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RESUMO

O hipotireoidismo primario resulta da disfuncdo da glandula tireoide, e sua principal causa ¢ a
Tireoidite de Hashimoto. A prevaléncia varia conforme a populacao analisada; ¢ maior no sexo feminino e
aumenta em maiores faixas de idade. A levotiroxina em monoterapia ¢ utilizada para reposicao hormonal e
o valor de TSH sérico (Thyroid-Stimulating Hormone) alvo ¢ maior em populagdes idosas. Questdes, como:
o momento da administragdo (se em jejum ou no periodo pds-prandial), uso concomitante a outras
medicacdes e a presenca de comorbidades podem interferir na farmacocinética da levotiroxina,
comprometendo a efetividade do tratamento. Os ensaios clinicos sobre a administragcao posologica
alternativa da levotiroxina avaliaram sobretudo adultos jovens; nesse contexto a tomada noturna demonstrou
resultados superiores ou semelhantes em relagdo ao uso diurno. Diante do exposto, o objetivo do presente
projeto foi testar pragmaticamente a efetividade da levotiroxina no controle do hipotireoidismo em idosos,
comparando a administra¢ao noturna a diurna, através de um ensaio clinico randomizado com crossover. A
amostra foi composta de 201 individuos acima de 60 anos, com multimorbidades e polifarmacia, porém
funcionalmente independentes; em tratamento com levotiroxina de longa data e em sua maioria com
hipotireoidismo controlado. Os niveis de TSH permaneceram dentro dos valores de normalidade,
independente da estratégia da tomada da levotiroxina (60 minutos antes do café da manha ou 60 minutos
apos a ultima refei¢dao). Portanto, a ingestao noturna da levotiroxina pode ser considerada no tratamento do

hipotireoidismo também no grupo dos idosos.

Palavras-chave: Hipotireoidismo. Idosos. Levotiroxina.
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1. INTRODUCAO

1.1 Hipotireoidismo

O hipotireoidismo primario resulta da disfuncao da glandula tireoide; em areas suficientes de iodo a
Tireoidite de Hashimoto ¢ sua principal causa. A producao deficiente de hormonios tireoideanos leva a perda
do feedback negativo sobre os tireotrofos e elevagdo dos niveis séricos do TSH (Thyroid-Stimulating
Hormone) (V. A prevaléncia de hipotireoidismo no National Health and Nutrition Examination Survey
(NHANES)1988-1994 foi de 4.6% (0.3% clinico e 4.3% subclinico), sendo mais comum em mulheres do que
homens entre 50 a 70 anos de idade (p<0,001) . Na populacdo em geral os niveis de TSH aumentam com o
aumento da faixa etaria @. O percentil 97.5 do valor de referéncia para o TSH no estudo NHANES III em
pessoas entre 20-39 anos ¢ de 3,6 mIU/L, entre 70-79 anos ¢ de 5,9 mIU/L e acima de 80 anos o valor
encontrado ¢ de 7,5 mIU/L @®. Dados do mesmo estudo apontam que a prevaléncia de individuos sem doenga
tireoideana relatada e anticorpos anti-tireoideanos negativos (n=14.322) com TSH > 4,5mUI/I entre 70-79
anos de idade foi de aproximadamente 6% e acima de 80 anos, 10%. No Brasil, na cidade de Sao Paulo, em
estudo transversal com 1.373 individuos acima de 65 anos foi demonstrada prevaléncia de hipotireoidismo de

12,2%, sendo 6,5% subclinico (considerado como TSH >5 mUI/L e T4 livre > 0,8 ng/ml) &

1.2 Tratamento do Hipotireoidismo

O objetivo do tratamento com levotiroxina € promover a resolucdo dos sinais e sintomas do
hipotireoidismo, incluindo marcadores bioldgicos, atingir a normalizagdo dos niveis séricos de TSH e
hormdnios tireoideanos , além de evitar o hipertratamento, sobretudo em idosos ®. Em gravidas, pacientes
com cancer de tireoide, doenga cardiaca, osteoporose e idosos o alvo terapéutico dos niveis do TSH ¢ mais
estreito, permitindo menor oscilag¢do sérica (©.

A levotiroxina é um derivado sintético (isdmero levogiro) da tiroxina 7. Apds sua ingestdo,
aproximadamente 60-82% da dose administrada ¢ absorvida em 3 horas, o que ocorre no estbmago e
principalmente intestino delgado (jejuno e ileo) 7*¥). O estado de ionizacdo e dissolugdo da tiroxina sodica é
afetado pelo PH gastrico, ambos favorecidos pela acidez gastrica 7).

A biodisponilidade ¢ responsavel por umas das maiores causas de variacao terapéutica inter e intra-
individuo ® ¢ ¢ resultante da adesdo ao tratamento, condi¢des fisiologicas (peso, gravidez, idade) e
parafisiologicas (comportamento, nutri¢ao), condi¢des farmacoldgicas que aumentam ou reduzem a
necessidade da levotiroxina e da presenca de doengas disabsortivas ©. Por essa razio, interagdo farmaco-
alimento, fArmaco-farmaco e presenga de disturbios gastrointestinais devem ser pesquisadas.

Possuem impacto negativo na absor¢do da levotiroxina: (a) distirbios e modificacdes do trato

gastrointestinal, como a presenga de doenca celiaca, intolerancia a lactose, infec¢ao por Helicobater Pylori,
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giardiase e realizagdo de cirurgia bariatrica; (b) dietas ricas em fibras, soja, grapefruit (toranja) ou uso
concomitante ao café; (c) uso de suplementos/medicamentos, como suplemento de ferro, calcio, antidcidos
contendo aluminio, orlistat, raloxifeno, poliestireno sulfonado, sevelamer, colestiramina, simeticona,
ciprofloxacino, sucrafalto, ciprofloxacino, antagonistas do receptor-H2 e inibidor da bomba de protons ®.

Alguns farmacos podem afetar diretamente o eixo hipotalamo-hipofise-tireoide por meio de: (a)
reducdo da secrecdo de TSH: dopamina, glicocorticdides e analogos de somatostatina; (b) aumento da
secrecdo de TSH: amiodarona; (c) menor secre¢ao e producao de hormonios tireoideanos: amiodarona,
contraste radioldgico iodado, litio e inibidores da tirosina-quinase ().

A American Thryroid Association (ATA) publicou Diretriz para Tratamento do Hipotireoidismo em
2014 em que elencou os horarios preferenciais em sentido decrescente para melhor absorcao da levotiroxina:
60 minutos antes do café da manha, antes dormir (ao menos 3 horas apos a ultima refei¢do), 30 minutos antes
do café da manhi e concomitante a refeicio ). Essa recomendacdo foi baseada em cinco estudos
prospectivos &1L121415) ¢ ym retrospectivo !?) | sendo trés desses com metodologia de crossover (11219,
Bolk et.al randomizou 105 pacientes hipotireoideos para receber levotiroxina 30 minutos antes do café¢ da
manha ou antes de dormir por 12 semanas, com posterior crossover do horario da administracao. Apos 24
semanas foi detectado que a tomada no periodo noturno reduziu o TSH em 1.25 mIU/L (IC 95%%, 0.60-
1.89 mIU/L; p=0,001) e aumentou o valor do T4 livre em 0.07 ng/dL (IC 95%, 0.02-0.13; p=0,01) em
relacdo ao uso matutino !V, J4 Rajput et. al, randomizou 182 pacientes com hipotireoidismo primario e
analisou o resultado apds 12 semanas do uso de levotiroxina 30 minutos antes do café da manha ou 2 horas
ap6s o jantar; demonstrou ndo haver diferencas no controle do hipotireoidismo ao se comparar as duas
estratégias (p=0,31) . Perez et. al avaliou o uso concomitante ao café da manha em relagio a 60 minutos
antes; apdos 180 dias, maiores niveis de séricos de TSH (2.89 £ 2.82 mIU/L versus 1.9 = 1.76 mIU/L, p =
0.028) foram observados no grupo do café da manha, entretanto com manutencdo dos valores dentro da
referéncia desejada, a despeito de maior oscilagao sérica (média de variagdo do TSH 1.01 + 2.91 versus 0.27
+ 2.88 mIU/L, p = 0.045) (2. Elliot avaliou o controle do hipotireoidismo em idosos institucionalizados.
Foram selecionados, retrospectivamente, quinze pacientes (média de idade 84.0 + 6.8 anos) com dose estavel
de levotiroxina por mais de 28 dias. A administragdo foi modificada do horario padrao (09h0Omin) para
meia-noite. As refeicdes permaneceram inalteradas: café da manha entre as 07h00 — 08h0Omin, jantar 17:00-
18h00min e lanche as 21h00min. Apds média de 107 dias, o uso noturno reduziu o valor do TSH sérico
(0.286 + 1.722 mUI/mL), porém sem significincia estatistica (p = 0.532) 3, evidenciando ser a
administracao noturna uma alternativa posologica eficaz.

Na revisao da literatura publicada sobre o momento da administracao da levotiroxina, a maior parte
dos autores nao considera o uso de medicagdes concomitantes como potenciais intervenientes a absor¢ao
enteral em suas discussoes. Entretanto no estudo de Bach-Huynh et. al os participantes em uso de carbonato
de célcio, sulfato ferroso e multivitaminicos foram incluidos e orientados a ingeri-los junto com outra

refeicdo que ndo o café da manha e ao menos 4 horas da ingestdo da levotiroxina. Nesta anélise foram
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randomizados 82 pacientes para receber LT4 antes de dormir (2 horas apds a ultima refei¢dao), 60 minutos
antes ou dentro de 20 minutos do café da manha. O uso em jejum se relacionou com TSH médio (1.06, IC
95% 0.60-1.52) significativamente menor (p<0,001) a ingesta no periodo pos e prandial (. Na
recomendacao atual a tomada da levotiroxina deve ser separada em ao menos quatro horas de medicagdes e
suplementagdes potencialmente interferentes (por exemplo, carbonato de calcio e sulfato ferroso), porém
esse intervalo de tempo ainda nio foi estudado ©. Estudo observacional com 6.482 pessoas do Thyroid
Epidemiology, Audit and Research Study (TEARS) avaliou a interagdao medicamentosa com a levotiroxina.
Um ano antes de os participantes iniciarem a droga estudada, os niveis de TSH nao sofreram alteracdes
significativas, porém, comparativamente, seis meses apds o inicio da analise houve aumento significativo
das concentragdes s€ricas nos pacientes em uso de ferro (0,22 mUI/I; p< 0,001), calcio (0,27 mUI/I; p<

0,001), inibidor da bomba de protons (0,12 mUI/I; p< 0,01) e estrogenos (0,08 mUI/I; p < 0,007) (19,

1.3 Envelhecimento populacional e polifarmacia

Dados das Nagdes Unidas sobre envelhecimento populacional mostram aumento da prevaléncia de
idosos. Em 2015 o nimero de pessoas acima de 60 anos de idade no mundo era de 901 milhdes, um aumento
de 48% em relagdo a 2000; a projecao para 2030 ¢ de 1,4 bilhdes de i1dosos; entre os mesmos anos, 2000 a
2015, o incremento percentual foi ainda mais importante nos individuos com mais de 80 anos (77% - 71
milhdes para 125 milhdes de pessoas), € nos proximos anos (até 2030) ha previsao de alcancar 202 milhdes
(7, Apesar de a estrutura etaria nos paises desenvolvidos conter niimero absoluto maior de idosos, a
expansao desse grupo sera mais expressiva nos paises menos desenvolvidos entre 2010 e 2050, com taxa de
aumento de 250%, comparado a 71% nos primeiros; globalmente o fendmeno do envelhecimento
populacional se deve a menor taxa de fertilidade e maior expectativa de vida, relacionada a transi¢ao
epidemiologica ('®. No cendrio atual as doencas ndo comunicaveis (doen¢a cardiaca, cincer, acidente
cerebrovascular e doenga respiratoria cronica) sdo as causas de mortalidade lideres !7:18),

A prevaléncia de disfungdo tireoideana ¢ maior com o decorrer da idade, o que ¢ explicado pelo
aumento do volume da glandula tireoide, surgimento de noédulos e a nivel microscopico, dilatacio dos
foliculos e formagdo de cistos coloides, além do aumento do nimero de microfoliculos, cujas capacidades
funcionais sdao varidveis; adicionalmente ha maior frequéncia de fibrose e infiltracdo linfocitaria, que se
traduz por hipotireoidismo (9.

Estudos longitudinais demonstram que ha eleva¢do do TSH com o avangar da idade ?*, possivelmente
resultado de alteragdes funcionais na glandula hipofise (como menor sensibilidade ao TRH - Thyrotropin-
Releasing Hormone e aos TH — hormdnios tireoideanos); ha também menor sintese e secrecdo dos TH,
principalmente em individuos com mais de 60 anos ?%. O declinico sérico da triiodotironina (T3) decorre

em parte pela menor atividade da D1—deiodinase tipo 1 (que converte a tiroxina— T4 a T3 e o T3 reverso a
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T2 — 3,5-diiodo-l-tironina); os niveis da tiroxina (T4), no entanto, permanecem estaveis devido a menor
degradacdo periférica (29, A redu¢do da D1 ¢é encontrada em estados de desnutri¢do, envelhecimento e
afeccdes cronicas, com elevacao do T3 reverso (biologicamente inativo); quanto a auto-imunidade, a
presenca de anticorpos anti-peroxidase e anti-tireoglobulina aumentam com a idade, porém a partir da sexta
a oitava década atingem um platd, ndo parecendo haver correlagdo com maior disfun¢ado tireoideana, ao
contrario do observado em populagdes mais jovens 0,

O diagnostico clinico do hipotireoidismo em idosos ¢ dificil devido aos sintomas inespecificos, como
a fadiga, dificuldade de concentracdo e pele seca, as quais sdo geralmente atribuidas a patologias nao
tireoideanas ou ao envelhecimento per si ). Laboratorialmente ¢ necessario avaliar a presenca de fatores
confundidores, como a existéncia de doenga crdnica, uso de medicagdes interferentes (citados
anteriormente), além do status nutricional que pode interferir no eixo hipotalamo-hip6fise-tireoide (V.

A dose inicial de levotiroxina deve ser menor em pacientes com doenga cardiovascular, sob o risco de
doses maiores precipitarem arritmias ou isquemia coronariana, porém o inicio com doses menores em idosos
¢ questionado * Em ensaio clinico randomizado em pacientes com hipotireoidismo primario (mediana de
idade: 46, 22-86 anos) foram avaliados quanto a seguranga cardiovascular em iniciar levotiroxina em dose
plena — 1,6mcg/kg ou de 25mcg/dia, com escalonamento gradual. Todos pacientes incluidos na andlise eram
livres de doencga cardiaca. No seguimento, apds realizacdo de teste ergométrico (12 e 24 semanas) nenhum
paciente apresentou isquemia coronariana € a resolug¢do dos sintomas ocorreu em periodo similar (p=0,4)
@

A incidéncia de multimorbidade (duas ou mais condi¢des cronicas) € maior na populacao senil, como
demonstrado em estudo transversal conduzido pelo Instituto Brasileiro de Geografia e Estatistica (IBGE) e
Ministério da Saude em 2013 @), A polifarmacia no contexto de multiplas morbidades torna-se um fator
importante, ndo somente por maior risco de efeitos adversos, sobretudo em idosos, como também pelas
interacoes medicamentosas. Adicionalmente a farmacodinamica e farmacocinética (absorcao, distribuigao,
metabolismo e excrecao dos medicamentos) ndo sdo iguais aos pacientes jovens; a absor¢ao e a distribuigao
estdo diminuidas devido a redu¢do do conteudo de 4gua corporal e albumina sérica (principal carreador de
muitas drogas), além de menor degradagdo e biotransformagdao das medicagdes pelo figado, € menor
clearance renal 2%

Diante do exposto, o objetivo do presente projeto foi testar pragmaticamente a efetividade da
levotiroxina no controle do hipotireoidismo em idosos, comparando a administragdo noturna a diurna,

através de um ensaio clinico randomizado com crossover.
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2. JUSTIFICATIVA

Considerando o atual cenario de envelhecimento populacional, o aumento da prevaléncia de
comorbidades, como o hipotireoidismo e de sua carga sobre a saude do idoso, as peculiaridades
farmacocinéticas, a polifarmacia, as interacdes farmaco-farmaco/farmaco-alimento e de que,
adicionalmente, existe uma lacuna de conhecimento da area em questao em pacientes acima de 65 anos de
idade, justifica-se o presente estudo. O objetivo principal € de testar abordagem alternativa de tratamento ao

hipotireoidismo em idosos através de ensaio clinico pragmatico, em um cenario ambulatorial de atendimento.

3. OBJETIVO

3.1 Objetivo Geral

Comparar a eficdcia de duas distintas estratégias de tratamento do hipotireoidismo com levotiroxina

em uma amostra de pacientes idosos de ambulatorio tercidrio de assisténcia em saude.
3.2 Objetivos Especificos

. Comparar a eficacia de duas estratégias de administragao posologica (noturna versus matutina)
de levotiroxina no tratamento do hipotireoidismo primario em idosos, através da avaliagdo dos niveis séricos
de TSH (mUI/L).

. Verificar a prevaléncia de medicamentos potencialmente intervenientes a farmacocinética da
levotiroxina em idosos (suplementagao de ferro, calcio, multivitaminicos e uso de bloqueadores da bomba de
protons).

. Realizar comparagao de eficacia das duas estratégias de tratamento naqueles individuos que
fazem uso de medicamentos potencialmente intervenientes.

. Avaliar os niveis de TSH em nossos pacientes ambulatoriais no momento da inclusdao no

estudo, de modo avaliarmos o real life deles em termos de adesao e relagdo com a polifarmacia.
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4. ARTIGO 1

Artigo publicado na revista TRIALS disponivel em
https://trialsjournal.biomedcentral.com/articles/10.1186/s13063-019-3816-3.
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5.1 Abstract

Context: Hypothyroidism is a frequent clinical condition in the Elderly. Considering multimorbidity and
polypharmacy prevalence in this specific population, scheduling of drugs can be a challenge especially

regarding intervenient medications. Objective: To evaluate if evening levothyroxine (LT4) administration

can be a feasible alternative posology in older people with hypothyroidism in comparison to usual morning
posology. Design: randomized crossover clinical trial; Setting: Endocrinology and Internal Medicine Clinic
at the Hospital Clinicas de Porto Alegre, Brazil. Participants: Elderly (> 60 years old) with primary

hypothyroidism who have been using LT4 for at least 6 months and have been on stable doses for the last 3

months are being recruited since June, 2018. Current status: 201 participants were included and randomized;
118 participants completed the pre-specified follow-up. 29 participants refused to continue and withdrawn
signed consent. Intervention: Participants were randomly assigned to morning LTs intake (60 minutes
before breakfast) or evening LT4 intake (60 minutes after last meal) for 12 weeks. After > 12 weeks taking
medication according to the randomization, a crossover was performed and participants were instructed to
change medication intake schedule to the opposite posology strategy. Main Qutcome Measure: The
primary outcome is the change in serum thyrotropin (TSH) levels after 24 weeks of the LT4 protocol.
Results: Mean age was 72.4 +7.2 years, 84.1% were woman, mean TSH was 3.43 + 0.25 mUI/L. Among
participants, mean TSH levels in the morning group was 2.95 +2.86 mUI/L compared to 3.64 +£2.86 mUI/L
in the evening group, p= 0.107. Conclusion: In this elderly population hypothyroidism control was

appropriate independent of the timing of levothyroxine — morning or evening dosing.

Keywords: Elderly. Hypothyroidism. Thyroxine.
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5.2 Introduction

The reduced production of thyroid hormones results in a clinical state named hypothyroidism; 99% of
the causes are from the thyroid gland (primary) and the autoimmunity is the major etiology (90% of the
cases), in sufficient iodine areas (). Robust epidemiologic data on population thyroid function levels are
derivate from large studies accomplished in Europe and United States >*%. The mean annual incidence of
spontaneous hypothyroidism in the UK Whickham Cohort (1972-1993) was 35 cases per 10.000 women and
6 cases per 10.000 men @, The prevalence of hypothyroidism reported in the National Health and Nutrition
Examination Survey — NHANES (1988-1994) was 4.6% (0.3% clinic hypothyroidism and 4.3% subclinical
hypothyroidism) and the upper reference limit (97.5 percentil) of TSH (Thyroid-Stimulating Hormone)
increased through age . The aim of the hypothyroidism treatment is to resolve the related signals and
symptoms and to reestablish the serum TSH levels to reference limits ),

Since 1949, when sodium salt of thyroxine was first introduced, levothyroxine (LT4) monotherapy
has been stablished as standard choice of therapy ®. The physiologic acid gastric environment is needed to
the tablet dissolution; the small intestine (duodenum and jejunoileum) accounts to the main local of absorption
(7:8) In healthy volunteers the levothyroxine bioavailability can reach 60-80% and the time to reach the
maximum serum concentration is about 2-3 hours from the oral intake >!%!", Changes in pharmacokinetics
can impair levothyroxine replacement, for instance as resulted from: (1) gastrointestinal disorders, (2) drug-
food interactions, (3) drug-medications interactions and (4) old age !*!%. In a study with euthyroid participants
above 70 years old, the thyroxine absorption was decrease in 9.4% (62.8% +13.5% SD vs. 69.3% +11.9% SD;
p < 0.001) versus younger counterparts (!, The odds of a complex drug regime increase in older age and it
can imply in clinical negative effects, including lower adherence (4. In cross-sectional surveys the non-
compliance of levothyroxine, defining as PDC (proportion of days covered) as < 80%, reach 50% or more of
the hypothyroid individuals (319, and there is an association with the presence of other comorbidities 7.
Furthermore, a Brazilian study showed that 40.6% of the sample was using levothyroxine concomitant to
another medication, as such as proton-pump inhibitors, calcium and iron supplements (!,

Based on that, other levothyroxine intake strategies have been proposed to improve treatment
effectiveness. As an example, Bevenga et. al. showed that postponing levothyroxine intake from 15-20
minutes to 60 minutes prior breakfast resulted in higher TSH suppression during a follow-up of 4-15 months
(19, Bolk et. al, based on their pilot trial ??, evaluated the effect of bedtime levothyroxine administration
versus 30 min before breakfast administration in a crossover study. At the end of 24 weeks, bedtime intake
was associated to appropriate TSH levels in 89 hypothyroid patients (mean age 48 years) ?!). More recently,

a meta-analysis grouped six studies (n=527) on timing of LT4; altogether, no statistically significant difference
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was seen between LTs administration before breakfast and at bedtime on TSH levels (Standard Mean
Differences = -0.19, 95% CI: -0.53 — 0.15; p=0.28) 2,

Therefore, the aging process increases the number of comorbidities, daily medications and the
complexity of managing the schedule treatments. This study aims to investigate the effectiveness of the

evening levothyroxine administration in an old population.

5.3 Materials and Methods

The trial protocol free full text is available in TRIALS.com. This research was approved by the Hospital
de Clinicas de Porto Alegre Ethics Committee, in accordance with the principles of the Declaration of Helsink
23) and Good Clinical Practice guidelines ?¥. All participants provided written informed consent. The Fundo
de Incentivo a Pesquisa e Eventos (FIPE) from Hospital de Clinicas provided primary financial support for

the conduct of the trial. The funder had no role in the design, analysis or reporting of the trial.

Participants were identified from the Endocrinology and Internal Medicine Clinic at the Hospital
Clinicas de Porto Alegre, Brazil. The inclusion criteria were individuals with age 60 years or more and primary
hypothyroidism; who have been using LT4 for at least 6 months and have been on stable doses for the last 3
months. The exclusion criteria were three or more hospital admissions in the last year due to heart failure

decompensation, severe organic syndrome, dementia, thyroid cancer and heart failure (functional class IV).

We conducted a randomized crossover trial between two timing strategies (evening versus morning) of
levothyroxine intake. Patients underwent randomization in a 1:1 ratio, using randomly permuted blocks.
According to random treatment allocation, participants were instructed to intake LT4 tablets 60 min before
breakfast (morning strategy) or 60 min after last meal (evening strategy). At the end of at least 3 months, was

performed crossover between strategies.

During all follow up visits, independent and dependent variables were collected through a standardized
questionnaire; including food-LT4 interactions according the interval with last meal (<29 minutes, 30-59
minutes or >60 minutes), drug- LT4 interactions (intake of proton-pump inhibitors, calcium, multivitamin
and/or iron supplements within 60 minutes of levothyroxine) and Barthel Scale, which assesses 10 items of
activities of daily living (ADLs), score ranges from 0 points (fully dependent) and 100 points (fully
independent). Adverse Events were assessed and recorded. Thyroid function (serum TSH and free T4 levels)
were measured by electrochemiluminescence assay; concentrations of 0.27 — 4.2 mUI/L and 0.93 — 1.7 ng/dL,

respectively, were the method’s reference limits.
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The primary outcome was the change in serum TSH levels after 24 weeks of follow up. Secondary
outcomes included identification of concomitant drugs interfering in LTs absorption and the evaluation of

levothyroxine effectiveness between the two treatment strategies.

To calculate a sample size with 80% of power and significance level of 5%, 182 participants were
needed to include to detect a difference of 1.0mUI/L between the means, considering a standard deviation of
2.0 for morning strategy and 3.87 for evening strategy (BOLK, 2010). Quantitative variables with normal
distribution were described as mean and standard deviation and variables with non-normal distribution as
median and interquartile range. Qualitative variables were described as absolute and relative frequencies.
Treatment effect and carryover effect were analyzed through generalized estimating equation (GEE) models

for crossover studies with gamma distribution.

5.4 Results and Discussion
Results

This article presents preliminary data collected from June/2018 until the end of March/2020. Data

collection were stopped due to the Sars-Cov2 pandemic.

Trial Population. We screened 521 primary hypothyroid outpatients who were at least 60 years of
age. A total of 201 participants underwent randomization, 102 of whom were assigned to morning strategy
and 99 to evening strategy (Fig. 1). 4 patients did not collect thyroid function testes at baseline and were
excluded. A total of 78 and 61 participants in the morning dosing and 75 and 61 participants in the evening
dosing collected serum TSH at Visits 1 and 2, so far. The characteristics of participants at baseline are shown
in Table 1. The mean age was 72.4 +7.2 years, 169 participants were women (84.1%) and the main cause of
primary hypothyroidism was Hashimoto’s Thyroiditis (170; 84.6%). The overall median of TSH level was
2.59 mUI/L (IQR 1.28-4.30). Most of individuals were taking generic levothyroxine (110; 54.7%); 199 (99%)
participants were taking L'T4 in the morning, mainly 30-59 minutes before breakfast (72; 35.8%). Mean
levothyroxine dosage was 91.4 £45.7 mcg. In spite of the mean of 6 £1.9 comorbidities, participants were
considered functionally independent (Barthel Scale 94 +12.1 points).

Timing Strategies. In the crossover analysis no statistically significant difference in TSH levels
were observed when treatment strategies were compared — morning group: 2.34 mUI/L (IQR 0.99-3.94) and
evening group: 2.86 mUI/L (IQR 1.34-4.89) ; p= 0.107 (Table 2). Throughout follow up, when compared
only patients with stable doses of levothyroxine (n=115 morning group and n=115 evening group) (Table 3)
there was a tendency to lower TSH levels in the morning group, p=0.062, with no clinical relevance due the

minimal difference between groups. Carryover effect was not observed (p=0.504). Among participants who
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completed the study, 22 (10.9%) preferred evening administration and the adverse event most reported was
respiratory tract infection, not leading hospitalization.

Interfering Medications. Seventy-seven (38.3%) patients were using interfering medications
within 60 minutes of levothyroxine intake, mostly proton-pump inhibitors (PBIs) (66; 32.8%). In this case,
lower TSH levels were achieved in the morning group when compared to evening LT4 administration (2.20
mUI/L IQR 0.96-4.33 versus 2.66 mUI/L IQR 1.52-5.30; p = 0.033) (Table 4). One-hundred-seventeen
(58.2%) patients did not referred the use of concomitant pre-specified interfering drugs; in this subgroup

analysis, no difference regarding TSH levels were observed (p=0.762).

Discussion

An alternative L T4 treatment strategy was tested in this crossover clinical trial, comparing usual
LTs morning intake to evening intake regimen in aged participants. Although TSH levels were slightly lower
in the LT4 morning intake group, hypothyroidism could be considered properly controlled in both groups,
regardless of levothyroxine intake timing. Median of TSH levels were similar in both groups after > 12 weeks
of follow-up. Differently than expected, TSH levels were lower in the morning group as compared to the
evening group among participants taking possible interfering medications.

These findings are similar to previously published studies which investigated alternative
scheduling for LT4 intake in younger populations 23262829 Ag an example, in a parallel clinical trial, Rajput
et. al. evaluated 152 levothyroxine naive-drug patients (mean age 34.30 +11.82 years); LT4 doses were
adjusted to achieve euthyroidism. Twelve weeks after levothyroxine treatment initiation, they found non-
inferiority on mean TSH values when LTs was ingested 2 hours after dinner compared to 30 min before
breakfast (3.27 +4.19 mUI/L versus 5.13 = 9.36 mUI/L; p = 0.31) ?>. Additionally, Ahmed et. al. ?®
randomized participants with both previous and recently diagnosed hypothyroidism (n=82) to receive LT4 in
the morning or in the evening. After 3 months, no statistical significance was demonstrated in TSH levels
between groups — mean difference of TSH reduction from baseline: 13.6 £22.2 mUI/L in the morning group
and 11.3 £22.5 mUI/L in evening group, p = 0.63.

Srivastava et. al ?? performed a cross-over model very similar to this study’s design. Fifty-nine
young adult participants received 100mcg of LTs4 for at least 6 months; evening LT4 administration was
associated to a statistical significant lower TSH levels in the intergroup comparison. Based on this finding,
data collected in this trial were reassessed to perform a subgroup analysis including only participants receiving
stable doses of LT4 during all follow-up period and results were not different from those found in the main
analysis (mean TSH in the morning group 2.83 £2.51 mUI/L and 3.56 +2.68 mUI/L in the evening group; p
=0.062). Appayadin et. al. in spite of using a longer fasting interval before LT4 intake (3 hours apart), also

showed no statistically significant difference between treatment strategies ¥, It is important to address that
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all aforementioned studies excluded individuals taking medications with potential interference over

levothyroxine absorption (328,

Differently, Skelin et. al. ?®® and Bach-Huynhm G9, as performed in this study, included
participants taking known LTs.drugs interactions. In the former study, among 84 patients (mean age 57 years
IQR 44.5-67.5), 9,5% were using proton-pump inhibitors and the TSH's Variation Coefficient between
baseline and timing regimes was no statistically significant for all comparisons ?°). Bach-Huynh et al. assessed
a sample composed for 42 hypothyroid and 20 thyroid cancer patients (mean age 48 +13 years); participants
using calcium carbonate, ferrous sulphate and multivitamins were included and advised to take it with other
meal than breakfast and at least 4 hours apart from levothyroxine. In disagreement to our and other studies,
fasting LT4 administration resulted in a significant lower TSH levels at 24 weeks as opposed to ingestion 2
hours after dinner (1.06 mUI/L, 95% IC 0.6-1.52 vs. 2.19 mUI/L, 95% IC 1.73-2.65; p< 0,001) G%. Previous
studies ©!33) demonstrated worse levothyroxine absorption related to proton pump-bomb inhibitors,
multivitamins, calcium and iron supplements. In our study, the lower TSH levels in the morning group in
patients who reported using the investigated concomitant drugs may have resulted from chance (small number
of participants in this subgroup analysis) or measurement bias, as potential interfering medications taken at
night were not accessed systematically.

Some study’s limitations must be considered. It is still a preliminary analysis of a sub-sample as
study s protocol is recruiting participants yet to achieve a priori calculated sample size. Most important, some
participants were lost during follow-up and a proper intention-to-treat analysis was not possible.

Finally, in all previously published studies regarding levothyroxine alternative treatment
scheduling, mean age of included participants was under 60 years 0212530 This is the first clinical trial
which tested this hypothesis in old participants and, according to our preliminary results, evening
administration can be considered as effective as morning LT4 intake for the treatment of primary

hypothyroidism in aged populations.

5.5 Data Availability

The datasets generated during and/or analyzed during the current study are not publicly available yet

as participants are still being recruited.
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5.8 Figures and Tables.

Figure 1 — Study Flowchart

521 subjects screened

201 included and underwent

randomization (Visit 0)

4 patients did not
collect TSH

Visit 0 Visit 0

Morning levothryoxine

n=101

Evening levothroxine

N=96
3 withdrawn consent 9 withdrawn consent
%
I death 1 death*
I LT4 discontinued 11 patients did not
16 patients did not collect TSH exam
collect TSH exam
Follow-up 1 (12 weeks) Follow-up 1 (12 weeks)

Morning levothryoxine Evening levothryoxine

n=78 n=75

6 withdrawn consent 1 withdrawn consent

1 death+
12 patients did not

1 LT4discontinued
14 patients did not

collect TSH exam collect TSH exam

Visit 2 Visit 2
Evening levothryoxine

n=57

Morning levothryoxine

n=61

Figure 1. Flowchart of the study displays patients from screening to study completion. Patients with primary hypothyroidism who visited internal medicine and
endocrinology clinics were assessed for study eligibility. Study exclusion criteria were > 3 hospital admissions in the last year due to heart failure decompensation,
severe organic syndrome, dementia, thyroid cancer, heart failure (functional class V). 4 related to Lung Cancer. *unknow causes.
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Table 1 — Baseline Characteristics of Participants

Table 1 — Baseline Characteristics of Participants*. Mean £SD or N(%)

Study’s variables

Age (years)

Female sex

Schooling (years)

TSH level (mUI/ L) (IQR) &
Free T4 (ng/dl) (IQR) I

Hypothyroidism ethology
Hashimoto’s Thyroiditis
Total Thyroidectomy
Radioactive Iodine Therapy for Hyperthyroidism

Lobectomy due benign nodule

Time since hypothyroidism diagnosis (months) (IQR)
Levothyroxine stable dose in months (IQR)

Levotryroxine dose (mcg)
Previous levothyroxine intake

Morning
Evening
Interval between levothyroxine and food ingestion
<29 minutes
30-59 minutes
>60 minutes
Levothyroxine brand name

Generic
Puran T4
Euthyrox
Levoid
Syntrhoid
Unknow

Interfering medications within 60’ of levothyroxine intake in the morning §

Yes
PBIs
Calcium supplement
Multivitamic

Iron supplement

N=201
72.547.2
169 (84.1)
5.6+4.2
2.59 (1.28-4.30)

1.35 (1.17.-1.58)

170 (84.6)
22 (11.0)
7(3.5)
2 (1.0)

120 (60-216)
22.5 (8.2-53.7)

91.4+45.7

199 (99)
2 (1.0)

46 (22.9)

72 (35.8)
83 (41.3)

110 (54.7)

63 (31.3)
12 (6.0)
3(1.5)
1(0.5)
12 (6.0)

77 (38.3)
66 (32.8)
16 (8)
2 (1.0)
3(1.5)
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Number of comorbidities

Number of concomitant medications

Barthel Scale

* Plus—minus values are means £SD. IQR denotes interquartile range.

& 4 missing value
§ 7 missing value

I data collected in 128 participants
PBIs = proton-bomb inhibitors

6+1.9

7.643.1

94 £12.1
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Table 2 — Effect of Morning versus Evening levothyroxine intake in TSH levels* (crossover model) — data
representing the number of TSH measurements during follow-up.

Morning (n=135) Evening (n=134)
TSH mUI/L (IQR) 2.34 (0.99-3.94) 2.86 (1.34-4.89) p=0.107

* 2 outliers excluded: TSH 180 mUI/L (morning levothyroxine intake) and TSH 75 mUI/L (evening levothyroxine intake).
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Table 3 — Effect of Morning versus Evening levothyroxine intake in participants with stable doses of
levothyroxine during all follow-up period* (crossover model) — data representing the number of TSH

measurements.

Morning (n= 115) Evening (n=115)
TSH mUI/L (IQR) 2.33 (1.05-3.84) 2.68 (1.43 —4.26) p=0.062

*1 outlier excluded from analysis: TSH 180 mUI/L.
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Table 4 — Effect of Morning versus Evening levothyroxine intake in TSH levels in participants using
interfering drugs* 60 minutes within levothyroxine intake (crossover model) — data representing the number

of TSH measurements.

Morning (n= 57) Evening (n=52)
TSH mUI/L (IQR) 2.20 (0.96-4.33) 2.66 (1.52-5.30) p=0.033

* Proton-pump inhibitors, calcium supplement, multivitamin and iron supplement.
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6. CONSIDERACOES FINAIS

Na populagdo idosa, devido a complexidade do tratamento, alternativas a administracao
medicamentosa podem auxiliar no manejo terapéutico. Em pacientes jovens com hipotireoidismo primario,
a administragdo alternativa noturna da levotiroxina possui respaldo em ensaios clinicos randomizados. No
presente estudo, demonstrou-se que a ingestdo da levotiroxina antes de dormir nao resultou em diferenca
estatistica nos niveis séricos de TSH, em relacao a ingestdo 60 minutos antes do café da manha. Assim, a

tomada noturna pode ser sugerida durante a reposi¢do hormonal com levotiroxina em idosos.
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ANEXO I - ARTIGO 1: Evaluation of evening versus morning levothyroxine intake in elderly (MONIALE):
Study Protocol. Giassi et al. Trials (2019) 20:742. https://doi.org/10.1186/s13063-019-3816-3

Study Protocol
Evaluation of Evening vs. Morning LT4 Intake in Older Adults (MONIALE)
Karina Giassi' Vanessa Piccoli” Ticiana da Costa Rodrigues'- Renato Gorga Bandeira de Mello'%

Address: ! Endocrinology Program, Universidade Federal do Rio Grande do Sul, Porto Alegre, Brazil.
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* Corresponding author

Abstract

Background: The aging population is related to increased multimorbidity and polypharmacy. Older
adults are at a higher risk of adverse events and reduced therapeutic response. This phenomenon is partially
explained by drug interactions and treatment adherence. Most randomized clinical trials have found no
significant differences between morning and evening levothyroxine (LT4) administration in young adults, but
there is little evidence regarding alternative LT4 regimens in older populations. Thus, the MONIALE trial

aims to test an alternative schedule for LT4 administration in older adults.

Methods: This randomized crossover clinical trial will include participants aged 60 years or older with
primary hypothyroidism. The trial groups will consist of morning L T4 intake (60 minutes before breakfast) or
evening LTy intake (60 minutes after supper). The primary outcome will be variation in serum thyrotropin
(TSH) levels after 24 weeks of the LT4 protocol. The secondary outcomes will be the prevalence of drugs that
potentially interact with LT4 and hypothyroidism control according to interaction status. The sample size was
calculated to detect a minimum mean difference of 1 mUI/L in serum TSH level between the groups with 95%
power and a 5% probability of type I error, resulting in 104 patients per group. The project was approved by
the Hospital de Clinicas de Porto Alegre Ethics Committee.

Discussion: Considering the aging population, the increased prevalence of multimorbidity and
polypharmacy, as well as potential drug interactions and treatment adherence difficulties, an alternative LT4

protocol could be useful for hypothyroidism treatment in the elderly. Prior studies comparing alternative LT4
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administration protocols have mainly included young adult populations and have not addressed potential drug

interactions.

Trial Registration: Clinical Trials NCT03614988. Registered July 30", 2018
(https://clinicaltrials.gov/ct2/show/NCT03614988).

Keywords: hypothyroidism, aged, levothyroxine.
Background

Epidemiologic and demographic changes have resulted in the aging of the population (V. Between
1980 and 2017 the number of people aged 60 years or older worldwide has risen from 362 to 982 million, and

by 2050 people in this age range will outnumber those in all other age ranges .

Older age is associated with a higher prevalence of multiple chronic diseases ¢*) and polypharmacy,
which is generally defined in the literature as the use of five or more concomitant medications ©). Adverse
events, such as drug—drug interactions ©®, non-adherence (7, suboptimal therapeutic effectiveness and poor
clinical response ® are related to multiple drug use. Both multimorbidity and polypharmacy are correlated

with falls, hospitalizations, functional limitations and mortality 19,

The prevalence of thyroid dysfunction increases with age(!''?. The National Health and Nutrition
Examination Survey, conducted between 1988 and 1994, found a hypothyroidism prevalence of 4.6% (0.3%
clinical and 4.3% subclinical), being more common in women aged between 50 and 70 years (p <0.001) (1),
Physiological changes due to the aging process could impact hypothyroidism treatment (3. In older
populations, pharmacokinetics might be modified by gastrointestinal aging and decreases in body water
content, serum albumin, hepatic biotransformation, and renal clearance (4.

Levothyroxine (LTs) is a synthetic derivative (levorotatory isomer) of thyroxine. Its ionization state
and dissolution are influenced by gastric pH (. Although in healthy volunteers, bioavailability can reach 60-
80% (617, there could be a 9.4% decrease in thyroxine absorption in patients over 70 years old (62.8% £13.5%
SD vs. 69,3% + 11.9%; p < 0.001), as was found in a study of 45 euthyroid individuals "®. The small bowel
is the main site of absorption; the duodenum accounts for 15 + 5% SD, the upper jejunoileum 29 + 14% SD,
and the lower jejunoileum 24 + 11% SD of 24h-'3'I-labeled thyroxine absorption (!®), The time necessary to
reach the maximum serum concentration (Tmax) of the drug is approximately 2-3 hours from ingestion, and

plateaus occur at 18 and 48 hours. Food and hypothyroidism delay Tmax (1920,

Drug bioavailability is responsible for most inter- and intra-individual therapeutic variation ), which
can result from (a) nonadherence (b) physiological (weight, pregnancy, age) and paraphysiological (behavior,

nutrition) conditions, (c) malabsorption diseases, and (d) concomitant medications ®

In an in vitro study, Pabla et al. found that a higher pH impairs dissolution of thyroxine ?", and Centani

et al. observed a higher thyroxine requirement in 10 euthyroid patients with multinodular goiter who were
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receiving concomitant omeprazole ??. However, in a prospective study, the hormone levels of 19 hypothyroid
subjects did not change when they were advised to take omeprazole 30 min after LT4 3. Besides the known
interaction with proton pump inhibitors, interactions between LTs4 and other drugs/supplements have been
recognized ®¥, such as with iron ?> and calcium supplements %, aluminum hydroxide 7, raloxifene @,
sevelamer ?°), cholestyramine % and ciprofloxacin @Y. In light of these findings, the American Thyroid
Association recommends a 4-hour interval between potentially interfering drugs, although this is based on a

low grade of evidence ©?),

A survey of referral centers about the appropriate use of LT4 revealed that, although the majority of
patients understood that LT4 should not be taken with food, only 52.1% were aware that it should also not be
taken with other medications G%. Forgetting to take the tablets and a lack of understanding about the need for
continued treatment were found to be the causes of low adherence in 2/3 of 100 uncontrolled hypothyroidism

patients G4,

In 1977, in a sample of healthy volunteers, Wenzel and Kirschsieper found that LT4 absorption
decreased from 79.3% =+ 7.2% SD under fasting conditions to 63.9% + 10.5% SD after a meal of two buttered
rolls and a boiled egg (p < 0.001) U7, Years later, Bevenga et al., demonstrated that postponing breakfast from
15-20 minutes to 60 minutes improved the thyroid function tests in hypothyroid individuals ??. LT4 has also

been reported to interact with coffee 39, soy @9, grapefruit @7 and milk ©%.

Although some prospective studies on the timing of LT4 administration have been published, they were
not designed to include older adults. In a pilot study, Bolk et al. assessed the TSH levels of 19 hypothyroid
women (mean age 48 years) for 24 hours on two separate days. Evening LTs intake (hours after supper)
lowered TSH levels more than morning intake (30 min before breakfast)(1.2 +£ 0.3 mUI/L vs. 5.1 £ 0.9 mUI/L,
p<0.01). Despite the bedtime LT4 regimen, the circadian pattern of thyrotropin was maintained and did not
interfere with morning blood sampling ®%. The same group was able to reproduce these results in a randomized
crossover placebo-controlled trial with 90 hypothyroid patients (mean age 48 years), who were followed for
24 weeks. In the intergroup comparison, bedtime intake had a direct treatment effect, with a decrease in TSH
levels of 1.25 mIU/L (95%CI 0.60-1.89 mIU/L; p=0.001) and an increase in free T4 of 0.07 ng/dL (95%CI
0.02-0.13, p=0.01) compared to intake 30 min before breakfast “9. Rajput et al. randomized 152 drug-naive
hypothyroidism patients (mean age 34.30 £ 11.82 years) into two parallel groups to receive LT4 2 hours after
dinner or 30 minutes before breakfast. At the end of 12 weeks, finding no significant difference between
treatment strategies for both euthyroidism (96% vs. 90%; p=0,19) and mean serum TSH levels (3.27 mUI/L
£4.19 vs. 5.13 mUI/L £9.36; p=0.31) 1. Bach-Huynh et al. evaluated three timing strategies in 65 patients
(48 = 13 years) and found that taking L T4 an hour before breakfast resulted in a significantly lower TSH levels
(1.06 mIU/L 95% CI 0.60-1.52 mIU/L; p <0.001), than when taking it 20 minutes before breakfast or 2 hours
after supper “?. In agreement with these results, Perez et al. found higher serum TSH levels when LT4 was

taken at the beginning of breakfast (2.89 mIU/L £ 2.82 vs. 1.9 mIU/L + 1.76 , p = 0.028) than when taken 1
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hour before 4¥. A recent study obtained data from 84 patients (71% aged < 65 years old) on stable doses of
LTs. They performed a 3-period crossover trial of LT4 administration (30 min before breakfast, 1 hour before
lunch and 2 hours after supper). No significant differences in thyroid profile results were found in the per-

protocol analysis 4.

Trial Rationale

Most published studies on the timing of LT4 administration have analyzed young populations and have
not addressed the use of intervening medications. This trial aims to test an alternative schedule for LTy
administration in older adults with a randomized crossover clinical trial. Morning administration, which is
more commonly used, will be compared with evening administration for 3 months of follow-up. This report
follows the SPIRIT Statement guidelines “*. We presented a standardized checklist with recommended

SPIRIT Statement items (Supplementary File 1).
Methods
Study design and setting

This prospective, randomized crossover trial will be conducted at the Endocrinology and Internal

Medicine Clinic at the Hospital Clinicas de Porto Alegre, Brazil.

Eligible participants

The research team will identify outpatients > 60 years old with primary hypothyroidism who have been
using LT, for at least 6 months and have been on stable doses for the last 3 months. For those who meet the
inclusion criteria, the study procedures will be explained, and those who provide written informed consent

will be enrolled. Screening will continue until the target population is achieved.

Exclusion criteria

The exclusion criteria were severe organic syndrome, dementia, thyroid cancer, heart failure
(functional class IV) or > three hospital admissions in the last year due to heart failure decompensation, and

refusal to participate.
Intervention

Participants will be instructed to take LT4 tablets according to random treatment allocation, either in
the evening (60 min after supper) or in the morning (60 min before breakfast). After 3 months of follow-up,
the treatment will be changed using a crossover strategy.

Outcomes
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Primary Outcome:

Change in serum TSH levels after 24 weeks of follow-up.
Secondary Outcomes:

1. To identify concomitant drugs that affect LT4 absorption.

2. To compare TSH control efficacy between the two treatment strategies according to age, drug

interaction and sex subgroups.
Sample size calculation

SAS Studio 3.7 was used to calculate the sample size. The calculated sample size (182 participants: 91
in each group) can detect a difference of 1.0mUI/L between the means as significant, considering a standard
deviation of 2.0 for group 1 and 3.87 for group 2 (BOLK, 2010). A power of 80% and significance level of
5% were considered in the calculation. Adding 10% for possible losses and refusals, the sample size should

be 200.
Random allocation

A randomization list stratified by sex was created using a web-based program
(http://www.randomization.com/). An interchangeable random blocks/ variable blocks randomization strategy
was chosen to assure allocation concealment. An independent researcher was responsible for the

randomization list and treatment allocation.
Blinding

Due the crossover design, the trial participants, staff and outcome assessors will be not blinded,

although data analysis will be blinded.
Data collection methods

Eligible participants will attend meetings at 0, 12 and 24 weeks after enrollment. Each meeting will
include application of standardized questionnaires to assess drug-food-thyroxine interactions, treatment
adherence and adverse events. Blood samples will be collected at baseline, 12 weeks and 24 weeks after initial

treatment allocation to measure free T4 and TSH levels. Figures 1 and 2 describe the follow-up procedure.

Thyroid function (serum TSH and free T4 levels) will be measured by electrochemiluminescence
assay; concentrations of 0.27- 4.2 mUI/L and 0.93 — 1.7 ng/dL, respectively, are the method’s reference limits.
Food-LT4 interactions will be analyzed according to time since last meal (<30 min, 30-60 min or >60 min).
Concomitant use (within 60 min) of calcium or iron supplements, proton pump inhibitors, other
supplements/multivitamins, and daily medications will be considered in the drug-LT4 interaction assessment.

The Morisky-Green test will be used to verify treatment adherence and comprehension at baseline and follow-
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up. Side effects will also be investigated regarding causality between LT4 treatment and severity. Patients will
be discontinued from the allocated intervention upon individual request or worsening of their clinical

condition due to decompensated hypothyroidism.
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MONIALE STUDY FLOWCHART

INCLUSION CRITERIA
Hipothyroidism patient = 60 years old
Diagnosis of hypothyroidism = 6 months

Stable doses of levothyroxine = 3 months

MEETING 0 (Baseline)

Consent form

Blood sample to test for serum TSH and freeT4

MEETING 1 (3 months)
Blood sample to test for serum TSH and free T4

CROSS-OVER between strategies

MEETING 3 (6 months)
Final assessment
Blood sample to test for serum TSH and free T4
Assessment of outcomes

End of study

>
Initial Strategy 1: Initial Strategy 2:
Morning Levothyroxine Evening Levothyroxine
Intake Intake
Strategy 1 Strategy 2
Strategy 1 Strategy 2

Assessment of Outcomes
End of Study

Figure 1 Flow Chart of the MONIALE trial: inclusion criteria, randomization and follow-up process.
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Figure 2 SPIRIT figure: Allocation, interventions and outcomes.

STUDY PERIOD
Enrolment Allocation Close-out
TIMEPOINT** -t 0 @ i =
3 months 6 months 6 months
ENROLMENT:
Eligibility screening X
Informed consent X
Allocation X
INTERVENTIONS:
[Morning Levothyroxine PR X
Intake]
[Evening Levothyroxine
Intake] X
ASSESSMENTS:
[serum TSH ] X X X X
[serum free T4] X X X X
[Questionnaire about
daily drug use, including X X X X
meal interval and
schedule]
X X X
[Morisky-Green Test]
[Evaluation of adverse X X X
effects]
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Statistical methods

To assess the treatment effect, ANOVA for 2 x 2 crossover studies will be performed. The carryover
effect will be analyzed by an independent samples #-test of the sum of the variables for each patient at 12 and
24 weeks 9. No interim analysis is planned. Primary and secondary outcomes will be presented as intention-
to-treat analysis. Additionally, subgroup analysis comparing age groups of 60-74 years and > 75 years will be

performed.
Data monitoring and auditing

No data monitoring committee will be created due to the single-blind treatment assignment and the
short follow-up and interval between thyroid function tests. Although the study coordinator will constantly

audit the data and study conduct, no external auditing process is planned.
Logistics Procedures are presented in Figure 1.
Discussion

Aging is associated with an increased prevalence of multimorbidity (defined as two or more long-
term diseases) ¥, including a higher frequency of hypothyroidism (?). Disease-centered, rather patient-
centered, clinical practice guidelines have led to polypharmacy and related adverse events . Due to these
issues, in addition to pharmacokinetic changes, hypothyroidism treatment for older adults should be carefully
managed 47,

Although alternative strategies of evening LT4 administration have been tested in clinical trials G%44),
the mean age of the included patients was under 60 years of age. In addition, most of the published trials have

not addressed drug interaction ®°#3 as a potential barrier to hypothyroidism control.

This study will evaluate the fastest growing population worldwide and will provide relevant clinical

information for their medical care.
Trial status

Protocol version date 01/19/2018, Institutional Review Board) number 2018-0209. This study is
currently recruiting participants. The recruitment began in May 2018 and is expected to end by August 2019.
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ANEXO IT - TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO

Titulo do Projeto: ENSAIO CLINICO RANDOMIZADO PARA COMPARACAO DA
ADMINISTRACAO MATUTINA VERSUS NOTURNA DA LEVOTIROXINA NO CONTROLE DE
HIPOTIREOIDISMO EM IDOSOS.

Vocé estd sendo convidado a participar de uma pesquisa clinica que tem por objetivo principal avaliar se o
tratamento do hipotireoidismo com tomada do medicamento levotiroxina a noite ¢ semelhante ou melhor do

que a tomada do medicamento em jejum pela manha.

Esta pesquisa estd sendo realizada no Servigo de Medicina Interna e pela P6s-Graduagao em Endocrinologia
da UFRGS no Hospital de Clinicas de Porto Alegre (HCPA).

Se vocé aceitar participar dessa pesquisa, os procedimentos envolvidos serdao os seguintes:

O participante devera responder aos seguintes questionarios:
- Questionario sobre dados pessoais e historico de saude.

- Questionario sobre medicagdes de uso domiciliar continuo.

Estas avaliagOes serdo realizadas na sala do centro de pesquisa clinica mediante agendamento. Antes da
primeira consulta, sera realizada uma coleta de sangue para exame laboratorial de hormonios relacionados a
tireoide; durante o transcorrer do estudo, serd coleta sangue para repetigao desses exames em duas outras
vezes, com intervalo de 3 meses entre cada uma.

Além disso, o prontuario do participante sera consultado para complementar informagdes sobre o estado de
saude e verificar o controle da doenga da tireoide nos seis meses anteriores ao inicio da participagao neste

estudo. Por isso, também se solicita a sua autorizagdo para este acesso aos dados do prontuario.

Os possiveis riscos ou desconfortos decorrentes da participacao na pesquisa sao os seguintes:

Pode ocorrer desconforto quanto ao tempo de resposta aos questiondrios. A coleta de sangue pode causar
dor passageira e ocasionar hematoma local. Pode haver também temporaria desregulacdo dos niveis
hormonais durante as modificacdes posologicas previstas neste protocolo, mas, de acordo com estudos

cientificos anteriores, devera ser pequena e sem causar problemas a sua saude.
O beneficio em participar do estudo sera a orientacdo do momento mais adequado da tomada da levotiroxina

(antes do café da manha ou antes de dormir), além da contribui¢do ao conhecimento médico sobre o

tratamento de uma doen¢a muito comum.
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A participacdo na pesquisa ¢ totalmente voluntaria, ou seja, ndo ¢ obrigatoria. Caso voc€ decida pela ndo
participacdo, ou ainda, desisténcia da participacao e retirada do consentimento ao longo do estudo, nao

havera nenhum prejuizo ao atendimento que o participante recebe ou possa vir a receber nesta instituicao.

Nao esta previsto nenhum tipo de pagamento pela participagdo na pesquisa e o participante nao tera nenhum
custo com respeito aos procedimentos envolvidos.

Caso ocorra alguma intercorréncia ou dano resultante de sua participagdo na pesquisa, o participante recebera
todo o atendimento necessario, sem nenhum custo pessoal.

Os dados coletados durante a pesquisa serdo sempre tratados confidencialmente. Os resultados serdo
apresentados de forma conjunta, sem a identificagdo dos participantes, ou seja, 0 nome ndo aparecera na

publicacao dos resultados.

Caso vocé tenha duvidas, podera entrar em contato com o pesquisador responsavel Dr. Renato Gorga

Bandeira de Mello, pelo telefone (51) 33596400 ou com a pesquisadora Karina Giassi (51) 99814344,

Rubrica do participante/responsavel

Rubrica do pesquisador

CEP Hospital de Clinicas de Porto Alegre (MR 05/11/2015)

TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO

Comité de Etica em Pesquisa do Hospital de Clinicas de Porto Alegre (HCPA), pelo telefone (51) 33597640,

ou no 20 andar do HCPA, sala 2227, de segunda a sexta, das 8h as 17h. Esse Termo ¢ assinado em duas vias,

sendo uma para o participante e outra para os pesquisadores.

Nome do participante da pesquisa

Assinatura

Nome do responsavel (se aplicavel)

Assinatura
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Nome do pesquisador que aplicou o Termo

Assinatura

Local e Data:
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ANEXO IIT - FORMULARIOS DE PESQUISA

ENSAIO CLINICO RANDOMIZADO PARA COMPARACAQO DA ADMINISTRACAO MATUTINA VERSUS
NOTURNA DA LEVOTIROXINA NO CONTROLE DE HIPOTIREOIDISMO EM IDOSOS

FORMULARIO DE PESQUISA
Visita 0

IDdoParticipante 1__ 1 1 1 1 1 1 1 1

Data do Atendimentol 1 1/1 1 1/2011_ 1

Iniciais do Participante 1 1 1 1

Data de Nascimento: 1 1 1/1

1 1/191 1

1

Telefone 1:

Telefone 2:

Nome informante (se aplicavel):

Critério de Inclusao:
> 60 anos
( )SIM ( )NAO

( )SIM ( )NAO

Hipotireoidismo em tto estavel

Paciente assinou 0o TCLE? ( ) SIM

( )NAO

Se sim, DATAL 1 1/1
Se ndo, EXCLUIDO ( )

1 1/2011 1

Fone (51) 3359.8000 | Fax (51 3359.8001 | Rua Ramiro Barcelos, 2350 | Porto Alegre - RS | 90035-903

www.hcpa.edu.br
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Iniciais do Participante 1 1 1 1

Sexo: ( )M ( )F

QUESTIONARIO - Variaveis Demograficas

Escolaridade (em anos de estudo):

Tabagista atual: ( ) NAO

() SIM — magos-ano:

Bebida alcoélica atual: ( ) NAO ( ) SIM — frequéncia: Quantidade:
Historia médica pregressa (descrever diagnosticos):
Medicamentos em uso:
MEDICACOES DOSE DIARIA MEDICACOES DOSE DIARIA

Fone (51) 3359.8000 | Fax (51 3359.8001 | Rua Ramiro Barcelos, 2350 | Porto Alegre - RS | 90035-903

www.hcpa.edu.br
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Iniciais do Participante 1 1 1

QUESTIONARIO - Variaveis Hipotireoidismo

Tempo do diagnoéstico do hipotireoidismo: | | |meses

Dose da levotiroxina em uso: || | |mcg

Tempo de dose estavel da levotiroxina: | | _|meses

Tomada da LT4: ( ) manhd ( ) noite

Tempo entre tomada da LT4 e refeicio:

()<29min ( )30-59 min (

Uso concomitante ou intervalo menor < 60minutos:
Suplemento de calcio
Inibidor da bomba de protrons
Suplemento de ferro

Polivitaminicos

Levotiroxina utilizada:
( ) Levoid
( ) Puran T4
() Synthroid
( ) Euthyrox

( ) Genérico

) > 60min

( )Nao () Sim
( )Nao () Sim
( )Nao ( ) Sim
( )Néo () Sim

VARIAVEIS LABORATORIAIS

EXAME RESULTADO
Nivel de TSH Basal
Ll |mIU/L
Data_ / [/
Nivel de T4 livre Basal (ng/dl):
||| |mIU/L
Data / [/

Fone (51) 3359.8000 | Fax (51 3359.8001 | Rua Ramiro Barcelos, 2350 | Porto Alegre - RS | 90035-903

www.hcpa.edu.br
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Codigo de Randomizagdol 1 1 1 1 1 Iniciais do Participante 1 1 1 1

ORIENTACOES SOBRE A TOMADA DA LEVOTIROXINA:

Orientagdes sobre adesdo O Sim 0 Nao
Forma de administragio O Sim 0 Nao
Horario de administragdo OO Manha [ Noite
Explicou ao participante o que ¢ Evento Adverso? [ Sim O Nao

VERIFICACAO DE ENTENDIMENTO DAS ORIENTACOES SOBRE O MEDICAMENTO

Participante é capaz de repetir a orientacdo:

Forma de administragdo O Sim 0[O Nao
Horario de administra¢ao O Sim 0[O Nao
Numero de comprimidos ao dia O Sim O Nao
Participante entendeu o que ¢ Evento Adverso O Sim O Nao
ORIENTACOES FINAIS
Orientado jejum de 04 horas para coleta de sangue? O Sim 0O N&o

DATA DA COLETA DE AMOSTRADESANGUE: 1 1 1/1 1 1/2011 1

DATA DA PROXIMA CONSULTAEM3MESES: 1 1 1/1 1 1/2011 1

Nome do responsavel pelo atendimento:

Assinatura e Carimbo:

Fone (51) 3359.8000 | Fax (51 3359.8001 | Rua Ramiro Barcelos, 2350 | Porto Alegre - RS | 90035-903
www.hcpa.edu.br
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ENSAIO CLINICO RANDOMIZADO PARA COMPARACAO DA ADMINISTRACAO MATUTINA VERSUS
NOTURNA DA LEVOTIROXINA NO CONTROLE DE HIPOTIREOIDISMO EM IDOSOS

FORMULARIO DE PESQUISA
Visita 1 -3 MESES

IDdoParticipante 1.__ 1 1 1 1 1 1 1 1 Data do Atendimentol 1 1/1 1 1/2011 1

Codigo de Randomizagdol 1 1 1 1 1 Iniciais do Participante 1 1 1 1

PARTICIPANTE COLETOU AMOSTRAQ DE SANGUE? O Sim O Nao

Se ndo, providenciar coleta imediatamente ou remarcar.

TOMADA DA LEVOTIROXINA

Desde a ultima consulta, vocé tomou o medicamento LEVOTIROXINA como orientado? O Sim 0 Nao

Em que periodo do dia esta tomando? O Manha 0O Noite

Em qual horario?

Se manhd, O0<29 min O 30-59 min O> 60min antes da primeira refei¢do?

Se noite, [ ao deitar O 30-59 min apds a janta ou 00> 60min apos a janta?

Qual a dose da levotiroxina em uso: | | | | mcg

ADESAO AO TRATAMENTO MEDICAMENTOSO  (Teste de Morisky-Green)

Vocé as vezes tem problemas em se lembrar de tomar a medicagdo? O Sim O Nao
Vocé as vezes se descuida de tomar seu medicamento? O Sim O Nao
Quando esta se sentindo melhor, vocé as vezes para de tomar seu medicamento? O Sim O Nao
As vezes, se vocé se sentir pior ao tomar a medicacgio, vocé para de toma-la? O Sim O Nao

Fone (51) 3359.8000 | Fax (51 3359.8001 | Rua Ramiro Barcelos, 2350 | Porto Alegre - RS | 90035-903
www.hcpa.edu.br
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INVESTIGACAO DE EVENTOS ADVERSOS (EA)

Houve qualquer intercorréncia (sintoma, queixa, doenga) clinica desde a tltima consulta? Se sim, preencher abaixo.

Participante refere ocorréncia de Evento Adverso?

O Sim [ Nio

Narrativa descrevendo a seqiiéncia de eventos, diagndsticos e qualquer outro detalhe relevante.

A partir dos eventos descritos anteriormente preencha os campos abaixo

Evento EA Duracao Relaciao com Acao adotada
grave medicamento do
Estudo
1. O Inicio 1 1 1 /1 1 1/ OSim O Diminuigéo da dose
Sim 20111 O  Provavelmente | O Aumento da dose
O Fim 1 1 1/1 1 1/| Sim O Suspensio
Néo 20111 O Nio O Nenhuma agdo
O Em curso O  Provavelmente | [ Outro tratamento
O IGN Nao
2. O Inicio 11 1 /1 1 1/ OSim O Diminuigéo da dose
Sim 20111 O  Provavelmente | O Aumento da dose
O Fim 1 1 1/1_1 1/| Sim O Suspensdo
Néo 20111 O Nio O Nenhuma agdo
O Em curso O  Provavelmente | [ Outro tratamento
O IGN Nao
3. O Inicio 11 1 /1 1 1 /| 0OSim O Diminuigéo da dose
Sim 20111 O  Provavelmente | O Aumento da dose
O Fim 1 1 1/1_1 1/| Sim O Suspensio
Néo 20111 O Nio O Nenhuma agdo
O Em curso O  Provavelmente | [ Outro tratamento
O IGN Nao
4. O Inicio 1 1 1 /1 1 1/ OSim O Diminuigéo da dose
Sim 20111 O  Provavelmente | O Aumento da dose
O Fim 1 1 1/1 1 1/| Sim O Suspensio
Néo 20111 O Nio O Nenhuma agdo

Fone (51) 3359.8000 | Fax (51 3359.8001 | Rua Ramiro Barcelos, 2350 | Porto Alegre - RS | 90035-903

www.hcpa.edu.br
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O Em curso O Provavelmente O Outro tratamento

O IGN Nao

ORIENTACOES SOBRE A MODIFICACAO DE TOMADA DA LEVOTIROXINA (CROSS-OVER):

Horario de administragdo ATUAL OO Manha [ Noite

NOVO Horario de administragdo OO Manha [ Noite

Orientagdes sobre adesdo O Sim O Nao

Explicou ao participante o que é Evento Adverso? O Sim 0O N&o

VERIFICACAO DE ENTENDIMENTO DAS ORIENTACOES SOBRE O MEDICAMENTO [ NSA

Participante é capaz de repetir a orientacdo:

NOVO Horario de administragido O Sim 0O Nao
Participante entendeu o que ¢ Evento Adverso O Sim O Nao
ORIENTACOES FINAIS
Orientado jejum de 04 horas para coleta de sangue? O Sim 0O Nao

DATA DA COLETA DE AMOSTRADESANGUE: 1 1 1/1 1 1/2011 1

DATA DA PROXIMA CONSULTAEM3MESES: 1 1 1/1 1 1/2011 1

Nome do responsavel pelo atendimento

Assinatura e Carimbo:

Fone (51) 3359.8000 | Fax (51 3359.8001 | Rua Ramiro Barcelos, 2350 | Porto Alegre - RS | 90035-903
www.hcpa.edu.br
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ENSAIO CLINICO RANDOMIZADO PARA COMPARACAO DA ADMINISTRACAO MATUTINA VERSUS
NOTURNA DA LEVOTIROXINA NO CONTROLE DE HIPOTIREOIDISMO EM IDOSOS

FORMULARIO DE PESQUISA
Visita 2 — 6 MESES (ENCERRAMENTO)

IDdoParticipante 1.__ 1 1 1 1 1 1 1 1 Data do Atendimentol 1 1/1 1 1/2011 1

Codigo de Randomizagdol 1 1 1 1 1 Iniciais do Participante 1 1 1 1

TOMADA DA LEVOTIROXINA

Desde a ultima consulta, vocé tomou o medicamento LEVOTIROXINA como orientado? O Sim 0 Nao
Em que periodo do dia esta tomando? O Manha 0O Noite

Em qual horario?

Se manhd, O0<29 min O 30-59 min O> 60min antes da primeira refei¢do?

Se noite, [ ao deitar O 30-59 min apds a janta ou 00> 60min apos a janta?

Qual a dose da levotiroxina em uso: | | | | mcg

ADESAO AO TRATAMENTO MEDICAMENTOSO (Teste de Morisky-Green)

Vocé as vezes tem problemas em se lembrar de tomar a medicagdo? O Sim O Nao
Vocé as vezes se descuida de tomar seu medicamento? O Sim O Nao
Quando esta se sentindo melhor, vocé as vezes para de tomar seu medicamento? O Sim O Nao
As vezes, se vocé se sentir pior ao tomar a medicacgio, vocé para de toma-la? O Sim O Nao

Fone (51) 3359.8000 | Fax (51 3359.8001 | Rua Ramiro Barcelos, 2350 | Porto Alegre - RS | 90035-903
www.hcpa.edu.br



$
UFRGS

UNIVERSIDADE FEDERAL
DO RIO GRANDE DO SUL

\‘;’)@" HOSPITAL DE

CLINICAS

22C

PORTO ALEGRE

RS

INVESTIGACAO DE EVENTOS ADVERSOS (EA)

Houve qualquer intercorréncia (sintoma, queixa, doenga) clinica desde a tltima consulta? Se sim, preencher abaixo.

Participante refere ocorréncia de Evento Adverso?

O Sim [ Nio

Narrativa descrevendo a seqiiéncia de eventos, diagndsticos e qualquer outro detalhe relevante.

A partir dos eventos descritos anteriormente preencha os campos abaixo

Evento EA Duracao Relagciao com Acao adotada
grave medicamento do
Estudo
1. O Inicio 1 1 1 /1 1 1 /| OSim O Diminuigéo da dose
Sim 20111 O  Provavelmente | O Aumento da dose
O Fim 1 1 1/1 1 1/| Sim O Suspensio
Néo 20111 O Nio O Nenhuma agdo
O Em curso O  Provavelmente | [ Outro tratamento
O IGN Nao
2. O Inicio 1 1 1 /1 1 1 /| OSim O Diminuigéo da dose
Sim 20111 O  Provavelmente | O Aumento da dose
O Fim 1 1 1/1_1 1/| Sim O Suspensio
Néo 20111 O Nio O Nenhuma agdo
O Em curso O  Provavelmente | [ Outro tratamento
O IGN Nao
3. O Inicio 1 _ 1 1 /1 1 1 /| OSim O Diminuigéo da dose
Sim 20111 O  Provavelmente | O Aumento da dose
O Fim 1 1 1/1_1 1/| Sim O Suspensio
Néo 20111 O Nio O Nenhuma agdo
O Em curso O  Provavelmente | [ Outro tratamento
O IGN Nao
4. O Inicio 1 1 1 /1 1 1 /| OSim O Diminuigéo da dose
Sim 20111 O  Provavelmente | O Aumento da dose
O Fim 1 1 1/1 1 1/| Sim O Suspensio
Néo 20111 O Nio O Nenhuma agdo
O Em curso O  Provavelmente | [ Outro tratamento
O IGN Nao

Fone (51) 3359.8000 | Fax (51 3359.8001 | Rua Ramiro Barcelos, 2350 | Porto Alegre - RS | 90035-903

www.hcpa.edu.br
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ORIENTACOES SOBRE A CONTINUIDADE DE TOMADA DA LEVOTIROXINA APOS ENCERRAMENTO DO ESTUDO:

Orientagdes sobre adesdo O Sim O Nao
Forma de administragio O Sim O Nao
Horario de administragao OO Manha [ Noite

VERIFICACAO DE ENTENDIMENTO DAS ORIENTACOES SOBRE O MEDICAMENTO [ NSA

Participante é capaz de repetir a orientacdo:

Forma de administragdo O Sim 0[O Nao
Horario de administra¢ao O Sim 0O Nao
Numero de comprimidos ao dia O Sim O Nao

Como sentiu-se participando desta pesquisa?

Na sua opinido, qual o melhor horario para tomar o medicamento levotiroxina?

O Manhda [ Noite [ Indiferente

Nome do responsavel pelo atendimento

Assinatura e Carimbo:

Fone (51) 3359.8000 | Fax (51 3359.8001 | Rua Ramiro Barcelos, 2350 | Porto Alegre - RS | 90035-903
www.hcpa.edu.br



