV a um aumento no risco para fraturas vertebrais . A prevaléncia variou de acordo com as
formas de avaliagdo utilizada pelos diferentes estudos, de 11,2% na fraturas vertebrais clinicas
para 21,1% nas fraturas morfométricas. Além disso, quando comparados com pessoas nao
infectadas, os individuos com HIV apresentaram 2.3 vezes mais chances de apresentarem
fraturas vertebrais, indiferente de género e idade. Apesar de fatores - como o tabagismo, uso
de corticoides, o tempo e o tipo de terapia antirretroviral - frequentemente associados as
alteracOes Gsseas na populacdo infectada pelo HIV ndo terem sido investigados no presente
estudos, nossos resultados poderiam justificar a presencga da avaliacdo da fratura vertebral em
diretrizes e recomendacOes para avaliacdo da saude 0ssea nesta populacdo. No entanto, sdo
necessarios novos estudos controlados e longitudinais que lancem méao de métodos
padronizados de avaliagdo da fratura vertebral para elucidar o real impacto da infecgdo pelo

HIV nas fraturas vertebrais e consequentemente na qualidade ¢ssea.
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Review question(s)
Is HIV infection and/or antiretroviral therapy associated with high rates of vertebral fractures?

Searches
The search for studies will be performed in EMBASE (Elsevier), PubMed, the Regional Library of Medicine
(BIREME), and the Cochrane Library (Cochrane Database of Systematic Reviews - CDSR).

Also, some studies will be selected based on the reference lists of the included articles.
Studies written in any language and with no publication date limits will be considered.

The terms used include the Descriptors in Health Sciences (DeCS), MeSH and Emiree (EMBASE) terms, which will
be modified for each database.

Types of study to be included

Randomized controlled trials, cohort studies, cross-sectional and case-control studies will be included.
Animal and in vitro studies and other study designs will be excluded.

Condition or domain being studied
Spine fractures.

Participants/ population

Inclusion: men and women aged over 18 years, HIV-positive with or without antiretroviral therapy.

Exclusion: men and women younger than 18 years or without HIV infection, articles on other subjects and animal
studies.

Intervention(s), exposure(s)
We will include studies that have evaluated both morphometric or clinical vertebral fractures.

Will exclude studies that have evaluated specific cohorts of patients with HIV (for example, studies that assess a
particular variable only in patients e.g. HIV with hepatitis-C, or just HIV with lipodystrophy).

Comparator(s)/ control
Intervention: 1) antiretroviral therapy, 2) HIV-positive people.

Control: 1) HIV-naive therapy, 2) healthy people.
Context

With the advent of antiretroviral therapy, the survival of HIV-positive individuals has increased. Consequently, the
spectrum of comorbidities they exhibit has increased.
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Many of these comorbidities, usually common in older people, arise at an early stage in individuals infected with HIV
and one of the affected systems is the skeleton. Reduction in bone mineral density (BMD) has been reported in HIV-
infected patients regardless of sex and age (Brown & Quagish 2006).

Although studies showing the incidence and prevalence of fractures in HIV-infected patients have different designs
with regard to the the sample size, gender included, study population, type of fracture, and fracture assessment, the
vast majority of studies show a significant increase in the risk of fracture (Compston 2014).

Vertebral fractures are common in people with osteoporosis in the general population and, recently, studies have
demonstrated an increased prevalence in HIV patients (Gazzola et al. 2015). However, the actual prevalence and
incidence are not well established. Thus a systematic review and metanalysis would help to quantify this problem.

The clinical complications caused by vertebral fractures are multiple, and include chronic pain, depression,
deformities, loss of independence and increased mortality (Kanis et al. 2013). These factors not only reduce the
quality of life of HIV patients but also impose a burden on the health care system.

Furthermore, this project is justified by the need to know the frequency of fractures in this population. This
knowledge can be useful for strategic planning in the prevention and treatment of this comorbidity in this population.

Outcome(s)

Primary outcomes

Prevalence of vertebral fractures.
Incidence of vertebral fractures.

A follow-up of, at least, twenty-four weeks for incident fractures.

Secondary outcomes
Hazard ratio of bone fractures.

A follow-up of, at least, twenty-four weeks.

Data extraction, (selection and coding)
Selection process:

The selection of the studies will be performed by two protocol members independently. Firstly the studies will be
screened based on their titles and abstracts. The studies that cannot be ruled out in this procedure will have their full
texts evaluated. Also, for all selected items, the full text will be sought, and their eligibility will be double-checked.

If there is no agreement between the two reviewers regarding the identification, eligibility, and inclusion of items,
they will be checked again by a third and a fourth reviewer, if necessary.

The articles meeting the inclusion and exclusion criteria will be included in the review.
Data collection process:

The data will be extracted, independently, by two protocol members (TSI and MMC). The agreement between the
two extractors should be 100%. In the cases where there will be no agreement, a third and a fourth party will
adjudicate.

Data items:

The following data will be obtained from the clinical trials: author, study year, journal, number subjects included per
arm, losses per arm, gender, mean age, ethnicity, intervention in each arm (type of antiretroviral therapy and/or
healthy control), inclusion criteria, exclusion criteria, randomization, blinding, follow-up, adjustments for
confounding factors, viral load, CD4, fracture evaluation (clinical or morphometric), primary outcomes (prevalence
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of fractures and incidence of fractures), secondary outcomes (hazard ratio).

The following data will be obtained from the cohort studies: author, study year, journal, number subjects included,
losses, gender, mean age, ethnicity, study factor (type of antiretroviral therapy, duration of the disease, and/or healthy
control), inclusion criteria, exclusion criteria, follow-up, adjustments for confounding factors, viral load, CD4,
fracture evaluation (clinical or morphometric), primary outcomes (prevalence of fractures and incidence of fractures),
secondary outcomes (hazard ratio).

Where any of this data cannot be extracted from the full text of the study, the authors will be contacted.

Risk of bias (quality) assessment
The assessment of the risk of bias of the included studies will be performed independently by two authors and will be
ranked as high, low and uncertain. Possible discrepancies will be adjudicated by the other protocol members.

For RCTs, bias risk assessment will be conducted by the Cochrane Collaboration tool (Higgins, Altman, Sterne,
2011).

For cohort studies, the Newcastle-Ottawa scale will be applied (Wells et al., 2015).

Strategy for data synthesis

Data about the prevalence and incidence of vertebral fracture will be summarized separately. The frequencies of
fractures will be combined across studies using both fixed and random effects models. A combined prevalence and a
combined incidence and their respective 95% confidence intervals will be calculated. Heterogeneity between the
studies in effect measures will be assessed using both the Chi-square test and the I-squared statistic. We will consider
an I-squared value greater than 50% as indicative of substantial heterogeneity. We will conduct sensitivity analyses
based on study quality and study populations. We will also assess evidence of publication bias using funnel plots.

For the outcomes for which meta-analysis is not possible, we will provide a narrative synthesis of the findings from
the included studies, structured around the type of intervention, the target population characteristics, the type of
outcome and the intervention content.

Analysis of subgroups or subsets
If the necessary data are available, subgroup analyses will be done for gender. HIV-naive therapy or antiretroviral
therapy. viral load or CD4 count, and evaluation of the vertebral fracture (clinical or morphometric).

Dissemination plans
A paper will be submitted to a leading journal in this field. Furthermore, should the findings of the review warrant a
change in practice, a summary report will be prepared and sent to the Brazilian Health System.

Contact details for further information
Melissa Premaor

Sala 1337 Predio 26 Avenida Roraima, 1000 Campus UFSM Santa Maria, RS, Brazil 97105-900
premaor@ufsm.br

Organisational affiliation of the review
Federal University of Santa Maria

http://site.ufsm.br

Review team

Dr Melissa Premaor, Federal University of Santa Maria
Professor Juliet Compston, University of Cambridge
Dr Fabio Comim, Federal University of Santa Maria
Mrs Rafaela Copes, Federal University of Santa Maria
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Mr Thales Ilha, Federal University of Santa Maria

Anticipated or actual start date
24 September 2016

Anticipated completion date
12 October 2017

Funding sources/sponsors
Federal University of Santa Maria

Conflicts of interest
None known

Language
English

Country
Brazil

Subject index terms status
Subject indexing assigned by CRD

Subject index terms

National Institute for
Health Research

Anti-Retroviral Agents; HIV Infections; Humans; Osteoporotic Fractures; Risk; Risk Factors; Spinal Fractures;

Treatment Quicome

Stage of review
Ongoing

Date of registration in PROSPERO
03 October 2016

Date of publication of this revision
03 October 2016

Stage of review at time of this submission
Preliminary searches
Piloting of the study selection process

Formal screening of search results against eligibility criteria

Data extraction
Risk of bias (quality) assessment
Data analysis

Started

Yes
Yes
No
No
No
No

Completed
No

PROSPERO
International prospective register of systematic reviews

The information in this record has been provided by the named contact for this review. CRD has accepted this information in good
faith and registered the review in PROSPERQO. CRD bears no responsibility or liability for the content of this registration record,
any associated files or external websites.
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ANEXO C - PRISMA 2009 CHECKLIST

u PRISMA 2009 Checklist

Section/topic # Checklist item Reported
on page #

TITLE

Title 1 | Identify the report as a systematic review, meta-analysis, or both. 1

ABSTRACT

Structured summary 2 | Provide a structured summary including, as applicable: background:; objectives; data sources; study eligibility criteria, | 3
participants, and interventions; study appraisal and synthesis methods; results; limitations; conclusions and
implications of key findings; systematic review registration number.

INTRODUCTION

Rationale 3 | Describe the rationale for the review in the context of what is already known. 4

Objectives 4 | Provide an explicit statement of questions being addressed with reference to participants, interventions, comparisons, | 4
outcomes, and study design (PICOS).

METHODS

Protocol and registration 5 | Indicate if a review protocol exists, if and where it can be accessed (e.g., Web address), and, if available, provide 5
registration information including registration number.

Eligibility criteria 6 | Specify study characteristics (e.g., PICOS, length of follow-up) and report characteristics (e.g., years considered, 5
language, publication status) used as criteria for eligibility, giving rationale.

Information sources 7 | Describe all information sources (e.g., databases with dates of coverage, contact with study authors to identify 5
additional studies) in the search and date last searched.

Search 8 | Present full electronic search strategy for at least one database, including any limits used, such that it could be 5,6
repeated.

Study selection 9 | State the process for selecting studies (i.e., screening. eligibility, included in systematic review, and, if applicable, B
included in the meta-analysis).

Data collection process 10 | Describe method of data extraction from reports (e.g., piloted forms, independently, in duplicate) and any processes 6,7
for obtaining and confirming data from investigators.

Data items 11 | List and define all variables for which data were sought (e.g., PICOS, funding sources) and any assumptions and 7
simplifications made.

Risk of bias in individual 12 | Describe methods used for assessing risk of bias of individual studies (including specification of whether this was 7

studies done at the study or outcome level), and how this information is to be used in any data synthesis.

Summary measures 13 | State the principal summary measures (e.g., risk ratio, difference in means). 8

Synthesis of results 14 | Describe the methods of handling data and combining results of studies, if done, including measures of consistency 8

(e.g.. 1*)for each meta-analysis.

63



u PRISMA 2009 Checklist

Page 1 of 2
Section/topic # Checklist item Reported
on page #
Risk of bias across studies 15 | Specify any assessment of risk of bias that may affect the cumulative evidence (e.g., publication bias, selective 8
reporting within studies).
Additional analyses 16 | Describe methods of additional analyses (e.g., sensitivity or subgroup analyses, meta-regression), if done, indicating 8
which were pre-specified.
RESULTS
Study selection 17 | Give numbers of studies screened, assessed for eligibility, and included in the review, with reasons for exclusions at 8
each stage, ideally with a flow diagram.
Study characteristics 18 | For each study, present characteristics for which data were extracted (e.g., study size, PICOS, follow-up period) and 9, 21
provide the citations.
Risk of bias within studies 19 | Present data on risk of bias of each study and, if available, any outcome level assessment (see item 12). 9, 22
Results of individual studies 20 | For all outcomes considered (benefits or harms), present, for each study: (a) simple summary data for each 9,10
intervention group (b) effect estimates and confidence intervals, ideally with a forest plot.
Synthesis of results 21 | Present results of each meta-analysis done, including confidence intervals and measures of consistency. 9,10
Risk of bias across studies 22 | Present results of any assessment of risk of bias across studies (see Iltem 15). 9,10
Additional analysis 23 | Give results of additional analyses, if done (e.g., sensitivity or subgroup analyses, meta-regression [see ltem 16]). 10
DISCUSSION
Summary of evidence 24 | Summarize the main findings including the strength of evidence for each main outcome; consider their relevance to 11
key groups (e.g., healthcare providers, users, and policy makers).
Limitations 25 | Discuss limitations at study and outcome level (e.g., risk of bias), and at review-level (e.g., incomplete retrieval of 11,12,13
identified research, reporting bias).
Conclusions 26 | Provide a general interpretation of the results in the context of other evidence, and implications for future research. 14
FUNDING
Funding 27 | Describe sources of funding for the systematic review and other support (e.g., supply of data); role of funders for the 14

systematic review.

From: Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group (2009). Preferred Reporting ltems for Systematic Reviews and Meta-Analyses: The PRISMA Statement. PLoS Med &(7): e1000097.

doi:10.137 Vjournal pmed 1000097

For more information, visit: www.prisma-statement.org.
Page 2 of 2
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