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Resumo
Introducdo: As funcdes atribuidas aos andrégenos aumentaram, variam desde o papel no eixo
hipotalamo-hipofise-gonadal e comportamentos reprodutivos até a modulacao da cognicao,

Testosterona; > . .. .
Hiposmia; humor e outras fungdes. As diferencas entre os sexos e as mudancas nos hormonios sexuais
Olfacao ’ circulantes afetam a funcao sensorial humana. Na literatura, os autores relataram esse tipo de

influéncia para o olfato, principalmente no sexo feminino.

Objetivo: Investigar os efeitos dos baixos niveis de testosterona nas funcdes olfativas em
homens, neste estudo clinico prospectivo.

Método: Pacientes do sexo masculino com diagnostico de cancer de prostata foram incluidos no
estudo. Compreenderam o grupo de estudo 39 pacientes com cancer de prostata cujos niveis
de testosterona eram inferiores a 50 ng/dL devido a castracao. Foram determinados como
grupo controle 31 pacientes com cancer de prostata que nao foram emasculados, com niveis de
testosterona superiores a 50 ng/dL. Testes de rinometria acustica e pico de fluxo inspiratorio
nasal foram feitos para todos os participantes; e para avaliacao da funcao olfativa, ambos os
grupos concluiram o teste olfativo do Connecticut chemosensory clinical research center.
Resultados: A média da idade dos pacientes e controles foi de 69,6 7,2 (57 +89) e 66,3 +5,8
(50 £ 78) anos, respectivamente (p=0,039). Houve uma diferenca significante entre os grupos
em relacdo a niveis de testosterona (p <0,0001). A regressao logistica multivariada revelou o
nivel de testosterona como o Unico fator preditivo que determinou a diferenca entre os grupos.
Em termos de parametros olfativos, todos os escores foram menores no grupo castrado (teste
do limiar de butanol p=0,019, identificacdao p =0,059 e escore do Connecticut center p=0,029).
Houve uma correlacédo significante entre o nivel de testosterona e os parametros olfativos
(p=0,023; p=0,025 para identificacao e escore do Connecticut center, respectivamente).
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Conclusdo: Baixos niveis de testosterona em homens tém efeito negativo na funcéo olfativa.
Mais pesquisas moleculares sao necessarias para entender a conexdo entre testosterona e

olfacao.

© 2020 Associacdo Brasileira de Otorrinolaringologia e Cirurgia Cérvico-Facial. Publicado
por Elsevier Editora Ltda. Este é um artigo Open Access sob uma licenca CC BY (http://
creativecommons.org/licenses/by/4.0/).

Introducao

O sentido do olfato é parte de um sistema neurossenso-
rial que desempenha papéis importantes na vida humana.
Os distUrbios olfativos podem afetar negativamente a qua-
lidade de vida, a seguranca e a nutricao. Qualquer doenca
que afete as regides localizadas na via anatémica do sis-
tema olfativo, da cavidade nasal até o sistema nervoso
central (SNC), pode estar envolvida na etiologia dos distdr-
bios olfativos. Além dessas alteracoes anatomicas, algumas
condicbes endocrinologicas, como a doenca de Addison, a
sindrome de Turner ou o hipotireoidismo, podem causar
esses disturbios."

As diferencas entre os sexos e mudancas no ciclo mens-
trual afetam a funcdo sensorial humana, mesmo que nao
causem disturbios olfativos. A associacdao entre a funcao
olfativa humana e os hormonios reprodutivos é complexa;
e uma relacédo simples entre niveis de hormonios gonadais
circulantes e olfacdo raramente esta presente.”

Alguns estudos demonstram que as funcoes olfativas sao
alteradas por mecanismos centrais e periféricos que se
correlacionam com alteracoes no nivel dos hormonios este-
roides em mulheres.?> Entretanto, o mecanismo exato que
modula a percepcao olfativa é desconhecido. Com relacéo
a testosterona e sua associacao com o olfato, encontramos
menos estudos relevantes na literatura, quase todos relaci-
onados a animais.

As fungbes atribuidas aos andrégenos aumentaram nos
Ultimos anos, desde desempenhar um papel bem conhe-
cido no eixo hipotalamo-hipofise-gonadal e comportamentos
reprodutivos até a modulacdo de funcdes como cognicao e
humor. Os efeitos da testosterona no sistema nervoso sao
mediados por receptores de andrégenos ou estrogenos (apos
aromatizacao neural).®’

O hipogonadismo é caracterizado por baixos niveis de
testosterona, os quais causam impoténcia, perda da libido,
sintomas vasoativos, dislipidemia e ganho de peso; dessa
forma, niveis reduzidos de testosterona afetam muitos sis-
temas organicos.?

0 cancer de prostata (CP) é um dos tipos de cancer mais
comuns nos homens. Em 1941, Huggins relatou a proliferacao
e o crescimento do epitélio da préstata; desde entao, a
terapia de privacao androgénica (ADT, do inglés Androgen
Deprivation Therapy) estabeleceu sua posicao como a prin-
cipal opcao de manejo de CP avancado.”°

A ADT melhora a taxa de sobrevida e a qualidade de
vida desses pacientes. Os agonistas do horménio liberador
de gonadotrofina (GnRH) e antiandrogénicos sao a terapia
hormonal inicial mais usada. A ADT causa hipogonadismo em
pacientes com CP."

As diferencas entre os sexos e as mudancas nos hormo-
nios sexuais circulantes afetam a funcao sensorial humana.
Na literatura, os autores relataram esse tipo de influéncia
para a audicao, visao, gustacao e olfacao. Que seja de nosso
conhecimento, somos os primeiros a demonstrar a relacao
entre os niveis de testosterona e a olfacao em homens.

Neste estudo, pretendemos demonstrar como os baixos
niveis de testosterona causados pelo ADT afetam a funcdo
olfativa, juntamente com alguns parametros nasais.

Método

A aprovacao do comité de ética foi obtida de nosso conse-
lho de ética institucional (data: 7 de dezembro de 2018,
nimero de aprovacao: 1556). Depois que todos os parti-
cipantes incluidos no estudo terem sido informados sobre
os testes de funcdo nasal, eles deram seu consentimento
informado para participar. Este estudo prospectivo e con-
trolado foi feito entre junho de 2018 e fevereiro de 2019.
Foram incluidos pacientes do sexo masculino com diagnos-
tico de CP, divididos em dois grupos. Entre nossa amostra,
39 pacientes com CP cujos niveis de testosterona eram
inferiores a 50 ng/dL devido a castracdo cirlrgica ou
médica feita na clinica de urologia do nosso hospital cons-
tituiram o grupo de estudo, enquanto 31 pacientes nao
emasculados com CP cujos niveis de testosterona eram
superiores a 50 ng/dL foram considerados como o grupo
controle.

Todos os possiveis participantes foram examinados atra-
vés de endoscopia nasal e foram excluidos do estudo
individuos com s nasosinusais que pudessem alterar a
sensacao olfativa, como desvio de septo, polipose nasal ou
sinusite aguda. Pacientes submetidos a cirurgia nasal ou
com histoérico de traumatismo craniano e infeccao do trato
respiratorio superior identificado durante o exame foram
excluidos.

Para obter medidas objetivas, os testes de rinome-
tria acustica (RA) (RhinoScan, Manual v. 2.6 ed. 1.1,
RhinoMetrics®, Dinamarca) e pico de fluxo inspiratério nasal
(PFIN) foram feitos antes e apo6s o uso de spray nasal des-
congestionante (cloridrato de xilometazolina, 0,01%). Para
avaliacao da funcao olfativa, todos os participantes conclui-
ram o teste olfativo do Connecticut chemosensory clinical
research center (CCCRC).

A idade dos individuos, o nivel de testosterona, o indice
de massa corporal, o histérico de tabagismo, as doencas sub-
jacentes, os valores minimos da area de secdo transversal
(MCA) 1 e 2 em RA e o PFIN, limiar de butanol, identificacao
de odor e escores do teste CCCRC foram comparados entre
os dois grupos.
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Avaliacao da funcgao olfativa

Para o teste do limiar de butanol, as solucdes diluidas de
butanol foram preparadas e alinhadas de 0 a 9, onde O repre-
senta a solucao mais concentrada e 9 representa a solucao
mais diluida. O concentrado mais forte (frasco 0) foi buta-
nol a 4% em uma solucdo de agua destilada. Cada diluicao
subsequente (frascos 1 a 9) consistiu em uma proporcao
de 1:3 de butanol para agua destilada. Foram apresen-
tados aos pacientes dois frascos de aparéncia idéntica,
embora um contivesse agua destilada e o outro o concen-
trado de butanol diluido. Os individuos foram instruidos a
ocluir uma narina e colocar a ponta do primeiro frasco 3cm
abaixo da outra narina. Uma vez que cada individuo identifi-
casse corretamente a mesma concentracao de butanol cinco
vezes consecutivas, a pontuacao era registrada para essa
narina. A outra narina foi entao testada separadamente e as
pontuacdes para ambas as narinas foram calculadas como
média para atingir a pontuacéo final. Os escores possiveis
variaram de 0 a 9 pontos, mas todas os escores de 7 pontos
ou mais foram registrados como 7 pelo teste do CCCRC.

Como teste de identificacao, os odores do teste do CCCRC
que Veyseller et al."? consideraram apropriado para uso na
populacgao turca foram usados. Vick Vaporub®, sabao, man-
teiga de amendoim, bolas de naftalina, cacau, café, canela
e talco de bebé foram apresentados aos individuos em fras-
cos opacos. Eles receberam uma lista de multipla escolha,
com os seguintes itens de distracao: papel queimado, Vick
Vaporub®, cacau, talco de bebé, manteiga de amendoim,
café, menta, canela, sabao, bolas de naftalina, geleia, ket-
chup, pimenta e plastico. A capacidade de sentir o cheiro
de Vick Vaporub® indicava uma funcao intacta do nervo tri-
gémeo; esse item foi facilmente identificado por todos os
individuos e nao foi incluido no escore final. Os escores para
as duas narinas foram calculados e todos os escores que
variaram de 0 a 7 foram anotados.

O limiar de butanol e escores de identificacao foram cal-
culados como média para uma pontuacao final composta
do CCCRC para determinar a capacidade olfativa de cada
individuo.

Analise estatistica

Os resultados foram analisados estatisticamente com o soft-
ware Statistical Package for Social Sciences, versao 18. A
adequacao da distribuicao normal de cada variavel foi ana-
lisada através de métodos visuais (histograma e graficos de
probabilidade) e analiticos (testes de Kolmogorov-Smirnov
e Shapiro-Wilk). A estatistica descritiva foi dada como
média e desvio-padrdo para variaveis numéricas normal-
mente distribuidas e como mediana e intervalo interquartil
para variaveis numéricas distribuidas de forma nao normal.
Um teste t independente foi implaentado para comparar
duas variaveis independentes, enquanto o teste U de Mann-
-Whitney foi aplicado para variaveis que nao apresentaram
distribuicao normal. Os coeficientes de correlacao e signi-
ficancia estatistica para relacoes entre variaveis numéricas
distribuidas de forma anormal foram medidos pelo teste de
correlacdo de Spearman, onde variaveis categoricas foram
expressas em nimeros e porcentagens. As diferencas entre
os grupos foram comparadas com o teste do qui-quadrado e

o teste exato de Fisher. Uma analise de regressao logistica
multivariada foi feita para determinar o efeito indepen-
dente de cada variavel na variavel de desfecho. O nivel de
significancia estatistica foi estabelecido como <0,05.

Resultados

Foram analisados 39 pacientes do grupo 1 com baixo nivel de
testosterona e 31 pacientes nao castrados do grupo 2 (grupo
controle), entre os quais todos foram diagnosticados com CP.
No grupo controle, 19 pacientes foram submetidos a prosta-
tectomia radical, 4 pacientes a radioterapia e 8 pacientes
foram submetidos a vigilancia ativa. No grupo com baixo
nivel de testosterona, 37 pacientes foram emasculados clini-
camente (como analogos do horménio liberador do hormonio
luteinizante, 32 pacientes receberam acetato de leuprolide;
5 pacientes receberam acetato de goserelina), enquanto 2
pacientes foram emasculados cirurgicamente (orquiectomia
bilateral).

A média da idade dos pacientes do grupo 1 e do
grupo 2 foi de 69,6 +7,2 (57+89) e 66,3+5,8 (50+78)
anos, respectivamente (p=0,039). Uma diferenca signifi-
cante foi identificada entre os grupos em termos de niveis
de testosterona (p <0,0001), embora nenhuma diferenca
estatisticamente significante tenha sido detectada entre os
dois grupos em termos de outras caracteristicas demogra-
ficas (tabela 1). A regressao logistica multivariada revelou
o nivel de testosterona como o Unico fator preditivo que
determinou a diferenca entre os grupos.

Quando os dois grupos foram comparados em termos
de parametros olfativos, todos os escores foram menores
no grupo castrado (teste do limiar de butanol p=0,019,
teste de identificacao p=0,059 e escore do CCCRC p=0,029)
(tabela 2). Foi identificada uma correlacao significante entre
o nivel de testosterona e os parametros olfativos (para
teste de identificacao: p=0,023 e para escore no CCCRC:
p=0,025) (fig. 1a, b and c). Além disso, no grupo de baixa
testosterona, uma correlacao significantemente negativa foi
determinada exclusivamente entre a duracao da terapia hor-
monal e os parametros olfativos em termos de identificacdo
(p=0,017) (fig. 2a, b, and c). No grupo castrado, os escores
de identificacao e CCCRC foram menores entre os pacien-
tes cuja duracao da terapia hormonal foi superior a 9 meses
(tabela 3).

Discussao

Em nosso estudo, verificamos que a funcao olfativa é pior em
pacientes com CP cujos niveis de testosterona sao inferio-
res a 50 ng/dL do que em pacientes com CP que apresentam
niveis de testosterona superiores a 50 ng/dL. Esse achado
implica que a testosterona pode ter influéncia na funcao
olfativa, embora possa surgir a questao de como a testoste-
rona e a olfacao estao conectadas.

A perda olfativa pode resultar de um distarbio de
conducao que impede que os odorantes inspirados atinjam a
fenda olfativa do nariz, ou um distirbio neurossensorial nos
neurdnios do receptor olfativo (RO) ou em suas projecoes
centrais.

Na literatura, observamos hipogonadismo com disfuncao
olfativa. Na sindrome de Kallmann (SK) - também conhe-
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Tabela1 Comparacdo das caracteristicas demograficas dos voluntarios
Grupo emasculado Grupo controle p
(n=39) (n=31)
Idade (ano) 0,039
Média £ DP 69,6+7,2 66,3+5,8
Mediana (11Q), min-max 69 (11), 57-89 67(7), 50-78
IMC 0,772°
Média £ DP 27,2+3,7 27,2+5,0
Mediana (11Q), min-max 27(5), 19-37 27(6), 19-41
Historico de tabagismo 29 (74,4%) 19 (61,3%) 0,242¢
DM 4 (10,3%) 2 (6,5%) 0,572¢
HT 11 (28,2%) 9 (29%) 0,939¢
DAC 6 (15,4%) 2 (6,5%) 0,243¢
DPOC 2 (5,1%) 1(3,2%) 0,587¢
Histdrico de lesées malignas 5 (12,8%) 1(3,2%) 0,154°¢
Nivel de testosterona (ng/dL) <0,0001°
Média £ DP 17,7 +13,6 370,54+ 106,6
Mediana (11Q), min-max 14 (17), 1-55 370 (139), 124-642

11Q, Intervalo interquartil; IMC, indice de massa corporal; DM, Diabetes mellitus; HT, Hipertensao; DAC, Doenca arterial coronariana;

DPOC, Doenca pulmonar obstrutiva cronica.
@ Teste t independente.
b Teste U de Mann-Whitney.
¢ Teste qui-quadrado.
d Teste exato de Fisher.

Tabela 2 Comparacao de grupos a partir do ponto de olfacao

Grupo emasculado (n=39) Grupo controle (n=31) p
Média &+ DP Média 4+ DP
Mediana (11Q), min-max Mediana (11Q), min-max

Limiar de butanol 4,41 +1,41 5,234+1,61 0,019
5(1), 1-7 5 (3), 2-7

Identificacao 3,67+2,18 4,65+2,33 0,059
3(4),1-7 5 (5), 1-7

Escore CCCRC 4,044+1,55 4,94+1,85 0,029
4 (3), 1-7 5,5 (3,5), 1,5-7

Escore CCCRC, teste de olfato do Connecticut chemosensory clinical research center; 11Q, Intervalo interquartil.

a Teste U de Mann-Whitney.

cida como hipogonadismo hipogonadotraéfico congénito - o
hipogonadismo ocorre com anosmia. '3

Em SK, as mutacoes genéticas causam falha na migracao
dos neuronios GnRH dos placadios olfatdrios para seu des-
tino hipotalamico e lobo olfativo e disturbio neuronal
olfativo.” O GnRH e os neurdnios olfativos compartilham
origens embrioldgicas do desenvolvimento,' pois ambos
se originam de células-tronco dentro do placddio olfa-
torio embrionario.’® Os neurénios GnRH migram para o
hipotadlamo através dos nervos vomeronasais.'"'® Aqui,
observamos o GnRH e a regiao olfativa conjuntamente.

O ciclo de feedback endécrino classico ocorre no sis-
tema reprodutor masculino. O GnRH hipotalamico estimula
o horménio luteinizante da hipdfise (LH) e o hormonio foli-
culo estimulante (FSH), ambos estimulam os testiculos. O
LH estimula a secrecdo de testosterona pelas células de

Leydig. Apos a castracdo, pode haver alteracées no meca-
nismo de feedback e no ambiente neuroenddcrino. A relacéo
entre olfacao e testosterona pode ocorrer via GnRH no
arco. Embora o GnRH e os receptores de esteroides este-
jam presentes nas regides de processamento olfativo dos
vertebrados, os niveis de mRNA do receptor de andrégeno
no bulbo olfativo de peixes da familia Cichlidae foram con-
siderados positivamente correlacionados com os niveis de
androgénio circulantes.” No cérebro adulto, essas célu-
las também sao encontradas nos nervos/bulbo olfativos e
nlcleos olfativos mediais.?’ As células do GnRH também sao
encontradas em locais ectopicos, como a submucosa nasal e
o tecido conjuntivo entre o epitélio olfativo (EO) e o bulbo
olfativo em camundongos.”’

O nervus terminalis (NT) é um nervo organizado con-
tendo GnRH que se estende da cavidade nasal as regioes
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Figura1 (a) Nivel de testosterona e limiar de butanol; (b) nivel de testosterona e identificacdo de odor; (c) Nivel de testosterona
e escore no CCCRC, teste de olfato do Connecticut chemosensory clinical research center.
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Figura 2 (a) Duracdo da terapia hormonal e limiar de butanol; (b) Duracao da terapia hormonal e identificacao de odor; (c)
Duracao da terapia hormonal e escore no CCCRC, teste de olfato do Connecticut chemosensory clinical research center.
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Tabela 3 Relacao entre a duracdo da terapia hormonal e parametros olfativos
Duracao da TH Duracao da TH> 9 p
< 9 meses meses
(n=11) (n=28)
Limiar de butanol 0,648°
<4 6 (54,5%) 13 (46,4%)
>4 5 (45,5%) 15 (53,6%)
Identificacdo 0,0122
<4 3 (27,3%) 20 (71,4%)
>4 8 (72,7%) 8 (28,6%)
Escore CCCRC 0,037°
<4 3 (27,3%) 18 (64,3%)
>4 8 (72,7%) 10 (35,7%)

TH, Terapia hormonal; Escore CCCRC, teste de olfato do Connecticut chemosensory clinical research center.

a Teste de qui-quadrado.

do cérebro, media o processamento e a reproducao
quimiosensorial.?2>* Wirsig-Wieshmann et al. relataram a
expressao do receptor de GnRH na mucosa olfativa e sugeri-
ram que o GnRH modula a atividade das células associadas a
quimiorrecepcéo, que é o potencial de alterar a olfacdo.?*

Kawai et al. sugeriram que em peixinhos dourados, o NT
desempenha papel critico, media a capacidade de resposta
olfativa dos animais.?®

Neuhaus et al. demonstraram que o status do receptor de
esteroide acoplado a proteina G (PSGR) especifico da pros-
tata nas células da prostata € um componente ectdépico da
superfamilia RO e implica funcionalidade, porque pode ser
ativado por ligantes. Os transcritos de PSGR também podem
ser distinguidos no EO humano.?*?”

As relacoes entre os fatores neuroendocrinos e o sis-
tema olfativo humano sdao muito complexas. A possivel
conexao pode nao ser simples como relacao direta entre
olfacao e niveis hormonais gonadais circulantes de maneira
sincrona; em vez disso, podem existir muitos mecanismos
possiveis. Se essa associacdo nao for via permeabilidade
nasal, fluxo aéreo ou alteracdes do muco olfatério, entdo
essas possibilidades podem incluir uma influéncia em sis-
temas inespecificos de excitacdo cerebral, como o sistema
de ativacao reticular, efeito direto nas vias de transducao
olfativa do SNC ou influéncia indireta de outros sistemas
endocrinos nas vias olfativas do SNC.228

Outra conexao possivel pode ser um efeito direto do
hormonio testosterona na olfacao. Sawa Horie et al., sugeri-
ram sintese de novo e/ou metabolismo de esterdides sexuais
em células da mucosa olfativa em ratos.?’ Os hormonios
gonadais passam para o cérebro e os estudos sobre os hormo-
nios esteroides marcados sugerem que a retencao hormonal
no cérebro tem especificidade regional. Estrogenos e andro-
genos se ligam a nucleos no bulbo olfativo®3°-3? e a enzima
aromatase, necessaria para a conversao de andrégeno em
estrogénio, também é expressa no bulbo olfativo.>*3* Kass
et al. sugeriram que os esteroides sexuais de alguma forma
modulam a atividade dos neurdnios sensoriais primarios no
principal EQ.* O cérebro humano é sensivel as acées dos
esteroides gonadais; em algumas estruturas olfativas, ele
contém receptores para androgenos e estrogenos. 3¢’

Foi relatada uma sensibilidade olfativa alterada que se
correlaciona com as alteragdes nos niveis hormonais dos

esteroides reprodutivos no sexo feminino,?-> principalmente
por seus efeitos positivos na funcao olfativa; entretanto,
para a testosterona, alguns estudos na literatura sugeri-
ram a ocorréncia de efeitos negativos. Kanageswaran et al.
relataram os efeitos moduladores da progesterona e do
estradiol nas respostas evocadas por odorantes nos neuro-
nios do RO em camundongos.*® Kass et al. sugeriram que os
hormonios gonadais podem facilitar a deteccao de odores
e a discriminacao de odorantes semelhantes em mulhe-
res, embora reduzam essa deteccdo em homens.*> Pietras
e Moulton® relataram que a testosterona em doses suprafi-
siologicas melhorou a capacidade de deteccao de odor em
ratos fémeas gonadectomizadas (cuja aromatizagao da tes-
tosterona para estrogenos pode ser um mecanismo possivel),
mas a castracao masculina nao influencia a sensibilidade dos
ratos machos a urina no estro feminino ou ao acetato de
etila.23940

Fizemos o presente estudo para avaliar mais detalhada-
mente o possivel papel que a testosterona tem em homens
e identificamos diminuicao da funcao olfativa (ou seja, pior
limiar de butanol e pior identificacao de odores) em homens
com baixos niveis de testosterona. Identificamos ainda uma
correlacao significante entre os niveis de testosterona e os
parametros olfativos.

A literatura indica que camundongos machos e fémeas
que nao tém hormonios gonadais circulantes nao conseguem
fazer a tarefa Go/No-Go.**? Kunkhyen et al.*? relata-
ram que a administracdo de propionato de testosterona
em camundongos machos castrados traz a capacidade de
discriminacdo do odor urinario de volta aos niveis pré-
-gonadectomia; hormonios gonadais, mas nao o sexo, afetam
a aquisicao e manutencao de uma tarefa de discriminacao
de odores Go/No-Go. Doty e Ferguson-Segall® indicaram
que a castracao influencia a capacidade do rato macho de
melhorar sua capacidade de deteccao de odores ao longo do
tempo.

Outra conexao possivel entre a testosterona e a funcao
olfativa pode ser a funcao cognitiva mediada pelos hormo-
nios gonadais. O nivel de testosterona biodisponivel esta
associado a funcdo cognitiva em homens idosos.* A
suplementacdo de testosterona melhora a memoéria de
trabalho em homens idosos que tém niveis reduzidos de tes-
tosterona livre.** Em ratos machos, Gibbs et al.* relataram
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que a testosterona tem influéncia significativa em dominios
cognitivos especificos.

Também examinamos as vias aéreas nasais para detectar
os problemas de conducdo que podem ser responsaveis pela
disfuncao olfativa. Os testes feitos aqui (RA e PFIN) forne-
ceram dados para fazer uma comparacao entre os niveis de
testosterona. Os valores de MCA 1-2 na RA e PFIN nao reve-
laram diferencas significantes entre os dois grupos, o que
aponta para um mecanismo neurossensorial mais possivel
da disfuncao olfativa.

Quase todos os estudos em animais e humanos que dizem
respeito a influéncia do sexo e dos horménios sexuais circu-
lantes na principal funcao olfativa avaliaram os limiares de
deteccdo de odorantes. Além disso, estudamos a capacidade
de nossos individuos de identificar odores e determinamos
que o grupo com baixa testosterona alcancou resultados sig-
nificantemente piores do que o grupo nao castrado no teste
de limiar de butanol. A identificacao de odores também foi
pior com niveis baixos de testosterona. Verificou-se que o
nivel de testosterona esta significantemente correlacionado
com a capacidade de identificacao olfativa.

A duracao do tempo com baixos niveis de testosterona
€ importante para o desenvolvimento de disfuncao olfativa
dos pacientes. Determinamos uma correlacao significante-
mente negativa entre a duracao da ADT e a identificacao de
odores.

Nao foi possivel determinar um mecanismo exato de
associacao entre o hormonio testosterona e a disfuncéo olfa-
tiva em estudos em animais e em laboratério publicados
anteriormente. Que seja de nosso conhecimento, este é o
primeiro estudo em humanos que demonstra os efeitos da
testosterona na olfacdo em homens. Este estudo também
revelou alguns resultados definitivos e correlacoes relaci-
onadas. Isso nao significa que ‘‘sem testosterona, ndo ha
olfacdo’’, embora uma associacdo pareca ser possivel.

Um estudo pode ser elaborado com um grupo de paci-
entes com niveis reduzidos de testosterona, cujos testes de
olfacdo devem ser feitos antes e apos a reposicao do hormo-
nio testosterona. Mas esse projeto nao é possivel para esses
grupos de pacientes. Assim, para obter resultados mais defi-
nitivos, a avaliacao e comparacao olfativa devem ser feitas
antes e depois da castracao terapéutica de cada paciente.

Conclusao

Este estudo demonstrou que o nivel de testosterona pode
ter efeitos na funcao olfativa em homens. Nos homens, o
baixo nivel de testosterona afeta negativamente o limiar
olfativo e a identificacao de odorantes volateis. O aumento
do tempo com baixa testosterona agrava a identificacao do
odor. Mais pesquisas moleculares sao necessarias para enten-
der o mecanismo real e exato que estabelece a conexao
entre a testosterona e o olfato.

Aprovacao ética
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Training and Research Hospital’s Ethics Committee; niUmero
de referéncia: 1556) e com a declaracao de Helsinque de

1964 e suas alteracdes posteriores ou padroes éticos com-
paraveis.

Consentimento informado

O consentimento informado foi obtido de todos os partici-
pantes incluidos no estudo.

Conflitos de interesse

Os autores declaram nao haver conflitos de interesse.

Financiamento

Os autores nao receberam apoio financeiro para a pesquisa,
autoria e publicacao deste artigo. Este manuscrito foi apre-
sentado no 15° Congresso de Rinologia Turca, de 4 a 7 de
abril de 2019, em Antalya, Turquia.

Conflitos de interesse

Os autores declararam nao haver conflitos de interesse.

Referéncias

1. Hummel T, Whitcroft KL, Andrews P, Altundag A, Cinghi C, Cos-
tanzo RM, et al. Position paper on olfactory dysfunction. Rhinol
Suppl. 2017;54:1-30.

2. Doty RL, Cameron EL. Sex differences and reproductive hor-
mone influences on human odor perception. Physiol Behav.
2009;97:213-28.

3. Albertazzi P. Effects of progestins on olfactory sensitivity and
cognition. Climacteric. 2002;5:302, author reply 302-3.

4. Hughes LF, McAsey ME, Donathan CL, Smith T, Coney P, Struble
RG. Effects of hormone replacement therapy on olfactory sen-
sitivity: cross-sectional and longitudinal studies. Climacteric.
2002:140-50.

5. Pietras RJ, Moulton DG. Hormonal influences on odor detection
in rats: changes associated with the estrous cycle, pseudo-
pregnancy, ovariectomy, and administration of testosterone
propionate. Physiol Behav. 1974;12:475-91.

6. Mhaouty-Kodja S. Role of the androgen receptor in the central
nervous system. Mol Cell Endocrinol. 2018;465:103-12.

7. Ooishi Y, Kawato S, Hojo Y, Hatanaka Y, Higo S, Murakami G,
et al. Modulation of synaptic plasticity in the hippocampus by
hippocampus-derived estrogen and androgen. J. Steroid Bio-
chem Mol Biol. 2012;131:37-51.

8. Kauffman JM, Vermeulen A. Declining gonadal func-
tion in elderly men. Baillieres Clin Endocrinol Metab.
1997;11:289-309.

9. Huggins C, Hodges CV. Studies on prostatic cancer, The effect
of castration, of estrogen and androgen injection on serum
phosphatases in metastatic carcinoma of the prostate. Cancer
Res. 1941;1:293-7.

10. Abedinpour P, Baron VT, Welsh J, Borgstrom P. Regression of
prostate tumors upon combination of hormone ablation therapy
and celecoxib in vivo. Prostate. 2011;71:813-23.

11. Morgentaler A, Rhoden EL. Prevalence of prostate cancer among
hypogonadal men with prostate specific antigen levels of 4.0
ng/mL or less. Urology. 2006;68:1263-7.

12. Veyseller B, Ozucer B, Karaaltin AB, Yildirim Y, Degirmenci N,
Aksoy F, et al. Connecticut (CCCRC) Olfactory Test: Normative

709


http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0230
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0230
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0230
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0230
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0230
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0230
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0230
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0230
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0230
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0230
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0230
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0230
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0230
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0230
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0230
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0230
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0230
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0230
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0230
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0230
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0230
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0230
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0230
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0230
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0230
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0230
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0230
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0230
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0230
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0230
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0235
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0235
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0235
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0235
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0235
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0235
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0235
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0235
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0235
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0235
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0235
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0235
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0235
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0235
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0235
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0235
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0235
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0235
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0235
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0235
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0235
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0235
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0235
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0235
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0240
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0240
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0240
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0240
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0240
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0240
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0240
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0240
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0240
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0240
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0240
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0240
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0240
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0240
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0240
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0240
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0245
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0245
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0245
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0245
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0245
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0245
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0245
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0245
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0245
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0245
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0245
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0245
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0245
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0245
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0245
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0245
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0245
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0245
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0245
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0245
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0245
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0245
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0245
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0245
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0245
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0245
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0245
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0245
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0245
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0245
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0245
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0245
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0245
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0245
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0250
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0250
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0250
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0250
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0250
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0250
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0250
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0250
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0250
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0250
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0250
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0250
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0250
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0250
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0250
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0250
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0250
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0250
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0250
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0250
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0250
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0250
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0250
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0250
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0250
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0250
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0250
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0250
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0250
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0250
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0250
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0250
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0250
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0250
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0250
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0250
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0250
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0255
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0255
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0255
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0255
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0255
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0255
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0255
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0255
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0255
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0255
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0255
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0255
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0255
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0255
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0255
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0255
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0255
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0255
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0255
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0255
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0255
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0255
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0260
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0260
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0260
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0260
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0260
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0260
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0260
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0260
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0260
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0260
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0260
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0260
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0260
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0260
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0260
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0260
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0260
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0260
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0260
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0260
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0260
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0260
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0260
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0260
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0260
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0260
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0260
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0260
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0260
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0260
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0260
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0260
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0260
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0260
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0260
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0260
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0260
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0260
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0260
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0260
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0265
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0265
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0265
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0265
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0265
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0265
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0265
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0265
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0265
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0265
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0265
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0265
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0265
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0265
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0265
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0265
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0265
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0265
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0265
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0265
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0265
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0270
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0270
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0270
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0270
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0270
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0270
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0270
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0270
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0270
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0270
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0270
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0270
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0270
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0270
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0270
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0270
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0270
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0270
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0270
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0270
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0270
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0270
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0270
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0270
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0270
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0270
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0270
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0270
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0270
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0270
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0270
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0270
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0270
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0270
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0270
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0270
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0275
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0275
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0275
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0275
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0275
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0275
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0275
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0275
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0275
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0275
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0275
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0275
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0275
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0275
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0275
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0275
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0275
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0275
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0275
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0275
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0275
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0275
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0275
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0275
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0275
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0275
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0275
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0275
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0275
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0275
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0275
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0275
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0275
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0275
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0280
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0280
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0280
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0280
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0280
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0280
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0280
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0280
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0280
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0280
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0280
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0280
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0280
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0280
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0280
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0280
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0280
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0280
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0280
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0280
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0280
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0280
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0280
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0280
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0280
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0280
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0280
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0280
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0280
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0285
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0285
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0285
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0285
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0285
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0285
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0285
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0285
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0285
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0285
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0285
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0285
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0285
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0285
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0285
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0285
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0285
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0285
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0285
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0285
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0285
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0285
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0285
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0285
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0285

T. Kirgezen, U. Yiicetas, E.A. Server et al.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Values in 426 Healthy Volunteers. Indian J Otolaryngol Head
Neck Surg. 2014;66:31-4.

Kallmann F, Schoenfeld W, Barrera S. The genetic aspects of
primary eunuchoidism. Am J Ment Defic. 1944;48:203-36.
Viswanathan V, Eugster EA. Etiology and treatment of hypogona-
dism in adolescents. Pediatr Clin North Am. 2011;58:1181-200.
Schwanzel-Fukuda M, Pfaff DW. Origin of luteinizing hormone-
-releasing hormone neurons. Nature. 1989;338:161-4.
Lewkowitz-Shpuntoff HM, Hughes VA, Plummer L, Au MG,
Doty RL, Seminara SB, et al. Olfactory phenotypic spectrum
in idiopathic hypogonadotropic hypogonadism: pathophysio-
logical and genetic implications. J Clin Endocrinol Metab.
2012;97:136-44.

Fraietta R, Zylberstejn DS, Esteves SC. Hypogonadotropic hypo-
gonadism revisited. Clinics (Sao Paulo). 2013;68:81-8.

Popa SM, Clifton DK, Steiner RA. The role of kisspeptins and
GPR54 in the neuroendocrine regulation of reproduction. Annu
Rev Physiol. 2008;70:213-38.

Maruska KP, Fernald RD. Reproductive status regulates expres-
sion of sex steroid and GnRH receptors in the olfactory bulb.
Behav Brain Res. 2010;213:208-17.

Whitlock KE. The loss of scents: do defects in olfactory sensory
neuron development underlie human disease? Birth Defects Res
C Embryo Today. 2015;105:114-25.

Merlo GR, Mantero S, Zaghetto AA, Peretto P, Paina S, Gozzo
M. The role of DIx homeogenes in early development of the
olfactory pathway. J Mol Histol. 2007;38:612-23.

Jennes L, Stumpf WE. LHRH-neuronal projections to the
inner and outer surface of the brain. Neuroendocrinol Lett.
1980;2:241-6.

Schwanzel-Fukuda M, Silverman AJ. The nervus terminalis of
the guinea pig: a new luteinizing hormone-releasing hormone
(LHRH) neuronal system. J Comp Neurol. 1980;191:213-25.
Wirsig-Wiechmann CR. Function of gonadotropin-releasing hor-
mone in olfaction. Keio J Med. 2001;50:81-5.

Kawai T, Abe H, Akazome Y, Oka Y. Neuromodulatory effect
of GnRH on the synaptic transmission of the olfactory bulbar
neural circuit in goldfish, Carassius auratus. J Neurophysiol.
2010;104:3540-50.

Feldmesser E, Olender T, Khen M, Yanai |, Ophir R, Lancet D.
Widespread ectopic expression of olfactory receptor genes. BMC
Genomics. 2006;22(7):121.

Neuhaus EM, Zhang W, Gelis L, Deng Y, Noldus J, Hatt H. Activa-
tion of an olfactory receptor inhibits proliferation of prostate
cancer cells. J Biol Chem. 2009;284:16218-25.

Kitay JI. Pituitary-adrenal function in rat after gonadectomy and
gonadal hormone replacement. Endocrinology. 1963;73:253-60.
Horie S, Yamaki A, Takami S. Presence of Sex Steroid-
-Metabolizing Enzymes in the Olfactory Mucosa of Rats. Anat
Rec (Hoboken). 2017;300:402-14.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

M

42.

43.

45.

710

McEwan BW, Pfaff DW, Zigmond RE. Factors in influencing sex
hormone uptake by rat brain regions. Ill. Effects of competing
steroids on testosterone uptake. Brain Res. 1970;21:29-38.
Pfaff DW. Steroid sex hormones in the rat brain: specificity of
uptake and physiological effects. In:Steroid Hormones and Brain
Function, edited by C. H. Sawyer and R. A. Gorski Eds. Los
Angeles: University of California Press. 1971:103-10.

Stumpf WE. Estrogen-neurons and estrogen-neuron systems in
the periventricular brain. Am J Anat. 1970;129:207-18.
Horvath TL, Wikler KC. Aromatase in developing sensory systems
of the rat brain. J Neuroendocrinol. 1999;11:77-84.

Hoyk, Csakvari E, Gyenes A, Siklos L, Harada N, Parducz A.
Aromatase and estrogen receptor beta expression in the rat
olfactory bulb: Neuroestrogen action in the first relay sta-
tion of the olfactory pathway? Acta Neurobiol Exp (Wars).
2014;74:1-14.

Kass MD, Czarnecki LA, Moberly AH, McGann JP. Differences in
peripheral sensory input to the olfactory bulb between male
and female mice. Sci Rep. 2017;26:45851.

Abdelgadir SE, Roselli CE, Choate JV, Resko JA. Androgen recep-
tor messenger ribonucleic acid in brains and pituitaries of
male rhesus monkeys: studies on distribution, hormonal control,
and relationship to luteinizing hormone secretion. Biol Reprod.
1999;60:1251-6.

Osterlund MK, Hurd YL. Estrogen receptors in the human fore-
brain and the relation to neuropsychiatric disorders. Prog.
Neurobiol. 2001;64:251-67.

Kanageswaran N, Nagel M, Scholz P, Mohrhardt J, Gisselmann
G, Hatt H. Modulatory Effects of Sex Steroids Progesterone and
Estradiol on Odorant Evoked Responses in Olfactory Receptor
Neurons. PLoS One. 2016;11:e0159640.

Carr WJ, Solberg B, Pfaffman C. The olfactory threshold for
estrous female urine in normal and castrated male rats. J Comp
Physiol Psychol. 1962;55:415-7.

Doty RL, Ferguson-Segall M. Influence of adult castration on the
olfactory sensitivity of the male rat: a signal detection analysis.
Behav Neurosci. 1989;103:691-4.

. Wesson DW, Keller M, Douhard Q, Baum MJ, Bakker J. Enhan-

ced urinary odor discrimination in female aromatase knockout
(ArKO) mice. Horm Behav. 2006;49:580-6.

Kunkhyen T, Perez E, Bass M, Coyne A, Baum MJ, Cherry JA.
Gonadal hormones, but not sex, affect the acquisition and main-
tenance of a Go/No-Go odor discrimination task in mice. Horm
Behav. 2018;100:12-9.

Yaffe K, Lui LY, Zmuda J, Cauley J. Sex hormones and cognitive
function in older men. J Am Geriatr Soc. 2002;50:707-12.

. Janowsky JS, Chavez B, Orwoll E. Sex steroids modify working

memory. J Cogn Neurosci. 2000;12:407-14.

Gibbs RB. Testosterone and estradiol produce different
effects on cognitive performance in male rats. Horm Behav.
2005;48:268-77.


http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0285
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0285
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0285
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0285
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0285
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0285
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0285
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0285
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0285
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0285
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0285
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0285
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0285
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0285
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0285
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0285
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0285
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0285
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0290
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0290
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0290
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0290
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0290
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0290
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0290
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0290
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0290
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0290
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0290
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0290
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0290
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0290
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0290
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0290
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0290
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0290
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0290
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0290
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0290
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0290
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0290
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0295
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0295
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0295
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0295
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0295
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0295
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0295
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0295
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0295
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0295
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0295
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0295
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0295
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0295
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0295
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0295
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0295
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0295
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0295
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0295
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0295
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0295
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0295
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0295
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0300
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0300
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0300
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0300
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0300
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0300
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0300
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0300
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0300
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0300
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0300
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0300
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0300
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0300
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0300
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0300
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0300
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0300
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0305
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0305
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0305
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0305
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0305
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0305
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0305
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0305
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0305
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0305
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0305
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0305
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0305
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0305
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0305
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0305
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0305
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0305
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0305
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0305
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0305
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0305
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0305
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0305
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0305
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0305
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0305
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0305
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0305
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0305
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0305
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0305
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0305
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0305
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0305
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0305
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0310
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0310
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0310
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0310
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0310
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0310
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0310
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0310
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0310
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0310
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0310
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0310
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0310
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0310
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0310
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0310
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0310
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0310
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0310
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0315
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0315
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0315
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0315
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0315
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0315
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0315
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0315
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0315
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0315
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0315
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0315
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0315
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0315
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0315
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0315
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0315
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0315
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0315
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0315
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0315
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0315
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0315
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0315
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0315
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0315
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0315
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0315
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0315
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0320
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0320
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0320
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0320
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0320
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0320
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0320
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0320
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0320
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0320
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0320
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0320
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0320
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0320
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0320
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0320
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0320
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0320
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0320
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0320
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0320
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0320
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0320
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0320
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0320
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0320
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0320
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0320
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0320
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0320
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0325
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0325
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0325
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0325
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0325
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0325
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0325
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0325
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0325
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0325
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0325
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0325
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0325
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0325
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0325
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0325
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0325
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0325
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0325
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0325
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0325
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0325
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0325
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0325
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0325
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0325
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0325
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0325
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0325
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0325
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0330
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0330
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0330
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0330
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0330
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0330
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0330
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0330
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0330
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0330
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0330
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0330
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0330
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0330
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0330
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0330
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0330
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0330
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0330
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0330
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0330
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0330
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0330
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0330
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0330
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0330
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0330
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0330
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0330
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0330
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0330
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0330
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0330
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0330
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0330
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0330
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0335
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0335
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0335
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0335
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0335
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0335
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0335
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0335
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0335
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0335
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0335
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0335
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0335
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0335
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0335
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0335
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0335
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0335
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0335
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0335
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0335
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0335
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0340
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0340
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0340
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0340
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0340
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0340
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0340
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0340
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0340
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0340
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0340
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0340
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0340
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0340
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0340
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0340
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0340
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0340
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0340
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0340
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0340
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0340
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0340
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0340
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0340
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0340
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0340
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0345
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0345
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0345
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0345
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0345
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0345
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0345
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0345
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0345
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0345
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0345
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0345
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0345
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0345
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0345
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0345
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0345
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0345
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0345
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0345
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0350
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0350
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0350
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0350
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0350
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0350
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0350
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0350
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0350
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0350
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0350
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0350
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0350
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0350
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0350
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0350
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0350
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0350
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0350
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0350
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0350
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0350
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0350
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0350
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0350
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0350
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0350
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0350
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0350
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0350
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0350
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0350
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0350
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0350
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0350
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0350
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0355
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0355
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0355
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0355
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0355
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0355
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0355
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0355
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0355
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0355
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0355
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0355
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0355
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0355
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0355
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0355
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0355
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0355
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0355
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0355
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0355
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0355
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0355
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0355
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0355
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0360
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0360
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0360
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0360
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0360
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0360
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0360
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0360
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0360
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0360
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0360
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0360
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0360
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0360
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0360
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0360
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0360
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0360
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0360
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0360
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0360
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0360
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0360
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0360
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0360
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0360
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0360
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0360
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0360
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0360
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0360
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0360
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0360
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0360
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0365
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0365
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0365
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0365
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0365
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0365
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0365
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0365
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0365
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0365
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0365
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0365
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0365
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0365
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0365
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0365
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0365
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0365
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0365
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0365
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0365
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0370
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0370
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0370
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0370
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0370
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0370
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0370
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0370
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0370
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0370
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0370
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0370
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0370
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0370
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0370
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0370
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0370
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0370
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0370
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0370
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0370
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0370
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0370
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0370
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0370
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0370
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0370
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0370
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0370
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0370
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0375
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0375
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0375
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0375
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0375
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0375
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0375
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0375
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0375
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0375
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0375
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0375
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0375
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0375
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0375
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0375
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0375
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0375
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0375
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0375
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0375
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0375
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0375
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0375
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0375
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0375
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0375
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0375
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0375
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0375
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0375
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0375
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0375
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0375
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0380
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0380
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0380
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0380
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0380
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0380
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0380
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0380
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0380
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0380
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0380
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0380
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0380
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0380
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0380
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0380
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0380
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0380
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0380
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0380
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0380
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0380
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0380
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0380
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0380
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0380
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0380
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0380
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0380
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0380
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0380
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0380
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0380
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0380
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0380
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0380
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0380
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0380
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0380
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0380
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0380
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0380
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0380
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0385
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0385
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0385
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0385
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0385
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0385
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0385
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0385
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0385
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0385
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0385
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0385
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0385
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0385
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0385
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0385
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0385
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0385
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0390
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0390
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0390
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0390
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0390
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0390
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0390
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0390
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0390
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0390
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0390
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0390
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0390
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0390
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0390
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0390
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0390
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0390
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0390
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0390
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0390
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0395
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0395
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0395
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0395
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0395
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0395
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0395
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0395
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0395
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0395
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0395
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0395
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0395
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0395
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0395
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0395
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0395
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0395
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0395
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0395
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0395
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0395
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0395
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0395
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0395
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0395
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0395
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0395
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0395
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0395
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0395
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0395
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0395
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0395
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0395
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0395
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0395
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0395
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0395
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0395
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0395
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0395
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0395
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0395
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0395
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0400
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0400
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0400
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0400
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0400
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0400
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0400
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0400
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0400
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0400
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0400
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0400
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0400
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0400
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0400
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0400
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0400
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0400
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0400
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0400
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0400
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0400
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0400
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0400
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0400
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0400
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0400
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0405
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0405
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0405
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0405
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0405
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0405
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0405
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0405
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0405
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0405
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0405
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0405
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0405
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0405
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0405
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0405
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0405
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0405
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0405
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0405
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0405
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0405
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0405
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0405
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0405
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0405
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0405
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0405
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0405
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0405
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0405
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0405
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0405
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0405
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0405
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0405
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0405
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0405
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0405
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0405
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0405
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0405
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0405
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0405
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0410
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0410
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0410
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0410
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0410
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0410
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0410
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0410
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0410
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0410
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0410
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0410
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0410
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0410
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0410
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0410
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0410
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0410
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0410
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0410
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0410
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0410
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0410
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0410
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0410
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0415
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0415
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0415
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0415
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0415
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0415
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0415
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0415
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0415
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0415
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0415
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0415
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0415
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0415
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0415
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0415
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0415
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0415
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0415
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0415
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0415
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0415
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0415
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0415
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0415
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0415
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0415
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0415
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0415
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0415
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0415
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0415
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0415
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0415
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0415
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0420
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0420
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0420
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0420
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0420
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0420
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0420
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0420
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0420
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0420
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0420
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0420
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0420
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0420
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0420
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0420
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0420
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0420
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0420
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0420
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0420
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0420
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0420
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0420
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0420
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0420
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0420
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0420
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0420
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0425
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0425
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0425
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0425
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0425
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0425
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0425
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0425
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0425
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0425
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0425
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0425
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0425
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0425
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0425
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0425
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0425
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0425
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0425
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0425
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0425
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0425
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0425
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0425
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0425
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0425
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0425
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0430
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0430
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0430
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0430
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0430
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0430
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0430
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0430
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0430
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0430
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0430
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0430
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0430
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0430
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0430
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0430
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0430
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0430
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0430
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0430
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0430
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0430
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0430
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0430
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0430
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0430
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0430
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0430
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0430
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0430
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0430
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0430
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0435
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0435
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0435
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0435
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0435
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0435
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0435
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0435
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0435
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0435
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0435
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0435
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0435
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0435
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0435
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0435
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0435
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0435
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0435
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0435
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0435
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0435
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0435
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0435
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0435
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0435
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0435
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0435
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0435
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0435
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0435
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0435
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0435
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0435
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0435
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0435
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0435
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0435
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0435
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0435
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0435
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0435
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0440
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0440
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0440
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0440
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0440
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0440
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0440
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0440
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0440
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0440
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0440
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0440
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0440
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0440
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0440
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0440
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0440
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0440
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0440
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0440
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0440
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0440
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0440
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0440
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0440
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0440
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0440
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0440
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0445
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0445
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0445
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0445
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0445
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0445
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0445
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0445
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0445
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0445
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0445
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0445
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0445
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0445
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0445
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0445
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0445
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0445
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0445
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0445
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0450
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0450
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0450
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0450
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0450
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0450
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0450
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0450
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0450
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0450
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0450
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0450
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0450
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0450
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0450
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0450
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0450
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0450
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0450
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0450
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0450
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0450
http://refhub.elsevier.com/S2530-0539(21)00143-7/sbref0450

	Possíveis efeitos dos baixos níveis de testosterona na função olfativa em homens
	Introdução
	Método
	Avaliação da função olfativa
	Análise estatística

	Resultados
	Discussão
	Conclusão
	Aprovação ética
	Consentimento informado
	Conflitos de interesse
	Financiamento
	Conflitos de interesse
	Referências


