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AE&M awards 2015

Since 2001, the Archives of Endocrinology and Metabolism (AE&M) and the Brazilian Society of Endocrinology 
and Metabology award the “AE&M award Professor Waldemar Berardinelli” and the “AE&M award Professor 
Thales Martins” to the young researcher with the best original reports published in the AE&M in the areas of 
clinical practice and basic, translational science.

The commission was made up by members of the Editorial Board: Marcello D. Bronstein, Bruno Ferraz de 
Souza, Erika Parente, Francisco Bandeira, Fernando M. A. Giuffrida, Melanie Rodacki, Monica R. Gadelha, Nina 
Rosa C. Musolino, Poli Mara Spritzer, Ricardo Meirelles, Rui M.B. Maciel, Tânia S. Bachega, who analyzed the 
reports published in the AE&M, volume 59, 2015. The award ceremony is going to take place during the 32nd 
Brazilian Congress of Endocrinology and Metabology (CBEM) on September 20th, 2016, in Costa do Sauípe, BA.

AE&M AWARD PROF. WALDEMAR BERARDINELLI 
“Changes in cortical bone channels network and osteocyte organization  

after the use of zoledronic acid”
Authored by Gustavo Davi Rabelo, Bruno Augusto Nassif Travençolo, Marcio Augusto 
Oliveira, Marcelo Emílio Beletti, Marina Gallottini, Fernando Ricardo Xavier da Silveira. 

Arch Endocrinol Metab. 2015;59(6):507-14 

AE&M AWARD PROF. THALES MARTINS 
“Digital vertebral morphometry performed by DXA: a valuable opportunity for 

identifying fractures during bone mass assessment”
Authored by Patrícia Muszkat, Marília Brasilio Rodrigues Camargo,  

Barbara Santarosa Emo Peters, llda Sizue Kunii, Marise Lazaretti-Castro.  
Arch Endocrinol Metab. 2015;59(2):98-104
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liraglutida
Perda de peso significativa e sustentada com melhoras 
simultâneas nos fatores de risco cardiometabólicos1,2

•	9	em	cada	10	alcançaram	perda	de	peso,	sendo	que	1	em	cada
	 3	perderam	>10%.2

•	Os	pacientes	perderam	peso	e	mantiveram	a	perda	ao	longo	de	
	 um	estudo	de	1	ano.1

Referências: 1. Bula do produto. 2. Pi-Sunyer X, Astrup A, Fujioka K, et al. Liraglutide in weight management: a double-blind randomized controlled trial. N Engl J Med.2015;373(1):11-22.
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tado. VENDA SOB PRESCRIÇÃO MÉDICA. Registro MS: 1.1766.0032 Para informações completas, vide bula do medicamento.

Este medicamento não deve ser utilizado em caso de hipersensibilidade à liraglutida ou qualquer um de seus excipientes. No uso 
simultâneo de liraglutida com varfarina e outros derivados cumarínicos é recomendado um monitoramento mais frequente da INR.

Os pacientes seguem um escalonamento de dose 
de 4 semanas desenhado para minimizar possíveis 
sintomas gastrointestinais.1
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LEVOID É PARA TIREOIDE1

Possui preço acessível, proporcionando maior 
adesão ao tratamento por parte dos pacientes2-4

Absorção avaliada em pacientes pós-cirurgia
bariátrica5

PRODuTO
zERO LAcTOsE1

Material técnico científico de distribuição exclusiva à classe médica. Maio/2016.

LEVOID levotiroxina sódica. Comprimidos 25mcg, 38mcg, 50mcg, 75mcg, 88mcg, 100mcg, 112mcg, 125mcg, 150 mcg, 175 mcg e 200 mcg. USO ORAL. USO ADULTO E PEDIÁTRICO/ MS - 1.0573.0366 INDICAÇÕES: -Como terapia de reposição ou 
suplementação hormonal em pacientes com hipotireoidismo congênito ou adquirido de qualquer etiologia (exceto no hipotireoidismo transitório, durante a fase de recuperação de tireoidite subaguda). -Supressão do TSH hipofisário no tratamento ou prevenção dos 
vários tipos de bócios eutireoidianos, e na regressão de metástases de neoplasias malignas de tireóide tireotropino-dependentes. -Como agente diagnóstico nos testes de supressão, auxiliando no diagnóstico da suspeita de hipertireoidismo leve ou de glândula 
tireóide autônoma. CONTRAINDICAÇÕES: Hipersensibilidade aos componentes da fórmula, infarto do miocárdio recente, tireotoxicose não-tratada de qualquer etiologia, insuficiência suprarrenal não-compensada, angina pectoris e 
hipertensão arterial não tratadas. Atenção diabéticos: contém açúcar. POSOLOGIA: LEVOID é administrado como uma dose única diária, preferencialmente meia a uma hora antes do café da manhã. LEVOID deve ser tomado no mínimo com um 
intervalo de 4 horas das drogas e alimentos que são conhecidas por interferir com sua absorção (vide item “interações medicamentosas”). Deve-se ter cautela quando administrar LEVOID em pacientes com doença cardiovascular subjacente, idosos e aqueles 
pacientes com insuficiência adrenal concomitante. As doses administradas de LEVOID variam de acordo com o grau de hipotireoidismo, a idade do paciente e a tolerabilidade individual. Adultos: Hipotireoidismo: Dose inicial: 50 mcg/dia, aumentando-se 25 mcg 
a cada 2 ou 3 semanas, até que o efeito desejado seja atingido. Em pacientes com hipotireoidismo de longa data, particularmente com suspeita de alterações cardiovasculares, a dose inicial deverá ser ainda mais baixa (25 mcg/dia). Manutenção: 75 a 125 mcg 
diários sendo que alguns pacientes, com má absorção, podem necessitar de até 200 mcg/dia. A dose de manutenção média é 170 mcg/dia. A falta de resposta às doses de 200 mcg/dia, sugere má absorção, não obediência ao tratamento ou erro diagnóstico. 
Supressão do TSH (câncer de tireóide) / nódulos / bócios eutiroidianos em adultos: Dose supressiva média de levotiroxina (T4) - 2,6 mcg/kg/dia, durante 7 a 10 dias. Crianças: Hipotireoidismo: doses usuais por via oral: De 1 a 5 anos: 5 a 6 mcg/kg/dia. De 6 a 10 
anos: 4 a 5 mcg/kg/dia. Acima de 10 anos: 2 a 3 mcg/kg/dia, até que a dose de adulto seja atingida (usualmente de 150 mcg/dia). A posologia é em geral estabelecida em função dos resultados das dosagens hormonais. A dose recomendada é de 2 a 3 mcg/kg/dia.
ADVERTÊNCIAS: Os hormônios tireoidianos devem ser usados com cautela em pacientes portadores de hipertensão arterial, insuficiência suprarrenal, anorexia acompanhada de desnutrição e 
tuberculose. A utilização da levotiroxina pode modificar o equilíbrio glicêmico do diabético, levando à necessidade de um aumento da posologia do hipoglicemiante. Deve-se investigar, antes do início do 
tratamento se o paciente faz uso de efedrina, epinefrina ou isoproterenol para tratamento da asma. Em pacientes com bócio difuso não-tóxico ou doença nodular da tireóide, particularmente o idoso ou 
aqueles com doença cardiovascular subjacente, a terapia com levotiroxina sódica é contraindicada se o nível sérico de TSH já estiver suprimido devido ao risco de precipitar tireotoxicose franca (vide item 
“contraindicações”). Deve-se ter cautela quando administrar a levotiroxina a pacientes com doenças cardiovasculares e a idosos nos quais há um risco aumentado de doença cardíaca oculta.  O 
tratamento com levotiroxina sódica em doses excessivas pode ter efeitos cardiovasculares adversos tais como: aumento na frequência cardíaca, aumento da espessura e da contratilidade da parede 
cardíaca, além de poder precipitar angina pectoris e/ou ou arritmias cardíacas. A levotiroxina tem um índice terapêutico estreito e a respeito da indicação para uso, titulação cuidadosa da dosagem é 
necessária para evitar as consequências de supertratamento ou subtratamento. Estas consequências incluem, entre outros, efeitos sobre o crescimento e desenvolvimento, função cardiovascular, 
metabolismo ósseo, função reprodutiva, função cognitiva, estado emocional, função gastrintestinal e sobre o metabolismo da glicose e dos lipídios. Muitas drogas interagem com levotiroxina sódica, 
necessitando ajustes na dosagem para manter a resposta terapêutica (vide item “interações medicamentosas”).  Efeitos sobre a densidade mineral óssea - em mulheres, a terapia a longo prazo com 
levotiroxina sódica foi associada com reabsorção óssea aumentada e diminuição da densidade mineral óssea. Distúrbios endócrinos associados: Deficiências hormonais hipotalâmicas/pituitárias – em 
pacientes com hipotireoidismo secundário ou terciário, deficiências hormonais hipotalâmicas/pituitárias adicionais devem ser consideradas, e, tratadas quando necessário. Síndrome poliglandular 
autoimune. Pacientes com insuficiência adrenal concomitante devem ser tratados com reposição de glicocorticóides antes do início do tratamento com levotiroxina sódica. Falha ao fazer desta maneira, 
pode precipitar uma crise adrenal aguda quando a terapia hormonal tireoidiana for iniciada devido ao “clearance” metabólico aumentado de glicocorticóides pelo hormônio tireoidiano. Outras condições 
médicas associadas - neonatos com hipotireoidismo congênito parecem ter um risco aumentado para outras anomalias congênitas, com anomalias cardiovasculares (estenose pulmonar, defeito atrial e 
ventricular septal), sendo a associação mais comum. Hipotireoidismo secundário (pituitário) e terciário (hipotalâmico): A adequação da terapia deve ser avaliada, medindo-se os níveis séricos de T4 livre, 
que devem ser mantidos em um limite superior à metade da concentração normal nestes pacientes. GRAVIDEZ E LACTAÇÃO: A levotiroxina atravessa a barreira placentária em quantidade limitada, mas 
seu uso na prática médica não mostrou efeitos adversos no feto. Assim, o tratamento com LEVOID não precisa ser modificado durante a gravidez, pois não oferece risco para o feto. O hipotireoidismo 
durante a gravidez está associado com um índice maior de complicações, incluindo aborto espontâneo, pré-eclampsia, natimorto e partos prematuros. O hipotireoidismo maternal pode ter um efeito 
adverso sobre o crescimento e desenvolvimento fetal e infantil. A quantidade de levotiroxina excretada pelo leite materno é mínima e não está associada a nenhum efeito colateral ou potencial tumorogênico. 
Quantidades adequadas de levotiroxina são necessárias para manter a lactação normal. USO EM IDOSOS, CRIANÇAS E OUTROS GRUPOS DE RISCO. Devido à prevalência aumentada de doença cardiovascular entre os idosos, 
a terapia com levotiroxina não deve ser iniciada com doses de reposição plenas. Em pacientes cardiopatas e/ou idosos, a terapia com LEVOID deve ser iniciada com doses baixas, por exemplo, 25-50 mcg de levotiroxina. Nesses pacientes, deve ser realizada 
uma monitoração rigorosa da terapêutica com levotiroxina. (vide item “posologia”) O objetivo do tratamento em pacientes pediátricos com hipotireoidismo é atingir e manter o crescimento físico e o desenvolvimento intelectual normais. A dose inicial de levotiroxina 
varia com a idade e peso corpóreo (vide item “posologia”). Ajustes nas dosagens são baseados na avaliação dos parâmetros clínicos e laboratoriais individuais do paciente.. A presença de condições médicas concomitantes devem ser consideradas em certas 
circunstâncias clínicas e, se presentes, tratadas apropriadamente. No caso de hipotireoidismo congênito, recuperação rápida das concentrações séricas normais de T4 é essencial para prevenir os efeitos adversos desta doença sobre o desenvolvimento intelectual 
bem como sobre o crescimento e maturação física total. Portanto, a terapia com LEVOID deve ser iniciada imediatamente após o diagnóstico e é geralmente continuado por toda a vida. No caso de hipotireoidismo adquirido em pacientes pediátricos, o paciente 
deve ser monitorado rigorosamente para evitar subtratamento e supertratamento. INTERAÇÕES MEDICAMENTOSAS: Muitas drogas afetam a farmacocinética e o metabolismo do hormônio tireoidiano (por exemplo, absorção, síntese, secreção, 
catabolismo, ligação protéica e resposta do tecido-alvo) e podem alterar a resposta terapêutica ao LEVOID. Além disto, os hormônios e a condição tireoidianos têm efeitos variados sobre a farmacocinética e ações de outras drogas. Uma relação de 
interações está demonstrada abaixo. A) Drogas que podem reduzir a secreção do TSH – a redução não é mantida; portanto, o hipotireoidismo não ocorre: Dopamina/Agonistas da dopamina, Glicocorticóides, Octreotida. B) Drogas que podem 
diminuir a secreção do hormônio tireoidiano, podendo resultar em hipotireoidismo: Aminoglutetimida, Amiodarona Iodo (incluindo agentes de contraste radiográfico contendo iodo), Lítio, Metimazol, Propiltiouracil (PTU), Sulfonamidas, Tolbutamida. 
C) Drogas que podem aumentar a secreção do hormônio tireoidiano, resultando em hipertireoidismo: Amiodarona, Iodo (incluindo agentes de contraste radiográfico contendo iodo). D) Drogas que podem diminuir a absorção de T4, 
resultando em hipotireoidismo: Antiácidos; - Hidróxidos de alumínio e magnésio, - Simeticona. Sequestrantes de ácidos biliares; - Colestiramina, - Colestipol. Carbonato de cálcio. Resinas de troca catiônica ; - Caiexalato. Sulfato ferroso. Sucralfato. 
Magaldrato. E) Drogas que podem alterar o transporte de T4 e T3 sérico – mas concentração de FT4 permanece normal, e portanto, o paciente permanece em eutireoidismo: E.1. Drogas que podem aumentar a concentração de TBG 
sérico:Clofibrato, Contraceptivos oral contendo estrógeno, Estrógenos (oral), Heroína / metadona, 5-fluorouracil, Mitotano, tamoxifeno. E.2. Drogas que podem diminuir a concentração de TBG sérico: Andrógenos / Esteróides, anabólicos, 
Asparaginase, Glicocorticóides, Ácido nicotínico – liberação lenta. F) Drogas que podem causar alteração na ligação protéica no sítio: Furosemida (>80 mg IV). Heparina, Hidantína, Drogas anti-inflamatórias não esteroidal: - fenamatos, 
-fenilbutazona. Salicilatos (> 2 g/dia). G) Drogas que podem aumentar o metabolismo hepático, que pode resultar em hipotireoidismo: Carbamazepina, Hidantoínas, Fenobarbital, Rifampicina. H) Drogas que podem reduzir a atividade T4 
5’-deiodinase: Amiodarona, Antagonistas beta-adrenérgicos (ex.: propranolol > 160 mg/dia), Glicocorticóides (ex.: dexametasona > 4 mg/dia), Propiltiouracil. I) Outras drogas que podem desencadear interações medicamentosas com levotiroxina: 
Anticoagulantes (orais): -derivados da cumarina, -derivados da indandiona. Antidepressivos: -tricíclicos (ex.: amitriptilina), - tetracíclicos (ex.: maprotilina), - serotonina seletiva, Inibidores seletivos da recaptação da serotonina (ex.: sertralina). Agentes 
antidiabéticos: -biguanidas, -metiglinidas, -sulfonilureas. Tiazolidinedionas. Insulina, Glicosídeos cardíacos. Citocinas: -interferon-α, -interleucina -2. Hormônios de crescimento: -somatrem, -somatropina. Quetamina. Metilxantina. Broncodilatadores (ex.: 
teofilina). Agentes radiográficos. Simpatomiméticos (efedrina, epinefrina, metilfenidato). Hidrato de cloral. Diazepam. Etionamida. Lovastatina. Metoclopramida. 6-mecaptopurina. Nitroprussiato. Para-aminosalicilato sódico. Resorcinol (uso tópico 
excessivo). Diuréticos tiazídicos. Cloroquina. Estrógenos conjugados. Estradiol. Estriol. Estrona.Imatinibe. Ritonavir. Raloxifeno. Em tratamento concomitante, a levotiroxina (LEVOID) pode provocar os seguintes efeitos: • A levotiroxina pode reduzir a 
ação dos hipoglicemiantes orais e da insulina. • A colestiramina e contraceptivos orais reduzem a ação da levotiroxina.• A levotiroxina potencializa os efeitos das anfetaminas, anticoagulantes orais, antidepressivos, digitálicos, efedrina, adrenalina e 
metilfenidato.• O ácido acetilsalicílico e a fenitoína aumentam o efeito da levotiroxina. A levotiroxina sódica deve ser tomada no mínimo com um intervalo de 4 horas das drogas que são conhecidas interferir com sua absorção. Interações com alimentos: 
Os alimentos podem interferir com a absorção da levotiroxina. Assim, recomenda-se a administração de LEVOID com estômago vazio (meia a 1 hora antes do café da manhã), a fim de aumentar sua absorção. Farinha de soja (fórmula pediátrica), 
cereais de semente de algodão, nozes e dieta à base de fibras podem se ligar e diminuir a absorção da levotiroxina sódica do trato gastrintestinal. REAÇÕES ADVERSAS A MEDICAMENTOS: As reações adversas associadas com a terapia de levotiroxina 
são primariamente aquelas de hipertireoidismo devido à superdosagem terapêutica. Elas incluem o seguinte: • Gerais: fadiga, aumento do apetite, perda de peso, intolerância ao calor, sudorese, diarréia. • Sistema nervoso central: cefaléia, 
hiperatividade, nervosismo, irritabilidade, labilidade emocional, insônia. • Músculoesqueléticas: tremores, fraqueza muscular. • Cardiovasculares: agravamento de cardiopatias pré-existentes (ex.: angina, infarto do miocárdio e arritmias), 
palpitações, taquicardia, arritmias, aumento da pulsação e da pressão arterial, insuficiência cardíaca, angina. • Respiratórias: dispnéia. • Gastrintestinais: diarréia, vômito, espasmos abdominais e elevações nos testes de função hepática. • 
Dermatológicas: perda de cabelo, rubor. • Endócrinas: hiponatremia e sintomas relacionados à insuficiência adrenocortical podem ocorrer durante o ajuste ou após a suspensão de uso da levotiroxina. A longo prazo, o uso de levotiroxina pode 
provocar redução da densidade mineral óssea, particularmente nas situações em que não é realizado um monitoramento cuidadoso das doses empregadas. • Reprodutivas: irregularidades menstruais, fertilidade prejudicada. • Outros: 
pseudotumores cerebrais e epífise femoral primária com luxação foram relatados em crianças recebendo terapia com levotiroxina. O supertratamento pode resultar em craniosinostose em neonatos e fechamento prematuro das epífises em 
crianças com altura adulta comprometida. Convulsões foram raramente relatadas com a instituição da terapia com levotiroxina. VENDA SOB PRESCRIÇÃO MÉDICA. SE PERSISTIREM OS SINTOMAS O MÉDICO DEVERÁ SER CONSULTADO. 
Material técnico-científico de distribuição exclusiva à classe médica. MS - 1.0573.0366 Farmacêutica Responsável: Gabriela Mallmann 30.138. MB 08 SAP 4087303 11/13. 
Referências bibliográficas: 1. Bula do produto LEVOID: comprimidos. Farmacêutica Responsável: Gabriela Mallmann. Guarulhos, SP. 
Aché Laboratórios Farmacêuticos S.A. 2. Kairos Web Brasil. Disponível em: <http://brasil.kairosweb.com>. Acesso em: Abr. 2016. 3. SILVA, 
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Dealing with diabetes and 
pregnancy following bariatric 
surgery: a double-edged sword?

Marcio C. Mancini1

B ariatric surgery offers substantial and sustained weight loss for most patients, with 
diabetes improvement or remission and also reduction in weight-related comorbidities 

in patients with a BMI of 35 kg/m² or more. The same benefits have not yet been established 
for patients with a BMI of less than 35 kg/m2, since there is still limited evidence based in 
very few studies investigating less than one hundred patients with class I obesity. Moreover, 
in larger studies involving patients with higher baseline BMI such as the Swedish Obese 
Subjects Study, the degree of weight loss has been significantly associated with glycemic 
improvement, independently of the surgical procedure when stratified by weight. In spite 
of this, delegates of International Bariatric Surgery and Diabetes Organizations during the 
2nd Diabetes Surgery Summit in London recently approved a joint statement where surgery 
should be considered (consider should not have the same strength of a recommendation) 
for patients with type 2 diabetes and BMI between 30.0 and 34.9 kg/m2 if hyperglycemia 
is inadequately controlled despite optimal treatment with either oral or injectable 
medications, including insulin; and these BMI thresholds should be reduced by 2.5 kg/m2 
for Asian patients (in spite of short duration of diabetes, good glycemic control and absence 
of insulin therapy be preoperative predictive factors of diabetes remission) (1). Recently, 
some cardiovascular safety trials with diabetes medications have demonstrated that these 
drugs offer cardiovascular protection (2); more data on hard outcomes are required to better 
assess not only the efficacy, but mainly the safety in very large series before endorsing the 
widespread indication of bariatric surgery in the subpopulation of type 2 diabetics with a 
BMI below 35 kg/m2. A significant proportion of individuals undergoing bariatric surgery 
experiment weight regain, residual diabetes or diabetes relapse (i.e., around one third of 
initial remitters over five years do not achieve remission or have diabetes recurrence), 
requiring to cope with the residual diabetes and emerging obesity (2,3) and also to deal 
with lifelong nutritional deficiencies and other potential long-term complications, such as 
vomiting, adhesions, strictures, gallstones, hernias, drinking problems, and small-bowel 
obstruction (4,5). In the scope under discussion, it is essential that the diagnosis of diabetes 
in patients undergoing bariatric surgery be reliable and safe.

In this issue of Archives of Endocrinology and Metabolism, a study examined 
the adverse effects of the oral glucose tolerance test (OGTT) in 128 patients who 
underwent bariatric surgery, of which more than 90% were women and nearly 30% 
pregnant. Around two thirds of patients experienced one to four or more limiting 
adverse effects such as nausea, dizziness, weakness, diarrhea, tachycardia, sweating or 
hypoglycemia during the test. The main reasons for ordering an OGTT were presence 
of symptoms suggestive of hypoglycemia, pregnancy, type 2 diabetes prior to surgery, 
or weight gain (6). In effect, an OGTT, when performed in patients following bariatric 
surgery (mainly but not limited to Roux-en-Y gastric bypass) is linked to risks, and it 
is questionable for evaluating this cohort of patients (5).
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In recent years, episodes of severe late postprandial 
hypoglycemia have been increasingly reported in 
gastric bypass patients. In the evaluation of these 
most frequently asymptomatic hypoglycemic events, 
fasting and post-prandial self-monitoring reflectance 
meter glucose determinations in the home setting, or 
fasting and post-prandial blood glucose concentration 
measurements can be requested occasionally and, if 
symptoms of hypoglycemia occur likewise (5,7,8). 
These patients could also be evaluated by ambulatory 
continuous measuring of interstitial fluid glucose 
systems (5,8) or a mixed meal test, preferably liquid (7).

The same approach has been considered valid 
in the evaluation of remission and relapse of type 2 
diabetes mellitus, as well as measurement of glycated 
hemoglobin levels (5,8). Over the years, many different 
criteria of diabetes remission have been proposed 
based on maintaining fasting glucose and glycated 
hemoglobin levels below stricter or less strict thresholds 
for shorter or longer periods of time (e.g. 1, 2, 5 years 
postoperatively) (9). At the same time, a higher mean 
amplitude of glucose excursions (MAGE), a shorter 
time to the post-prandial peak of interstitial glucose 
occur (with maximum glucose levels above 200 mg/dL, 
but with normal fasting and 2-hour post meal levels 
in most patients with a diabetes background before 
surgery), and symptoms of hypoglycemia usually were 
more related to the speed of glucose decrease than to 
the glucose level achieved, since hypoglycemic episodes 
were not registered on all occasions. Being so, the early 
post-prandial hyperglycemia may underestimate the 
diagnosis of diabetes if glucose measurement is done 
2-hours post-meal (10). 

Furthermore, glucose variability is exaggerated after 
Roux-en-Y gastric bypass, combining typically high and 
early hyperglycemic peaks and rapid glucose decreases 
with symptoms mimicking hypoglycemia (but on 
occasion being true severe hypoglycemia) (10). There 
are high quality evidence criteria associating post-
meal and post-challenging glucose hyperglycemia and 
macrovascular disease, retinopathy, increased carotid 
intima-media thickness, oxidative stress, inflammation 
and endothelial dysfunction, impaired cognitive 
function in elderly people with type 2 diabetes, as well 
as decreased myocardial blood flow, and increased risk 
of some types of cancer. A task force of the International 
Diabetes Federation strongly states that post-meal 
hyperglycemia is harmful and should be addressed. 
Treatments that aim post-meal plasma glucose reduce 

vascular events as long as hypoglycemia is avoided. Both 
non-pharmacologic, such as diets with a low glycemic 
load, and pharmacologic therapies that preferentially 
lower post-meal plasma glucose targeting post-meal 
plasma glucose below 140 mg/dL (7.8 mmol/l) (11).

Thus, instead of OGTT, a mixed meal test (7) 
and/or self-monitoring of blood glucose should be 
preferred for diabetes diagnosis of patients undergoing 
bariatric surgery since it is currently the most practical 
method for monitoring post meal glucose excursions, 
and also helps to register and to avoid hypoglycemia 
(11). There is evidence suggesting that employing 
only fasting blood glucose and glycated hemoglobin 
levels to diagnose diabetes in patients undergoing 
bariatric surgery leads to underestimation, since the 
glycated hemoglobin may be falsely minimized or 
normal in patients with higher MAGE (especially with 
concomitant both hypoglycemic and hyperglycemic 
events) (10). Although these parameters provide good 
specificity, the sensitivity is poor in the diagnosis of 
dysglycemia (12). 

Nearly a third of patients studied were pregnant women 
who underwent bariatric surgery (6). Even if significant 
weight loss reduces the risk of gestational diabetes mellitus 
(GDM), most women remain overweight after bariatric 
surgery, and, thus, should be screened for GDM. The 
assessment can be accomplished between 24 and 28 weeks 
of gestation by fasting and post-prandial reflectance meter 
glucose determinations or blood glucose concentrations 
or also be evaluated by ambulatory continuous measuring 
of interstitial fluid glucose systems (5,8). Many women 
who were unable to get pregnant before surgery conceive 
after bariatric procedures, suggesting a beneficial 
influence on fertility outcomes. Studies that systematically 
monitor adherence and nutritional status are scarce, 
but women in reproductive age are particularly prone 
for anemia, and mineral and vitamin deficits following 
Roux-en-Y gastric bypass. Further, patients did not 
adequately follow the multivitamin prescription despite 
careful instructions. Folic acid is considered a marker of 
multivitamin intake and was below the reference level 
in around 10% of female patients. Only 36% (24/67) 
of female patients 8 years following gastric bypass had 
a reliable intake of multivitamin supplementation (13), 
increasing the possibility of vitamin deficiencies during 
pregnancy, thus posing risks to fetal development with 
long-lasting health consequences such as cognitive and 
motor impairment, neural tube defects, and maternal or 
maternal-fetal complications during pregnancy, including 
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severe malnutrition requiring parenteral nutrition, and, 
hardly ever, death. Long-term outcomes for both the 
mother and her offspring are still needed (14).

Women who had undergone previous bariatric 
surgery (comprising more than two thousand singleton 
births to a mother with a history of gastric bypass, 
adjustable gastric band or vertical gastroplasty adjusted 
by maternal age, parity, early pregnancy body mass index 
and smoking status, educational level) have a higher 
rate of preterm birth than those who had not and are 
more likely to deliver a small-for-gestational-age infant 
compared with those who did not have the operation. 
It may be reasonable for the obstetrician to screen 
these pregnancies for the development of intrauterine 
growth restriction (15). It is not entirely clear whether 
this increases the risk to the fetus or has long-term 
consequences for his health in adulthood, but some 
studies suggest that maternal bariatric surgery increases 
the risk of metabolic disorders in the offspring. Female 
rats rendered obese on a high-calorie diet underwent 
either sleeve gastrectomy or sham surgery. Pups born 
to sleeve gastrectomy rats were born smaller and lighter 
than the offspring of control rats. Moreover, when 
maintained on a high fat diet after puberty, these adult 
offspring had a greater propensity to develop glucose 
intolerance, hypercholesterolemia, hepatic steatosis, 
and overweight or obesity than the control offspring of 
rats who underwent sham surgery (16). Many factors 
in the maternal environment can result in intrauterine 
growth restriction including calorie or macronutrient 
malnutrition, malabsorption, anemia, loss of maternal 
ghrelin producing cells (as a putative regulator of 
intrauterine growth and development, acting on GHS 
receptors in the placenta and offspring), thus suggesting 
that the maternal bariatric surgery could increase the 
risk of obesity, metabolic syndrome and diabetes in the 
next generation (14-16). 

To conclude, using an OGTT in patients who 
underwent bariatric surgery in order to evaluate 
hypoglycemia, or to diagnosis of GDM, type 2 diabetes, 
or diabetes relapse undoubtedly, leads to rapid gastric 
emptying of the hypertonic glucose solution causing a 
dramatic shift of fluid from the intravascular component 
to the intestinal lumen with relative hypovolemia, 
increase in bowel contractility (consequences of 
excessive secretion of hormones vasoactive intestinal 
polypeptide, serotonin, and bradykinin) and, 
incomplete compensatory sympathetic activity, pivotal 
in the early dumping symptoms. The rapid small 

intestine transit of hyperosmolar glucose causes a massive 
release of the incretin hormones glucose-dependent 
insulinotropic polypeptide and glucagon-like peptide-1 
(GLP-1) that stimulate an exaggerated insulin secretion 
causing reactive hypoglycemia (further aggravated by 
the inhibition of glucagon secretion by GLP-1) and 
the symptoms of late dumping symptoms (17). The 
evaluation of these patients by ambulatory continuous 
measuring of interstitial fluid glucose systems seems 
to be more sensitive in detecting hypoglycemia, 
hyperglycemia, for the diagnosis of diabetes, diabetes 
relapse, excessive glucose variability, and also GDM.
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Are TSH normal reference ranges 
adequate for pregnant women?

Léa Maria Zanini Maciel1

A ccording to some investigators, pregnancy represents a “stress test” for the thyroid 
gland (1) since an intact gland and an appropriate iodine supply are needed for an 

adequate hormone supply for mother and fetus. Patients with mild underlying thyroid 
disease or inadequate dietary iodine may fail the test and become hypothyroid. Typically, 
thyroid hormone production and daily iodine intake increase by approximately 50% in the 
first few weeks of pregnancy (2). This greater demand on the thyroid gland is due to a series 
of physiological changes occurring during pregnancy. One of the important alterations is 
the elevated level of human chorionic gonadotropin (hCG) which, by being structurally 
similar to TSH, has a direct stimulating action on the thyroid gland through the TSH 
receptor. During pregnancy, the hCG peak occurs at the end of the 1st trimester, followed 
by a reduction to a plateau during the second and third trimesters. The thyrotropic effect of 
hCG results in an increased production of thyroid hormones (TH) which is reflected on a 
transitory increase in free T4 (FT4) at the end of the 1st trimester (3,4). Concomitantly, the 
increase in hCG results in a reduction of TSH; with the progression of pregnancy and the 
decline of hCG there is an elevation of TSH (5). Compared to pre-pregnancy concentrations, 
thyroxine binding globulin (TBG) increases 2-3 times by about the 20th week of gestation. 
This is due to the estrogen-stimulated increase in the hepatic production of TBG and to a 
reduced clearance of the sialylated, heavier, forms of the molecule. This elevation causes, on 
average, a 1.5-fold increase of total tri-iodothyronine l (TT3) and thyroxine (TT4) around 
the 16th week of gestation. Extra TH production is also necessary to cover the losses due to 
placental deiodination.

During pregnancy, the maternal requirements of iodine increase due to several 
reasons (4,6). One of the mechanisms postulated is related to the greater renal loss 
of iodine, although its significance has been debated (7). At the same time, iodine is 
transported to the growing fetus through the placenta, being necessary in order to 
cover the increased maternal production of TH due to the increase in TBG. 

The diagnosis of hypothyroidism during pregnancy is fully dependent on thyroid 
function tests. Four guidelines have been recently published by experts’ groups in 
North America, Europe and Brazil regarding the diagnosis and management of 
thyroid disease in pregnancy (1,6,8,9). For the interpretation of thyroid function tests, 
all guidelines similarly recommend 2.5 mUI/L as the upper normal limit for TSH 
in the 1st trimester if the normal range has not been established for that region. All 
guidelines also warn about the use of FT4 in pregnancy. The ATA recommends the 
determination of TT4 and the calculation of the free T4 index (FTI) as preferable to 
FT4 by immunoassay, although some investigators have argued that this is a retrograde 
and misguided measure (10).
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It is not a simple task to establish the normal range 
of thyroid function tests during pregnancy and some 
factors should be considered in the interpretation of 
such tests:

A) PREANALYTICAL FACTORS

Gestational age – The changes in thyroid function tests 
according to gestational age have been elegantly shown 
in a study of 13,599 nulliparous women evaluated at 
1 week intervals from the 6th week to term. The study 
documented that TSH falls to minimal levels during 
the 10th week, followed by a progressive increase until 
term, with its value in the 10th week being half the value 
observed at the beginning of pregnancy. Studies on 
other populations (Finnish and Chinese) (11,12) have 
confirmed these results. Thus, a correct interpretation 
of thyroid function requires knowledge of gestational 
age. 

Presence of anti-thyroid antibodies – Anti-
peroxidase and anti-thyroglobulin antibodies are 
markers of thyroid autoimmunity. Consistent evidence 
has shown that women with increased levels of these 
antibodies tend to have higher TSH concentrations. 
These observations suggest that women with positive 
titers of these antibodies should not be included in 
studies of reference values for healthy controls, a rule 
that is often ignored. 

Iodine sufficiency – Iodine is the essential 
substrate for TH synthesis. Considering the increased 
iodine requirements during pregnancy, it has been 
recommended that pregnant women ingest at least 
250 µg/day of this element (7). Studies conducted 
on iodine-sufficient populations such as those of the 
United States, United Kingdom and the northeastern 
region of the state of São Paulo, Brazil, have revealed 
iodine deficiency in pregnant women (13-16). Iodine 
deficiency and excess can have different effects on 
thyroid function. It is recommended that reference 
populations used in studies of thyroid function in 
pregnancy are iodine replete. Ideally, this would be 
confirmed with urine iodine measurements.

Multiple pregnancies – Serum hCG concentrations 
tend to be higher and TSH concentrations tend to be 
lower in women with multiple pregnancies (17). The 
practical implication of these observations is that TSH 
concentration may be lower in women carrying twins 
or in multiparous women and that these women should 

be excluded from the determination of population 
reference ranges.

Ethnicity – Several studies have demonstrated 
differences in TH concentrations among ethnic groups 
(18), and some have suggested that Black women have 
lower TSH values, while Asian women have higher 
TSH values compared to Caucasian women.

Time of collection – Circadian TSH rhythm has 
been observed in pregnant women (19) as well as in 
non-pregnant women, with this circadian variation 
persisting in the 2nd and 3rd trimesters. Thus, failure 
to standardize collection time may interfere with the 
results and interpretation of the tests.

B) ANALYTICAL FACTORS

Thyroid hormones – In addition to representing a 
stress test for the maternal thyroid, pregnancy also rep-
resents a stress test for laboratory immunoassays, which 
may be affected by the changes in carrier proteins that 
occur during pregnancy, participating in TBG, and by 
the increase in free fatty acids and the reduction of al-
bumin. While some investigators have detected good 
agreement between immunoassays, others have not 
(20-22). All guidelines recommend caution in the 
interpretation of FT4 data during pregnancy and the 
constant use of the reference values established by the 
laboratory, when available.

TSH – Different immunoassays result in different 
TSH values, as shown in Table 1. In general, the 
97.5th percentile of TSH for the 1st trimester is located 
in two groups: according to the Architect, Beckman 
and Immulite platform, it is about 3.0 mIU/L, while 
according to Centaur and Roche it s close to 4 mIU/L 
It should be pointed out that only 4 of 27 studies, 2 of 
them using the Abbott Architect platform (23,24), one 
using te Immulite platform (25) and one the Centaur 
platform (2), showed values close to or below the cut-
off of 2.5 mIU/L.

The objective of the article by Rosario and cols. (26) 
published in this volume of Archives of Endocrinology 
and Metabolism, was to establish the normal TSH 
range for the 1st trimester of pregnancy and to correlate 
the obstetric and neonatal outcome with the maternal 
serum TSH concentrations. 

The study obeyed the criteria recommended by the 
NACB (27) for the establishment of reference values, 
although approximately 47% of the pregnant women 
were multiparous. While the authors stated that there 



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

305

TSH and pregnancy

Arch Endocrinol Metab. 2016;60/4

is no difference in TSH values between primigestae 
and multiparous women, they did not mention iodine 
sufficiency in these pregnant women, as was also the case 
for other studies conducted with the same objective. 
Using the Immulite 2000 platform, it was observed 
that the 97.5th percentile of the values obtained for 
the sample was 2.68 mIU/L at a median gestational 
age of 9 weeks, a value close to that recommended by 
published guidelines.

What is the importance of establishing the normal 
range for pregnant women? It is the fact that the use 
of the range for non-pregnant women may possibly 
lead to an erroneous “normal” diagnosis for a pregnant 
woman with high TSH and subclinical hypothyroidism 
and lead to the consideration of hyperthyroidism in a 
normal pregnant woman due to the low TSH values 
observed in the 1st trimester of pregnancy, as was the 
case for 19.4% of the pregnant women studied in this 
investigation. Also, the use of reference values based on 
studies of other populations with different backgrounds 
may introduce a bias in the assessment of the local 
cohort. 

Thus, we conclude that these results are highly 
relevant for professionals who work in the same region 
and who use the same laboratory system of hormone 
determination.

Disclosure: no potential conflict of interest relevant to this article 
was reported.
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ABSTRACT
Objective: The oral glucose tolerance test (OGTT) is used in the screening of gestational diabetes, in 
diagnosis of type 2 diabetes in conjunction with fasting blood glucose and glycated hemoglobin. The 
aim of this study was to examine the incidence and risk factors of adverse effects of OGTT in patients 
who underwent bariatric surgery, in addition to proposing standardization for ordering the OGTT in 
these patients. Subjects and methods: This study assessed the incidence of adverse effects in 128 
post-bariatric surgery patients who underwent the OGTT. Descriptive and logistic regression analysis 
were performed, the dependent variables were defined as the presence of signs (tremor, profuse 
sweating, tachycardia), symptoms (nausea, diarrhea, dizziness, weakness), and hypoglycemia (blood 
glucose ≤ 50 mg/dL). Results: One hundred and seventeen participants (91.4%) were female; 38 
(29.7%) participants were pregnant. High incidence (64.8%) of adverse effects was observed: nausea 
(38.4%), dizziness (30.5%), weakness (25.8%), diarrhea (23.4%), hypoglycemia (14.8%), tachycardia 
(14.1%), tremor (13.3%), profuse sweating (12.5%) and one case of severe hypoglycemia (24 mg/dL). 
The presence of signs was associated with hypoglycemia (OR = 8.1, CI 95% 2.6-25.1). The arterial 
hypertension persisted as a risk factor for the incidence of signs (OR = 3.6, CI 95% 1.2-11.3). Fasting 
glucose below 75 mg/dL increased the risk of hypoglycemia during the test (OR = 9.5, CI 95% 2.6-
35.1). Conclusion: In this study, high incidence of adverse effects during the OGTT was observed 
in post-bariatric surgery patients. If these results are confirmed by further studies, the indication 
and regulation of the OGTT procedure must be reviewed for these patients. Arch Endocrinol Metab. 
2016;60(4):307-13
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Oral glucose tolerance test; hypoglycemia; bariatric surgery 

INTRODUCTION

T he oral glucose tolerance test (OGTT) is a time-
honored test, which has been ordered since 1922 

(1) with multiple indications in clinical practice. It is 
considered the gold standard for the screening and 
diagnosis of gestational diabetes, is used in the diagnosis 
of type 2 diabetes in conjunction with measurements 
of fasting glucose and glycated hemoglobin, and 
represents a valuable choice in the investigation of 
prediabetes (2,3). In addition, the OGTT is used in the 
risk assessment of cardiovascular disease (3,4). Despite 
its greater sensitivity than fasting glucose or glycated 
hemoglobin measurements in diagnosing type 2 
diabetes (3,5,6), the use of the OGTT is less widespread 
for being a labored test and of low reproducibility. 

The OGTT is a very safe procedure and is 
performed in most clinical laboratories in large cities. 
The adverse effects reported during the test are nausea 

and, occasionally, vomiting (7). However, most OGTT 
studies are not recent and fail to take into account the 
new clinical reality: the large number of indications of 
this test for patients who underwent bariatric surgery, 
both for the re-evaluation of the glycemic metabolism 
status after surgery (8) and for screening of gestational 
diabetes. It is known that the remission rates of type 
2 diabetes after bariatric surgery orbit around 80% (9) 
and there occurs a significant improvement in fertility as 
well as in the polycystic ovary syndrome in women (10).

There is a worldwide upward tendency for obesity 
and in the number of bariatric operations (11). In 
Brazil, 48% of the female and 50.1% of the male and 
16.9% of the female and 12.4% of the male over 20 years 
are, respectively, overweight and obese (12). Morbid 
obesity afflicts 3% of the population, with a significant 
number of candidates for the surgical treatment for this 
condition. From 2003 to 2010, the number of bariatric 
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operations in Brazil nearly quadrupled – 16,000 to 
60,000 (13). 

As from 2005, a new clinical condition related 
to bariatric surgery began to be recognized, which 
was termed post-gastric bypass hyperinsulinemic 
hypoglycemia – a condition with repeated prandial 
episodes of severe neuroglycopenic hypoglycemia 
(11,14,15). The risk of severe hypoglycemia is two 
to seven times greater in individuals who underwent 
gastric bypass compared to non-bariatric patients or to 
those who only had restrictive gastric banding (11).

Another complication, more frequent than 
hyperinsulinemic hypoglycemia, occurring in patients 
after bariatric surgery is the dumping syndrome. This 
condition is found in 10-15% of the post-gastric bypass 
patients (16). Thus, the OGTT is used in the investigation 
of several clinical conditions after bariatric surgery. 

Four studies used the OGTT in the evaluation of 
bariatric surgery patients with hypoglycemia, with 
different loads of dextrosol administered (some used 
75 g dextrosol, others, 100 g) (9,14,17,18). None of 
these studies was intended to describe adverse effects 
that might be observed during the test; rather, their 
aim was to investigate the likely causes of hypoglycemia 
by measuring related parameters, such as blood glucose, 
insulin, C-peptide and glucagon-like peptide type 1 (GLP-
1). Nearly all of those studies were conducted under 
medical supervision (9). Various authors who studied 
glycemic behavior in patients operated on by Roux-en-Y 
gastric bypass chose to use mixed meals, with lower 
carbohydrate concentrations than the standard dextrosol 
tests, probably to prevent the signs and symptoms of 
the dumping syndrome and reactive hypoglycemia, 
which can negatively impact an individual’s social life 
(19,20,21).

 Since the severe episodes of hypoglycemia and 
dumping are triggered by food ingestion, the hypothesis 
of the present study was that a carbohydrate overload 
such as that given in the OGTT could cause a similar 
clinical picture. The objective of the present study was 
to investigate the incidence and risk factors for adverse 
effects to OGTT in post-bariatric surgery patients.

SUBJECTS AND METHODS

The present study examines the incidence of adverse 
effects in 128 patients who underwent bariatric surgery 
(Roux-en-Y gastric bypass) and were referred for an 
OGTT at a clinical laboratory with ISO 9001:2008 

certification and accreditation by the PALC/SBPC 
(Brazilian Society of Clinical Pathology) and DICQ/
SBAC (Brazilian Society of Clinical Analyses) in Belo 
Horizonte, Brazil, from January 2010 to December 
2011. All the participants presented to the laboratory 
spontaneously for the OGTT ordered by their assisting 
physician and accepted to participate in the present 
study (no patient declined).

The clinical data were collected by a single physician 
(HFAA) using a standardized questionnaire comprising 
sociodemographic (age, gender) and anthropometric 
(weight and height) variables, specialty of the ordering 
physician, morbid conditions reported, postoperative 
time of bariatric surgery, justification for the OGTT, 
and description of symptoms (dizziness, weakness, 
nausea, and diarrhea) and signs (tremor, tachycardia – 
heart rate ≥ 100 – and sweating). Hypoglycemia was 
defined as capillary blood glucose ≤ 50 mg/dL (14). 

The participants were weighed wearing light 
clothing and barefoot; a Welmy scale (150 kg capacity) 
with accuracy of 100 g was used.

Arterial blood pressure (BP) was measured prior 
to the administration of dextrosol using a Becton 
Dickinson aneroid sphygmomanometer, with the 
patient in the supine position. The measurements were 
taken after a minimum resting period of 30 minutes, 
without consumption of caffeine or cigarettes for 
the same length of time, which was extended when 
symptoms occurred during the test. 

The OGTT protocol consisted of the collection of 
a blood sample for glucose measurements after an 8 
to 14-hour fast, according to manufacturer instructions 
(Gluc UP- Newprov®). The blood was collected into 
a tube containing anticoagulant EDTA and sodium 
fluoride (zero time). The serum glucose levels were 
measured by the hexokinase, Modular P®, Roche® 
method. The coefficient of variation for glucose in that 
laboratory is 2.4% (mean, 82 mg/dL) and 2.6% (mean, 
275 mg/dL).

A 75-g dose of dextrosol (75 g of anhydrous glucose 
in 300 mL of water) was administered orally for five 
minutes. The patients stayed seated and resting, under 
observation over the course of the test; another blood 
sample was taken from all patients for glucose levels at 
120 minutes. 

Capillary blood glucose levels of all patients 
were checked using a properly calibrated Accu-chek 
Advantage Johnson meter at baseline and every 30 
minutes after the ingestion of dextrosol. If hypoglycemia 
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symptoms occurred out of the established times for 
blood draw, supplementary capillary blood glucose 
measurements were performed and recorded. These 
capillary blood glucose measurements during the 
OGTT were conducted for the present study, yet they 
are not included in the routine OGTT protocol of the 
laboratory where the study was conducted. As a quality 
control laboratory procedure, a comparative study was 
performed between the measurements of venous and 
capillary glucose prior to the undertaking of the present 
study, including two groups of patients: 1) fasting glucose 
≥ 60 mg/dL (group 1), and 2) glucose values < 60 mg/
dL (group 2). Good correlations were found between 
the measurements. The median of venous blood 
glucose for group 1 was 81 mg/dL, and capillary, 92 
mg/dL, with correlation of 0.825 (p < 0.0001). Group 
2 had median venous blood glucose of 32 mg/dL, and 
capillary glucose of 43.5 mg/dL, with correlation of 
0.879 (p < 0.0001).

All the study participants provided signed informed 
consent. The study protocol was approved by the Research 
Ethics Committee of the Universidade Federal of Minas 
Gerais, Belo Horizonte, Brazil (0385.0.203.000-11).

Statistical analysis

The data were stored in an Excel® software database 
and analyzed using STATA™ software version 10.0.

Descriptive analyses were performed for the 
frequency distribution of the variables and measures 
of central tendency (mean and median) and variability 
(standard deviation); mean and standard deviation 
were used for continuous variables with parametric 
distribution.

Pearson’s chi-square test was used for the categorical 
variables.

Logistic regression analysis was used in the evaluation 
of the relationship between dependent variables when 
p < 0.20 in the univariate analysis. Values of p < 0.05 
were considered to be statistically significant.

RESULTS

The great majority of the 128 patients were female; 
the mean age was 39 ± 11.8 years, and the median 
BMI, 30.4 kg/m². Depression was the predominant 
morbidity reported, followed by arterial hypertension, 
hypothyroidism, dyslipidemia, and diabetes. Thirty-
eight (29.7%) patients were pregnant (Table 1). The 

postoperative time of bariatric surgery ranged from 3 
to 144 months, with a mean of 53 ± 34.0 months and 
median of 53 months (Table 1). 

Table 1. Profile of the patients who underwent the OGTT between 2010-
2011

Hypoglycemia Adverse signs

Yes  No  Yes No

n = 128

Gender

Female 117 (91.4%) 18 99 32  85

Male 11 (8.6%) 1  10  1 10

Age (years)

< 40 83 (64.8%) 14  69 21 62

≥ 40 45 (35.2%)  5 40 12 33

Pregnant

Yes  38 (29.7%) 2 36 10 28

No 90 (70.3%)  17 73  23 67

Reported morbidity    

Depression  24 (18.8%)  6  18 7 17

Hypertension  22 (17.2%)  4  18 10 12

Hypothyroidism  17 (13.3%)  4  13 7 10

Dyslipidemia  10 (7.8%)  1  9 3 7

Type 2 diabetes  3 (2.3%)  0  3 2 1

Postoperative time

< 3 years 46 (35.9%)  5 41 12 34

≥ 3 years 82 (64.1%) 14 68 21 61

The reasons for ordering an OGTT were the 
presence of symptoms suggestive of hypoglycemia 
in 46 patients (35.9%); gestation in 38 cases (29.7%); 
health check-up for 14 patients (10.9%); elevated 
fasting glucose in eight patients (6.3%); type 2 diabetes 
prior to surgery in seven patients (5.5%); weight gain 
after surgery in six patients (4.7%), and eight patients 
were unaware of the reason for the request (6.3%).

The physicians who ordered the test were 
gynecologists (49, 38.3%); endocrinologists (22, 
17.2%); general practitioners (22, 17.2%); surgeons 
(15, 11.7%); cardiologists (5, 3.9%); otolaryngologists 
(4, 3.1%), among other specialties (11, 8.6%). 

Table 2 shows the mean capillary blood glucose 
values of the patients during the OGTT, fasted and 
then every 30 minutes up until 120 minutes. 

Eighty-three patients (64.8%) manifested adverse 
effects during the OGTT: nausea (49, 38.4%), dizziness 
(39, 30.5%), weakness (33, 25.8%), diarrhea (30, 
23.4%), hypoglycemia (19, 14.8%), tachycardia (18, 
14.1%), tremor (17, 13.3%), and sweating (16, 12.5%).
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Among the study patients, 14.8% had two 
simultaneous adverse effects during the test, 13.3% 
manifested three adverse effects, and 16.4% showed 
four or more signs and symptoms during the test.

One patient had an episode of severe hypoglycemia 
(24 mg/dL) with tremor, nausea, dizziness, weakness 
and sweating. Two patients had very low blood glucose 
levels at 90 minutes and 120 minutes (33 and 24 mg/
dL, respectively); a glucose level of 33 mg/dL was 
found in a woman pregnant with triplets.

 On univariate analysis, patients with baseline 
(fasting) glucose below 75 mg/dL showed a greater risk 
for hypoglycemia (OR = 6.7, CI 95% 1.95-23.09). After 
adjusting for gender, age, postoperative time and arterial 
hypertension, this risk remained significant (Table 3). 

after adjusting for gender, age, postoperative time, and 
hypoglycemia (Table 4). 

Table 2. Capillary blood glucose values during the OGTT (n = 128)

Mean ± Standard 
deviation Median Amplitude

Baseline glucose  86.4 ± 10.9 85 54–123

Glucose at 30 min  221.2 ± 48.8 218.5 84–389

Glucose at 60 min  183.6 ± 62.6 177.5 58–449

Glucose at 90 min  114.4 ± 47.4 109.5 33–252

Glucose at 120 min  75.1 ± 26.4 68 24–162

Table 3. Multivariate analysis: association between hypoglycemia and 
patient characteristics (n = 128)

Hypoglycemia
 OR (CI 95%)*  p 

Yes No

Gender 

Female 18 99 2.34 (0.26-20.78) 0.45 

Male 1 10 1.0

Age (years) 

< 40 14 69 1.0

≥ 40  5 40  0.63 (0.19-2.02)  0.43  

Postoperative time

< 3 years  5 41 1.0 

≥ 3 years  14 68 2.57 (0.77-8.50) 0.12

Fasting blood glucose

≥ 75 mg/dL 12 103 1.0 0. 00

< 75 mg/dL 7 6 9.5 (2.57-35.11)

History of arterial hypertension 

No 15 91 1.0 0.43 

Yes 4 18 1.76 (0.43-7.24)

* Adjusted for all the sociodemographic and clinical variables.

The presence of signs (tremor, tachycardia, sweating) 
was associated with hypoglycemia (OR = 8.14; CI 
95% 2.63-25.12) after adjusting for gender, age, 
postoperative time and arterial hypertension (Table 4).

Arterial hypertension posed greater risk for the 
incidence of signs (OR = 3.64; CI 95% 1.17-11.34) 

Table 4. Multivariate analysis of the risk factors for the incidence of 
adverse signs in the128 patients who underwent the OGTT

Adverse signs
 OR (CI 95%)*  p

Yes  No

Gender

Female 32 85 3.52 (0.39-31.8)  0.26

Male 1 10 1.0

Age (years)

< 40 21 62 1.0  0.94

≥ 40 12 33 0.96 (0.36-2.59)

Postoperative time

< 3 years 12 34 1.0  0.40

≥ 3 year 21 61 0.67 (0.26-1.74) 

History of arterial hypertension 

No 23 83 1.0 0.03

Yes 10 12 3.64 (1.17-11.34)

Hypoglycemia

No 22 87 1.0  0.00

Yes 11 8 8.14 (2.63-25.12) 

* Adjusted for all sociodemographic and clinical variables.

In the separate analysis of the women, patients with 
baseline (fasting) glucose below 75 mg/dL showed an 
increased risk for hypoglycemia (OR = 19.69; CI 95% 
3.59-107.8), and the pregnant patients had a lower 
risk for hypoglycemia (OR = 0.17; CI 95% 0.03-0.84) 
after adjusting for age, preoperative time, and arterial 
hypertension (Table 5).

Table 5. Multivariate analysis: association between hypoglycemia and 
characteristics of the women in the study (n = 117)

 Hypoglycemia
 OR (CI 95%)*  p

Yes No

Pregnant

Yes 2 36 0.17 (0.03-0.84)  0.03

No 16 63 1.0

Age (years)

< 40 14 59 1.0  0.10

≥ 40 4 40 0.35 (0.98-1.25)

Postoperative time

< 3 years 5 39 1.0  0.18

≥ 3 years 13 60 2.31 (0.67-7.92)

Fasting blood glucose 

≥ 75 mg/dL 11 93 1.0

< 75 mg/dL 7 6 19.69 (3.59-107.8)  0.00

History of arterial hypertension 

No 15 82 1.0  0.60

Yes 3 17 1.44 (0.36-5.66)

* Adjusted for all sociodemographic and clinical variables.
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DISCUSSION

The OGTT has a low incidence of adverse effects when 
administered to non-bariatric patients (7). However, 
the present study warns of the high incidence (64.8%) 
of adverse effects and hypoglycemia (14.8%) during 
the OGTT in post-bariatric surgery patients. Other 
studies have also pointed to that possibility, although 
it was not the focus of those studies. Roslin and cols. 
assessed the incidence of hypoglycemia in 36 patients at 
six postoperative months of Roux-en-Y gastric bypass or 
more; those authors used a test with 100 g dextrosol and 
hourly blood glucose and insulin measurements over the 
course of four hours. More than two-thirds (72%) of the 
patients showed hypoglycemia (blood glucose ≤ 60 mg/
dL); the lowest glucose level found was 32 mg/dL (9).

Adverse effects such as flushing, palpitations, 
nausea, sweating and diarrhea were observed in all 
eight post-bariatric surgery patients in another study, in 
which the OGTT was performed with 100 g dextrosol 
administered prior to, and three months after, surgery 
with the aim of comparing the levels of glucose, insulin, 
vasoactive intestinal peptide and neurotensin at those 
two timepoints (18).

A recent study used the OGTT as a provocation test 
to evaluate the dumping syndrome in 25 patients who 
underwent sleeve gastrectomy. Symptoms suggestive 
of dumping occurred during the OGTT in 40% of the 
patients six months after the surgery and in 33% after 
12 months. Hypoglycemia (blood glucose < 60 mg/dL) 
during the OGTT was noted in 33% of the patients 
both at 6 and 12 postoperative months (22).

One strength of the present study was the large 
number of patients evaluated. Regardless of the 
asymmetrical gender distribution, the fact that most 
patients were female may be due to the greater 
prevalence of class III obesity among women, resulting 
in a higher number of surgical procedures (13). The 
mean age of the study participants (39 years) was similar 
to that of bariatric patients in Brazil (41 years) (13).

Paradoxically, hypoglycemia, one of the major adverse 
effects found with the OGTT, was also the predominant 
reason for ordering the test by the attending physicians. 
It was noted that the dextrosol overload could replicate 
those symptoms, likely to a more severe degree than 
would a routine meal of the patients.

 The second most frequent justification for ordering 
the OGTT was gestation (29.7%). It is known that the 
weight loss following bariatric surgery increases the 

fertility rate, both in men and women, for a number of 
reasons, and it is also an important factor of improvement 
in insulin sensitivity and polycystic ovary syndrome in 
women (10). Since the OGTT is recommended by the 
World Health Organization (WHO) and the American 
Diabetes Association (ADA) for gestational diabetes 
screening, it is a natural consequence that a large 
number of pregnant women who underwent bariatric 
surgery take this test.

Among the medical specialties of the physicians who 
ordered the OGTT, gynecologists were prominent, 
probably because of the great number of pregnant 
women in the study and the ensuing need for gestational 
diabetes screening. As expected, endocrinologists and 
general practitioners also predominated, likely in the 
search for potential hypoglycemia or other alterations 
that might arise postoperatively.

The increased risk of adverse signs in patients with a 
history of hypertension is independent of hypoglycemia, 
gender or age. It has been suggested that those patients 
are more sensitive to the BP reduction secondary to 
the dumping syndrome, thus manifesting symptoms 
earlier than normotensive patients by the passing of 
fluid from the vessels to the intestinal lumen, with a 
drop in circulating volume. 

 Baseline blood glucose of less than 75 mg/dL was 
a predictor of hypoglycemia during the test both for 
the overall group of patients and the women when 
evaluated separately. 

Compared with the non-pregnant women, the 
pregnant patients showed a smaller likelihood of 
developing hypoglycemia during the test. This is probably 
due to the fact that the OGTT is typically ordered for 
gestational diabetes screening between week 24–28 of 
gestation, a period within which insulin resistance in 
already present as a result of the increased production of 
placental lactogen, in addition to the higher concentrations 
of cortisol, estrogen, progesterone and prolactin, which 
also decrease the sensitivity to insulin (23).

This study shows a few limitations. In the laboratory 
where the OGTT was performed, the instructions to 
the patients were that they should fast for 8–14 hours, 
according to the recommendations of the dextrosol 
manufacturer, and not for 10–16 hours as prescribed by 
the WHO; it is impossible to evaluate the impact of this 
difference in fasting time on the occurrence of adverse 
effects. Another limitation is that the information about 
arterial hypertension was self-reported by patients who 
knew they had been diagnosed with hypertension or 
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were in use of some anti-hypertensive drug, not patients 
who showed elevated BP on the day of the OGTT. It 
is not possible to be sure of the operative technique 
employed either, since the “Roux-en-Y” gastric bypass 
information was also reported by the patients, and this 
could be due to the fact that the Roux-en-Y technique is 
currently the most commonly used (24,25) (nearly 80% 
of the surgical procedures for the treatment of obesity) 
(13). Even if the surgery was in fact Roux-en-Y gastric 
bypass, there are variations in the technique, e.g., 
the placement of the ring of containment around the 
pouch, size of the gastric pouch, among others, that 
could determine variations in the presence and intensity 
of the symptoms of dumping.

 The findings of the present study demonstrate 
that the OGTT, when performed with patients who 
previously underwent bariatric surgery, entails risks 
for adverse effects, at least limiting, if not severe. The 
authors believe that this fact was not properly valued 
in other studies. The indication of OGTT should be 
reviewed for patients who underwent bariatric surgery, 
considering that it is not the only diagnostic choice for 
the assessment of glycemic states. Moreover, OGTT 
values of reference have not been established for this 
specific group of patients, which makes the use of 
this test even more questionable for the diagnosis of 
type 2 diabetes, gestational diabetes and evaluation 
of the states suggestive of hypoglycemia in post-
bariatric surgery patients. It is imperative that clinical 
pathology laboratories provide adequate facilities and 
permanent medical supervision to manage potential 
clinical instability during the OGTT in post-bariatric 
surgery patients. Special attention should be given to 
hypertensive patients as well as to those who start the 
test with blood glucose levels of less than 75 mg/dL. 
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Universidade Federal de Minas Gerais, Belo Horizonte, Brazil 
(0385.0.203.000-11).
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TSH reference values in the first 
trimester of gestation and correlation 
between maternal TSH and 
obstetric and neonatal outcomes: 
a prospective Brazilian study
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ABSTRACT
Objective: To define the normal range of TSH in the first trimester of gestation and to evaluate the 
correlation between maternal TSH and obstetric and neonatal outcomes. Subjects and methods: 
Prospective study. Women without known or clinically suspected thyroid disease and without risk 
factors for thyroid dysfunction, who became pregnant spontaneously and were initially evaluated 
up to week 12 of gestation, were included. Women with positive anti-thyroperoxidase antibodies, 
twin pregnancy, hyperemesis gravidarum, and trophoblastic disease were excluded. Results: In the 
660 pregnant women, the mean, median, and 2.5th and 97.5th percentiles of TSH were 0.9, 0.96, 0.04 
and 2.68 mIU/L, respectively. TSH was undetectable in 2%, < 0.5 mIU/L in 17.4%, > 2 mIU/L in 9.7%, 
> 2.5 mIU/L in 4.7%, and > 3 mIU/L in 1%. None of the women received levothyroxine or antithyroid 
drugs during pregnancy. In addition, there was no difference in obstetric or neonatal outcomes 
when women with TSH ≤ 0.1, between 0.1 and 2.5, and between 2.5 and 4 mIU/L were compared. 
Conclusion: In the population studied, the TSH value corresponding to the 97.5th percentile was 2.68 
mIU/L in the first trimester of gestation. Arch Endocrinol Metab. 2016;60(4):314-8

Keywords
TSH; pregnant women; first trimester; reference values; obstetric and neonatal outcomes

INTRODUCTION

T SH is the most important test for the evaluation 
of thyroid function during pregnancy. Its 

measurement is essential for the diagnosis of primary 
thyroid dysfunction and is usually sufficient to exclude 
or suspect this condition. Supporting its importance, 
levothyroxine (L-T4) replacement therapy should be 
considered in pregnant women with elevated TSH, even 
in the presence of normal T4 concentrations and in the 
absence of anti-thyroperoxidase antibodies (TPOAb) 
(1-4), while L-T4 treatment is controversial in pregnant 
women with normal TSH, even in the presence of 
hypothyroxinemia or circulating TPOAb (1-4).

Serum TSH concentrations during pregnancy 
are not the same as those observed in nonpregnant 
women, and specific reference values are necessary. 
In this respect, knowledge of the normal range of 
TSH in the first trimester is the most important. 
First, greater differences in the concentrations of this 

hormone between pregnant and non-pregnant women 
are observed during this period (5). The extremely 
high circulating human chorionic gonadotropin 
(hCG) levels achieved in the first trimester activate 
the TSH receptor and thus directly stimulate the 
thyroid to produce more thyroid hormone which 
results in decreased TSH secretion. Second, before 
about 12 weeks of gestation, when the fetal thyroid 
gland becomes active, the mother is the sole source 
of thyroid hormones and maternal thyroid sufficiency 
might therefore be most important in the first trimester 
(6). Finally, there is agreement that, when indicated, 
screening for thyroid dysfunction should be conducted 
on the first prenatal visit (1-4), which generally occurs 
during the first months of pregnancy.

Rigorous selection of the sample is necessary to 
establish TSH reference values in pregnancy since, in 
addition to the habitually required exclusion criteria 
[known or clinically suspected thyroid disease, goiter, 
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neck radiotherapy, personal history of autoimmune 
disease, family history of thyroid disease, drugs, 
and TPOAb (7,8)], there are potentially interfering 
obstetric conditions [twin pregnancy, hyperemesis 
gravidarum, trophoblastic disease (5)].

The objective of this prospective study was to define 
TSH reference values in the first trimester of gestation 
for a Brazilian population, and to correlate maternal 
TSH concentrations with obstetric and neonatal ou-
tcomes. 

SUBJECTS AND METHODS

Prospective study

The population studied was from the metropolitan re-
gion of Belo Horizonte (Minas Gerais, Brazil). Preg-
nant women who underwent prenatal exams at a clinical 
analysis laboratory and who had become pregnant spon-
taneously were initially interviewed and examined (9). 
Serum samples were obtained from the women in the 
morning (at about 8 a.m.) after an 8- to 10-h fast (9). 
Seven hundred and forty-eight women who met the 
clinical criteria shown in Table 1 were first selected (9). 
Next, TPOAb and TSH were measured. TPOAb-posi-
tive pregnant women were excluded. Women with hy-
peremesis gravidarum, twin pregnancy or trophoblastic 
disease were also excluded (5).

The final sample consisted of 660 women [a sample 
size larger than that required by the NACB (7)] ran-
ging in age from 18 to 36 years (median 26.5 years), 
with a median gestation of 9 weeks, including 350 pri-
migravidae.

Obstetric and neonatal outcomes were analyzed.
The study was approved by the local Research Ethics 

Committee (Santa Casa de Belo Horizonte).
TSH was measured with a chemiluminescent as-

say (Immulite 2000, Diagnostic Products Corpora-
tion, Los Angeles, CA), with reference values of 0.4-4 
mIU/L, a functional sensitivity of 0.02 mIU/L, and 
intra- and interassay coefficients of variation < 7% for 
values ranging from 0.1 to 40 mIU/L. TPOAb were 
also measured with a chemiluminescent assay (Immu-
lite 2000), with reference values of up to 35 kIU/L.

The reference limits of normal TSH were defined 
as follows: 1) 2.5th and 97.5th percentiles of the values 
obtained for the sample; 2) logarithmic transformation 
of the values obtained, calculation of the mean ± 1.96 
SD of these values, and exponentiation to obtain the 
limits corresponding to the original scale (7). Fisher’s 
exact or c2 test were used to compare groups. P values 
< 0.05 were considered statistically significant.

RESULTS

Figure 1 shows the distribution of TSH values in the 
sample. The mean, median, maximum, and 2.5th and 
97.5th percentiles of the values obtained were 0.9, 0.96, 
3.8, 0.04 and 2.68 mIU/L, respectively. TSH was un-
detectable in 2% of the pregnant women, < 0.5 mIU/L 
in 17.4%, > 2 mIU/L in 9.7%, > 2.5 mIU/L in 4.7%, 
and > 3 mIU/L in 1%. We found no difference in TSH 
values between primigravidae versus multigravidae (p = 
0.51).

The upper-reference limit (mean + 1.96 SD) was 
estimated for the log-transformed data and then expo-
nentiated back to the original scale. The resulting value 
(2.71 mIU/L) was very close to the 97.5th percentile of 
the TSH values (2.68 mIU/L).

Table 1. Inclusion criteria

Clinical criteria

Absence of thyroid disease, no current or previous treatment with antithyroid 
drugs or L-T4, no history of 131I therapy or thyroidectomy

No use of potentially interfering medications such as dopaminergic agonists or 
antagonists, neuroleptics, corticosteroids, estrogen, amiodarone, interferon, 
lithium, anticonvulsants, metformin, octreotide; or recent (in the past 8 weeks) 
exposure to iodinated contrast agents

No history of head and neck external radiotherapy

Absence of type 1 diabetes or other autoimmune diseases

No family history of thyroid disease

Absence of goiter or any palpable thyroid anomaly

Absence of ophthalmopathy

Complementary criteria: ≤ 12 weeks gestation and TPOAb negative
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Figure 1. TSH distribution for the entire cohort (n = 660).
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Table 2. Obstetric and neonatal outcomes according to maternal TSH concentrations in the first trimester of gestation

Obstetric and neonatal outcomes
Maternal TSH concentration

< 0.1 mIU/L (n = 33)a 0.1-2.5 mIU/L (n = 596) 2.5-4 mIU/L (n = 31)

Hypertensive disease of pregnancyb 1 (3%) 54 (9%) 3 (9.6%)

Placental abruption 0 2 (0.3%) 0

Delivery before 34 weeks of gestation 0 6 (1%) 0

Delivery before 37 weeks of gestation 1 (3%) 18 (3%) 1 (3.2%)

Fetal loss (after initial evaluation) 1 (3%) 18 (3%) 1 (3.2%)

Birth weight < 2,500 g 2 (6%) 35 (5.8%) 2 (6.4%)

Birth weight < 1,500 g 0 9 (1.5%) 0

Need for intensive therapy 0 12 (2%) 1 (3.2%)

Need for mechanical ventilation > 24 h 0 12 (2%) 1 (3.2%)

Necrotizing enterocolitisc 0 1 (0.16%) 0

Intraventricular hemorrhage grade 3 or 4 0 0 0

Major congenital malformations 0 6 (1%) 0

Neonatal death (< 28 days) 0 3 (0.5%) 0

a All without thyroid disease and with TSH normalization after the first trimester.
b Exlcuding women who were hypertensive before pregnancy.
c With need for surgery.

None of the pregnant women were treated with 
L-T4 or antithyroid drugs up to the end of pregnancy. 
Table 2 shows the obstetric and neonatal outcomes 
according to maternal TSH concentrations in the first 
trimester of gestation.

DISCUSSION

We first highlight some characteristics of the study. 
This is the largest Brazilian study evaluating TSH 
concentrations in healthy pregnant women, in which 
the number of participants was much higher than 
that recommended by the NACB (7), selection was 
performed rigorously (clinical and TPOAb), including 
potentially interfering obstetric conditions (5), and the 
samples were adequately obtained (after fasting and in 
the morning in all participants). Ultrasonography (US) 
was not performed because of the following reasons: 
(i) US is not required by the National Academy of 
Clinical Biochemistry [NACB (7)]; (ii) studies have 
shown no change in the reference limits of normal TSH 
when subjects with ultrasonographic anomalies were 
excluded from the initial sample (10-14), a finding also 
demonstrated in a previous study from our group (15); 
(iii) no consensus exists regarding the ultrasonographic 
findings to be considered (10-14), and (iv) many of 
the subjects with US suggestive of chronic thyroiditis 
without circulating TPOAb are identified based on 

a personal history of autoimmune disease, a family 
history of thyroid disease or presence of goiter, which 
were exclusion criteria in the present study.

Our study confirms that low TSH concentrations are 
relatively frequent in the first trimester of gestation. TSH 
< 0.5 mIU/L was observed in 17.4% of the pregnant 
women studied and ≤ 0.05 mIU/L in 3%. The main 
explanation for this finding is the action of HCG on the 
TSH receptor, which increases the secretion of thyroid 
hormones, with a consequent reduction in TSH. In 
fact, none of the women with undetectable TSH at the 
beginning of pregnancy had a history of thyroid disease, 
ophthalmopathy, goiter, palpable nodules, or TPOAb 
(exclusion criteria). The demonstration that low and 
even undetectable TSH in the presence of normal 
thyroid hormone concentrations in the first trimester 
of gestation is not associated with negative outcomes 
(16), and may even be a protective factor against some 
outcomes (16,17), supports the physiological nature of 
this finding. Therefore, treatment of pregnant women 
with antithyroid drugs should only be considered when 
undetectable TSH is accompanied by elevated levels of 
T4 and/or T3 and in the presence of underlying thyroid 
disease (most frequently Graves’ disease).

The upper limit of normal for TSH is the most important 
parameter in clinical practice for both adjustment of the 
L-T4 dose in patients receiving hormone replacement 
therapy and the indication of this therapy (1-4). 
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In contrast to low TSH, which alone is not an 
indication for treatment, in pregnant women with 
elevated TSH L-T4 replacement therapy is indicated 
even in the presence of normal T4 concentrations and 
in the absence of TPOAb (1-4). Furthermore, normal 
TSH weakens the indication for hormone replacement 
therapy even in the presence of hypothyroxinemia or 
circulating TPOAb (1-4). Although recent guidelines 
propose a value of 2.5 mIU/L as the upper limit for 
TSH in the first trimester of gestation (1-4), they 
recognize that population variations are possible and 
that it is important to obtain specific values. Hence, the 
importance of studies like this.

Our results showed a 97.5th percentile of TSH of 
2.7 mIU/L and < 5% of pregnant women with TSH 
> 2.5 mIU/L. In contrast, also for the Brazilian 
population, another smaller series (n = 127) found 
higher TSH concentrations at the end of the first 
trimester, with a 97.5th percentile of 4.43 mIU/L 
and 11% of pregnant women with TSH > 2.5 mIU/L 
(18). Indeed, the upper limit of normal for TSH in 
the first trimester was > 2.5 mIU/L in many studies, 
with the 95th percentile reaching 5 mIU/L (1,19,20). 
One may thus conclude that TSH concentrations 
< 2.5 mIU/L at the beginning of pregnancy are 
normal, while concentrations > 5 mIU/L would be 
clearly altered. The doubt remains whether TSH 
between 2.5 and 5 mIU/L, especially in the absence 
of TPOAb and hypothyroxinemia, necessarily indicates 
thyroid dysfunction. Negro and cols. (21) compared 
TPOAb-negative pregnant women with TSH < 2.5 
mIU/L and between 2.5-5 mIU/L at the beginning 
of pregnancy and found a higher rate of fetal loss in 
the latter. No difference in the rate of prematurity was 
observed in that study (21). Furthermore, it is unclear 
whether L-T4 replacement therapy in patients with 
TSH between 2.5 and 5 mIU/L would normalize a 
possible increased risk. Despite the small sample, we 
found no additional obstetric or neonatal outcomes in 
TPOAb-negative women with TSH between 2.5 and 
4 mIU/L versus TSH < 2.5 mIU/L. It has also been 
suggested that, within the first trimester of gestation, 
TSH concentrations until week 6 would be the same 
as those observed in non-pregnant women and would 
decrease only after week 7 (20).

In conclusion, our results suggest an upper limit of 
2.7 mIU/L for TSH in the first trimester of gestation.

Disclosure: no potential conflict of interest relevant to this article 
was reported.
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Mean platelet volume in 
patients with prolactinoma

Abbas Ali Tam1, Cafer Kaya1, Hüsniye Başer1, Reyhan Ersoy2, Bekir Çakır2

ABSTRACT
Objective: Prolactin is a multifunctional pituitary hormone. The effect of prolactin on platelet 
activation is not well understood. Prolactinomas are the most common type of pituitary adenomas, 
and they are medically responsive to dopamine agonists. Mean platelet volume (MPV) is a marker 
of platelet function and activation. The aim of this study was to evaluate MPV values before and 6 
months of cabergoline treatment when normoprolactinemia was achieved. Subjects and methods: 
A total of 101 newly diagnosed prolactinoma patients and 102 healthy control subjects were included 
in the study. Patients with hematological disorders that affect MPV and those on medications were 
excluded. Prolactin, platelet count and MPV levels were recorded before and 6 months after the 
initiation of cabergoline treatment (0.5 to 1 mg, two times a week). Results: There was no significant 
difference in platelet count and MPV before and after 6 months of treatment with cabergoline in 
patients with prolactinoma compared with the control group (p > 0.05). Conclusion: Our results 
showed that MPV, a marker of platelet function, was unchanged in patients with prolactinoma. Arch 
Endocrinol Metab. 2016;60(4):319-22
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INTRODUCTION

P rolactin, a hormone that plays roles in onset and 
maintenance of lactation, regulation of mammary 

gland development, reproduction, osmoregulation, 
behavior, immune regulation and metabolism, is 
synthesized by the pituitary lactotrophs (1-3). The role 
of prolactin in immune system and the regulation of 
hematopoiesis have been well established (4).

Wallaschofski and cols. have detected short isoform 
of prolactin receptor in human platelets (5). They 
also demonstrated that hyperprolactinemia caused 
increased platelet aggregation via potentiation of 
adenosine diphosphate (ADP) effects (6). These 
same investigators have also found increased levels of 
prolactin in patients with venous thromboembolism, 
ischemic stroke and transient ischemic attack compared 
to the healthy subjects (7).

On the other hand, Reuwer and cols. could not 
have detected the prolactin receptors on the surface 
of platelets, and subsequently reported that prolactin did 
not directly modify platelet functions (8). In addition, 
Wahlberg and cols. found an indirect inhibitory effect 
of prolactin on platelets in hyperprolactinemic patients, 
suggesting that prolactin might have a protective role 
in thromboembolic disease (9).

MPV is reported to be correlated with platelet functions 
and activation (10). It is an easily measurable parameter 
and can serve as a useful marker for the documentation 
of in vivo platelet activation (11). In addition, MPV 
reflects the platelet size. Large platelets are more 
adhesive and likely to aggregate than small ones (11,12).
Prolactinomas are the most common pituitary adenomas 
and account for approximately 40% of pituitary tumors 
(13). Typical clinical manifestations of prolactinoma are 
amenorrhea and galactorrhea in women and impotence, 
decreased libido and compression findings by the tumor 
in men. Dopamine agonists, in particular bromocriptine 
and cabergoline, are the primary treatment in patients 
with prolactinoma. Administration of bromocriptine 
and cabergoline normalize prolactin levels and lead to 
tumor shrinkage. Cabergoline is preferred as the initial 
treatment of prolactinomas (14).

In this study, our aim was to examine the effect 
of prolactin on platelet functions by evaluating mean 
platelet volume before and after dopamine agonist 
treatment in newly diagnosed prolactinoma patients. 
To our knowledge, our study is the first to address this 
goal using this method. We aimed to provide more 
evidence on this controversial topic by a retrospective 
analysis of the medical records of our patients. 
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SUBJECTS AND METHODS

This study was a retrospective analysis of patients who 
presented with menstrual irregularities, galactorrhea, 
erectile dysfunction and diagnosed with prolactinoma 
at the Endocrinology Department of Ankara Atatürk 
Training and Research Hospital. All physiological, 
pharmacological and pathological conditions that could 
possibly cause hyperprolactinemia were eliminated. 
Lesions were classified as microadenomas (≤ 10 mm) 
or macroadenomas (> 10 mm) according to their size 
on magnetic resonance imaging of the pituitary gland. 

A total of 101 newly diagnosed prolactinoma 
patients and 102 healthy control subjects were included 
in the study. Patients taking medications that could 
affect platelet functions (i.e. anticoagulant drugs, oral 
contraceptives), suffering from hematological, renal, 
or hepatic diseases, and with cancer, diabetes mellitus 
and pregnancy were excluded. All patients received 
0.5-1 mg of cabergoline two times per week. The 
participants’ prolactin, hemoglobin (Hb), hematocrit 
(Htc) and MPV levels, platelet and white blood cell 
counts (WBC) before and 6 months after the initiation 
of cabergoline treatment have been recorded. Venous 
blood samples had been drawn after 12 hours fasting 
and blood samples had been collected into tubes 
containing ethylene diamine tetraacetic acid (EDTA). 

This study was approved by the Research Ethics 
Committee of the institution under protocol No. 

117/2014.
Data analysis was carried out using SPSS version 15.0 

statistical software. Categorical data were expressed as 
percentage, and numerical data as mean ± standard 
deviation. Chi-square test was used for the comparison 
of categorical variables; Student’s paired and unpaired 
t-test for the comparison of means. And p values of < 
0.05 was considered as statistically significant.

RESULTS

Of the 101 patients having prolactinoma, 84 were 
women (83.2%) and 17 were men (16.8 %). There 
were 82 women (80.4%) and 20 men (19.6%) in the 
control group. There was no significant difference 
in gender composition between the two groups (p = 
0.60). The mean age was 33.73 ± 11.09 (range, 18 to 
60) years in the prolactinoma and 34.04 ± 11.25 (range 
18-57) years in the control group, and there was no 
significant difference in the mean age of the two groups 
(p = 0.84). No significant difference in platelet count 

and MPV values was detected between the patient and 
control groups (p = 0.894 and p = 0.636, respectively). 
Prolactin levels were higher in the patient group 
compared to the control (p < 0.001) (Table 1).

Table 1. Baseline characteristics of the study groups before cabergoline 
treatment

Prolactinoma 
(101) Control (102) p

Age 33.73 ± 11.09 34.04 ± 11.25 0.84

Female 84 (83.2%) 82 (80.4%)
0.608

Male 17 (16.8%) 20 (19.6%)

Prolactin (ng/mL) 117.26 ± 83.52 11.99 ± 5.25  < 0.001

MPV (fL) 9.84 ± 1.34 9.75 ± 1.34 0.636

Platelet count (103/mm3) 258.35 ± 49.98 259.38 ± 58.83 0.894

Hb (g/dL) 13.91 ± 0.95 13.77 ± 1.00 0.292

Hct (%) 40.57 ± 2.80 40.42 ± 2.73 0.706

WBC (103/μL) 7.20 ± 1.61 7.26 ± 1.71 0.793

Platelet count and MPV values were evaluated 
after 6 months of cabergoline treatment when 
normoprolactinemia was achieved. There was no 
significant difference between prolactinoma and 
control groups’ platelet count and MPV values after 
the 6 month-treatment (p = 0.22 and p = 0.688, 
respectively) (Table 2).

Table 2. Characteristics of the study groups after cabergoline treatment

Prolactinoma 
(101) Control (102) p

MPV (fL) 10.0 ± 1.53 9.75 ± 1.34 0.688

Platelet count (103/mm3) 253.80 ± 53.85 259.38 ± 58.83 0.220

Hb (g/dL) 13.76 ± 1.00 13.77 ± 1.00 0.508

Hct (%) 40.08 ± 4.28 40.42 ± 2.73 0.266

WBC (103/μL) 6.99 ± 1.62 7.26 ± 1.71 0.073

There was no significant difference of MPV, platelet 
count, Hb, Hct and WBC values in prolactinoma 
patients before and after treatment (p > 0.05) (Table 3).

Regarding the size of the tumor, 82 prolactinoma 
patients (81.2%) had pituitary microadenoma, and 19 
(18.8%) had macroadenoma. No significant difference 
was found between microadenoma and control groups 
concerning MPV values (p = 0.498). Similarly, there 
was no significant difference in MPV values between 
macroadenoma and control groups (p = 0.739). There 
was no significant relationship between the presence of 
micro- or macro-adenomas and MPV values.
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DISCUSSION

Prolactin is a multifunctional hormone and its receptors 
are expressed in almost all organs (15). Dardenne and 
cols. have investigated prolactin receptor expression in 
human hematopoietic tissues by flow cytometric analysis 
and detected prolactin receptor expression in thymus, 
bone marrow, and peripheral blood mononuclear cells 
(16).

The presence of the prolactin receptor on human 
platelets is controversial. Wallaschofski and cols. have 
reported that a short form of prolactin receptors was 
detected in human platelets (5). Conversely, Reuwer 
and cols. could not have detected the prolactin 
receptors on the surface of platelets (8).

Wallaschofski and cols. have published a series of 
essays about the interaction between prolactin and 
platelet function. They also demonstrated that increased 
prolactin level potentiated P-selectin expression on 
platelets and induced platelet aggregation. These 
same investigators have also found increased levels of 
prolactin in patients with venous thromboembolism 
(VTE) without any congenital and acquired thrombotic 
risk factors for VTE compared to the healthy subjects. 
They also demonstrated a correlation between prolactin 
levels and platelet activation  in pregnant women and 
in patients with hyperprolactinaemic pituitary tumors 
(5,6).

Van Zaane and cols. have reported that venous 
thrombosis is associated with high prolactin levels (17). 
On the other hand Reuwer and cols. have reported that 
prolactin by itself did not activate platelet activation, 
and not induce platelet aggregation in the ex vivo 
model (8). Atmaca and cols. have shown that although 
prolactin levels were increased in pregnant women 
as compared to non-pregnant women, there was no 
difference in platelet functions (18).

However, Wahlberg and cols. have not confirmed 
the direct effect of prolactin on platelet activation and 

aggregation. They suggested that prolactin might 
affect platelet functions by mechanisms operating over 
longer exposure time and in vivo through indirect 
mechanisms (9). 

MPV has potential prognostic and diagnostic value 
in hematologic and cardiovascular medicine (19). MPV 
reflects platelet size and is considered a marker of platelet 
function. Larger platelets have more granules, produce 
greater amounts of vasoactive and prothrombotic 
factors, such as thromboxane A2, serotonin and ATP, 
and aggregate more rapidly (20). 

In vitro studies for the assessment of platelet 
aggregation may not correlate with in vivo activity of 
platelets (18). Since platelets are anucleate cells and 
have little mRNA, the capability of platelets to respond 
to prolactin via protein synthesis is limited (9).

In our study population, we did not demonstrate 
significant changes in platelet count and MPV values 
in newly diagnosed prolactinoma patients compared 
to control subjects. There was no significant difference 
in platelet count and MPV values after 6 months of 
treatment with cabergoline. Prolactin had no effect on 
MPV.

According to the study performed by Erem and cols. 
there was no significant difference observed in MPV 
values among patients with prolactinoma compared 
to the healthy control group. In the same study, while 
platelet count, fibrinogen, tissue plasminogen activator 
inhibitor-1 (PAI-1) were increasing, plasma tissue 
factor pathway inhibitor (TFPI) level was detected 
decreased. It was suggested that this condition might 
contribute to an increased risk of atherosclerotic and 
atherothrombotic complications (21).

Consequently, we have demonstrated that MPV 
which is a marker of platelet function was not changed 
in patients with prolactinoma. MPV did not show a 
significant difference even when normoprolactinemia 
has been achieved with cabergoline treatment.

Disclosure: no potential conflict of interest relevant to this article 
was reported.
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Mutation screening of the 
SLC26A4 gene in a cohort 
of 192 Chinese patients with 
congenital hypothyroidism
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Jiasun Su1, Jin Wang1, Bobo Xie1, Xuyun Hu1, Xin Fan1, Jingsi Luo1, 
Chuan Li1, Rongyu Chen1, Yiping Shen1,2, Shaoke Chen1

ABSTRACT
Objective: Pendred syndrome (PS) is an autosomal recessive disorder characterised by sensorineural 
hearing loss and thyroid dyshormonogenesis. It is caused by biallelic mutations in the SLC26A4 
gene encoding for pendrin. Hypothyroidism in PS can be present from birth and therefore diagnosed 
by neonatal screening. The aim of this study was to examine the SLC26A4 mutation spectrum and 
prevalence among congenital hypothyroidism (CH) patients in the Guangxi Zhuang Autonomous 
Region of China and to establish how frequently PS causes hearing impairment in our patients with 
CH. Subjects and methods: Blood samples were collected from 192 CH patients in Guangxi Zhuang 
Autonomous Region, China, and genomic DNA was extracted from peripheral blood leukocytes. 
All exons of the SLC26A4 gene together with their exon-intron boundaries were screened by next-
generation sequencing. Patients with SLC26A4 mutations underwent a complete audiological 
evaluation including otoscopic examination, audiometry and morphological evaluation of the inner 
ear. Results: Next generation sequencing analysis of SLC26A4 in 192 CH patients revealed five different 
heterozygous variations in eight individuals (8/192, 4%). The prevalence of SLC26A4 mutations was 
4% among studied Chinese CH. Three of the eight were diagnosed as enlargement of the vestibular 
aqueduct (EVA), no PS were found in our 192 CH patients. The mutations included one novel missense 
variant p.P469S, as well as four known missense variants, namely p.V233L, p.M147I, p.V609G and 
p.D661E. Of the eight patients identified with SLC26A4 variations in our study, seven patients showed 
normal size/location of thyroid gland, and one patients showed a decreased size one. Conclusions: The 
prevalence of SLC26A4 pathogenic variants was 4% among studied Chinese patients with CH. Our study 
expanded the SLC26A4 mutation spectrum, provided the best estimation of SLC26A4 mutation rate for 
Chinese CH patients and indicated the rarity of PS as a cause of CH. Arch Endocrinol Metab. 2016;60(4):323-7
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INTRODUCTION

Pendred syndrome (PS) is an autosomal recessive disease, 
characterised by functional impairment of the thyroid 

gland due to thyroid dyshormonogenesis, sensorineural 
hearing loss, and developmental malformations of the inner 
ear (1,2). In about 30% of patients dyshormonogenesis is 
present at birth and is diagnosed by neonatal screening 
for congenital hypothyroidism (CH). It is caused by 
homozygous or compound heterozygous mutations in 
the SLC26A4 gene encoding pendrin, a multifunctional 
anion exchanger that is highly expressed in the thyroid, the 
inner ear and the kidneys (3-5). 

In the thyroid, pendrin is expressed at the apical 
surface of thyrocytes. It acts as a chloride-iodide 

exchanger transporting iodide from the cell to the colloid 
in the follicular lumen, where iodide is organified (6-
8). Defect in SLC26A4 cause loss of pendrin function, 
which results in defective iodide organification that 
induces thyroid overgrowth and goiter in most affected 
individuals (9-11). However, the phenotypes are variable 
among different individuals. Up to now, the mutational 
spectrum of the SLC26A4 and the genotype-phenotype 
relationships has not yet been fully established, no 
study has been designed to assess its prevalence among 
Chinese CH patients, and very little is known about the 
proportion of patients with PS among children with CH. 
Our study therefore aimed to ascertain patients carrying 
mutations in the SLC26A4 gene among subjects with 
CH. We conducted this study with two main goals: 
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(1) to examine the SLC26A4 mutation spectrum and 
prevalence among patients with CH in Guangxi Zhuang 
Autonomous Region, and (2) to assess the incidence of 
PS in a cohort of subjects with CH. 

SUBJECTS AND METHODS

Subjects

We enrolled 192 CH patients (101 females and 91 
males), who were identified through newborn screening 
among 623,000 newborns in the Guangxi Zhuang 
Autonomous Region, China, from October 2010 to 
June 2014. Newborn screening was done with filter 
paper for CH between 72h and 7 days after birth, blood 
samples were collected from the heel and TSH level was 
measured by time-resolved fluorescence assay. Subjects 
with increased TSH (TSH ≥ 8 mIU/l) levels observed 
during neonatal screening were recalled for further 
evaluation. Serum TSH and FT4 were determined 
by electrochemiluminescence assay. Diagnosis of CH 
is based on elevated TSH levels (TSH ≥ 10 mIU/l) 
and decreased FT4 levels (FT4 < 12 pmol/l). Thyroid 
ultrasonography was performed during the neonatal 
period before treatment. The glands outside reference 
ranges of newborns in our population (right lobe: 1.44 
± 0.22 cm in length , 0.72 ± 0.11 cm in width and 
0.63 ± 0.09 cm in thickness; left: 1.44 ± 0.21 cm in 
length , 0.70 ± 0.10 cm in width and 0.63 ± 0.09 cm in 
thickness) were regarded as decreased or enlarged (12). 
The study was approved by the local Medical Ethics 
Committee. Informed consent was obtained from the 
parents of the patients. 

Mutation detection and audiological evaluation

Peripheral venous blood samples were collected from 
the patients. Genomic DNA was extracted from 
peripheral blood leukocytes using QIAamp DNA 
Blood Mini Kit (Qiagen, Germany) according to the 
manufacturer’s protocol. All exons of SLC26A4 with 
their flanking intronic regions were amplified in a 
50 μL reaction mixture containing 100-250 ng of 
genomic DNA, 1× Taq Buffer with 50 mM of KCl, 
2.5 mM of MgCl, 200 μM of dNTP, 1 unit of Taq 
DNA polymerase (Fermentas, USA), and 20 pmol of 
forward and reverse primers were prepared. Thirty 
cycles of amplification were carried out with a standard 
PCR protocol. PCR products were purified using 
QIA quick PCR purification kit (Qiagen, Germany) 

following the manufacturer’s instructions. The purified 
PCR products were sequenced using Illumina MiSeq 
(Illumina, USA). The Illumina Amplicon Viewer was 
used for data analysis, and the SnpEff was used for 
variant annotation. Patients with SLC26A4 mutations 
underwent a complete audiological evaluation including 
otoscopic examination and audiometry. Morphological 
evaluation of the inner ear was investigated by high-
resolution CT of temporal bones in coronal and axial 
planes. Enlargement of the vestibular aqueduct (EVA) 
was defined as a vestibular aqueduct diameter exceeding 
1.5 mm at the midpoint between the posterior cranial 
fossa and the vestibule of the inner ear.

RESULTS

Next generation sequencing analysis of SLC26A4 in 
192 CH patients revealed five different heterozygous 
variations in eight individuals (8/192, 4%). The 
prevalence of SLC26A4 variants was 4% among studied 
Chinese patients with CH. The variants included one 
novel missense variant p.P469S, as well as four known 
missense mutations, namely p.V233L, p.M147I,  
p.V609G and p.D661E. All variants were confirmed by 
Sanger sequencing (Figure 1). Polyphen and Mutation 
taster predicted that the novel variation would have 
deleterious effects, by damaging the SLC26A4 protein. 
Additionally, the variant was not seen in normal 
population in the database of dbSNP, ESP or 1000 
genomes. DNAMAN software was then used to carry 
out multiple sequence alignment of the SLC26A4 
family protein from the following species: Homo sapiens, 
Mus musculus, Rattus norvegicus, Canis lupus familiaris 
and Sus scrofa. The p.P469S variation was found to be 
located in highly conserved region of SLC26A4. Those 
all suggesting that the amino acid substitution might be 
pathologic mutation.

The clinical features and laboratory test results are 
summarized in the Table 1. All patients were born at full-
term to unrelated parents and diagnosed with CH by 
newborn screening. All patients with SLC26A4 variants 
underwent a complete audiological evaluation. Three 
of eight patients were diagnosed as EVA with moderate 
to severe hearing problems. As for thyroid morphology, 
seven of the eight patients showed normal size/location 
of thyroid gland. Ultrasonography showed Patient 7 
with decreased size of thyroid gland (right lobe: 1.1 
× 0.6 × 0.5 cm; left: 1.1 × 0.6 × 0.5 cm). No PS was 
diagnosed in our cohort of 192 CH patients.
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Figure 1. Mutations in SLC26A4 in patients with CH. Figures (P1-P8) showed different sequences in identified eight affected individuals. P1, P2 showed 
the same SLC26A4 heterozygous mutation p.V233L. P3, P4 showed the same SLC26A4 heterozygous mutation p.P469S. P5, P6 showed heterozygous 
mutations p.M147I and p.V609G, respectively. P7, P8 showed the same SLC26A4 heterozygous mutation p.D661E.

Table 1. Clinical features, laboratory results and SLC26A4 gene mutations in eight patients

Patient Sex Age*
(year)

Weight* (kg)
centile

Length* (cm)
centile

TSH*
(mIU/l)

FT4* 
(pmol/l)

Initial dose of 
L-T4(µg/kg/

day) 

Thyroid
morphology

SLC26A4
variations

Clinical
phenotype

1 Male NS 3 
(10th-25th)

50 
(25th-50th)

43 10 6.3 Normal p.V233L(het) CH + EVA

2 Female NS 3.2 
(25th-5th)

50 
(50th-75th)

> 100 3.67 11.6 Normal p.V233L(het) CH

3 Male NS 3.8 
(75th-90th)

51 
(50th-75th)

> 100 5.57 8.6 Normal p.P469S(het) CH + EVA

4 Male NS 3.45 
(50th-75th)

50 
(25th-50th)

> 100 2.22 13.5 Normal p.P469S(het) CH + EVA

5 Male NS 3.15 
(25th-50th)

50 
(25th-50th)

> 100 2.41 9.0 Normal p.M147I(het) CH

6 Female NS 2.7 
(3th-10th)

49 
(25th-50th)

> 100 8.5 13.0 Normal p.V609G(het) CH

7 Female NS 3.02 
(25th-50th)

50 
(50th-75th)

> 100 1.13 12.8 Decreased p.D661E(het) CH

8 Male NS 3.1 
(25th-50th)

50 
(25th-50th)

11 10 6.0 Normal p.D661E(het) CH

* Age, weight, length, TSH, FT4 at diagnosis.
NS: newborn screening.   
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DISCUSSION

CH is a common endocrine disorder with prevalence 
ranging from 1:2000 to 1:4000 newborns (13,14). 
Iodine deficiency is still the major cause of neonate 
hypothyroidism worldwide (15,16), and the prevalence 
was reported to be 2.09% in Guangxi Zhuang 
Autonomous Region (17). Apart from iodine deficiency, 
the sporadic CH cases can be caused by mutations in a 
variety of genes including SLC26A4 (13,18).

In this study, we conducted the largest SLC26A4 gene 
mutation screening so far in CH patients. All the patients 
were initially identified by newborn screening and 
subsequently confirmed with re-evaluation. The result of 
our study revealed five different heterozygous variations 
in eight individuals (8/192, 4%). The prevalence of 
SLC26A4 mutations was 4% among CH patients in 
Guangxi Zhuang Autonomous Region, China. 

PS is an autosomal recessive disorder which is 
caused by biallelic mutations in the SLC26A4 gene. 
The SLC26A4 mutation leads to the development of a 
variable clinical spectrum of hearing loss due to inner-ear 
malformation as an EVA or mondini cochlea associated 
with goiter and in some cases CH. A combination of 
three parameters was suggested to define and diagnose 
PS (11,19): (i) sensorineural deafness with bilateral 
EVA; (ii) thyroid abnormality comprising goiter and/
or hypothyroidism and/or a positive perchlorate 
discharge test; (iii) biallelic SLC26A4 mutations. In our 
study, we found eight patients with CH had monoallelic 
SLC26A4 mutations and three of them had EVA. No 
PS was diagnosed in our 192 CH patients. Up to 
now, the pathogenic role of monoallelic SLC26A4 
mutations remains unclear. Although both biallelic and 
monoallelic SLC26A4 mutations were associated with 
EVA, we cannot exclude the possibility that the second 
allele of the SLC26A4 gene was carrying a mutation, 
which would not have been identified if located in an 
intronic or regulatory sequence. 

In the same way, patients with monoallelic  
SLC26A4 mutations have a very low risk for developing 
a CH. However, we cannot exclude the possibility that 
the second mutation has not been identified. Or it 
was caused by other CH associated gene mutations or 
environmental factors.

PS is characterized by sensorineural deafness and 
goiter. Goiter was part of the initial description of PS 
but is not now considered a constant feature (20-22). In 
countries with a high iodine intake, goiter development 
and thyroid dysfunction are usually not seen in patients 

with biallelic mutations in the SLC26A4 gene (11). In 
some cases, thyroid hypoplasia can also be found in 
patients with biallelic SLC26A4 mutations (23). In this 
study, thyroid ultrasound showed seven of the eight 
patients with SLC26A4 heterozygous variations had 
normal size/location of thyroid gland, and the other 
one had decreased thyroid gland.

Up to now, the SLC26A4 genotype-phenotype 
relationships has not yet been fully established, the 
variability of the phenotypes were observed in different 
mutations of SLC26A4, even in the same mutation 
among members of the same family. In our study, 
patients 1-2 shared the same heterozygous mutation 
(p.V233L), but the clinical phenotypes such as TSH 
levels, hearing test varied greatly. Variable phenotypes 
are presumed to be caused by 1) other genetic 
factors such as gene mutations or modifier genes; 2) 
individual differences or stochastic phenomena, and 3) 
environmental factors (iodine uptake, nutrition etc.). 

In conclusion, we conducted the largest SLC26A4 
mutation screening for a cohort of patients with CH 
in Guangxi Zhuang Autonomous Region, China. We 
identified SLC26A4 heterozygous pathogenic variant 
in eight of 192 cases (4%). Three of the eight were 
diagnosed as EVA, no PS were found in our 192 CH 
patients. our results indicate the rarity of PS as a cause 
of CH. We reported one novel SLC26A4 pathogenic 
variant (p.P469S), our study expanded the SLC26A4 
mutation spectrum and provided the best estimation of 
SLC26A4 mutation rate for Chinese CH patients.
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Radioiodine-induced oxidative 
stress in patients with differentiated 
thyroid carcinoma and effect of 
supplementation with vitamins C 
and E and selenium (antioxidants)

Pedro Weslley Rosário1,2, Kelly Cristina Siqueira Batista1, Maria Regina Calsolari2

ABSTRACT
Objective: The objective of this study, in addition to confirming that therapy with 131I causes oxida-
tive stress, was to evaluate the effect of supplementation with vitamins C and E and selenium on 
this phenomenon by measuring plasma 8-epi-PGF2a, a marker of lipid peroxidation. Subjects and 
methods: Forty patients with thyroid cancer submitted to thyroidectomy, who received 3.7 GBq 131I 
after levothyroxine withdrawal, were selected; 20 patients did not receive (control group) and 20 pa-
tients received (intervention group) daily supplementation consisting of 2000 mg vitamin C, 1000 mg 
vitamin E and 400 µg selenium for 21 days before 131I. Plasma 8-epi-PGF2a was measured immedi-
ately before and 2 and 7 days after 131I. Results: A significant increase in plasma 8-epi-PGF2a after 131I 
was observed in the two groups. The concentrations of 8-epi-PGF2a were significantly higher in the 
control group before and 2 and 7 days after 131I. The percentage of patients with elevated 8-epi-PGF2a 
was also significantly higher in the control group before and after 131I. Furthermore, the increase (per-
cent) in 8-epi-PGF2a was significantly greater in the control group (average of 112.3% versus 56.3%). 
Only two patients (10%) reported side effects during supplementation. Conclusions: Ablation with 
131I causes oxidative stress which can be minimized by the use of antioxidants. Arch Endocrinol Metab. 
2016;60(4):328-32
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INTRODUCTION

A n increase in the incidence of differentiated thyroid 
carcinoma (DTC) has been observed over the last 

decades and many patients with these tumors receive 
radioiodine as part of their treatment (1-3). Exposure 
to radiation causes oxidative stress, a condition in which 
the production of free radicals exceeds the antioxidant 
capacity of the organism, which results in DNA damage 
and lipid and protein peroxidation. Some studies report 
an increase in the concentrations of malondialdehyde 
(MDA) (4-6) and 8-epi-PGF2a (7,8), markers of lipid 
peroxidation, in patients with DTC after ablation or 
therapy with 131I.

Oxidative stress is one of the mechanisms 
whereby 131I causes the destruction of normal 
thyroid cells and tumor cells (desired effect), but it 
is also responsible for side effects, including damage 
to the salivary glands (9). Attenuation of this process 

would therefore be interesting, but there are few 
clinical studies evaluating the effect of the use of 
antioxidants on the oxidative stress induced by 131I in 
patients with DTC (10).

The objective of this study, in addition to 
confirming that ablation with 131I in patients with DTC 
causes oxidative stress, was to evaluate the effect of 
supplementation with vitamins C and E and selenium 
on this process by measuring plasma 8-epi-PGF2a, a 
sensitive and specific marker of lipid peroxidation.

SUBJECTS AND METHODS

Design

This was a prospective study, with predefined (i) 
patient selection criteria, (ii) formation of groups, 
(iii) supplementation (micronutrients, doses, time 
of administration), and (iv) time of laboratory 
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measurements and imaging methods. These criteria 
were rigorously followed throughout the study.

Patients

Between May 2013 and March 2014, all patients with 
DTC aged 18 to 60 years, who were seen at our institution 
after total thyroidectomy and who would be submitted 
to ablation with 131I (first time), were recruited. Since 
the activity administered (7) and preparation for TSH 
elevation (8) can influence the intensity of oxidative 
stress induced by 131I, only patients receiving 100 
mCi 131I after levothyroxine (L-T4) withdrawal were 
selected, thus ensuring the homogeneity of the sample. 
The indication, activity and preparation for ablation 
with 131I were defined by the attending physician. 
Patients presenting conditions that could alter 8-epi-
PGF2a concentrations (malnutrition; obesity; diabetes; 
inflammatory, infectious or autoimmune diseases; kidney, 
liver or lung disease; heart failure; smoking; alcohol 
drinking; use of medications such as nonsteroidal anti- 
inflammatory drugs, corticosteroids, statins or vitamin 
supplements in the last 3 months) were excluded. 
The first 20 patients included did not receive 
supplementation (control group), while the following 
20 patients received the supplements (intervention 
group). This study was approved by Ethical Committee 
of Santa Casa de Belo Horizonte, Brazil. All participants 
provided informed written consent.

Supplementation

The patients received oral supplements consisting of 
daily doses of 2000 mg vitamin C, 1000 mg vitamin 
E and 400 µg selenium for 21 days before 131I. These 
micronutrients were chosen because they are potent 
antioxidants (11-13). The doses were based on 
respective safety limits (14,15) and the duration of 
supplementation was based on the time necessary to 
achieve maximum elevation in the serum levels of these 
micronutrients (16-19).

Ablation with 131I

All patients discontinued L-T4 replacement therapy 
for 4 weeks and consumed a low-iodine diet for 10 
days before 131I. Anterior and posterior whole-body 
images were obtained after 7 days (RxWBS). Eight 
months after ablation, the patients were submitted 
to neck ultrasonography (US) and measurement of 
thyroglobulin (Tg) and anti-Tg antibodies (TgAb) after 

stimulation of TSH elevation. An excellent response to 
initial therapy or complete ablation was defined when 
stimulated Tg < 1 ng/mL in the absence of TgAb and 
US showing no abnormalities (2,3).

Evaluation of oxidative stress

Plasma 8-epi-PGF2a was measured immediately before 
and 2 and 7 days after 131I. These times were defined 
considering that oxidative stress occurs and continues 
at high intensity a few days after 131I (4-9).

METHODS

Plasma 8-epi-PGF2a was measured with a specific 
enzyme immunoassay. Details of this assay have been 
published previously (8). The mean value plus 2 SDs 
was 22 pg/mL for a control group consisting of 24 (16 
women and 8 men) healthy nonsmoking subjects aged 
18-65 y (mean, 45 y) without known disease and not 
using any medications (8). Chemiluminescent assays 
were used for the measurement of Tg, TgAb, and TSH.

Doppler US was performed with a linear 
multifrequency transducer. US was defined as negative 
when it did not reveal suspicious lesions (20,21).

Statistical analysis

Means were compared between groups by the Student 
t-test. The χ2 test was used to detect differences in 
the proportion of cases. ANOVA was used to compa-
re 8-epi-PGF2a concentrations between the different 
time points. A P value of less than 0.05 was considered 
to be significant.

RESULTS

Patients

The groups (control and intervention) were similar in 
terms of sex, age, body mass index, tumor histology 
and stage, and TSH levels (Table 1).

Plasma 8-epi-PGF2a (Figure 1)

There was a significant increase in plasma 8-epi-PGF2a 
after 131I in the control (p < 0.0001) and intervention 
(p < 0.02) groups, without a difference in the results 
between 2 days versus 7 days after 131I (Table 2).

When the two groups were compared, the 
concentrations of 8-epi-PGF2a were significantly 
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higher in the control group before and 2 days and 7 
days after 131I (Table 2). The percentage of patients with 
elevated 8-epi-PGF2a concentrations (> 22 pg/mL) 
was significantly higher in the control group before and 
after 131I (Table 2). Furthermore, the increase (percent) 
in 8-epi-PGF2a was significantly greater in the control 
group than in the intervention group (Table 2).

Safety of supplementation

During supplementation, only two (10%) patients 
reported side effects; one patient had noninflammatory 
diarrhea in the last week and the other reported a 
metallic taste sensation one week after the beginning of 
supplementation, but did not require discontinuation.

Response to ablation

In the two groups, 90% of the patients showed an 
excellent response to initial therapy or complete ablation.

DISCUSSION

We first highlight that this was a prospective study. 
The selection criteria, including the same 131I activity 
and preparation for TSH elevation (L-T4 withdrawal), 
and patient assignment to each group permitted to 
obtain two highly similar groups. Additionally, the 
assessment protocol was uniform. These facts permit 
us to conclude that the differences in the results 
were due to the intervention performed (antioxidant 
supplementation). The choice of the marker is another 
important factor. 8-Epi-PGF2a is generated after free 
radical-mediated peroxidation of arachidonic acid, 
and some properties render this compound a reliable 
indicator of oxidative stress in vivo (22): it is a specific 
product of lipid peroxidation and a stable compound; it 
is present in detectable quantities in all normal biological 
fluids and tissues, allowing the definition of a normal 

Table 1. Characteristics of the patients studied

Control group 
(n = 20)

Intervention group 
(n = 20)

Sex

Female 16 (80%) 17 (85%)

Male 4 (20%) 3 (15%)

Age [range (mean), years] 21-60 (40.6) 21-60 (41)

BMI [range (mean), kg/m2] 19.2-28.9 (22.4) 19.3-29 (23.2)

Tumor

Papillary 19 (95%) 18 (90%)

Follicular 1 (5%) 2 (10%)

TNM [2]

T1bNx 2 (10%) 0

T1N1 1 (5%) 3 (15%)

T2Nx 6 (30%) 7 (35%)

T2N1 3 (15%) 3 (15%)

T3Nx 6 (30%) 3 (15%)

T3N1 2 (10%) 4 (20%)

TSH [range (mean), mIU/L]* 34-135 (79.4) 39-123 (78.5)

RxWBS

Uptake in the thyroid bed 18 (90%) 19 (95%)

Ectopic cervical uptake 2 (10%) 1 (5%)

Uptake [range (mean), %] 0.5-1.8 (1.05) 0.6-1.7 (1.08)

*At the time of 131I administration.

BMI: body mass index; RxWBS: posttherapy whole body scanning.

Table 2. Plasma concentrations of 8-epi-PGF2a in the two groups

Control group 
(n = 20)

Intervention 
group (n = 20)

p-value

Before 131I [range 
(mean),  
pg/mL]

8.6-28.2 (20.5) 5.3-22.5 (15.7) 0.02

Elevated 
8-epi-PGF2a 
(> 22 pg/mL)

9 (45%) 1 (5%) 0.01

2 days after 131I 
[range (mean),  
pg/mL]

19.8-60.3 (41.1) 7.8-36.6 (23.8) 0.001

7 days after 131I 
[range (mean),  
pg/mL]

22.3-62.2 (41.4) 7.1-34.1 (23.6) 0.001

Elevated 
8-epi-PGF2a 
(> 22 pg/mL)§

20 (100%) 13 (65%) 0.05

Percent increase 
after 131I (mean)§

71%-159% 
(112.3%)

25%-130% 
(56.4%)

0.001

§ Considering the maximum value after 131I. 
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Figure 1. Plasma concentrations of 8-epi-PGF2a in the two groups: 1, 
intervention group (before 131I); 2, control group (before 131I); 3, intervention 
group (maximum value after 131I); 4, control group (maximum value after 
131I). The dashed line indicates the upper limit of normal (22 pg/mL).
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range; its formation increases dramatically in vivo after 
several oxidant injuries; its formation is modulated by 
antioxidant status; its levels are not affected by dietary 
lipid content. 8-Epi-PGF2a is the best in vivo marker 
of lipid peroxidation, but few studies have evaluated 
oxidative stress associated with ablation or therapy with 
131I in patients with DTC using this marker (7,8).

The results of the present study confirm that ablation 
with 131I causes oxidative stress (4-9). Only one study did 
not observe this fact (23). Although a direct association 
between the activity administered and the intensity of 
oxidative stress is expected, a significant increase in 8-epi-
PGF2a has been observed even after a low 131I activity 
(7). It is also possible that the use of recombinant human 
TSH, avoiding hypothyroidism, causes less radioiodine-
induced oxidative stress, but an increase in plasma 8-epi-
PGF2a has been reported after ablation with 131I even 
when this preparation was used (8).

With respect to the use of antioxidants, to our 
knowledge, there are only two previous clinical studies. 
The first study compared MDA concentrations 4 days after 
radioiodine and 1 month after the daily use of 1000 mg 
vitamin C and showed a significant reduction (4); however, 
this reduction is also known to occur spontaneously (7), 
and it is not possible to ensure that the result was due 
to the administration of vitamin C. The second study 
demonstrated less functional impairment of the salivary 
glands for supplementation with 800 IU vitamin E/day 
1 week before and 4 weeks after radioiodine, but markers 
of oxidative stress were not evaluated (10). The present 
results showed that combined supplementation with 
vitamins C and E and selenium was able to significantly 
attenuate the oxidative stress induced by radioiodine.

The present study has some limitations. It is 
not possible to draw conclusions regarding the 
contribution of each micronutrient to the result found, 
or regarding the possible additive or synergistic effect 
of their combined use. Adverse effects were observed in 
two patients of the intervention group, but we cannot 
rule out that they were due to the acute toxicity of 131I 
(2). Previous studies using vitamin C, vitamin E and 
selenium doses similar to those employed in the present 
study revealed no adverse clinical effects (24,25). 
Although the doses used were safe, we cannot rule out 
that the same effect could be achieved with lower doses.

Certainly the results of the present study will pave 
the way for clinical trials using micronutrients with 
antioxidant activity as strategies to minimize the side 
effects of 131I. Moreover, although oxidative stress is 

one of the factors responsible for the desired effects of 
radioiodine, apparently the modulation of this process 
did not compromise the efficacy of ablation.

CONCLUSIONS

Ablation with 131I promotes oxidative stress which can 
be attenuated by supplementation with antioxidants. 
Further studies are needed to define whether this 
measure is able to reduce adverse clinical events.
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Distinct breakfast patterns on 
satiety perception in individuals 
with weight excess

Aichah Ahmad El Orra1, Milena Monfort Pires1, Sandra Roberta G. Ferreira1

ABSTRACT
Objectives: Western dietary pattern predisposes to weight gain, insulin resistance and cardiometabolic 
diseases. Promoting satiety via modifications in diet composition could be useful to fight weight gain. 
Mediterranean diet which is recognized to be cardioprotective contains high fiber and unsaturated 
fat contents. We compared the effects of distinct breakfast patterns on satiety of individuals at 
cardiometabolic risk, and examined the correlation of satiety level after each breakfast intervention 
period with glucose parameters. Materials and methods: In this 10-week cross-over clinical trial, 
54 individuals with weight excess were submitted to 2 types of 4-week isocaloric breakfasts (2-week 
washout), one typically Brazilian and a modified one, differing concerning fiber and types of fatty 
acids contents. Clinical data were collected before and after each breakfast. A satiety scale was 
applied at fasting and 10, 30 and 120’ after breakfast consumption. Repeated measures ANOVA, 
Student t test or non-parametric correspondents were used; correlations were tested by Pearson 
or Spearman coefficients. Results: Anthropometric variations after breakfasts were not significant. 
Only after the modified breakfast, reduction in blood pressure levels was observed. The satiety level 
did not show significant variation across each period or between the breakfasts. Non-significant 
correlation between satiety and glucose, insulin and HOMA-IR values after each intervention period 
was observed. Conclusion: We conclude that different breakfast compositions do not alter satiety 
level, which is not correlated to glucose parameters in overweight individuals. Stronger modifications 
of daily meals might be necessary to differentiate satiety levels under distinct dietary patterns. Arch 
Endocrinol Metab. 2016;60(4):333-40

Keywords
Satiety; dietary pattern; fatty acids; cardiometabolic risk

INTRODUCTION

Habits of Western societies, including the Brazilian 
ones, have contributed to elevate the incidence of 

non-communicable chronic diseases, mostly due to the 
increase in body adiposity. As a consequence of current 
facilities for food consumption, indivi duals are consuming 
high-density high-fat and low-fiber foods, which 
characterize the typical Western pattern. Following the 
recognition of the deleterious impact of the high fat diet for 
metabolic disturbances that predispose to atherosclerosis 
(1,2), evidences related to the benefits of dietary habits of 
Mediterranean populations on cardiovascular mortality 
have emerged (3,4). Mediterranean dietary pattern is 
characterized by high content of monounsaturated fatty 
acids (MUFA), present in olive oil, and polyunsaturated 
fatty acids (PUFA), present in nuts and fish, as well 
as antioxidants mine rals and polyphenols, present in 
vegetables, whole grains and wine. Considering the 
harms of saturated fat (SFA) and benefits of unsaturated 

fat on intracellular insulin signaling (5) and the results 
of dietary interventions (4,6), the scientific society has 
accepted the Mediterranean-style diet as indicated for 
cardioprotection (7,8). 

Feeding-induced fullness is shown to be altered 
in obese individuals, and disturbances on the release 
and/or response to satietogenic substances following 
food intake were detected (9). How such disturbances 
contribute to weight gain is a matter of investigation. 
Satiety and hunger are regulated by multiple 
hormones (incretins, ghrelin, leptin, insulin, glucagon, 
somatostatin among others), which respond to nutrients 
present in the gastrointestinal tract that exert actions in 
hypothalamic neurons (10,11). Diet characteristics may 
influence hormonal and metabolic signals to central 
nervous system, favoring food intake and a positive 
energy balance. Studies in rodents have contributed to 
understand the mechanisms by which hormones inform 
the hypothalamus about the body adiposity level as well 
as the molecular pathways involved in neurotransmitters 
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expression that modulates hunger and satiety (12). In 
clinical settings, comparisons of satiety level in response 
to distinct compositions of meals, for instance, one 
typically Western and another including Mediterranean 
components were scarcely investigated. It is possible 
that satiety handling could help the weight control and, 
consequently, result in cardiometabolic benefits (13).

In general, elevations of post-prandial plasma 
glucose induce satiety, although the magnitude of this 
effect varies according to the meal composition (14-
16). A sharp rise in plasma glucose induced by simple 
carbohydrate consumption showed to be able to 
suppress satiety for a short duration, while the presence 
of fiber to prolong satiety (17). Despite evidence that 
dietary fat is more satietogenic than other nutrients, few 
data concerning differences in the perception according 
to its saturation grade of fatty acids are available (18). It 
is known that MUFA are more promptly oxidized than 
SFA, which could result in higher satietogenic power; 
however, in humans, studies are inconclusive (19).

Among the tools to assess satiety level reported by 
individuals following meal consumptions, the scale 
Satiety Labeled Intensity Magnitude – SLIM (20) has 
been proposed due to its simplicity, easy to use and 
sensitivity to quantify this perception in response to 
diverse composition of food intake. The SLIM shows 
good accuracy and enables better discrimination in 
comparison with others described (21).

Facing the perspective that knowledge on the 
impact of different dietary patterns in provoking satiety 
could contribute for the obesity control, this study 
aimed at comparing the satiety levels in response to two 
isocaloric breakfasts but with different compositions, 
one typically Western and one modified including 
Mediterranean components; also, at analyzing the 
correlation of satiety level after experimental periods 
of breakfast with plasma glucose, insulin and insulin 
resistance index. 

MATERIALS AND METHODS

Sample

This study was approved by the School of Public 
Health Ethical Committee and conducted at the 
University of São Paulo Hospital. Individuals agreed 
and provided signed consent. The convenience sample 
was constituted by individuals aged 35 to 69 years, 
body mass index (BMI) ≥ 25 and < 40 kg/m2, and 

at least one additional abnormality: concentration of 
triglycerides ≥ 150 mg/dL or total cholesterol ≥ 230 
mg/dL or LDL-c > 100 mg/dL or fasting plasma 
glucose between 100 and 124 mg/dL or systolic blood 
pressure ≥ 140 mmHg. Exclusion criteria were use of 
medications that influence hunger or satiety, psychiatric 
disorders, pregnancy and body weight variation > 5% 
during the last six months. 

Protocol

This was a 10-week cross-over clinical trial composed of 
two interventions in the breakfast, of 4-week duration 
each with a 2-week washout period between them. The 
breakfasts were isocaloric (energy content of 480 kcal), 
but differing according to the fatty acids composition 
and fiber content. The called “Brazilian breakfast” was 
prepared including: whole milk (180 mL), coffee (60 mL), 
sugar (10 g), French bread (50 g), butter (15 g) and 
mozzarella cheese (32 g). The “modified breakfast” was 
created including some components of the Mediterranean 
diet as following: skim milk (180 mL), coffee (60 mL), 
sugar (10 g), whole-grain French bread (50 g), ricotta 
cheese (40 g) with virgin olive oil (16 g) and peanuts 
(10 g). These preparations resulted in the same content 
of total fat but differing by the relative amounts of fatty 
acids. Participants were oriented to maintain their daily 
intake during the day, as well as their regular physical 
activities. They weekly received phone calls in order to 
reinforce compliance to the experimental protocol. 

One week prior the start of study, as well as at the last 
week of consumption of each breakfast, two 24-hour 
food records and the satiety scale were collected. One 
food record was obtained face-to-face and the other by 
telephone, by a trained dietitian, using the multiple pass 
method. The standardization of equivalences of house 
measures of consumption (in grams) was performed 
based on a Brazilian-tailored directory of recipes and 
measures previously described (22,23). Dietary data 
were analyzed using the Virtual Nutri software. Energy 
intakes < 500 kcal or > 5,000 kcal/day were considered 
outliers and were excluded from analyses. Variables of 
interest for the present study were total energy intake 
(TEI), macronutrients, subtypes of fatty acids and total 
fiber intakes. 

Level of satiety was assessed using the SLIM scale 
(20), in which the participant is asked to inform 
one of 11 conditions, distributed into a visual 
vertical line that ranges from “too full” until “too 
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hungry”. To each condition in this scale (available 
at http://www.sciencedirect.com/science/article/
pii/S0195666304001242) there is a correspondent 
numeric value (score of satiety). Negative values in the 
SLIM scale are indicative of hunger. Satiety data were 
obtained before and 10, 30 and 120 minutes after 
breakfast consumption. 

Physical activity was evaluated using the short version 
of the International Physical Activity Questionnaire 
that was validated in Brazil (24), and was expressed in 
minutes per week. 

At baseline and at the final of each intervention, 
anthropometric measurements, blood pressure and 
fasting blood samples were obtained for determinations 
of plasma glucose and insulin concentrations, employed 
for the calculation of insulin resistance index. Body mass 
index was obtained by the ratio of weight (in kilograms) 
to squared height (in meters). Waist circumference was 
taken in upright position during expiration, at midpoint 
between the last rib and iliac crest. Blood pressure was 
taken after resting for five minutes in sitting position 
with automated oscillometric device (Omron HEM-
712C, Omron Health Care, USA), three times, being 
the mean of the last two measurement the final values 
of systolic and diastolic blood pressure levels. 

Analytical methods

Plasma glucose was determined by glucose 
oxidase method and insulin by enzyme-linked 
immunoenzymatic assay (AutoDelfia, Perkin Elmer 
Life Sciences Inc, Norton, OH, USA). These values 
were used to calculate HOMA-IR (homeostasis model 
assessment of insulin resistance), and used to estimate 
insulin resistance (25). 

Statistical analysis 

Data were expressed as mean and standard deviation or 
error. Log-transformation was applied for non-Gaussian 
variables for analysis purposes, and values were reported 
as back-transformed into their original units. Changes 
in dietary and clinical data before and after breakfasts 
were compared by Student t test. The profiles of satiety 
score values across time after each breakfast were 
compared by repeated measures ANOVA. Correlations 
between variables were tested by Pearson or Spearman 
coefficients. P value < 0.05 was considered significant. 
Statistical analysis was performed using the SPSS version 
17.0 for Windows.

RESULTS 

From 80 individuals, 54 completed both intervention 
periods of breakfasts. Among the dropouts there was 
a predominance of men. The frequency and doses of 
medications were maintained in the whole period, as 
well as the level of physical activity (data not shown). 
The sample was composed of 66% of women, with a 
mean age of 53.0 ± 1.3 years. As expected, participants 
had increased body mass index (30.8 ± 1.4 kg/m2). Table 
1 shows that the mean values of waist circumference 
(105.2 ± 2.5 versus 98.2 ± 1.3 cm, p < 0.01) and blood 
pressure levels (138.6 ± 4.7 versus 123.5 ± 2.5 mmHg, 
p < 0.01) were higher in men, while HDL-c was higher 
in women (57.0 ± 2.3 versus 44.4 ± 2.0 mg/dL). Satiety 
scores before and after breakfasts did not differ between 
sex, except for higher values in women than men after 
10 minutes of the modified breakfast.

Table 1. Clinical data and satiety scores of 54 participants according to 
sex. Values are expressed in mean and standard deviation

Men
n = 18

Women
n = 36 p

Clinical data

Age (years) 49.9 ± 2.4 54.6 ± 1.5 0.09

Body mass index (kg/m²) 31.6 ± 1.2 30.4 ± 0.8 0.32

Waist circumference (cm) 105.2 ± 2.5 98.2 ± 1.3 < 0.01

Systolic blood pressure (mmHg) 138.6 ± 4.7 123.5 ± 2.5 < 0.01

Diastolic blood pressure (mmHg) 80.4 ± 3.0 74.7 ± 1.6 0.07

Plasma glucose (mg/dL) 98.9 ± 2.6 93.8 ± 1.6 0.09

Total cholesterol (mg/dL) 202.4 ± 11.0 207.4 ± 5.8 0.67

HDL-c (mg/dL) 44.4 ± 2.0 57.0 ± 2.3 < 0.01

LDL-c (mg/dL) 121.4 ± 9.8 123.2 ± 4.2 0.84

Triglycerides (mg/dL) 179.5 ± 25.7 133.9 ± 9.6 0.05

Satiety scores

Brazilian breakfast

Fasting -23.4 ± 5.8 -12.1 ± 3.7 0.10

10 minutes 73.3 ± 5.7 81.3 ± 2.9 0.17

30 minutes 54.2 ± 7.1 65.0 ± 19.6 0.12

120 minutes 23.7 ± 10.1 31.8 ± 5.9 0.50

Modified breakfast

Fasting -23.4 ± 5.8 -12.1 ± 3.7 0.10

10 minutes 69.2 ± 3.7 83.3 ± 2.8 0.04

30 minutes 57.7 ± 26.5 68.1 ± 3.5 0.11

120 minutes 14.9 ± 9.1 29.5 ± 38.5 0.20

Dietary data at baseline and after Brazilian and 
modified breakfasts are shown in Table 2. Despite the 
orientation to maintain regular daily intake, increases 
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in total energy (TEI) and fat intakes were verified in 
both interventions, which differed according to the 
distribution of types of fatty acids consumed (Figure 1).

As far as the Brazilian breakfast is concerned, in 
particular, the increase in TEI was due to higher SFA 
intake (27.9 ± 0.81 versus 20.8 ± 0.93 g after Brazilian 
and modified, respectively). Relatively to TEI, the 
consumption of SFA was elevated, in parallel with 

significant reductions in intakes of carbohydrates and 
proteins (p < 0.05).

.

After modified breakfast, elevation in total fat was 
observed which occurred mainly due to increased MUFA 
and PUFA intakes. Similar to the intervention with Brazilian 
breakfast, reductions in relative intakes of carbohydrates 
and proteins (p < 0.05) were found. Only in modified 
breakfast an increase in total fiber intake was found.

Table 2. Mean values (± SEM) of intake of dietary variables before and after four weeks of Brazilian and modified breakfast 

Brazilian Modified

Before After P-value Before After P-value 

Total energy intake (kcal/day) 1871 ± 66 1678 ± 83 0.01 1743 ± 81 1770 ± 48 0.75

Carbohydrate (% TEI) 52.0 ± 1.0 48.9 ± 0.9 0.03 54.3 ± 1.1 48.2 ± 0.7 < 0.01

Protein (% TEI) 15.5 ± 0.5 14.2 ± 3.2 0.05 15.4 ± 0.5 14.3 ± 0.4 0.04

Total fat (% TEI) 32.5 ± 0.9 36.9 ± 0.9 < 0.01 30.3 ± 0.9 37.5 ± 0.7 < 0.01

Saturated fatty acids (%TEI) 9.9 ± 0.4 13.4 ± 0.4 < 0.01 9.1 ± 0.4 10.4 ± 0.3 < 0.01

MUFA (% TEI) 8.7 ± 0.4 9.3 ± 0.3 0.23 7.7 ± 0.4 13.8 ± 0.4 < 0.01

PUFA (% TEI) 4.8 ± 0.3 4.5 ± 0.3 0.05 4.3 ± 0.3 5.6 ± 0.4 < 0.01

Total fiber intake (g/day) 12.5 ± 0.6 12.8 ± 0.7 0.73 12.9 ± 0.8 15.0 ± 0.7 0.04

TEI: total energy intake; MUFA: monounsaturated fatty acids; PUFA: polyunsaturated fatty acids.

Figure 1. Changes in subtypes of fatty acids intake after intervention with Brazilian and modified breakfasts. 

Table 3 shows values of clinical variables before 
and after breakfasts. No significant differences in 
anthropometric and biochemical variables were 
detected after the interventions. 

After modified breakfast (Table 3), there is no 
variation in anthropometric measurements either; 
however, a significant increase in HDL-cholesterol 
concentration (51.8 ± 1.8 versus 54.2 ± 2.0 mg/dL,  
p = 0.03) and decrease in blood pressure levels were 
observed.

Figure 2 depicts mean values of satiety, before and 
after each breakfast period, showing similar profiles of 
the curves obtained. 

Mean values of the satiety scores of participants, 
obtained following Brazilian and modified breakfast, 
are in Table 4. At fasting, as expected, participants 
referred negative values, indicative of hungry. Ten 
minutes from the consumption of both breakfasts, a 
significant elevation of scores was found with further 
gradual decrease across time (Table 4 and Figure 2). No 
difference in the satiety score profiles, obtained during 
the 120 minutes of each breakfast, was observed. 

Associations of late satiety (30 e 120 minutes) with 
glicemia, insulinemia e HOMA-IR were tested, after 
breakfasts, but no significant correlation was detected 
(data not shown).
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Table 3. Mean values (± SEM) of clinical variables before and after Brazilian and modified breakfasts 

Brazilian Modified

Before After p-value Before After p-value

Body mass index (kg/m²) 30.2 ± 0.6 30.3 ± 0.6 0.14 30.3 ± 0.6 30.2 ± 0.6 0.23

Waist circumference (cm) 99.8 ± 1.3 99.6 ± 1.4 0.54 100.2 ± 1.3 99.7 ± 1.40 0.11

Systolic blood pressure (mmHg) 124.6 ± 2.5 123.4 ± 2.0 0.57 126.5 ± 2.3 123.5 ± 2.2 0.05

Diastolic blood pressure (mmHg) 75.1 ± 1.40 73.8 ± 1.8 0.24 75.8 ± 1.5 73.3 ± 1.5 0.02

Fasting plasma glucose (mg/dL) 95.6 ± 1.1 96.2 ± 1.1 0.42 95.3 ± 1.6 95.7 ± 1.3 0.78

Fasting insulin (µUI/mL) 40.2 ± 9.0 40.5 ± 5.5 0.98 40.1 ± 4.9 52.4 ± 5.5 0.09

HOMA-IR 8.9 ± 2.0 9.2 ± 1.2 0.89 8.9 ± 1.1 11.6 ± 1.4 0.11

Total cholesterol (mg/dL) 206.0 ± 5.7 207.9 ± 5.6 0.52 205.6 ± 5.8 204.7 ± 5.1 0.78

HDL-c (mg/dL) 55.3 ± 1.8 53.7 ± 2.5 0.09 51.8 ± 1.8 54.2 ± 2.0 0.03

LDL-c (mg/dL) 123.6 ± 4.4 121.7 ± 4.5 0.40 121.6 ± 4.4 121.4 ± 4.0 0.94

Triglycerides (mg/dL) 149.8 ± 13.0 154.2 ± 10.5 0.56 151.2 ± 11.4 150.1 ± 11.2 0.83

Figure 2. Mean values (± SEM) of the satiety scores obtained by the SLIM 
scale during Brazilian and modified breakfasts.

Table 4. Differences in score of the satiety of participants after Brazilian 
and modified breakfasts 

Brazilian Modified

Fasting -16.1 ± 3.1 -16.0 ± 3.1

10 minutes 76.5 ± 2.8 78.6 ± 3.2

30 minutes 59.7 ± 3.1 64.5 ± 3.5

120 minutes 28.6 ± 5.4 26.3 ± 5.1

Global analysis

Effect of diet 0.66

Effect of time < 0.001

Interaction diet * time 0.31

Repeated measures ANOVA. 

DISCUSSION

In clinical practice, the availability of a handy tool to 
evaluate dietary interventions on satiety of overweight 
individuals is of great interest. Applying the SLIM scale, 
this study compared the satiety perception exhibited 

by distinct compositions of breakfasts to which there 
is evidence of deleterious or beneficial effects on the 
cardiometabolic profile. Isocaloric breakfasts were 
contrasting according to the type of fatty acids and 
fiber contents; the modified one showed components 
of the Mediterranean diet. Using this scale that 
quantifies satiety level, our findings did not support 
the hypothesis that part of the effect of these diets 
might occur via satiety control. Despite the benefits 
of the modified breakfast (blood pressure reduction 
and HDL-cholesterol elevation), the negative result 
regarding its association with satiety could indicate 
the limitation of the tool in detecting changes on an 
ample and complex regulation system of the energy 
balance. In addition, it is possible that a high-fat diet, 
independently of the fatty acids proportion, causes 
similar impacts in satiety perception. 

The participants showed a mean body mass index 
compatible with class I obesity and increased waist 
circumference in both sexes, characteristics that make 
them susceptible to metabolic syndrome. Since there 
was no counseling for food restrictions or physical 
activities, substantial changes in anthropometry were 
not expected, despite two previous meta-analysis 
had shown significant Mediterranean diet-induced 
changes in waist circumference (26,27). The lack of 
anthropometric changes in our study reinforces at 
some extent that modification in a single meal like our 
intervention is unable to change satiety perception to a 
level that would impact in body adiposity.

Reduction in blood pressure levels induced by 
a Mediterranean-style diet was already described 
(26,28). Interestingly, we detected a decline in blood 
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pressure after modification in a single meal for 4 weeks. 
Evidence obtained in an epidemiological study did not 
support that antihypertensive effects of Mediterranean 
diet would be attributed to whole grains (29) but to 
vegetables – due to their potassium content – and/or 
to the olive oil (30), which were used in our modified 
breakfast. Based on animal studies, it is speculated 
that antioxidant actions of oleic acid-rich oils (such as 
extra-virgin olive oil) contribute to the improvement in 
blood pressure levels (31).

Noteworthy that both breakfasts promote high level 
of satiety; in other studies, when foods were consumed 
mainly at dinner, the self-reported satiety was close to 
the scores obtained in our study (20). For both sex 
and after both breakfasts, mean values of satiety scores 
were slightly higher in women than men, and reached 
significance 10 minutes after the modified breakfast. 
Such possible difference in this perception deserves to 
be examined in a bigger sample. Investigations on the 
effects of macronutrients on satiety have shown that 
fat has less satietogenic properties than carbohydrates 
(14,15). In current study, fat was offered to participants 
in relatively high proportions, with predominance of 
SFA in the Brazilian breakfast and unsaturated fatty 
acids in the modified one. High MUFA and PUFA 
contents in the later were achieved due to the presence 
of olive oil and peanuts, respectively. Deleterious effects 
of SFA in hypothalamic pathways of body weight 
control were described in animal models (32). High-
saturated fat diet-fed mice exhibited inflammation in 
hypothalamus and reduced orexigenic signals, resulting 
in weight gain and insulin resistance. Our findings of 
comparable satiety levels, following periods of exposure 
to distinct breakfasts for 4 weeks, do not corroborate 
the hypothesis that subtypes of fatty acids would induce  
distinct effects in central mechanisms which modulate 
food intake and satiety. To our knowledge, there is no 
similar report limiting the comparison of our results 
with literature. However, some investigators infused 
emulsion with different fatty acids contents in the 
ileum and verified that MUFA but not SFA infusion 
was associated with increased satiety (18).

The higher fiber content in the modified breakfast 
could also influence satiety perception, considering 
that some studies had reported that whole-grain 
foods increase satiety (15,17,33), but not others (34). 
Facing contrasting results concerning their effect on 
energy intake, glucose excursion and satiety, it was 
desirable to expand knowledge on this aspect. The 

fiber content in the modified breakfast resulted in 
significant increase in daily consumption of fibers. 
Previous studies that evaluated glycemic index were 
also controversial regarding the inverse correlation of 
this parameter to satiety (35,36). We did not detect 
correlation between the satiety scores and levels of 
plasma glucose nor insulin. It is possible that more 
substantial modifications in the meals could reach 
results different from ours. Also, we cannot exclude 
that the participants were already used to the Brazilian 
pattern, therefore maintaining their satiety level when 
this breakfast was consumed.

The modified breakfast could have provoked 
reductions in plasma glucose, insulin and HOMA-
IR. Unsaturated fatty acids in animal models and 
in vitro studies improve insulin signaling inducing 
glucose uptake (37). The effects of olive oil, due to 
its MUFA content, on attenuation of inflammatory 
status and insulin resistance are well documented 
(38,39), and this ingredient has been recommended 
for prevention and control of cardiometabolic diseases 
(26,40). The lack of HOMA-IR improvement in this 
study may indicate that modification of a single meal is 
insufficient to benefit glucose metabolism. High fiber 
intake has been also associated with cardioprotection 
mainly due to its beneficial effects on lipid metabolism 
(41,42). Actually, only the modified breakfast induced 
improvement in lipid profile reflected by the elevation 
in HDL-cholesterol concentrations, which should be 
maximized due to the consumption of olive oil (43). 

The reduced sample size may express difficulties of 
individuals to sustain lifestyle changes in real life. Despite 
subjectivity of satiety and intrinsic limitation of the tools 
to assess this perception, our findings may suggest that 
some of the recognized benefits of the Mediterranean 
diet, that should affect hormonal and neural pathways, 
have low impact on satiety and maybe food intake.

We conclude that isocaloric breakfasts that differ 
according to fatty acids content are unable to alter satiety 
levels, which are not correlated to glucose parameters 
in overweight individuals. Stronger modifications of 
daily meals might be necessary to differentiate satiety 
levels under distinct dietary patterns.

Acknowledgements: this study was supported by a grant from 
Fundação de Amparo à Pesquisa do Estado de São Paulo (Fapesp).

Disclosure: no potential conflict of interest relevant to this article 
was reported.



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

339

Distinct breakfasts and satiety

Arch Endocrinol Metab. 2016;60/4

REFERENCES
1. Page IH, Stare FJ, Corcoran AC, Pollack H, Wilkinson Jr CF. 

Atherosclerosis and the fat content of the diet. Circulation. 
1957;16(2):163-78. 

2. Hu FB, Stampfer MJ, Manson JE, Rimm E, Colditz GA, Rosner BA, 
et al. Dietary fat intake and the risk of coronary heart disease in 
women. N Engl J Med. 1997;337(21):1491-9.

3. de Lorgeril M, Salen P, Martin JL, Monjaud I, Delaye J, Mamelle 
N. Mediterranean diet, traditional risk factors, and the rate of 
cardiovascular complications after myocardial infarction: final 
report of the Lyon Diet Heart Study. Circulation. 1999;99(6):779-85. 

4. Estruch R, Ros E, Salas-Salvadó J, Covas MI, Corella D, Arós F, 
et al.; PREDIMED Study Investigators. Primary prevention of 
cardiovascular disease with a Mediterranean diet. N Engl J Med. 
2013;368(14):1279-90.

5. Lee JS, Pinnamaneni SK, Eo SJ, Cho IH, Pyo JH, Kim CK, et 
al. Saturated, but not n-6 polyunsaturated, fatty acids induce 
insulin resistance: role of intramuscular accumulation of lipid 
metabolites. J Appl Physiol (1985). 2006;100(5):1467-74.

6. Yu-Poth S, Zhao G, Etherton T, Naglak M, Jonnalagadda S, Kris-
Etherton PM. Effects of the National Cholesterol Education 
Program’s Step I and Step II dietary intervention programs on 
cardiovascular disease risk factors: a meta-analysis. Am J Clin 
Nutr. 1999;69(4):632-46.

7. Martinez-Gonzalez MA, Bes-Rastrollo M. Dietary patterns, 
Mediterranean diet, and cardiovascular disease. Curr Opin 
Lipidol. 2014;25(1):20-6. 

8. Rees K, Hartley L, Flowers N, Clarke A, Hooper L, Thorogood M, 
et al. ‘Mediterranean’ dietary pattern for the primary prevention 
of cardiovascular disease. Cochrane Database Syst Rev. 
2013;8:CD009825.

9. Adam TC, Westerterp-Plantenga MS. Glucagon-like peptide-1 
release and satiety after a nutrient challenge in normal-weight 
and obese subjects. Br J Nutr. 2005;93(6):845-51. 

10. Bray GA. Afferent signals regulating food intake. Proc Nutr Soc. 
2000;59(3):373-84.

11. Morton GJ, Cummings DE, Baskin DG, Barsh GS, Schwartz MW. 
Central nervous system control of food intake and body weight. 
Nature. 2006;443(7109):289-95. 

12. Schneeberger M, Gomis R, Claret M. Hypothalamic and brainstem 
neuronal circuits controlling homeostatic energy balance. J 
Endocrinol. 2014; 220:T25-T46.

13. O’Keefe JH, Gheewala NM, O’Keefe JO. Dietary strategies for 
improving post-prandial glucose, lipids, inflammation, and 
cardiovascular health. J Am Coll Cardiol. 2008;51(3):249-55. 

14. de Graaf C, Hulshof T, Weststrate JA, Jas P. Short-term effects of 
different amounts of protein, fats, and carbohydrates on satiety. 
Am J Clin Nutr. 1992;55(1):33-8. 

15. Karhunen LJ, Juvonen KR, Huotari A, Purhonen AK, Herzig KH. 
Effect of protein, fat, carbohydrate and fibre on gastrointestinal 
peptide release in humans. Regul Pept. 2008;149(1-3):70-8. 

16. Maljaars J, Peters HP, Masclee AM. Review article: The 
gastrointestinal tract: neuroendocrine regulation of satiety and 
food intake. Aliment Pharmacol Ther. 2007;26 Suppl 2:241-50. 

17. Slavin JL. Dietary fiber and body weight. Nutrition. 2005;21(3): 
411-8.

18. Maljaars J, Romeyn EA, Haddeman E, Peters HPF, Masclee AAM. 
Effect of fat saturation on satiety, hormone release, and food 
intake. Am J Clin Nutr. 2009;89(4)1019-24.

19. Alfenas RC, Mattes RD. Effect of fat sources on satiety. Obes Res. 
2003;11(2):83-7.

20. Cardello AV, Schutz HG, Lesher LL, Merrill E. Development 
and testing of a labeled magnitude scale of perceived satiety. 
Appetite. 2005;44(1):1-13. 

21. Flint A, Raben A, Blundell JE, Astrup A. Reproducibility, power 
and validity of visual analogue scales in assessment of appetite 

sensations in single test meal studies. Int J Obes Relat Metab 
Disord. 2000;24(1):38-48. 

22. Pinheiro ABV. Tabela para avaliação de consumo alimentar em 
medidas caseiras. 5a ed. São Paulo: Editora Atheneu; 2004.

23. Fisberg RM, Marchioni DML, Colucci ACA. Avaliação do consumo 
alimentar e da ingestão de nutrientes na prática clínica. Arq Bras 
Endocrinol Metab. 2009;53(5):617-24.

24. Craig CL, Marshall AL, Sjöström M, Bauman AE, Booth ML, 
Ainsworth BE, et al. International physical activity questionnaire: 
12-country reliability and validity. Med Sci Sports Exerc. 
2003;35(8):1381-95. 

25. Matthews DR, Hosker JP, Rudenski AS, Naylor BA, Treacher DF, 
Turner RC. Homeostasis model assessment: insulin resistance 
and beta-cell function from fasting plasma glucose and insulin 
concentrations in man. Diabetologia. 1985;28(7):412-9. 

26. Kastorini CM, Milionis HJ, Esposito K, Giugliano D, Goudevenos 
JA, Panagiotakos DB. The effect of Mediterranean diet on 
metabolic syndrome and its components: a meta-analysis 
of 50 studies and 534,906 individuals. J Am Coll Cardiol. 
2011;57(11):1299-313. 

27. Garcia M, Shook J, Kerstetter J, Kenny A, Bihuniak J, Huedo-
Medina T. The efficacy of Mediterranean diet on obesity outcomes: 
a meta-analysis. FASEB J. 2015;29(1):254. 

28. Esposito K, Marfella R, Ciotola M, Di Palo C, Giugliano F, 
Giugliano G, et al. Effect of a mediterranean-style diet on 
endothelial dysfunction and markers of vascular inflammation 
in the metabolic syndrome: a randomized trial. JAMA. 
2004;292(12):1440-6. 

29. Whelton SP, Hyre AD, Pedersen B, Yi Y, Whelton PK, He J. Effect 
of dietary fiber intake on blood pressure: a meta-analysis of 
randomized, controlled clinical trials. J Hypertens. 2005;23(3):475-81. 

30. Psaltopoulou T, Naska A, Orfanos P, Trichopoulos D, Mountokalakis 
T, Trichopoulou A. Olive oil, the Mediterranean diet, and arterial 
blood pressure: the Greek European Prospective Investigation 
into Cancer and Nutrition (EPIC) study. Am J Clin Nutr. 
2004;80(4):1012-8. 

31. Herrera MD, Pérez-Guerrero C, Marhuenda E, Ruiz-Gutiérrez 
V. Effects of dietary oleic-rich oils (virgin olive and high-oleic-
acid sunflower) on vascular reactivity in Wistar-Kyoto and 
spontaneously hypertensive rats. Br J Nutr. 2001;86(3):349-57. 

32. De Souza CT, Araujo EP, Bordin S, Ashimine R, Zollner RL, 
Boschero AC, et al. Consumption of a fat-rich diet activates a 
proinflammatory response and induces insulin resistance in the 
hypothalamus. Endocrinology. 2005;146(10):4192-9.

33. Kaplan RJ, Greenwood CE. Influence of dietary carbohydrates 
and glycaemic response on subjective appetite and food intake 
in healthy elderly persons. Int J Food Sci Nutr. 2002;53(4):305-16.

34. Berti C, Riso P, Brusamolino A, Porrini M. Effect on appetite 
control of minor cereal and pseudocereal products. Br J Nutr. 
2005;94(5):850-8. 

35. Aston LM, Stokes CS, Jebb SA. No effect of a diet with a reduced 
glycaemic index on satiety, energy intake and body weight in 
overweight and obese women. Int J Obes (Lond). 2008;32(1): 
160-5.

36. McMillan-Price J, Brand-Miller J. Low-glycaemic index diets and 
body weight regulation. Int J Obes. 2006;30:40-6. 

37. Dimopoulos N, Watson M, Sakamoto K, Hundal HS. Differential 
effects of palmitate and palmitoleate on insulin action and 
glucose utilization in rat L6 skeletal muscle cells. Biochem J. 
2006;399(3):473-81. 

38. Estruch R. Anti-inflammatory effects of the Mediterranean 
diet: the experience of the PREDIMED study. Proc Nutr Soc. 
2010;69(3):333-40. 

39. Camargo A, Delgado-Lista J, Garcia-Rios A, Cruz-Teno C, 
Yubero-Serrano EM, Perez-Martinez P, et al. Expression of 



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

340

Distinct breakfasts and satiety

Arch Endocrinol Metab. 2016;60/4

proinflammatory, proatherogenic genes is reduced by the 
Mediterranean diet in elderly people. Br J Nutr. 2012;108(3):500-8.

40. Damasceno NR, Pérez-Heras A, Serra M, Cofán M, Sala-Vila A, 
Salas-Salvadó J, et al. Crossover study of diets enriched with 
virgin olive oil, walnuts or almonds. Effects on lipids and other 
cardiovascular risk markers. Nutr Metab Cardiovasc Dis. 2011;21 
Suppl 1:S14-20.

41. Kaczmarczyk MM, Miller MJ, Freund GG. The health benefits 
of dietary fiber: beyond the usual suspects of type 2 diabetes 

mellitus, cardiovascular disease and colon cancer. Metabolism. 
2012;61(8):1058-66.

42. Satija A, Hu FB. Cardiovascular benfits of dietary fiber. Curr 
Atheroscler Rep. 2012;14(6):505-14.

43. Bos MB, de Vries JH, Feskens EJ, van Dijk SJ, Hoelen DW, 
Siebelink E, et al. Effect of a high monounsaturated fatty acids diet 
and a Mediterranean diet on serum lipids and insulin sensitivity 
in adults with mild abdominal obesity. Nutr Metab Cardiovasc 
Dis. 2010;20(8):591-8. 



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

341

original article

Arch Endocrinol Metab. 2016;60/4

1 Yildirim Beyazit University 
Faculty of Medicine, Department 
of Cardiology, Ankara, Turkey
2 Atatürk Education and 
Research Hospital, Department 
of Cardiology, Ankara, Turkey

Correspondence to: 
Abdullah N. Aslan
Ankara Ataturk Education
and Research Hospital,
Department of Cardiology
06800 – Bilkent, Ankara, Turkey
drnabiaslan@hotmail.com

Received on Oct/13/2015
Accepted on Nov/1/2015

DOI: 10.1590/2359-3997000000136

Assessment of the left ventricular 
function in normotensive prediabetics: a 
tissue Doppler echocardiography study

Murat Akçay1, Abdullah N. Aslan², Hacı A. Kasapkara1, Hüseyin Ayhan1, 
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ABSTRACT
Objective: Several studies have shown that left ventricular (LV) dysfunction is increased in individuals 
with diabetes. However, there are scarce data about LV function in prediabetics. This study assessed 
the early changes in LV diastolic and systolic myocardial function in normotensive prediabetics using 
tissue Doppler echocardiography (TDE). Subjects and methods: We evaluated 94 patients with 
prediabetes (mean age of 50.8 ± 6.9 years, 78 female) without known cardiovascular diseases and 
70 healthy volunteers with similar demographic characteristics. Systolic and diastolic function of the 
left ventricle was evaluated with transthoracic echocardiography according to the latest consensus 
recommendations including TDE. Results: The mean results of septal and lateral parts of the mitral 
annulus Pulsed wave TDE showed that myocardial systolic wave (Sm), myocardial early diastolic 
wave (Em) and Em to atrial peak velocity (Am) ratio were significantly lower whereas early diastolic 
peak flow velocity (E) to Em ratio, myocardial isovolumetric relaxation time (IVRTm), myocardial 
isovolumetric contraction time (IVCTm) and myocardial performance index (MPI) values were 
significantly higher in patients with prediabetes (preDM). In addition, mean left atrium (LA) diameter 
measured with M-mode echocardiography was significantly higher in prediabetics than controls. 
Conclusion: PreDM is associated with subclinical LV systolic and diastolic dysfunction as evaluated 
by TDE. Arch Endocrinol Metab. 2016;60(4):341-7

Keywords
Prediabetes; left ventricular function; tissue Doppler echocardiography

INTRODUCTION

T ype 2 diabetes affects more than 8% of the United 
States population (1). The onset of type 2 diabetes 

is gradual, with most patients progressing through a 
state of prediabetes which is defined as one or more of 
the following: impaired fasting glucose (IFG) (plasma 
glucose of 100 to 125 mg/dL), impaired glucose 
tolerance (IGT) (plasma glucose of 140 to 199 mg/dL 
2 hours after an oral load of 75 g dextrose) or HbA1c 
5.7% to 6.4% (2). Although individuals can spend years 
in prediabetic stage, an expert American Diabetes 
Association (ADA) panel estimated that up to 70% of 
individuals with prediabetes (preDM) will eventually 
progress to type 2 diabetes (3). For this reason, preDM 
is considered a substantial risk factor for diabetes and 
is associated with microvascular complications and 
cardiovascular disease in a way similar to diabetes mellitus 
(DM) (4,5). It is associated with an approximately 20% 
increased risk of developing cardiovascular disease 
compared with normoglycemic subjects. The underlying 

pathophysiological disturbances of excess risk from 
prediabetes are presumed to be the same as those 
from diabetes such as insulin resistance and impaired 
beta cell function (6). Although DM is known to be 
related with left ventricular (LV) dysfunction even after 
hypertension (HT) and coronary artery disease (CAD) 
are excluded, the association between preDM and LV 
function has not been comprehensively investigated. 

Therefore, in the present study, we aimed to 
investigate the possible impact of prediabetes on both 
LV systolic and diastolic function using conventional 
echocardiographic techniques including tissue Doppler 
echocardiography (TDE).

SUBJECTS AND METHODS

Study population

The overall study population consisted of 164 subjects: 
94 subjects with preDM (52 patients with IFG, 23 
patients with IGT and 19 patients with IFG+IGT) 
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and 70 normoglycemic subjects with normal glucose 
tolerance. In each subject, fasting plasma glucose 
(FPG) and HbA1c levels were measured. The diagnosis 
of PreDM was ensured according to the FPG level 
and/or oral glucose tolerance test (OGTT) results 
confirmed by repeating the tests on another day and/
or measuring the HbA1c level based on American 
Diabetes Association (ADA) guidelines (1,2). Subjects 
with a FPG level of 100 to 125 mg/dL were convinced 
to have IFG. In patients with a normal or IFG level, 
OGTT was performed. OGTT measures the level of 
blood glucose after a person fasts for at least 8 hours 
and two hours after the subject drinks a beverage 
containing 75 grams of glucose dissolved in water. If 
the 2-hour blood glucose level is between 140 and 199 
mg/dL, then the person is considered to have IGT. In 
addition, individuals with HbA1c levels between 5.7 to 
6.5% were diagnosed as having preDM. As a control 
group, we have studied 70 healthy subjects without 
preDM and overt cardiovascular diseases. 

Exclusion criteria were to have structural heart  
disease, hypertension, diabetes mellitus, pulmonary  
disease, neoplastic and chronic systemic diseases, age 
over 60 years or under 18 years. Informed content was 
taken from each subject participated into the study. 
Approval of the Local Ethics Board was received from 
our hospital for the study protocol.

Echocardiographic examination 

All echocardiographic examinations were carried out 
using 2.5–3.5 MHz transducer with the Vingmed System 
7 (Vivid 7, GE, Horten, Norway) by two experienced 
cardiologists performing the measurements blinded to 
preDM status. Then, data from these cardiologists were 
averaged. Inter-observer variability was satisfactory. 
The concordance correlation coefficients demonstrated 
close agreement between the two observers, from 0.83 
to 0.96. Two-dimensional, M-mode and subsequent 
TDE and quantitative analysis were conducted on 
parasternal long axis, short axis and apical four-chamber 
images according to the data provided by the American 
Society of Echocardiography (7). 

Left ventricular systolic and diastolic functions 
were analyzed using standard two-dimensional (2D) 
echocardiography, M-mode echocardiography, pulsed 
wave (PW) echocardiography and TDE. Diameter of 
the left atrium (LA), thickness of the interventricular 
septum (IVS), thickness of the posterior wall (PoW), 

left ventricular end-diastolic diameter (LVEDD) and 
left ventricular end-systolic diameter (LVESD) were 
obtained from the M-mode echocardiographic tracing 
under the guidance of 2D imaging. LV ejection fraction 
was calculated by the modified Simpson’s method. The 
pulsed Doppler sample volume was positioned at the 
mitral leaflet tips. Early diastolic peak flow velocity 
(E), late diastolic peak flow velocity (A), E-wave 
deceleration time (DT), isovolumetric contraction 
time (IVCT), ejection time (ET) and isovolumetric 
relaxation time (IVRT) were measured by transmitral 
Doppler imaging. E/A ratio was calculated. Myocardial 
performance index (MPI) was calculated by summing 
of IVRT and IVCT and dividing by ET. 

Tissue Doppler echocardiography (TDE) was used 
to obtain LV myocardial velocities in the apical four-
chamber view with a 5 mm sample volume on the 
medial and lateral corner of the mitral annulus and the 
mean results of these parameters were obtained. TDE 
program was set to the PW Doppler mode. Filters were 
set to minimize high-frequency signals, and Nyquist 
limit was adjusted to a velocity range of -15 to 20 cm/s. 
The following measurements were obtained in each 
region as: myocardial systolic (Sm) wave, myocardial 
early diastolic wave (Em) and atrial peak velocity (Am), 
Em/Am ratio, myocardial isovolumetric relaxation 
time (IVRTm), myocardial isovolumetric contraction 
time (IVCTm), myocardial ejection time (ETm) and 
IVCTm/ETm ratio. MPI was calculated by summing 
IVCTm and IVRTm and dividing by ETm value. In 
addition to these parameters, E/Em ratio, a reliable 
index of LV filling pressures was measured. All diastolic 
parameters were measured in three consecutive cardiac 
cycles and averaged.

Statistical analysis

The analysis were performed using the SPSS 17.0 
Software package program (SPSS Inc., Chicago, IL, 
USA). Whether the distribution of continuous variables 
is normal or not was analyzed with the Shapiro–Wilk 
test. Data are expressed as mean ± SD for continuous 
variables, and as number of observations and percentage 
(%) for categorical variables. Significance of differences 
in terms of features obtained by measurements from 
control and patient groups were analyzed with Student’s 
t test or Mann-Whitney U-test. Pearson’s Chi-square 
test was used for comparison of categorical variables. 
A P-value less than 0.05 was considered statistically 
significant.
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RESULTS

Clinical characteristics of the subjects

The baseline characteristics of the study population 
were presented in Table 1. Age, gender, body mass 
index (BMI), systolic blood pressure (SBP), diastolic 
blood pressure (DBP), heart rate, smoking rate, total 
cholesterol, low-density lipoprotein (LDL) cholesterol, 
high-density lipoprotein (HDL) cholesterol and 
triglyceride levels were similar among the groups. 
However fasting blood glucose level (107.0 ± 10.8 

Table 1. The clinical and demographic characteristics of the subjects

Variables Patients  
(n = 94)

Controls  
(n = 70) P-value

Age (years) 50.8 ± 6.9 50.3 ± 7.7 0.089

Gender (M/F) 16/78 12/58 0.270

BMI (kg/m2) 29.5 ± 4.9 29.1 ± 3.8 0.475

SBP (mmHg) 122.6 ± 12.3 120.1 ± 11.3 0.123

DBP (mmHg) 74.5 ± 8.8 72.9 ± 8.2 0.239

Pulse (beats/min) 76.7 ± 11.8 76.3 ± 10.1 0.811

Current smokers (%) 14 16 0.377

FBG (mg/dL) 107.0 ± 10.8 88.8 ± 6.4 < 0.001

HbA1C (%) 5.98 ± 0.22 5.09 ± 0.22 < 0.001

Total cholesterol (mg/dL) 194.9 ± 35.4 187.8 ± 36.9 0.337

LDL cholesterol (mg/dL) 115.1 ± 25.0 118.2 ± 30.6 0.586

HDL cholesterol (mg/dL) 47.0 ± 10.1 46.0 ± 9.5 0.617

Triglyceride (mg/dL) 145.0 ± 79.7 126.4 ± 70.0 0.223

M/F: male/female; BMI:  body mass index;  SBP: systolic blood pressure; DBP: diastolic blood 
pressure; FBG: fasting  blood glucose; HbA1C: glycosylated hemoglobin; LDL: low-density 
lipoprotein; HDL: high-density lipoprotein.

mg/dL vs 88.8 ± 6.4 mg/dL, respectively, p < 0.001) 
and HbA1c level (5.98 ± 0.22% vs 5.09 ± 0.22%, 
respectively, p < 0.001) were significantly higher in 
preDM group compared to controls.

Analysis of the echocardiographic measurements

The conventional echocardiographic results of the 
subjects were presented in Table 2. Accordingly, LV end-
diastolic and end-systolic diameters, thickness of IVS and 
PoW and LV ejection fraction were similar among the 
groups. However, LA diameter was significantly higher 
in preDM group than in controls (35.6 ± 3.8 mm vs 
33.9 ± 4.4 mm, respectively, p = 0.010). However, when 
subgroup analysis were performed, LA diameter was 
not significantly higher in IFG+IGT group compared 
to controls (34.6 ± 3.7 mm vs 33.9 ± 4.4 mm, p = 
0.508). Pulse-wave echocardiographic measurements of 
the subjects were demonstrated in Table 3. According 
to these results, A wave, IVRT, IVCT/ET ratio and 
DT were significantly longer whereas E wave and E/A 
ratio were significantly lower in preDM group than in 
controls. Subgroup analysis also showed similar results 
except for A wave that was similar between the controls 
and IFG only group.

The mean results of the lateral and septal wall Pulse-
wave tissue Doppler echocardiographic results of the 
subjects were presented in Table 4. Accordingly, it was 
found that Sm, Em and Em/Am ratio were significantly 
lower but IVRTm, IVCTm, IVCTm/ETm, E/Em 
ratio and MPI values were significantly higher in patient 
group. Subgroup analysis was also similar. 

Table 2. Conventional echocardiographic results of the subjects 

Variables
Controls
(n = 70)

Patients
 (n = 94)
(p value)

IFG only
(n = 52)
(p value)

IGT only
(n = 23)
(p value)

IFG and IGT
(n = 19)
(p value)

LVEDD (mm) 44.5 ± 3.4 43.9 ± 3.4

(0.293)

43.9 ± 3.4

(0.344)

44.9 ± 2.9

(0.606)

42.7 ± 3.9

(0.067)

LVESD (mm) 25.6 ± 2.56 24.9 ± 3.1

(0.116)

24.6 ± 2.7

(0.031)

25.8 ± 3.2

(0.833)

24.7 ± 3.9

(0.239)

LA (mm) 33.9 ± 4.4 35.6 ± 3.8

(0.010)

35.6 ± 4.1

(0.033)

36.3 ± 3.0

(0.018)

34.6 ± 3.7

(0.508)

IVS (mm) 9.0 ± 1.0 9.3 ± 1.6

(0.191)

9.1 ± 1.4

(0.433)

9.3 ± 2.3

(0.288)

9.5 ± 1.1

(0.064)

PoW (mm) 8.9 ± 1.1 9.1 ± 1.2

(0.067)

9.3 ± 1.3

(0.041)

9.4 ± 2.3

(0.098)

9.5 ± 1.0

(0.022)

LVEF (%) 65.4 ± 3.7 65.4 ± 2.3

(0.901)

65.8 ± 1.5

(0.477)

64.9 ± 3.6

(0.559)

64.7 ± 2.2

(0.415)

LVEDD: left ventricular end-diastolic diameter; LVESD: left ventricular end-sistolic diameter; LA: left atrium; IVS: interventricular septum; PoW: posterior wall; LVEF: left ventricular ejection fraction.
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Table 3. Pulse-wave echocardiographic measurements of the subjects

Variables Controls 
(n = 70)

Patients
 (n = 94)
(p value)

IFG only
(n = 52)
(p value)

IGT only
(n = 23)
(p value)

IFG and IGT
(n = 19)
(p value)

E (m/s) 0.9 ± 0.13 0.7 ± 0.16

(< 0.001)

0.7 ± 0.16

(< 0.001)

0.7 ± 0.16

(< 0.001)

0.6 ± 0.15

(< 0.001)

A (m/s) 0.74 ± 0.09 0.8 ± 0.21

(0.013)

0.7 ± 0.21

(0.130) 

0.81 ± 0.20

(0.028)

0.87 ± 0.22

(< 0.001)

E/A ratio 1.2 ± 0.21 0.9 ± 0.35

(< 0.001)

1.0 ± 0.36

(< 0.001)

0.95 ± 0.34

(< 0.001)

0.79 ± 0.32

(< 0.001)

DT (ms) 167 ± 27.8 216 ± 44.0

(< 0.001)

219.0 ± 47.0

(< 0.001)

218.6 ± 47.5

(< 0.001)

207 ± 29.2

(< 0.001)

IVCT (ms) 68.9 ± 12.0 66.2 ± 14.0

(0.204)

63.3 ± 12.6

(0.015)

69.3 ± 14.8

(0.888)

70.4 ± 15.4

(0.650)

ET (ms) 284 ± 29.7 288 ± 28.1

(0.443)

286.0 ± 30.5

(0.831)

283.6 ± 25.9

(0.863)

300.4 ± 21.0

(0.036)

IVCT/ET ratio 0.23 ± 0.04 0.24± 0.4

(0.542)

0.22 ± 0.05

(0.641)

0.24 ± 0.05

(0.796)

0.23 ± 0.05

(0.524)

IVRT (ms) 69.2 ± 14.2 85.2 ± 12.7

(< 0.001)

83.7 ± 12.8

(< 0.001)

85.9 ± 14.8

(< 0.001)

88.6 ± 8.8

(< 0.001)

MPI 0.48 ± 0.08 0.51 ± 0.09

(0.051)

0.51 ± 0.06

(0.240)

0.52 ± 0.14

(0.120)

0.52 ± 0.07

(0.036)

E: early diastolic wave; A: late diastolic wave; DT: deceleration time; IVCT: isovolumetric contraction time; ET: ejection time; IVRT: isovolumetric relaxation time; MPI: myocardial performance index.

Table 4. The mean results of lateral and septal wall Pulsed wave tissue Doppler echocardiography measurements 

Variables Controls 
(n = 70)

Patients 
(n = 94)
(p value)

IFG only
(n = 52)
(p value)

IGT only
(n = 23)
(p value)

IFG and IGT
(n= 19)

(p value)

Sm (cm/s) 9.7 ± 1.6 8.3 ± 1.6

(< 0.001)

8.2 ± 1.6

(< 0.001)

8.3 ± 1.7

(0.001)

8.4 ± 1.5

(0.003)

Em (cm/s) 12.9 ± 2.5 7.9 ± 1.8

(< 0.001)

8.2 ± 1.8

(< 0.001)

7.8 ± 1.9

(< 0.001)

7.3 ± 1.4

(< 0.001)

Am (cm/s) 10.1 ± 1.7 10.0 ± 1.8

(0.725)

10.0 ± 1.8

(0.574)

9.9 ± 1.9

(0.595)

10.4 ± 1.6

(0.517)

Em/Am ratio 1.3 ± 0.35 0.8 ± 0.28

(< 0.001)

0.8 ± 0.29

(< 0.001)

0.8 ± 0.29

(< 0.001)

0.7 ± 0.19

(< 0.001)

E/Em ratio 0.06 ± 0.02 0.08 ± 0.02

(< 0.001)

0.09 ± 0.02

(< 0.001)

0.09 ± 0.03

(< 0.001)

0.09 ± 0.02

(< 0.001)

IVCTm (ms) 66.4 ± 12.2 84.7 ± 9.5

(< 0.001)

83.3 ± 10.3

(< 0.001)

88.2 ± 8.2

(< 0.001)

84.2 ± 7.8

(< 0.001)

ETm (ms) 292.1 ± 25.5 285.0 ± 30.3

(0.117)

288.3 ± 27.0

(0.431)

282.0 ± 35.2

(0.139)

279.8 ± 33.2

(0.084)

IVCTm/ETm ratio 0.22 ± 0.03 0.30 ± 0.05

(< 0.001)

0.29 ± 0.05

(< 0.001)

0.31 ± 0.05

(< 0.001)

0.30 ± 0.04

(< 0.001)

IVRTm (ms) 65.9 ± 11.8 95.4 ± 16.1

(< 0.001)

97.1 ± 16.8

(< 0.001)

94.0 ± 16.1

(< 0.001)

92.5 ± 13.9

(< 0.001)

MPI 0.45 ± 0.06 0.63 ± 0.08

(< 0.001)

0.63 ± 0.08

(< 0.001)

0.65 ± 0.08

(< 0.001)

0.63 ± 0.07

(< 0.001)

Sm: systolic myocardial wave; Em: early diastolic myocardial wave; Am: late diastolic myocardial wave; E: early diastolic wave; IVCTm: myocardial isovolumetric contraction time; ETm: myocardial 
ejection time; IVRTm: myocardial isovolumetric relaxation time; MPI: myocardial performance index.
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DISCUSSION

In this study, we have found that patients with preDM 
have both impaired LV systolic and diastolic function. 
Because of the fact that we excluded patients with 
HT, CAD and other chronic systemic illnesses, LV 
dysfunction observed in patient group probably 
depends directly on impaired glucose metabolism seen 
in preDM. Hyperglycemia has been demonstrated 
to cause the formation of advanced glycosylation end 
products (AGE) and it enhances progressive loss of 
cardiomyocytes and increases fibrosis resulting from 
oxidative stress and inflammation. In diabetic heart, 
ventricular hypertrophy, metabolic abnormalities, 
extracellular matrix remodelling, fibrosis, vascular 
changes, insulin resistance, oxidative stress and apoptosis 
are the most important chan ges that may affect the 
myocardial function. Therefore, it has been assumed that 
prediabetic patients may have decreased LV function due 
to prolonged exposure to high glucose levels (8,9). A 
recent cross-sectional study reported that the prevalence 
of diastolic dysfunction increased in prediabetic patients 
and the severity of diastolic dysfunction was associated 
with the degree of impairment of glucose metabolism 
along with the whole spectrum of metabolic states (9). 
Hyperglycemia may also stimulate apoptotic cell death 
and myocyte necrosis (10) and results in myocardial 
cell loss (11) which may impair the contractility of the 
myocardium and leads to systolic dysfunction.

Several studies have showed that, LV diastolic 
dysfunction represent the earliest pre-clinical 
manifestation of myocardial involvement in diabetes, 
preceding systolic dysfunction (12,13). Moreover, the 
dysfunction can be observed before the development 
of diabetes (9) suggesting that it is not only a 
complication of diabetes but rather a coexisting 
condition. Bajraktari and cols. showed that insulin 
resistance is an independent correlate of LV diastolic 
dysfunction in subjects with IGT and type 2 DM. In 
this study, a significantly greater proprotion of patients 
with echocardiographic evidence of LV diastolic 
dysfunction was observed in subject with IGT and DM 
compared with subjects with normal glucose tolerance 
(14). Therefore, a comprehensive assessment of 
cardiovascular changes in prediabetic patients should be 
always kept in mind and not overlooked. We therefore 
studied normotensive prediabetic patients in whom 
the prevalence of hyperglycemia and impaired glucose 
metabolism is high to hypothesed that the prediabetes 

is associated with subclinical LV systolic and diastolic 
function. At the end of the study, we have supported 
our hypothesis.

We used TDE in addition to conventional 
echocardiographic techniques to evaluate LV function. 
TDE is used in varying cardiac conditions with validation 
as a marker of LV systolic dysfunction (15,16) and 
diastolic dysfunction (17,18). It is useful in the evaluation 
of coronary artery disease (19) and has prognostic 
implications (20,21). In addition, it is more sensitive 
than conventional echocardiography for detecting early 
myocardial changes in primary (cardiomyopaties) and 
secondary (ischemia) myocardial disorders (20,22). 
Routine echocardiographic assessment of regional left 
ventricular (LV) wall motion is subjective because it 
is determined by visual determination of endocardial 
excursion and wall thickening. TDE offers the promise 
of an objective measure to quantify regional and global 
LV function through the assessment of myocardial 
velocity data. Also, conventional PW Doppler 
measurements may be affected by preload, afterload, 
heart rate, inhalation and exhalation. In addition, the 
pseudonormalized form may complicate the diagnosis. 
Hence, TDE is useful for screening and detection of 
sub clinical myocardial dysfunction, and for evaluating 
the efficacy of therapeutic interventions (22,23). TDE 
measurements are not affected from limiting variables of 
conventional echocardiographic methods such as blood 
pressure, ventricular geometry and loading conditions. 

To evaluate myocardial systolic function, we have 
utilized the Sm and MPI parameters of TDE. Sm velocity 
mesures longitudinal LV contraction and is surrogate of 
LV systolic function. It demonstrated good correlation 
with LV ejection fraction. Em velocity is a measure 
of LV relaxation in early diastole and is relatively load 
independent (24). The ratio of E/Em correlates well 
with LV end diastolic pressure or pulmonary capillary 
wedge pressure (25). LA dilatation reflects chronic 
and long-standing pressure overload on left ventricle. 
It’s increased dimensions and reduction in Em velocity 
are demonstrated to be the strongest predictors for 
cardiovascular mortality (26). MPI has been widely used 
to quantitatively assess myocardial performance (27). It 
is more reflective of overall cardiac function than systolic 
or diastolic function alone in both ventricles (28,29). 
MPI has been studied in several other cardiac disorders 
including diabetes, myocardial infarction,hypertension 
and heart failure and found to predict both worsened 
morbidity and mortality (30-35).
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In the present study, the significant decrease in 
LV Em and Em/Am ratio and increased E/Em ratio 
among prediabetic subjects compared to controls may 
imply subclinical phase of LV diastolic dysfunction. 
Furthermore, the significant increase in MPI and 
decreased Sm velocity may imply subclinical LV systolic 
dys function. Our results were consistent with the 
results of a recent study performed by Ceyhan and 
cols. (36). Using tissue Doppler and strain/strain rate 
echocardiography, they showed that LV longitudinal 
systolic and diastolic function were impaired in both 
normotensive diabetic and prediabetic patients. 
In another study, the prevalence of LV diastolic 
dysfunction was detected higher in patients with IGT 
as well as in those with newly detected and known DM 
but not in those with IFG. In this study, after adjusting 
for established risk factors, IGT but not IFG, was 
detected to be a predictor of LV diastolic dysfunction 
(37). However, in our study, the prevalence of LV 
diastolic dysfunction was higher in both IFG and IGT 
patients. This can be due to the higher number of IFG 
patients (52) included in our study compared to small 
number (18) of IFG patients in this study.

Limitations of the study

There are some limitations of our study. First, the 
coronary artery disease was ruled out based on the 
history, physical examination, electrocardiography 
and echocardiography. The more precise imaging 
modalities like myocardial perfusion scintigraphy, 
conventional angiography or computed tomography 
angiography were not performed. Therefore, there 
may be subjects with CAD in our study population. 
Second, the relatively small number of patients included 
in this study prevents the generalization of these 
results to all prediabetic patients and made difficult 
to perform subgroup analysis. Third, tissue Doppler 
echocardiography measurements are angle dependent 
and therefore the values obtained through this method 
may be influenced by that limitation. To overcome 
this, our values were evaluated by 2 investigator. 
Third, although LA volume is a more precise indicator 
of chronic diastolic dysfunction, we have utilized LA 
diameter. Fourth, global longitudinal strain (GLS) 
measured by 2-dimensional longitudinal speckle-
tracking echocardiography may be a more sensitive 
measure of left ventricular function than conventional 
LV ejection fraction (EF), and more useful than MPI.

In conclusion, our data demonstrated that there is 
both systolic and diastolic left ventricular dysfunction 
in prediabetic patients. TDE is especially important 
in detecting the early subclinical LV systolic and 
diastolic dysfunction at this group of patients and its 
subgroups. For that reason, utilization of TDE during 
conventional echocardiographic measurements of 
prediabetic patients may have prognostic significance. 
These early abnormalities observed in LV function may 
explain the increased morbidity and mortality seen in 
patients with preDM. However, the clinical significance 
of our findings remains to be determined with larger 
scale studies.
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risk of recurrence in patients 
over 60 years of age with 
differentiated thyroid carcinoma
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ABSTRACT
Objective: The reclassification of the risk according to the response to the initial treatment makes 
the treatment of differentiated thyroid cancer (DTC) vary in each individual. As the influence of age 
on this diagnostic strategy is unknown, we have decided to assess it in adults who are over 60 years 
of age. Subjects and methods: Ninety patients with DTC above 60 years old were enrolled, with 
total thyroidectomy plus radioiodine ablation, negative anti-thyroglobulin antibodies, follow-up ≥ 2 
years and with clinical and pathological information to classify the risk of recurrence according to 
ATA (American Thyroid Association) and reclassify based on the response to initial therapy according 
to MSKCC (Memorial Sloan Kettering Cancer Center). The structural persistence at the end of the 
follow-up was the gold standard of our analysis. Results: The structural persistence in ATA low, 
intermediate and high risk categories was 0, 38, and 100%, respectively. In the intermediate group, 
none of those with an excellent response to the initial treatment showed structural persistence, 
whereas 39% of those with an incomplete/indeterminate response showed structural persistence 
(p < 0.01). Conclusions: The re-stratification according to the response to the initial treatment in 
patients over 60 years of age with an ATA intermediate risk of recurrence allowed for the distinction 
of disease-free patients at the end of the follow-up from those with structural persistence and a 
worse clinical progression. Arch Endocrinol Metab. 2016;60(4):348-54

Keywords
Thyroid cancer; elderly; risk re-stratification; recurrence; staging

INTRODUCTION

D ifferentiated thyroid carcinoma (DTC) generally 
has a favourable prognosis. Nevertheless, when 

DTC is detected in older adults, except in the case of the 
microcarcinoma, traditionally the measures to remove it 
are maximized, along with any possible extension it may 
have. Such behaviour is supported by the notion that 
the advanced age is a directly proportional risk factor 
which defines the aggressiveness of thyroid carcinomas 
and it is an independent prognostic factor in all thyroid 
cancer staging systems (1,2). Advanced age at the 
moment of diagnosis, together with other factors such 
as the presence of distant metastases, local tumour 
invasion, and the presence of lymph node metastases, is 
linked to a lower survival in thyroid cancer (3).

Age above or below 45 years has been used in 
the staging systems because it seems to be related to 
patient progression (4). Despite the fact that, regarding 
survival, the 7th edition of the AJCC/UICC staging 
system allows for the accurate anticipation according 
to this age cut-off, it has been demonstrated that this 
system has a poor correlation with the recurrence of the 
disease (5). In addition, if we consider that older adults 
are those over 60 years of age (6), the current clinical 
practice guidelines are not sufficiently conclusive as 
regards the therapeutic behaviour or the follow-up of 
these patients (7,8).

At present there is a renewed interest in the 
management of thyroid cancer, where the treatment 
and follow-up are more targeted and individualized. 
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With this new approach, patients with a high risk of 
recurrence would be more likely to benefit from an 
intensive treatment since most of them remain with a 
structural persistence or recurrence at the end of the 
follow-up, whereas low risk patients would receive 
more conservative treatments as most of them show 
an excellent response to the treatment (9-11). As to 
patients with ATA (American Thyroid Association) 
intermediate risk, it is much more difficult to establish 
which will be their progression. However, if diagnostic 
elements are available in the first 2 years after the 
thyroidectomy in order to reclassify the risk according 
to the response to the initial treatment, this problem 
tends to be solved (12). This seems to happen because 
many intermediate risk patients, after being re-stratified, 
change their status to either low or high risk which is, in 
general, consistent with their final progress. Although 
this has already been demonstrated in the general 
population of patients with thyroid cancer, it still has 
not been studied in older adult subjects who, due to 
the assumption that they are at a higher risk, generally 
undergo more intensified follow-up treatments. 

For this reason, in our study we have used the 
risk re-stratification according to the response to the 
initial treatment in adults who are over 60 years of 
age, in order to be able to validate such system in this 
population of patients.

SUBJECTS AND METHODS

Population

Ninety patients with DTC were retrospectively 
included, all of them from 2 endocrinology centres,  
Dr. Cesar Milstein Hospital and Hospital de Clínicas, 
both located in the city of Buenos Aires, an iodine 
sufficient metropolitan area. The study period spanned 
from 2000 to 2013.

The only patients who were considered were those 
over 60 years of age who had received treatment with 
total thyroidectomy plus radioiodine ablation, negative 
anti-thyroglobulin antibodies, a follow-up period 
higher than or equal to 2 years, and who had the 
clinical and pathological information which allowed for 
their re-stratification. 

Patients (n: 110) were excluded for the following 
reasons: lack of information for their appropriate follow- 
up, inadequate information for their initial staging, 

incompatible histology with differentiated thyroid 
carcinoma, positive anti-thyroglobulin antibodies.

Both the laboratory assessments (thyroglobulin and 
anti-thyroglobulin antibodies [Tg-Ab]) and the neck 
ultrasound scans, were performed in such institutions. All 
patients received treatment with TSH-suppressive dose 
of levothyroxine, depending on each ATA risk category.

The results of the neck ultrasound scans and the 
thyroglobulin and Tg-Ab assessments were recorded 
during the first two years of follow-up under the TSH 
suppressive therapy. The stimulated thyroglobulin 
dosing during this period was available in 88% of 
patients, but this was not considered as a requirement 
for enrolment in our study. 

Staging

All patients were staged using the 7th edition of the 
AJCC/UICC staging system (stage I, II, III or IV) (3) 
and the ATA risk of recurrence (low, intermediate and 
high risk of recurrence) (12) (Table 1). 

Table 1. Risk of recurrence according to ATA (12)

Low risk 
(all required)

Intermediate risk 
(any of the following)

High risk
(any of the following)

Classic papillary 
carcinoma (including 

follicular variant)

Cervical lymph nodes 
metastases

Gross extrathyroidal 
extension

Confined to thyroid Microscopic 
extrathyroidal extension

Tumour incomplete 
resection

No vascular invasion Aggressive histology 
(insular, tall cell, 
columnar, diffuse 

sclerosing, follicular 
carcinoma)

Distant metastasis 

No I131 uptake outside 
the thyroid bed on the 
post treatment scan, if 

done

Vascular invasion Inappropriate increase of 
thyroglobulin

Laboratory studies

The method used for measuring the thyroglobulin and 
Tg-Ab was chemiluminescence (Centaur and Immulite 
1000 kit, respectively), with a functional sensitivity 
below 0.2 ng/mL for thyroglobulin and < 40 IU/mL 
for Tg-Ab.

Follow-up

Patients were tested every six months during the first 
year and then with 6 – 12 month intervals, according 
to each specialist’s consideration on the basis of every 
patient’s risk and disease progress.
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Risk re-stratification according to the response to 
the initial treatment 

The response to the initial treatment was established 
after 2 years of follow-up according to the proposal 
made by the MSKCC (Memorial Sloan Kettering 
Cancer Center) (excellent, indeterminate, incomplete 
response) (12) (Table 2). 

the excellent response group. Furthermore, only 
structural persistence and NED status were considered 
as clinical outcomes at the end of the follow-up period.

The Fisher Test was used to compare the progress 
at the end of the follow-up (structural persistence 
or NED status) among the groups with excellent vs. 
incomplete/indeterminate response within the ATA 
intermediate risk group.

A p value < 0.05 was considered statistically 
significant. Analysis was performed using GraphPad 
Prism version 5, Inc., San Diego CA.

RESULTS
The characteristics of our 90-patient cohort are 
described in Table 3.

Most of the patients were women (86%), median 
(range) age of the whole group was 65 (62-82) years 
and papillary thyroid carcinoma was present in 90% 
of the cases. According to the ATA risk of recurrence 
categorization, we found 47% of patients in the low 
risk category, 43% in the intermediate risk category and 
10% in the high risk category.

It was observed that, in the low risk category, after 
the re-stratification according to the response to the 
initial treatment, 74% showed an excellent response, 
24% an indeterminate response and 2% an incomplete 
response. In the intermediate risk category, 36% showed 
an excellent response, 51% an indeterminate response 
and 13% an incomplete response. In the ATA high risk 
category, 100% of the patients showed an incomplete 
response.

As regards the clinical status at the end of the follow-
up period in the low risk category of recurrence, 95% of 
the patients were disease-free at the end of the follow-
up, in the high risk category 100% showed persistent 
disease. In the intermediate risk category, 61% was 
disease-free and 39% showed persistence at the end 
of the treatment. For this intermediate risk group the 
re-stratification of the response to the initial treatment 
proposed by MSKCC showed that those with an 
excellent response, 100% were disease-free at the end 
of the follow-up, compared to only 61% in the case of 
those with an incomplete/indeterminate response, and 
this was statistically significant among both groups (p 
< 0.01) (Figure 1). The odds ratio and the confidence 
interval for disease-free patients at the end of the follow- 
up between patients with an excellent vs. incomplete/
indeterminate response within the intermediate ATA 
category of recurrence was 19.9 (1.035-384).

Table 2. Re-stratification according to the initial treatment by MSKCC (12)

Excellent response
Indeterminate 

response
(any of the following)

Incomplete response
(any of the following)

Stimulated and 
suppressed 
thyroglobulin 

< 1 ng/mL

Suppressed 
thyroglobulin  

< 1 ng/mL and 
stimulated thyroglobulin 

≥ 1 < 10 ng/mL

Suppressed 
thyroglobulin

 ≥ 1 ng/mL 

Negative neck 
ultrasound 

Non-specific findings in 
neck ultrasound or 

stable subcentimeter 
nodes

Stimulated thyroglobulin 
≥ 10 ng/mL

Rising Tg values

With no other evidence 
of disease

Non-specific findings in 
other imaging studies 

(CT, NMR, nuclear 
medicine)

Structural persistence of 
disease

Clinical endpoints 

Patients were considered disease-free or with no 
evidence of disease (NED) at the end of the follow-up 
if they showed suppressed thyroglobulin < 1 ng/mL, 
non-detectable Tg-Ab, and no functional or structural 
evidence of the disease. Biochemically persistent disease 
was considered in those with suppressed thyroglobulin 
> 1 ng/mL, stimulated thyroglobulin > 2 ng/mL, with 
no evidence of structural or functional disease; structural 
persistence was considered in those with evidence of 
structural or functional disease, and recurrent disease 
was considered in those with suppressed thyroglobulin 
> 1 ng/mL and structural or functional evidence of 
disease after a follow-up period with no evidence of 
disease. Specific mortality caused by disease and by 
other causes was also established as the clinical status at 
the end of the follow-up period.

Statistical methods

Results are expressed as median and range, and as 
means ± SD. For statistical analysis, the incomplete and 
the indeterminate response at 2 years of follow up were 
gathered into the same group for comparison against 
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Characteristics of the patients that developed struc-
tural persistence of disease in the intermediate risk 
group are shown in Table 4.

Regarding biochemical persistence/recurrence of 
disease, we found 18% (n = 7) of patients within the 
ATA intermediate risk category that had an incomple-
te thyroglobulin response at the end of the follow-up. 
These patients were excluded from the statistical com-
parison between patients with structural persistence or 
free from disease at the end of the follow-up period.

In Table 5 the results of status at final follow up ac-
cording to the response to therapy are shown.

The specific mortality caused by disease was 1% (n 
= 1) and the mortality from other causes was 5% (n = 
5). The patient with structural persistent disease, who 
died, was included within the final outcome analysis.

DISCUSSION

In our study, those patients older than 60 years within 
the intermediate risk category who, when re-stratified, 
had an excellent response, did not show an unfavourab-
le impact on the recurrence at the end of the follow-up.

The high or low risk definition is not static and it is 
possible to reclassify the risk according to the response 
to the initial treatment. This reclassification or re-
stratification validated by MSKCC (12), effectively 
defines, within the first two years, the short-term risk 
of having persistent or recurrent disease. Such re-
stratification has also been subsequently validated in the 

Table 3. Characteristics of the population

N = 90

Age at diagnosis (years)

Median (range) 65 (62-82)

Gender

Female 86% 77

Male 14% 13

Histology

Papillary 90% 81

Classic papillary 77% 62

Microcarcinoma 2% 2

Papillary tall cell variant 5% 4

Papillary oncocytic variant 1% 1

Papillary follicular variant 15% 12

Follicular 10% 9

Follicular 67% 6

Follicular oncocytic variant 11% 1

Follicular Hurthle cell variant 22% 2

131I activity for ablation (mCi)

Mean ± SD 118 ± 41.2

Median 100 mCi

AJCC stage

I 48% 43

II 12% 11

III 27% 24

IVa 12% 11

IVb 0% 0

IVc 1% 1

ATA initial risk classification

Low 47% 42

Intermediate 43% 39

High 10% 9

Response to therapy (second year)

Excellent 50% 45

Indeterminate 28% 25

Incomplete 22% 20

Follow-up duration (years)

Mean ± SD 5.36 ± 4.3

Median 4

Range 2-13

Status at final follow-up  n:90

No evidence of disease 64% 58

Structural persistent/recurrent disease 18% 16

Biochemical persistent/recurrent disease 18% 16

Vital status n:90

Death of disease 1% 1

Death of other causes 5% 5

Figure 1. Comparison of the number of patients with no evidence of 
disease (NED) or with structural persistence or recurrence at the end of 
the study period between the group with excellent response vs 
indeterminate/incomplete response to initial treatment within the ATA 
intermediate risk group.
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Table 4. Characteristics of the intermediate risk patients with structural persistent disease

Patient
Age at 

diagnosis 
(years)

Sex Pathological characteristics I131 (mCi) 
doses AJCC stage Response to 

initial treatment
Years of 

follow-up

1 70 F Papillary with LN mets 150 III Incomplete 4

2 62 F Papillary with LN mets 100 III Indeterminate 4

3 79 F Papillary with LN mets 150 III Incomplete 3

4 66 F Papillary with tall cell 150 IVc Incomplete 7

5 73 F Papillary classic variant with LN mets  100 III Incomplete 6

6 71 M Papillary classic variant (5 cm) with LN mets  150 III Incomplete 8

7 66 F Papillary classic variant with LN mets 150 III Incomplete 4

8 69 F Papillary tall cell 100 II Incomplete 5

LN mets: lymph node metastasis.

Table 5. Status at final follow up according to the response to therapy 

Response to therapy  
(second year)  

(n = 90)
NED

Structural 
persistent 
disease

Biochemical 
persistent 
disease

Excellent (n = 45) 44 (98%) 0 (0%) 1 (2%)

Indeterminate (n = 25) 14 (56%) 3 (12%) 8 (32%)

Incomplete (n = 20) 0 (0%) 13 (65%) 7 (35%)

NED: non evidence of disease.

study by Castagna and cols. in a shorter period of time 
(8-12 months) after the initial treatment (13). 

As it was expected, in our ATA low risk group of 
patients, those with an excellent response remained 
disease-free, without showing recurrent or persistent 
disease along their progression. Therefore, in the ATA 
low risk category, the re-stratification confirmed what 
is already known in the general population with DTC. 
The same occurred in the ATA high risk category, in 
which most patients progressed unfavourably and only 
a minority showed remission of the disease.

According to the literature, the significance of 
the re-stratification seems to be more relevant in the 
ATA intermediate risk category, where an excellent 
response to the initial treatment reduces the risk of 
recurrence from 18% to 2% (12). In our study, it was 
precisely in the ATA intermediate risk category where 
the re-stratification showed its real prognostic value. 
When patients were reclassified as having an excellent 
response to treatment within the first 2 years, none 
showed structural disease at the end of the follow-up, 
whereas in those with an incomplete or indeterminate 
response, the ratio of disease-free patients at the end of 
the follow-up was much lower. These findings would 
allow for a change in the traditional strategies towards 

older patients, minimizing the number of studies in 
the follow-up of many patients who, until now, were 
controlled and treated with more emphasis. 

The high percentage of patients with an 
indeterminate/incomplete response who, at the end of 
the follow-up, progressed to a disease-free status can 
be explained in the studies by Pitoia and cols. (14) and 
Vaisman and cols. (15). These authors showed that 72% 
and 34% of patients categorized within the group of 
indeterminate and biochemical incomplete response 
respectively, were reclassified as NED without further 
additional therapy beyond continued levothyroxine 
suppression (15), similarly, Pitoia and cols. showed 
that only 16% of patients with biochemical persistence 
developed structurally identifiable disease over the first 4 
years of follow-up. Regarding stimulated thyroglobulin 
over time, 19% of patients had undetectable values and 
65% continued with persistently abnormal stimulated 
thyroglobulin levels without structural correlate (14). 

The idea that advanced age would be a disadvantage 
in the survival of patients with DTC was proposed 
by Mazzaferri and Jhiang (16), who showed that the 
recurrence in the papillary and follicular carcinoma was 
more frequent at the extremes of life, patients younger 
than 20 and older than 59 years. For mortality however, 
rates were increased in patients over 40 years old. In fact, 
most of the staging systems include age at the diagnosis 
as a significant prognostic factor (17). In several staging 
systems, such as TNM, AMES and MACIS, age has 
been adopted as a factor to be taken into account 
(18,19). In a study performed by Ito and cols. (20), it 
was also shown that the prognosis in patients with DTC 
has a bimodal curve where the risk of nodal recurrence 
is higher in patients younger than 20 and older than 
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60 years of age, and that risk of distant metastasis is 
markedly increased in the latter group.

Although it has been recognized that mortality 
caused by thyroid cancer would be increased as from 35  
years and with the advancing age (21), it has been 
recently observed that the AJCC staging could 
overestimate the protective effect of the lower age in 
patients with DTC, especially in the context of the 
metastatic disease, resulting in substaging of young 
patients (22). In fact, young patients with both T3 
tumours or with N1b nodal disease have a worse 
prognosis than older adults within the same TNM stage 
(17). In addition (23), it has been shown that, in the 
case of papillary microcarcinoma, the ratio of patients 
with tumour progression, i.e., progression to clinical 
disease was lower in adults over 60 than in patients 
younger than 40 years of age.

Our study supports the theory of the lower impact 
of age on cancer prognosis since three quarters of this 
group of elderly patients progressed to disease-free 
clinical status at the end of the follow-up. However, 
the most significant contribution of our findings is that, 
through the restaging after 2 years, according to the 
initial response to treatment, it is possible to identify 
the small proportion of patients for whom it is worth to 
take the utmost care and have a monitoring behaviour.

One of our limitations has been the choice of a 
determined age cut-off to define older adult. Since 
this is a study conducted only in 2 endocrine centres, 
we have not been able to count on a larger population 
of patients with thyroid cancer in order to study the 
effects of restaging according to each decade of life. 
In addition, not having considered the biochemical 
persistence within the statistical analysis as the clinical 
status at the end of the follow-up could be another 
limitation, since according to Miyauchi and cols. (24) 
the duplication of thyroglobulin within the first two 
years of follow-up in patients over 60 years of age 
would be an indicator of tumour growth and distant 
metastasis. 

In our study, we conclude that patients over 60 years 
of age in the ATA initial low risk category did not show 
a higher risk of recurrence. On the other hand, in the 
high risk population, most of the patients progressed 
to a structural persistence or recurrence at final follow-
up. However, the assessment of risk according to the 
response to the initial treatment after 2 years of follow-
up was especially useful in those patients who, at the 
beginning, were in the category of intermediate risk 

of recurrence according to ATA. The re-stratification 
allowed for an early distinction of disease-free patients 
at the end of the follow-up from those with structural 
persistence and a worse clinical progress.

Disclosure: no potential conflict of interest relevant to this article 
was reported.
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Green banana pasta diet prevents 
oxidative damage in liver and 
kidney and improves biochemical 
parameters in type 1 diabetic rats

Aline Rodrigues da Silva1, Cláudio Daniel Cerdeira2,  
Anelise Rigoni Brito1, Bruno Cesar Correa Salles3, Gabriela Franzin Ravazi1,  
Gabriel de Oliveira Isac Moraes2, Luciana Rosa Alves Rufino1,  
Rafaela Bergmann Strada de Oliveira4, Gérsika Bitencourt Santos1

ABSTRACT
Objective: In this study, the effects of a green banana pasta diet on the oxidative damage from type 
1 diabetes mellitus (DM) were investigated. Materials and methods: Formulations containing 25 
(F25), 50 (F50), and 75% (F75) of green banana pasta were prepared and included in a 12-week diet of 
Wistar rats with alloxan-induced type 1 DM. The effects of these formulations in preventing oxidative 
damage in kidneys and liver homogenates of rats were evaluated using the TBARS assay (lipid 
peroxidation in liver) and the DNPH assay (protein oxidation in liver and kidneys). Furthermore, the 
effects of the formulations on the fasting glycemia, fructosamine levels, renal function (creatinine), 
liver function (enzymes aspartate aminotransferase [AST] and alanine aminotransferase [ALT]), and 
lipid profile (total cholesterol and fractions) in the serum of rats were evaluated in addition to the 
evaluation of the centesimal composition and microbiological analysis of the produced green banana 
pasta. Results: An F75 diet prevented hyperglycemia in diabetic rats (p < 0.05) compared to the 
diabetic rats fed a standard diet (commercial feed). Notably, the protein oxidation in both the liver 
and kidneys were prevented in diabetic rats on the F50 or F75 diets compared to the control group, 
whereas the lipid peroxidation was only prevented in the liver (p < 0.05). Moreover, all formulations 
prevented an increase in the amount of triglycerides in the serum of the rats. The F25 and F50 diet 
prevented the increase of cholesterol, and the F75-based diet of ALT and fructosamine (p < 0.05) 
supported the anti-hyperglycemic effects and the protection against oxidative damage. Conclusion: 
The green banana pasta (F75) diet showed great potential for preventing complications associated 
with diabetes. Arch Endocrinol Metab. 2016;60(4):355-66

Keywords
Diabetes mellitus; green banana pasta; oxidative damage 

INTRODUCTION

D iabetes mellitus (DM) is a group of endocrine 
and metabolic diseases markedly characterized by 

hyperglycemia. DM is considered a serious public health 
problem and has frequently been associated with high 
rates of morbidity and mortality worldwide. The genesis 
of DM can occur due to defects in insulin secretion by 
the pancreas, defects in insulin’s target cells (insulin 
resistance), or a combination of both events (1,2).

Oxidative stress, inflammation, and the formation 
of advanced glycation end-products (AGEs) have been 
reported to be long-term complications of DM (3,4). 
Hyperglycemia and the consequent nonenzymatic 
glycation of protein, lipids, and nucleic acids generate the 

AGEs, which are a heterogeneous group of molecules 
that can cause damage, dysfunction, and organ failure, 
especially in the eyes, kidneys, liver, nervous system,  
heart, and blood vessels (3,4).

Hyperglycemia is a stimulus for the increased 
production of superoxide anions (O2

-•) by endothelial 
cells in small and large blood vessels and the 
myocardium. Mitochondrial overproduction of O2

- • 
leads to oxidative stress, causing serious damage to cells, 
organs, and tissues (2). Furthermore, hyperglycemia 
can result in the priming of neutrophils, generating 
excessive amounts of  O2

- • through the nicotinamide 
adenine dinucleotide phosphate (NADPH) oxidase 
complex during the oxidative burst with the consequent 
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formation of other reactive oxygen (ROS) and 
nitrogen (RNS) species (5). Lipid peroxidation, protein 
oxidation, damage to deoxyribonucleic acid (DNA), and 
the irreversible formation of AGEs caused by ROS are 
exacerbated due to the decrease in an antioxidant defense 
with a marked reduction of glutathione (GSH) (2,4).

Among the strategies for the prevention and 
treatment of DM are the practice of regular physical 
activities, a controlled diet, and pharmacological 
approaches, such as the use of hypoglycemic agents, 
insulin therapy, or a combination of both drugs. The 
positive effects of a healthy diet on the risk of diseases 
are widely recognized; thus, functional foods (i.e., 
foods that show a health benefit beyond basic nutrition, 
providing health promotion or disease prevention) are 
considered important factors in the prevention and 
control of DM (6-9). 

Musa x paradisíaca L. (Musaceae family), commonly 
known as the banana, originated in Southeast Asia, 
and currently, over 1,000 varieties of bananas are  
grown in tropical and subtropical regions around the 
world (9,10). Bananas are the fourth most important 
food in trade worldwide (11). Among the varieties 
of bananas, one of the most common in Brazil is the 
“Prata” variety, occupying approximately 60% of the 
cultivated area in Brazil (12,13). 

During the process of harvesting and trading bananas 
in Brazil, approximately 10% of the total production is 
lost due to the population consuming only ripe fruit 
and also because the banana is a climacteric fruit. These 
losses could be reduced by processing the pulp of unripe 
bananas because an alternative is their transformation 
into green banana pasta (13-16). 

Green banana pasta provides an important alternative 
for restrictive diets as an important functional food, 
offering a nutritional increase compared to the ripe 
fruit that is usually consumed by the population. The 
primary nutrient of green banana pasta is resistant 
starch, but potassium, fibers, minerals, vitamins B1 and 
B6, β-carotene, and vitamin C are present in significant 
concentrations (13). 

The beneficial effects on colorectal cancer, 
cardiovascular disease, gastrointestinal ulcers, and 
dyslipidemias have been attributed to the use of green 
bananas (17). A gluten-free green banana pasta, developed 
by Zandonadi and cols. (18), has been considered a 
viable alternative food for patients with celiac disease. In 
addition, due to its low glycemic index, green banana 
pasta has better digestion and absorption effects. Thus, 

the amount of glucose released into the blood occurs 
gradually, maintaining controlled blood glucose levels 
without requiring the excessive release of insulin (14,19). 

Studies have shown the importance of the banana 
for DM control (8,9); however, to the best of the 
authors’ knowledge, there are no reports on the effects 
of green banana pasta on DM complications. Among 
the possible metabolites related to DM control, the 
flavonoids are the most cited, and their antioxidant 
effects can be implicated on the modulation of oxidative 
damage in several inflammatory diseases (8,9). 

Based on this information, the objective of this 
study was to evaluate the ability of a dietary approach 
(different formulations of green banana pasta) on the 
prevention of oxidative damage from complications of 
type 1 DM in the liver and kidneys of rats. The effects 
of these formulations on a possible improvement of 
biochemical parameters were also investigated by 
evaluating the fasting glycemia, fructosamine, renal 
function (creatinine), liver function (AST and ALT), 
and lipid profile (total cholesterol and fractions) in 
diabetic rats. In addition, a microbiological quality 
control and composition analysis of the produced green 
banana pasta was performed.

MATERIALS AND METHODS

Green banana pasta

The production of the green banana pasta was 
performed in the Dietetics Technical Laboratory of 
the José do Rosário Vellano University (Unifenas). 
Twelve banana units (commercial, “Prata” variety) 
were selected with an average size from 9 to 15 cm 
and visually classified as “green bananas”. The bananas 
were cleaned with hypochlorite in a proportion of 200 
ppm. Then, they were placed in a pressure cooker and 
covered with drinking water for 8 minutes after the 
start of pressure. After that, the bananas were mashed 
(peel and pulp), and a homogeneous mix was obtained, 
termed “green banana pasta” in this study. The green 
banana pasta was stored at a temperature of 10 ºC until 
the time of the analyses. 

Formulations

The formulations were prepared in accordance with 
different concentrations of green banana pasta added 
to the commercial feed for rats, as shown in Chart 1.
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Chart 1. Prepared formulations containing different concentrations of 
green banana pasta

Formulation Commercial 
feed* (g)

Green 
banana 

pasta (g)
Abbreviation

Green banana pasta 0 100 –

Standard 100 – –

Green banana pasta 25% 75 25 F25

Green banana pasta 50% 50 50 F50

Green banana pasta 75% 25 75 F75

* Composition of commercial feed (commercial ration): Soybean meal, ground whole corn, 
dextrin, rice husk, wheat bran, rice bran, refined soybean oil, meat and bone meal, fish meal, 
limestone, sodium chloride (salt common), magnesium oxide, iron sulfate, copper sulfate, 
manganese monoxide, zinc oxide, calcium iodate, cobalt sulfate, sodium selenite, vitamin A, 
vitamin D3, vitamin E, vitamin K3, vitamin B1, vitamin B2, niacin, pantothenic acid, vitamin B6, 
folic acid, biotin, vitamin B12, choline chloride, lysine, methionine, propionic acid. Gene donor 
species: Agrobacterium tumefaciens and/or Arabidopsis thaliana and/or Bacillus thuringiensis 
and/or Streptomyces viridochromogenes and/or Zea mays.

Microbiological analysis

All microbiological analyses were performed according 
to the methodologies proposed by Silva and cols. (20).

Preparation of samples and dilutions

Aliquots of the formulations (25 g) were added to the 
saline solution (0.85%), forming the dilution 10-1 and 
then the successive dilutions (from 10-2 to 10-5). With 
these samples, the microbiological tests listed in Chart 2 
were performed, and the results are reported as colony-
forming units (CFU)/g samples.

Analysis of the centesimal composition 

The centesimal compositions of the green banana 
pasta and its formulations were evaluated according to 
AOAC (21). The moisture was determined through the 
gravimetric method with heat employment based on 
the weight loss of the material at 105 °C until a stable 
weight be reached. For the ethereal extract, we used the 
method of “Soxhlet” (gravimetric) based on the weight 

Chart 2. Microbiological analysis 

Finality Method/Technique Agar/broth Incubation time

Detection of total mesophilic aerobic bacteria Plate Count /Pour Plate PCA 28 ºC up to 48 h

Detection of yeasts and molds Plate Count Potato Dextrose Agar 25 °C up to 5 days

Detection of Coliforms a 35 0C e 45 0C MPN  LST broth containing inverted Durham tube 35,5 ºC for 48 h

Detection of Staphylococcus Coagulase Positivo Plate Count BP Agar/BHI broth 37 ºC for 48 h/37 ºC for 24 h

Detection of Salmonella sp. Plate Count Hektoen/Agar Salmonella-Shigella 37 ºC for 24 h

Detection of Bacillus cereus Plate Count MYP Agar 30 ºC up to 45 h

LST = Lauryl Sulfate Tryptose; MPN = Most probable number; PCA = Plate Count Ágar; BP = Baird-Parker; BHI = Brain Heart Infusion;  MYP = Mannitol Yolk Polymyxin. 

loss of the material submitted to extraction with ether or 
the amount of solubilized material through the solvent. 
The crude protein was determined by the method of 
“Kjeldahl” by determining the food nitrogen. The fiber 
fraction was determined using the gravimetric method 
after hydrolysis in an acidic medium. The fixed mineral 
residue (ash) was determined by previous carbonization 
of the samples followed by incineration in a muffle 
furnace at 550 °C (21).

Experimental procedures

Ethics statement 

All animal experiments were conducted in strict 
accordance with the recommendations of the Guide 
for the Care and Use of Laboratory Animals (National 
Institutes of Health [NIH], Washington DC: The 
National Academy Press, 2011). This study was 
approved by the institutional ethics committee on the 
use of animals (CEUA) of the Unifenas (committee 
opinion No. 23A/2013). 

Animals

In this study, 60 healthy Rattus norvegicus (Wistar rats, 
male, adult, 180-300 g weight, 6-8 weeks old) from 
Unifenas breeding colonies were used. The animals 
were housed under standard laboratory conditions (25 
± 1°C) maintained in collective cages containing three 
individuals each and fed with a specific diet and water ad 
libitum for them to undergo a period of acclimatization 
(10 days) before being used in the procedures.

Induction of type 1 diabetes mellitus (DM)

Prior to the induction of type 1 DM through the use of 
alloxan, the rats were kept in a solid feeding for 12 hours. 
Then, the animals received a single dose (150 mg/kg, 
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intraperitoneally) of a solution of alloxan monohydrate 
(Sigma-Aldrich Inc., St. Louis, MO, USA). In the 
control group of rats without DM, the animals received a 
single dose of saline solution. One and a half hours later, 

the supply was reintroduced. Seven days later, weighing 
and the determination of blood glucose were performed. 
Rats with fasting blood glucose levels above 250 mg/dL 
were considered diabetic, as shown in Figure 1 (22).

Figure 1. Outline of the experimental design for a 12-week diet of the evaluated experimental groups Subtitle: F25 = Formulation containing 25% of 
Green banana pasta; F50 = Formulation containing 50% of Green banana pasta; F75 = Formulation containing 75% of Green banana pasta. At first, 60 
healthy Rattus norvegicus (Wistar rats, male, adult, 180-300 g initial weight, 6-8 weeks old) were divided into six groups, with 10 animals per group. 
Next, using alloxan (150 mg/kg, intraperitoneally, single dose) type 1 diabetes mellitus (DM) was induced in the groups from 2 to 6 (first week). After that, 
animals were kept on a standard-style diet or on the formulations-based diets (formulations prepared with different amounts of green banana pasta 
added to the commercial feed for rats, so-called F25, F50, and F75 diets) for 12 weeks (from day 9 to 93) and then the animals were tested for oxidative 
damage (in liver and kidneys), serum glucose levels, biochemical parameters, and other tests (after day 93). Treatment with metformin (50 mg/kg/day) 
for 12 weeks (from day 9 to 93) in the group 3 was performed.
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Serum glucose levels 
below 250 mg/dL 
(Non-diabetic rats, n = 5

(Rats, n = 10, group 1)

(Rats, n = 10, group 2)

(Rats, n = 10, group 3)

(Rats, n = 10, group 4)

(Rats, n = 10, group 5)

(Rats, n = 10, group 6)

Green banana pasta diet 
Different amounts of green 
banana pasta added to the 
commercial feed 

Standard diet 
(Commercial feed)

Type 1 DM induction Treatment/diet Performed tests 

Saline solution 

Alloxan 

Alloxan 

Alloxan 

Alloxan 

Alloxan 

Metformin 

Time (days) 0   8 93

 Oxidative damage in liver and kidneys 
 Serum glucose levels
 Biochemical Parameters
 Others

 Oxidative damage in liver and kidneys 
 Serum glucose levels
 Biochemical Parameters
 Others

Serum glucose levels 
above 250 mg/dL 
(Diabetic rats, n = 5)

Serum glucose levels 
above 250 mg/dL 
(Diabetic rats, n = 5)

Serum glucose levels 
above 250 mg/dL 
(Diabetic rats, n  = 4, 
F25 group)

Serum glucose levels 
above 250 mg/dL 
(Diabetic rats, n  = 5, 
F50 group)

Serum glucose levels 
above 250 mg/dL 
(Diabetic rats, n  = 4, 
F75 group)
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Experimental design

After the induction of diabetes, the rats were fed a 
standard-style diet or the formulations-based diets 
(formulations prepared with different amounts of 
green banana pasta added to the commercial feed 
for rats, F25, F50, or F75) for 12 weeks, and then 
the animals were tested for oxidative damage and 
biochemical parameters. The animals were divided 
into six experimental groups, as shown in Chart 3 and 
Figure 1. Treatment with metformin (50 mg/kg/
day for 12 weeks) was used to confirm the type 1 DM 
alloxan-induced rat model. The weight and feed intake 
of the different experimental groups of diabetic rats 
were evaluated during the 12-week diets. 

Biological samples

The animals were anesthetized, and the blood was 
collected by cardiac puncture to obtain the serum. 
Then, the animals were euthanized, and the liver and 
kidneys were removed.

Serum

The blood samples of the rats were collected in 
siliconized tubes without additives to obtain the serum. 
After centrifugation at 1500 g for 10 minutes at room 
temperature, the serum was separated. The serum was used 
for the determination of the fasting glycemia, fructosamine, 
renal function, liver function, and lipid profile.

Euthanasia and preparation of tissue homogenates

After the maintenance of different diets for 12 weeks, 
the rats were sacrificed, and the homogenates were 
prepared from the kidneys and liver as described by 
Jones and cols. (23). The organs were removed and 
homogenized (at 4 °C) into 0.1 M phosphate buffered 
saline (PBS, pH 7.2) in proportions of 5 mL/g organ. 
The homogenate was centrifuged at 3000 g for 10 min at  

4 °C, which was the supernatant subsequently used. 
The rats were humanely euthanized, and every effort 
was made to minimize suffering.

Analysis of fasting glycemia, fructosamine serum 
levels, lipid profile, renal function, and liver function

Biochemical markers were measured using standard 
methods. The levels of fasting glucose and total cholesterol 
(TC) or fractions (Triglycerides [TG] and high-density 
lipoprotein [HDL]) were determined in the serum 
through the endpoint colorimetric method. The serum 
creatinine levels (renal function) were determined by the 
Jaffe method modified using a kit purchased commercially, 
and the measurement procedure was calibrated with the 
reference material SRM 914 of the National Institute of 
Standards and Technology (NIST), making the results 
trackable to the definitive method (Isotope Dilution Mass 
Spectrometry). To evaluate the liver function, the levels of 
the enzymes aspartate aminotransferase (AST) and alanine 
aminotransferase (ALT) in the serum were determined 
by the UV-kinetic method. The serum fructosamine was 
evaluated by the fixed-time kinetic method using semi-
automated equipment (Bio 2000) (24).

Evaluation of lipid peroxidation 

The lipid peroxidation was determined by measuring 
the peroxidation products that reacted to the 
thiobarbituric acid (TBA) through the thiobarbituric 
acid-reactive species (TBARS) assay, as described by 
Winterbourn and cols. (25). Aliquots (150 µL) of the 
homogenate from the liver were mixed with 1.22 M 
phosphoric acid (750 μL), deionized water (1350 μL), 
and TBA (0.67%, 750 μL) and then incubated. Next, 
the incubation mixture was boiled in water for 1 hour 
at 95 °C. After cooling in an ice bath (4 °C), methanol 
(1800 μL), 1M NaOH (200 μL), and the sample 
(1000 μL) were added to a cuvette. The concentration 
of TBARS was estimated from the standard curve of 

Chart 3. Experimental design of the evaluated experimental groups for a 12-week diet

Group No. of animals Diet

Controls (1 and 2) 1 Rats without DM 10 Standard 1

2 Diabetic rats2 10 Standard

Treatment (3) 3 Diabetic rats + metformin3 10 Standard

Green banana pasta diet (from 4 to 6) 4 Diabetic rats + F25 10 Green banana pasta 25%

5 Diabetic rats + F50 10 Green banana pasta 50%

6 Diabetic rats + F75 10 Green banana pasta 75%

1 Commercial feed; 2 DM =  type 1 diabetes mellitus; 3 Treatment with 50 mg/kg/day for 12 weeks; F25 = Formulation containing 25% of Green banana pasta; F50 = Formulation containing 50% 
of Green banana pasta; F75 = Formulation containing 75% of Green banana pasta.
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malonic dialdehyde (MDA; 1,1,3,3 tetraetoxipropano). 
The MDA/TBARS were quantified using a Varian Cary 
Eclipse spectrofluorimetric detector (λexcitation = 532 nm; 
λemission = 563 nm). The results were expressed as µmol 
MDA/mol of protein. The total protein concentration 
was determined by the Bradford method (26).

Determination of protein carbonyls (PCO)

The carbonyls in the oxidized proteins were determined 
by using the 2,4-dinitrophenylhydrazine (DNPH) 
spectrophotometric assay. This assay is based on the 
reaction of DNPH with protein carbonyls. Aliquots 
(500 μL) of the homogenate (from liver or kidneys) 
plus a 10 μM DNPH solution (500 μL) were incubated 
for one hour with a dripping trichloroacetic acid (TCA, 
20%) solution until complete precipitation. After that, 
an Ethanol/Ethyl acetate solution (500 μL) was added 
to the mixture, and it was then centrifuged at 600 g for 
10 minutes. More ethanol/ethyl acetate solution (500 μL) 
was added to the resulting pellet, and a centrifugation was 
again performed (600 g, 10 minutes). Finally, the pellet 
was dissolved with 1000 μL of 6 M Guanidine, and the 
absorbance was measured spectrophotometrically at 370 
nm (27). The results were expressed as nmol carbonyl/
mg total protein. The total protein concentration was 
determined by the Bradford method (26).

Determination of total lipid in the liver

The total lipid in the liver homogenates was determined 
by using the Bligh Dyer method (21), and the results 

were reported as the total lipids (%) that represented 
the total lipid percentage per mL of liver homogenate. 

Data analysis

All graphs were constructed using the BioEstat software 
(Version 5.0), and the results were expressed as the 
mean ± standard deviation of at least three experiments. 
The analysis of variance (ANOVA) followed by Tukey’s 
test for multiple comparisons of means were performed 
using the BioEstat software (Version 5.0). The means 
were considered significantly different with p values less 
than 0.05 (α = 0.05). 

RESULTS

Microbiological and centesimal composition

The results of the centesimal composition and 
microbiological analysis are shown in Table 1. The 
acceptable values in the preparations were up to 1.0 x 
10² CFU of the yeasts and molds/g sample (BRASIL, 
Instrução Normativa nº 4, de 23 de fevereiro de 2007).

Effects of green banana pasta on glycemia 
The serum analyses for the fasting glucose levels of animals 
on different diets (commercial feed or formulations of 
green banana pasta) are shown in Figure 2. As observed 
in Figure 2, an F75 diet shows a significant anti-
hyperglycemic effect on type 1 DM, whereas F50 or F25 
had no effect on the serum glucose levels. The weights 
and feed intake for the different experimental groups 
over the 12-week diets are shown in Table 2. 

Table 1. Centesimal composition and microbiological analysis of the formulations and green banana pasta

Sample/Formulation

Green banana pasta Green banana pasta 25% Green banana pasta 50% Green banana pasta 75%

Centesimal composition

Moisture (%) 77 54.7 54.7 62,75

Total solids or dry matter (%) 23 47.45 45.3 37,25

 Ash (%) 4.53 6.015 7.065 5,37

Crude fiber (%) 5.52 3.19626 3.55238 3,79629

Lipíds (%) 0.505 0.455 0.73 0,685

Proteíns (%) 2.73 2.55 0.85 1,90

Microbiological analysis

Mesophilic Aerobic ---- Absence Absence Absence

Coliforms at 35 0C and 45 0C ---- Absence Absence Absence

Staphylococcus Coagulase Positive ---- Absence Absence Absence

Salmonella sp. ---- Absence Absence Absence

Bacillus cereus ---- Absence Absence Absence

Yeasts and molds1 ---- 2 X 10¹ 3,5 X 10¹ 3.31 X 106

1 Colony-forming unit (CFU)/g of sample.
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Effects of green banana pasta on oxidative damage 
in the liver and kidneys

In Figures 3 to 5, the effects of the formulations of 
green banana pasta on lipid peroxidation (in the liver, 
Figure 3) and protein oxidation (in the liver and kidneys, 
Figures 4 and 5, respectively) are shown. As observed, 
protein oxidation was significantly increased in the liver 
and kidneys of rats with Type 1 DM that had a standard 
diet compared to the non-diabetic rats. Notably, the 
diabetic rats kept on the F50 or F75 diet for 12 weeks 
showed significantly lower levels of oxidative damage 
during DM, which is a significant preventative effect of 
these formulations on lipid peroxidation (in the liver) 
and protein oxidation (in the liver and kidneys). The 
animals kept on the standard diet (commercial feed) 
but treated with metformin had lower levels of lipid 

peroxidation and protein oxidation compared to the 
group of untreated animals.

Effects of green banana pasta on ALT, AST, total 
cholesterol and fractions, creatinine, fructosamine, 
and total lipids (in the liver)

The values of AST, ALT, creatinine, fructosamine, total 
cholesterol, and fractions (HDL, and triglycerides) 
in the serum of rats as well as the total lipids in the 
liver are shown in Table 3. These results demonstrate 
a significant effect of both the F75 and F50 diet to 
prevent the increase of ALT in diabetic rats compared 
to the control group (animals with DM) maintained 
with the standard diet (p < 0.05). An F75 diet was able 
to prevent the increase of fructosamine in diabetic rats 
compared to the control group. The animals on an F50-

Table 2. Weight1 and feed intake2 in the different experimental groups of diabetic rats

GROUPS

Rats without DM + 
standard diet

Diabetic rats 
+ standard diet

Diabetic rats 
+ F25 

Diabetic rats 
+ F50 Diabetic rats + F75

Weight (g)* ----1 ---- 243.325b 273.075a 263.625a

Feed intake (g)** 30.6a 39.1a 30.25a 35.2a 39a

F25 = Formulation containing 25% of Green banana pasta; F50 = Formulation containing 50% of Green banana pasta; F75 = Formulation containing 75% of Green banana pasta;
* The average weight represents a sample of four rats per experimental group, evaluated on 10 different days;
** Daily feed intake (mean) in the different experimental groups;
1 The weight of a healthy adult rat is approximately 300 g (180-300 g);
2 Feed intake for a healthy adult rat with about 300 g is approximately 30 g. In rats with DM, the polyphagia can increase food consumption. Means followed by same letter in the same row are not 
significantly different at α = 0.05 (p > 0.05).  

Table 3. Serum levels of ALT, AST, creatinine, fructosamine, total cholesterol and fractions (triglycerides and HDL), and total lipids in the liver for the 
experimental groups

Rats without DM 
+ standard diet*

Diabetic rats + 
standard diet

Diabetic rats

TREATMENT DIETS

Metformin
Green banana pasta

F25 F50 F75

DOSAGES

Liver function

ALT (U/L) 51.7b 99a 95.4a 81a 55.4b 65.7b

AST (U/L) 100.4b 141.7a 118.7a,b 140.7a 141a 145.4a

Renal function

Creatinine (mg/dL) 0.58a 0.86a 0.88a 0.48a 0.67a 0.57a

Lipid profile

Cholesterol (mg/dL) 54c 77a 74.7a 72a,b 58b,c 76a

Triglycerides (mg/dL) 113.7b 156.4a 151.7a 103.5b 78b 76.7b

HDL (mg/dL) 44a 49.3a 54.5a 51a 49a 43a

Total lipids in liver (%) 1.277b 1.581a 1.092b 1.208b 1.136b 1.109b

Marker of hyperglicemy**

Fructosamine (μmol/L) 113.7b 136a 126a 126a 118a 110.7b

Subtitle: * Standard diet = commercial food; ** Uncontrolled diabetes; Mean values with different letters in the same row are significantly different (p < 0.05; α = 0.05). AST = aspartate 
aminotransferase; ALT = alanine aminotransferase; HDL = high-density lipoprotein; DM = type 1 diabetes mellitus; F25 = Formulation containing 25% of Green banana pasta; F50 = Formulation 
containing 50% of Green banana pasta; F75 = Formulation containing 75% of Green banana pasta. 
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Figure 2. Serum glucose levels (mg/dL) in the different experimental 
groups. 

Subtitle: Experimental groups: 1: Rats without DM + Standard diet;  
2: Diabetic rats + Standard diet; 3: Diabetic rats + Standard diet + 
Metformin; 4: Diabetic rats + F25 diet; 5: Diabetic rats + F50 diet;  
6: Diabetic rats + F75 diet; F25 = Formulation containing 25% of Green 
banana pasta; F50 = Formulation containing 50% of Green banana pasta; 
F75 = Formulation containing 75% of Green banana pasta; DM = Type 1 
diabetes mellitus; ‡: ± standard deviation; Mean values are significantly 
different when p < 0.05 according to Tukey’s test (α = 0.05); Groups 1, 
2, and 3 were maintained with a standard diet (commercial feed) and,  in 
groups 2 and 3, DM was induced by using alloxan (150 mg/kg, 
intraperitoneally, single dose). Serum glucose levels were of 202.25 ± 
58.01 mg/dL in group 1, 584.33 ± 54.55 mg/dL in group 2, and 597.14 
± 113 mg/dL in group 3. Diabetic rats maintained on an F75 diet (group 
6) for 12 weeks had lower blood glucose levels (213.5 ± 79.12 mg/dL) 
compared to animals with DM fed with the standard diet (584.33 ± 54.55 
mg/dL) (p < 0.05). Treatment with metformin (50 mg/kg) did not affect 
serum glucose levels (p > 0.05). An F25-based diet (group 4) or the F50 
diet (group 5) did not prevent hyperglycemia in rats with DM induced by 
alloxan in which the values of serum glucose levels were 484.25 ± 132 
(group 4) and 453.8 ± 169 (group 5) mg/dL.
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Figure 3. Effects of the formulations of green banana pasta on the lipid 
peroxidation in the liver of type 1 diabetic rats.

Subtitle: Experimental groups: 1: Rats without DM + Standard diet; 2: 
Diabetic rats + Standard diet; 3: Diabetic rats + Standard diet + 
Metformin; 4: Diabetic rats + F25 diet; 5: Diabetic rats + F50 diet; 6: 
Diabetic rats + F75 diet; F25 = Formulation containing 25% of Green 
banana pasta; F50 = Formulation containing 50% of Green banana pasta; 
F75 = Formulation containing 75% of Green banana pasta; DM = Type 1 
diabetes mellitus; ‡: ± standard deviation; Mean values are significantly 
different when p < 0.05 according to Tukey’s test (α = 0.05); Lipid 
peroxidation was significantly higher in the liver of the diabetic rats kept on 
a standard diet (commercial feed) than in the liver of rats without DM kept 
on a standard diet (p < 0.05). Treatment of diabetic rats with metformin 
(50 mg/kg/day for 12 weeks, group 2) or a 12-week diet with F50 or F75 
(groups 5 and 6, respectively) significantly (p < 0.05) prevented lipid 
peroxidation in the liver of the diabetic rats compared to the animals with 
DM fed with a standard diet (group 2). F25-based diet (group 5) did not 
prevent lipid peroxidation in the liver of the diabetic rats compared to the 
animals with DM fed a standard diet (p > 0.05).

based diet had a significant protective effect against 
the increase of AST. All formulations significantly 
prevented the increase in the amount of triglycerides 
in animals with diabetes (p < 0.05), and they had no 
effect on HDL (p = NS). Interestingly, the F50 diet was 
able to significantly prevent the increase of cholesterol 
compared to the control group, whereas the F75 diet 
had no hypocholesterolemic effect. The total lipids in 
the liver increased in the diabetic rats compared to the 
non-diabetic rats, whereas for the rats on a green banana 
pasta diet (F25, F50, and F75 diets) as well as for the 
rats maintained with the standard diet but treated with 
metformin, this increase did not occur.

DISCUSSION

In this study, the effects of a green banana pasta diet on 
glucose levels during type 1 DM was evaluated in an 
experimental animal model using Wistar rats with alloxan- 
induced diabetes. According to Lenzen and Panten, using 
this model, the animals show symptoms similar to those 
found in humans (i.e., weight loss, polydipsia, polyphagia, 
polyuria, glycosuria, ketonuria, hyperglycemia, and 
ketonemia). Moreover, the complications of DM (i.e., 
increased oxidative damage and of specific markers) 
can also be observed. Currently, although the effect of 
bananas in preventing hyperglycemia has already been 
reported (8,9), its effects on oxidative damage from 
type 1 DM remains unknown (28).
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Figure 4. Effects of the formulations of green banana pasta on the protein 
oxidation in the liver of type 1 diabetic rats.

Subtitle: Experimental groups: 1: Rats without DM + Standard diet; 2: 
Diabetic rats + Standard diet; 3: Diabetic rats + Standard diet + 
Metformin; 4: Diabetic rats + F25 diet; 5: Diabetic rats + F50 diet; 6: 
Diabetic rats + F75 diet; F25 = Formulation containing 25% of Green 
banana pasta; F50 = Formulation containing 50% of Green banana pasta; 
F75 = Formulation containing 75% of Green banana pasta; DM = Type 1 
diabetes mellitus; ‡: ± standard deviation; Mean values are significantly 
different when p < 0.05 according to Tukey’s test (α = 0.05); Protein 
oxidation was significantly higher in the liver of the diabetic rats fed a 
standard diet (commercial feed) than in the liver of rats without DM 
maintained with the standard diet (p < 0.05). An F50 or F75-based diet of 
diabetic rats (groups 5 and 6, respectively) for 12 weeks or metformin 
treatment (50 mg/kg/day for 12 weeks) of the diabetic rats kept on a 
standard diet (group 3) significantly (p < 0.05) prevented the protein 
oxidation in the liver compared to the animals with DM maintained with a 
standard diet (group 2). An F25 diet (group 5) did not prevent protein 
oxidation in the liver of the diabetic rats compared to the animals with DM 
fed a standard diet (p > 0.05).
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Figure 5. Effects of the formulations of green banana pasta on the protein 
oxidation in the kidneys of type 1 diabetic rats.

Subtitle: Experimental groups: 1: Rats without DM + Standard diet; 2: 
Diabetic rats + Standard diet; 3: Diabetic rats + Standard diet + 
Metformin; 4: Diabetic rats + F25 diet; 5: Diabetic rats + F50 diet; 6: 
Diabetic rats + F75 diet; F25 = Formulation containing 25% of Green 
banana pasta; F50 = Formulation containing 50% of Green banana pasta; 
F75 = Formulation containing 75% of Green banana pasta; DM = Type 1 
diabetes mellitus; ‡: ± standard deviation; Mean values are significantly 
different when p < 0.05 according to Tukey’s test (α = 0.05); Protein 
oxidation was significantly higher in the kidneys of the diabetic rats fed a 
standard diet (commercial feed) than in the kidneys of rats without DM fed 
with the standard diet (p < 0.05). Diabetic rats that had an F50 or F75-
based diet (groups 5 and 6, respectively) or metformin treatment (50 mg/
kg/day for 12 weeks) of the diabetic rats kept on the standard diet (group 
3) had significant preventive effects against the protein oxidation (oxidative 
damage) in the kidneys (p < 0.05), compared to the animals with DM 
maintained with a standard diet (group 2). An F25 diet (group 5) did not 
prevent protein oxidation in the kidneys of the diabetic rats compared to 
the animals with DM fed a standard diet (p > 0.05).

and plasma proteins. The association between the levels 
of TBARS and AOPPs during DM indicates that proteins 
are likewise targeted by ROS as the lipids (2). Taking into 
account the importance of controlling DM complications, 
preventing oxidative damage is fundamental since the 
oxidation of proteins affects many physiological functions. 
Moreover, long-term complications for diabetes patients 
lead to higher death rates. 

The increases in the carbonyl protein levels as 
well as the AOPPs are associated with structural and 
conformational changes in proteins, which implies the 
genesis of certain metabolic diseases and pathological 
changes, such as diabetic nephropathy. In addition, 
AOPPs are pro-inflammatory and pro-oxidative 
compounds that accumulate in patients with DM and 
can cause endothelial dysfunction and subsequent 

In type 1 DM, oxidative stress has been implicated 
as one of the most frequent chronic complications (29). 
Protein carbonyls (PCO), considered markers of protein 
oxidation, as well as the MDA level, a well-known 
biomarker of lipid oxidative damage, are accordingly 
considered markers of oxidative stress (25,27). In this 
study, the significant effect of a green banana pasta diet 
(F75 and F50) on the prevention of oxidative damage 
(lipid peroxidation in the liver and protein oxidation in 
the liver and kidneys) during type 1 DM was shown, 
although F50 did not show an anti-hyperglycemic effect, 
indicating a possible pleiotropic effect of these diets. 

In accordance with Tiwari and cols., advanced 
oxidation protein products (AOPPs) are markers of 
protein oxidation generated during chronic oxidative 
stress. AOPPs are formed by reactions between oxidants 



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

364

Green banana prevents DM complications

Arch Endocrinol Metab. 2016;60/4

cardiovascular disease (2). Demonstrating the broad 
spectrum of damage from oxidative stress during 
DM, according to Goh and Cooper, the irreversible 
formation of AGEs can be the result of excessive 
formation of ROS during hyperglycemia, which is 
related to the development and progression of DM 
complications (4).

Diabetes is markedly characterized by hyperglycemia 
and is associated with dyslipidemia and disturbed liver 
and kidney functions. To reinforce the evidence of 
the effects of a green banana pasta diet in preventing 
the oxidative damage, in this study, the effects of the 
formulations on the renal function (creatinine) and liver 
function (ALT and AST) were presented. The evidence 
of the effects of a green banana pasta diet (F75) in 
preventing DM complications was strengthened by 
analyses of the lipid profile (cholesterol, triglycerides, 
and HDL), fructosamine, ALT, and fat liver content. 

An F75 diet was here proved to be able to prevent 
the increase of fructosamine in animals with DM. 
Fructosamine is considered a good indicator of metabolic 
control in DM, usually reflecting the variations of blood 
glucose in recent weeks. The improvement of this 
biochemical parameter is remarkable and congruent to 
the effect of the F75 diet of preventing hyperglycemia, 
as also demonstrated in this study. Hence, the decrease 
in the fructosamine levels may be a consequence of the 
prior anti-hyperglycemic effect of this 12-week diet. 

The oxidative damage in the liver was outstanding 
with a consequent increase of ALT, a more specific 
marker of liver function. An F75 diet prevented the 
oxidative damage as well as an increase of ALT serum 
levels. This formulation showed a preventive effect 
against the oxidative damage and consequently against 
the increase of ALT in this organ. The AST levels 
increased in diabetic rats compared to the rats without 
DM, but the formulation-based diets had no effect on 
the prevention of this increase. 

Regarding the lipid profile parameters, surprisingly, 
the F50 diet prevented the increase of cholesterol levels 
in diabetic rats, whereas the F75 diet had no significant 
hypocholesterolemic effect. All formulations of green 
banana pasta significantly prevented an increase in the 
triglyceride levels in diabetic rats, but none of them 
significantly altered the HDL levels. Because HDL is 
considered “good” cholesterol, it appears to be a desirable 
outcome of these diets. The effects of the formulations 
on cholesterol and triglycerides can be due to the anti- 
hyperglycemic effect of the green banana pasta diet (F75 

diet), which reinforces its importance in preventing DM 
complications. During the renal function evaluation, it 
was observed that the creatinine levels were equal in 
all experimental groups, although significant protein 
oxidation and lipid peroxidation in this organ were 
observed.

Interestingly, metformin showed a good ability in 
preventing hepatic and renal oxidative damage from 
type 1 DM, despite it being used for treating type 2 
DM. On the other hand, as expected, metformin did 
not show hypoglycemic effects in animals with type 
1 DM. Moreover, it did not prevent the increase of 
fructosamine and lipid markers, which are derived 
from hyperglycemia, proving its lack of effect on 
hyperglycemia and consequent type 1 DM-associated 
complications. Thus, these findings extend the 
knowledge on the properties of metformin in reducing 
oxidative stress, an effect already well-known for the 
reduction of AOPPs and AGES among other markers 
of oxidative stress; however, when they are generated 
during type 2 diabetes (30).

Bananas are a widely consumed food, mainly due 
to sensory aspects, nutrition, and low cost (13,31). 
The pulp of green banana has no taste. It contains high 
starch and is low in sugars and aromatic compounds. 
The green fruits are rich in flavonoids, also presenting 
a high content of resistant starch (similar to dietary 
fiber). The high content of resistant starch hinders the 
absorption of fats and glucose, so bananas are suggested 
for patients with DM (19).

In this study, all evaluated formulations of green 
banana pasta showed considerable amounts of fiber 
and protein, reinforcing the previous findings on the 
importance of green bananas (13). Furthermore, 
the presence of large quantities of fiber is related to 
important biological effects, such as the positive effects 
on the gastrointestinal tract and the vascular system as 
well as hypoglycemic and hypocholesterolemic effects 
(17). In addition, the evidence linking genus Musa to 
the hypoglycemic effects is based on different studies 
(8,32,33). Among the metabolites possibly related to 
this property, the pectin and flavonoids rutin, daidzein, 
and genistein (known stimulators of insulin secretion) 
have been frequently reported (34-36). These 
compounds also have significant antioxidant effects, 
which could at least partly explain the effect of F50 on 
the modulation of oxidative damage notwithstanding 
its inability to have significant anti-hyperglycemic 
effects on type 1 DM.
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Concerning the microbiological analysis, the 
stable microbiological quality of the formulations was 
demonstrated. Only the presence of yeasts and molds 
was evidenced. The increase in the CFU of these 
microorganisms occurred according to the increase 
of green banana pasta added to the commercial feed, 
indicating that their growth may be dependent on 
humidity. 

One of the limitations of this study is the absence 
of a group of treated diabetic animals with glucose- 
matched levels to the green banana pasta groups. 
However, a possible preventive effect of the green 
banana pasta diets (F75 and F50 diets) directly on the 
oxidative damage in liver and kidneys is suggested by 
the high content of antioxidants present in bananas.

Having confirmed and reinforced the link between 
hyperglycemia and diabetes complications, this study 
demonstrated that a diet based on formulations 
containing green banana pasta (F50 or F75 diet) can 
prevent oxidative damage in the liver and kidneys of rats 
with type 1 diabetes mellitus (DM). In addition, the 
F75 diet prevented the increase of ALT, triglycerides 
(effects also observed for an F50 diet), fructosamine, 
and glycemia. Therefore, the green banana pasta diet 
presented promising effects on the prevention of 
diabetes complications in addition to being considered 
a nutritious food.
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Increasing diagnostic effectiveness 
of thyroid nodule evaluation by 
implementation of cell block 
preparation in routine US-FNA analysis
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ABSTRACT
Objective: Ultrasound-guided fine-needle aspiration (US-FNA) biopsy has proven to be an accurate 
and efficient tool in thyroid nodule evaluation. We evaluated whether cell block adds to the diagnostic 
accuracy of US-FNA. Subjects and methods: Three hundred twenty-eight consecutive patients 
underwent US-FNA, cytology and cell block evaluation. Six slides were prepared for each patient 
and stained by Papanicolaou and Giemsa techniques. The residual hemorrhagic aspirate 
in the syringe and needle was fixed in 10% formalin and paraffin-embedded (cell block). The 
histological sections were examined as a complementary diagnostic tool to US-FNA. Results: 
The study population comprised 89% females and the mean age was 57.4 ± 13.7 years. The mean 
nodule size was 2.3 ± 1.2 cm. US-FNA cytological results were as follows: Bethesda I, 17.1% 
(n = 56); Bethesda II, 61.6% (n = 202); Bethesda III, 9.5% (n = 31); Bethesda IV, 5.8% (n = 19); 
Bethesda V, 2.4% (n = 8), and Bethesda VI, 3.6% (n = 12). Cell blocks were obtained in 100% 
of cases and were considered diagnostic in 89.6%. Combined cytological and cell block (cyto-cell 
block) results were as follows: unsatisfactory, 4.3% (n = 14); benign, 72.6% (n = 238); indeterminate, 
11.3% (n = 37); follicular lesion, 5.8% (n = 19); suspicious for malignancy, 2.4% (n = 8), and malignant, 
3.6% (n = 12). The sensitivity and specificity for cyto-cell block was 100% and 90%, respectively, 
and the accuracy was 94%. Cyto-cell block analysis reduced the rate of unsatisfactory samples  
(p < 0.001). Conclusions: The cyto-cell block interpretation improved the efficiency of US-FNA. This 
simple, fast and low-cost technique should be used as an adjunctive test in thyroid nodule evaluation. 
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INTRODUCTION

T hyroid nodules are common clinical findings, 
more frequent in women and in the elderly 

population, while cases of thyroid cancer are relatively 
rare. The current diagnostic method of choice for 
differentiating benign from malignant lesions is the 
fine needle aspiration (FNA) cytology guided by 
ultrasonography (US-FNA) (1-3). This procedure has 
been shown to be superior to clinical, radionucleotide 
or thyroid ultrasound assessment alone (4). Technique 
limitations and its advantages are well established and 
described by several authors (1,5). According to the 
current guidelines of the Brazilian Endocrine Society 
(2013) and the American Thyroid Association (2009), 
when hyperfunctioning or purely cystic nodules have 

been ruled out, US-FNA is a fundamental tool on 
thyroid nodule evaluation (6).

Thyroid carcinoma is the most common endocrine 
tumor of the head and neck region, accounting for around 
5% all cancers in women. The latest global estimate 
indicated the occurrence of about 300.000 new cases 
of this cancer (68.000 in men and 230.000 in women). 
In Brazil, it corresponds to 1.150 new cases of thyroid 
cancer in males and 8.050 in females, with an estimated 
risk of 1.15/100.000 cases in men and 7.91/100.000 
cases in women, according to data recorded by INCA 
(National Cancer Institute) in the year 2014 (7,8). 

In the last years, there has been significant progress 
in the adoption of thyroid US-FNA reporting 
terminology due to international efforts. From the 
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deliberations in October 2007 by the National Cancer 
Institute in Bethesda, Maryland, the diagnostic 
categories for thyroid US-FNA were defined following 
the “Bethesda System”. The Bethesda System, consists 
of 6 categories and each has distinct morphological 
characteristics and cancer risk. These guidelines 
facilitate communication between professionals and 
help in the research and diagnosis of thyroid disease. 
Thus, the system allows easy data sharing between 
different laboratories nationally and internationally 
(9). Nevertheless, wide variations are reported in 
the literature in the overall performance of thyroid 
US-FNA as a diagnostic test, which reflect either 
variations in methodology used or variations in criteria 
for reporting of thyroid US-FNA (10).

The US-FNA technique has some inherent 
limitations. First, the US-FNA sample must be evaluated 
for adequacy. Inadequate samples are reported as 
“nondiagnostic” (ND) or “unsatisfactory” (UNS). 
This category applies to specimens that are unsatis-
factory owing to obscuring blood, overly thick smears, 
air drying of alcohol-fixed smears, or an inadequate 
number of follicular cells. ND/UNS results occur in 
2% to 20% of cases but ideally should be limited to no 
more than 10% of thyroid US-FNAs. Furthermore, 
some thyroids US-FNAs are not easily classified into 
the benign, suspicious, or malignant categories. 
Such cases represent a minority of thyroid US-FNAs 
and in the Bethesda System are reported as “atypia 
of undetermined significance” (AUS) or “follicular 
lesion of undetermined significance”. An AUS result is 
obtained in 3% to 6% of thyroid US-FNAs (9). 

Cell blocks are a valuable tool to evaluate various 
cytology specimens and are often prepared with 
US-FNA from multiple organs as an adjunct to smears 
in the diagnosis of aspirated lesions. In addition to 
the architectural details of the specimen, cell blocks 
allow for evaluation by ancillary studies such as 
immunohistochemistry. The cell block technique 
includes the centrifugation of the material aspirated 
from the lesion to decrease cell dispersion of traditional 
cytology smears, which presence of hemorrhage or low 
cellularity sometimes makes the method unsatisfactory 
(10-12). 

The aim of this study was to evaluate the diagnostic 
efficiency of US-FNA followed by processing the 
aspirated material using the cell block technique as part 
of investigation of thyroid nodules by a multidisciplinary 
team in a tertiary, University-based Hospital.

SUBJECTS AND METHODS

Patients

Over a period of 22 months (March 2012 to December 
2013), 559 patients were attended at the Thyroid Unit 
of the Centro de Pronto Diagnóstico Ambulatorial 
(CPDA), Hospital de Clínicas de Porto Alegre (HCPA). 
Two-hundred-one (36%) patients were excluded from 
analysis: 155 (27.7) did not meet criteria for FNA-US 
and 46 had aspirated cervical lymph nodes. A total of 
358 (64%) patients presented with thyroid nodules 
underwent US-FNA procedure were initially included in 
the study. Out of them, 328 (91.6%) patients had their 
samples analyzed by both cyto and cyto-cell while 30 
samples (8.3%) were analyzed only by cytology. Thus, the 
study population consisted of 328 consecutive patients. 

US-FNA, cyto-cell block

All patients underwent thyroid US-FNA performed by 
the same radiologist using a high-resolution ALOKA 
ultrasound device with a 7.5 MHz linear transducer 
(Tokyo, Japan). US-FNA was performed with a 
disposable needle (21 G) connected to a 10 ml disposable 
syringe. The needle tip was identified as a bright spot 
in the monitor and then inserted perpendicularly to 
the cervical region and guided to the aspiration site. 
Constant negative pressure with the syringe plunger 
is maintained until material is seen at the base of the 
needle. Multidirectional aspiration was performed 
in: dominant nodules in patients with multinodular 
goiter, suspicious nodules on ultrasonography or in 
various locations in cases of diffuse goiter. Rapid on-site 
evaluation of fine needle aspiration of all specimens were 
performed to evaluate adequacy. For a thyroid FNA 
specimen to be considered satisfactory, at least 6 groups 
of follicular cells were required, each group composed 
of at least 10 cells (9). Cyst-fluid-only (CFO) cases were 
considered ND/UNS. Immediate on site reaspiration 
was performed in cases considered inadequate for 
diagnosis. Six cytology slides were prepared for each 
patient, four of them air dried and immediately stained 
by May Grünwald Giemsa technique. The other two 
slides were immediately fixed in ethanol 96º and 
subsequently stained by the Papanicolaou technique. 
The residual hemorrhagic aspirate in the syringe and 
needle was fixed in 10% formalin, transferred to a test 
tube and centrifuged at 600 rpm for 30 minutes. The 
pellet obtained after centrifugation was transferred to 
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absorbent paper, placed in a histological cassette and 
fixed in formaldehyde solution 10% for 24 hours. 
After the material was processed routinely (automatic 
processor), following the dehydration steps (ethanol), 
diaphanization (xylene), impregnation and paraffin 
embedding, microtome and HE staining technique. 
Histological sections stained with Hematoxylin and 
Eosin were examined as a complementary diagnostic 
tool to US-FNA. 

Two independent pathologists reviewed the 
cytological and histological slides of each case together 
and a final diagnostic category was assigned to cyto and 
cyto-cell block. The adequacy of cytological aspirates 
was defined according to the recommendations of the 
Papanicolaou Society of Cytopathology Task Force on 
Standards of Practice, 1996 (13) and cytological results 
classified according to the criteria of the Bethesda System 
for Cytological Classification of Thyroid Nodu les into 6 
diagnostic categories: 1) Non-diagnosis or Unsatisfactory, 
2) Benign, 3) Atypia of undetermined significance; 4) 
Follicular neoplasm or suspicious for follicular neoplasm; 
5) Suspicious for malignancy and 6) Malignant.

Cell-block slides were reviewed for the presence of 
cellular elements and classified into two categories: 1) 
diagnostic and 2) non diagnostic. 

US-FNA cytology and cell block results were 
validated in a subgroup of 75 patients who underwent 
lobectomy or thyroidectomy at our hospital and 
the surgical specimens examined at the Pathology 
Laboratory. The cytological and cyto-cell block results 
were classified as 1) false-negative for malignancy. 2) 
false-positive for malignancy, 3) true positive and 4) 
true negative. True-negatives were Bethesda Class II 
cytology cases with benign pathology reports. True 
positives were suspicious for malignancy (Bethesda 
Class V) and malignant (Bethesda Class VI) confirmed 
malignant by the final pathology report. 

Statistical analysis of the results was performed with 
SPSS software (Statistical Package for Social Sciences) 
version 18.0 and based on frequency data and mean 
± standard deviation (SD). To evaluate the diagnostic 
accuracy of US-FNA, the rates of sensitivity, specificity, 
negative predictive value and positive predictive value 
were calculated (14). P value was considered statistically 
significant for values less than 5% (p < 0.05).

The project was approved by the Research Ethics 
Committee of the Hospital de Clínicas de Porto Alegre 
(GPPG 140538).

RESULTS

Patients

A total of 358 patients with thyroid nodules underwent 
US-FNA procedure. Of them, 328 (91.6%) had their 
samples analyzed by both cyto and cyto-cell while 30 
samples (8.3%) were analyzed only by cytology. Thus 
the study population consisted of 328 consecutive 
patients (291 females, 88.7%). Mean age was 57.4 ± 
13.7 years and the mean size of the nodules was 2.31 ± 
1.22 cm. No significant differences were observed on 
gender (90% females), mean age (50.3 ± 14.8 years) or 
nodular size (2.09 ± 0.87 cm) between patients who 
had cell block and those who not (all P > 0.10).

Cytology and cell block

The cytological results were as follows: 17.1% (n = 56) 
classified as Bethesda I; 61.6% (n = 202), Bethesda II; 
9.5% (n = 31), Bethesda III; 5.8% (n = 19), Bethesda 
IV; 2.4% (n = 8), Bethesda V and 3.6% (n = 12) 
Bethesda VI. 

Cell blocks were obtained in 328 cases and were 
considered diagnostic in 89.6% and not diagnostic 
(unsatisfactory) in 34 cases (10.4%). The combined 
cytological and cell block (cyto-cell) interpretations 
were as follows: 4.3% (n = 14) unsatisfactory, 72.6%  
(n = 238) benign, 11.3% (n = 37) indeterminate, 5.8% 
(n = 19) follicular lesion, 2.4% (n = 8) suspicious for 
malignancy and 3.6% (n = 12) malignant (Table 1). 
The comparison of unsatisfactory ratios between the 
two techniques, US-FNA cytology and cyto-cell block, 
showed a significant reduction in the unsatisfactory 
rate (17.1% vs. 4.3%, p < 0.001). Illustrative cases 
of combined cytological, cell block and US results 
classified as benign and malignant are observed in 
Figures 1 and 2, respectively.  

Cyto-cell block and histological follow-up

Seventy-five out of 328 (22.8%) patients underwent 
surgery and the anatomopathology report was 
considered as the gold standard diagnosis. All patients 
had cytological and cell block reports. The results are 
shown in Table 1. Three patients included in category 
I (unsatisfactory) were diagnosed as multinodular 
goiter (MNG). Twenty-one patients classified as 
class II had benign findings in the surgical pathology 
report (17 MNG, 1 thyroiditis, 1 follicular adenoma, 1 
nodular hyperplasia); papillary thyroid microcarcinoma 
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(PTMC) was found incidentally in 1 case. The patients 
classified as class V had 2 MNG and 7 papillary thyroid 
carcinoma (PTC) whereas patients classified in category 
VI had 1 medullary thyroid carcinoma (MTC) and 8 
PTCs.

Overall, the number of cases that had their final 
diagnosis changed after cell block analysis was 44/328 
(13.4%). The majority of cases belonged to the 
Bethesda I category (40/44 or 91%) and was changed 
to a Bethesda II, or less frequently, to a Bethesda III 
category. The remaining cases (3/44 or 6.8%) were 
Bethesda II that changed to Bethesda III or the reverse. 
Just one Bethesda II case in cytology has become 
Bethesda VI after the analysis of the cell block (Table 2). 
The surgery in this case was indicated by the attending 
physician after the cell block analysis showing papillary 
fragments with nuclear atypia and pseudoinclusions, 
suggesting papillary thyroid carcinoma. Subsequently, 
the anatopathogical examination revealed papillary 
carcinoma. 

Cytology/Cyto-cell block Accuracy

Cytology analysis of sensitivity and specificity were 
calculated considering 35 cases for analysis. The 
calculated sensitivity and specificity on cytology was 

93% (15/16) and 89% (17/19), respectively. The 
analysis of positive predictive value and negative 
predictive value revealed, respectively, 88% and 
94%. The accuracy was 91% (32/35) (Table 3). The 
results included 2 false-positives for malignancy, 1 
false-negative, 15 truly positive and 17 truly negative 
cases. Cases excluded from the analysis of sensitivity 
and specificity were as follows: 9 unsatisfactory cases 
(class I), 13 indeterminate cases (class III), 16 follicular 
lesions (class IV) and 2 PTMCs detected incidentally. 
PTMC was classified as ‘‘incidental’’ when it was found 
at histological examination after thyroid surgery. 

When these parameters were calculated considering 
the combined use of cyto-cell block the results were 
as follows: the sensitivity and specificity calculated 
were 100% (16/16) and 90% (20/22), respectively. 
The analysis of positive predictive value and negative 
predictive value revealed, respectively, 88% and 100%. 
The accuracy was 94% (36/38). The results included 2 
false-positives for malignancy, 0 false-negative, 16 truly 
positive and 20 truly negative cases. Cases excluded from 
the analysis of sensitivity and specificity were as follows: 
3 unsatisfactory cases (class I), 15 indeterminate cases 
(class III), 16 follicular lesion (class IV) and 3 PTMCs 
(Table 3).

Table 1. Distribution of the diagnostic categories in 328 patients and 75 cases operated

Diagnoses Cytology N (%) Cyto-cell block N (%) Final histology

Unsatisfactory (non diagnostic) 56 (17.1) 14 (4.3) 3 MNG

Benign follicular nodule/thyroiditis 202 (61.6) 238 (72.6) 17 MNG, 1 thyroiditis, 1 follicular adenoma, 1 nodular hyperplasia and 1 PTMC

Atypical features 31 (9.5) 37 (11.3) 9 MNG, 1 thyroiditis, 2 follicular adenomas, 1 nodular hyperplasias,  
1 Hürthle cell adenoma, 1 PTC and 1 PTMC

Follicular lesions 19 (5.8) 19 (5.8) 7 MNG, 5 follicular adenomas, 1 nodular hyperplasia, 3 Hürthle cell carcinomas 
and 1 PTMC

Suspicious for malignancy 8 (2.4) 8 (2.4) 2 MNG and 7 PTCs

Malignant 12 (3.6) 12 (3.6) 1 MTC and 8 PTCs

Total 328 328 75

MNG: multinodular colloid goiters; PTC: papillary thyroid carcinoma; PTMC: papillary thyroid microcarcinoma; MTC: medullary thyroid carcinoma.

Table 2. Samples with diagnosis changed after cell block analysis

Number of cases (N = 44)
 N (%)

Cytology
(Bethesda System) Cyto-cell block

36 (81%) I Benign

4 (9%) I Atypical Features

2 (4.5%) II Atypical Features

1 (2.2%) III Benign

1 (2.2%) II Malignant

Table 3. The predictive values of cytology and combined cyto-cell block 
results

Cytology Cyto-cell block

Sensitivity 93% 100%

Specificity 89% 90%

PPV* 88% 88%

NPV** 94% 100%

Accuracy 91% 94%

* PPV: positive predictive value; ** NPV: negative predictive value.
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Figure 2. Papillary Thyroid Carcinoma (Bethesda VI). A and B: Monolayer 
sheets of atypical cells with a syncytial-like appearance and dense 
cytoplasm. Nuclear grooves are not conspicuous in air-dried preparations 
(smear, May Grünwald-Giemsa, 400X). C: Follicular fragments with 
nuclear pseudoinclusions (cell block, H&E stain, 400X). D: US image 
showing an irregular hypoechoic nodule with microcalcifications.

Figure 1. Benign follicular nodule (Bethesda II). A and B: Typical follicular 
cells containing green-black cytoplasmic granules and vacuolated 
macrophage (smear, May Grünwald-Giemsa, 400X). C: Follicular fragment 
showing hyperplastic architecture (cell block, H&E stain, 200X). D: US 
image of an isoechoic benign nodule with regular margins and no 
microcalcifications.

DISCUSSION

Here we further demonstrated the importance of 
US-FNA in the management of thyroid nodules. 
Additionally, we show that using cell block as a 
complementary diagnostic tool improves the efficiency 
of this technique. The overall accuracy of cyto-cell block 
for detection of neoplasm was 94%, with a sensibility 
and specificity of 100% and 90%, respectively.

Thyroid  nodules are a significant clinical problem 
in the general population but the majority of them 
are benign and do not require surgery (15). Indeed, 
the prevalence of thyroid carcinomas is approximately 
4%. The main gains from implementation of US-
FNA include a reduction in the number of outpatient 
clinic attendances and hospital inpatient stays, with a 
consequent reduction in leave of absence from work. 
A faster diagnosis should also reduce patient anxiety 
(16). A reduction in operative rates for thyroid nodules 
would also produce a lower population rate of thyroid 
surgery-related morbidity (17). In agreement with 
the literature, we found that 6% of cases that were 
malignant or suspicious for malignancy (5,18). 

One of the limitations of cytological analysis 
obtained by US-FNA is the relative high rate of 
unsatisfactory samples (5-30%), due to limited material 
available for adjunctive diagnostic investigations. 
Cellularity in cytological samples is an item to be 
considered, because often the limited representativeness 
of the sample determines the failure diagnosis. The 
difficulties to obtain satisfactory samples are inherent 
to the procedure and are consistent with the literature. 
Very fibrous nodules, cysts or necrotic lesions generally 
provide a very small number of viable cells for diagnosis 
(5,9,19). 

In this context, the cell block technique allows 
recovery of small tissue fragments in a fluid sample which 
is processed to form a paraffin block. It has been widely 
accepted that this method of analysis increases the cell 
yield, providing a larger amount of material for analysis 
and improves diagnostic accuracy (12,20,21). However, 
the success of the cell block technique involves care and 
must meet certain requirements: maintenance of cell 
morphology and tissue architecture; optimization of 
the processing time without loss of quality material and 
obtaining sufficient reserve of material for further testing 
and immunohistochemical reactions (10). In this study, 
comparing the unsatisfactory rates, we can observe that 
the addition of the cell block to the US-FNA cytological 
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technique significantly reduced the rate of unsatisfactory 
samples (17.1% vs. 4.3%, P < 0.001). 

The embedded cytological sample in paraffin, with 
further processing, like a histological sample mimics 
the cell arrangement and the architectural features in 
the tissue, thus contributing to the diagnosis. Thus, 
it is disappointing that we find only few reports in 
the literature on the application of the cell block 
method to hospital routines. Our results show that the 
combination of the cell block and US-FNA techniques 
improved representativeness of the samples and a gain 
in diagnosis, since this methodology contributed to the 
increased cellularity and morphological details as groups 
with papillary and three-dimensional arrangement, 
cytoplasmic and nuclear preservation (22-24).

The number of insufficient/not diagnostic cases 
reached 4% in our series and indeterminate cytology was 
around 11%. These low percentages emphasize the US 
role in reducing the percentage of insufficient material 
or inappropriate diagnosis. These good results are due 
mainly to the guided choice of the nodule region to 
be aspirated, especially in the case of mixed nodules. 
The validated sensitivity (100%) and specificity (90%) of 
the diagnostic method were considered adequate. The 
accuracy (94%) of the procedure was considered high. 

The major contribution of cell block analysis to 
FNA cytology in the present study was to decrease 
the rate of unsatisfactory specimen. Likewise, only a 
benign case in cytology change to malignant category 
after analysis of the cell block. Therefore, cell block 
preparation may change patient management like 
avoiding repeated FNA or unnecessary surgeries, once 
most of the benefit came from moving cases from the 
unsatisfactory category to the benign group.

In conclusion, US-FNA is a powerful diagnostic tool 
for the diagnosis of thyroid nodules and can effectively 
reduce unnecessary surgeries. The combination of 
techniques, cytology and cell block, has increased 
the representativeness of the samples and lower false 
negative rates. The main advantage of cell block 
technique is to concentrate the cells in a limited field, 
without loss of material for analysis and it can be used 
routinely. There is also the possibility of implementing 
special staining immunohistochemistry when needed.
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technique significantly reduced the rate of unsatisfactory 
samples (17.1% vs. 4.3%, P < 0.001). 

The embedded cytological sample in paraffin, with 
further processing, like a histological sample mimics 
the cell arrangement and the architectural features in 
the tissue, thus contributing to the diagnosis. Thus, 
it is disappointing that we find only few reports in 
the literature on the application of the cell block 
method to hospital routines. Our results show that the 
combination of the cell block and US-FNA techniques 
improved representativeness of the samples and a gain 
in diagnosis, since this methodology contributed to the 
increased cellularity and morphological details as groups 
with papillary and three-dimensional arrangement, 
cytoplasmic and nuclear preservation (22-24).

The number of insufficient/not diagnostic cases 
reached 4% in our series and indeterminate cytology was 
around 11%. These low percentages emphasize the US 
role in reducing the percentage of insufficient material 
or inappropriate diagnosis. These good results are due 
mainly to the guided choice of the nodule region to 
be aspirated, especially in the case of mixed nodules. 
The validated sensitivity (100%) and specificity (90%) of 
the diagnostic method were considered adequate. The 
accuracy (94%) of the procedure was considered high. 

The major contribution of cell block analysis to 
FNA cytology in the present study was to decrease 
the rate of unsatisfactory specimen. Likewise, only a 
benign case in cytology change to malignant category 
after analysis of the cell block. Therefore, cell block 
preparation may change patient management like 
avoiding repeated FNA or unnecessary surgeries, once 
most of the benefit came from moving cases from the 
unsatisfactory category to the benign group.

In conclusion, US-FNA is a powerful diagnostic tool 
for the diagnosis of thyroid nodules and can effectively 
reduce unnecessary surgeries. The combination of 
techniques, cytology and cell block, has increased 
the representativeness of the samples and lower false 
negative rates. The main advantage of cell block 
technique is to concentrate the cells in a limited field, 
without loss of material for analysis and it can be used 
routinely. There is also the possibility of implementing 
special staining immunohistochemistry when needed.
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ABSTRACT
Clinically nonfunctioning pituitary adenomas (NFPA) are the most common pituitary tumors after 
prolactinomas. The absence of clinical symptoms of hormonal hypersecretion can contribute to the 
late diagnosis of the disease. Thus, the majority of patients seek medical attention for signs and 
symptoms resulting from mass effect, such as neuro-ophthalmologic symptoms and hypopituitarism. 
Other presentations include pituitary apoplexy or an incidental finding on imaging studies. Mass effect 
and hypopituitarism impose high morbidity and mortality. However, early diagnosis and effective 
treatment minimizes morbidity and mortality. In this publication, the goal of the Neuroendocrinology 
Department of the Brazilian Society of Endocrinology and Metabolism is to provide a review of the 
diagnosis and treatment of patients with NFPA, emphasizing that the treatment should be performed 
in reference centers. This review is based on data published in the literature and the authors’ 
experience. Arch Endocrinol Metab. 2016;60(4):374-90
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INTRODUCTION

A denomas represent the most common primary 
neoplasm of the anterior pituitary, constituting 

10-15% of all intracranial tumors (1). They are benign 
neoplasms of monoclonal origin, and their pathoge nesis 
is thought to involve mostly inactivating mutations 
in tumor suppressor genes or activating mutations 
in proto-oncogenes, although the specific mutations 
remain to be identified in most cases (2).

Pituitary adenomas are divided into functioning 
and non-functioning according to the presence or 
absence of clinical syndromes resulting from hormonal 
hypersecretion. Upon imaging, these tumors can 
be further classified as microadenomas (< 10 mm) 
or macroadenomas (≥ 10 mm) according to size. 
Approximately 30% of pituitary adenomas are clinically 
nonfunctioning, and the majority of patients seeks 
medical attention for signs and symptoms resulting 
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from mass effect on surrounding structures, i.e., 
the optic chiasm, cranial nerves and pituitary stalk. 
However, some cases may be diagnosed incidentally 
through imaging studies performed for other purposes 
(3). In this statement, the authors will provide a 
review on the diagnosis and treatment of patients with 
nonfunctioning pituitary adenomas (NFPA) whose 
presentation was not incidental.

The precise prevalence of NFPA is difficult to define 
because many patients are asymptomatic. The prevalence 
of clinically manifest NFPA is estimated at 7-22 cases per 
100,000 inhabitants (4,5); its estimated incidence is 1 case 
per 100,000 inhabitants/year (6), with a peak incidence 
between the fourth and sixth decades of life with no 
sex predilection (7). Thus, it is estimated that there are 
approximately 2,000 new cases of NFPA diagnosed annually 
in Brazil (base for calculation: 200 million inhabitants).

The definition of NFPA is essentially clinical until 
histopathological analysis is performed, i.e., benign pituitary 
tumors that are not associated with clinical manifestations 
of hypersecretion of pituitary hormones (3). Most of these 
tumors are capable of producing glycoprotein hormones 
or their subunits in sufficient quantities to be detected 
by immunohistochemistry (IHC), in situ hybridization 
or molecular biology techniques; however, they cannot 
secrete detectable amounts of glycoprotein hormones in 
the circulation or secrete biologically inactive forms (8-
14). Nevertheless, the α subunit of glycoprotein hormones 
may be elevated in the circulation in approximately 30% 
of NFPA patients (15). Although most of the gonado-
troph adenomas are hormonally silent, rarely they secrete 
gonadotropin and may produce specific endocrine 
syndromes, such as ovarian stimulation-like syndrome in 
pre-menopausal women (16,17).

NFPA represents a heterogeneous group of adenomas 
and may be classified as gonadotropinomas, silent tumors that 
express only one pituitary hormone [adrenocorticotropin 
hormone (ACTH); thyroid-stimulating hormone 
(TSH), prolactin and growth hormone (GH)], multiple 
pituitary hormones (silent adenoma subtype 3) or no 
hormone (null cell) based on hormone expression on 
immunohistochemical examination. Most NFPA stems 
from gonadotropic cells, with immunostaining for follicle-
stimulating hormone (FSH), luteinizing hormone (LH) 
and/or alpha subunit of glycoprotein hormones (14). 
Among silent corticotropinomas, silent adenoma subtype 
1 (densely granulated) and subtype 2 (sparsely granulated) 
can be found (8,13,14). Table 1 shows the pathological 
classification of NFPA.

As to the importance of the characterization 
of NFPA in relation to the expression of pituitary 
hormones, some studies have found a relationship 
between the expression of hormones by IHC and 
tumor aggressiveness. In a study of 213 patients with 
NFPA, Yamada and cols. (18) found cavernous sinus 
invasion in 83% of silent corticotropinomas, 67% of 
adenomas subtype 3, 38% of null cell adenomas and 
11% of gonadotropinomas, demonstrating differences 
in tumor invasiveness among NFPA subtypes.

In this publication, the goal of the Neuroendocrinology 
Department of the Brazilian Society of Endocrinology 
and Metabolism is to provide a review on the diagnosis 
and treatment of patients with NFPA, emphasizing that 
the treatment should be performed in reference centers. 
Thus, based on data published in the literature and the 
experience of the authors, representatives of the main 
reference centers for the treatment of pituitary adenomas 
in Brazil, we present a review for the diagnosis, treatment 
and follow-up of this disease.

DIAGNOSIS

Clinical presentation

The absence of clinical symptoms of hormonal 
hypersecretion contributes to the late diagnosis of the 
disease. Thus, the majority of patients seeks medical 
attention for signs and symptoms resulting from mass effect 
produced by a macroadenoma. NFPA can be manifested 
by symptoms of compression of the tumor on the normal 
gland and/or on the surrounding structures to the pituitary 
gland, such as the optic chiasm, cranial nerves, or pituitary 
stalk, causing hypopituitarism, hyperprolactinemia or, less 
frequently, pituitary apoplexy. Additionally, some cases 
may be diagnosed incidentally through imaging studies 

Table 1. Pathological classification of clinically nonfunctioning pituitary 
adenomas

Tumor subtype Hormone expression Frequency

Gonadotropinoma FSH, LH, α subunit 68%

Silent adenomas 

Silent somatotropinoma

Silent prolactinoma

Silent thyrotropinoma

Silent corticotropinoma

GH

PRL

TSH

ACTH

5%

Null cell None 27%

Silent adenoma type 3 Multiple pituitary hormones <1%

FSH: follicle-stimulating hormone; LH: luteinizing hormone; GH: growth hormone;  
PRL: prolactin; TSH: thyroid-stimulating hormone; ACTH: adrenocorticotropic hormone.
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performed for other purposes, such as the evaluation of 
traumatic brain injury (12,19). The forms of clinical 
presentation of NFPA are found in Chart 1.

Chart 1. Forms of presentation of clinically nonfunctioning pituitary 
adenomas

• Mass effect (neuro-ophthalmologic complaints, neurologic, hypopituitarism 
and hyperprolactinemia by stalk effect)

• Pituitary apoplexy

• Incidental finding (pituitary incidentaloma)

NFPA with suprasellar expansion can reach and 
cause compression of the optic chiasm, determining 
varied visual impairment according to the involvement 
of nerve fibers. The most classic change is bitemporal 
hemianopia, but the visual loss can be uni-, bilateral or 
even central and is usually asymmetric and insidious. 
These visual changes can be detected by confrontation 
visual field testing or by visual field perimetry, preferably 
manual (Goldmann) (20). The suprasellar extension 
can produce headaches or, more rarely, intracranial 
hypertension, as large tumors may obstruct the foramen 
of Monro, leading to hydrocephalus (21). Headaches 
may be related to various factors, such as increased intra-
sellar pressure, peritumoral inflammatory reaction, in 
addition to release of local neurotransmitters (22,23).

The invasion of the cavernous sinus (parasellar 
expansion) may affect the cranial nerves, causing a 
varied clinical profile according to the compromised 
nerve: eyeball shift out and/or ptosis (III nerve lesion, 
oculomotor nerve), deviation of the eyeball superiorly 
and slightly inward (IV nerve involvement, trochlear 
nerve) and convergent strabismus (lesion VI nerve, 
abducens nerve). More rarely, trigeminal neuralgia 
(lesion of branches V1 and/or V2 of V nerve, the 
trigeminal nerve) may occur (24).

More rarely, the tumor may be very aggressive and 
compress other intracranial structures, resulting in 
symptoms such as temporal lobe epilepsy or hydrocephalus. 
Cerebrospinal fluid (CSF) rhinorrhea can occur if the 
tumor causes erosion to the sellar floor and extends 
inferiorly (infrasellar extension) to the sphenoid sinus (12).

The deficiency of at least one pituitary hormone is 
generally present in most patients with macroadenoma 
and results from the compression of the normal anterior 
pituitary and/or pituitary stalk, preventing the stimulation 
of pituitary cells by hypothalamic factors and thus affecting 
the secretion of pituitary hormones. Hypogonadism, one 
of the most common deficiencies, can result from either a 
compressive effect on gonadotropic cells or the pituitary 
stalk or by non-tumoral hyperprolactinemia. In patients 

with NFPA, hyperprolactinemia occurs by compression 
of the pituitary stalk, which prevents the arrival of 
dopamine to the anterior pituitary, the main inhibitor 
of prolactin secretion, characterizing the hypothalamic-
pituitary disconnection (stalk effect) (25-28).

Apoplexy is an acute vascular event that presents 
with acute expansion of tumor volume, manifesting 
itself by sudden onset of intense headache. It may 
be associated with neuro-ophthalmologic signs and 
symptoms, intracranial hypertension and altered 
levels of consciousness. In addition, it can cause 
hypopituitarism, including adrenal insufficiency, which 
can exacerbate the patient’s clinical status. The real risk 
of apoplexy in NFPA is not known because most of the 
cases reported the apoplexy was the clinical picture that 
led to the diagnosis of NFPA (29). Apoplexy is reported 
in 4-10% of cases in surgical series (25,27,28). As 
described in a review article (30), follow-up studies of 
patients with the incidental finding of nonfunctioning 
lesions likely to be NFPA reported an incidence of 
apoplexy in macroadenomas of 1.1% per year.

Currently, due to the increased availability of 
cranial computerized tomography (CT) and magnetic 
resonance imaging (MRI) in investigations of several 
neurologic disorders, there have been an increasing 
number of NFPA diagnoses in asymptomatic patients or 
those without signs suggesting pituitary pathology. In 
this situation, the NFPA is called an incidentaloma, which 
represents approximately 10% of clinical presentations 
among patients with NFPA (1,25,27,31,32).

Table 2 summarizes the main clinical and laboratory 
characteristics of patients with NFPA evaluated in large 
studies (25-28). Growth hormone deficiency was not 
systematically assessed in most series; however, one study 
showed somatotrophic deficiency in 77% of cases (33).

Table 2. Clinical and laboratory characteristics of patients with clinically 
nonfunctioning pituitary adenoma

Clinical characteristics Frequency

Headache 10 – 41%

Visual impairment 31 – 68%

Alteration of cranial nerve 4 – 5%

Incidental finding 7 – 12%

Hyperprolactinemia 28 – 54%

Apoplexy 4 – 10%

Hypopituitarism – documented 62 – 85%

Hypogonadism 43 – 78%

Hypocortisolism 24 – 32%

Hypothyroidism 20 – 25%
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Supplementary tests and differential diagnosis

NFPA diagnosis is based on the presence of sellar mass 
identified by CT, or preferably, MRI of the sella turcica, 
in the absence of signs and/or clinical symptoms of 
hormonal hypersecretion.

After the diagnosis of sellar mass, it is necessary to 
assess pituitary function with regard to hypersecretion 
or hypopituitarism. In the case of NFPA, the absence 
of hormone hypersecretion should be based on clinical 
evaluation and laboratory test analysis through the 
measurement of insulin-like growth factor type I 
(IGF-I) and prolactin (34,35). Tests for screening 
hypercortisolism include overnight 1-mg dexamethasone 
suppression test, Liddle 1 (suppression with low dose 
dexamethasone – 0.5 mg every 6 hours for 48 hours), 
late-evening salivary cortisol and urinary free cortisol. 
These tests are indicated only for patients in whom there 
is a clinical suspicion of Cushing’s disease (12,36).

The hook effect, an artifact of the dosage of the 
prolactin assay, occurs when excessively high levels of this 
hormone interfere with the formation of the complex 
antibody-antigen-antibody sandwich (immunometric 
method). The final effect is the detection of a signal lower 
than that expected by the test, erroneously determining a 
lower level of prolactin. To avoid this problem, prolactin 
assessment must be repeated at a serum dilution of 1:100. 
If the pituitary adenoma is a prolactinoma, prolactin levels 
will dramatically increase (proportional to tumor size). 
However, if the sellar lesion is not a prolactinoma, but 
an NFPA (or other sellar lesion), prolactin levels remain 
at a similar level after dilution (hyperprolactinemia due 
to hypothalamic-pituitary disconnection). Modestly 
elevated levels of prolactin (usually not exceeding 150-
200 ng/mL) may occur in patients with macroadenomas 
or other sellar lesions by loss of inhibitory tone due to 
disruption of dopamine input on lactotrophs, configuring 
the stalk effect or hypothalamic – pituitary disconnection. 
Thus, in patients with macroadenoma, especially those 
> 3 cm and with normal or not so elevated prolactin 
values, a new dosage after a prolactin serum dilution 
of 1:100 must be obligatorily performed to distinguish 
prolactinoma from NFPA (34,37,38).

Cystic prolactinomas constitute another potential 
cause of discrepancy between the prolactin serum level and 
tumor volume since, although the tumor volume is large, 
the number of viable cells is low due to cystic degeneration.

NFPA, especially macroadenomas, can determine 
impairment of pituitary function by the involvement 

of gland or pituitary stalk compression; thus, hormone 
deficiencies should be investigated regardless of 
symptoms (35). The risk of hypopituitarism is 
directly related to tumor size; therefore, laboratory 
investigations should be performed in all patients with 
nonfunctioning macroadenomas. In patients with 
nonfunctioning microadenomas, the evaluation of 
pituitary function is suggested for lesions between 6-9 
mm because these appear to be more closely associated 
with hypopituitarism (35). The assessment of pituitary 
function should be performed by the following 
hormonal dosages: 1) Corticotrophic axis through 
baseline cortisol levels (between 7:00am and 9:00 am) 
or stimulation test (synthetic ACTH or insulin tolerance 
test). Baseline cortisol levels < 3 mg/dL confirm adrenal 
insufficiency, while levels > 18 mg/dL exclude it. Cortisol 
values between 3-18 mg/dL require a stimulation test. 
Cortisol levels > 18 mg/dL during the stimulation 
test exclude the diagnosis of adrenal insufficiency [for 
details on the diagnosis of adrenal insufficiency see 
reference #(39)]; 2) Thyrotrophic axis through TSH 
and free T4 measurements. Although the TSH level is 
not informative in cases of central hypothyroidism (may 
be low, inappropriately normal or slightly elevated), a 
frankly high level indicates primary hypothyroidism, 
especially if accompanied by antithyroid autoantibodies; 
3) Gonadotropin axis by measuring levels of LH, FSH 
and, in men, testosterone. In women, the determination 
of gonadotropin levels and menstrual cycles is sufficient 
for the evaluation of gonadal function. Inappropriately 
normal or low levels of gonadotropins in menopausal 
women indicate hypopituitarism (gonadotropin 
deficiency); and 4) Somatotrophic axis through IGF-I 
measurement. Importantly, normal IGF-I levels in adults 
with pituitary adenoma do not exclude the diagnosis of 
GH deficiency because nearly half of adult patients with 
GH deficiency may have normal levels of IGF-I (40). 
Nevertheless, in the presence of three pituitary hormone 
deficiencies, low IGF-I values are specific predictors of 
GH deficiency (41,42). If at least three deficiencies do 
not occur, GH liberation testing should be performed. 
Additionally, IGF-I levels may be low due to diseases, 
such as hepatic or renal impairment, uncontrolled 
diabetes mellitus, malnutrition and hypothyroidism (43).

Visual deficit, especially bitemporal hemianopia due 
to compression of the optic chiasm, can also occur (35). 
Thus, it is mandatory to perform visual field perimetry, 
preferably the Goldmann method, in all patients with 
macroadenoma with suprasellar expansion when the 
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adenoma is very close (< 1 mm) or compresses the 
optic chiasm. Confrontational visual field performed 
by the endocrinologist in the outpatient clinic may not 
be precise whenever visual field perimetry is indicated. 
Thus, a formal visual field perimetry is needed. 

In the analysis of sellar region imaging, preferably by 
MRI, it is important that an experienced neuroradiologist 
is on the team to set the adenoma size (microadenoma 
vs. macroadenoma); evaluate if there is extrasellar 
extension of the tumor, optic chiasm compression and/
or sellar floor erosion (in this case, CT view is better 
to view erosion of the sellar floor); as well as aid in the 
differential diagnosis of masses that can affect the sellar 
region. MRI at diagnosis can already provide evidence 
of aggressive tumors, such as voluminous adenomas 
with an important extrasellar component, compression 
of adjacent structures and bone destruction. Pituitary 
adenomas usually present hypo- or isointense compared 
to normal pituitary tissue in T1 images on MRI. After 
administration of gadolinium, adenomas often present 
low contrast uptake, while the contrast enhancement in 
normal pituitary tissue occurs earlier (44). 

Several other pathologies may be the cause of sellar 
mass and must be considered in the differential diagnosis 
(Table 3), although this distinction is difficult in many 
cases because the clinical presentations and radiological 
aspects may be similar (45,46). In this scenario, the role 
of the experienced neuroradiologist is crucial in the 
differential diagnosis of sellar masses. In other cases, 
some clinical, endocrinal and radiological findings of 
patients with a non-pituitary sellar or parasellar mass are 
present and help in this differentiation [for details on the 
other sellar lesions, see reference #(47)]. The correct 
etiologic diagnosis is important because the treatment 
of choice for many of these sellar and parasellar masses 
differs from that of pituitary adenomas.    

The presence of diabetes insipidus (DI) is common 
in tumors of non-pituitary origin and indicates that the 
sellar mass is most likely not a pituitary adenoma (45). 
Likewise, it is unlikely to diagnose a tumor that reduces 
light of the internal carotid artery by the cavernous 
sinus invasion as a pituitary adenoma (48). The dosage 
of the α subunit of the glycoprotein hormones can aid 
in the differential diagnosis, but it is elevated in only 
30% of NFPA patients (15). Thus, high levels of α 
subunit indicate pituitary origin of mass, but normal 
values do not rule out NFPA as an etiologic diagnosis. 
Importantly, the α subunit is high in physiological 
situations such as menopause and pregnancy.

The definitive diagnosis of NFPA and the definition 
of its subtype are performed by histopathological analysis 
of the surgical specimen (12,49). Thus, patients not 
undergoing surgery remain with a presumptive diagnosis 
of NFPA. It is important to remember that approximately 
90% of sellar masses are pituitary adenomas, and only 
10% are lesions of non-pituitary origin, most of which 
are craniopharyngiomas and Rathke’s cleft cysts (50). 
Thus, a histopathological exam is needed to confirm 
pituitary adenoma; whenever possible, IHC should be 
performed for pituitary hormones, Ki-67, a marker of 
cell proliferation, and protein p53.

The summary for NFPA diagnoses is shown in Chart 2 
and for requesting additional tests at diagnosis in Chart 3.

Table 3. Differential diagnosis of major lesions that affect the sellar region

Pituitary tumors
• Prolactin-secreting pituitary adenoma

• Clinically nonfunctioning adenoma

• Growth hormone-secreting pituitary adenoma (acromegaly)

• Corticotropin-secreting pituitary adenoma (Cushing’s disease)

• Thyrotropin-secreting pituitary adenoma (TSHoma)

• Carcinoma*

Other tumors
• Craniopharyngioma

• Meningioma

• Germ cell tumor (germinoma, dysgerminoma and choriocarcinoma)

• Teratoma

• Gliomas

• Chordoma

• Metastasis (mainly: breast, lung and kidney)

Cysts
• Cyst of Rathke’s pouch

• Arachnoid cyst

• Others: epidermoid cyst and dermoid cyst

Infiltrative/inflammatory lesions
• Lymphocytic hypophysitis

• Sarcoidosis

• Langerhans cell histiocytosis

• Wegener´s Granulomatose

Infectious diseases
• Bacterial

• Tuberculosis

• Syphilis

• Deep mycosis

• Opportunist disease

Vascular lesions
• Aneurysms of the internal carotid artery

Miscellaneous
• Hypothalamic hamartoma

• Pituitary hypertrophy/hyperplasia

TSH: thyroid stimulating hormone. * Pituitary carcinoma is defined when there is the presence 
of distant metastases.
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Chart 2. Summary for the diagnosis of clinically nonfunctioning pituitary 
adenoma

• Hormone hypersecretion evaluation should be based on laboratory test 
analysis through IGF-I and prolactin

• Special attention should be given to interpretation of plasma prolactin 
values because normal or slightly elevated values (hook effect) may occur 
in the macroprolactinomas, especially those > 3 cm, as well as prolactin 
levels until 150-200 ng/mL (hypothalamic-pituitary disconnection) can be 
seen in patients with NFPA. Thus, a new dosage after a prolactin serum 
dilution of 1:100 is mandatory to distinguish prolactinoma from a NFPA 

• Hypercortisolism evaluation should be based on laboratory test analysis 
only in cases of clinical suspicion of Cushing’s syndrome

• Imaging exams of the sella turcica, preferably by MRI, to assess lesion 
size and its relationship with adjacent structures as well as assist in 
differential diagnosis with other sellar masses. In this context, the 
participation of an experienced neuroradiologist is essential

• In patents submitted to surgery, histopathological exam is needed to 
confirm pituitary adenoma

IGF-I: insulin-like growth factor type I; NFPA: nonfunctioning pituitary adenoma; MRI: magnetic 
resonance imaging.

Chart 3. Summary to request additional tests at diagnosis of clinically 
nonfunctioning pituitary adenoma

• Visual field perimetry, preferably Goldmann method, in patients with 
macroadenomas with suprasellar expansion that reach the optic chiasm

• The assessment of pituitary function must be performed in patients with 
lesions > 6 mm through dosages of cortisol, free T4, IGF-I, prolactin, LH, 
FSH, and in men, testosterone. In women, the determination of 
gonadotropin levels and menstrual cycles is sufficient for the evaluation of 
gonadal function

T4: thyroxin; IGF-I: insulin-like growth factor type I; FSH: follicle stimulating hormone; LH: 
luteinizing hormone; TSH: thyroid stimulating hormone.

TREATMENT

In most cases, the treatment of NFPA patients requires 
a multidisciplinary approach involving the participation 
of endocrinologists, neurosurgeons, neuroradiologists, 
neuropathologists and radiation therapists. The 
established therapeutic approaches for patients with 
NFPA include observation (clinical follow-up), surgery 
and radiotherapy (RT).

In general, the main objectives of treatment of 
patients with macroadenomas are the preservation or 
restoration of visual and pituitary functions and long-
term control of tumor growth.

Surgery

The principal objective is decompression of the optical 
pathways and the preservation of adjacent structures as 
well as normal pituitary tissue. The success of surgical 
treatment varies directly with the surgeon’s experience 
and skill and inversely with the largest tumor diameter, its 
consistency, adhesion and degree of invasion (27,51-52). 

Experience is defined by the completion of at least 50 
transsphenoidal surgeries annually (53). Thus, surgery 
should be performed in specialized reference centers.

Total resection of the tumor may be curative, 
which occurs most frequently in those with little or 
no extrasellar extension (7). In fact, the presence of 
cavernous sinus invasion and largest tumor diameter 
were negative predictors of complete tumor resection 
in some series (25,27,54). The total resection rate is 
highly variable, from 20-83% (mean approximately 
50%), likely reflecting the advances in surgical and 
imaging techniques (particularly endoscopic technique) 
over time, as well as accumulated experience of 
neurosurgeons (25-28,33,55-58). Thus, about half of 
the patients are left with residual tumor after surgery. 

Transsphenoidal surgery is the treatment of choice 
for patients with neuro-ophthalmologic symptoms 
because it is the only treatment modality capable of 
immediately determining decompression of the optical 
pathways. Visual improvement can be observed in up to 
80% of patients (59). Thus, surgery should be indicated 
for patients with neuro-ophthalmologic complaints 
and/or tumors affecting the optic pathway. It is also 
indicated for patients with apoplexy who develop neuro-
ophthalmologic complaints. In these cases, surgery is 
urgent (Chart 4). Patients with clinical presentation of 
apoplexy who are not operated on within a few days 
should undergo new imaging examination, even in 
cases with persistent visual loss due to tumor necrosis.

Chart 4. Summary for surgery

• Should be performed in reference centers for pituitary surgery

• Should be performed in patients with neuro-ophthalmologic complaints 
and/or tumors affecting the optical pathways, except in patients at high 
risk for surgery or who refuse the procedure

• Should be performed with urgency in patients with apoplexy who present 
neuro-ophthalmologic complaints

The recovery of pituitary function occurs in 
30-50% of cases; however, recovery of adrenal and 
thyrotrophic function is more likely than somatotrophic 
or gonadotropic sectors (60). Losa and cols. (27) 
reported improvements in gonadal, thyroid and 
adrenal axes in 32.8%, 41.6% and 35.7%, respectively, 
and postsurgical worsening in 5.8%, 7.5% and 5.6% of 
patients, respectively. Nomikos and cols. (28) reported 
improvements in gonadal, thyroid and adrenal axes 
in 64.9%, 71.9% and 33.9% of patients, respectively, 
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and postsurgical worsening in 2.1%, 4.5% and 1.5% of 
patients, respectively.

The transsphenoidal approach is the main surgical 
pathway, which has a low mortality rate when 
performed by skilled neurosurgeons (27,61-63). 
Major complications are rare and include worsening 
of visual field (0.5-2.4%), cerebrospinal fluid leak (1.5-
4.2%), carotid artery lesion (0.4-1.4%), meningitis 
(0.5-1.9%) and hemorrhage (0.8-2.8%). Transitory 
diabetes insipidus can occur in up to 15% of surgeries, 
but its permanent form is less frequent (0.9-5%). The 
perioperative mortality rate is also low, ranging from 
0.2 to 1.2% (61,62,64,65).

Adequate replacement of corticotrophic and thyro-
trophic axes deficiencies before surgery is indicated, or 
at least, the glucocorticoid immediately before surgery 
in emergency cases to reduce surgical risk (66). The 
replacement should be kept in the postoperative period 
until further evaluation of all pituitary function is made.

Pituitary function and the visual field perimetry 
should be assessed 1-3 months after surgery and the 
treatment of hypopituitarism introduced according to 
hormone deficiencies. From the early postoperative 
period until the evaluation of pituitary function, special 
attention should be given to the corticotrophic axes 
for the risk of adrenal insufficiency. The assessment of 
pituitary function should be performed 1-3 months 
after surgery through dosages of cortisol, free T4, 
IGF-I, prolactin, LH, FSH, and in men, testosterone. 
In premenopausal women, determination of menstrual 
cycles is sufficient for the evaluation of gonadal function. 
The assessment of tumor resection extent should be 
made three months after surgery [three months is the 
minimum time for sellar MRI clearly showing a residual 
tumor, with less possibility of misinterpretation with 
postsurgical changes (surgical debris, for example)]. 
This MRI serves as the baseline imaging exam for 
comparison with the next MRI during follow-up 
(Chart 5).

Chart 5. Summary for outpatient postoperative evaluation

• Evaluation of pituitary function 1-3 months after the procedure - cortisol, 
free T4, IGF-I, prolactin, LH, FSH, and in men, testosterone. In 
premenopausal women, determination of menstrual cycles is sufficient to 
assess gonadal function

• Evaluation of the visual field through visual perimetry one month after 
surgery in patients who present initially with visual field defect

• Imaging exam of the sellar region, preferably MRI, at least 3 months after 
surgery

T4: thyroxin; IGF-I: insulin-like growth factor type I; FSH: follicle stimulating hormone;  
LH: luteinizing hormone; TSH: thyroid stimulating hormone; MRI: magnetic resonance imaging.

The long-term follow-up of patients undergoing 
surgery, but without receiving any type of adjuvant 
treat ment, is detailed ahead.

Radiotherapy

RT has been used as complementary treatment 
(adjuvant) to surgery to reduce the risk of tumor 
regrowth (67). Two modalities of RT are available, 
conventional and stereotactic, which can be fractionated 
or in single dose (radiosurgery).

Conventional RT is administered in fractionated 
doses four to five times a week for four weeks. There is 
no doubt of the effectiveness of RT in tumor control. 
Several studies have evaluated the impact of adjuvant 
conventional RT on tumor recurrence, and the 
progression-free rate is higher than 90% even in series 
with long-term follow-up (approximately 20 years) 
(68-71).

However, despite its effectiveness, there is 
no consensus on the systematic use of RT in the 
postoperative period in patients who remain with 
residual tumor. Nonetheless, the regrowth frequency 
is relatively high, occurring in approximately 40-50% 
of patients with residual tumor on imaging exams 
(26,33,54,56,71,72), with slow growth that is often 
insufficient to determine clinical manifestation (73). 
For some authors, if the remaining tumor is small and 
its evolution can be followed through periodic imaging 
exams (expectant approach), RT is only indicated when 
there is evidence of significant tumor growth (74). A 
recent meta-analysis showed that the tumor doubling 
time was 3.4 years, which means that in most adenomas, 
regrowth of residual tumor is a slow process and thus 
may not achieve sufficient dimensions to determine 
compressive symptoms (73). Furthermore, in 50-60% 
of cases, no growth is presented during follow-up (73).

To date, there are no markers to identify which 
tumors will present regrowth after surgery, making 
it difficult to decide which patients should undergo 
irradiation (75,76). Thus, indication for RT should be 
individualized, taking into account such issues as tumor 
characteristics on MRI at diagnosis, age, tumor doubling 
time, pituitary function, and fertility because the risk of 
hypopituitarism due to radiotherapy is high and grows 
over time with follow-up. In general, RT is reserved 
for cases of tumors not completely resected by surgery 
and that present progressive tumor growth during 
follow-up. Adjuvant RT should also be considered for 
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patients who, at diagnosis, already present aggressive 
tumors (large adenomas with invasion and compromise 
to structures adjacent to sellar region) and/or tumors 
with pathologic characteristics that demonstrate 
aggressiveness, such as high mitotic index, Ki-67 > 
3% and extensive immunostaining for p53 (atypical 
adenomas according to the classification of the 2004 
World Health Organization) (49), and possibly silent 
corticotropinoma (77,78). Additionally, RT should 
be indicated in cases of persistent residual tumor after 
second surgery performed due to tumor recurrence. 
Finally, it can be used as primary therapy for patients 
with tumors proximate or reaching the optic pathway 
and concurrently present high surgical risk or surgery 
refusal (Chart 6). In this context, radiosurgery was 
effective in controlling tumor growth in 85% of patients 
in 10 years of follow-up (79). Patients undergoing RT 
should be monitored by MRI annually in the first five 
years and then every 2-3 years.

Chart 6. Summary for radiation therapy and monitoring

• Tumors that present progressive growth during follow-up

• Aggressive tumors on MRI at diagnosis and/or tumors with pathological 
characteristics that show aggressiveness

• Persistent residual tumor after second surgery for relapsing disease

• Primary therapy for patients with proximate tumors or that reach the optic 
pathways and high concomitant surgical risk or patient refusal for surgery

• Evaluation of hypopituitarism every 6 months

• Annual sellar MRI during the first five years and then every 2-3 years

MRI: magnetic resonance imaging.

Littley and cols. (80) evaluated 165 patients 
undergoing conventional RT; after five years 
of treatment, the incidence of GH deficiency, 
gonadotropin (LH and FSH), ACTH and TSH was 
100%, 91% 77% and 42%, respectively. While observing 
different sensitivities between pituitary cells, the 
deficiency state can be unpredictable, which means 
the regular assessment of complete pituitary function 
in patients undergoing RT should be every 6 months. 
In addition, new deficiencies may appear up to 20 
years after, justifying long-term follow-up of pituitary 
function (68). Evaluation for hypopituitarism should 
be performed every 6 months after RT in patients who 
have total or partial pituitary function preserved.

In addition to damage to the pituitary, there is a 
risk of optic neuropathy, especially to the optic chiasm 
(81), neurocognitive dysfunction (82), and more 
rarely, possible induction of other tumors of the central 

nervous system, especially meningiomas, astrocytomas 
and gliomas (83). It is important to consider that these 
complications occurred at times when the treatment 
was carried out with dated techniques, and risk has not 
yet been fully established with new RT techniques. In 
addition to the above side effects, studies have evaluated 
the relationship between RT with increased mortality, 
especially for cerebrovascular disease (84,85). Brada 
and cols. (85) found a relationship between radiation 
dose and the risk of cerebral infarction in a study with 
331 patients. The relative risk of occurrence of a first 
stroke in relation to the general population was 4.1 
in this study. Furthermore, hypopituitarism, as well as 
hormone replacement, is also related to cerebrovascular 
disease and increased mortality (86,87). Thus, increased 
mortality from cerebrovascular disease appears to be 
multifactorial, involving the direct effect of radiation 
on cerebral vessels, hypopituitarism and its treatment 
(88). Because risk of cerebrovascular disease is a long-
term effect, the radiation used in the reported cases 
was from an older technique, where parts of the brain 
received up to half or a third of the total dose.

In an attempt to minimize the risks of RT, a 
stereotactic method was developed. This technique has 
successfully replaced conventional RT in controlling 
the growth of tumor remnants (89). In the study of 
Mingione and cols. (90), 59 of 90 patients (65.6%) 
with NFPA treated after surgery showed tumor volume 
reduction, the tumor remained stable in 24 (26.7%) 
and there was tumor growth in 7 cases (7.8%). Like 
conventional RT, the rate of tumor control of NFPA 
with stereotactic RT published in different series is above 
90%, but with less follow-up (91). Mokry and cols. (92) 
reported an incidence of hypopituitarism of 20%, but it 
may have been underestimated by the follow-up time 
(28.9 ± 21.5 months) (93). In the series of Hoybye and 
cols. (94), hypopituitarism developed in 68% of patients 
with corticotropinoma at a mean follow-up of 17 years 
(12-22 years). As there is lesser existing experience with 
stereotactic irradiation in single or fractionated doses, 
more long-term studies are needed to assess the actual 
incidence of side effects, such as hypopituitarism, optic 
neuropathy, neurocognitive dysfunction, cerebrovascular 
disease, possible induction of other tumors of the central 
nervous system, and mortality (93).

Medications

NFPA are tumors without an established drug 
treatment. Three classes of drugs have been studied 
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for the treatment of NFPA: dopamine agonists (DA), 
somatostatin analogs (SA) and gonadotropin-releasing 
hormone (GnRH) analogues (95). Temozolomide 
has also been used in some centers for patients with 
aggressive tumors. However, to date, none of these are 
routinely used or formally indicated for the treatment of 
these tumors.

A – Dopamine agonists 

DA was the first class of drugs used in the treatment 
of prolactinomas and somatotropinomas; bromocriptine 
(BRC) and cabergoline (CAB) are both commercially 
available DA in Brazil. These drugs act directly on the 
dopamine receptor type 2 (DR2), present in normal 
pituitary (96) and pituitary adenoma (96,97). The use 
of this class of drugs in the treatment of NFPA is based 
on the observation that these tumors express DR2 
(96,98,99). Promising results have been reported on the 
efficacy of CAB in the control of tumor growth (98,99). 

Pivonello and cols. (98) sought to correlate DR2 
expression with the effect of CAB on tumor volume 
in patients with NFPA. The study included 18 patients 
undergoing surgical treatment, of which 9 (50%) 
remained with residual tumor and were treated with 
CAB for a period of 1 year. Significant tumor reduction 
(over 25%) was observed in 56% of patients. Among 
them, remarkable tumor reduction (greater than 50% 
of the initial volume) was identified in two patients, 
and moderate tumor reduction (25-50% of the initial 
volume) was observed in three patients. All patients 
with significant reduction of adenoma expressed DR2. 
A similar result was found by Vieira Neto and cols. 
(99), who observed tumor reduction of > 25% in 67% 
(6/9 patients) after 6 months of treatment with CAB. 
In both studies, the cabergoline dose was titered up to 
3 mg/week or to the highest tolerated dose.  

Greenman and cols. (100) evaluated the use of DA 
immediately after surgery or after detection of remnant 
tumor growth during follow-up. Thirty-three patients 
received DA during a mean period of 40 months and 
were matched with a group of 47 patients who were 
not treated with the drug. Tumor reduction or stability 
was observed in 18 of 20 patients (90%), when DA 
was started immediately after detection of the residual 
tumor on postoperative MRI. In 13 patients, treatment 
was started only after detection of remnant tumor 
growth during routine visits. In this group, reduction 
or stabilization of the tumor was detected in 8 of 13 

patients (61.5%). Conversely, tumor size remained stable 
in only 18 of 47 patients (38.3%) not treated with DA, 
and tumor growth was detected in 29 patients (61.7%). 
Thus, based on these results, the authors concluded 
that DA treatment induces a reduction or stabilization 
of tumor volume, particularly when the treatment was 
initiated prior to detection of tumor relapse/regrowth.

Although CAB has not been included in the treatment 
algorithm of patients with NFPA, a therapeutic attempt 
can be made according to the clinical judgment in 
individual cases with postoperative residual tumor, 
especially those with extrasellar extension (regrowth 
predictor). In these patients, small growths may be 
clinically relevant in terms of compressive effects. 
In this context, CAB could be attempted before RT 
indication for control of tumor regrowth, avoiding the 
side effects related to radiation, especially in patients 
with preserved pituitary function.

The initial dose can be 0.5 mg weekly, increasing 0.5 
mg each week until a maximum dose of 3.0 mg/week. 
If the patient has intolerance during titration, use the 
highest tolerated dose. The effectiveness of CAB should 
be assessed by MRI, which can be performed after 6 
months of medication at a maximum/tolerated dose. 
It is not defined in the literature what is considered a 
response to CAB, given the heterogeneity of the studies 
evaluating its effect on tumor volume. Tumor stability 
may be considered a positive response; however, as 
mentioned above, 50-60% of patients will keep tumor 
stability even without treatment. Therefore, in cases 
with stability, it is not possible to infer the actual effect 
of the treatment, and individual analysis of cost/
benefit should be made to decide the maintenance of 
medication in these cases. Similarly, there is no data on 
the withdrawal of CAB among patients who present a 
benefit from its use. According to the clinical judgment 
of the physician, if the patient has a benefit and no side 
effects, the drug can be maintained indefinitely. While 
using CAB, after the initial 6-month assessment of 
the use of the maximum/tolerated dose, MRI should 
be made annually. Because the impact of CAB on 
tumor volume is uncertain, and pituitary function may 
deteriorate due to tumor growth, pituitary function 
should be assessed regularly every 6-12 months for 
safety reasons. If the tumor presents progressive growth 
during the use of CAB, RT should be indicated. If 
the patient develops visual impairment or the tumor 
begins to compress visual pathways, further surgery is 
indicated.
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In most studies, BRC has failed to induce tumor 
shrinkage (101-103). The compilation of data from 
seven studies on the effectiveness of BRC in the 
treatment of 84 patients with NFPA has shown no 
reduction in tumor volume in 76 patients (90%) and 
tumor increase in one case (1.2%) (101). In seven 
patients (8%), a small tumor reduction was observed, 
although one case evolved coincident with pituitary 
apoplexy. Visual deterioration was observed in five 
patients (6.6%), whereas only one patient showed 
improvement of the visual field (101).

Adverse reactions to CAB occurred in 13% of 
patients in a large series in which this drug was given 
(104) and included nausea, dizziness, headache, 
constipation, dry mouth, nasal obstruction and 
postural hypotension (105). Schade and cols. (106) 
showed a high risk of heart valve lesion in patients with 
Parkinson’s disease using CAB in doses much higher 
than those used for pituitary adenomas. These authors 
showed that this risk was dose- and time-dependent. 
Although clinically relevant valve lesion has not been 
reported in patients taking DA to treat prolactinomas 
(107), a transthoracic echocardiography should be 
performed as good clinical practice before CAB and 
then every 12 months during therapy in patients taking 
CAB at a dose > 2.0 mg/week (34,108). The drug 
should be discontinued if there is evidence of onset or 
progression of valve lesion.

B – Somatostatin analogues

SA exerts its pharmacological properties through SSTR, 
with five subtypes having been identified in humans 
(SSTR1, 2, 3, 4 and 5) and present in normal pituitary 
and pituitary adenoma (96,109-111).

The synthetic SA currently available in clinical 
practice, octreotide (OCT) and lanreotide (LAN), exert 
their action primarily by binding to SSTR subtypes 2 
and 5 (112). The SSTR detection in NFPA raised the 
possibility that SA might be used in the treatment of 
this tumor type (109,113,114). However, the favorable 
effects of therapy with commercially available SA have 
been variable and infrequent, beyond correlating 
poorly with SSTR expression (115). Vieira Neto and 
cols. (114) observed that the most expressed receptor 
among NFPA was SSTR3, while SSTR2 expression was 
found to be low, which could explain the low efficacy 
of SA. Thus, we do not recommend these SA for the 
treatment of patients with NFPA. 

New SA with potential therapeutic impact on the 
management of patients with pituitary adenomas are 
under study. Pasireotide is a universal SA with action on 
SSTR subtypes 1, 2, 3 and 5. As pasireotide has action 
on SSTR3, the most expressed receptor in NFPA, it 
is possible that this drug could be an effective option 
in the therapeutic approach for NFPA patients. Studies 
evaluating its in vivo effect on tumor volume in patients 
with NFPA are under evaluation (Figure 1).

C – GnRH analogues

This class of drugs acts through receptors for GnRH, 
exerting their effects by saturation of these receptors 
in the gonadotropic cells, thereby reducing hormone 
production. Because some NFPAs are positive for 
gonadotropins, GnRH agonists and antagonists have 
been tested in the treatment of these adenomas. 
However, the use of GnRH agonist analogues had a 
null effect or exacerbated gonadotropin secretion with 
no change in tumor dimensions (10,116-118).

Thus, GnRH analogues are not recommended 
as medical therapy for NFPA because it does not 
provide tumor reduction and can eventually exacerbate 
hormone hypersecretion or even cause pituitary 
apoplexy, especially in large volume tumors (119).

D – Temozolomide

Temozolomide is an alkylating agent routinely used 
in the treatment of brain gliomas and metastatic 
melanomas that has a cytotoxic effect. It also acts 
by inhibiting angiogenesis in tumor tissues through 
an unknown mechanism. O6-methylguanine DNA 
methyltransferase (MGMT) is an enzyme that repairs 
DNA by removing the alkyl group and inducing 
resistance to temozolomide (120,121). Widhalm 
and cols. (121) showed that, in aggressive NFPA, 
low MGMT immunoreactivity was found in 50% of 
patients compared with 24% of patients with non-
aggressive NFPA, suggesting that temozolomide may 
be a therapeutic option in those patients. The main 
side effect of the drug is the induction of lymphopenia 
(120). Treatment with temozolomide can be attempted 
in patients with aggressive tumors that did not achieve 
control of tumor growth despite RT and other 
therapeutic measures and in rare cases of patients with 
pituitary carcinoma. 
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NFPA: nonfunctioning pituitary adenoma; MRI: magnetic resonance imaging; CAB: cabergoline; RT: radiotherapy.
* For cases that can be followed up with MRI, are asymptomatic from a visual point of view and the tumor is located far from the optical pathways, there is no need for visual field perimetry.
1 For asymptomatic patients with no compression of the optic pathway but with tumors near the optic chiasm, the decision between surgery and follow-up should be individualized, taking into 
consideration issues such as age, fertility/pregnancy, pituitary function and the patient’s desire.
2 RT can be used as primary therapy for patients with tumors near or that reach the optic pathways and present surgical risk high enough to contraindicate surgery.
3 Tumors with pathologic features of aggressiveness are those with a high mitotic index, Ki-67 > 3% and extensive immunostaining for p53.

Figure 1. Management of patients with clinically nonfunctioning pituitary adenoma

NFPA
Macroadenoma

Visual field impairment and/or  
compression of optic pathways

Yes No

Surgery Follow-up with MRI, pituitary function visual field perimetry*

MRI 3 months after 
surgery

No residual tumor Small intrasellar  
residual tumor

Follow-up with MRI and 
pituitary function

Follow-up with MRI and 
pituitary function

Individualized (follow-up, 
CAB or RT)

Residual tumor with 
extrasellar extension

Aggressive tumor at 
diagnosis and/or residual 

tumor with aggressive 
pathological 

characteristics

Evident tumor growth 
with visual impairment 
and/or compression of 

optic pathways

Progressive tumor growth 
without visual impairment  

and without compression of 
optic pathways

Surgery if there is evident tumor growth and/or development of visual field  
impairment and/or compressionofoptic pathways

Surgery + RT

Non-controlled tumor growth

RT

Temozolomide

LONG-TERM FOLLOW-UP OF PATIENTS 
UNDERGOING SURGERY 

Postoperative follow-up of patients with no residual 
tumor

For patients with postoperative MRI with no evidence of 
residual tumor, the course of treatment must be clinical 
follow-up, with no need for adjuvant treatment, such 
as RT because recurrence occurs in approximately 10% 
of cases (26,33,54,56,72) (Chart 7). In fact, the meta-
analysis performed by Chen and cols. (73) to evaluate 
recurrence after surgery found a recurrence rate of 12% 
(371 patients), with a progression-free survival rate of 
96% and 82% at 5 and 10 years, respectively.

Chart 7. Postoperative follow-up of patients with no residual tumor

• The best approach is clinical follow-up

• Annual MRI in the first 5 years. In the absence of relapse during this 
period, MRI every 2-3 years

• Visual field perimetry should be performed only in patients who present 
tumor growth about to reach the optical pathway and/or determine visual 
impairment

• Evaluation of pituitary function should be performed every 6-12 months if 
MRI does not demonstrate relapse. If there is recurrence, evaluation of 
pituitary function should be performed at the time of detection

MRI: magnetic resonance imaging; RT: radiotherapy.

Follow-up for these patients should be performed 
with annual MRI in the first 5 years. In the absence of 
relapse during this period, MRI should be performed 
every 2-3 years. If recurrence is detected, management 
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should be individualized. If growth is not clinically 
relevant and the patient remains asymptomatic, a new 
MRI should be performed in 6 months to detect if the 
tumor is in progressive growth. If this is the case and 
the patient does not have compressive complaints, RT 
is indicated. If the patient develops visual impairment 
or the tumor begins to compress visual pathways, 
further surgery is indicated.

Laboratory evaluation for hypopituitarism during 
follow-up should be performed every 6-12 months if 
MRI does not show recurrence. Laboratory evaluation 
for hypopituitarism should be performed during 
follow-up every 6-12 months because new deficiencies 
may reflect tumor growth/recurrence. To avoid much 
expenditure for the patient and the hospital, annual MRI 
scans might be combined with semi-annual laboratory 
evaluation because the intermediate blood tests could 
provide a way to detect new deficiencies before the next 
scheduled MRI scan. If there is recurrence, evaluation 
of pituitary function should be performed at the time 
of detection.

Visual field perimetry should be performed only in 
patients who present tumor growth about to reach the 
optical pathway and/or determine visual impairment. 
For patients who can be followed with MRI and are 
asymptomatic from a visual point of view, there is no 
need for regular visual perimetry.

Postoperative follow-up of patients with residual 
tumor

As mentioned above, approximately half of patients with 
NFPA have residual tumor after surgery (25-28,33,55-
58). For these patients, there is no consensus on the 
best approach. RT is highly effective in preventing 
tumor regrowth, but it is associated with significant 
long-term complications. Conversely, postponing 
any type of treatment is associated with progression 
(tumor regrowth) in approximately 40-50% of cases 
(26,33,54,56,71,72,122). Chen and cols. (73) showed 
that there was tumor regrowth in 46% of 600 patients 
with tumor remnants, with a progression-free survival 
rate of 56% and 40% at 5 and 10 years, respectively.

To date, there is no reliable marker to predict tumor 
regrowth after surgery. Pathological characteristics have 
been studied with the aim of analyzing the biological 
behavior of NFPA. In this scenario, IHC for Ki-67, a 
marker of cell proliferation, and p53 protein remains 
the most widely used (75). Although some studies have 

found a higher rate of Ki-67 labeling in invasive tumors 
(123-125), this result has not been replicated by others 
(18,126). Studies that evaluated the predictive value of 
the Ki-67 index for recurrence or regrowth of residual 
tumor were also inconsistent (76,127-131). The lack 
of unanimity between studies can be explained in part 
by the fact that the Ki-67 quantifies only the replication 
potential of the tumor and does not assess tumor growth, 
which results from the balance between proliferation 
and cell death (132). In general, high Ki-67 (> 3%) 
suggests a more aggressive tumor, whereas tumors with 
low Ki-67 (< 3%) may or may not exhibit aggressive 
behavior. Similarly, extensive immunostaining for p53 
suggests a more aggressive tumor, whereas tumors 
that are IHC-negative for p53 may or may not exhibit  
aggressive behavior (125). Finally, pluri-hormone 
adenomas also appear to present a higher chance of 
recurrence or relapse (133), and silent corticotroph 
adenomas may also have more aggressive behavior 
(77,78).

Several large series evaluating postoperative 
recurrence/tumor regrowth have shown that the 
presence of residual tumor and/or follow-up duration 
appear to be the two major determinants of recurrence/
regrowth (26,33,54,56,71,72). Dekkers and cols. (33) 
found that, among patients without residual tumor, 
the recurrence-free rate at 5 and 10 years was 100%. 
In patients with residual tumor, after a mean follow-
up of 6.3 years (3-11 years), the progression-free 
rate at 5 and 10 years was 92% and 74%, respectively. 
In this study, follow-up time was a tumor regrowth 
predictor (33). In the series by O’Sullivan and cols. 
(56) the relapse rate among patients without residual 
tumor was 0% and 33.5% for those with residual 
tumor during median follow-up of 4.1 years (1-20.7 
years), so the rate of progression at 5 and 10 years was 
24.4% and 51.5%, respectively. In this study, follow-
up duration and the presence of residual tumor with 
extrasellar extension [odds ratio (OR) 3.73] were 
predictors of regrowth (56). Greenman and cols. (54) 
similarly found that the presence of residual tumor 
and supra- and infrasellar extension were associated 
with an increased risk of regrowth. Thus, to date, it 
seems reasonable to use the presence of residual tumor 
after a successful surgery to select high-risk patients 
for possible medical intervention, leaving the low-
risk patients (without residual tumor) under close 
surveillance (see above). 
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For patients with small residues (intrasellar) far 
from the optic chiasm, clinical follow-up (“wait and 
see policy”) seems to be the best approach since 
growth, when it occurs, is slow and insufficient to 
determine compressive symptoms (73). Follow-
up should be performed with an annual MRI in the 
first 5 years. In the absence of regrowth during this 
period, MRI should be performed every 2-3 years. 
Importantly, comparisons should be made between 
the current image exam and the previous exam as 
well as all previous exams, as small growths cannot 
be detected by comparing only the last two imaging 
exams. If regrowth is detected, the approach should 
be individualized. If growth is not clinically relevant 
and the patient remains asymptomatic, with the 
tumor still far from the optical pathways, a new 
MRI should be performed in 6 months to detect if 
the tumor is in progressive growth. If the tumor  
growth is in progression but the patient is 
asymptomatic, RT should be considered. In this 
context, CAB may also be an option provided the 
risks and benefits are discussed with the patient. 
Greenman and cols. (100) offered DA therapy in a 
subset of patients with NFPA (n = 13) upon tumor 
expansion. DA therapy ceased tumor growth in six 
patients (46.1%) and determined tumor reduction in 
two patients (15.4%). Tumor growth persisted in five 
patients (38.5%) despite therapy. Thus, the overall 
control rate was 61.5% (8/13). On the other hand, 
in untreated control patients, tumor size remained 
stable in only 38.3% (18/47), whereas tumor growth 
was verified in 29 controls (61.7%). Moreover, in the 
control group there was no case of spontaneous tumor 
reduction. Therefore, the authors concluded that DA 
therapy induces a reduction or stabilization of tumor 
volume in patients with tumor relapse/regrowth. 
Based on these results, CAB could be attempted 
before RT indication for control of tumor regrowth, 
avoiding the side effects related to radiation, especially 
in patients with preserved pituitary function.

 If treatment with CAB is introduced, MRI should 
be performed at 6 months to indicate whether there 
was stabilization/reduction of the lesion (which would 
justify the maintenance of medication) or tumor 
progression (which would indicate RT). If the patient 
develops visual impairment or the tumor begins to 
compress visual pathways, further surgery is indicated 
(Chart 8).

Chart 8. Postoperative follow-up of patients with residual tumor

• Patients with small residues (intrasellar) far from the optic chiasm should 
be submitted to clinical follow-up (“wait and see policy”)

• The follow-up should be with annual MRI in the first 5 years. In the 
absence of regrowth during this period, MRI every 2-3 years

• If regrowth is detected, the approach should be individualized

• If growth is not clinically relevant and the patient remains asymptomatic 
with the tumor still far from the optical pathways, a new MRI should be 
performed in 6 months to detect whether the tumor is in progressive 
growth

• If the tumor growth is in progression but the patient is asymptomatic, RT 
should be considered. CAB can also be an option

• If the patient develops visual impairment or the tumor begins to compress 
visual pathways, further surgery is indicated

• Evaluation of pituitary function every 6-12 months. For patients submitted 
to RT, evaluation of pituitary function should be performed every 6 months

• Annual visual field perimetry should be performed in patients with tumors 
with suprasellar extension or those whose tumor growth reaches the 
optical pathways and/or determines visual impairment

MRI: magnetic resonance imaging; RT: radiotherapy; CAB: cabergoline.

Laboratory evaluation for hypopituitarism during 
follow-up should be performed every 6-12 months. 
For patients submitted to RT, evaluation of pituitary 
function should be performed every 6 months.

Annual visual field perimetry should be performed 
in patients with tumors with suprasellar extension or 
those whose tumor growth reaches the optical pa-
thways and/or determine visual impairment.

Disclosure: no potential conflict of interest relevant to this article 
was reported.
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Genetics of osteoporosis: searching 
for candidate genes for bone fragility

Manuela G. M. Rocha-Braz1,2, Bruno Ferraz-de-Souza1

ABSTRACT
The pathogenesis of osteoporosis, a common disease with great morbidity and mortality, comprises 
environmental and genetic factors. As with other complex disorders, the genetic basis of osteoporosis 
has been difficult to identify. Nevertheless, several approaches have been undertaken in the past 
decades in order to identify candidate genes for bone fragility, including the study of rare monogenic 
syndromes with striking bone phenotypes (e.g. osteogenesis imperfecta and osteopetroses), the 
analysis of individuals or families with extreme osteoporotic phenotypes (e.g. idiopathic juvenile 
and pregnancy-related osteoporosis), and, chiefly, genome-wide association studies (GWAS) in 
large populations. Altogether, these efforts have greatly increased the understanding of molecular 
mechanisms behind bone remodelling, which has rapidly translated into the development of 
novel therapeutic strategies, exemplified by the tales of cathepsin K (CTSK) and sclerostin (SOST). 
Additional biological evidence of involvement in bone physiology still lacks for several candidate 
genes arisen from GWAS, opening an opportunity for the discovery of new mechanisms regulating 
bone strength, particularly with the advent of high-throughput genomic technologies. In this review, 
candidate genes for bone fragility will be presented in comprehensive tables and discussed with 
regard to how their association with osteoporosis emerged, highlighting key players such as LRP5, 
WNT1 and PLS3. Current limitations in our understanding of the genetic contribution to osteoporosis, 
such as yet unidentified genetic modifiers, may be overcome in the near future with better genotypic 
and phenotypic characterisation of large populations and the detailed study of candidate genes in 
informative individuals with marked phenotype. Arch Endocrinol Metab. 2016;60(4):391-401

Keywords
GWAS; mutation; fracture; low bone mass; bone remodeling

INTRODUCTION

O steoporosis is a common disease characterized 
by low bone mineral density (BMD) and 

microarchitectural deterioration, leading to increased 
fracture risk with great morbidity and mortality, 
resulting in social and economic burden (1,2). Clinical 
diagnosis of osteoporosis is established by assessing 
BMD by dual-energy X-ray absorptiometry (DXA), 
a predictor of fracture risk, or by the occurrence of 
fragility fractures (3,4).

Osteoporosis is a complex disorder, influenced by 
both environmental and genetic factors. In the study of 
complex disorders, the genetic influence can be inferred 
from estimations of heritability, i.e., the portion of 
phenotypic variance attributable to cumulative genetic 
factors (5). In osteoporosis, BMD heritability has 
been estimated from 50 to 85% and, more variably, 
fracture heritability has ranged from 25 to 68% (6,7). 
Supporting the intuitive concept that the genetic 

influen ce should be more pronounced in cases of early 
or idiopathic osteoporosis, fracture heritability is higher 
for fractures occurring before 70 years of age (8).

The identification of human genes associated with 
bone fragility started around the 1990s through the 
study of monogenic syndromes with marked skeletal 
phenotypes such as osteogenesis imperfecta due to  
COL1A1 and COL1A2 defects (9) and osteopetrosis 
due to TCIRG1 defects (10). In 2001, the breakthrough 
discovery of the involvement of the Wnt signalling 
pathway on the regulation of bone remodelling was 
made possible by the study of rare conditions such 
as osteoporosis-pseudoglioma syndrome (OPPG) 
due to LRP5 mutations (11) and sclerosteosis due 
to SOST defects (12,13). More recently, the study of 
subjects with extreme phenotypes of osteoporosis, 
such as idiopathic juvenile osteoporosis and pregnancy-
associated osteoporosis has yielded WNT1 and PLS3 as 
novel regulators of bone strength (14-16).
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The advent of genome-wide association studies 
(GWAS) expanded the horizon of the genetic 
contribution to osteoporosis. Following a proof of 
concept study in 2007 (17), two pioneer GWAS for 
BMD were published in 2008 (18,19), identifying five 
significant loci associated with BMD, four of them near 
genes already known or suspected to be involved in 
the pathophysiology of osteoporosis (RANKL, OPG, 
ESR1, LRP5). Highlighting the potential of GWAS 
for gene discovery, the remaining locus mapped to 
novel candidate gene ZBTB40, later confirmed by 
subsequent analyses (20). Since then, more than twenty 
GWAS have been performed interrogating genetic 
association to BMD, quantitative ultrasound and/or 
fracture, implicating more than 90 candidate genes for 
osteoporosis. The function of some of these genes in 
bone metabolism was only recognized following their 
identification by GWAS (for example, AXIN1 and 
WLS), but for the majority of candidates a biological 
mechanism remains unknown (7).

The identification of molecular pathways in 
osteoporosis has important implications not only 
for the recognition of individuals in risk, aiming 
for a personalized medical approach, but also for 
the development of new therapeutic strategies, as 
exemplified by the advent of sclerostin inhibition as 
a potential treatment for osteoporosis roughly ten 
years after the identification of SOST defects (21). 
Considering the fast paced evolution in the field, it 

is important to gather genetic factors involved with 
osteoporosis from multiple experimental sources 
and revise them in light of their contribution to our 
pathophysiological insight. In this review, a thorough 
and up-to-date list of candidate genes for bone fragility 
will be presented and discussed according to how they 
emerged: from rare monogenic diseases with high 
impact on bone strength, from extreme phenotypes of 
osteoporosis and/or from GWAS.

LITERATURE SEARCH STRATEGY

In order to identify genes associated with bone 
fragility, a broad literature search strategy was devised 
(Figure 1). A systematic review of original and review 
articles indexed on PubMed published until October 
2015 using the descriptors “osteoporosis”, “genes”, 
“genetics”, and “bone mass” was undertaken. To 
retrieve all GWAS on bone fragility, search queries 
“GWAS and osteoporosis”, “GWAS and fractures”, 
“GWAS and bone fragility”, and “GWAS and BMD” 
were used. To enhance our discovery of monogenic 
disorders associated with altered bone mass or strength, 
the Online Mendelian Inheritance in Man® (OMIM®) 
database was also searched using standard descriptors. 
Mouse phenotypic data for identified candidate genes 
were obtained from the Mouse Genome Informatics 
(MGI) online database, and gene function information 
was searched on NCBI’s Entrez Gene database.

Figure 1. Scheme of the literature search strategy devised in order to identify candidate genes for bone fragility from rare monogenic phenotypes, 
extreme nonsyndromic cases of osteoporosis and genome wide association studies (GWAS) with bone fragility endpoints.
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CANDIDATE GENES EMERGING FROM RARE 
MONOGENIC DISORDERS

The study of monogenic diseases with high impact 
on bone strength has enabled the identification of 
several pivotal mechanisms involved in bone physiology 
(22). For example, osteogenesis imperfecta has shown 
the importance of bone collagen matrix quality; 
Van Buchem disease, Hajdu-Cheney syndrome and 
autosomal recessive osteopetrosis have revealed 

important signalling pathways (namely Wnt, Notch and 
RANK-RANKL-OPG) that regulate bone remodelling; 
and pycnodysostosis has given insight into the pivotal 
action of cathepsin K in osteoclast function. On par with 
a recently proposed taxonomy of rare genetic disorders 
of bone metabolism (22), monogenic diseases will be 
presented according to how they affect bone strength. 
Candidate genes for bone fragility arising from these 
disorders are presented in Table 1.

Table 1. Genes associated with rare monogenic diseases with high impact on bone mass/strength

Gene OMIM id Protein function Disease Phenotype

COL1A1 120150 Type 1 collagen Osteogenesis imperfecta Low BMD and increased fracture risk; severity varies from 
perinatal lethality to asymptomatic; extra-skeletal features 
include blue sclerae, dentinogenesis imperfecta and hearing loss

COL1A2 120160 Type 1 collagen

BMP1 112264 C-propeptide cleavage

CRTAP 605497 Collagen hydroxylation

FKBP10 607063 Collagen processing

IFITM5 614757 Mineralization

P3H1 610339 Collagen hydroxylation

PLS3 300131 Actin-binding

PPIB 123841 Collagen hydroxylation

SEC24D 607186 ER procollagen processing

SERPINF1 172860 Collagen chaperoning

SERPINH1 600943 Mineralization

SP7 606633 Ob regulation

TMEM38B 611236 Cation channel

WNT1 164820 Ob activation/Wnt signalling (ligand)

SEC24D 607186 ER procollagen processing Cole-carpenter syndrome Bone fragility; craniosynostosis; ocular proptosis; hydrocephalus; 
distinctive facial featuresP4HB 176790 ER procollagen processing

FKBP10 607063 Collagen processing Bruck syndrome Congenital contractures; early onset of fractures; short stature; 
severe limb deformity; progressive scoliosisPLOD2 601865 ER procollagen processing

TCIRG1 604592 Oc function Osteopetrosis High BMD; skeletal deformities; compression of noble structures 
and occupation of bone marrow space; variable severity and age 
of onset

CLCN7 602727 Oc function

OSTM1 607649 Oc homeostasis

PLEKHM1 611466 Oc function

CA2 611492 Oc function

SNX10 614780 Oc homeostasis

TNFRSF11A 603499 Oc activation (RANK)

TNFSF11 602642 Oc activation (RANKL)

CTSK 601105 Oc function Pycnodysostosis Short stature; skull deformities; acroosteolysis; high BMD; 
increased fracture risk

SOST 605740 Ob activation/Wnt signalling (antagonist) Sclerosteosis, van Buchem 
disease

High BMD; increased bone strength; increased head 
circumference; compression of noble structures; enlarged 
mandible; syndactyly; high stature

LRP5 603506 Ob activation/Wnt signalling (receptor) High bone mass syndrome High BMD; increased bone strength; widened mandible; torus 
palatinus

Osteoporosis-pseudoglioma Early-onset osteoporosis; ocular pseudoglioma or vitreoretinopathy

NOTCH2 600275 Notch signalling Hajdu-Cheney syndrome Osteoporosis; short stature; acroosteolysis; distinctive facial 
features

Proven or proposed protein functions are shown. Ob: osteoblast; Oc: osteoclast; OMIM id: online Mendelian inheritance in men identifier; ER: endoplasmic reticulum; RANK: receptor activator of 
nuclear factor kappa-β; RANKL: RANK ligand. 
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Monogenic diseases affecting the bone matrix

Osteogenesis imperfecta (OI) is a systemic disease 
characterized by high incidence of low-trauma 
fractures since birth or childhood due to defects in 
the bone matrix, chiefly in the quantity or quality of 
type I collagen (23,24). Clinical presentation is highly 
heterogeneous, with severity ranging from perinatal 
lethality to mostly asymptomatic. Extraskeletal features, 
such as blue sclerae, defective tooth development and 
hearing loss as well as family history may be present, 
allowing for an easier diagnosis. When none of these 
features are present, diagnosing OI can be challenging 
due to the overlap with idiopathic osteoporosis. Most 
commonly, OI is an autosomal dominant condition 
caused by mutations in COL1A1 and COL1A2 leading 
to clinical forms I to IV (25). Type V OI has recently 
been shown to be caused by mutations in IFITM5, 
also transmitted in an autosomal dominant pattern; the 
exact role of IFITM5 in determining bone strength 
remains elusive (26,27). Several rarer forms of OI with 
autosomal recessive inheritance exist, and the list of 
candidate genes for such phenotypes is ever increasing 
(Table 1). Most genes associated with recessive OI 
are directly or indirectly involved with type I collagen 
modification and/or assembly, but for some a mechanism 
is still unknown (28). Collectively, OI demonstrates 
how defects in bone material properties may have a 
substantial impact on bone strength.

More than 400 genetic skeletal disorders have been 
described, with around 360 genes implicated (29). 
A number of these skeletal dysplasias may also lead 
to bone fragility. In particular, Bruck syndrome and 
Cole-Carpenter syndrome have marked fragility, and 
their heterogeneous genetic bases overlap with OI 
(Table 1). Bruck syndrome, characterised by congenital 
joint contractures and early onset of fractures, can be 
caused by mutations in FKBP10 or PLOD2, and Cole-
Carpenter syndrome, characterised by bone fragility, 
craniosynostosis and distinctive facies, has been 
associated with P4HB and SEC24D defects. Mutations 
in FKBP10 and SEC24D have also been implicated 
in OI, meaning that variants with variable biological 
impact may have different phenotypic expression and 
lead to isolated bone fragility (30,31).

Monogenic diseases affecting bone remodelling

Impairment of osteoclast-mediated bone resorption is 
known to lead to high bone mass syndromes such as 

osteopetrosis and pycnodysostosis (Table 1). In spite 
of the high bone mass, a high fracture risk is usually 
observed due to impaired bone renewal leading to poor 
quality.

Osteopetrosis is characterized by skeletal 
deformities, nerve compression and bone marrow 
occupation, and may present with variable degree 
of severity and inheritance patterns. Defects in the 
RANK-RANKL-OPG pathway, pivotal to osteoclast 
differentiation and activation, lead to autosomal 
recessive osteopetrosis due to a reduced number of 
osteoclasts (32). In contrast, defects in several genes 
involved in osteoclast function may lead to osteopetrosis 
with a normal or high number of osteoclasts. Of note, 
mutations in CLCN7, CA2 and TCIRG1, disrupting 
the regulation of organelle pH and acid secretion, may 
cause osteopetrosis by affecting the osteoclast ability to 
dissolve the bone matrix (32).

Pycnodysostosis, marked by high bone mass, 
short stature, skull deformities and acroosteolysis, is 
caused by mutations in CTSK encoding cathepsin K, 
an enzyme secreted by osteoclasts and crucial to bone 
resorption (33). The identification of CTSK defects as 
the cause of pycnodysostosis in 1996, and subsequent 
studies of its function in bone resorption, has led to the 
development of cathepsin K inhibition as a promising 
therapeutic approach for osteoporosis 20 years later, 
highlighting the importance of recognising molecular 
mechanisms in order to advance medical care and the 
fast pace of translation in this burgeoning field (34).

Disruption in bone formation may lead to either 
low BMD, and consequently decreased bone strength, 
or may inversely cause abnormally high BMD, with 
stronger bone and possibly decreased risk of fracture. 
Defects in members of the Wnt signalling pathway, key 
to osteoblast activation and function, illustrate how 
these opposite phenotypes might ensue (35). Activation 
of the Wnt receptor LRP5 ultimately leads to increased 
beta-catenin and osteoblast activity. Inactivating muta-
tions in LRP5 lead to osteoporosis-pseudoglyoma syn-
dro me, characterized by severe early-onset osteoporosis 
and ocular malformation, whereas gain-of-function 
LRP5 mutations (which abolish interaction with 
inhibitors Dkk-1 and sclerostin) lead to the high bone 
mass syndrome endosteal hyperostosis (Worth disease) 
(11,36). Accordingly, loss of the bone-specific Wnt 
inhibitor sclerostin (SOST) due to inactivating SOST 
mutations or deletion of its regulatory region lead to 
sclerosteosis and Van Buchem disease, marked by high 
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BMD with skeletal deformities such as jaw and cranial 
enlargement (12,13,37). The painstaking study of 
these rare disorders led to recognition of sclerostin’s 
crucial repressive role in bone formation; its inhibition 
is currently being investigated in the treatment of 
osteoporosis in randomised clinical trials and may 
represent a paradigm shift in osteoporosis care in the 
near future (21).

Finally, Hajdu-Cheney syndrome, a rare form of 
syndromic osteoporosis accompanied by coarse and 
dysmorphic facies, short stature and acroosteolysis, 
is caused by NOTCH2 mutations disrupting Notch 
signalling (38,39). While the molecular physiology of  
Notch signalling in bone is still incompletely 
understood, the pronounced bone fragility in Hajdu-
Cheney syndrome underlines the opportunity for novel 
therapeutic strategies targeting this pathway.

It should be noted that genetic defects associated with 
osteomalacia, primarily relating to bone mineralization, 
may also lead to osteoporosis-like milder phenotypes 
characterized by fragility fractures; within this vast group 
of disorders, attention is currently drawn to heterozygous 
ALPL mutations leading to adult hypophosphatasia, 
which has been proposed to be a potentially under-
recognised cause of bone fragility (40).

CANDIDATE GENES IDENTIFIED THROUGH 
EXTREME CASES OF OSTEOPOROSIS

The quest for the genetic basis of a few extreme cases 
of nonsyndromic idiopathic osteoporosis has been 
reported in the literature. In general, a candidate 
gene approach has been applied, focussing on genes 
associated with OI and, more recently, Wnt signalling. 

Even though most studies have involved small cohorts 
and somewhat limited genetic approaches, the advent 
of massively parallel sequencing is rapidly boosting our 
capability for establishing a molecular diagnosis in these 
cases. Candidate genes identified in this manner are 
assembled in Table 2.

Initially, well known OI genes COL1A1 and 
COL1A2 posed as conspicuous candidates for 
mutational analysis in individuals with bone fragility. 
In 1991, Spotila and cols. investigated a 52-yo 
postmenopausal woman with low bone mass and a 
vertebral fracture, identifying a COL1A2 mutation 
(41). Of note, this patient had mildly blue sclerae and 
mild hearing loss, suggesting a mild presentation of 
OI. In 1994, the same group of authors undertook 
a mutational analysis of COL1A1 and COL1A2 in 
a cohort of 26 individuals with low bone density, 
identifying other two mutations in COL1A1 in 
association with milder phenotypes (42).

As novel molecular mechanisms in bone fragility 
were recognised, further genes became candidates for 
investigation. In 2005 and 2012, Hartikka and cols. 
and Korvala and cols. reported the mutational analysis 
of a cohort of children with idiopathic osteoporosis, 
examining a total of 11 candidate genes mainly 
associated with autosomal dominant OI or the Wnt 
signalling pathway (43,44). Initially, Hartikka and cols. 
studied COL1A1, COL1A2 and LRP5, identifying 
three distinct mutations in LRP5 in 3 children, with 
some evidence of familial segregation (43). Later, 
Korvala and cols. studied 8 new candidate genes, and 
identified rare sequence variants in two children (44). In 
one subject they found a heterozygous missense variant 
in WNT3A, which was also present in an affected sister, 

Table 2. Genes associated with idiopathic osteoporosis

Gene OMIM id Function Phenotype Study design Reference

LRP5 603506 Wnt signalling (receptor) Juvenile osteoporosis Candidate gene analysis (3 genes) (43)

Vertebral fractures during pregnancy Candidate gene analysis (3 genes) (46)

Postpartum vertebral fractures Candidate gene analysis (2 genes) (47)

Idiopathic juvenile osteoporosis WES, analysis focussed on candidate genes (14 genes) (45)

DKK1 605189 Wnt signalling (antagonist) Juvenile osteoporosis Candidate gene analysis (8 genes) (44)

WNT3A 606359 Wnt signalling (ligand) Juvenile osteoporosis Candidate gene analysis (8 genes) (44)

MTHFR 607093 Homocysteine metabolism Postpartum vertebral fractures Candidate gene analysis (2 genes) (47)

PLS3 300131 Actin-binding protein X-linked osteoporosis Massively parallel sequencing strategies (16,48,49)

WNT1 164820 Wnt signalling (ligand) Early-onset autosomal dominant 
osteoporosis

Massively parallel sequencing strategies (14,15)

OMIM id: online Mendelian inheritance in men identifier; WES: whole-exome sequencing.
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inherited from their mother who presented with post-
menopausal osteoporosis. Nonetheless, the paternal 
family, who did not carry this variant, had a prominent 
history of adult osteoporosis and fractures, suggesting 
that other genetic factors might also be associated with 
the more severe/early-onset phenotype. In the other 
subject, a rare variant in DKK1, a well-known inhibitor 
of Wnt signalling, was identified, albeit with incomplete 
segregation (44).

Further studies have associated LRP5 variants with 
an array of extreme osteoporosis phenotypes (Table 2). 
Also using a candidate gene approach, Fahiminiya and 
cols., Campos-Obando and cols., and Cook and cols. 
have studied single cases and found three different 
LRP5 variants in two women with pregnancy-related 
osteoporosis and vertebral fractures, and one boy with 
idiopathic juvenile osteoporosis (45-47). Segregation 
analyses did not show clear relationships between 
variants and phenotype, again suggesting the association 
of additional genetic and/or environmental factors. 
One of the subjects with pregnancy-related osteoporosis 
was also homozygous for the MTHFR gene C677T 
polymorphism, which has been associated with several 
health outcomes including fracture risk and low BMD 
(47) MTHFR encodes for methylenetetrahydrofolate 
reductase, an enzyme involved in folate, homocysteine 
and amino acid metabolism.

The emergence of high throughput technologies 
allowed de novo discovery of candidate genes associated 
with familial idiopathic osteoporosis. In 2013, two 
groups independently identified WNT1 mutations in 
this context. Keupp and cols. performed whole exome 
sequencing in a four-generation family with early-
onset autosomal dominant osteoporosis, identifying 
a heterozygous WNT1 mutation segregating with 
the phenotype (14). Laine and cols reported the 
genomewide linkage analysis followed by targeted 
parallel sequencing of another family with a similar 
presentation, also leading to the identification of a 
heterozygous WNT1 mutation (15). Notably, both 
groups found homozygous WNT1 mutations in families 
with severe recessive OI, suggesting a phenotypic 
spectrum of severity in relation to the molecular 
defects. Even though other Wnt family members were 
already well-known regulators of bone remodelling, 
these reports unravelled the importance of WNT1 in 
bone strength.

The discovery of entirely novel mechanisms in bone 
fragility has also been made possible by massively parallel 

sequencing. In 2013, Van Dijk and cols. performed 
X-linked whole exome sequencing in a family with 
X-linked osteoporosis, identifying a deleterious 
frameshift mutation in PLS3, a new factor in bone 
metabolism (16). Four additional PLS3 mutations were 
found in further four families. Notably, male indivi duals 
in these families carrying hemizygous PLS3 variants 
presented with overt osteoporotic fractures while 
female carriers had milder phenotypes with low bone 
mass. Additionally, a rare PLS3 variant (rs140121121) 
was found in 5 unrelated males with osteoporotic 
fractures and then studied in a large Dutch cohort, 
showing an association with increased fracture risk in 
elderly heterozygous female carriers, thus suggesting a 
role for this variant in common osteoporosis (16).

Further reports have supported a causative role for 
PLS3 mutations in the genesis of X-linked osteoporosis 
(48,49). While the biological role of PLS3 in bone 
is still largely unknown, a disturbance in osteocyte 
mechanosensing has been proposed as a putative 
mechanism based on animal model observations (16).

Taken together, these reports support a robust 
genetic contribution for extreme cases of osteoporosis, 
with potential translational implications for the 
care of common osteoporosis. Nevertheless, the 
individual impact of these variants on phenotype is 
still incompletely understood, and additional genetic 
factors may account for variable phenotypic expression 
in some cases.

CANDIDATE GENES IDENTIFIED THROUGH 
GENOME-WIDE ASSOCIATION STUDIES (GWAS)

As with other multifactorial diseases, common 
osteoporosis has long been hypothesized to be caused 
by multiple common variants each exerting a small 
influence on phenotype (7). Therefore, the technological 
breakthrough of GWAS was wholly embraced in 
the field, and at least twenty-nine low BMD and/
or fractures GWAS have been published since 2008, 
including original studies and meta-analyses. As a result, 
most of the genes associated with bone fragility until 
now have been identified through such studies, totalling 
more than 70 loci and, respectively, more than 90 genes, 
which are listed on Table 3.

The first two major GWAS were published in 
2008 by Styrkarsdottir and cols. and Richards and 
cols, interrogating genetic association to low BMD 
and low trauma fractures (18,19). Whole sample sizes 
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Table 3. Genes associated with bone mineral density or fracture risk in major genome-wide association studies

Candidate gene BMD p-value
(Fracture p-value)

SNP References

ABCF2 7.3x10-9 rs7812088 GEFOS2 [Ref. (20)]

ABL1* 3.4x10-22 rs7851693 GEFOS2

ADAMTS18 2.1x10-8 rs16945612 Xiong 2009 [Ref. (54)]

ALDH7A1 6.4x10-6 (2.1x10-9) rs13182402 Guo 2010 [Ref. (55)]

ANAPC1 1.5x10-9 rs17040773 GEFOS2

ARHGAP1 5.1x10-18 rs7932354 GEFOS1 [Ref. (51)], GEFOS2

ATP6V1G1 3.0x10-9 rs10817638 Tan 2015 [Ref. (56)]

AXIN1* 1.0x10-16 rs9921222 GEFOS2

C12orf23 9.6x10-10 rs1053051 GEFOS2

C7orf76 8.1x10-48 (5.9x10-11) rs4727338 GEFOS1, GEFOS2

CCDC170 4.0x10-35 rs4869742 GEFOS1, GEFOS2, Styrkarsdottir 2008 [Ref. (19)] & 2009 [Ref. (50)]

CDC5L 5.6x10-11 rs163879 GEFOS2

CLCN7* 1.5x10-16 rs163879 GEFOS2

CLDN14 4.2x10-9 rs170183 Zhang 2014 [Ref. (57)]

COLEC10 3.2x10-39 rs2062377 GEFOS1, GEFOS2, Styrkarsdottir 2008, Richards 2008 [Ref. (18)]

CPED1 6.0x10-11 rs13245690 GEFOS2, Zheng 2012 [Ref. (58)] & 2015 [Ref. (53)]

CPN1 9.0x10-10 rs7084921 GEFOS2

CREB3L1* 5.1x10-18 rs7932354 GEFOS1, GEFOS2

CRHR1 1.4x10-8 rs9303521 GEFOS1

CTNNB1* 4.4x10-25 rs430727 GEFOS1, GEFOS2

CYLD 1.9x10-22 rs1566045 GEFOS2

DCDC1 2.2x10-11 rs163879 GEFOS1, GEFOS2

DCDC5 2.2x10-11 rs163879 GEFOS1, GEFOS2

DHH 1.2x10-15 rs12821008 GEFOS2

DKK1* 1.6x10-12 (9.0x10-9) rs1373004 GEFOS2

DMP1* 1.2x10-27 (1.7x10-8) rs6532023 GEFOS2, Duncan 2011 [Ref. (52)]

DNM3 8.5x10-15 rs479336 GEFOS2

EN1* 2x10-14 (2x10-11) rs11692564 Zheng 2015

ERC1 5.6x10-12 rs2887571 GEFOS2

ESR1* 4.0x10-35 rs4869742 GEFOS1, GEFOS2, Styrkarsdottir 2008 & 2009

F2 5.1x10-18 rs7932354 GEFOS1, GEFOS2

FAM210A 4.9x10-8 (8.8x10-13) rs4796995 GEFOS2

FAM3C 1.0x10-11 rs7776725 Cho 2009 [Ref. (59)]

FAM9A 1.2x10-8 rs5934507 GEFOS2

FAM9B 1.2x10-8 rs5934507 GEFOS2

FKBP11* 1.2x10-15 rs12821008 GEFOS2

FMN2 1.9x10-9 rs9287237 Paternoster 2013 [Ref. (60)]

FOXC2* 1.0x10-14 rs10048146 GEFOS1, GEFOS2

FOXL1 1.0x10-14 rs10048146 GEFOS1, GEFOS2

FUBP3 3.4x10-22 rs7851693 GEFOS2

GALNT3* 4.8x10-10 rs6710518 Duncan 2011

GPATCH1 6.6x10-11 rs10416218 GEFOS2

GPR68* 2.0x10-15 rs1286083 GEFOS2

GREM2* 1.9x10-9 rs9287237 Paternoster 2013

HDAC5 1.7x10-8 rs228769 GEFOS1

IBSP* 1.2x10-27 (1.7x10-8) rs6532023 Duncan 2011

IDUA 5.2x10-15 rs3755955 GEFOS2

INSIG2 1.2x10-10 rs1878526 GEFOS2
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Candidate gene BMD p-value
(Fracture p-value)

SNP References

JAG1* 3.1x10-19 rs1878526 GEFOS2, Kung 2010 [Ref. (61)]

KAL1 1.2x10-8 rs5934507 GEFOS2

KCNMA1 5.0x10-19 rs7071206 GEFOS2

KIAA2018 4.1x10-10 rs1026364 GEFOS2

LACTB2 1.9x10-8 rs7017914 GEFOS2

LEKR1 4.5x10-12 rs344081 GEFOS2

LGR4 1.3x10-10 rs587777005 Styrkarsdottir 2013 [Ref. (62)]

LIN7C 4.9x10-8 rs10835187 GEFOS2

LRP4* 5.1x10-18 rs7932354 GEFOS1, GEFOS2

LRP5* 2.1x10-26 (1.4x10-8) rs3736228 GEFOS1, GEFOS2, Kaufman 2008 [Ref. (63)]

MARK3 5.2x10-16 rs11623869 GEFOS1, GEFOS2, Sttyrkarsdottir 2009

MECOM* 3.6x10-8 rs784288 Hwang 2013 [Ref. (64)]

MEF2C 4.5x10-61 rs1366594 GEFOS1, GEFOS2, Duncan 2011

MEPE* 1.2x10-27 (1.7x10-8) rs6532023 GEFOS2

MPP7 2.4x10-16 rs3905706 GEFOS2

NBR1* 2.0x10-11 rs4792909 GEFOS, Styrkarsdottir 2009

NTAN1 1.7x10-10 rs4985155 GEFOS2

PDXDC1 1.7x10-10 rs4985155 GEFOS2

PKDCC* 1.3x10-9 rs7584262 GEFOS2

PTHLH* 1.9x10-12 rs7953528 GEFOS2

RPS6KA5 2.0x10-15 rs1286083 GEFOS2

RSPO3* 3.0x10-8 rs13204965 Duncan 2011

RUNX2* 5.6x10-11 rs11755164 GEFOS2

SALL1* 1.9x10-22 rs1566045 GEFOS2

SHFM1* 8.1x10-48 (5.9x10-11) rs4727338 GEFOS1, GEFOS2

SLC25A13 8.1x10-48 (5.9x10-11) rs4727338 GEFOS2

SMG6 9.8x10-19 rs4790881 GEFOS2

SMOC1* 4.0x10-13 rs227425 Zhang 2014

SOST* 2.0x10-11 rs4792909 GEFOS2, Styrkarsdottir 2009

SOX4* 2.7x10-13 rs9466056 GEFOS2

SOX6* 1.1x10-32 rs7108738 GEFOS1, GEFOS2, Hsu 2010 [Ref. (65)]

SOX9* 1.9x10-11 rs7217932 GEFOS2

SP7* 3.0x10-20 rs2016266 GEFOS1, GEFOS2, Styrkarsdottir 2009, Timpson 2009 [Ref. (66)]

SPP1* 1.2x10-27 (1.7x10-8) rs6532023 GEFOS2

SPTBN1 2.3x10-18 (2.6x10-8) rs4233949 GEFOS1, GEFOS2

STARD3NL 3.8x10-38 rs6959212 GEFOS1, GEFOS2

SUCO* 8.5x10-15 rs479336 GEFOS2

SUPT3H 5.6x10-11 rs11755164 GEFOS2

TNFRSF11A (RANK)* 1.6x10-17 rs884205 GEFOS1, GEFOS2, Styrkarsdottir 2009

TNFRSF11B (OPG)* 3.2x10-39 rs2062377 GEFOS1, GEFOS2, Styrkarsdottir 2008, Richards 2008

TNFSF11 (RANKL)* 5.4x10-25 rs9533090 GEFOS1, GEFOS2, Styrkarsdottir 2008 & 2009

WLS* 2.6x10-13 rs1430742 GEFOS1, Hsu 2010, Duncan 2011

WNT16* 3.2x10-51 rs3801387 GEFOS2, Zheng 2012 & 2015

WNT5B* 5.6x10-12 rs2887571 GEFOS2

XKR9 1.9x10-8 rs7017914 GEFOS2

ZBTB40 7.4x10-57 rs6426749 GEFOS1, GEFOS2, Duncan 2011, Styrkarsdottir 2008

ZNF408 5.1x10-18 rs7932354 GEFOS1, GEFOS2

Strongest BMD/fracture p-values and corresponding single nucleotide polymorphisms (SNPs, identified according to dbSNP) are shown; only signals with a p-value less than 5x10-8 were included. 
* Indicates genes for which additional evidence of involvement in bone development and metabolism is available.
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comprised 13,786 and 8,557 individuals, respectively, 
and five major genes were identified: OPG, RANKL, 
LRP5, ESR1 and ZBTB40 (Table 3). As previously 
mentioned, OPG and RANKL regulate osteoclast 
differentiation and activation, and LRP5 is a crucial 
mediator of Wnt signalling in bone formation. ESR1, 
which encodes for the oestrogen receptor, has long been 
considered a candidate gene for osteoporosis, based 
on earlier linkage studies and oestrogens’ prominent 
physiological role in bone remodelling. A remaining 
locus identified by Styrkarsdottir and cols., rs7524102, 
was strongly associated with both spine and hip BMD 
but obvious candidate genes lacked in its vicinity. 
Subsequent GWAS have confirmed this locus on larger 
cohorts (20,50-52), with p-value reaching 7.4x10-57 
for association with hip BMD (20). Since these signals 
map to an intergenic region, the association has been 
attributed to the closest gene, ZBTB40. Up to now, a 
biological role for ZBTB40 in human or animal health 
is largely unknown.

The largest published GWAS, GEFOS2, was 
published in 2012 comprising data from > 80,000 
subjects for BMD and > 130,000 fracture cases and 
controls (20). This study alone was able to identify 56 
loci associated with BMD and 14 loci related to fracture 
risk, but still could only explain 5.8% of the genetic 
contribution to femoral neck BMD. These striking 
numbers epitomize both the great strength of GWAS 
in identifying genes related to common diseases and 
their great limitations in explaining the total genetic 
variability of such diseases, a concept commonly 
referred to as the missing heritability (5,7).

In 2015, a breakthrough GWAS based on whole-
genome sequencing was published by Zheng and 
cols., with enough power to detect the effects of low-
frequency variants (minor allele frequency [MAF] 
between 1-5%), which are usually not contemplated by 
genotype-based GWAS (53). Using this approach, the 
novel candidate gene EN1 was identified, significantly 
related to both BMD and fracture risk. Animal models 
and in vitro studies indicate a possible role for EN1 in 
osteoblasts, offering an exciting opportunity for the 
discovery of new mechanisms in bone formation (53). 
Finally, this study also suggests that lower frequency 
variants may have higher impact on BMD and fractures, 
warranting further studies.

A full list of the major 95 genes identified by GWAS 
is presented on Table 3. Remarkably, evidence of 
involvement in bone physiology is currently available for 

only 41 genes (shown in table). The remaining 54 genes 
were selected based on their physical proximity to the 
GWAS signal, and therefore their biological association 
to bone fragility needs to be further scrutinized.

Future challenges

The genetics of osteoporosis have been increasingly 
unravelled during the past two decades. Gene defects 
underlying syndromic diseases with prominent 
skeletal phenotype have been identified, as well as 
genetic variants related to idiopathic and/or extreme 
osteoporosis. Technological advances have allowed 
unbiased de novo discovery of novel candidate genes 
and also of numerous loci associated to common 
osteoporosis. Through all these different strategies, 
several novel pathways regulating bone remodelling and 
matrix homeostasis have been recognised, pushing the 
boundaries of the therapeutic arsenal for bone fragility.

Concomitantly, however, gaps on our understanding 
of these processes have become apparent. For example, 
even with a great number of subjects and SNPs analysed, 
the largest GWAS to date can only explain 5.8% of the 
genetic contribution to BMD variability. Furthermore, 
most candidate genes or loci identified by high-
throughput genomic analysis remain to have their role 
in bone metabolism fully elucidated. Altogether, these 
shortcomings pose as research challenges, warranting 
further exploration. In the foreseeable future, genomic 
analysis with enough power to detect the effects of low-
frequency variants may lead to the discovery of missing 
heritability.

Gene defects so far identified in association with 
idiopathic osteoporosis are likely to have a major 
causative role in determining these phenotypes, but a 
clear genotype/phenotype correlation and precise co-
segregation within families are still lacking in many 
cases, suggesting that a contribution of yet unfound 
genetic modifiers may exist. Further studies of idiopathic 
osteoporosis interrogating the role of candidate genes 
identified by GWAS for which a function in bone is still 
unknown might help identify such modifiers or even 
uncover major causative roles for some of these novel 
candidates. Additionally, animal models and in vitro 
studies may help to clarify their biological function in 
bone strength.

In conclusion, major advances in the genetics of bone 
fragility have allowed a deeper understanding of bone 
remodelling, with translational implications in many 
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instances. Several experimental sources of candidate 
genes for osteoporosis have arisen, particularly due to 
the study of rarer informative individuals and families 
but also through the advent of genome-scale methods 
for genetic analysis. It is hoped that the continued 
and concerted effort of clinicians and researchers, and 
ongoing technological progress will further illuminate 
the genetic basis of osteoporosis and enable more 
precise treatment strategies in the near future.
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Thyroid nodules with highly suspicious 
ultrasonographic features, but with 
benign cytology on two occasions: 
is malignancy still possible?

Pedro Weslley Rosário1, Maria Regina Calsolari1

ABSTRACT
Objective: There is no information about the frequency of malignancy specifically in the case of 
thyroid nodules with highly suspicious sonographic features, but with two fine needle aspiration 
(FNA) showing benign cytology. This was the objective of the study. Subjects and methods: We 
report the results of 105 patients with thyroid nodules considered “highly suspicious” according to 
the ultrasonographic classification of American Thyroid Association, in whom FNA revealed benign 
cytology on two occasions (interval of 6 months). Results: Thyroidectomy was performed in 11 cases 
due to desire of the patient or significant growth of the nodule. In these patients, cytology continued 
to be benign in 9, was non-diagnostic in 1, and suspicious in 1. Histology revealed papillary carcinoma 
in only one nodule. In patients in whom a third FNA was obtained for this study (n = 94), cytology 
continued to be benign in 86, became non-diagnostic in 5, indeterminate in 2, and suspicious in 1. The 
last 8 patients (with non-benign cytology) were submitted to thyroidectomy and histology revealed 
malignancy in only one nodule. Conclusion: The rate of malignancy found here for nodules with 
highly suspicious sonographic features, even after two FNA showing benign cytology, was 2%. We 
believe that in these cases, the continuation of follow-up consisting of ultrasound at intervals of 2 
years may still be adequate. Arch Endocrinol Metab. 2016;60(4):402-4

Keywords
Thyroid nodule, benign cytology, ultrasonography

INTRODUCTION

Nodular thyroid disease is common in clinical 
practice and the most frequent result of fine-

needle aspiration (FNA) is benign cytology. Despite 
the high negative predictive value of this result, a non-
negligible percentage of nodules with benign cytology 
are carcinomas. Repetition of FNA is recommended 
in the case of nodules with initial benign cytology, but 
with “highly suspicious” findings on ultrasonography 
(US) (1-4). This recommendation is stated in the latest 
guideline of the American Thyroid Association (ATA) 
(4). Also according to this guideline, “If a nodule has 
undergone repeat US-guided FNA with a second benign 
cytology result, ultrasound surveillance for this nodule for 
continued risk of malignancy is no longer indicated” (4).

FNA was repeated in nodules with initial benign 
cytology in several studies. Some studies report the 
rate of malignancy for nodules with two or more 
FNA with benign cytology, but do not mention 
ultrasonographic features of the nodules; consequently, 

the frequency of malignancy specifically in the case 
of nodules with highly suspicious US appearance was 
not reported (5,6). Other studies report the result of 
a second FNA for nodules with highly suspicious US 
features and initial benign cytology, but additional 
investigation was only performed on few nodules 
when cytology continued to be benign (1-3,7). This 
question is pertinent since studies suggest that three 
(and not only two) FNA showing benign cytology are 
necessary for virtual exclusion of malignancy (5,6,8). 
To our knowledge, there is no information about the 
frequency of malignancy specifically in the case of 
nodules with highly suspicious US features, but with 
two FNA showing benign cytology, and this is necessary 
to recommend how these cases should be followed up.

SUBJECTS AND METHODS

We report here the results of 105 patients [90 women 
and 15 men, age of 16 to 80 years (median 46 years), 
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and TSH concentrations of 0.5 to 8 mIU/L (median 
2 mIU/L)] with thyroid nodules [diameter of 6 to  
40 mm (median 23 mm), ≥ 10 mm in 90/105] considered 
“highly suspicious” according to the ultrasonographic 
classification of ATA (4), in whom FNA revealed benign 
cytology on two occasions (interval of 6 months) (1,3). 
None of the patients had a family history of thyroid 
carcinoma, exposure to radiation during childhood 
or adolescence, hypercalcitoninemia, compressive 
symptoms, or a nodule detected incidentally by FDG-
PET for the staging of oncological disease (1,3). 
None of the patients received laser- or radiofrequency 
ablation, radioiodine therapy, percutaneous ethanol 
injection, or TSH suppression.

US was performed with a linear multifrequency 
12-14 MHz transducer for morphological analysis 
(B-mode) and for power Doppler evaluation. The 
images were analyzed by experienced professionals 
before FNA. Solid hypoechoic nodule or a solid 
hypoechoic component in a partially cystic nodule with 
one or more of the following features were defined 
as “highly suspicious”: irregular margins (specifically 
defined as infiltrative, microlobulated, or spiculated), 
microcalcifications, taller than wide shape, disrupted 
rim calcifications with small extrusive hypoechoic 
soft tissue component, or evidence of extrathyroidal 
extension (4).

After the second FNA had confirmed the benign 
nature of the nodule, all patients were followed up by 
the repetition of US at intervals of 6 months. During 
follow-up, thyroidectomy was indicated by desire of the 
patient or when the nodule exhibited significant growth 
and had a diameter ≥ 2 cm (both). Significant growth 
was defined as an increase > 50% in the initial volume of 
the nodule (1,3,4), calculated as length x width x depth x 
0.52. FNA (third) was obtained before thyroidectomy. 
For this study, all patients who had not undergone 
surgery were submitted to a new FNA (third) and neck 
US specifically for the investigation of suspicious lymph 
nodes. Histology was obtained in cases in which the 
third FNA did not reveal benign cytology.

FNA was always guided by US and the samples 
were analyzed by pathologists experienced in thyroid 
cytology, who were unaware of the result of US and 
of the previous cytologies. The cytological diagnosis 
was classified as nondiagnostic, benign, indeterminate 
[follicular lesion or atypia of undetermined significance, 
suspicious for or follicular neoplasm], suspicious for 
malignancy, or malignant (4).

The study was approved by the local Research Ethics 
Committee.

RESULTS

Thyroidectomy was performed in 11 cases due to 
desire of the patient (n = 2) or significant growth of the 
nodule (n = 9). In these patientes, cytology continued 
to be benign in 9 (82%), was non-diagnostic in 1 (9%), 
and suspicious in 1 (9%). Histology revealed papillary 
carcinoma in only one nodule (with significant growth 
and third FNA showing suspicious cytology) (tumor 
stage T1N1aM0).

In patients in whom a third FNA was obtained for 
this study (n = 94), cytology continued to be benign 
in 86 (91.5%), became non-diagnostic in 5 (5.3%), 
indeterminate in 2 (2.1%), and suspicious in 1 (1%). 
The last 8 patients (with non-benign cytology) were 
submitted to thyroidectomy and histology revealed 
malignancy in only one nodule (third FNA with 
suspicious cytology) (tumor stage T3NxM0).

Thus, the rate of malignancy found here for nodules 
with highly suspicious US features (4), even after two 
FNA showing benign cytology, was 2%. The two cases 
of malignancy were classical papillary carcinomas. None 
of the patients had suspicious lymph nodes on neck US.

DISCUSSION

Although US findings and the result of FNA are usually 
concordant, approximately 10% of thyroid nodules 
with initial benign cytology are highly suspicious for 
malignancy on US (1-4). In this situation, repetition 
of FNA after a few months is currently recommended 
(1-4). In the remaining nodules with benign cytology, 
repetition of FNA should only be considered in the case 
of significant growth or appearance of suspicious US 
features (4). According to the recent ATA guidelines, 
US surveillance for this nodule for continued risk of 
malignancy is no longer indicated after two FNA 
with benign cytology (4). To define the best follow-
up strategy in these cases, it is fundamental to know 
the frequency of malignancy of these nodules. Greater 
concern exists in the case of nodules with highly 
suspicious US features. Previous studies reported 
the result of a second FNA for nodules with highly 
suspicious US features and initial benign cytology, but 
additional investigation was only performed on few 
nodules when cytology continued to be benign (1-



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

404

Nodules with benign cytology

Arch Endocrinol Metab. 2016;60/4

3,7). To our knowledge, this is the first study evaluating 
the frequency of malignancy specifically in the case of 
nodules with highly suspicious US features, but with 
two FNA showing benign cytology.

The frequency of malignancy was 2% in the present 
series. A histological diagnosis could not be obtained in 
86 nodules. Although we cannot ensure the absence of 
malignancy in these cases, considering that all nodules 
had three benign cytologies, we believe that a malignant 
nature is very unlikely (5,6,8). Furthermore, the 
nodules measured up to 4 cm and none of the patients 
had a family history of thyroid carcinoma, was exposed 
to radiation during childhood or adolescence, had 
hypercalcitoninemia or a nodule detected incidentally 
by FDG-PET for the staging of oncological disease. 
Additionally, the samples were analyzed by pathologists 
experienced in thyroid cytology. We therefore do not 
believe that the rate of malignancy is overestimated. In 
contrast, the rate of false-negative cytology may even 
be higher in patients at high clinical risk for thyroid 
malignancy or in the case of large nodules.

The rate of malignancy is approximately 15-20% 
when the first FNA reveals benign cytology, but the 
nodule is highly suspicious on US (1-4), findings 
justifying a second FNA (1-4). On FNA repetition, 
cytology continued to be benign in approximately 
80% of the patients included in the present study. 
The third FNA, although it permitted the diagnosis 
of malignancy in 2% of the patients, only confirmed 
the previous results in 90% of the patients and led or 
contributed to unnecessary surgery in 8% (non-benign 
cytology, but histology without malignancy). Thus, 
a third FNA would not be interesting. On the other 
hand, in view of the non-negligible risk of malignancy, 
in contrast to the ATA recommendation [“If a nodule 
has undergone repeat US-guided FNA with a second 
benign cytology result, ultrasound surveillance for this 

nodule for continued risk of malignancy is no longer 
indicated” (4)], we believe that the continuation of 
follow-up consisting of US at intervals of 2 years may 
still be adequate in these cases. In addition to the risk of 
malignancy, papillary carcinomas with highly suspicious 
US appearance seem to have a poor prognosis (9).

Disclosure: no potential conflict of interest relevant to this article 
was reported. 
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Low carbohydrate high fat diets: 
when models do not match reality

Rennan de Oliveira Caminhotto1, Fabio Bessa Lima1

Dear Editor,

E xperimental science depends on models, especially basic biological research, 
where animal models can lead us to the comprehension of several phenomena 

that otherwise would be hardly accessible in humans. By definition, a model is a sim-
plification of a system which is assumed similar to the one being represented. How-
ever, every model has limitations due to the difficulty of including all aspects of the 
reality that is intended to be reproduced. 

Animal models on low carbohydrate high fat (LCHF) diets are a good example of 
these limitations. Although different kinds of LCHF has been associated with good re-
sults in human clinical trials (1,2), especially in insulin resistance subjects (3,4), animal 
models not always reproduce the same beneficial effects, as we could see in Lamont 
and cols. (5), who recently publish in Nutrition & Diabetes, which induced fat mass 
gain and glucose intolerance in pre-diabetic New Zealand Obese (NZO) mice throu-
gh their submission to LCHF diet.

The effects of LCHF diet in murine models are inconsistent and dependent on 
several variables, from the animal model used up to changes in experimental diets. For 
example: Diet induced obesity has already been reversed with a ketogenic LCHF diet in 
mice (6), while LCHF induced weight gain in Lamont and cols. (5) or has not affected 
weight of ob/ob mice, although prevented the progression of hepatic steatosis (7). 
Still, others describe hepatic steatosis in mice after administration of the same diet (8). 
In addition, the deficiency of choline (a B-complex vitamin) in the commercial LCHF 
diet used has been pointed as a cause of hepatic mitochondrial dysfunction and fat ac-
cumulation found in these LCHF feed mice, instead the macronutrient proportion (9).

As far as we could see, Lamont and cols. (5) used an own LCFH diet, and were 
careful about micronutrients contain (including choline). On the other hand, sucrose 
content (10%) was one among other differences used in diets (as Bio-Serv F3666 diet 
which is carbohydrate/sucrose free) and was likely added to improve palatability and 
acceptance of the diet. We don’t know how and how much this detail may have impac-
ted on the effects of LCHF diet in NZO mice, especially considering their hyperphagic 
behavior, probably due to leptin resistance and hyperinsulinemia during early age (10). 

Likewise, it seems that these endocrine features of NZO (Leptin resistance and 
hyperinsulinemia) are inevitable, different of human obesity and type II diabetes, or 
others animal models, where a decrease of both hormones and increased satiety are 
induce by LCHF diet and may be an important part beneficial effects found (11,12).

In short, considering the limitations present in different experimental models and 
the beneficial results reported by clinical trials (1-4), in our opinion LCHF diets are 
still an accessible and encouraged option of non-pharmacological intervention for hu-
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man metabolic syndrome. All of this shows how careful 
we must be to transpose basic research findings to cli-
nical care.
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Where you read: Should read:

INTRODUCTION

P uberty is a period of physical, hormonal, and 
psychological transition from childhood to 

adulthood, with accelerated linear growth and 
achievement of reproductive function. It is a complex 
and multifactorial process that includes genetic, 
metabolic, environmental, ethnic, geographic, and 
economic factors and results in reactivation of the 
hypothalamic-pituitary-gonadal (HPG) axis. An 
effective pubertal onset requires pulsatile hypothalamic 
secretion of GnRH stimulating the secretion of 
gonadotropins by the anterior pituitary gland (LH = 
luteinizing hormone and FSH = follicle-stimulating 
hormone). Gonadotropins stimulate the gonads and 
exert a negative feedback effect on the hypothalamus, 
whereas gonadal steroids (T = testosterone, produced by 
the testis, and E2 = estradiol, produced by the ovaries) 
inhibit both hypothalamus and anterior pituitary gland. 
This process is named gonadarche (1-3).
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by the anterior pituitary gland (LH = luteinizing 
hormone and FSH = follicle-stimulating hormone). 
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