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RESUMO

Introducao: A doenca de Graves (DG) € a principal causa de hipertireoidismo em
adultos. E uma condicdo auto-imune classicamente marcada pela Triade de
Merserburg (bécio, tireotoxicose e orbitopatia), mas a mudanga na apresentacao da
DG ao longo do tempo raramente foi estudada. Objetivo: Determinar alteracbes na
apresentacao clinica de pacientes com DG nos ultimos 30 anos. Métodos: O estudo
avaliou 475 pacientes diagnosticados com DG entre 1986 e 2016 em um Unico
centro. Os pacientes foram avaliados quanto a aspectos epidemiolégicos, funcéo
tireoidiana, atividade inflamatéria dos olhos avaliada pelo Clinical Activity Score;
CAS, gravidade avaliada pela classificaggo NOSPECS e volume tireoidiano
estimado por ultrassonografia. Resultados: A avaliacdo dos pacientes identificou um
aumento na idade média do diagnéstico de DG (p <0,02), uma reducdo no volume
da tiredide (p <0,001) e um envolvimento orbital menos intenso entre 2007-2016 em
comparacado com 1986-2006 (p = 0,04). O numero de pacientes fumantes foi menor
de 2007 a 2016 (28,7%) do que de 1986 a 2006 (42,8% p = 0,001). Os valores de
TSH e TRAb nado apresentaram alteragdes significativas. Conclusao: A
apresentacao GD parece ter sido alterada nos ultimos anos em comparagdao com a
apresentacao inicial tipica. Ha um envolvimento inflamatério menos frequente do
tecido orbital, bocios menores, menor nimero de fumantes e diagnoéstico em idade

mais avancgada.

Palavras-chave: Doenca de Graves. Orbitopatia de Graves. Hipertireoidismo



ABSTRACT

Introduction: Graves’ disease (GD) is the main cause of hyperthyroidism among
adults. It is an autoimmune condition classically marked by the Merserburg Triad
(goiter, thyrotoxicosis, and orbitopathy), but the change in presentation of GD over
time has rarely been studied. Objective: To determine changes in the clinical
presentation of patients with GD in the last 30 years. Subjects and Methods: The
study evaluated 475 patients diagnosed with GD between 1986 and 2016 in a single
center. Patients were evaluated regarding epidemiological aspects, thyroid function,
inflammatory activity of the eyes evaluated by the Clinical Activity Score; CAS,
severity evaluated by NOSPECS classification and thyroid volume estimated by
ultrasonography. Results: Patients assessment identified an increase in the mean
age of diagnosis of GD (p < 0.02), a reduction in thyroid volume (p < 0.001) and less
intense orbital involvement from 2007-2016 compared to 1986-2006 (p = 0.04). The
number of smoking patients was smaller from 2007 to 2016 (28.7%) than 1986 to
2006 (42.8% p = 0.001). The TSH and TRAb values did not had significant changes.
Conclusion: GD presentation appears to be changed in the last years compared to
the typical initial presentation. There is a less frequent inflammatory involvement of
orbital tissue, smaller goiters, a lower number of smokers and diagnosis at older age.

Keywords: Graves’ disease. Graves’ orbitopathy. Hyperthyroidism
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1. INTRODUCAO

A doenca de Graves (DG) é uma doenca autoimune da tiredide,
considerada a principal causa de hipertireocidismo em areas repletas de iodo (1),
onde € responsavel por 50 a 80% dos casos de hipertireoidismo (2). A doenga foi
nomeada e descrita pelo médico irlandés Robert James Graves em 1835 (3),
posteriormente em 1840, o médico alemao Carl Adolph von Basedow forneceu uma
descricdo de quatro pacientes (irés mulheres e um homem) afetados com essa
doenca e caracterizados pela chamada Triade de Merseburg (exoftalmia, bécio e
palpitacdes) (4).

Sua prevaléncia é de aproximadamente 0,5% e incidéncia de cerca de
21/100.000 habitantes por ano (2). Individuos de qualquer idade podem ser
afetados, mas as mulheres com idades compreendidas entre 40-60 anos tém um

risco maior (1).

DG é causada por uma interagdo entre fatores genéticos e ambientais,
levando a perda da tolerancia imunoldgica; os fatores genéticos sao responsaveis
por até 80% do risco de desenvolver a doenca, entre os genes envolvidos destacam-
se genes do sistema HLA, CTLA-4, CD40, gene da PTPN 22, do receptor de TSH e
da tireoglobulina (5).0s outros 20% s&o associados a fatores de risco ambientais, o
habito tabagico parece ser o mais importante, mas horménios sexuais, gravidez,
estresse e infeccoes também podem estar associados (1).Esses fatores ambientais
funcionam como gatilhos induzindo a perda da tolerancia imunol6gica ao receptor de
TSH localizado na célula folicular nos individuos que apresentam suscetibilidade
genética a DG. O TSH-R é fagocitado por células apresentadoras de antigenos e por
meio do complexo de histocompatibilidade MHC classe Il esses peptideos sao
apresentados a linfécitos T helper. Essas células tornam-se ativadas, interagem com
os linfécitos B através de pontes CD154 — CD40 e secretam interleucina-2 e
interferon-y. Essas citocinas por sua vez induzem a diferenciagdo de células B em
plasmécitos que secretam anticorpo anti receptor de TSH (TRAb). Esses anticorpos
estimulam o receptor de TSH em células epitelias foliculares da tireoide levando a
hiperplasia e aumento da produgdo de hormonios tireoidianos (2). Células

inflamatorias intratireoidianas produzem citocinas, como a interleucina-1, fator de
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necrose tumoral e interferon alfa, que induzem a expressdo de moléculas de
adesdo, moléculas reguladoras como CD40 e HLA classe Il, que por sua vez
induzem as células da tiredide a sintetizar mais citocinas o que sustenta o processo

autoimune intratireoidiano.

As manifestagbes clinicas da DG dividem-se nas que sdao comuns a
qualquer forma de hipertireoidismo como taquicardia, nervosismo, tremor, sudorese
excessiva, perda de peso, dentre varios outras decorrentes da aceleracao do
metabolismo e naquelas especificas para a doenga em questao (6). Destas, os
principais sinais sdo o bdcio difuso, dermopatia localizada, acropatia e a orbitopatia
que se apresenta como dor ou pressao retrobulbar, retracdo palpebral, edema
periorbitdrio e quemose, exoftalmia (proptose), disfuncdo muscular extraocular,
ceratite de exposicdo e neuropatia Optica (6). A orbitopatia € o principal
acometimento extra tireoidiano, sua prevaléncia varia entre 20-60% dos pacientes
com doenca de Graves, dependendo de fatores como definicdo utilizada, escores
clinicos, métodos de imagem empregados e populacao de qual pais estudado (6),

(7).

OG é uma doenca inflamatéria da érbita que ocorre em associacao com a
doenca autoimune da tireéide (8). Os principais fatores de risco para o
desenvolvimento e / ou agravamento da OG s&o hipertireoidismo grave, altos valores
de TRADb e tabagismo. A fisiopatologia do comprometimento ocular ocorre devido a
presenga de um tipo de receptor de TSH nos fibroblastos orbitais. Auto anticorpos
circulantes, encontrados no paciente com DG, se ligam a esses receptores ativando-
os e estimulando alguns fibroblastos a secretarem acido hialurdénico e uma parte a
se diferenciarem em adipdcitos maduros. Esses auto anticorpos circulantes tambem
podem ser especificos para antigenos como o receptor do TSH ou receptor de IGF-
1. Os fibroblastos orbitais apds serem ativados liberam interleucinas, incluindo IL-16
e RANTES, que atraem os linfocitos T para a 6rbita. Esses linfcitos interagem com
fibroblastos, ativam-se mutuamente, levando a producgéo de interleucinas (IFN gama,
PGD2 e 15d-PGJ2) e secrecdo de fatores ativadores de linfocitos T pelos
fibroblastos (IL-8 e produtos da atividade de COX-2). Os fibroblastos sdo também
estimulados a secretar IL-6, o que leva a diferenciacdao do linfécito B. Estas
alteragdes celulares resultam no aumento do musculo extraocular, expansdo orbital

de tecido adiposo e inflamagéao orbital, caracteristicos na orbitopatia de Graves (9).
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Figura 1: Esquema simplificado dos principais passos envolvidos na reacdo
autoimune da OG (9).

Atualmente, a orbitopatia, parece ser menos comum que no passado (10),
geralmente é leve e raramente progride para formas graves (11). Esse fendtipo
diferente da OG pode estar relacionado ao diagndstico precoce e a pronta correcao
do hipertireoidismo, que podem produzir um efeito de melhora na OG (12).

Assim como a OG a apresentacdo clinica da DG descrita de forma
classica com sinais de tireotoxicose como palpitagdes, tremores, intolerancia ao
calor e perda de peso também se tornaram menos proeminentes nos pacientes
diagnosticados nos ultimos anos. Quanto ao tamanho da tireoide, um grande estudo
observacional publicado em 1996 na Itdlia descreveu que bécios moderados a
grandes avaliados por ultrassonografia foram encontrados em 52% dos pacientes
com DG, enquanto 48% possuiam bdcios menores (13). Ja estudos anteriores
publicados em regides semelhantes descreveu a presenga de bdécio em 81% da
populacdo estudada (14). Bartalena et al. na Itdlia descreveu como a proporgcao
relevante de pacientes no diagnostico tem DG leve a moderada. Quase metade
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deles ndo tem bocio e pouco menos de um quinto tem hipertireoidismo subclinico;
apenas 20% tém OG (15). Apesar de dados recentes da literatura internacional
sugerirem que o fendtipo classico da DG pode nao se aplicar mais a maioria dos
pacientes, a mudancga na apresentacao inicial da DG ao longo do tempo raramente
foi estudada além ndo haver dados publicados dessas alteragcbes na populagéo
brasileira.
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2. OBJETIVOS

2.1 Objetivo Geral

Determinar alteragbes na apresentagéo clinica inicial dos pacientes com

Doenca de Graves nos ultimos 30 anos

2.2 Objetivos Especificos

1. Avaliar dados epidemiol6gicos como idade, sexo, presenca de
tabagismo nos pacientes com doenca de Graves no momento do diagndstico por um
periodo de 30 anos.

2. Avaliar a funcéo e o volume da tireoide dos pacientes com doenca de
Graves no momento do diagnéstico por um periodo 30 anos.

3. Avaliar alteracbes na orbitopatia dos pacientes com doenca de Graves
recém diagnostica por um periodo 30 anos.
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3. METODOLOGIA

3.1 Desenho do Estudo

Ap6s a aprovagao ética da pesquisa institucional, todos os pacientes

diagnosticados com DG entre 1986 e 2016 foram revisados retrospectivamente.

O estudo de coorte inicial consistiu em 567 pacientes atendidos no
ambulatorio de tireoide, de 1986 a 2016, com DG n&o tratada. Foram excluidos 92
pacientes: 58 pacientes haviam sido tratados antes da avaliagdo inicial em nosso
centro e 34 pacientes ndo possuiam todos os dados disponiveis para confirmacéo
do diagnéstico de DG. O grupo restante incluiu 475 novos pacientes com DG.

Todos os pacientes com hipertireoidismo preencheram os critérios de
inclusao: diagnostico de DG e hipertireoidismo caracterizado por bécio difuso,
aumento dos niveis séricos de T4 livre, nivel sérico suprimido de TSH e presenca de
TRADb sérico positivo e / ou aumento da captacao tireoidal de iodo 131 (até 2000 -
valores de referéncia: 4 horas = 4-14% e 24 horas = 15-41%, apds 2000, foi utilizada
a captacao da tireéide 99mTc-pertecnetato; valores de referéncia: 0,14-0,16%).
Foram excluidos os pacientes que ja tinham recebido algum tipo de tratamento ou
que nao tinham registrado em prontuario informacdes suficientes para confirmacao

do diagnéstico de DG.

3.2. Avaliacao Clinica

O ultrassom tireoidiano foi utilizado para avaliar o volume tireoidiano. Os
pacientes iniciais foram avaliados por ultrassonografia Toshiba (Otawara, Japéo); de
1996 a 2000, foi utilizado o modelo de ultrassom GE LOGIQ 500 (Téquio, Japéo).
Apoés esse periodo, o0 modelo de ultrassom Toshiba SSA-240A (Téquio, Japao) foi o
dispositivo de ultrassom usado até 2010. Nos ultimos anos, foi incorporado o modelo
GE V8 (Jiangsu, China).

O volume da tiredide foi calculado multiplicando a altura, largura e
profundidade de cada lobo, sendo medidos e multiplicados. O resultado obtido é
entdo multiplicado por um fator de corregao, que é 1/ 6, ou 0,524 (16). A faixa de
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valor normal do volume tireoidiano em nossa populagéo € de 6 a 15 mL (os valores
normais do volume tireoidiano foram realizados através de uma amostra de

individuos sem doenca tireoidiana realizada pelo departamento de radiologia).

A atividade da OG foi estimada usando o escore de atividade clinica
(CAS), de acordo com Mouritset al. (17) de 1992. Foi dado um ponto para cada uma

das caracteristicas descritas na tabela 1 variandode 0O a 7.

Tabela 1. Escore de Atividade Clinica (modificado e traduzido para o

portugués).

Dor retro ocular espontanea

Dor a movimentag¢ao dos olhos durante as Ultimas duas semanas
Hiperemia palpebral

Hiperemia difusa da conjuntiva cobrindo pelo menos um quadrante
Edema palpebral

Quemose (Edema conjuntival)

Edema de caruncula

Os pacientes diagnosticados entre 1986 e 1991 nao foram avaliados
pelo CAS; por esse motivo, esses pacientes foram excluidos das analises da OG. A
diplopia intermitente e permanente também foi avaliada; a largura da palpebra foi
medida com uma régua com escala e a proptose foi medida usando um

exoftalmémetro Hertel.

A gravidade do GO foi calculada pela classificaggo NOSPECS (18), sendo

esses dados disponiveis em 283 pacientes.
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Tabela 2- Resumo da Classificacao NOSPECS de alteracoes oculares na
orbitopatia de Graves- Werner SC J Clin Endocrinol Metab. 1977

N 0 Ausencia (NO) de sianis e sintomas
O 1 Somente (ONLY) sinais
S 2 Envolvimento de tecidos moles (SOFTY TISSUE)

com sinais e sintomas

P 3 Proptose (PROPTOSIS) de 3 mm ou mais em

excesso, com ou sem sintomas

E 4 Envolvimento dos m. extraoculares
(EXTRAOCULAR) geralmente com diplopia

C 5 Envolvimento corneano (CORNEAL) primariamente

causada por logooftalmo

S 6 Diminuigdo da visado (SLIGHT LOSS) causada por

envolvimento do nervo éptico

3.3 Avaliacao Laboratorial

Horménio Tireoestimulante: As concentragdes séricas de TSH foram
medidas por microtitulagdo em fase solida RIA até 1986 com uma sensibilidade de
1,3 mU/mL e valores normais <8,3 mU/ml (19). Em seguida, por um ensaio
imunométrico de 22 geracdo (TSHIRMA Kit Serono) de 1987 a 1994 com uma
sensibilidade de 0,01 mU/mL e valores normais de 0,3-4,5 mU/mL. De 1995 a 2005,
foi utilizado o método imunoenzimatico de terceira geracao (kit Abbott) com
sensibilidade de 0,06 mU/mL e faixa de referéncia de 0,32-5,2 mU/mL. A partir de
2006, foi utilizado um ensaio quimioluminescente, Immulite, com maior sensibilidade
(0,002 mU/mL) e faixa de referéncia de 0,3 a 4,1 mU/mL.

Tiroxina Livre: Inicialmente, os niveis de T4 livre foram estimados pelo
produto da captacdo de resina T3 e dos niveis totais de T4 e servem como
substitutos do nivel de horménio livre com uma faixa normal de 1,3-4,5 ng/dl. Apds
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1994, o T4 livre foi medido por ensaios quimioluminescentes (sistema DPC Immulite)

e o intervalo normal foi de 0,8-1,9 ng/dL.

Anticorpos Tireoidianos: Antes de 1996, o anticorpo sérico de
tireoglobulina (anti Tg) e o anticorpo peroxidase da tiredide (anti TPO) eram medidos
pelo teste de hemaglutinagéo passiva seguido pelo método IRMA (valores normais
inferiores a 200 mUI/mL e menos de 150 mUI/mL, respectivamente) e, em seguida,
em 2005 por ensaios quimioluminescentes (sistema DPC Immulite) com valores de

referéncia positivos > 40 Ul / mL e > 35 Ul/mL, respectivamente.

Anticorpo Anti Receptor de TSH: Nos ultimos 30 anos, usamos alguns
métodos diferentes para as determinagdes do TRAb. Por exemplo, de 1980 a 1991,
usamos um ensaio interno que mede a atividade TSAb da estimulacéo ciclica de
AMP na membrana plasmatica da tiredide humana (20). A referéncia positiva do
TSAD foi < 128%. De 1992 a 2008, usamos primeiro um ensaio de receptor de radio
(RSR Ltd) e, em seguida, um ensaio ELb de segunda geracdao TRAb (RSR Ltd) com
um intervalo normal < 10 Ul/L. Recentemente, usamos um ensaio monoclonal
humano (anticorpo M22) da Siemens Immunulite-TSI com valores normais <0,175
UI/L.

Para evitar fatores de confusdo, expressamos o0s anticorpos

antitireoidianos e anticorpo anti receptor de TSH como positivos ou negativos.

3.4 Analise Estatistica

As anadlises estatisticas foram realizadas no software SAS versao 9.3
(SAS Institute). Variaveis continuas com distribuicdo ndo normal foram avaliadas
com os testes ndo parameétricos. Foram utilizados o teste de Mann-Whitney para
medianas e o teste do qui-quadrado para proporcbes. Para avaliar a tendéncia da
idade no diagnoéstico, valores de TSH, T4 livre, volume de bdcio, CAS inicial e CAS
longitudinal, foi utilizado um modelo de regressao linear apds a transformacao dos
dados em pontos. Para os parametros oftalmolégicos foram considerados os
maiores valores dos olhos de cada paciente. Finalmente, o teste de Cochran-
Armitage avaliou o sexo e o tabagismo ao longo do tempo. Os pacientes foram
divididos em 2 periodos diferentes, pacientes com diagnéstico realizado entre 1986
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a 2006 e 2007 a 2017; essa divisdo ocorreu para que tivessemos um numero
semelhantes de pacientes nos dois grupos pois 0s numeros de registros de novos
casos nao foram homogéneos ao longo dos anos estudados. Para todas as analises,

P <0,05 foi considerado estatisticamente significativo.
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4. RESULTADOS

Os resultados desta dissertacao estdo apresentados a seguir no formato
de artigo cientifico
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ABSTRACT

Introduction: Graves’ disease (GD) is the main cause of hyperthyroidism among
adults. It is an autoimmune condition classically marked by the Merserburg Triad
(goiter, thyrotoxicosis, and orbitopathy), but the change in presentation of GD over
time has rarely been studied. Objectives: To determine changes in the clinical
presentation of patients with GD in the last 30 years. Methods: The study evaluated
475 patients diagnosed with GD between 1986 and 2016 in a single center. Patients
were evaluated regarding epidemiological aspects, thyroid function, inflammatory
activity of the eyes evaluated by the Clinical Activity Score; CAS, severity evaluated
by NOSPECS classification and thyroid volume estimated by ultrasonography.
Results: Patients assessment identified an increase in the mean age of diagnosis of
GD (p < 0.02), a reduction in thyroid volume (p < 0.001) and less intense orbital
involvement from 2007-2016 compared to 1986-2006 (p = 0.04). The number of
smoking patients was smaller from 2007 to 2016 (28.7%) than 1986 to 2006 (42.8%
p = 0.001). The TSH and TRAb values did not had significant changes.
Conclusions: GD presentation appears to be changed in the last years compared to
the typical initial presentation. There is a less frequent inflammatory involvement of
orbital tissue, smaller goiters, a lower number of smokers and diagnosis at older age.

Keywords: Graves’ disease; graves’ orbitopathy; hyperthyroidism
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A mudanca na apresentacao clinica da doenca de Graves: um levantamento

retrospectivo de 30 anos em um centro académico terciario brasileiro

Introducao: A doenca de Graves (DG) é a principal causa de hipertireoidismo em
adultos. E uma condicdo autoimune classicamente marcada pela Triade de
Merserburg (bécio, tireotoxicose e orbitopatia), mas a mudanca na apresentacédo da
DG ao longo do tempo raramente foi estudada. Objetivo: Determinar as mudancas
na apresentacao clinica de pacientes com DG nos ultimos 30 anos. Métodos: O
estudo avaliou 475 pacientes com diagnostico de DG entre 1986 e 2016 em um
unico centro. Os pacientes foram avaliados quanto aos aspectos epidemiolégicos,
fungéo tireoidiana, atividade inflamatoria dos olhos avaliada pelo Clinical Activity
Score; CAS, gravidade avaliada pela classificaggo NOSPECS e volume da tireoide
estimado por ultrassonografia. Resultados: A avaliagdo dos pacientes identificou
aumento da idade média de diagnéstico de DG (p <0,02), reducao do volume da
tireoide (p <0,001) e envolvimento orbital menos intenso de 2007-2016 em relagéo a
1986-2006 (p = 0,04). O numero de pacientes fumantes foi menor de 2007 a 2016
(28,7%) do que de 1986 a 2006 (42,8% p = 0,001). Os valores de TSH e TRAb néo
tiveram alteracdes significativas. Conclusao :A apresentacdo do GD parece ter
mudado nos ultimos anos em comparacdo com a apresentacao inicial tipica. Ha
envolvimento inflamatério do tecido orbital menos frequente, bécio menor, menor

namero de fumantes e diagnostico em idade avangada.

Palavras-chave: Doenca de Graves; Orbitopatia de Graves; hipertireoidismo
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INTRODUCTION

Robert James Graves was an Irish physician who described three women
with goiter and palpitations during his lectures in 1835 (1). Later, an addition patient
with exophthalmos was added (2). In 1825, Parry had already noted one patient
developing goiter and palpitations post-partum. Before them, in 1802, the Italian
physician Flajani had documented goiter and cardiac palpitations but without
exophthalmos (2). Some years later, a German physician named Von Basedow
described the coincidence of heart palpitations, exophthalmos, and goiter: the so-
called Merseburg Triad (3).

Graves’ disease (GD) is currently the main cause of hyperthyroidism in
young adults affecting around 0.5% of the global population (4). The majority of
cases are seen in women aged 35 to 60, but the condition may manifest itself in any
age (4). GD is caused by an interaction between genetic and environmental factors
leading to the collapse of immune tolerance; of known environmental factors,
smoking seems to be the most important (5). Other factors such as stress, infections,
and pregnancy are correlated with disease development of GD (5). GD is initiated by
the production of IgG autoantibodies directed against the TSH receptor (TRADb).
These antibodies bind to and activate the receptor increasing production of thyroid
hormones as well as local inflammatory reactions, glandular hyperplasia, and
hypertrophy (6,7). TRADb is also an important factor in the development of Graves’
orbitopathy (GO) via the activation of orbital fibroblasts and production of
inflammatory cytokine (6). The major risk factors for development and/or worsening
of GO are severe hyperthyroidism, high TRAb values, and smoking (8). GO is
characterized by inflammation and edema of extraocular muscles and an increase in
the adipose and connective tissue of the orbit (9); in contrast, orbital edema is due to
the hydrophilic action of glycosaminoglycans (10).The inflammatory reaction is
attributed to the infiltration of extraocular muscles and connective tissue of the orbit
by lymphocytes and macrophages. However, increased tissue volume is responsible
for most of the manifestations of GO (7).

The clinical presentation of classically described GD include signs of
thyrotoxicosis (palpitations, tremulousness, heat intolerance, weight loss, and
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anxiety) as well as tachycardia, tremor, proptosis, and thyroid enlargement on
physical examination (5). Recent data from the literature suggest that the classical
phenotype of GD may no longer apply to most patients. Bartalena and cols. in ltaly
described how relevant proportion of patients at diagnosis have mild to moderate GD.
Nearly half of them have no goiter, and slightly less than one-fifth have subclinical
hyperthyroidism; only 20% have GO (11). Therefore, the objective of this
retrospective study was to evaluate the likely changes in GD phenotype in a large
population of newly diagnosed patients in a single university hospital center.

SUBJECTS AND METHODS

After institutional research ethics approval (number
66282417.5.0000.5463/Conep), all patients who were diagnosed with GD between
1986 and 2016 were retrospectively reviewed. The initial cohort study consisted of
567 patients seen at the Hospital PUCCampinas from 1986 to 2016 with untreated
GD; 92 patients were excluded: 58 patients had been treated before the initial
evaluation in our center, and 34 patients did not have all data available or confirmed
diagnosis of GD. The remaining group included 475 new GD patients. All
hyperthyroid patients met the inclusion criteria: diagnosis of GD and hyperthyroidism
characterized by diffuse goiter, increased serum levels of free T4, a suppressed
serum TSH level, and the presence of positive serum TRAb and/or increased
thyroidal uptake of lodine 131 (until 2000 — reference values: 4 hours = 4-14% and
24 hours = 15-41%). After 2000 99mTc-pertechnetate thyroid uptake was used
(reference values: 0.14%-0.16%).

Thyroid ultrasound was used to assess thyroid volume. The initial patients
were evaluated by Toshiba ultrasonography (Otawara, Japan), from 1996 to 2000 the
GE ultrasound model LOGIQ 500 (Tokyo, Japan) was used. After this period Toshiba
ultrasound model SSA- 240A (Tokyo, Japan) was the ultra sound device used until
2010. In the last years GE model vivid T8 (Jiangsu, China) was incorporated.

The thyroid volume was calculated by multiplying the height, width, and
depth of each lobe are measured and multiplied. The obtained result is then
multiplied by a correction factor, which is 1/6, or 0.524 (12). The normal value range

of thyroid volume in our population is of 6 to 15 mL (the normal values of thyroid
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volume was performed through a sample of individuals without thyroid disease
performed by the radiology department). GO activity was estimated using the clinical
activity score (CAS) according to Mourits and cols. (13) from 1992. There was one
point for each of the following characteristics (ranging from 0 to 7): spontaneous
retrobulbar pain, pain on attempted upwards or downwards gaze, redness of the
eyelids, redness of the conjunctiva, swelling of the eyelids, inflammation of the
caruncle, and conjunctival edema. Patients diagnosed between 1986 and 1991 CAS
was not measured, for this reason these patients were excluded GO analyses.
Intermittent and permanent diplopia was also evaluated; eyelid width was measured
with a scale rule, and proptosis was measured using a Hertel exophthalmometer. GO
severity was calculated by NOSPECS classification (14) data are evaluate only in
283 patients.

Laboratory methods

Serum concentrations of TSH, was measured by an in-house solid phase
microtiter RIA until 1986 with a sensitivity of 1.3 mU/mL and normal values < 8.3
mU/m (15). Then by an immunometric assay of 2nd generation (TSHIRMA Serono
kit) from 1987 to 1994 with a sensitivity of 0.01 mU/mL and normal values of 0.3-4.5
mU/mL. From 1995 to 2005 a 3rd generation immunoenzymatic method was used
(Abbott kit) with a sensitivity of 0.06 mU/mL and reference range of 0.32-5.2 mU/mL.
After 2006 onwards a chemiluminescent assay, Immulite) has been used having
larger sensitivity (0.002 mU/mL) and reference range of 0.3-4.1 mU/mL. Initially, Free
T4 levels was estimated by the product of T3 resin uptake and total T4 levels and
serves as a surrogate of the free hormone level with a normal range of 1.3-4.5. After
1994 Free T4 was measured by chemiluminescent assays (DPC Immulite system)
and the normal range was 0.8-1.9 ng/dL. Before 1996 serum thyroglobulin antibody
(TgAb), and thyroid peroxidase antibody (TPOAb) were measured by passive
hemagglutination assay followed by IRMA method (normal values less than 200
miU/mL and less than 150 mlU/mL, respectively), and then in 2005 by
chemiluminescent assays (DPC Immulite system) with reference values positive > 40
IU/mL and > 35 IU/mL, respectively.
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In the last 30 years we used some different methods for TRAb
determinations. For instance from 1980 to 1991 we used an in-house assay which
measures the TSAb activity of AMP cyclic stimulation in human thyroid plasma
membrane (16). The TSAb positive reference was < 128%. From 1992 to 2008 we
used first a radio-receptor assay (RSR Ltd) and then a TRAb 2nd generation ELISA
assay (RSR Ltd) with a normal range < 10 IU/L. Recently, we have used a human
monoclonal assay (antibody M22) from Siemens Immunulite-TSI with normal values
< 0.175 IU/L. To avoid confounders we express antithyroid antibodies as positive or

negative.
Statistical analysis

Statistical analyses were performed using SAS version 9.3 software (SAS
Institute). Continuous variables with non-normal distribution were evaluated with the
non-parametric tests. The Mann-Whitney test for medians and the Chi-squared test
for proportions were used. To evaluate the trend of age at diagnosis, TSH, free T4,
goiter volume, initial CAS, and longitudinal CAS values, were used with a linear
regression model was used after the data were transformed in points. Finally, the
Cochran-Armitage test evaluated gender and smoking over time. For all analyses, P

< 0.05 was considered to be statistically significant.
RESULTS

A total of 475 patients were analyzed, and 81% were female. The
presence of TPOAb and TRAb were positive in about 70% (335 out 475) and 84%
(342 out 404) of the cases, respectively. Regarding the treatment, most of the
patients were treated with antithyroid drugs (mostly methimazole). Table 1 shows
details of the study patients who attended to thyroid clinic at the time of diagnosis.
There was a trend to a higher percentage of patients diagnosed with GD after 2007
(58.7% against 41.3%). Between 1986 and 2006 (inclusive), the patients were
younger and more patients were smokers. The subjects also had significantly larger
goiters and higher CAS, but there was no difference in the proptosis or other clinical

parameters.



Table 1. Clinical and laboratorial presentations of hyperthyroid Graves

disease patients in two different time period.

Table 1: Clinical and laboratorial presentations of hyperthyroid graves
disease patients in two different time period

Parameters

Number of patients
Age (years) 2
Gender, female P
Smoking positive
Thyroid volume (mL) ©
Graves orbitopathy
Clinical active score

0
1
2
3
4
5
6

7
Clinical active score > 2
Proptosis (mm)
TSH (mIU/L)

Free T4 (ng/dL)
Serum TRADb positive ¢
Serum TPOAD positive

Serum TgAb positive

Time
1986-2006
196

40.0 (32.5-64)

145 (74%)
84 (42.8%)
39.9 + 16.4

1.01 +0.74
119 (60.7%)
31 (15.8%)
22 (11.2%)
11 (5.6%)
8 (4.1%)
2 (1.0%)
2
1
46 (23.4%)
205+ 1.9
0.025 + 0.01
4.03 + 0.42
91.8%
133(68,91%)
81(41,96%)

Period
2007-2016
279
44.0 (34-53)
218 (78%)
80 (28.7%)
21.9+12.1

05+1.0
188(67.5%)
47 (16.8%)
22 (7,9%)
11 (3.9%)
6 (2.1%)
5 (1.8%)
0
0
44 (15.7%)
213+1.6
0.01 + 0.008
3.78 + 0.45
80%
202(71,63%)
121(42,90%)

p-Value

0.01
0.21
0.001
0.001

0.001
0.14
0.72
0.2.6
0.50
0.22
0.49

0.04
0.21
0.66
0.22
0.31
0.53
0.85
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a Data are median and 25%-75% percentile

® Number and percentage in parenthesis

¢ Mean + standard deviations

d Data available for n = 166 and n= 238 patients in each groups

Graves™ orbitopathy was of the most prominent eye TSH, thyrotropin; free T4, free
thyroxine; TRAD, thyroid receptor antibody

p-Value: Mann-Whitney test for means and Chi-squared test for proportions

Age at diagnoses

The median for ages were: 1986-2006: 40.0 years (25th-75th percentile,
33.0-49.1 years) and significant higher in the group 2006-2016: 43.1 years (25th-75th
percentile, 33.1-52.0 years).

Thyroid volume

The median thyroid volume was 20.5 mL (25th-75th percentile, 13.1-32.3
mL). It was significantly higher (25.65 mL; 25th-75th percentile, 17.2-39.4 mL) from
1986 to 2006 (Table 1) than between 2007 and 2016 (18.2 mL; 25th-75th percentile,
11.9-28.8 mL, p = 0.0001). Figure 1B showed that there was a significant reduction in
the median thyroid volume (p < 0.0001) over time.

Graves’ orbitopathy

The median of the CAS at diagnosis for the whole group was 2.0 (25th-
75th, percentile, 1.0-3.0), and its distribution is shown in Table 1; 64% (n = 305) of
the GD patients did not show signs of inflammatory activity in the orbit at diagnoses.
Table 1 showed that the median CAS value was significantly (p = 0.022) lower (2.0;
25th-75th. percentile, 1.0-2.5) in the last period than the previous one (2.0; 25th-75th.
percentile, 1.0- 3.0). Figure 1C shows that the median GO score had a reduction over
time suggesting a tendency towards minor inflammatory signs (p < 0.001). Graves’
orbitopathy severity was available in 283 patients, 50% of patients from 1986-2006
and 70% of patients from 2007-2016. Comparing patients in group 1986-2006 and
2007-2016, the last group presented more frequently in class zero from NOSPECS
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classification (33 and 97 patients respectively, p < 0.001.) We found no differences in

the other classes.
Thyroid function

The mean serum TSH levels and the percentage of positive TRAb patients

did not change over time.
Smoking

Table 1 shows that the number of smoking patients was smaller from 2007
to 2016 (28.7%) compared to 1986 to 2006 (42.8% p = 0.001). This reduction was
not significant after linear regression analysis (p = 0.21) over 30 years; however,

there was a mild tendency to decline (Figure 1D).
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Figure 1: Graphics showing the trend of each parameter
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(A) Linear regression analysis of the median age of diagnosis in Graves’ disease

patients. Data cover a 30-year period.

(B) Linear regression analysis of the median thyroid volume (measured by
ultrasonography) during the year of diagnosis among Graves’ disease patients. Data

cover a 30-year period.

(C) Linear regression analysis of the median clinical activity scores at diagnosis in
Graves’ orbitopathy patients. Only patients with CAS = 1 were included, data cover

20-year period.

(D) Linear regression analysis of the estimated incidence (%) of smoking (in the year
of diagnosis) among Graves’ disease patients. Dashed lines represent upper and

lower 95% confidence intervals.



35

DISCUSSION

The literature has suggested that the classic clinical manifestation of GD
(large goiters, intense orbitopathy and thyrotoxicosis) is perhaps no longer the most
common phenotype in recent diagnosis (11).

A higher age at diagnosis correlates to with less symptomatic disease
suggesting that GD patients in the 5th decade of life have a clinical presentation with
a less intense thyrotoxicosis symptoms and thus a more difficult diagnosis (17,18).
Some data from fourth years ago suggested a peak for GO incidence from 25 to 45
years (18). Our population had an average age of diagnosis around the fourth

decade of life.

Thyroid volume alterations are difficult to compare because not all studies
used ultrasonography as the standard evaluation method. However, large goiters are
less common in older age GD patients especially in older age groups or those with
high iodine intake (19). Bartalena and cols. recently showed that smaller thyroid
volumes may predominate in GD patients (11). Our study highlights the advantages
of determining thyroid volume via ultrasound. This leads to more consistent data and
further confirms the hypothesis of new clinical phenotypes for GD, which no longer

include large goiters in the majority of patients.

GO is the main extrathyroidal manifestation of GD and may become an
unusual disorder (19) following according to its decreasing in frequency in later years
— especially severe forms. These news patterns of presentation may be challenging
for physicians in the diagnosis of GD (20). The frequency of GO in GD patients has
been shown to be different in the literature, and studies from 2012 suggest that
orbital disease is present in about half of the patients with GD (21). In contrast,
Rundle (1960) suggested that GO is present in 2/3 of the patients (22).

Data from the late 1980s and early 1990s showed a frequency from 13%
to 48% (283,24) but these two studies evaluated proptosis rather than CAS. A review
study showed that the GO presents clinical manifestations in only 25% to 50% of
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patients; however, 70% have signs of eye disease based on orbital imaging (25). On
the other hand, smoking is probably the most important environment risk factor for
GO (26). Some studies suggest that the effect of smoking in GO is dose-dependent
with higher doses associated with more severe orbital inflammation and a higher risk

of developing GO even among past smokers (26).

In the last decade — especially in western populations — an important
reduction in GO was seen mainly as a result of antismoking legislation (27). We
observed a decrease in tobacco use in Brazil (15% drop in tobacco use in the last 30
years) with even greater declines in men (28). Our study details a significant
reduction in smoking, and this reduction could be implicated in lower CAS values in
GO patients. Furthermore, tobacco use may have influenced the risk of developing
GO as well as the risk of larger goiters (29), it has been described an increase of
three milliliter (mL) in male and one ml in female in thyroid volume in smoking
patients (29), and a more difficult control of hyperthyroidism in these patients (30).
The smaller goiter and the changes in GO described here could be related to the
decrease in tobacco use in the Brazilian population or less severe hyperthyroidism at

diagnosis.

The long-term supplementation of iodine is linked to a decrease in
thyrotoxicosis over time despite an initial increase in hyperthyroidism (31). While data
on iodine status in Brazil is not very extensive, this study was conducted in an iodine-
sufficient region, where the urinary iodide excretion is around 275 ug/L (32), and
seems that no significant changes occurred during this period (33).These data
indicated that iodine should not be considered as the responsible agent for the mild
reduced intensity in thyrotoxicosis observed in our study over the 30 years. The new
approach to public healthcare utilized by the Brazilian government created a
structural hierarchy that allowed a shift in investments, with primary and secondary
care receiving more founding in later years. This implies that Brazilians have better
access to physicians for diagnosis and screening (34). A more efficient healthcare
system could explain the phenotype presented by our patients whereas the earlier
diagnosis of hyperthyroidism and a faster medical referral could be implicated in less
involvement in orbital tissue and a smaller thyroid volume. Our study has several

potential limitations. Firstly, our study was retrospective, and important confounders
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may also have been unmeasured. A second limitation is the possibility of lack of
comparability among the serum determination of FT4, TSH and thyroid antibodies
over these years. Despite this, we kept our primary diagnosis of GD using most
accuracy criterion in the data we used. Finally, the lack of iodine excretion

measurements could have some influence in our findings.

In conclusion, this single university center study showed that new patients
with GD have a decrease in severity in all the components of the Merseburg triad at
diagnosis. This is associated with an increase in the age at diagnosis. The data
showed that Brazilian GD patients are similar to those at other centers and highlight a
global trend. The implications of our results need to be elucidated. The clinical
characteristics of GD and GO changed in the last 30 years resulting in an increase in
age, less aggressive GO, and smaller goiter. Thus, a practical therapeutic approach
is needed including small doses of antithyroid drugs as a first choice and lower uses
of radioiodine therapy.
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5. CONCLUSAO

Pacientes com DG apresentaram uma diminuicao da gravidade em todos
0s componentes da triade de Merseburg (hipertireoidismo, bécio e orbitopatia) no
momento do diagnostico, isto estd associado a um aumento da idade no diagndstico
e a diminuicdo do habito tabagico.

Os dados mostram que os pacientes brasileiros com DG sdo semelhantes
aos de outros centros, sugerindo que o fenotipo da DG mais leve que no passado €

uma tendéncia mundial.

As implicacbes de nossos resultados precisam ser elucidadas. As
caracteristicas clinicas da DG e da OG mudaram nos ultimos 30 anos, resultando
em um aumento da idade no momento do diagndstico, OG menos agressiva e bécio
menor. Desta forma uma abordagem terapéutica pratica, incluindo pequenas doses
de medicagao antitireoidianos poderia ser utilizada como tratamento inicial, sendo o
uso de terapias mais agressivas como radioiodo e cirurgia reservada aos casos mais

graves.
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