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Fibra alimentar – Ingestão 
adequada e efeitos sobre a 
saúde do metabolismo
Dietary fiber – Adequate intake and effects on metabolism health

Fernanda Sarmento Rolla Bernaud1, Ticiana C. Rodrigues1,2

RESUMO
Os efeitos positivos da fibra alimentar estão relacionados, em parte, ao fato de que uma parcela 
da fermentação de seus componentes ocorre no intestino grosso, o que produz impacto sobre a 
velocidade do trânsito intestinal, sobre o pH do cólon e sobre a produção de subprodutos com 
importante função fisiológica. Indivíduos com elevado consumo de fibras parecem apresentar 
menor risco para o desenvolvimento de doença coronariana, hipertensão, obesidade, diabetes 
e câncer de cólon. O aumento na ingestão de fibras reduz os níveis séricos de colesterol, melho-
ra a glicemia em pacientes com diabetes, reduz o peso corporal e foi associado com menores 
níveis séricos de proteína C reativa ultrassensível. O maior consumo de fibras e a ingestão de 
mais fibras do que a atualmente recomendada (14 g/1.000 kcal) poderão trazer maior benefício 
à saúde, incluindo a redução de processos inflamatórios de baixo grau. Arq Bras Endocrinol Metab. 

2013;57(6):397-405

Descritores
Fibras alimentares; doença crônica; inflamação 

ABSTRACT
The positive effects of dietary fiber are related, in part, to the fact that a portion of the fermen-
tation of components takes place in the large intestine, which has an impact on the speed of di-
gestion, pH of the colon, and production of by-products with important physiological functions. 
Individuals with high fiber intake seem to have lower risk of developing coronary artery disea-
se, hypertension, obesity, diabetes, and colon cancer. The increase in fiber intake reduces serum 
cholesterol, improves blood glucose in patients with diabetes, reduces body weight, and is as-
sociated with lower serum ultrasensitive C-reactive protein. Increased fiber intake and intake of 
more fiber than the currently recommended level (14 g/1,000 kcal) may provide greater health 
benefits, including reducing low-grade inflammation. Arq Bras Endocrinol Metab. 2013;57(6):397-405
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INTRODUÇÃO

O papel da ingestão das fibras tornou-se mais estu-
dado nos últimos anos (1,2). O consumo ade-

quado de fibras na dieta usual parece reduzir o risco de 
desenvolvimento de algumas doenças crônicas como: 
doença arterial coronariana (DAC) (3), acidente vascu-
lar cerebral (AVC) (4), hipertensão arterial (5), diabe-
tes melito (DM) (6) e algumas desordens gastrointes-
tinais (7). Além disso, o aumento na ingestão de fibras 
melhora os níveis dos lipídeos séricos (8,9), reduz os 

níveis de pressão arterial (5), melhora o controle da gli-
cemia em pacientes com diabetes melito (DM) (10), 
auxilia na redução do peso corporal (11) e ainda atua 
na melhora do sistema imunológico (12).

A fibra alimentar, também denominada fibra dieté-
tica, é resistente à ação das enzimas digestivas humanas 
e é constituída de polímeros de carboidratos, com três 
ou mais unidades monoméricas, e mais a lignina – um 
polímero de fenilpropano (13,14). Os componentes da 
fibra alimentar dividem-se nos grupos: polissacarídeos 
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não amido, oligossacarídeos, carboidratos análogos 
(amido resistente e maltodextrinas resistentes), ligni-
na, compostos associados à fibra alimentar (compostos 
fenólicos, proteína de parede celular, oxalatos, fitatos, 
ceras, cutina e suberina) e fibras de origem animal (qui-
tina, quitosana, colágeno e condroitina) (15). 

De forma simplificada, as fibras são classificadas 
como fibras solúveis, viscosas ou facilmente fermentá-
veis no cólon, como a pectina, ou como fibras insolú-
veis como o farelo de trigo que tem ação no aumento 
de volume do bolo fecal, mas com limitada fermentação 
no cólon (13). Os efeitos positivos da fibra alimentar 
estão relacionados, em parte, ao fato de que uma par-
cela da fermentação de seus componentes ocorre no 
intestino grosso, o que produz impacto sobre a veloci-
dade do trânsito intestinal, sobre o pH do cólon e so-
bre a produção de subprodutos com importante função 
fisiológica (16). 

As recomendações atuais de ingestão de fibra ali-
mentar na dieta variam de acordo com a idade, o sexo 
e o consumo energético, sendo a recomendação ade-
quada em torno de 14 g de fibra para cada 1.000 kcal 
ingeridas (17).

O objetivo deste artigo é fornecer informações so-
bre as fibras alimentares, seus diferentes tipos e fontes, 
seu papel no organismo e efeito sobre algumas doenças 
crônicas, com particular atenção para seu efeito sobre 
a inflamação crônica em pacientes com DM, que reco-
nhecidamente apresentam um estado crônico de infla-
mação de baixo grau (18).

Tipos de fibra alimentar e classificação quanto à sua 
solubilidade

As diversas frações da fibra alimentar agrupam-se de 
acordo com seus componentes e características deter-
minando o tipo de fibra. Esses componentes são encon-
trados principalmente em alimentos de origem vege-
tal, como cereais, leguminosas, hortaliças e tubérculos, 
conforme apresentados na tabela 1.

As fibras solúveis dissolvem-se em água, formando 
géis viscosos. Não são digeridas no intestino delgado e 
são facilmente fermentadas pela microflora do intestino 
grosso. São solúveis as pectinas, as gomas, a inulina e 
algumas hemiceluloses. Entretanto, as fibras insolúveis 
não são solúveis em água, portanto não formam géis, 
e sua fermentação é limitada. São insolúveis a lignina, 

Tabela 1. Tipos de fibra alimentar, grupos, componentes e principais fontes

Tipo Grupos Componentes Fontes

Polissacarídeos não amido Celulose Celulose (25% da fibra de grãos e 
frutas e 30% em vegetais e 
oleaginosas)

Vegetais (parede celular das plantas), 
farelos 

Hemicelulose Arabinogalactanos, β-glicanos, 
arabinoxilanos, glicuronoxilanos, 
xiloglicanos, galactomananos 

Aveia, cevada, vagem, abobrinha, maçã 
com casca, abacaxi, grãos integrais e 
oleaginosas

Gomas e mucilagens Galactomananos, goma guar, goma 
locusta, goma karaya, goma 
tragacanto, alginatos, agar, 
carragenanas e psyllium 

Extratos de sementes: alfarroba, 
semente de locusta; exsudatos de 
plantas, algas, psyllium 

Pectinas Pectina Frutas, hortaliças, batatas, açúcar de 
beterraba

Oligossacarídeos Frutanos Inulina e frutoligossacarídeos (FOS) Chicória, cebola, yacón, alho, banana, 
tupinambo

Carboidratos análogos Amido resistente e maltodextrina 
resistentes

Amido + produtos da degradação de 
amido não absorvidos no intestino 
humano saudável

Leguminosas, sementes, batata crua e 
cozida, banana verde, grãos integrais, 
polidextrose

Lignina Lignina Ligada à hemicelulose na parede 
celular. Única fibra estrutural não 
polissacarídeo – polímero de 
fenilpropano

Camada externa de grãos de cereais e 
aipo

Substâncias associadas aos 
polissacarídeos não amido

Compostos fenólicos, proteína de 
parede celular, oxalatos, fitatos, ceras, 
cutina, suberina

Componentes associados à fibra 
alimentar que confere ação 
antioxidante a esta fração

Cereais integrais, frutas, hortaliças 

Fibras de origem não vegetal Quitina, quitosana, colágeno e 
condroitina

Fungos, leveduras e invertebrados Cogumelos, leveduras, casca de 
camarão, frutos do mar, invertebrados 

Adaptado de Tungland e Mayer (15).

Fibras e metabolismo
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celulose e algumas hemiceluloses. A maioria dos ali-
mentos que contêm fibras é constituída de um terço de 
fibras solúveis e dois terços de insolúveis (19).

Fisiologia e efeitos gastrointestinais das fibras

As características físico-químicas das fibras promovem 
efeitos locais e sistêmicos no organismo humano. As 
diferenças quanto à capacidade de retenção de água, 
viscosidade, fermentação, adsorção, entre outras, são 
responsáveis por implicações metabólicas (efeitos sis-
têmicos), bem como no trato gastrointestinal (efeitos 
locais) (20).

Os principais grupos de fibras que chegam ao intesti-
no grosso são os polissacarídeos não amido, substâncias 
associadas a esses polissacarídeos, os amidos resistentes e 
oligossacarídeos (21). Esses componentes são parcial ou 
totalmente fermentados e utilizados como fonte ener-
gética pela microflora no cólon, convertidos em gases 
(hidrogênio, metano e dióxido de carbono) e ácidos 
graxos de cadeia curta (AGCCs), principalmente aceta-
to, propionato e butirato. A disponibilidade de substra-
to no cólon resulta no aumento do número de bactérias 
e consequentemente no aumento do bolo fecal (22).

O incremento na produção de AGCCs, como re-
sultado da fermentação, resulta na diminuição do pH 
intracelular e colônico. O meio mais ácido inibe a proli-
feração de organismos patogênicos bem como a forma-
ção de produtos de degradação tóxicos (23), além de 
reduzir a solubilidade dos ácidos biliares (23) e facilitar 
a absorção de cálcio, interferindo no metabolismo ós-
seo (24,25).

Prebióticos

Denominam-se prebióticos os componentes alimen-
tares não digeríveis pelas enzimas humanas que esti-
mulam seletivamente o crescimento e/ou atividade de 
uma ou de um número limitado de bactérias no cólon. 
Por favorecerem a multiplicação de bactérias benéficas, 
beneficiam a saúde do hospedeiro (26). 

A microbiota intestinal é formada por microrga-
nismos benéficos, patogênicos e neutros, sendo 90% 
anaeróbios, bacteroides e bifidobactérias. Comparados 
a outros carboidratos resistentes à digestão, os prebióti-
cos podem ser distintos por seu padrão de fermentação 
e estímulo seletivo do crescimento de bifidobactérias, 
capazes de produzir as vitaminas B1, B2, B6, B12, áci-
do nicotínico, ácido fólico e biotina (27). 

No intestino grosso, as bifidobactérias fermentam 
os carboidratos não digeridos no intestino delgado, 
formando gases (hidrogênio, oxigênio, dióxido de car-
bono, amônia e metano) e produzindo AGCCs, prin-
cipalmente butirato, utilizado preferencialmente como 
fonte de energia pelos colonócitos. A inulina e os fru-
toligossacarídeos são típicos prebióticos, naturalmente 
presentes em frutas e vegetais como banana, chicória, 
tupinambos, cebola, alho, alho-poró e trigo (28).

Fibra alimentar e doenças crônicas

Doença cardiovascular (DCV)

O maior consumo de fibras na dieta foi associado com 
menores prevalências de DAC, AVC e doença vascular 
periférica (3,29,30). Os fatores de risco ligados a DCV, 
como hipertensão, diabetes, obesidade e dislipidemia, 
são também menos frequentes em indivíduos com 
maior consumo de fibras (31). 

Resultados de estudos epidemiológicos mostraram 
que o consumo de grãos integrais está associado com 
menor risco para desenvolvimento de DAC (32). Es-
tudo de coorte prospectivo com duração de 14 anos 
envolvendo um grande número de indivíduos do sexo 
masculino (n = 42.850), com idade entre 40-75 anos, 
mostrou que o quintil com maior consumo de grãos 
integrais foi associado com menor risco para desenvol-
vimento de DAC, hazard ratio = 0,82 (IC 95%: 0,70-
0,96). O mesmo estudo comparou grupos com e sem 
adição de farelos à dieta e o risco para desenvolvimento 
de DAC foi significativamente menor no grupo com 
maior adição de farelos, hazard ratio = 0,70 (IC 95%: 
0,60-0,82) (33). Os autores sugerem que o farelo pre-
sente nos grãos integrais pode ser um fator chave nessa 
relação de redução de risco de DAC.

Dados de quatro estudos, incluindo 134.000 indi-
víduos, indicaram uma redução de risco para AVC is-
quêmico em torno de 26% entre indivíduos com maior 
ingestão de fibra alimentar ou grãos integrais (maior 
quintil) quando comparados com aqueles com menor 
consumo (menor quintil) (4,29,34-36). Outros estu-
dos sugerem que a ingestão de frutas e vegetais está 
associada a menor risco para AVC isquêmico (37) e a 
efeitos favoráveis na inibição do processo de progressão 
da aterosclerose (38). 

Uma revisão incluindo 10 coortes prospectivas, 
com seguimento de 6 a 10 anos, analisou a estimativa 
de associação entre ingestão de fibras e risco de DAC. 
Após o ajustamento para fatores demográficos, índice 

Fibras e metabolismo
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de massa corporal (IMC) e estilo de vida, o incremento 
de cada 10 g/dia de fibra total ingerida foi associado 
respectivamente com uma redução de 14% e 27% no 
risco relativo para todos os eventos coronarianos e para 
morte decorrente desses eventos (39).

Hipertensão arterial

Estudos observacionais sugerem uma relação inversa 
entre a ingestão de fibras e níveis de pressão arterial 
(40,41). Alguns ensaios clínicos randomizados identifi-
caram uma redução nos níveis de pressão arterial decor-
rente da ingestão de fibras na dieta (42,43).

Uma metanálise que incluiu 25 ensaios clínicos ran-
domizados (5) observou uma variação na ingestão de fi-
bras entre os grupos intervenção e controle entre 3,8 g 
e 125 g/dia. A ingestão de fibras na dieta foi associada 
a uma redução nos níveis da pressão arterial diastólica 
(média de quase 2 mmHg). Entretanto, não se obser-
vou redução nos níveis de pressão arterial sistólica. Essa 
mesma metanálise mostrou uma redução média em am-
bas, pressão arterial sistólica (quase 6 mmHg) e diastó-
lica (quase 5 mmHg) em um subgrupo de estudos que 
avaliaram pacientes hipertensos e com pelo menos oito 
semanas de intervenção.

Recentemente, a Dietary Approaches to Stop Hyper-
tension (conhecida como dieta DASH), que, entre ou-
tros alimentos, prioriza o consumo de frutas e vegetais, 
alimentos ricos em fibras, mostrou-se associada a uma 
redução dos níveis de pressão arterial em indivíduos 
com DM tipo 2, quando comparados a pacientes com 
DM tipo 2 sem esse tipo de dieta (44).

Obesidade

Na década de 1970, Heaton (45) propôs a ação das 
fibras como um obstáculo fisiológico ao consumo 
energético por três possíveis mecanismos: (1) as fibras 
ocupam o lugar das calorias e nutrientes da dieta; (2) 
aumentam a mastigação, o que limita a ingestão por 
meio da promoção e secreção de saliva e suco gástrico, 
resultando na expansão do estômago e do aumento da 
saciedade; e (3) as fibras reduzem a eficiência da absor-
ção de outros alimentos no intestino delgado. Ainda, os 
alimentos ricos em fibras têm uma densidade energética 
menor em comparação aos alimentos ricos em gordu-
ras. Dessa forma, alimentos ricos em fibras poderiam 
estrategicamente substituir a energia (calorias) dos de-
mais alimentos não ingeridos (46).

A ingestão de fibras e vegetais mostrou efeito pro-
tetor contra o excesso de peso corporal em uma popu-

lação com grande variedade de etnias (47). A avaliação 
de 16 ensaios clínicos randomizados sobre o efeito da 
suplementação de fibras na redução de peso corporal 
mostrou uma redução média de peso de 1,7 kg (grupo 
placebo) vs. 3,0 kg (grupo intervenção) em 4 sema-
nas, enquanto ao longo de 8 semanas a redução foi de 
2,4 kg (grupo placebo) vs. 4,9 kg (grupo intervenção) 
(48). A maioria desses estudos utilizou fibras na forma 
de tabletes, com doses médias de 2,5 g, fornecidos três 
vezes ao dia e na forma insolúvel. As fibras solúveis go-
ma-guar ou glucomannan foram utilizadas em alguns 
ensaios. 

A relação entre o tipo de fibra ingerida e apeti-
te subjetivo, a ingestão energética aguda e em longo 
prazo com o peso corporal foi recentemente avaliada. 
As fibras caracterizadas como mais viscosas (pectinas, 
β-glucanas e goma-guar) reduziram mais o apetite e a 
ingestão energética quando comparadas às fibras com 
menor viscosidade (49).

Lipoproteínas

De forma geral, os estudos relacionados às fibras abor-
dam a utilização de fibras solúveis como aveia, psyllium, 
pectina, goma-guar, sugerindo que esse tipo de fibra 
reduz os níveis séricos de colesterol total e LDL coles-
terol (50,51). Uma metanálise mostrou que a ingestão 
de 2-10 g/dia de fibra solúvel (8) foi associada a uma 
redução no colesterol total e LDL-colesterol, -0,045 
mmol.L-¹ (-1,73 mg/dL) e -0,057 mmol.L-¹ (-2,21 
mg/dL), por cada grama de fibra/dia ingerida, res-
pectivamente. Entretanto, o efeito das diversas fibras 
solúveis nos lipídeos plasmáticos não diferiu significa-
tivamente, enquanto os níveis de triglicerídeos e HDL-
-colesterol não foram modificados (8). 

Ensaios clínicos de maior duração com fibras solú-
veis utilizando psyllium por seis meses e goma-guar por 
12-24 meses mostraram que o uso de psyllium por seis 
meses manteve uma redução nos níveis de LDL-coles-
terol ao redor de 6,7% (52), enquanto o uso da goma-
guar por 12 meses sustentou uma redução ao redor de 
16,1% nos valores de LDL-colesterol e de 25% ao longo 
de 24 meses (37,53).

Neoplasia intestinal

A redução de risco de câncer provavelmente está en-
volvida com o consumo de frutas e hortaliças, ricos em 
fibra alimentar (54,55). Resultados do estudo Euro-
pean Prospective Investigation on Cancer que envolveu 
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510.978 indivíduos, com idade entre 25-70 anos, re-
portaram uma redução do risco de neoplasia colorre-
tal ao redor de 40% quando sujeitos com uma ingestão 
elevada de fibra alimentar [maior quintil de ingestão de 
fibras (35 g/dia)] foram comparados àqueles com me-
nor ingestão (15 g/dia) (56). Nesse estudo, o efeito 
protetor foi referido para todo tipo de fibra ingerida, 
sugerindo que o tipo e a escolha da fibra talvez sejam 
irrelevantes em relação aos benefícios observados.

Quanto às diferentes fontes de fibras, uma metaná-
lise que incluiu 25 estudos prospectivos mostrou que 
uma elevada ingestão de fibras (3 porções a mais na 
dieta usual), em especial as contidas em cereais e grãos 
integrais, foi associada a uma redução de risco de câncer 
colorretal (RR = 0,83; IC 95%: 0,78-0,89) (57).

Constipação

O aumento no consumo de fibra alimentar é comu-
mente utilizado na prevenção e no tratamento da 
constipação. O farelo de trigo, os cereais integrais e 
suplementos de fibras são amplamente utilizados pelos 
consumidores, o que sinaliza um conhecimento co-
mum dos efeitos benéficos das fibras (13).

Cummings (58) tabulou a eficácia de diferentes fi-
bras em relação ao aumento no peso fecal (em gramas) 
por cada grama de fibra ingerida, conforme segue: fa-
relo de trigo, 5,4 g; frutas ou vegetais 4,7 g; psyllium, 
4,0 g; celulose, 3,5 g; aveia 3,4 g; milho 3,2 g; legumi-
nosas, 2,2 g e pectina, 1,2 g. Terapias de primeira linha 
para a constipação geralmente incluem um aumento na 
ingestão de fibras e líquidos (59). Psyllium é a única 
fibra viscosa que resiste à total fermentação através do 
trânsito intestinal, o que lhe confere efeito laxativo, 
pois as demais fibras viscosas são extensivamente fer-
mentadas (60). 

Por outro lado, uma inadequada ingestão de fibra 
alimentar foi associada à constipação, um problema clí-
nico comum na adolescência (61). Em estudo envol-
vendo 52 crianças com constipação crônica, Morais e 
cols. (62) identificaram que a ingestão de fibras dessas 
crianças era significativamente menor quando compara-
das àquelas com hábito intestinal normal (9,7 vs. 12,6 
g/dia). Em outro estudo com crianças em idade pré- 
-escolar, 10 gramas de farelo de fibras adicionados ao 
consumo diário por quatro semanas, na forma de duas 
porções de cereal integral com passas de uva, aumenta-
ram o peso do bolo fecal em 60%, além de aumentar a 
frequência das evacuações (63).

Diabetes melito 

O consumo de fibra solúvel parece reduzir a resposta 
glicêmica pós-prandial após as refeições ricas em carboi-
dratos (64). Esse efeito é provavelmente explicado pela 
viscosidade e/ou propriedade geleificante das fibras so-
lúveis, que desse modo retarda o esvaziamento gástrico 
e a absorção de macronutrientes a partir do intestino 
delgado. Entretanto, estudos prospectivos revelaram 
não ser a fibra solúvel a responsável, mas principalmente 
o consumo de fibra insolúvel de cereais e grãos integrais 
que está consistentemente associado ao risco reduzido 
de DM tipo 2 (65,66). 

Uma metanálise que incluiu 328.212 sujeitos não 
mostrou nenhuma associação entre redução de risco 
para DM tipo 2 e ingestão de fibras provenientes de 
frutas [risco relativo (RR)] para o quintil mais extre-
mo 0,96; (IC 95%: 0,88-1,04) e vegetais RR: 1,04; (IC 
95%: 0,94-1,15) (65). No entanto, um consumo ele-
vado de fibras de cereais integrais foi associado signifi-
cativamente com redução de risco para DM na maioria 
dos estudos avaliados RR: 0,67; (IC 95%: 0,62-0,72) 
(65). Já um estudo prospectivo recente com duração de 
11 anos e 3.704 participantes mostrou que uma dieta 
caracterizada por uma ingestão com maior quantidade 
de vegetais e maior variedade de frutas e vegetais com-
binados foi associada com redução de risco para DM 
tipo 2 (67).

Um ensaio clínico randomizado com pacientes com 
DM tipo 1 (n = 63) aninhado a um estudo maior mul-
ticêntrico avaliou por 24 semanas o efeito de uma dieta 
com alta ingestão de fibras (DAF), > 30 g/dia sobre os 
níveis séricos de glicose e a incidência de hipoglicemia 
comparadas a uma dieta com baixa ingestão de fibras 
< 20 g/dia (DBF). A DAF reduziu tanto a concentra-
ção da glicemia média diária em relação aos seus valores 
basais (média de 9% de redução) quanto em compara-
ção aos valores observados no grupo com DBF (68). O 
número de eventos hipoglicêmicos no grupo DAF foi 
metade do observado no grupo com DBF (0,73 vs. 1,5 
eventos por paciente por mês, respectivamente) (68).

Estudo observacional de caráter transversal (69) (n 
= 175; DM tipo 2) mostrou maior presença de síndro-
me metabólica (SM) no grupo com consumo de ali-
mentos com maior índice glicêmico (IG) (60% ± 6,3% 
vs. 57,5% ± 6,4%) e menor ingestão de fibras (17,0 ± 
6,6 g vs. 21,2 ± 8,0 g) em comparação ao grupo de 
maior ingestão de fibras. 
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Resultados de uma metanálise recente com 15 en-
saios clínicos randomizados, envolvendo aumento na 
ingestão de fibras na dieta usual como intervenção, 
apontaram uma diferença global com redução média de 
0,85 mmol/L (15,32 mg/dl) na glicose sérica de jejum 
a favor do grupo intervenção. Entretanto, os níveis de 
hemoglobina glicada não foram tão significativos, com 
uma redução de 0,26% (IC 95%: -0,02 e -0,51) (70). 

Em estudo com 44 pacientes com DM tipo 2 e com 
SM, a suplementação de 10 g/dia de goma-guar por 
seis semanas (n = 23) reduziu após seis semanas em rela-
ção aos níveis basais: hemoglobina glicada (inicial: 6,88 
± 0,99%; final: 6,57 ± 0,84%), ácidos graxos transinsa-
turados [inicial: 7,08 mg/dL (4,6-13,68); final: 5,71 
mg/dL (3,0-10,95)], circunferência da cintura (inicial: 
103,5 ± 9,5 cm; final: 102,3 ± 9,7 cm) e excreção uri-
nária de albumina [inicial: 6,8 mcg (3,0-17,5); final: 
6,2 mcg (3,0-9,5)] (71). Em outro estudo, com 214 
pacientes com DM tipo 2, as fibras solúveis provenien-
tes dos grãos integrais e das frutas foram negativamente 
associadas à presença de SM em pacientes diabéticos 
tipo 2, sugerindo papel protetor nessa amostra (72).

A ingestão diária de 80 g de frutas/1.000 kcal ou 
50 g de vegetais/1.000 kcal reduziu em 22% a chance 
de pacientes com DM tipo 2 apresentarem valores de 
pressão arterial média acima de 92 mmHg (44).

Ingestão de fibra alimentar e processo inflamatório

A presença de inflamação está altamente correlacionada 
com o desenvolvimento de DAC (73). A DAC não é 
mais considerada apenas um resultado do armazena-
mento de colesterol sérico, mas também um processo 
inflamatório importante no desenvolvimento da ateros-
clerose (73).

Níveis elevados de proteína C reativa (PCR) ultras-
sensível (US), considerado um marcador inflamatório 
chave (74), têm sido relacionados à resistência à ação 
da insulina, ao desenvolvimento de DM e SM, assim 
como outros fatores de risco para DCV (75). Estudos 
demonstraram associação entre a ingestão de fibras e ní-
veis séricos de alguns marcadores inflamatórios (76,77). 

Ensaio clínico randomizado encontrou uma redu-
ção nos níveis de PCR US quando o consumo de fibra 
alimentar foi aumentado na dieta. Esposito e cols. (76) 
estudaram 120 mulheres pré-menopáusicas e obesas, 
e uma dieta mediterrânea (à base de vegetais, frutas, 
grãos integrais, oleaginosas, leguminosas, peixe e azeite 
de oliva) foi aplicada como intervenção em 60 dessas 
mulheres. O grupo controle foi apenas instruído com 

informações gerais sobre as melhores escolhas de ali-
mentos saudáveis. Após 24 meses, os níveis de PCR US 
do grupo intervenção tiveram significativa redução em 
relação aos seus valores basais (inicial: 2,1 mg/L e final: 
3,2 mg/L, respectivamente) e o mesmo não aconteceu 
no grupo controle (76).

Outro estudo, com 24 mulheres e 7 homens, mos-
trou que a ingestão de 30 g/dia de fibras contidas em 
uma dieta naturalmente rica em fibras (DASH) ou sob 
a forma de suplemento (psyllium) reduziu os níveis de 
PCR US, independente da forma de reposição das fi-
bras. Entretanto, quando o grupo foi estratificado, essa 
redução não foi significativa para o grupo de obesos 
hipertensos (77).

Estudo aninhado ao Nurses’ Health Study, com 902 
mulheres com diabetes, observou que aquelas com o 
maior quintil de ingestão de grãos integrais apresen-
tavam menores níveis de PCR em relação àquelas mu-
lheres com o menor quintil de ingestão (5,52 mg/l vs. 
6,60 mg/dl), que eram, respectivamente, 35,4 g/dia 
e 4,75 g/dia de ingestão de fibras. A mesma tendência 
foi observada quando comparados os quintis de maior e 
menor ingestão de farelos de grãos integrais e de fibras 
de cereais (78). De maneira interessante, a diferença nos 
níveis de PCR foi de 18% para o maior quintil de fibras 
de cereais. Neste estudo, a ingestão de fibras totais e 
fibras de outros alimentos/fontes, incluindo frutas e ve-
getais, não foi associada a diferenças nos níveis de PCR.

CONCLUSÃO

A ingestão de fibras da dieta parece estar associada a 
uma redução significativa dos níveis de glicose, pressão 
arterial e de lipídeos séricos. Adicionalmente, há dados 
sobre redução de doenças crônicas, incluindo DCV, 
DM e neoplasia de cólon em indivíduos com maior in-
gestão de fibras. 

Em pacientes com DM, a ingestão de fibras está as-
sociada à redução dos níveis de pressão arterial, glicose 
e presença de SM e/ou seus componentes.

Em relação à inflamação de baixo grau, a ingestão 
parece estar associada a menores valores dos marcado-
res inflamatórios e poderia ser uma ferramenta no seu 
tratamento.

Uma ingestão de fibras de pelo menos 30 g/dia, bem 
como a variedade de alimentos fonte de fibras (frutas, 
verduras, grãos integrais e farelos), são fatores relevantes 
para que os benefícios descritos sejam alcançados. 

Fibras e metabolismo
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Apesar de notáveis evidências de estudos epidemio-
lógicos e experimentais sobre os benefícios da fibra 
alimentar, ainda é limitada a indicação mais precisa da 
quantidade e o tipo de fibra a ser ingerido.

Estudos adicionais que envolvam intervenção e di-
ferentes populações são ainda necessários para melhor 
confirmar essas observações.  
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Parathyroid consensus

Diagnosis and management of primary 
hyperparathyroidism – A scientific 
statement from the Department of 
Bone Metabolism, the Brazilian Society 
for Endocrinology and Metabolism
Diagnóstico e manejo do hiperparatireoidismo primário – Uma 
posição científica do Departamento de Metabolismo Ósseo, 
a Sociedade Brasileira de Endocrinologia e Metabolismo

Francisco Bandeira1, Luiz Griz1, Narriane Chaves1, Nara Crispim 
Carvalho1, Lívia Maria Borges1, Marise Lazaretti-Castro2, Victoria Borba3, 
Luiz Cláudio de Castro4, João Lindolfo Borges5, John Bilezikian6

ABSTRACT
Objective: To conduct a literature review on the diagnosis and management of primary hyper-
parathyroidism including the classical hipercalcemic form as well as the normocalcemic va-
riant. Materials and methods: This scientific statement was generated by a request from the 
Brazilian Medical Association (AMB) to the Brazilian Society for Endocrinology as part of its 
Clinical Practice Guidelines program. Articles were identified by searching in PubMed and Co-
chrane databases as well as abstracts presented at the Endocrine Society, Brazilian Society 
for Endocrinology Annual Meetings and the American Society for Bone and Mineral Research 
Annual Meeting during the last 5 years. Grading quality of evidence and strength of recommen-
dation were adapted from the first report of the Oxford Centre for Evidence-based Medicine. 
All grades of recommendation, including “D”, are based on scientific evidence. The differences 
between A, B, C and D, are due exclusively to the methods employed in generating evidence. 
Conclusion: We present a scientific statement on primary hyperparathyroidism providing the 
level of evidence and the degree of recommendation regarding causes, clinical presentation as 
well as surgical and medical treatment. Arq Bras Endocrinol Metab. 2013;57(6):406-24

Keywords
Primary hyperparathyroidism; normocalcemic primary hyperparathyroidism; diagnosis; treat-
ment; parathyroidectomy

RESUMO
Objetivo: Conduzir uma atualização das últimas evidências científicas a respeito da apresenta-
ção, do diagnóstico e do manejo clínico e cirúrgico do hiperparatireoidismo primário clássico e 
normocalcêmico. Materiais e métodos: Este documento foi concebido pelo Departamento de 
Metabolismo Ósseo da Sociedade Brasileira de Endocrinologia e Metabologia (SBEM) a partir 
daquele oriundo do Programa de Diretrizes da Associação Médica Brasileira (AMB) da SBEM. 
Realizamos uma revisão dos artigos mais relevantes obtidos nos bancos de dados PubMed 
e Cochrane, além de abstracts apresentados nos encontros anuais da Endocrine Society, da 
Sociedade Brasileira de Endocrinologia e da American Society for Bone and Mineral Research 
dos últimos cinco anos, e classificamos as evidências em níveis de recomendações de acordo 
com a força científica por tipo de estudo, adaptando o primeiro relato do “Oxford Centre for 
Evidence-based Medicine”. Todos os graus de recomendação, incluindo-se o “D”, foram basea-
dos em evidência científica, sendo as diferenças entre o A, B, C e D devidas exclusivamente 
ao desenho empregado na geração da evidência. Conclusão: Apresentamos uma atualização 
científica a respeito do hiperparatireoidismo primário, classificando e graduando em níveis de 
recomendações as principais evidências científicas sobre as suas causas, as variadas formas de 
apresentação, seu diagnóstico e tratamento. Arq Bras Endocrinol Metab. 2013;57(6):406-24
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INTRODUCTION

P rimary hyperparathyroidism (PHPT) is a disease 
caused by overactive parathyroid glands with con-

sequent hypercalcemia (1). The main cause in 85%-90% 
of cases, is the presence of a solitary parathyroid adeno-
ma (2,3). In the other affected patients, hyperplasia or 
multiple adenomas occur, the latter common in familial 
forms (3). PHPT occurs most commonly in individuals 
over 50 years of age and in postmenopausal women, 
showing a prevalence of about 0.78% in patients eva-
luated in reference services (4). Although the clinical 
presentation is variable the asymptomatic hypercalce-
mia form, detected by routine screening, is the most 
common (50% to 80%) (2). However, the presentation 
is variable, with patients demonstrating a range from 
normocalcemia to severe hypercalcemic PHPT (1).

METHODS

This scientific statement was generated by a request 
from the Brazilian Medical Association (AMB) to the 
Brazilian Society for Endocrinology as part of its Clini-
cal Practice Guidelines program. Through the Brazilian 
Society for Endocrinology’s Department of Bone Me-
tabolism, a task force was established. A draft of this re-
port was submitted for comment to the membership of 
the Brazilian Medical Association and Brazilian Society 
of Endocrinology. This report represents the comple-
tion of this process.

Grading quality of evidence and strength of recom-
mendation were adapted from the first report of the 
Oxford Centre for Evidence-Based Medicine, detailed 
described elsewhere (5) and summarized in table 1. 
Grades of recommendation are reported, as follows: 

A: more consistent experimental or observational 
trials.

B: less consistent experimental or observational 
trials.

C: case reports (non-controlled trials).
D: opinion without critical evaluation, based on con-

sensus, physiological studies or animal models.
Articles were identified by searching in PubMed 

and Cochrane databases as well as abstracts presented 
at the Endocrine Society and Brazilian Society for En-
docrinology Annual Meetings and the American So-
ciety for Bone and Mineral Research Annual Meeting 
during the last 5 years. References are listed numeri-
cally in order of appearance in the text, followed by the 
levels of evidence. 

Table 1. Grades of recommendation and strength scientific evidence 

A 1 A Systematic review of RCT*

Systematic reviews of prospective cohort studies

1 B Individual RCT* with narrow confidence interval

Prospective cohort studies

B 2 A Systematic review of retrospective cohort studies

2 B RCT* with > 20% dropout

Retrospective cohort studies

3 A Systematic review of case-control studies

3 B Individual case-control studies

C 4 Case series

D 5 Expert opinion 

* RCT: randomized controlled trials.

ETIOLOGY OF PRIMARY HYPERPARATHYROIDISM

PHPT occurs due to unregulated and excessive para-
thyroid hormone (PTH) secretion by one or more pa-
rathyroid glands (1).

Solitary parathyroid adenomas represent about 
85% to 90% of PHPT cases (1,2) (C-4). In most other 
cases, multiple hyperfunctioning parathyroid glands 
occur, including hyperplasia and multiple adenomas 
(3,6) (C-4). Multiple gland disease is the most com-
mon finding in individuals with familial hyperparathy-
roidism syndromes, which corresponds to about 10% 
of all cases (3) (C-4). Parathyroid carcinoma rarely oc-
curs and is responsible for only 0.7% of all cases (2) 
(C-4) (Table 2).

Diagnosis and management of primary hyperparathyroidism 

Table 2. Causes of primary hyperparathyroidism

Pathological conditions related to familial/isolated PHPT*

Single adenomas (85%)

Hyperplasia and multiple adenomas (15%)

Carcinomas (0.5%)

Clinical conditions associated to familial PHPT*

MEN** type 1 and 2 

Hyperparathyroidism-jaw tumor syndrome

Familial isolated hyperparathyroidism

* Primary hyperparathyroidism; ** Multiple endocrine neoplasia.

Familial primary hyperparathyroidism relates to va-
rious pathological entities, including multiple endo-
crine neoplasia type 1 (MEN 1) and type 2 (MEN 2), 
hyperparathyroidism-jaw tumor syndrome, and isolated 
familial hyperparathyroidism (7) (Table 2).

Despite MEN1 being a rare cause of PHPT, occur-
ring in 2%-4% of cases, PHPT is the most common en-
docrine disorder in this disease, being present in virtually 
100% of patients older than 50 years, and being the first 
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sign of the multiglandular syndrome in most patients 
between 20 and 30 years (8). Therefore, the diagnosis 
of PHPT in young adults should stimulate a search for 
MEN1, including their first-degree relatives (7) (D).

The prevalence of PHPT in MEN2A is lower than 
in MEN1, occurring in 20%-30% of cases. In addition, 
most patients with PHPT present more discrete clinical 
features than those that occur in patients with MEN1 

(9) (C-4).
Hyperparathyroidism-jaw tumor syndrome is a rare 

disease where jaw bone tumors associated with PHPT 
are found. Parathyroid cancer has been diagnosed in 
more than 15% of the cases (9) (C-4).

In isolated familial hyperparathyroidism, close rela-
tives are diagnosed in the absence of other endocrinop-
athies. This familial variant of PHPT may correspond 
to a phenotype of syndromes such as subclinical MEN1 
and MEN2 (8).

Severe neonatal hyperparathyroidism is a rare con-
dition in which newborns have severe hypercalcemia 
associated with high levels of PTH, muscle hypotonia 
and respiratory distress. It usually occurs due to the 
presence of homozygous inactivating mutation of cal-
cium sensing receptor gene (10).

Some situations that may explain the appearance of 
PHPT, such as irradiation or rare genetic abnormali-
ties, can be identified in a small percentage of patients 

(11-14) (C-4). A cohort study conducted with workers 
at the Chernobyl nuclear plant in 1986, demonstrated 
that subsequent PHPT developed in 15 of the 61 in-
dividuals (OR 63.4, 95% CI 35.7-112.5). The average 
radiation dose received was 0.3 to 8.7 Gy (13) (B-2B).

PHPT has also been reported in patients receiving 
radiation in benign situations. A study of 2,555 pa-
tients receiving doses as low as 0.5 Gy before the age 
of 16, followed for 50 years, showed a dose-dependent 
increased risk of PHPT (14) (B-2B). When patients 
with sporadic PHPT (389 patients) were compared to 
patients with a history of irradiation (49 patients), in 
a retrospective study, no difference in the clinical pre-
sentation, pathology or recurrence was observed over 
a 6-year follow-up period (15) (B-3B). However, ex-
posed patients may have concomitant thyroid nodules 
which can also be related to intrathyroid parathyroid 
lesions (16) (B-3B).

In relation to radioiodine therapy, the incidence of 
PHPT was not increased significantly in a prospective 
study of 125 patients with thyrotoxicosis treated with 
I131, after a 21-year follow-up (17) (C-4).

Abnormalities in growth factor genes, proto-onco-
genes or tumor suppressor genes have been associated 
with the development of parathyroid tumors. Among 
the genes involved are the PRAD1/cyclin D1 gene for 
sporadic tumors (18-21) (C-4), RET for familial tumors 

(22,23) (C-4), and MEN1(24,25) (C-4) and HRPT 

(13,14) (C-4) for both sporadic and familial tumors.
The vitamin D receptor gene (VDR) may play a role 

in controlling the appearance of parathyroid adenomas, 
possibly due to the actions of 1,25-dihydroxyvitamin 
D to inhibit parathyroid cell proliferation in culture 
medium. While of interest, and presenting a plausible 
etiology, VDR gene inactivation does not seem to have 
a primary role in parathyroid gland tumorigenesis (26). 
However, vitamin D deficiency can alter the phenotypic 
expression of parathyroid tumors (27) (C-4).

Some small studies have also shown that defects in 
the Wnt/β-Catenin signaling pathway are associated 
with the appearance of PHPT (28,29) (C-4), but these 
findings need validation in larger studies.

DIAGNOSIS OF PRIMARY 
HYPERPARATHYROIDISM 

Excessive secretion of PTH from one or more para-
thyroid glands causes hypercalcemia and constitutes 
the biochemical hallmark of PHPT (30). The finding 
of reproducible hypercalcemia in routine biochemical 
tests is a clue to the diagnosis of PHPT, especially in in-
dividuals over 50 years old and in postmenopausal wo-
men (31). About 40% of serum calcium is bound to al-
bumin and serum levels, thus, should be adjusted using 
the formula: corrected calcium = serum calcium found 
in mg/dL + [0.8 × (4-serum albumin)]. The measu-
rement of ionized calcium could be useful in selected 
cases such as in patients with hyper- or hypoalbumine-
mia, thrombocytosis, Waldenström macroglobulinemia 
and myeloma. In the latter two instances, hypercalce-
mia may be present but the ionized serum calcium is 
normal (artifactual hypercalcemia) (32,33) (C-4).

A cohort study based on the population of Tayside 
used the following biochemical criteria for diagnosing 
PHPT: 1) albumin-corrected serum calcium > 10.22 
mg/dL (reference values  : 8.4-10.22 mg/dL) at least 
on 2 occasions, with serum PTH > 13.5 ng/L (refer-
ence values  : 4.5-31.05 ng/L); or 2) albumin-corrected 
serum calcium > 10.22 mg/dL on only one occasion 
with serum PTH > 31.05 ng/L (34). These values of 
serum PTH correspond to 20 pg/mL for assays with 

Diagnosis and management of primary hyperparathyroidism 
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reference range between 10 to 65 pg/mL (34) (B-2B). 
Although not all patients selected by these criteria and 
who have serum PTH levels within the reference range 
have morphological confirmation, it seems reasonable 
to consider inappropriately normal serum PTH levels, 
in the presence of hypercalcemia, as indicative of the 
diagnosis of PHPT. 

The causes of secondary hyperparathyroidism such 
as the use of thiazide diuretics (35) (C-4) and lithium, 
vitamin D deficiency, bisphosphonates, and renal fail-
ure, should be excluded (36). Tertiary hyperparathy-
roidism in renal failure, in addition to genetic causes 
such as familial hypocalciuric hypercalcemia also need 
to be excluded. The differential diagnosis with condi-
tions that lead to hypercalcemia should be considered. 
The finding of a normal corrected serum calcium asso-
ciated with elevated serum PTH in the absence of other 
causes help to establish the diagnosis of normocalcemic 
PHPT (see details below).

Even in the presence of glomerular filtration rates 
between 40-60 mL/min, the serum PTH levels may be 
elevated without being associated with PHPT. Hyper-
calcemia with very low or undetectable plasma PTH le-
vels is present in malignant diseases in which case PTHrP 
is often responsible for serum calcium elevation (33,37).

In regard to assays for detection of elevated PTH 
levels, the second generation ones (measure of intact 
PTH or “total”) measure both the 1-84 primary amino 
acid sequence of PTH (considered the biologically ac-
tive full-length moiety), and other large fragments with 
uncertain biological activity, for example, the truncated 
PTH (7-84), which besides being found in PHPT, can 
also be detected in normal persons and accumulate in 
patients with renal failure (38) (C-4). A so-called third 
generation or biointact assay that measures only the 
full length molecule PTH (1-84) was developed to 
help solve this problem. However, there are few stu-
dies comparing the diagnostic sensitivity between the 
second and third generation assays, some showing the 
superiority of third generation assays compared to the 
second (39) and others not (40-42).

Laboratory evaluation should include renal function 
tests and serum measurement of 25OHD. The 24-hour 
urinary calcium and the serum creatinine level should 
be measured. The calcium clearance/creatinine clear-
ance ratio less than 0.01 suggest, but does not prove, 
familial hypocalciuric hypercalcemia (22,32) (C-4).

Serum phosphorus levels are usually found to be 
low in severe disease, and low-normal in milder forms 

(42). Specific markers of bone formation (osteocalcin, 
bone-specific alkaline phosphatase) or bone resorption 
(deoxypyridinoline, N-telopeptide and C-telopeptide) 
tend to be in the normal-high range or slightly above 
the reference values (1).

Most subjects who present with PHPT are asymp-
tomatic. Reports of overt skeletal involvement with os-
teitis fibrosa cystica ranges from negligible to as high as 
30%. Nephrolithiasis occurs in about 20% of patients and 
a neuropsychiatric or neurocognitive component, not 
necessarily directly linked to PHPT, has been reported 
in much smaller percentage, about 2%-3% (43) (C-4).

A renal ultrasound should be performed if history 
suggests nephrolithiasis, and can be considered even 
in the absence of these symptoms to rule out nephro-
calcinosis or nephrolithiasis, findings that would argue 
for surgical intervention (44-46) (B-3B). Bone mineral 
density (BMD) of the lumbar spine, femur and distal 
1/3 radius by dual energy X-ray absorptiometry (DXA) 
should be evaluated in all patients with PHPT because 
continuously high PTH exposure has a catabolic effect, 
mainly at cortical bone (i.e., the distal third radius). 
Most have involvement of cortical bone with apparent 
preservation of the trabecular bone by DXA. It is not 
uncommon to detect skeletal involvement by DXA (os-
teopenia or osteoporosis) in subjects who do not have 
radiological features of PHPT (47,48) (B-3B).

THE SKELETAL MANIFESTATIONS OF PRIMARY 
HYPERPARATHYROIDISM

After the 1970s, when the routine use of serum cal-
cium, as part of a biochemical screening profile, had 
become common practice, the diagnosis of PHPT 
on biochemical grounds, increased markedly without 
evidence for overt skeletal manifestations (49) (C-4). 
Even at this early stage of the disease, however, asymp-
tomatic PHPT can be associated with high bone tur-
nover (50,51) (C-4), a reduction in BMD (52) (B-
2B) and increased fracture risk (53,55) (B-2B). After 
successful parathyroid surgery increased bone remo-
delling subsides (51,55) (C-4), BMD increases (55-57) 
(B-2B) and, with limited data, fracture risk falls (58) 
(C-4). The amelioration of preoperative findings after 
parathyroid surgery suggests that the hyperparathyroid 
state is directly responsible for them. 

The prevalence of PHPT and its impact on BMD 
were evaluated in 3,014 men aged between 69 and 81 
years in the Swedish cohort of the MrOs study. Indi-

Diagnosis and management of primary hyperparathyroidism 
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viduals with a low glomerular filtration rate (< 21 mL/
min/1.73 m2) and vitamin D deficiency (< 50 nmol/L) 
were excluded. BMD was compared between patients 
with and without PHPT. The prevalence of PHPT was 
estimated at 0.73%. BMD at the total hip and femoral 
neck was lower in the PHPT group than in the con-
trol group. Individuals with inappropriately high intact 
PTH levels were compared to the rest of the cohort. In 
that subgroup BMD at the total hip and lumbar spine 
was lower (p < 0.05) (52) (B-2B). Another subgroup 
from Mr. Os gave similar results (59). 

In a controlled clinical trial, patients with mild 
PHPT were randomized to parathyroidectomy (PTx) 
(n = 25) versus non-PTx (n = 28). After 24 months of 
follow-up, a significant increase in BMD at the femo-
ral neck and total hip was seen, but not at the lumbar 
spine or forearm in patients undergoing PTx compared 
with non-PTx patients. There was also a decrease in 
bone-specific alkaline phosphatise activity after PTx 
(57) (B-2B). Another study of patients followed for 5 
years after PTx, showed a significant increase in lumbar 
spine BMD, but not hip or distal third of the radius 
compared to baseline and a decrease in bone turnover 
markers (55) (C-4).

 A case-control study evaluated the rate of verte-
bral fractures in 150 postmenopausal women with spo-
radic PHPT and 300 healthy matched controls (53). 
Vertebral fractures were detected in 24.6% of patients 
with PHPT and 4.0% of controls (P < 0.0001). Most 
vertebral fractures were mild. To identify if risk fac-
tors related to vertebral fractures among patients with 
PHPT differed from those of control, a logistic regres-
sion analysis was performed with variables of age, age at 
menopause, years since menopause, body mass index, 
serum total calcium, PTH, 25(OH) vitamin D, BMD 
at the lumbar spine and femoral neck. There was an as-
sociation of vertebral fractures with BMD at the lumbar 
spine in patients with PHPT (P = 0.002) and controls 
(P = 0.004) and with age (P = 0.04) in controls. To 
examine whether PHPT conveyed an additional risk 
of vertebral fracture, a logistic regression analysis was 
performed on the entire sample (patients and controls) 
using the PHPT status as covariate. Age (P = 0.015) 
and lumbar spine BMD (P = 0.01) remained associ-
ated with vertebral fractures, with a strong correlation 
of BMD at the lumbar spine and PHPT (P < 0.0001) 

(53) (B-3B).
A retrospective cohort study evaluated fracture-

free survival at 10 years in 533 patients with PHPT. 

The initial mean calcium, PTH and serum creatinine 
were 11.1 mg/dL, 116 pg/mL and 0.9 mg/dL, re-
spectively. PTx was performed in 30% of patients and 
70% were observed. Fracture-free survival at 10 years 
after PHPT diagnosis was 94% in the PTx group and 
81% in the observation group (p = 0.006). Compared 
with observation, PTx improved fracture-free survival 
at 10 years by 9.1% (p = 0.99), 12% (p = 0.92) and 
12% (p = 0.02) in patients with T-score ≥ -1.0, T-score 
between -1.0 and -2.5, and T-score < -2.5, respectively. 
In multivariate analysis, PTx was independently associ-
ated with decreased fracture risk (HR = 0.41, 95% CI 
0.18-0.93), while non-black patients (HR = 2.94, 95% 
CI 1.04-8.30) and T-score < -2.5 (HR = 2.29, 95% 
CI 1.08-4.88) remained independently associated with 
increased fracture risk (58) (C-4).

Studies evaluating different skeleton sites through 
different methods (three-dimensional analysis of 
bone biopsy using micro-computerized tomography, 
conventional two-dimensional bone histomorphom-
etry and quantitative electron imaging) showed differ-
ences in the effects of PHPT on the trabecular bone 
(33,51,60,61).

Conventional two-dimensional bone histomor-
phometry in patients with PHPT showed thinning 
and increased cortical porosity, endosteal resorption, 
and preservation of trabecular bone volume and con-
nectivity (60) (D-5). An analysis of three-dimensional 
transiliac bone biopsy, using micro-tomography in 29 
women with PHPT compared to 20 controls and in 
15 men with PHPT, concluded that trabecular bone 
microarchitecture is preserved in patients with mild 
PHPT (61) (C-4).

In contrast, a cross-sectional study comparing 36 
women with PHPT with 100 healthy controls, quan-
titative tomography of the radius showed a significant 
20% reduction in volumetric BMD in trabecular bone 
and a significant reduction of 5% in the cortical region 
of interest (51). In this same group, BMD by DXA 
densitometry was similar at the lumbar spine, but de-
creased in the distal third of the radius compared with 
the controls.

In another study comparing 52 women with PHPT 
(normocalcemic and hypercalcemic) with 56 controls, 
peripheral quantitative computed tomography of the 
tibia showed differences in both trabecular and cortical 
volumetric BMD, consistent with a catabolic effect on 
both types of bone in patients with hypercalcemic and 
normocalcemic PHPT (62) (C-4).

Diagnosis and management of primary hyperparathyroidism 



Co
py

rig
ht

©
 A

BE
&

M
 to

do
s o

s d
ire

ito
s r

es
er

va
do

s.

411Arq Bras Endocrinol Metab. 2013;57/6

However, a cohort study of 116 patients with PHPT 
(85% asymptomatic) followed for 15 years showed that 
PTx is associated with improved BMD in cortical and 
trabecular skeletal sites. This study aimed to evaluate 
BMD during 15 years in patients undergoing or not 
undergoing PTx. BMD was measured at the lumbar 
spine, femoral neck and distal radius. In patients who 
underwent PTx, there was a significant increase in BMD 
at the 3 sites after 15 years of follow up compared to 
baseline. In the group not subjected to PTx, BMD did 
not change in the 3 sites for 8 years and remained stable 
in the lumbar spine after 15 years of follow up, but 59% 
of patients had a 10% decrease in BMD at one or more 
locations during the 15 year period (56) (B-2B).

NEUROPSYCHIATRIC MANIFESTATIONS

Psychiatric symptoms may occur in up to 23% of pa-
tients with PHPT, of which 78% have depression and 
anxiety (63). Other manifestations found are fatigue, 
memory loss, difficulty concentrating, irritability, soma-
tization, mood and sleep disorders (49,64-66) (C-4).

The prevalence of these abnormalities is not well 
defined due to the lack of rigorous evaluation of these 
symptoms in most studies, a small number of studies, 
and wide variation in the instruments used to assess the 
psycho-cognitive manifestations (66).

A case-control study that compared 39 postmeno-
pausal patients with mild PHPT with 89 controls 
showed a higher prevalence of depression and anxiety, 
in addition to worse performances on tests of verbal 
and nonverbal memory in women with PHPT (67). In 
this study, after PTx, there was significant improvement 
in depressive symptoms, non-verbal abstraction and 
some aspects of verbal memory (B-3B).

Three randomized clinical studies were conducted 
to evaluate the effect of PTx versus conservative treat-
ment in patients with mild PHPT on neurocognitive 
symptoms, among other manifestations (57,68,69) 
(see details in the “Effects of Parathyroidectomy” sec-
tion). The data from these studies suggest a significant 
difference in favor of surgical treatment (A-1A). Fur-
thermore, the association of peripheral neurological 
disorders, especially sensory-motor polyneuropathy 
and PHPT, has been suggested by some (Table 3) (70-
76) (C-4).

Some studies have shown that there may be an im-
provement in neuromuscular symptoms after surgical 
cure (70-74,77). In a case-control study that evalu-
ated 9 patients with PHPT and neuromuscular disor-
ders, there was improvement in strength and fine mo-
tor movement four weeks after PTx in all patients with 
PHPT, which did not occur in the control group who 
underwent surgical treatment for benign thyroid disea-
se (77) (B-3B). Future research is clearly needed to 
better understanding of central and peripheral nervous 
system involvement in PHPT (78).

CARDIOVASCULAR MANIFESTATIONS

Some studies have shown variable prevalence rates of 
cardiovascular abnormalities in patients with PHPT 
with variable degree of increased morbidity (79) and 
mortality as well (80-82) (C-4). These include arterial 
hypertension (83-85) (C-4), left ventricular hyper-
trophy (86-88) (C-4), cardiac function abnormality 
(86,89) (C-4), coronary artery disease (90) (C-4), vas-
cular abnormalities (91-94) (C-4), conduction distur-
bances (95) (C-4) and valvular and myocardial calcifi-
cation (96) (C-4). Lipid abnormalities with a decrease 

Table 3. Case reports of peripheral neuropathy related to primary hyperparathyroidism

Author Gender Age 
(years)

Other cause of 
neuropathy Type of neuropathy Histopathological 

findings
Resolution after 

parathyroidectomy

Conri and cols. (70) F1 34 Hypoglycemia Motor polyneuropathy Muscle atrophy, 
nonspecific acute axonal 

injury

Yes

Moskal (72) M2 63 Neoplasia Sensorimotor 
polyneuropathy

NR3 NR3

Logullo and cols. (73) M2 71 No Sensorimotor 
polyneuropathy

NR3 Yes

Olukoga (74) F1 65 No Sensorimotor 
polyneuropathy

NR3 Yes

Eufrazino and cols. (71) F1/M2 51/76 No Sensory polyneuropathy NR3 Yes

1 F: female; 2 M: male; 3 NR: not reported.

Diagnosis and management of primary hyperparathyroidism 
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in serum HDL-C and increase in triglycerides have also 
being described (79,97) (C-4).

There are few controlled studies on arterial hyper-
tension and PHPT, which is the reason why it is unclear 
whether left ventricular hypertrophy and diastolic dys-
function, when present, are secondary effects of hyper-
tension or directly caused by PTH and elevated serum 
calcium (91,98). The presence of PHPT was a stronger 
positive predictor of a higher rate of arterial resistance 
than age, sex, smoking, dyslipidemia, hypertension 
and diabetes mellitus, according to a study conducted 
at Columbia University, NY. The pulse wave analysis 
showed a higher rate of arterial resistance in patients 
with PHPT (28 ± 10 vs. 25 ± 10%) but without sta-
tistical significance (91) (C-4). Another case-control 
study evaluated left ventricular (LV) size, diastolic dys-
function and valvular calcification in patients with mild 
PHPT. After adjustment for potential confounders, no 
association between high levels of PTH, serum calcium 
or vitamin D deficiency with left ventricular hypertro-
phy or myocardial and mitral annular calcification was 
observed. These manifestations were present only in 
the more severe forms of the disease, or in the presence 
of arterial hypertension and other risk factors (99) (B-
3B). Data on the effects of PTx on those outcomes are 
still conflicting (85,100,101) (C-4).

Although the published literature about cardiovas-
cular consequences of PHPT is conflicting due to small 
sample size and/or low statistical power of most stu-
dies, more recent population studies have suggested 
that a milder form of the disease may be associated with 
increased all-cause mortality and an increase of fatal and 
nonfatal cardiovascular disease (65,102) (B-2B).

NORMOCALCEMIC PRIMARY 
HYPERPARATHYROIDISM

Patients undergoing routine assessment or during an 
investigation of bone loss may present with increased 
serum PTH levels in the absence of hypercalcemia 
(49,103). The term normocalcemic primary hyperpa-
rathyroidism (NPHPT) was initially used in 1960 with 
a report of a group of patients with different characte-
ristics from those diagnosed with classic PHPT (104). 
The patients had normal serum calcium levels in the 
presence of high PTH levels (47,104) (B-2B). Nowa-
days, however, with the widespread availability of PTH 
assays and their use in the work up in individuals who 
are referred for syndromes of low bone mass, the con-

dition has gained increased attention by the scientific 
community (105).

In order to establish, with reasonable certainty, the 
diagnosis of NPHPT, it is mandatory to search for 
causes of secondary hyperparathyroidism (Table 4), 
particularly vitamin D deficiency (36,106) (B-2B). 

Table 4. Causes of secondary hyperparathyroidism

Chronic kidney disease (GFR* < 60 ml/min)

Medications (bisphosphonates, anticonvulsants, hydrochlorothiazide**, 
denosumab, furosemide, phosphorus)

Renal hypercalciuria

Malabsorption syndrome (celiac disease, cystic fibrosis)

25-OH vitamin D deficiency (< 50 nmol/L or 20 ng/mL)

Pseudohypoparathyroidism type 1

* GRF: glomerular filtration rate; ** Ref.: 106.

It remains uncertain whether NPHPT represents an 
incipient form of classic PHPT or a different spectrum 
of this condition (47). Follow-up should include peri-
odic measurement of the, serum calcium concentration 

(105,106) (B-2B).
If NPHPT is an incipient form of classic PHPT with 

hypercalcemia, the serum calcium would be expected 
to increase over time. A prospective study involving 
41 patients showed that approximately 20% of patients 
developed hypercalcemia over a 3-year period. In ad-
dition, 40% of normocalcemic patients showed disease 
progression by nephrolithiasis, hypercalciuria, bone 
loss and fractures, even though the serum calcium did 
not necessary increase. PTx showed clear-cut evidence 
for parathyroid disease (104) (C-4). 

It is important to note that the cohorts of NPHPT 
that have been described so far have come from refer-
ral centers. As such, these individuals often demon-
strate evidence for skeletal disease. It remains to be 
seen whether a different phenotype of NPHPT, as well 
as normocalcemic or subclinical hypoparathyroidism, 
would be discovered if community dwelling subjects, 
without referral bias, were to be screened (59,107).

Some other studies have also suggested that NPHPT 
is not an indolent condition. A retrospective case series 
study compared the clinical and laboratory data of pa-
tients with mild hypercalcemic PHPT (n = 37) with pa-
tients with NPHPT (n = 33). The frequency of nephro-
lithiasis was similar between the two groups (18.9% vs. 
18.2%, p = 0.937) (46). This was also observed when 
NPHPT patients were compared with non-PHPT con-
trols (47) (C-4).

Diagnosis and management of primary hyperparathyroidism 
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IMAGING PROCEDURES AND LOCALIZATION 
TECHNIQUES 

Ultrasonography of the anterior neck is widely used to 
locate the parathyroid lesion. While inexpensive and 
non-invasive, it has the disadvantages of limited re-
solving power and being operator-dependent (108). 
Moreover, with ectopically located parathyroid glands, 
particularly intrathyroidal parathyroid adenoma, it can 
be difficult to differentiate them from thyroid nodu-
les (Table 5). Ultrasonography has a sensitivity of 88% 
and specificity of 94% but when combined with Tc-
-99m Sestamibi scan by SPECT-CT, the sensitivity and 
specificity may rise to 97 and 100%, respectively (109) 
(C-4). 

minimally invasive parathyroidectomy (MIP), which 
can be performed as a same-day procedure, reducing 
patient morbidity and costs (112) (C-4).

A study performed in our institution showed that 
Sestamibi imaging may also detect brown tumors in se-
vere PHPT (113). This abnormal uptake is still not well 
explained, but seems to be due to increased osteoclas-
tic activity and perfusion of the lesion. In the presence 
of metastatic disease the differential diagnosis between 
benign and malignant disease can be difficult (113).

Sestamibi scanning may show false-positive results in 
the presence of thyroid nodules and false negatives, due 
to the size and location of the affected parathyroid lesion. 
In this situation, fine needle aspiration and measurement 
of PTH in the aspirated fluid may indicated (114). A 
comparative study between a group of 15 women with 
PHPT and 15 women without PHPT who had nodules 
visualized by ultrasound, found very high PTH values 
with a mean of 4,919 pg/mL in PHPT patients com-
pared to 10.65 pg/mL in controls (114) (C-4).

INDICATIONS FOR PARATHYROIDECTOMY

PTx is the treatment of choice for all patients with 
symptomatic PHPT. Various studies (115,116) have de-
monstrated regression of skeletal abnormalities such as 
an increase in BMD and in severe cases, reduction of 
osteoclastomas (C-4). Biochemical aspects of the disea-
se return to normal promptly. According to the Third 
International Workshop, surgery should also be recom-
mended for asymptomatic patients, if a criterion for 
surgery is met (78). In asymptomatic PHPT, surgery is 
recommended if patients meet one or more of the follo-
wing criteria: (Table 6) (D): 1. T-score < -2.5 at any site 
(lumbar spine, hip, or distal 1/3 forearm) or history of 
fragility fracture (68); 2. Age < 50; 3. Creatinine clearan-
ce < 60 mL/min/1.73 m2; 4. Serum calcium concentra-
tion > 1 mg/dL above the laboratory reference value. 
Ideally, this criterion should be met by measurement of 
3 albumin-corrected calcium values in the fasting state. 
Any drugs that could theoretically interfere with the cal-
cium measurement (i.e., lithium or thiazide diuretics) 
should be stopped at least 4-6 weeks in advance (117).

The workshop also pointed out that parathyroid 
surgery in asymptomatic patients who do not meet sur-
gical guidelines is not an inappropriate course if there is 
consensus among the endocrinologist, the parathyroid 
surgeon and the patient, and there are no medical con-
traindications to parathyroid surgery. 

Table 5. Parathyroid localization techniques

Cervical ultrasonography

Computed tomography

Magnetic resonance imaging

Tc-99m sestamibi scintigraphy 

PTH measurement in nodule aspiration fluid (FNA*)

* FNA: fine needle aspiration.

Diagnosis and management of primary hyperparathyroidism 

Tc-99m uptake in the sestamibi scan depends on the 
size and weight of parathyroid lesion. In a study of 64 
patients with various degrees of severity of PHPT, Tc-
99m Sestamibi showed positive results in 64% of pa-
tients with asymptomatic PHPT, 83% in the group with 
nephrolithiasis without bone involvement and 100% in 
those with severe disease characterized by osteitis fibro-
sa cystica; of those, 70% showed increased uptake on the 
initial images, whereas in the other groups, increased 
uptake was seen only on the delayed images (110) (C-4). 
In a prospective cohort study with 487 patients, the 
positive Sestamibi scan was associated with higher rates 
of biochemical cure than those with a negative test (97% 
vs. 89%, respectively; p = 0.008) (111) (B-2B). 

The four-dimensional computed tomography per-
mits locating abnormal parathyroid tissue (adenoma-
tous or hyperplastic) with high accuracy as compared to 
ultrasonographic and scintigraphic techniques. In a ret-
rospective study of 35 cases of histologically confirmed 
PHPT, 4D-CT demonstrated a sensitivity of 91% (32 
positive cases). The method successfully located a 
single affected gland with 93% accuracy. In the assess-
ment of multiglandular disease, however, sensitivity fell 
to 44% but specificity was impressively, at 100% (112). 
Preoperative localization of abnormal parathyroid tis-
sue permits less aggressive surgical techniques such as 
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3.4%, respectively. Recurrent laryngeal nerve injury was 
seen in 0.2% of cases, postoperative bleeding in 0.8% 
and transient hypocalcemia in 1.8%. There was no ex-
cess mortality. The mean operative time was 52.5 ± 
30.2 minutes (108) (C-4).

Recent techniques, including improved preopera-
tive localization techniques, with or without intraop-
erative PTH measurement, endoscopic refinement and 
intraoperative gamma probe use have all resulted in the 
widespread application of minimally invasive surgery 

(122).
MIP encompasses a number of different techniques 

such as: open approaches (open minimally-invasive 
parathyroidectomy – OMIP) (123), minimally-inva-
sive radio-guided parathyroidectomy (MI-RP) (124), 
video-assisted parathyroidectomy (MIVAP) (125,126), 
and purely endoscopic parathyroidectomy (EP) (127).

A prospective, randomized study of 60 individuals 
with concordant localization of a parathyroid adenoma 
by ultrasonography and technetium-99m sestamibi 
scintigraphy, who were eligible for MIP, were random-
ized into two groups: MIVAP and OMIP. Patients 
undergoing MIVAP vs. OMIP had similar operative 
time (P = 0.22) and rates of transient hypocalcemia (P 
= 1.0); less pain 4, 8, 12, and 24 hours after surgery  
(P < 0.001), less analgesia requirement (P = 0.01), bet-
ter physical functioning and quality of life in the early 
postoperative period (P = 0.02 and P = 0.003, respec-
tively). Shorter scar length (P < 0.001) and greater aes-
thetic satisfaction were observed 1 month after surgery 
(P = 0.006), but there were no significant differences 
6 months post-surgery. MIVAP was more expensive  
(P < 0.001), while the average hospital stay was simi-
lar (P = 0.22). Differences between serum calcium and 
PTH during 6 months of follow-up were not signifi-
cant (126) (B-2B).

There is also some evidence that MIVAP has some 
advantages over other purely endoscopic procedures 
and video-assisted parathyroidectomy through a lateral 
approach (VAP-LA), in terms of bilateral exploration 
and associated procedures on the thyroid gland (128) 
(C-4).

There are few prospective, well-designed studies, 
comparing conventional PTx and minimally invasive 
exploration despite showing no differences in cure or 
complication rates when performed by experienced 
surgeons (129-131) (B-2B). There may be differ-
ences when operative time and costs are considered 
(129,132,133) (A-1B).

Table 6. Indications for surgery in asymptomatic primary hyperparathy-
roidism treatment according to the NIH Third International Workshop

1 – Serum calcium > 1 mg/dL above ULN*

2 – Creatinine clearance < 60 mL/min/1.73 m²

3 – T-score < -2.5 at the lumbar spine, hip and/or distal radius or previous 
fragility fracture

4 – Age < 50 years

5 – Patients whose medical monitoring is not possible

* ULN: upper limit of normal. Adapted from Ref. 78.

Considering the minimal significant changes in the 
rate of bone loss during the natural evolution of the 
disease (78,118), other asymptomatic PHPT patients 
who do not meet criteria for surgery or who have a 
contraindication, should be followed with regular 
BMD monitoring. Patients with vitamin D deficiency 
(serum 25-OHD < 20 ng/mL) should receive ade-
quate replacement, following the recommendations for 
patients without PHPT (78). 

Randomized studies (57,68,69), but with limited 
follow-up time (1-3 years) have demonstrated benefits 
in quality of life and BMD in asymptomatic patients 
who undergo surgery (A-1B). 

These guidelines from the Third International 
Workshop are not rules. The decision for or against 
parathyroid surgery should be made individually, based 
upon each affected patient, the physician’s judgement, 
and the experience and availability of an experienced 
parathyroid surgeon.

Cure rates with resection of the affected glands are 
95% to 98% in the hands of experienced parathyroid sur-
geons. Complications such as bleeding, postoperative 
hypocalcemia and recurrent laryngeal nerve injury are 
very unusual (1%-3%). The MIP technique may be as-
sociated with lower morbidity and costs (119) (B-3B).

SURGICAL PROCEDURES

The surgeon’s experience, in large part, determines 
cure and complication rates of PTx (C-4) (120,121). 
Neck exploration with direct visualization and identi-
fication of all abnormal parathyroid glands, with their 
subsequent removal, is the gold standard in the surgical 
treatment of PHPT (30).

 A retrospective study of 1,112 patients, over a pe-
riod of 17 years, evaluated the cure rate, complications 
and operative time of PTx with bilateral neck explora-
tion. The cure and complication rates were 97.4% and 

Diagnosis and management of primary hyperparathyroidism 
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A prospective randomized study compared MIP to 
conventional PTx in 48 patients with PHPT. In the 
group with bilateral neck exploration, neither preop-
erative imaging nor intraoperative PTH measurements 
were performed. Patients in both groups had similar 
cure rates and operative times. In the group undergo-
ing MIP there was less pain 4, 8, 16, 24, 36 and 48 
hours postoperatively (p < 0.001), lower analgesic con-
sumption (p < 0001), lower analgesia requirement (p < 
0.001), less scarring (p < 0.001) and greater aesthetic 
satisfaction 2 days, 1 month (p < 0.01) and 6 months 
after surgery (< 0.05), but after 1 year the aesthetic sat-
isfaction became non-significant (p = 0.38). MIP was 
more costly and there was no difference in the quality 
of life in both groups 1 month and 6 months after sur-
gery (133) (A-1B) (Table 7). 

a small case-control study, an 8% increase in cortical bone 
thickness and area was observed, in addition to an incre-
ase in volumetric BMD, 1 year after PTx (136) (B-3B).

Some randomized clinical trials have demonstra-
ted an increase in BMD after PTx (68,69,137) (Table 
8). In one study, after 2 years of surgical treatment, 
there was a significant increase in lumbar spine BMD 
in the surgically treated group, when compared with 
conservative treatment, in which BMD remained un-
changed (1.01 ± 0.18 vs. 1.13 ± 0.19, p < 0.01) (68) 
(A-1B). Another randomized study showed that after 2 
years of surgery, modest improvement in femoral neck 
bone density (a difference between the groups of 0.8% 
per year, P = 0.01) and total hip (difference between 
groups of 1.0% per year, P = 0.001) in the group that 
underwent PTx, compared to the conservative treat-
ment group (57) (A-2B).

Observational studies have also demonstrated signifi-
cant improvement in BMD after PTx (114,135,138,139). 
In a prospective cohort of 121 patients with PHPT fol-
lowed for 10 years, there was an increase of 12% to 15% 
in BMD of patients undergoing PTx (135), especially in 
the lumbar spine and hip (B-2B).

In a 15 year follow-up of the same cohort that did 
not undergo PTx, there was a 10% decrease in cortical 
bone in the femoral neck and 35% in the distal radius 

(56) (B-2B). Most of the bone loss occurred after the 
first 8 years of follow-up. Most studies (135,138-143), 
but not all (143,144) do not show reduction in BMD 
at any sites during the first years of observation without 
intervention (B-2B).

Fracture risk

Despite a small study suggesting that mild PHPT does 
not increase the risk of vertebral fracture (145) (B-
2B), observational cohort and case-control studies 
suggest that there may be an increased risk of verte-
bral and nonvertebral fractures (53,54,146,147) (B-
2B). There are no data available yet from randomi-
zed clinical studies evaluating fracture risk reduction 
after PTxs. However, observational studies suggest 
a benefit for the group that underwent intervention 

(146,147) (B-2B).

Neuropsychiatric symptoms

In some situations, PTx appears to improve some neu-
ropsychiatric parameters, such as cognition, mood, an-
xiety (148,149) (C-4), quality of life and psychological 
function (57,68) (B-2B).

Table 7. Advantages of minimally invasive parathyroidectomy

1 – Less postoperative pain

2 – Less requirement for analgesia 

3 – Lower consumption of analgesics

4 – Less scarring

5 – Greater cosmetic satisfaction

Diagnosis and management of primary hyperparathyroidism 

Another randomized, prospective study on 45 
patients who underwent conventional PTx or MIP, 
showed similar cure rates for both procedures within 6 
months of follow-up. The operative time was 22 min-
utes shorter in patients undergoing MIP and serum 
calcium levels were slightly lower in the first 4 postop-
erative days in the group that underwent bilateral neck 
exploration (129) (B-2B).

BENEFITS OF PARATHYROIDECTOMY

PTx is a definitive therapy for PHPT which may pro-
vide, in addition to biochemical cure, reduced risk of 
nephrolithiasis, improved BMD, decreased risk of frac-
tures and improved quality of life (134).

Bone mineral density

Asymptomatic patients undergoing surgery have an in-
crease in BMD that is > 10% during the first decade (135) 
(B-2B). Symptomatic patients with severe bone invol-
vement may have greater increases of as much as 60 to 
100% in the first post-operative year (2) (B-3B). After 15 
years of PTx, the gain in BMD remains stable in the lum-
bar spine, femoral neck and distal radius (56) (B-2B). In 
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Table 8. Results of randomized trials on the effects 1 year after PTx on BMD and neuropsychiatric symptoms in patients with PHPT

N (PTx)
-

sCA (mg/dL)
P
-

sPTH (pg/mL)
P
-

BMD (g/cm2)
P
-

SF-36
P
-Before PTx After PTx Before PTx After PTx Observation x PTx Observation x 

PTx

Rao and 
cols. (57)

25 10.41 ± 0.5 9.33 ± 0.42 < 0.001 87 ± 27 39  ± 28  < 0.001 ↑ 1.2% (spine)

↑ 0.4% (femur)

↑ 0.4% (forearm)

< 0.001

0.03 < 0.001

Improvement in 
social 

functioning

Improvement in 
emotional 
functioning

< 0.007

< 0.012

Ambrogini 
and cols. 

(69)

24 NR NR NR NR NR NR ↑ 6.5% (trochanter)

↑ 5.3% (spine) 

↑ 4.5% (hip)

↑ 4.4% (femoral neck)

0.0001 

0.0002

0.0001

0.01

Improves pain

Improves 
general health

Improves vitality

Improves 
mental health

0.001

0.08

0.003

0.017

Bollerslev 
and cols. 

(68)

60 10.7 ± 0.32 9.9 ± 0.56 < 0.001 107.5 ± 58.3 44.9 ± 20.4 < 0.001 Observation

1.04 ± 0.20

PTx

1.13 ± 0.19

< 0.05 Improvement in 
social 

functioning

Improvement in 
emotional 
functioning 

< 0.05

< 0.05

PTx: parathyroidectomy; BMD: bone mineral density; PHPT: primary hyperparathyroidism; sCA: serum calcium; sPTH: serum parathyroid hormone; NR: not-related; SF-36: Quality Questionnaire 
“Short Form-36 Health Survey”.

Diagnosis and management of primary hyperparathyroidism 

Most published studies are observational and, thus, 
have important limitations, such as selection bias, lack 
of uniform methods for description of neurological 
and psychiatric symptoms, presence of symptomatic 
patients with PHPT and inadequate control groups. 
Ideally, randomized long-term studies are needed to 
determine the actual benefit of PTx for such symptoms. 
However, one of the difficulties lies in the recruitment 
of asymptomatic patients who agree to undergo ran-
domization for surgical treatment (150,151).

Despite these limitations, some randomized stu dies 
have demonstrated a benefit of Ptx on neuropsychi-
atric symptoms in patients with asymptomatic PHPT 
(57,69,137) (Table 8).

In a study from Norway, 191 patients (mean cal-
cium, 10.8 mg/dL) were randomized to surgical or 
conservative groups (68). At baseline, all patients had 
low psychosocial (quality of life) and mental health 
rates, as assessed by questionnaires “Short Form-36 
Health Survey” (SF-36) and “Comprehensive Psycho-
pathological Rating Scale”, respectively. There were no 
significant improvements in these parameters in the sur-
gically treated group compared to the control group. 
There was only a small difference in physical and emo-
tional symptoms in the surgery group (68) (A-1B).

In another study, among 283 patients selected, 53 
agreed to participate in the randomization (mean se-
rum calcium 10.3 mg/dL) for conservative or surgical 
treatment. At baseline, the “Short Form-36 (SF-36) 
Health Survey” mean score was similar to the normal 

population. Those who underwent the conventional 
surgical treatment showed little change in psychosocial 
function after 2 years, despite a significant decline in 
the conservative group. After 42 months of follow-up, 
there was a significant benefit of surgery in 2 domains 
of the SF-36 scale (social functioning and emotional 
problems) (57) (A-1B).

Another study randomized 50 patients, with mean se-
rum calcium of 10.2 mg/dL, for surgical or conservative 
treatment. There were modest improvements in some 
quality of life parameters in SF-36 of patients undergo-
ing surgical treatment, among them, generalized pain, 
vitality, general health and mental health (69) (A-1B).

Cardiovascular risk

In some studies, Ptx has shown some benefit in cardio-
vascular parameters such as blood pressure, left ventri-
cular diastolic function and left ventricular mass index 

(152,153). Other studies, however, do not confirm 
these findings (100,150,154,155) (B-3B).

Some cohort studies demonstrate improved survival 
after PTx (146,152), which was not confirmed by a 
more recent study that provided long-term follow up 

(153) (B-2B).
Few randomized controlled trials have evaluated the 

cardiovascular benefits of surgical treatment in asymp-
tomatic PHPT. In a study on 116 patients, comparing 
conservative treatment versus PTx, the mean reduction 
in blood pressure did not differ significantly between 
groups, as well as the serum levels of adiponectin, lip-
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Table 9. Results of studies on the effects of PTx on blood pressure (BP) and left ventricular (LV) hypertrophy in patients with PHTP

N
(PTx)

sCA 
(mM/L)**

P
sPTH

P
Change BP 

(mmHg)
P

Changes in 
cardiac 

structure
(LVH)

P
Before PTx After PTx Before PTx After PTx

Persson and 
cols. (153)

Randomized

49 2.67 ± 0.06 2.4 < 0.01 11.08 ± 3.87

(pmol/L)

5.0 (pmol/L) < 0.01 No change NS Reduction of LV 
mass

NS

Farahnak and 
cols. (154)

Case control

51 2.62 ± 0.13 2.28 ± 0.08 < 0.001 122.6 ± 43.6 
(pg/mL)

48.8 ± 15.9

(pg/mL)

< 0.001 Decreased < 0.05 NS NS

Bollerslev and 
cols. (116)

Randomized

116 2.69 ± 0.11 2.4 < 0.01 10.1 ± 4.0

(pmol/L)

5.0

(pmol/L)

< 0.01 Decreased < 0.05 NR NR

Ishay and cols. 
(100)

Case control

34 11.2 ± 0.7* NR - 222.9 ± 189.8 
(pg/mL)

NR - Decreased 0.02 NR NR

* In mg/dl; ** in mmol/L; NR: not reported; NS: non-significant; PTx: parathyroidectomy; PHTP: primary hyperparathyroidism; sCA: serum calcium; sPTH: serum parathyroid hormone.

Diagnosis and management of primary hyperparathyroidism 

ids, leptin, C-reactive protein and markers of endothe-
lial dysfunction, such as von Willebrand factor (116) 
(B-3B).

In an observational study, surgical treatment was 
associated with improvement of left ventricular hyper-
trophy in patients without previous hypertension (89) 
(B-3B). However, most other observational studies in-
dicate that hypertension does not improve significantly 
after PTx and should not be considered an indication 
for surgical treatment (64,154) (B-3B) (Table 9). 

THE ROLE OF INTRAOPERATIVE SERUM PTH 
MEASUREMENTS

Intraoperative monitoring of serum PTH (IOPTH) is 
often used during MIP for PHPT. Serum PTH is mea-
sured after induction of anesthesia but prior to skin inci-
sion and 10 minutes after removal of the enlarged gland 

(156). If the postoperative PTH levels does not fall by 
> 50%, into the normal range, persistent disease must 
be suspected. In the Ohe and cols. study on 109 pa-
tients (33 with PHPT and 76 with hyperparathyroidism 
secondary to renal disease) IOPTH changes correlated 
with cure of the disease (157) (C-4). Despite the wides-
pread use of the IOPTH approach, some studies have 
suggested its use only in selected patients (158) (C-4). 
A prospective study of 361 patients undergoing MIP 
for PHPT aimed to determine whether IOPTH can be 
optimized by limiting its application to patients with 
non-conclusive preoperative localization. All patients 
underwent technetium-99m sestamibi scintigraphy and 
ultrasonography. IOPTH was only used for decision-
-making in patients with negative scintigraphy and posi-
tive ultrasound results. Patients with any positive locali-

zation procedure (91%) were offered MIP. The success 
rate was 99%. The multiglandular disease rate was 3% 
in sestamibi-positive and 36% by sestamibi-negative (p 
< 0.0001). Both ultrasound and sestamibi scintigraphy 
had the same sensitivity (80% x 85%). Among patients 
with negative sestamibi, 71% of those who underwent 
MIP with IOPTH, had an inadequate fall in PTH levels 
and this was highly predictive of multiglandular disease. 
The use of IOPTH increased the time length of surgery 
from 34 to 60 minutes (159) (C-4).

Barczynski and cols., in a comparative, retrospective 
non-randomized study, found that the routine use of 
IOPTH improved MIP cure rates (open or video-as-
sisted) compared to unilateral neck exploration guided 
by imaging without IOPTH. Furthermore, IOPTH 
had an additional value in the surgical decision for fu-
ture neck exploration, especially in the case of a single 
positive imaging study (158) (C-4). 

In a large multicenter study from Scandinavian on 
2,708 patients, imaging procedures for preoperative lo-
calization were performed in 1,831 patients (sestamibi 
scan in 54% and ultrasonography in 41%) and IOPTH in 
792 patients. Bilateral exploration was performed in 61%, 
focused PTx in 17% and unilateral exploration in 22%. 
In a multivariate logistic regression analysis, IOPTH 
increased cure rate (OR 1.70, CI 95% 1.14-2.53, p = 
0.0092). The risk of hypocalcemia decreased with the 
use of localization procedures (OR 0.56, 95% CI 0.43-
0.78, p = 0.0004) and IOPTH (OR 0.56 95% CI 0.39-
0.90, p = 0.0015) (160) (B-2C). On the other hand, 
a prospective randomized trial comparing endoscopic 
bilateral neck exploration with endoscopic MIP plus 
IOPTH, found no differences in effectiveness, operation 
time and costs between the procedures (161) (B-2B).
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MEDICAL TREATMENT

Pharmacological treatment can be indicated for those 
patients with contraindications to surgical treatment, 
those with surgical failure, or those with no current 
criteria for surgical treatment (162,163) (Table 10). 
The decision to employ a pharmacological approach 
de pends also upon the goal of treatment, to reduce the 
serum calcium level and/or to increase BMD.

Cinacalcet hydrochloride

Cinacalcet hydrochloride is a calcimimetic agent that 
binds to the calcium-sensing receptor (CaR) of para-
thyroid cells, resulting in diminished PTH secretion 

(163). A multicenter, randomized, double-blind, pla-
cebo-controlled study on 78 patients with PHPT, eva-
luated the long-term effect of oral cinacalcet on serum 
calcium and PTH levels. The primary endpoint was the 
normalization of serum calcium (< 10.3 mg/dL) with a 
reduction of at least 0.5 mg/dL from baseline. Patients 
initially received cinacalcet 30 mg twice daily and this 
dose was increased to 40-50 mg twice daily for 12 weeks. 
Normal serum calcium concentrations were achieved in 
73% of patients during the maintenance phase, but se-
rum PTH decreased by only 7.6% after the same period 

(164). Serum calcium levels remained normal and PTH 
remained below baseline for up to 52 weeks (A-1B). The 
extension of the same study for 5 years showed that the 
normalization of serum calcium levels was maintained in 
approximately 80% of patients. Mean serum PTH levels 
remained stable (165). There were no significant chan-
ges in BMD. Oddly, bone turnover markers (serum bone 
alkaline phosphatase and urinary N-telopeptide) increa-
sed significantly as compared to placebo (164) (A-1B).

Cinacalcet is generally well-tolerated. The most 
common side effects are nausea (28%) and headache 
(23%) (164,166) (A-1B). These side effects appear to 
be dose-dependent. 

Hormone replacement therapy

A 2-year, randomized, double-blind, placebo-control-
led study on 42 postmenopausal women with mild 

PHPT, evaluated the effects of conjugated estrogen 
0.625 mg/day combined with medroxyprogesterone 
5 mg/day versus placebo on BMD and biochemical 
markers of bone turnover and calcium metabolism. 
Alkaline phosphatase activity decreased by 22%, urinary 
hydroxyproline excretion by 38%, N-telopeptide excre-
tion decreased by 60% and urinary calcium excretion by 
33% at the end of the study (144). Likewise, there were 
significant increases in total body, lumbar spine, femur 
neck and forearm BMD (144) (A-1B). These effects 
were maintained for at least 4 years in the extension 
study (167) (B-2B).

Selective modulators of estrogen receptors

A small study of only 18 patients tested raloxifene 60 
mg/day to reduce the serum calcium concentration in 
a double-blind, randomized, placebo-controlled study. 
After only 8 weeks, serum calcium and bone turnover 
markers (serum NTX and osteocalcin) were reduced. Af-
ter 4 weeks of discontinuation, no changes in serum cal-
cium and PTH levels were observed, and bone turnover 
markers returned to their baseline values (168)   (B-2B).

Bisphosphonates

Data from randomized controlled studies have con-
sistently demonstrated that oral alendronate decreases 
bone turnover and increases BMD in patients with mild 
PHPT, although the effects on serum calcium have 
been inconsistent (169-171) (A-1B). 

A randomized, double-blind, placebo-controlled 
study evaluated 40 postmenopausal women with PHPT 
who were randomized to receive alendronate 10 mg/
day or placebo for 48 weeks and followed for another 
24 weeks after withdrawal of treatment. BMD was sig-
nificantly higher in patients treated with alendronate (+ 
4.17 ± 6.01% vs. -0.25 ± 3.35% at the femoral neck, 
p = 0.011) and (+ 3.79 ± 4.04% vs. +0.19 +/- 2.8% 
at the lumbar spine, p = 0.016). Mean serum calcium 
levels decreased slightly in the alendronate group, but 
not in the placebo group. Bone turnover markers also 
decreased in patients treated with alendronate. There 

Table 10. Medical treatment and the effects on bone

Treatment BMD1 BTM2 Serum calcium Serum PTH3 Level of evidence 

Cinacalcet hydrochloride No change Increases Decreases to normal often Decreases slightly 1B

Conjugated estrogen + medroxyprogesterone Increases Decreases No change No change 1B

Raloxifene NA4 Decreases Decreases Decreases 1B

Alendronate Increases Decreases No change No change 1B

1 BMD: bone mineral density; 2 BTM: bone turnover markers; 3 PTH: parathyroid hormone; 4 NA: not available.

Diagnosis and management of primary hyperparathyroidism 
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were no significant differences in BMD at the distal 
1/3 radius in 48 weeks between the two groups (170) 
(A-1B).

In another multicenter, randomized, double-blind, 
placebo-controlled trial on 44 patients, treatment with 
alendronate over 2 years was associated with a signifi-
cant increase in BMD at the lumbar spine in compari-
son with the baseline. Total hip BMD was significantly 
increased in 1 year and remained stable for 1 more year, 
and no significant differences in BMD at the distal ra-
dius were observed. After 1 year, patients receiving 
placebo, started on alendronate and similar changes 
in BMD were observed in the 2nd year. Bone turnover 
markers decreased with the use of alendronate and se-
rum PTH, phosphate and ionized calcium levels did 
not change during the study (171) (A-1B).

In another randomized, placebo-controlled study, 
the effects of treatment with oral alendronate, 10 mg/
day or placebo, on BMD and biochemical markers of 
calcium and bone metabolism in elderly women with 
osteoporosis and mild PHPT were evaluated. Alen-
dronate was significantly associated with a decrease in 
bone turnover markers and an increase in BMD by 8.6 
± 3.0% at the lumbar spine, 4.8 ± 3.9% at total hip and 
1.2 ± 1.4% at total body, after 2 years. Serum calcium 
and phosphate and urinary calcium excretion decreased 
significantly during the first 3-6 months. A significant 
increase in serum PTH was seen during the first year of 
treatment (169) (B-2B).

SUMMARY AND CONCLUSION

Primary hyperparathyroidism continues to be an evol-
ving disease in which several clinical profiles may be 
found. Most patients present with hypercalcemia in the 
asymptomatic form as an outpatient. Additional data 
on non-skeletal, non-classical manifestations such as 
fatigue, depression, decreased quality of life, diabetes 
and cardiovascular diseases, emerged in the literature 
during the last decade, but continue to be controver-
sial if a casuality really exists. Normocalcemic primary 
hyperparathyroidism constitutes an additional challen-
ge to the field as preliminary data suggest that it may 
progress with complications such as kidney stones wi-
thout exhibiting hypercalcemia. The diagnosis is usu-
ally made by routine measurements of serum calcium 
during medical examination along with a high or ina-
ppropriate normal serum PTH levels. Normocalcemic 
primary hyperparathyroidism is usually detected with 

routine serum PTH measurements during an osteopo-
rosis workup providing that secondary causes of an ele-
vated serum PTH are excluded. The definite treatment 
for PHPT is parathyroidectomy and in hypercalcemic 
patients in whom the parathyroid lesion is not detected 
by imaging procedures, some surgical criteria have been 
employed to select those candidates. For those patients 
who present with contraindications for surgery or re-
fuse the surgical procedure medical treatment can be 
an alternative. Cinacalcet, estrogen or bisphosphonates 
may be used in order to control serum calcium levels 
and to protect the skeleton. 

Disclosure: no potential conflict of interest relevant to this article 
was reported.
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Excessive daytime sleepiness 
in type 2 diabetes
Sonolência excessiva diurna em diabetes tipo 2

Camila Medeiros1, Veralice Bruin1, Débora Férrer1, Ticiana Paiva1, 
Renan Montenegro Júnior1, Adriana Forti1, Pedro Bruin1

ABSTRACT
Objective: To examine excessive daytime sleepiness (EDS) in type 2 diabetes. Subjects and 
methods: Patients (N = 110) were evaluated regarding Epworth Sleepiness Scale (EDS), sleep 
quality (Pittsburgh Sleep Quality Index), depressive symptoms (Beck Depression Inventory), 
Restless Legs Syndrome (RLS), risk of obstructive sleep apnea (OSA) (Berlin questionnaire), 
and comorbidity severity (Charlson Comorbidity Index). Patients were compared with indivi-
duals with arterial hypertension and without diabetes. Results: Diabetic patients had more EDS, 
depressive symptoms, and higher comorbidity severity than hypertensive patients (p < 0.005). 
In diabetic patients, poor quality sleep (53.3%), and high risk of OSA (40.9%) and RLS (14.5%) 
were found; EDS (55.5%) was associated with depressive symptoms present in 44.5% indivi-
duals (OR = 1.08; 95% CI: 1.01-1.15), and remained so after data were controlled for age, gender, 
body mass index, and glycated hemoglobin (OR = 2.27; 95% CI 1.03-5.03). Conclusions: Sleep 
abnormalities are frequent. EDS affects most of the patients and is independently associated 
with depressive symptoms. Adequate antidepressant therapy should be tested for the effects 
on EDS. Arq Bras Endocrinol Metab. 2013;57(6):425-30

Keywords
Diabetes; sleep; depression; apnea; comorbidity

RESUMO
Objetivo: Em pacientes com diabetes tipo 2, avaliar a sonolência excessiva diurna (SED). Sujei-
tos e métodos: Pacientes (N = 110) foram investigados com relação a Escala de Sonolência de 
Epworth (SED), qualidade do sono (Índice de Qualidade de Sono Pittsburgh), sintomas depres-
sivos (Inventário de Depressão de Beck), Síndrome das Pernas Inquietas (SPI), risco de apneia 
obstrutiva do sono (AOS) (Questionário de Berlim) e comorbidades (Índice de Comorbidade de 
Charlson), e foram comparados com indivíduos com hipertensão arterial sem diabetes. Resul-
tados: Pacientes diabéticos apresentavam mais SED, sintomas depressivos e comorbidades 
que os hipertensos (p < 0,005). Em pacientes diabéticos, má qualidade do sono (53,3%), risco 
de AOS (40,9%) e SPI (14,5%) foram encontrados. SED (55,5%) associou-se com os sintomas 
depressivos em 44,5% (OR = 1,08; 95% IC 1,01-1,15) e permaneceu após controle para idade, 
sexo, índice de massa corporal e hemoglobina glicosilada (OR = 2,27 95% IC 1,03-5,03). Conclu-
sões: Anormalidades do sono são frequentes. SED afeta a maioria dos pacientes e associa-se 
de forma independente com os sintomas depressivos. Terapia antidepressiva pode melhorar a 
SED. Arq Bras Endocrinol Metab. 2013;57(6):425-30
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INTRODUCTION

D aytime somnolence and inattention are potential 
causes for accidents, cognitive decline, and redu-

ced work efficiency (1). Previous studies have linked 
sleepiness with higher morbidity and mortality rates in 
various clinical settings (2,3). Increasing attention has 
been paid to the connection between diabetes and ex-
cessive daytime sleepiness (4,5). It has been suggested 
that diabetic patients are more likely to be sleepy du-
ring the daytime than non-diabetic ones (6,7); moreo-
ver, greater risk for traffic accidents due to somnolence 
has been shown in diabetic patients (8). It has also been 
found that sleepiness is associated with a general decre-
ase in motivation to engage in activities that are impor-
tant in the management of diabetes (5). 

Despite the recognition of sleepiness as a major pub-
lic health issue (9), its clinically associated factors and 
pathogenesis have not been totally clarified. Previous 
studies indicate that, among the general population, ex-
cessive daytime sleepiness has been more strongly asso-
ciated with depression and obesity than with metabolic 
factors, sleep-disordered breathing, or sleep disruption 
(10,11). Interestingly, in elderly people, sleep altera-
tions have been associated with depression, cognitive 
decline, and diabetes (12). It has also been pointed out 
that increased daytime sleepiness does not seem to be 
driven only by the presence of obstructive sleep apnea 
(OSA). In fact, a study has suggested that several clini-
cal factors such as obesity, metabolic abnormalities, or 
inflammatory markers may play a role in the genesis of 
excessive daytime sleepiness (13). Therefore, increased 
daytime sleepiness in type 2 diabetes may be associated 
with sleep disorders such as OSA (14), insomnia (15), 
and restless legs syndrome (16). After considering all 
the above, understanding the associations between 
sleep disorders and daytime somnolence in type 2 dia-
betes may contribute to therapy in these patients.

The aim of this study was to evaluate excessive day-
time sleepiness in type 2 diabetes and its associations 
with depressive symptoms, other sleep complaints, and 
clinical/laboratory variables.

MATERIALS AND METHODS

Study design and participants

This is a cross-sectional study of individuals with type 
2 diabetes. We evaluated 113 consecutive men and 
women with type 2 diabetes who presented for clini-

cal follow-up in an outpatient diabetes clinic. Three 
subjects refused to answer the questionnaires and were 
withdrawn from the sample. Inclusion criteria were the 
diagnosis of type 2 diabetes, clinical stability, and no 
change of medication in the previous three months. Ex-
clusion criteria were working in the night shift, history 
of alcohol or drug abuse, presence of cancer or of seve-
re neurologic, renal, or cardiac diseases. Data from dia-
betic patients were compared with a group of patients 
with arterial hypertension and without diabetes (n = 
36). The protocol was approved by the local Research 
Ethics Committee, and written informed consent was 
obtained for all subjects (CEP/HUWC 031.04.09).

Outcome measures

Demographic data, habits, and comorbidities were re-
corded using a standardized questionnaire. Biochemi-
cal data were collected from patient files. Body mass 
index (BMI) was calculated as the ratio between weight 
(kg) and squared height (m2). Daytime somnolence 
was assessed by the Epworth Sleepiness Scale (ESS), a 
questionnaire containing eight items that ask about the 
expectation of dozing in eight hypothetical situations. 
Epworth Sleepiness Scale score greater than 10 indica-
tes excessive daytime sleepiness (17). Subjective sleep 
quality was evaluated by the Pittsburgh Sleep Quality 
Index (PSQI). Pittsburgh Sleep Quality Index has se-
ven components, each one dealing with a major aspect 
of sleep: subjective quality of sleep, sleep onset latency, 
sleep duration, sleep efficiency, and presence of sleep 
disturbances. Individuals with total PSQI score greater 
than six were considered poor sleepers (18). Depressive 
symptoms were evaluated by the Beck Depression In-
ventory (BDI), and were defined as present if the score 
was greater than 10 (19). Frequent associated comor-
bidities, such as hypertension, high risk of OSA, and 
restless legs syndrome, which might influence excessive 
daytime sleepiness, were analyzed. Restless leg syndro-
me was identified using the minimum criteria defined 
by the International Restless Legs Syndrome Study 
Group: 1) an urge to move the legs, usually accompa-
nied or caused by uncomfortable and unpleasant sensa-
tions in the legs; 2) the urge to move or the beginning 
or worsening of unpleasant sensations happening du-
ring periods of rest or inactivity, such as lying or sitting; 
3) the urge to move or unpleasant sensations being par-
tially or totally relieved by movement, such as walking 
or stretching, at least as long as the activity continues; 
and 4) the urge to move or unpleasant sensations being 

Daytime sleepiness in diabetes
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worse in the evening or night than during the day, or 
occuring only in the evening or night (20). This sca-
le has been adapted to Brazilian patients (21). Risk of 
having OSA were assessed by the Berlin questionnaire 
(22). In order to assess the influence and presence of 
associated comorbidities, the Charlson Comorbidity 
Index (CCI) was used (23). 

Statistical analysis

Data are expressed as mean ± SD values. Comparisons 
between diabetic patients and subjects with arterial 
hypertension and without diabetes were performed. 
Diabetic patients were grouped as having excessive 
daytime sleepiness or not. Fisher exact tests for cate-
gorical variables, Mann-Whitney U test for continuous 
variables, and Student’s t test for normally distributed 
data with equal variances were performed to compa-
re cases and controls. Logistic regression analysis was 
used to examine associations between clinical and de-
mographic variables, and excessive daytime sleepiness. 
Posterior adjustments for age, gender, BMI and glyca-
ted hemoglobin were performed. Statistical analysis was 
performed with the Statistic Package for Social Sciences 
(SPSS – Norusis, 1993) software for Windows. The le-
vel of significance was set at p < 0.05. 

RESULTS

A total of 110 type 2 diabetes patients, 73 (65.8%) fe-
males with a mean age of 57.6 ± 11.0 years and 36 in-
dividuals with arterial hypertension, 21 (58.3%) female, 
mean age 57.6 ± 9.7 were studied. Patients with diabe-
tes showed greater comorbidity severity as evaluated by 
the CCI, more depressive symptoms as evaluated by the 
BDI, and more severe excessive daytime sleepiness (p < 
0.005). Subjects with arterial hypertension had worse 
sleep quality as evaluated by the PSQI (p < 0.005) (Ta-
ble 1). In diabetic patients, excessive daytime sleepiness 
was present in 55.5% of cases. This was not related to 
gender, age, disease duration, BMI, waist-hip ratio, and 
laboratory results (Table 2). Diabetic patients with ex-
cessive daytime sleepiness showed significantly higher 
BDI scores than non-diabetic patients (11.43 ± 6.79 vs. 
8.43 ± 6.0, p = 0.01, respectively). An association be-
tween excessive daytime sleepiness and depressive symp-
toms was found (OR = 1.08; 95% CI: 1.01-1.15), and 
remained significant after data were controlled for age, 
gender, BMI, and glycated hemoglobin (OR = 2.27; 
95% CI: 1.03-5.03) (Table 3). In diabetic  patients, 

poor sleep quality was found in 53.3% of the cases, and 
was not associated with daytime sleepiness. Restless leg 
syndrome was found in 14.5% of the cases and arte-
rial hypertension in 70.0%; neither was associated with 
excessive daytime sleepiness. The risk of OSA, as defi-
ned by the Berlin questionnaire, was present in 40.9% 
of the patients, and was not associated with excessive 
daytime sleepiness. Comorbidity severity as evaluated 
by the CCI was not associated with excessive daytime 
sleepiness. The most common complications associated 
with diabetes were peripheral neuropathy (31.2%), re-
tinopathy (17.8%), cataract (19.0%), and renal disease 
(5.4%). Depressive symptoms were present in 44.5% of 
diabetic patients and were associated with poor sleep 
quality as evaluated by the PSQI (OR = 1.39; 95% CI: 
1.21-1.59).

Table 1. Demographic characteristics and clinical factors of subjects with 
diabetes and hypertension

Diabetes Hypertension p value

Gender M/F 38/72 15/21 a 0.43 

Age (years) 57.59 ± 11.04 57.58 ± 9.70 b 0.99 

BMI 27.55 ± 4.79 29.41 ± 5.85 b 0.06 

ESS 10.72 ± 5.81 6.00 ± 3.84 c 0.000**

BDI 10.09 ± 6.59 5.94 ± 3.95 c 0.000**

PSQI 7.40 ± 4.22 15.00 ± 7.82 c 0.000** 

CCI 2.24 ± 1.59 0.47 ± 0.84 c 0.000**

Risk of OSA (Yes/No) 45/65 17/19 a 0.21

ESS: Epworth Sleepiness Scale; M/F: Male/Female; BMI: Body Mass Index; BDI: Beck 
Depression Inventory; PSQI: Pittsburgh Sleep Quality Index; CCI: Charlson Comorbidity Index; 
OSA: Obstructive Sleep Apnea.
a Fisher Exact Test; b Student’s Test; c Mann-Whitney Test.

Table 2. Clinical, laboratory, and demographic characteristics of subjects 
with and without excessive daytime sleepiness

ESS ≤ 10
n = 49

ESS > 10
n = 61

Unadjusted
p value

Gender M/F 16/33 22/39 a 0.84

Age (years) 55.8 ± 11.7 58.89 ± 10.38 b 0.14

BMI 27.84 ± 5.62 27.28 ± 4.00 b 0.55

Waist-hip ratio (cm) 0.93 ± 0.09 0.93 ± 0.06 b 0.79 

Disease duration (years) 10.10 ± 7.94 10.53 ± 7.29 b 0.80

Hemoglobin (g/dL) 12.79 ± 3.06 13.03 ± 1.79 b 0.74

Glycated hemoglobin (%) 8.83 (2.77) 8.71 (2.63) b 0.85

Cholesterol (mg/dL) 200.5 ± 42.1 204.5 ± 43.2 b 0.72

Triglycerides (mg/dL) 526.5 ± 172.3 315.0 ± 118.3 b 0.43

HDL (mg/dL) 39.3 ± 12.3 43.3 ± 10.1 b 0.12 

ESS: Epworth Sleepiness Scale; M/F: Male/Female; BMI: Body Mass Index; cm: centimeter; 
HDL: High Density Lipoprotein.
a Fisher Exact Test; b Student’s Test; c Mann-Whitney Test.

Daytime sleepiness in diabetes
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DISCUSSION

These results show that excessive daytime sleepiness is 
common in type-2 diabetes and affects more than half 
of the patients. Of crucial importance is the fact that 
excessive daytime sleepiness was independently asso-
ciated with depressive symptoms. This is in agreement 
with previous reports showing that daytime somnolen-
ce is linked with depressive symptoms in the general 
population (10) and in the elderly (12). Differently 
from the study of Bixler and cols., metabolic abnor-
malities were not found to influence excessive daytime 
sleepiness in diabetic patients (10). By comparison, 
diabetic patients showed more sleepiness, more depres-
sive symptoms, and higher comorbidity severity than 
patients with hypertension. Interestingly, hypertensive 
patients without diabetes had worse quality of sleep. 
These fin dings may be related to the association bet-
ween obstructive sleep apnea and hypertension (24). 
With regards to the presence of daytime sleepiness, di-
fferences in BMI were not found. This is in contrast 
to a previous report showing that obesity is associated 
with objective and subjective daytime sleepiness regar-
dless of the presence of sleep apnea (10). In this re-
port, the risk for sleep apnea was the same for diabetic 

patients with and without excessive daytime sleepiness. 
Also, despite prior reports showing gender differen-
ces in excessive daytime sleepiness (25) and depressive 
symptoms (26), no gender differences were found in 
this study. Together, these findings suggest that depres-
sive symptoms play an important role in the genesis of 
daytime somnolence in type 2 diabetes. We cannot ex-
clude other so far non-established abnormalities, such 
as the presence of inflammation, in the pathogenesis 
of daytime sleepiness. It has been previously sugges-
ted that a bidirectional relationship between depression 
and inflammation exists. Depression can result in an up-
-regulation of inflammatory mediators that can further 
contribute to daytime sleepiness (27). Furthermore, it 
has been demonstrated that increases in sleep duration 
are associated with elevations in C-reactive protein and 
interleukin-6 (28). This is a subject that needs further 
clarification. Prospective studies could test the effects of 
antidepressants in daytime somnolence, cognitive func-
tion, reduced alertness, and driving ability (29). 

We confirm that poor sleep quality affects more than 
half of diabetic patients (16). An association between de-
pressive symptoms and poor quality of sleep was found. 
In another group of patients and, in agreement with 
our findings, it has been shown that among the obese, 
the level of emotional stress is the key distinguishing 
factor between good sleepers and poor sleepers (30). 
Of interest, depression and diabetes were the most im-
portant determinants of daytime sleepiness in a popula-
tion with OSA (31). The connection between reduced 
sleep, sleep apnea, and the posterior risk of developing 
diabetes has been suggested before (32). Considering 
the endemic situation of chronic sleep loss in modern 
society, it should be noticed that this public health is-
sue may be contributing to increase the prevalence of 
diabetes worldwide. All this indicates that a therapeutic 
approach of depressive symptoms may not only increase 
the level of daytime alertness and daily activities but also 
improve sleep disturbances and glycemic control. A re-
cent placebo-controlled, single-blind study evaluating 
the effects of exenatide, a medication for the treatment 
of type 2 diabetes, has shown significant reduction in 
objective sleepiness in obese patients with type 2 diabe-
tes without OSA. The same study showed no significant 
change in depression and driving performance (33).

In this study, we confirm that restless leg syndrome 
is frequent in type 2 diabetes (16). Restless leg syn-
drome was present in 14.5% of cases, which is twice the 
expected values for a large population-based study (34).

Table 3. Clinical factors associated with excessive daytime sleepiness 
based on multiple logistic regression analysis

Model 1
Excessive daytime sleepiness

OR (95%CI) p Value

Beck Depression Inventory 1.08 (1.01-1.15) 0.02*

Pittsburgh Sleep Quality Index 1.08 (0.98-1.19) 0.09

Charlson Comorbidity Index 1.19 (0.91-1.55) 0.18

Restless Legs Syndrome 1.32 (0.45-3.83) 0.60

Hypertension 1.38 (0.60-3.18) 0.44

High risk of obstructive sleep apnea 
(Berlin questionnaire)

0.33 (0.01-6.65) 0.47

Model 2

Beck Depression Inventory 2.27 (1.03-5.03) 0.04*

Pittsburgh Sleep Quality Index 1.10 (0.96-1.25) 0.15

Charlson Comorbidity Index 1.21 (0.79-1.84) 0.36

Restless Legs Syndrome 0.81 (0.20-3.21) 0.77

Hypertension 0.54 (0.15-1.96) 0.35

High risk of obstructive sleep apnea 
(Berlin questionnaire)

1.02 (0.97-1.06) 0.42

Model 1: In this unadjusted model, Beck Depression Inventory scores, Pittsburgh Sleep Quality 
Index scores, and Charlson Comorbidity Index scores were entered as numerical variables, and 
Restless Legs Syndrome, Hypertension, and High risk of obstructive sleep apnea as 
dichotomized variables (present/absent). Hosmer-Lemeshow goodness-of-fit tests showed 
9.65 and p _0.29 demonstrating a good fit of the models. Model 2: In this model, data was 
adjusted for age, gender, body mass index, and glycated hemoglobin.

Daytime sleepiness in diabetes
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Limitations of this study must be acknowledged. It 
was a cross-sectional evaluation, and a prospective study 
could clarify the effects of antidepressant on sleepiness 
in these patients. Also, sleepiness was a subjective mea-
sure, and objective measures of daytime sleepiness were 
not tested. The Multiple Sleep Latency test has been 
considered the gold standard objective method for 
sleepiness assessment (35). However, the ESS is used 
worldwide as a standard measure in the evaluation of 
excessive daytime sleepiness. Furthermore, it has been 
suggested that subjective measures and objective mea-
sures may assess different aspects of excessive daytime 
sleepiness (36): subjective sleepiness as evaluated by the 
ESS would mean a sleep dimension different from mea-
sures of objective sleepiness. Despite this controversy, 
ESS remains the most frequent used scale for the assess-
ment of daytime sleepiness and therapeutic efficiency. 
It is worth noticing that the present data highlight the 
magnitude of daytime sleepiness and its association with 
depressive symptoms: these findings indicate the need to 
verify the potential modifying effects of antidepressants. 

In summary, in diabetic patients, daytime somno-
lence is frequent and independently associated with de-
pressive symptoms. We suggest that diabetic patients 
with excessive daytime sleepiness should be more thor-
oughly investigated for these symptoms. Proper therapy 
might improve alertness and psychological well-being 
leading to better cooperation and disease control. 
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Decreased astrocytic GFAP 
expression in streptozotocin-
induced diabetes after gliotoxic 
lesion in the rat brainstem
Expressão astrocitária diminuída de GFAP no diabetes induzido por 
estreptozotocina após lesão gliotóxica no tronco encefálico de ratos

Eduardo Fernandes Bondan1,2, Maria de Fátima Monteiro Martins1,2, 
Flávio Cesar Viani2

ABSTRACT
Objective: The aim of this study was to evaluate the effect of diabetic hyperglycemia on as-
trocyte function, estimated by means of glial fibrillary acidic protein – GFAP – immunohisto-
chemical expression. Materials and methods: Adult male rats received a single intravenous 
injection of streptozotocin (50 mg/kg) and were submitted 10 days later to a single injection of 
10 microlitres 0.1% EB solution or 0.9% saline solution into the cisterna pontis. Ten microliters of 
0.1% EB or 0.9% saline solution were also injected in non-diabetic rats. Animals were anesthe-
tized and perfused through the heart 15 and 31 days after EB or saline injection, and brainstem 
sections were collected for ultrastructural analysis and GFAP immunohistochemical staining. 
Results:  The GFAP brown-stained areas were evaluated by colorimetry using a computerized 
image analysis system and the results have shown that diabetes hindered the increase of GFAP 
astrocyte expression in the EB-injected group compared to non-diabetic animals. However, dia-
betes did not affect GFAP response in the saline-injected group or in control animals. Conclu-
sion: Streptozotocin-induced diabetic condition reduced astrocytic GFAP expression following 
gliotoxic injury. Arq Bras Endocrinol Metab. 2013;57(6):431-6

Keywords
Astrocytes; GFAP; central nervous system; diabetes mellitus; ethidium bromide

RESUMO
Objetivo: O objetivo deste estudo foi avaliar o efeito da hiperglicemia na função astrocitária, 
estimada pela expressão imuno-histoquímica da proteína glial fibrilar ácida – GFAP. Materiais 
e métodos: Ratos machos adultos receberam uma injeção intravenosa única de estreptozoto-
cina (50 mg/kg) e foram submetidos, 10 dias após, à injeção de 10 microlitros de solução de BE 
0,1% ou de salina 0,9% na cisterna pontina. Dez microlitros de BE 0,1% ou salina 0,9% foram 
também injetados em ratos não diabéticos. Os animais foram anestesiados e perfundidos por 
via intracardíaca aos 15 e 31 dias pós-injeção de BE ou salina, e amostras de tronco encefálico 
foram coletadas para estudo ultraestrutural e análise imuno-histoquímica para a GFAP. Resul-
tados: Utilizando um sistema computadorizado de análise de imagens, os resultados das áreas 
coradas em marrom pela GFAP, medidas por colorimetria, mostram que o diabetes reduziu o 
aumento de expressão dessa proteína no grupo injetado com BE em comparação aos animais 
não diabéticos, mas não alterou a resposta no grupo injetado com salina ou nos controles 
diabéticos. Conclusão: O estado diabético induzido pela estreptozotocina reduziu a expressão 
astrocitária de GFAP após dano gliotóxico. Arq Bras Endocrinol Metab. 2013;57(6):431-6
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INTRODUCTION

I t is widely described that ethidium bromide (EB) 
injection in the white matter of the central nervous 

system (CNS) acts like a gliotoxin, causing local oli-
godendroglial and astrocytic death, with consequent 
demyelination (although naked axons remain preser-
ved), blood-brain barrier disruption, and Schwann 
cell invasion due to the glia limitans breakdown (1-5). 
Surviving astrocytes present vigorous reaction around 
the injury site with increased immunorreactivity to 
the specific cell marker, glial fibrillary acidic protein 
(GFAP), and reexpression of vimentin (VIM) (5). 
Hyperglycemia found in diabetes mellitus is known to 
cause well-characterized morphological and functional 
changes in peripheral neurons and Schwann cells (6). 
Much less is known about the effects of hyperglycemia 
on CNS cells, mainly on glia. It is recognized that dia-
betes exacerbates astrocytic (7,8) and neuronal (9,10) 
damage induced by ischemia and reperfusion. On the 
other hand, insulin treatment prevents diabetes-indu-
ced alterations in astrocyte glutamate uptake and re-
verts the decreased GFAP expression in rats at 4 and 
8 weeks of diabetes duration (11). Glial modifications 
were clearly pointed out in some studies (12,13) using 
streptozotocin-diabetic rats after the injection of EB, 
with marked delay on macrophagic scavenging activi-
ty of myelin debris, on oligodendrocyte and Schwann 
cell remyelination (12), as well as on blood-brain bar-
rier repair (13), although astrocytic response was not 
properly investigated and compared between diabetic 
and non-diabetic animals. In such context, the aim of 
the present investigation was to evaluate the effect of 
diabetic hyperglycemia on astrocyte function (estima-
ted by means of GFAP immunohistochemical expres-
sion) in rats injected or not with EB in the brainstem, 
serving as normal homeostatic regulators in the neural 
microenvironment or as reactive and repairing cells af-
ter injury.

MATERIALS AND METHODS

This experiment was approved by the Ethics Com-
mission of Universidade Paulista (protocol number 
002/09). Adult male Wistar rats, 3 to 4 months old, 
were used, from which some received, after 12 hours of 
fasting, a single injection of streptozotocin (50 mg/kg, 
Sigma) in 0.01M citrate buffer (pH 4.5) into the tail 
vein. Ten days after that, blood glucose was measured 

and animals with levels of 300 mg/dL or more were 
considered diabetic. At this time, they were submitted 
to a local injection of 10 microlitres of 0.1% EB (group 
I) or 0.9% saline (group II) solution into the cisterna 
pontis. All rats were anaesthetized with ketamine and 
xylazine (5:1; 0.1 ml/100 g) and a burr hole was made 
on the right side of the skull, 8 mm rostral to the fron-
toparietal suture. 

Injections were performed freehand using a Hamil-
ton Syringe, fitted with a 35o angled polished 26-gauge 
needle into the cisterna pontis, an enlarged subarach-
noid space below the ventral surface of the pons. Non-
diabetic rats also received 10 microlitres of 0.1% EB 
solution (group III) or 0.9% saline solution (group IV). 
Diabetic (group V) and non-diabetic rats (group VI) 
were also used without receiving any intracisternal in-
jection (control groups). 

Body weight and blood glucose levels (Dextrostix, 
Ames) were recorded at 3 different times – at the mo-
ment of the streptozotocin injection, 10 days after and 
at the time of euthanasia. Water and food were given ad 
libitum during the experimental period. All rats were 
anaesthetized; some were submitted to intracardiac 
perfusion with buffered 10% formaldehyde (for im-
munohistochemical purpose), and some with 4% glu-
taraldehyde in 0.1 M Sorensen phosphate buffer (pH 
7.4) (for transmission electron microscopy study) 15 
and 31 days after intracisternal injection or not. Thin 
slices of the brainstem (pons and mesencephalon) were 
collected and post-fixed in 0.1% osmium tetroxide, 
dehydrated with graded acetones and embedded in 
Araldite 502 resin, following transitional stages in ace-
tone. Thick sections were stained with 0.25% alkaline 
toluidine blue. Selected areas were trimmed, and thin 
sections were stained with 2% uranyl and lead acetate 
and viewed in a JEM -1200 EX2 JEOL transmission 
electron microscope.

Immunohistochemical protocol was initiated by 
the deparaffinization of histologic sections in xylene 
and re-hydration in alcohol. Endogenous peroxidase 
was blocked at room temperature with specific blocker 
Dako S2001; the material was then incubated for 30 
minutes (PBS-BSA 5%) to block unspecific proteins. 
Two washes with PBS were carried out between all 
incubations. An enzymatic process of antigenic reacti-
vation was used to demonstrate astrocytes, employing 
pronase (S2013, Dako) during 15 minutes, followed 
by the application of rabbit anti-cow GFAP antibody 
(ZO334, Dako), diluted at 1:1000, for 16 hours. Sec-

GFAP expression in diabetic rats
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ondary goat anti-rabbit antibody (E0433, Dako) was 
used as the binding antibody diluted at 1:100 for 30 
minutes. The material was revealed with DAB (diami-
nobenzidine) for 5 minutes and counterstained with 
Harris hematoxylin 1:2. 

Astrocytic evaluation was done at the 31st day in 
groups I, II, III and IV using a computerized image 
analysis system (Image-Pro-Plus 4.5, Media Cybernet-
ics, Silver Spring, USA), measuring by colorimetry the 
area stained in brown in a total area of 302,952.5 µm2, 
chosen from the lesion edge, where astrocytic reaction 
occurred. Negative controls for immunostaining (sec-
tions lacking primary antibody application) were done. 
Data were analyzed by t test and statistical significance 
was set at p < 0.05.

RESULTS

The EB-induced lesions were similar to those previou-
sly described in the brainstem of diabetic (12,13) and 
non-diabetic rats (2,5). In general terms, they were 
characterized by demyelinated areas in the ventral sur-
face of the pons and mesencephalon containing, in the 
central region, phagocytic cells, some myelin-derived 
membranes in a distended extracellular space, as well 
as naked axons. At the periphery, the presence of oli-
godendrocytes and Schwann cells was noted, the latter 
occurring in areas of an enlarged extracellular space 
devoid of astrocytic prolongments, notably around 
blood vessels and in subpial areas. Astrocyte processes 

were invariably seen near the incipient, but preponde-
rant, oligodendroglial remyelination (Figure 1A and 
B), and Schwann cells also appeared to contribute to 
myelin repair. Ultrastructural analysis apparently sho-
wed that astrocytic processes among oligodendrocyte 
remyelinated axons were slightly thinner in diabetic 
animals compared with non-diabetic ones. Although 
oligodendroglia prevailed in the brainstem myelin re-
pair from the 15th to the 31st day, sheaths formed by 
Schwann cells in astrocyte-free areas were thicker than 
those produced by oligodendrocytes during the same 
period. Lymphocytes and infiltrating pial cells were 
also observed, the first contacting phagocytic cells and 
myelin debris.

All rats submitted to streptozotocin injection pre-
sented hyperglycemia (levels from 300 to 650 mg/
dL) at the 10th day and at perfusion day. During the 
experimental period they developed characteristic 
polyuria, polydipsia, and weight loss (body weight 
data are shown in Table 1). As previously described 
(12,13), diabetic rats from group I presented delayed 
macrophage activity at the 15th and 31st day after EB 
injection, as shown by the finding of huge amounts of 
myelin-derived membranes in the extracellular space, 
and a lesser extent of remyelination by both oligoden-
drocytes and Schwann cells at the edges of the lesions 
in comparison with non-diabetic rats from group III. 
A greater proportion of axons persisted without myelin 
and remyelinated ones clearly presented thinner my-
elin sheaths.

Figure 1. EB-induced lesions in groups I (A, diabetic) and III (B, non-diabetic) 15 days post-injection. Note the presence of axons in initial oligodendroglial 
remyelination (R) among astrocytic processes (a). Note in B some hypertrophic astrocyte prolongments (a) with greater bundles of intermediate filaments. 
Electron micrographs - A) Bar = 2 µm; B) Bar = 1 µm.

A B

GFAP expression in diabetic rats
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In saline-injected rats from groups II (diabetic) 
and IV (non-diabetic), mild lesions circumscribed to 
the pons and along the needle track were detected in 
just one animal from each group at day 15 post-injec-
tion, probably due to the surgical procedure, and no 
difference was noted between them. Ultrastructural 
analysis of these two lesions showed a small and focal 
expansion of the extracellular space, containing some 
loose lamellae and few phagocytic macrophages. No 
evidence of primary demyelination or loss of neuroglia 
was found.

EB-induced lesions presented increased astrocyte re-
action close to the edges of the injury site, expressed by 
the finding of thickened and strongly brown-stained as-
trocytic processes 15 and 31 days post-injection (Figu re 
2A and B), although no astrocytes were observed in the 
central areas of the lesions. Astrocytic immunoreactivity 
following saline injection was very discrete.

In both diabetic and non-diabetic groups, GFAP-
stained areas at 31 days were significantly greater in EB-
injected rats than in saline-injected or control animals 
(Table 2), but were smaller in the diabetic rats (group I, 
41669.63 ± 7204.08) in comparison with non-diabetic 

A B

Table 1. Body weight of the animals in the experimental groups

Diabetic groups Non-diabetic groups

I-EB injection II-Saline injection V-Control III-EB injection IV-Saline injection VI-Control

Day -10

BW (g)

(16)

271.4 ± 8,7

(16)

268.4 ± 5.9

(16)

276.5 ± 7.7

(16)

258.8 ± 4.9

(16)

265.6 ± 3.7

(16)

278.8 ± 3.4

Day 0

BW (g)

(16)

268.2 ± 6.4

(16)

267.6 ± 3.1

(16)

274.5 ± 3.6

(16)

264.2 ± 4.1

(16)

278.3 ± 2.8

(16)

285.5 ± 2.9

Day 15

BW (g)

(16)

256.3 ± 7.2

(16)

259.1 ± 6.1

(16)

246.3 ± 5.5

(16)

266.6 ± 5.9

(16)

286.3 ± 4.4

(16)

289.1 ± 7.8

Day 31

BW (g)

(8)

238.4 ± 8.8

(8)

246.8 ± 8.2

(8)

239.3 ± 9.3

(8)

317.7 ± 6.1

(8)

328.5 ± 4.5

(8)

325.3 ± 3.2

BW: body weight; Day-10: day of streptozotocin injection in groups I, II and III; Day 0: day of EB administration in groups I and III or day of saline administration in groups II and IV.
Data are presented as means ± standard deviations (SD) for the number of rats given in parenthesis.

Figure 2. GFAP immunohistochemical expression at 31 days in EB-induced lesions from diabetic (A) and non-diabetic rats (B). A and B) Bar = 50 µm.

GFAP expression in diabetic rats

ones (III, 55354.38 ± 5825.37; p = 0.001). As for dia-
betic rats compared with non-diabetic, no difference 
was found between control animals (groups V and VI) 
and saline-injected rats (groups II and IV), nor for dia-
betic groups II and V and non-diabetic groups IV and 
VI, with rats injected with saline solution or not.

DISCUSSION

Astrocytes play a key role in CNS homeostasis, inclu-
ding maintenance of the blood-brain barrier, neuropro-
tection from reactive oxygen species, regulation of neu-
ronal activity and synaptic transmission, energy  supply, 
as well as control of extracellular pH and ion and neu-
rotransmitter concentrations, among many other func-
tions (14,15).

Intermediate filaments of astrocytes are composed 
mainly of GFAP, and this protein has become the best 
known astrocytic marker (15-17). Intermediate fila-
ments are one of the three components of cytoskeleton 
and the term “intermediate” reflects their thickness 
(about 10 nm) which falls between the thickness of the 
other two cytoskeletal components – actin filaments 
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(about 6 nm) and microtubules (about 23 nm). In 
contrast to microtubules and actin filaments, the com-
position of intermediate filaments changes among cell 
types, their developmental stages, and functional sta-
tus (16). Astrocyte precursors and immature astrocytes 
present principally nestin and vimentin and, as astro-
cytes mature, nestin expression disappears, GFAP be-
comes increasingly expressed, and vimentin decreases 
to undetectable levels (15).

Insults to the CNS, such as trauma, ischemia, tu-
mors, neuroinflammation, and neurodegenerative 
disorders lead to astrocytic activation, also known as 
reactive gliosis or astrogliosis, increasing the produc-
tion of intermediate filaments. In such conditions, re-
active astrocytes become highly positive for GFAP and 
vimentin, also reexpressing the third filament protein, 
nestin (14-16). Reexpression of vimentin and strong 
astrocytic immunoreactivity to GFAP were clearly seen 
by Bondan and cols. (5) following EB injection in the 
rat brainstem from the 3rd to the 31st day post-gliotoxic 
injection.

This increased GFAP expression around the EB-in-
duced lesions was also confirmed in the present study, 
but it was noted in the streptozotocin-diabetic rats that 
somehow diabetes hindered the increase in this expres-
sion, although the same was not observed after saline 
solution injection. Besides, diabetic rats that did not re-
ceive any intracisternal injection (EB or saline; control 
group) had no significant difference in GFAP expres-
sion from non-diabetic ones, suggesting that such dif-
ference caused by the diabetic status was only detected 
when a strong glial response to injury was induced (5).

Meanwhile, decreased astrocyte GFAP expression in 
type 1 diabetic rats was also found by other researchers 
with no additional harmful condition beyond diabetes 
(11,18-22). On the other hand, insulin treatment has 
shown to prevent diabetes-induced decreases in astro-
cytic GFAP content (11) 

Although astrocytes were not individually counted 
in our study, the decrease in GFAP content seen in 
diabetic rats apparently reflected a decrease in GFAP 
expression rather than a decrease in the number of as-
trocytes. This observation is similar to that of Coleman 
and cols. (11), and differs from Lechuga-Sancho and 
cols. (21), who reported a decrease in rat hypothalamic 
astrocyte numbers after 6 weeks of diabetes onset. It is 
recognized that astrocyte counts based on quantifica-
tions of GFAP-positive cells are not really representa-
tive, as diminution of GFAP immunoreactivity could 
lead to undercounting.

While it was initially thought that astrocyte pro-
liferation was a major component of glial scar, it has 
been demonstrated repeatedly that there are actually 
few astrocytes undergoing cell division during gliosis 
(17). To corroborate this affirmation it is important to 
notice that no astrocyte in mitotic activity was seen in 
our studies, with astrocytic response following gliotoxic 
lesions (4,5).

The association of reactive astrocytes with enhanced 
GFAP and cellular hypertrophy, coupled with the in vi-
tro observations that mature astrocytes do not represent 
a supportive environment for axon growth, has led to 
a widespread concept that reactive astrocytes are always 
detrimental to regeneration in the CNS. However, it 

Table 2. Areas with GFAP staining in µm2 in a total area of 302,952.5 µm2 at 31 days, in rats diabetic or not, injected with EB or not

Animal
Diabetic groups Non-diabetic groups

I-EB injection 
(µm2)

II-Saline injection 
(µm2)

V-Control  
(µm2)

III-EB injection 
(µm2)

IV-Saline injection 
(µm2)

VI-Control  
(µm2)

1 50,241 5,834 9,313 47,281 6,132 6,249

2 60,312 10,105 8,131 39,522 5,041 8,833

3 48,154 4,581 5,121 51,430 4,190 5,214

4 53,826 6,912 4,297 40,265 7,013 5,575

5 57,115 6,134 5,642 34,127 7,264 7,266

6 61,232 7,283 6,715 36,112 6,145 4,127

7 62,841 8,145 4,237 50,717 4,827 4,483

8 49,114 4,905 8,541 33,903 8,549 9,028

Mean 55,354.38a 6,737.38c 6,499.6c 41,669.63b 6,145.13c 6,346.88c

standard deviation (SD) ±5,825.36 ±1,806.27 ±1,978.4 ±7,204.08 ±1,442.37 ±1,871.01

Distinct letters indicate significant differences (p < 0.05).

GFAP expression in diabetic rats
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has been proved in several models of brain and spinal 
cord injury that not all reactive astrocytes produce non-
permissive molecules for neural regeneration, such as 
tenascin and condroitin sulfate family of proteoglycans, 
which are inhibitory for neurite outgrowth (17). In op-
position to this proteoglycan up-regulation associated 
with regenerative failure in vivo, reactive astrocytes also 
produce molecules that can support regeneration, such 
as laminin (17). In addition, astrocytes are recognized 
to support oligodendrocytes during myelination and 
remyelination (15), and this role is particularly impor-
tant after myelin loss due to naturally occurring or ex-
perimentally induced demyelinating processes, such as 
the EB gliotoxic model.

The reaction of astrocytes following trauma form-
ing a glial scar surrounding the area of lesion could wall 
off the damaged area in an attempt to isolate the injury 
site and prevent any further damage to the nearby tis-
sue, which is still viable.

Decreases in GFAP expression are invariably asso-
ciated with detrimental conditions in the CNS (23) 
and this was also expected in relation to diabetes. Due 
to the complex scenario of CNS repair, the ambiguous 
roles of astrocytes in nervous tissue remodeling after 
injury, and as diabetes apparently negatively affects as-
trocyte reaction, it is difficult to precisely infer if this 
impaired astrocytic response would play a beneficial 
or a deleterious influence on the restoration of mor-
phological and functional tissue integrity after neural 
damage.
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New insights into steroidogenesis 
in normo- and hyperandrogenic 
polycystic ovary syndrome patients
Novos aspectos na esteroidogênese em pacientes normo ou 
hiperandrogênicas com síndrome de ovários policísticos 

Sebastião Freitas de Medeiros1,2,3, Ângelo Barrionuevo Gil-Junior2,  
Jacklyne Silva Barbosa3, Érico Duarte Isaías2, Márcia Marly Winck Yamamoto3

ABSTRACT
Objective: This study sought to examine corticosteroidogenic enzyme activities in normo- and hype-
randrogenic polycystic ovary syndrome (PCOS) patients. Subjects and methods: This cohort study 
included 81 patients with biochemical hyperandrogenism and 41 patients with normal androgen 
levels. Enzyme activities were assessed according to the serum steroid product/precursor ratios at 
baseline and after adrenal stimulation. Results: At baseline, in the delta 4 (Δ4) pathway, hyperandro-
genic patients showed greater 17-hydroxylase and 17,20 lyase activities in converting progesterone 
(P4) into 17-hydroxyprogesterone (17-OHP4) and 17-hydroxypregnenolone (17-OHPE) into androste-
nedione (A) (p = 0.0005 and p = 0.047, respectively) compared to normoandrogenic patients. In the 
delta 5 (Δ5) pathway, the 17-hydroxylase and 17,20 lyase enzymes showed similar activities in both 
groups. Hyperandrogenic patients presented lower 21-hydroxylase, lower 11β-hydroxylase (p = 
0.0001), and statistically significant increases in 3β-hydroxysteroid dehydrogenase II (3β-HSDII) ac-
tivities (p < 0.0001). Following tetracosactrin stimulation, only the 17,20 lyase activity remained up-
-regulated in the Δ4 pathway (p < 0.0001). Conclusion: Hyperandrogenic patients had higher 17,20 
lyase activity, both at baseline and after adrenal stimulation. Greater conversion of dehydroepian-
drosterone (DHEA) into A with normal conversion of 17-OHPE to 17-OHP4 in hyperandrogenic PCOS 
patients indicated different levels of 3β-HSDII activity in adrenal cells, and hyperandrogenic patients 
had lower 11β-hydroxylase and 21-hydroxylase activities. Arq Bras Endocrinol Metab. 2013;57(6):437-44

Keywords
Polycystic ovary syndrome; steroidogenesis; hyperandrogenism; enzyme activity; adrenal stimulation

RESUMO
Objetivo: O objetivo deste estudo foi examinar a atividade de enzimas responsáveis pela pro-
dução de corticosteroides em pacientes normo e hiperandrogênicas com síndrome de ovários 
policísticos (SOP). Sujeitos e métodos: A coorte estudada incluiu 81 pacientes com hiperandro-
genismo bioquímico e 41 pacientes com níveis normais de androgênio. A atividade enzimática 
foi avaliada de acordo com as proporções de produto/precursor do esteroide sérico, no momen-
to inicial do estudo e depois de estimulação adrenal. Resultados: No momento inicial, na via 
delta 4 (Δ4), as pacientes hiperandrogênicas mostraram maior atividade da 17-hidroxilase e 17,20 
liase na conversão da progesterona (P4) em 17-hidroxiprogesterona (17-OHP4) e na conversão 
da 17-hidroxipregnenolona (17-OHPE) em androstenediona (A) (p = 0,0005 e p = 0,047, respectiva-
mente) em comparação com pacientes normoandrogênicas. Na via delta 5 (Δ5), a 17-hidroxilase 
e a 17,20 liase mostraram atividades similares nos dois grupos. As pacientes hiperandrogênicas 
mostraram menor atividade da 21-hidroxilase, menor atividade da 11β-hidroxilase (p = 0,0001) 
e aumento estatisticamente significativo na atividade da 3β-hidroxiesteroide desidrogenase II 
(3β-HSDII) (p < 0.0001). Após a estimulação com tetracosactrin, apenas a atividade da 17,20 liase 
permaneceu regulada para cima na via Δ4 (p < 0.0001). Conclusão: As pacientes hiperandrogêni-
cas apresentaram atividade mais alta da 17,20 liase, tanto no momento inicial quanto depois da 
estimulação adrenal. Maior conversão da desidroepiandrosterona (DHEA) em A com conversão 
normal da 17-OHPE em 17-OHP4 em pacientes hiperandrogênicas com SOP indica níveis diferen-
tes de atividade da 3β-HSDII em células da adrenal, e pacientes hiperandrogênicas apresentaram 
menores atividades da 11β-hidroxilase e da 21-hidroxilase. Arq Bras Endocrinol Metab. 2013;57(6):437-44
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INTRODUCTION

P atients with polycystic ovary syndrome (PCOS) 
have an increased luteinizing hormone (LH) pul-

se frequency, higher LH pulse amplitude, and greater 
secretion of ovarian testosterone (T) and androstene-
dione (A). As the action of follicle-stimulating hormo-
ne (FSH) is not increased, there is a relatively lower 
aromatization of these androgens in the granulosa cells 
of PCOS patients (1). PCOS patients also seem to have 
generalized adrenal hyperactivity and higher adrenal 
androgen secretion as a consequence of greater hor-
mone adrenocorticotrophic (ACTH) action (2) or ac-
celeration in cortisol (F) catabolism (3). Following the 
most recent standardization of diagnostic criteria (4-6), 
biochemical hyperandrogenism was found in 75%-82% 
of PCOS patients (7,8). Short- and long-term meta-
bolic consequences of biochemical hyperandrogenism 
require that the androgen levels and the source of such 
androgens be determined to provide a rationale for 
prognosis and the establishment of optimal therapy. 

Androgen synthesis requires the action of the cho-
lesterol side-chain cleavage (P450 ssc, CYP11A) and 
cytochrome P450c17α (CYP17) enzymes. The CYP17 
enzyme mediates both 17-hydroxylase and 17,20 lyase 
activities, with greater 17-hydroxylase activity in the ad-
renal fasciculate layer and equivalent activities in the re-
ticular layer. The 17-hydroxylase enzyme promotes rapid 
conversion of pregnenolone (PE) and progesterone (P4) 
into 17-hydroxypregnenolone (17-OHPE) and 17-hy-
droxyprogesterone (17-OHP4), respectively; in tan-
dem, and more slowly, 17,20 lyase converts 17-OHPE 
and 17-OHP4 into dehydroepiandrosterone (DHEA) 
and A, respectively (9). Two other adrenal enzymes, 
3β-hydroxysteroid dehydrogenase II (3β-HSDII) and 
sulfotransferase (SULT2A1), drive these precursors to-
wards the synthesis of A and dehydroepiandrosterone 
sulfate (DHEAS), respectively (9,10).

After excluding classic 21-hydroxylase, 3β-HSDII, 
and 11β-hydroxylase deficiencies, thyroid dysfunc-
tions, hyperprolactinemia, small defects, or imbal-
anced enzyme activities may account for the bio-
chemical hyperandrogenism seen in PCOS patients 

(9,11,12). Currently, few studies have investigated 
the activity of corticosteroidogenic enzymes in this 
syndrome (13), and these studies have not compared 
their results to those obtained in studies performed 
prior to the introduction of the NIH/Rotterdam di-
agnostic criteria. Considering the current exclusion 

criteria, differences in steroidogenic enzyme activities 
may exist between PCOS patients for whom diagnosis 
was performed before (11) or after the (14) NIH/
Rotterdam consensus. The present study sought to 
examine the activities of these enzymes in both nor-
mo- and hyperandrogenic PCOS patients in order to 
compare these new findings with those obtained prior 
to the National Institute of Health (NIH) meeting 
and the Rotterdam consensus.

SUBJECTS AND METHODS

One hundred and forty two PCOS patients diagnosed 
with PCOS were prospectively enrolled at the Júlio 
Muller University Hospital and Tropical Institute of 
Reproductive Medicine and Menopause in Cuiabá, 
MT, Brazil from January 2003 to August 2012. Each 
patient signed an informed consent form that was ap-
proved by the Federal University of Mato Grosso 
Committee for Ethics in Research. Patients who had 
used sex steroids or insulin sensitizing drugs over the 
last 6 months or who did not fulfill the NIH/Rotter-
dam criteria were excluded. Classic 21-hydroxylase, 
3β-HSDII, and 11β-hydroxylase deficiencies were ex-
cluded in the following cases: 17-OHP4 levels ≤ 5 ng/
mL (≤ 15 nmol/L), 17-OHPE < 0.42 ng/mL (< 13.5 
nmol/L), and 11-DOC < 8 ng/mL (< 230 nmol/L) 
(12,15). Eighty-one patients had biochemical hyperan-
drogenism, and 41 had normal androgen levels. De-
spite normal baseline concentrations of 17-OHP4, 2 
of these patients (one from each group) were subse-
quently excluded because their 17-OHP4 levels were > 
30 nmol/L at 60 min after adrenal stimulation. 

On average, included patients were 27.2 ± 5.5 years 
old. Anthropometric parameters were measured as pre-
viously described (8). Hyperandrogenism was defined 
as total T ≥ 2.4 nmol/L, A ≥ 8.7 nmol/L, DHEAS ≥ 
6.7 nmol/L, and free androgen index (FAI) ≥ 7 (8,16). 
The FAI was estimated as the total T (nmol/L)/sex 
hormone-binding globulin (SHBG; nmol/L) x 100. 
The comparison between normo- and hyperandro-
genic PCOS patients, as opposed to comparing PCOS 
subjects to healthy women, was consistent with recent 
recommendations (17). 

In cases where the 17-OHP4 levels were ≥ 1 and < 5 
ng/mL, a tetracosactrin stimulation test was performed; 
21-hydroxylase enzyme deficiency was excluded if 17-
OHP4 levels were < 10 ng/mL (30 nmol/L) at 60 min 
after tetracosactrin stimulation (15). The tetracosactrin 

Steroidogenesis in PCOS
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Data distribution was assessed by Shapiro-Wilkins 
test and those with nonparametric distribution were 
transformed into a logarithmic scale prior to analysis, 
and subsequently retransformed into the original units. 
Anthropometric, endocrine, and enzymatic activity re-
sults are presented as the mean ( ) and standard de-
viation (SD) and were analyzed using the Welch test. 
Clinical data were compared using a proportion test; p 
values ≤ 0.05% were considered statistically significant.

RESULTS

Infertility (20% vs. 50%) and secondary amenorrhea 
(37.5% vs. 60%) tended to be more frequent in hype-
randrogenic patients, although these differences were 
not statistically significant (p = 0.064 and p = 0.117, 
respectively). The rates of hirsutism, acne, acanthosis 
nigricans, and oligomenorrhea were also similar between 
normo- and hyperandrogenic patients, and no differen-
ces in age, BMI, waist/hip ratio, or body surface area 
were observed (Table 1). 

Hyperandrogenic patients had higher basal levels of 
LH, T, A, DHEAS, 17-OHP4, 11-DOC, and insulin 
compared with normoandrogenic patients. Baseline 
concentrations of F, PRL, P4, E2, and thyroid hor-
mones were similar in both groups (Table 2).

At the baseline condition, 17,20 lyase activity was 
not different between normoandrogenic and hyper-
androgenic PCOS patients for the conversion of 17-
OHPE into DHEA (Δ5 pathway; Table 3). Hyperan-
drogenic patients demonstrated higher 17-hydroxylase 
(17-OHP4/P4 of 3.49 vs. 2.21; p = 0.0005) and 17,20 
lyase (A/17-OHP4 of 3.38 vs. 2.58; p = 0.047) activities 
for the conversion of P4 to 17-OHP4 and 17-OHP4 to 
A, respectively (Δ4 pathway). The 3β-HSDII enzyme 
demonstrated greater conversion of DHEA to A in hy-
perandrogenic patients (A/DHEAS of 3.02 vs. 1.52; p 
< 0.0001). In contrast, 17-OHPE was converted into 
17-OHP4 at the same rate in both groups (17-OHP4 
∕17-OHPE of 1.79 vs. 1.67; p = 0.837). The activities 
of 21-hydroxylase (11-DOC/17-OHP4 of 1.0 vs. 2.2; 
p < 0.0001) and 11β-hydroxylase (F/11-DOC of 5.42 
vs. 7.44; p = 0.0001) were lower in hyperandrogenic 
patients (Table 3). 

Following adrenal stimulation, the maximal lev-
els of F, A, 17-OHP4, and P4 were not different be-
tween normo- and hyperandrogenic patients (p > 0.05). 
However, the areas under the response curves of 17-
OHP4 and A were greater in hyperandrogenic patients  

Steroidogenesis in PCOS

stimulation test was performed between 8:00 and 9:00 
AM after a 12-hour fast. At baseline and 30 and 60 min 
after the injection of 0.25 mg of tetracosactrin (Synac-
then®, Novartis Pharmaceuticals, NJ, USA), blood sam-
ples were collected and assayed for 17-OHP4, F, A, and 
P4. The adrenal response was evaluated by measuring 
the difference between the basal value and the highest 
value, divided by the basal value (maximum increment, 
Δ) and the area under the curve (AUC).

Hormones were measured using previously valida-
ted methods. Serum P4 was measured using a chemilu-
minescence assay (Advia Centaur, Siemens Healthcare 
Diagnostics, UK) with a sensitivity of 0.67 nmol/L 
(0.21 ng/mL); coefficients of intra- and inter-assay 
variation were between 3.7%-12.4% and 2.6%-3.9%, 
respectively. Serum LH, FSH, TSH, estradiol, PRL, 
SHBG, total T, and free thyroxin (FT4) were mea-
sured with an electrochemiluminescence assay (Elecsys 
1010, Roche Diagnostics GmbH, Mannhein, Ger-
man). The sensitivity and intra- and inter-assay coef-
ficients of variation, respectively, were as follows: 0.1 
mUI/L and 1.8-3.4% for LH; 0.1 mUI/mL and 1.8-
3.5% for FSH; 18.4 pmol/L and 3.3-6.2% for estradiol; 
0.002 nmol/L and 2.8-5.0% for PRL; 0.35 nmol/L 
and 2.6-5.6% for SHBG; 0.27 µUl/mL and 2.1-8.6% 
for TSH; 0.069 nmol/L and 2.7-6.0% for total T; and 
0.3 pmol/L and 3.6-6.2% for FT4. A, DHEAS, F, and 
insulin were measured using a chemiluminescence as-
say with a sensitivity of 1.0 nmol/L, 0.08 µmol/L, 5.5 
nmol/L, and 2 µUI/mL, respectively (Siemens Medi-
cal Solution Diagnostics, CA, USA); the intra- and 
inter-assay precision coefficients of variation were 6.4% 
and 8.2% for A; 4.9% and 8.8% for DHEAS; 5.8% and 
8.6% for F; and 4.9% and 6.4% for insulin. 17-OHP4 
levels were verified using a coat-a-count radioimmu-
noassay (Siemens Health Care Diagnostics Inc., CA, 
USA) with a sensitivity of 0.21 nmol/L, and an inter- 
and intra-assay imprecision of 5.5% and 7.9%, respec-
tively. After extraction, 11-DOC was measured with an 
HPLC/RIA developed in-house by the Alvaro Center 
of Analysis and Clinical Research in Paraná, Brazil; the 
sensitivity was 0.3 nmol/L, and the inter-assay coeffi-
cients of variation were 5.3% and 10.8%. 17-OHPE was 
measured with an HPLC/RIA using tritiated steroids 
(NEN Life Science Products, Boston, MA, USA) and 
antiserum from ICN Biochemical Inc. (Costa Mesa, 
CA, USA); the sensitivity was 0.033 nmol/L, and the 
intra- and inter-assay coefficients of variation were 8.9% 
and 11%, respectively.
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Table 1. Anthropometric characteristics of normo-and hyperandrogenic PCOS patients

Variable
Normoandrogenic patients Hyperandrogenic patients

pa

n SD n SD

Age (years) 39 26.6 5.8 79 27.0 5.4 0.719

Weight (kg) 38 74.6 25.6 75 75.4 16.3 0.861

Height (m) 37 1.58 0.06 64 1.57 0.07 0.450

BMI 37 29.0 10.0 64 30.6 6.5 0.386

Waist (cm) 32 87.9 18.6 59 90.9 13.1 0.422

Hip (cm) 32 106.6 16.9 59 107.7 12.8 0.749

W:H 32 0.82 0.06 59 0.84 0.08 0.182

Body area (m2) 37 1.76 0.3 64 1.81 0.2 0.369

a Welch Test.

Table 2. Comparison of demographic and endocrine characteristics in patients with PCOS with and without hyperandrogenemia

Hormone
Normoandrogenic patients Hyperandrogenic patients

pb

n SD n SD

TSH (µUI/mL) 36 2.50 1.31 72 2.19 1.16 0.233

Free thyroxine (pmol/L)a 35 14.56 1.16 62 14.23 1.46 0.224

Prolactin (nmol/L)* 37 0.48 0.25 75 0.43 0.21 0.268

LH (mUI/mL)a 38 6.66 1.91 74 9.32 1.69 < 0.0001

FSH (mUI/mL)a 38 6.10 1.49 74 5.64 1.39 0.118

LH:FSH ratioa 38 2.57 1.54 74 2.85 1.41 0.352

Total testosterone (nmol/L)* 35 1.50 0.50 74 2.20 1.04 < 0.0001

SHBG (nmol/L)a 35 39.35 1.67 43 25.38 1.70 < 0.0001

FAI (%) 31 4.16 1.77 63 10.17 5.86 < 0.0001

Cortisol (nmol/L)* 35 347.80 139.40 78 358.90 172.10 0.717

17-hydroxypregnenolone (nmol/L)* 17 4.98 2.80 34 6.07 3.55 0.239

17-hydroxyprogesterone (nmol/L)a* 35 3.36 1.60 76 4.74 1.66 < 0.0001

11-deoxycortisol (nmol/L)a* 32 61.3 17.3 44 72.9 17.1 0.004

DHEAS (µmol/L)* 36 3.74 1.54 71 5.31 2.70 0.0002

Androstenedione (nmol/L)* 34 5.15 1.51 75 11.49 4.96 < 0.001

Estradiol (nmol/L)* 31 162.51 64.80 50 191.97 97.0 0.105

Progesterone (nmol/L)* 31 2.23 1.46 61 1.86 1.15 0.224

Insulin (pmol/L) 32 61.29 1.92 71 82.14 1.96 0.0001

a The data underwent logarithmic transformation to meet the Gaussian distribution precepts. b Welch unpaired test.
* To convert gravimetric international unit (SI) values to mass units, we divided by 0.0347 for total T, 0.0271 for DHEAS, 0.0301 for 17-OHPE, 0.0303 for 17-OHP4, 0.0349 for A, 0.02886 for 11-
DOC, 27.59 for cortisol, 3.671 for estradiol, 3.18 for P4, 0.04348 for PRL, 12.87 for free thyroxine, and 6.945 for insulin.

Steroidogenesis in PCOS

Table 3. Corticosteroidogenic enzyme activity in normo-and hyperandrogenic patients with PCOS

Enzyme Ratioa
Normoandrogenic patients Hyperandrogenic patients

pc

n SD n SD

P450c17α

17, 20 lyase (∆5) (x103)

17-hydroxylase (∆4 pathway)

17, 20 lyase (∆4 pathway)

DHEAS/17-OHPE

17-OHP4/P4

A/17-OHP4

16

30

30

2.19

2.21

2.58

1.05

1.45

1.68

30

58

72

0.95

3.49

3.38

1.98

1.76

0.66

0.415

0.0005

0.047

3β-HSDII (x10-3)

11β-hydroxylase

21-hydroxylase

17-OHP4/17-HOPE

A/DHEAS

F/11-DOCb

11-DOC/17-OHP4

30

31

29

29

1.67

1.52

7.44

2.20

1.52

0.79

0.16

1.07

30

66

42

39

1.79

3.02

5.42

1.09

1.48

2.50

0.19

0.41

0.837

< 0.0001

0.0001

< 0.0001

11 and 21-hydroxylase

3β-HSDII, 11 and 21-hydroxylase

F/17-OHP4b

F/17-OHPEb

34

14

148.40

60.30

2.44

1.83

73

31

85.30

58.90

1.98

1.19

< 0.0001

0.017

a All the results are expressed in nmol/L. b The data underwent logarithmic transformation to meet the Gaussian distribution precepts. c Welch unpaired test.
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(p < 0.0001 and p = 0.049, respectively). Although they 
presented different activities under basal conditions af-
ter tetracosactrin stimulation, normoandrogenic and 
hyperandrogenic patients did not differ in their 17-hy-
droxylase activity for converting P4 into 17-OHP4 in 
the Δ4 pathway (p = 0.134; Figure 1). On the other 
hand, 17,20 lyase activity for converting 17-OHP4 into 
A was greater in this pathway among hyperandrogenic 
women (p < 0.0001; Figure 1). Sixteen out of 40 (40%) 
normoandrogenic patients and 58 out of 80 hyperan-
drogenic patients showed baseline levels of 17-OHP4 
≥ 1.0 and < 5.0 ng/mL. All of these patients were sub-
jected to adrenal stimulation, and after tetracosactrin in-
jection, 2 out of 16 (12.5%) normoandrogenic patients 
had 17-OHP4 levels between 15 and 30 nmol/L; in the 
hyperandrogenic PCOS group, 11/58 (18.9%) patients 
presented 17-OHP4 levels in this range (p = 0.551).

Figure 1. 17-hydroxylase ∆4 (17-OHP4/P4; panel A) and 17,20 lyase ∆4 
(A/17-OHP4; panel B) activities before (basal) and after (60 min) 
tetracosactrin injection in normo- and hyperandrogenic PCOS patients.
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DISCUSSION

The present study compared the activities of diffe-
rent steroidogenic enzymes between normoandroge-
nic and hyperandrogenic PCOS patients, rather than 
between PCOS and healthy subjects, as recently sug-
gested (17), both before and after adrenal stimulation.  
To the best of our knowledge, this is the first study 
comparing corticosteroidogenic enzyme activities be-
tween normo- and hyperandrogenic PCOS patients. 
Previous studies have shown that a single early morning 
basal serum androgen measurement, as used in the cur-
rent study, is an extremely accurate screening method 

(18). In previous studies, using several androgens as 
markers, biochemical hyperandrogenism was found in 
up to 80% of PCOS patients in different populations, as 

diagnosed using the NIH/Rotterdam criteria (7,8). In 
addition, adrenal hyperandrogenism was found in up to 
62% of PCOS patients (19), and ovarian hyperandroge-
nism was reported to be even more frequent (7). No 
consistent corticosteroidogenic enzyme abnormality 
has been reported in PCOS patients. After the intro-
duction of the NIH/Rotterdam criteria in the clinical 
setting, only a few studies have examined the activities 
of these enzymes (14), so this was the principal goal of 
the current study. 

A detailed understanding the Δ4 and Δ5 cortico-
steroidogenic pathways is illustrated in figure 2 (9). 
Dysregulation of the P450c17α enzymatic complex 
in PCOS was reported previously, both before (11,20) 
and after (21) dissemination of the NIH/Rotterdam 
criteria, at least in the presence of biochemical hyper-
androgenism. In the current study, 17,20 lyase activity 
was higher for the conversion of 17-OHP4 into A in hy-
perandrogenic patients, both at baseline and after adre-
nal tetracosactrin stimulation. Both decreases in 17-hy-
droxylase activity with increases in 17,20 lyase (18) and 
increases in 17-hydroxylase in relation to 17,20 lyase 

(12) activity have been detected in PCOS patients, 
even after the adoption of the new exclusion criteria. 
An early study demonstrated that in PCOS patients, 
estrogen may activate 17,20 lyase for the conversion 
of 17-OHP4 into A without affecting the conversion 
of 17-OHPE into DHEA (13). The increase in 17,20 
lyase activity was also seen in PCOS patients, even af-
ter diagnostic standardization, and it was attributed to 
the phosphorylation of Ser/Thr residues, cytochrome 
b5, and cytochrome c allosteric actions (22-24). In 
fact, P450c17α dysregulation has been attributed to 
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the modulatory effects of cytochrome b5, insulin, and 
estradiol (13,23). In the current study, estradiol levels 
were not increased in the hyperandrogenic group, and 
this finding does not support previous observations in-
dicating that estrogen may increase 17,20 lyase activity 
in the conversion of 17-OHP4 to A in PCOS patients 

(13,14). Although hyperandrogenic patients presented 
higher baseline insulin levels, reports of the role of in-
sulin in P450c17α enzyme activity have been inconsis-
tent (13,23,25).

 The higher baseline 17-OHP4 and A levels found 
in the hyperandrogenic patients in the present study 
indicate that PCOS patients with biochemical hyperan-
drogenism have greater 17-hydroxylase and 17,20 lyase 
activities in the Δ4 pathway, which results in greater 
conversion of P4 to 17-OHP4 and 17-OHP4 to A 
(Figure 2). Higher baseline levels of DHEAS and 17-
OHPE in hyperandrogenic patients also indicate higher 
P45017α complex activity in the Δ5 pathway. These 
observations are relevant because, in normal condi-
tions, the human P450c17α enzyme possesses normal 
17,20 lyase activity for the conversion of 17-OHPE 
to DHEA (Δ5 pathway) but minimal, if any, activity 
for the conversion of 17-OHP4 to A (Δ4 pathway) 

(26). Compared to healthy individuals, greater activity 
of 17,20 lyase was previously demonstrated in PCOS 
patients when they were diagnosed according to the 

Rotterdam criteria and taken as the only population 
group (14). On the other hand, 17-hydroxylase activity 
was shown to be the same in both PCOS and healthy 
women (14). There is currently no clear explanation for 
this inconsistency, but it is possible that 17-hydroxylase 
activity may be maximally driven, precluding its further 
increase in the conversion of P4 to 17-OHP4.

Hyperandrogenic patients may present decreased 
3β-HSDII activity with a lower conversion rate of Δ5-
3β-hydroxysteroids to Δ4-3β-hydroxysteroids (10,11), 
which results in a higher amount of substrates for an-
drogen synthesis (26,27). Prior to the NIH/Rotterdam 
criteria, a non-classic clinical form of 3β-HSD deficien-
cy was reported in hyperandrogenic patients with hir-
sutism and abnormal menstrual cycles (27,28), and dif-
ferent 3β-HSD activities have been reported in PCOS 
patients both before (27) and after the implementation 
of the Rotterdam criteria (26). In the current study, 
normo- and hyperandrogenic PCOS patients demon-
strated equal ratios of progesterones (17-OHP4/17-
OHPE p = 0.837), suggesting equal 3β-HSDII activity 
in these groups for the conversion of 17-OHPE to 17-
OHP4. Equivalent 3β-HSDII activity was previously 
reported for the comparison between healthy women 
and PCOS patients (13). Using DHEAS as a surrogate 
for DHEA, the higher A/DHEAS ratio in hyperan-
drogenic patients found in the current study suggests 

Figure 2. Adrenal and ovarian steroidogenesis. P450 ssc: cytochrome P450 cholesterol side-chain cleavage;  17βHSD3: 17-hydroxysteroid dehydrogenase 
III; 17βHSD1: 17-hydroxysteroid dehydrogenase I. Modified from reference 9.
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higher 3β-HSDII activity specifically for the conversion 
of DHEA to A. This discrepancy and inconsistency in 
the 3β-HSDII activity indicates that this enzyme may 
not be similarly expressed in all adrenal cells (29).

Even prior to diagnostic standardization, lower 
21-hydroxylase activity was found in 1%-19% of PCOS 
patients, depending on their ethnicity (30). In the 
present study, this lower activity was found only in hy-
perandrogenic patients for whom the 11-DOC/17-
OHP4 ratio was significantly lower in comparison to 
normoandrogenic patients. Thus, the present study 
supports the tendency for lower 21-hydroxylase activ-
ity in some PCOS patients, which was previously dem-
onstrated both before (30) and after (31) the NIH/
Rotterdam standardization. A minor 11β-hydroxylase 
deficiency was found in up to 8.4% of PCOS patients 
prior to NIH/Rotterdam standardization (13). In the 
present study, 10% (4/40) of the hyperandrogenic 
PCOS patients presented 11-DOC concentrations of 
18.2 nmol/L, a threefold increase compared with the 
third quartile of the normoandrogenic patients, in-
dicating some degree of 11β-hydroxylase deficiency. 
Similar results were previously observed when hyper-
androgenic PCOS patients were compared to normal 
women (12). In addition, in the current study, hyper-
androgenic patients had lower C/11-DOC ratios with 
11-DOC accumulation, and these findings support ear-
lier observations of lower 11β-hydroxylase activity in a 
group of clomiphene-resistant PCOS patients (11). A 
significant decrease in the conversion of 17-OHP4 to 
C, representing the combined activities of 11-hydroxy-
lase and 21-hydroxylase, was present only in hyperan-
drogenic patients in the present study. After the NIH/
Rotterdam standardization, the combined activities of 
these enzymes, as examined by the C/17-OHP4 ra-
tio, were reported to be the same when PCOS patients 
as a whole were compared to healthy, normal cycling 
women (32). These discrepancies indicate that the de-
creased combined activities of 11-hydrolase and 21-hy-
droxylase may occur only in hyperandrogenic PCOS 
patients and reinforce the notion that PCOS patients 
with hyper- and normoandrogenic phenotypes should 
be examined separately.

Most anthropometric and clinical aspects are not 
thought to differentiate normoandrogenic from hy-
perandrogenic PCOS patients. Dysregulation of the 
P450c17α enzymatic complex with up-regulated 
17,20 lyase activity was found only in the hyperandro-
genic PCOS group, both at baseline and after adrenal 

stimulation. The greater conversion of DHEA into A 
that was observed in hyperandrogenic PCOS patients 
without an increased conversion rate of 17-OHPE 
to 17-OHP4 supports previous reports of different 
3β-HSDII activities in different adrenal cells. Hyper-
androgenic PCOS patients have lower 21-hydroxylase 
and 11β-hydroxylase activities than normoandrogenic 
patients, and the results of the current study confirm 
findings reported prior to the NIH/Rotterdam di-
agnostic criteria. Taken together, the findings of this 
study and those of other publications with a similar de-
sign suggest the existence of different pathophysiolo-
gies in normo- and hyperandrogenic PCOS patients.

Although the present study clearly defined PCOS 
and biochemical hyperandrogenism, it may have suf-
fered from some limitations. First, the criteria used to 
exclude classic 21-hydroxylase, 11β-hydroxylase, and 
3β-HSD deficiencies are not yet standardized, and 
those used in this study may be not universally adopted. 
Second, the use of the A/DHEAS ratio as a surrogate 
for the A/DHEA ratio to evaluate 3β-HSDII activity 
may not be appropriate. However, DHEAS and DHEA 
levels have been shown to be closely related (9,28), and 
an advantage of measuring DHEAS is that it is stable 
throughout the day. Third, the assays used to measure 
androgens may not be very accurate; however, recent 
comparisons between early radioimmunoassays for T, 
17-OHPE, 17OHP4, 11-DOC, and liquid chroma-
tography tandem mass spectrometry have shown good 
agreement between the methods (33). Fourth, the 
comparison of enzyme activities between normo- and 
hyperandrogenic PCOS patients, as opposed to com-
paring PCOS patients to healthy women, was selected 
due to recent recommendations that provided new 
information on the phenotypic heterogeneity seen in 
PCOS patients.
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Study of the histological 
profile of papillary thyroid 
carcinomas associated with 
Hashimoto’s thyroiditis
Estudo do perfil histológico de carcinomas papilíferos 
de tireoide associados à tireoidite de Hashimoto

Maria Isabel Cunha Vieira Cordioli1, Adriano Namo Cury1, Adriana Oliveira 
Nascimento2, Ana Karine de Oliveira2, Murilo Mello3, Mauro Ajaj Saieg2

ABSTRACT 
Objective: To investigate the association between the histological parameters of papillary 
thyroid cancer (PTC) and the presence of Hashimoto’s thyroiditis (HT). Materials and metho-
ds: Histological samples from patients with PTC were reviewed by an endocrine pathologist. 
The following parameters were analyzed: presence of concomitant HT, multifocality, presence 
of nodal metastasis, tumor size, vascular invasion, perineural infiltration, histological variant, 
and pathological staging. Clinical data included gender and age at the time of the diagnosis. 
Results: A total of 94 cases of PTC were reviewed. There was a predominance of women (85.1% 
vs. 14.9%) and median age at presentation was 45.13 years. The presence of HT was significan-
tly associated with greater occurrence of multifocal tumors (p = 0.004), early pathological stage 
(p = 0.02), and smaller tumor size (p = 0.025). Conclusions: Patients with PTC associated with 
HT had significantly smaller tumors, more often multifocal and in an earlier stage than their 
counterparts without HT. A better understanding of the immune response involved in these 
tumors may be useful for future strategies on the prevention and for the development of new 
therapeutic approaches for this group of neoplasms. Arq Bras Endocrinol Metab. 2013;57(6):445-9
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RESUMO
Objetivo: Investigar a associação entre parâmetros histológicos do carcinoma papilífero da ti-
reoide (CPT) e a presença de tireoidite de Hashimoto (TH). Materiais e métodos: Amostra de te-
cidos de CPT foi revista por um médico patologista. Os seguintes parâmetros foram avaliados: 
presença de TH concomitante, multicentricidade, metástase linfonodal, tamanho tumoral, inva-
são vascular, infiltração perineural, variante histológica e estadiamento patológico. Os dados 
clínicos incluíam gênero e idade ao diagnóstico. Resultados: Um total de 94 casos de CPT foi 
revisto. Houve predomínio do sexo feminino (85,1% vs. 14,9%) e a idade média de apresentação 
foi de 45,13 anos. A presença de TH foi associada a maior ocorrência de tumores multifocais (p = 
0,004), estágios iniciais de estadiamento (p = 0,02) e tumores menores (p = 0,025). Conclusão: O 
CPT associado a TH apresentou-se com menor dimensão, maior ocorrência de multifocalidade 
e em estadiamentos mais iniciais do que os casos de CPT sem TH associada. Um melhor en-
tendimento da resposta imune envolvida nesses tumores pode ser útil para estratégias futuras 
de prevenção e para o desenvolvimento de novas abordagens terapêuticas para esse tipo de 
neoplasia. Arq Bras Endocrinol Metab. 2013;57(6):445-9 
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INTRODUCTION

H ashimoto’s thyroiditis (HT), also known as chro-
nic lymphocytic thyroiditis, is the most common 

autoimmune thyroid disease and the main cause of hy-
pothyroidism in the world (1). The relationship bet-
ween HT and papillary thyroid cancer (PTC), the most 
common type of thyroid neoplasm, was first shown by 
Dailey and cols. in 1955 (2), but still remains a contro-
versial issue (1,3-6). 

The reported rate of coexistence of HT in patients 
with PTC ranges from 0.3% to 38% (7-8). The mo-
lecular pathways involved in this association have not 
yet been fully clarified, and the possibility that HT is 
a premalignant lesion also remains controversial (9). 
The RET/PTC1 and RET/PTC3 rearrangements, clas-
sically seen in PTC, have also been described in patients 
with HT (10,11), together with a higher prevalence of 
p63 expression (10). On the other hand, the prevalence 
of the BRAFV600E mutation, which is associated with a 
poor prognosis in PTC, was detected in a higher fre-
quency in patients without associated HT (11). Other 
proposed markers of thyroid malignancies include the 
HBME-1 (12), GAL3 (13), and specific cytokeratins, 
such as CK19 (10). However, the relevance of these 
markers in HT is still under debate, since their occur-
rence was also observed in others benign lesions, al-
though with a lower prevalence than in PTC (14).

Another controversial issue with conflicting results in 
the literature is the prognosis of PTC-associated HT (6-
7,11). A meta-analysis by Singh and cols. showed an im-
proved disease-free survival rate in patients with coexistent 
HT. However, when reporting their own series, the au-
thors did not find any statistical difference in disease-free 
survival of 388 PTC patients when associated with the co-
existence of HT (5). In addition, recent studies reporting 
the association of histological parameters in PTC with the 
presence of HT also show controversial results (6-7). 

The aim of the current study was to assess the rate 
of PTC-associated HT in our institution and to clarify 
whether the presence of HT in these cases of surgically 
treated PTC were significantly associated with histo-
logical and/or clinical parameters and disease staging. 

MATERIALS AND METHODS

Selection of patients

A computerized search was performed in the elec-
tronic files of the Department of Pathology at Santa 

Casa de São Paulo Hospital for cases of surgically ex-
cised thyroid glands with a diagnosis of PTC in a seven-
year period (2003-2009). Clinicopathological param-
eters were also retrieved from the reports and included 
gender, age at the time of the diagnosis, size of the 
tumor, multifocality, pathological staging (TNM) (15), 
and presence of nodal metastasis. 

This study was submitted to and approved by the 
Ethics Committee in Research of Santa Casa de São 
Paulo Hospital.

Histopathological review 

Cases were reviewed by an endocrine pathologist and the 
following histological features were analyzed: presence 
of concomitant HT, vascular invasion, perineural infil-
tration, and histological variant of PTC. HT was defined 
by a diffuse lymphocytic and plasma cell infiltrate with 
the presence of lymphoid follicles with reactive germinal 
centers, as well as occasional Hürthle cells (Figure 1) (6).

Figure 1 (A and B). H&E section of HT. Note the lymphocyte infiltrate 
assuming a follicular architecture and lymphoepithelial lesions.

A

B
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Statistical analysis

Statistical analysis were performed using chi square test 
and Fisher’s exact test for a single variable, with stepwise 
regression for multivariate analysis. Only variables with 
p ≤ 0.200 at the univariate analysis were included in the 
multivariate model. All potential confounding variables 
were considered. The level of significance was set to 5%. 
Statistical analysis was performed with the aid of the SPSS 
v19.0 statistical package (SPSS Inc, Chicago, IL, USA).

RESULTS 

A total of 94 cases of PTC from 94 patients were re-
viewed. There were 80 females (85.10%) and 14 males 
(14.89%). Median age at presentation was 45.13 years 
(range from 8-75 years). When subtyped by histology, 
54 cases were exclusively classic PTC, 16 were repre-
sented by the follicular variant of PTC, 14 cases were 
mixed types (classic PTC and areas of follicular pattern), 
4 were oncocytic, and 6 cases comprised of other rare 
subtypes of PTC (2 tall cell, 2 columnar cell, 1 diffuse 
sclerosing, and 1 macrofollicular). The median tumor 
size was 2.19 cm (range from 0.1-10 cm). Eighteen 
cases (19.14%) had multifocal tumors and metastases to 
lymph nodes were present in 25 cases (26.59%). Vascu-
lar invasion and perineural infiltration were detected in 
54 (57.44%) and 23 (24.46%) of the cases, respectively.

Tumors were also classified in two groups according 
to their pathological staging (pTNM): early stage (T1/
T2) and late stage (T3/T4). According to this criteria, 49 

(52.12%) of the cases were early stage tumors and the re-
maining 45 (47.87%) were classified as late stage disease. 

Association of HT with clinical and pathological 
parameters

The summary of results of the association between the 
presence of HT and PTC is shown in Table 1. HT was 
present in 35 (37.2%) of the cases and absent in the remai-
ning 59 (62.8%). Age at the initial diagnosis was not sig-
nificantly different between the two groups (44.7 for HT 
absent vs. 45.8 for HT present, p = 0.70). There was no 
gender predisposition for the presence of PTC-associated 
HT. Females were predominant in both groups (83.06% 
in HT absent vs. 88.58% in HT present, respectively) and 
males corresponded to 16.94% of the cases in the HT ab-
sent and 11.42% of the cases in the HT present group, 
with no statistical difference (p = 0.46). Furthermore, no 
statistical association was seen between the presence of 
HT and vascular invasion (p = 0.13), perineural infiltration  
(p = 0.43) or lymph node metastasis (p = 0.73) (Table 1). 

Univariate analysis showed that tumor size was sig-
nificantly smaller in patients with concomitant HT than 
in patients without HT (1.56 ± 1.30 vs. 2.51 ± 2.09)  
(p = 0.025) (Figure 2). Multifocal tumors were also sig-
nificantly more common in patients with concomitant 
HT (33% vs. 12%) (p = 0.014) (Figure 3), and these pa-
tients were also more frequently classified as having early 
stage tumors (T1/T2) (65.71% vs. 44.06%) (p = 0.046). 
Multivariate statistical analysis confirmed this associa-
tion for all of the three parameters (Table 1). 

Table 1. PTC clinicopathological parameters according to the presence or absence of HT 

HT absent HT present p-value 
(univariate) 

p-value
(mulivariate)

Number 59 (62.8%) 35 (37.2%)

Age at diagnosis (year) 44.7 ± 14.7 45.8 ± 13.2 0.70 N/T

Gender 0.46 N/T

Male 10 (16.94%) 4 (11.42%)

Female 49 (83.06%) 31 (88.58%)

Tumor size (cm) 2.51 ± 2.09 1.56 ± 1.30 0.025 0.017

Tumor multifocality 7 (12%) 11 (33%) 0.014 0.019

LN metastasis 15 (25.42%) 10 (28.57%) 0.73 N/T

Vascular invasion

Perineural infiltration

TNM

38 (64.4%)

16 (27.11%)

16 (45.71%)

6 (17.14%)

0.13

0.37

0.046

0.665

N/T

N/T

T1/T2 26 (44.06%) 23 (65.71%)

T3/T4 33 (55.93%) 12 (34.28%)

N/T: only variables with p ≤ 0.200 at the univariate analysis were included in the multivariate model; since T of TNM is highly related to tumor size, only tumor size was included in the multivariate 
analysis. In the multivariate analysis, only tumor size and the occurrence of multifocality remained in the model, which presented r = 0.340 and p = 0.006.

Hashimoto’s thyroiditis and thyroid cancer
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DISCUSSION 

Our current study shows that HT was seen in a great 
part of the PTCs and that it was statistically associated 
with tumor multifocality, early pathological staging, and 
small tumor size. The present results indicate the exis-
tence of a distinct group of neoplasms associated with 
HT, what may corroborate the hypothesis that immune 
response plays a major role in the onset of malignant 
neoplasms of the thyroid. 

HT was a common finding in the event of PTC 
(37.2%) in our study, which is in agreement with current 
literature (1,5-6). In a meta-analysis by Singh and cols. (5) 
it has been demonstrated that HT incidence is 2.77 higher 
in surgical specimens removed due to PTC than in cases 
of benign disease. Also, the association with HT was 1.89 
times greater in patients with PTC than in patients with 
other thyroid neoplastic conditions. Women with HT 
have also been shown to be 30% more likely to have coex-
isting PTC in comparison with patients without HT (1). 

The relationship between PTC and HT remains a mat-
ter of controversy despite being investigated over the past 
several decades. It is unclear if the presence of HT is second-

arily induced by thyroid cancer as a host immune response, 
or whether HT predisposes the development of PTC (7). It 
has also been debated in the literature if the presence of HT 
is associated with certain PTC features of prognostic value.

The occurrence of multifocal tumors in our study was 
significantly higher among patients with concomitant 
HT, a similar result to that described by Asanuma and 
cols. (9). Several hypotheses could explain this associa-
tion, such as a change in the environment of the whole 
gland due to the inflammation, which might contribute 
to cancer progression (16), or a protective action of au-
toimmunity against PTC. 

The finding of multifocality among our HT-asso-
ciated PTC is especially relevant since the occurrence 
of multicentricity is one of the features associated with 
a poor prognosis in patients with PTC in the clinical 
practice (17). The finding of a feature associated with 
poor prognosis in the occurrence of PTC concomitant 
with HT contrasts with previous studies that suggested 
better prognosis of this type of cancer in association 
with lymphocytic thyroiditis. Previous studies have sug-
gested a relationship between lymphocytic infiltration 
(LI) and tumor features, leading to low frequency of 
recurrence (18) and an improvement in disease-free 
survival (19). Similar findings were also observed when 
considering diffuse and peritumoral infiltration sepa-
rately (20). On the other hand, Del Rio and cols. have 
showed in a recent study that the association of PTC 
with HT did not modify the aggressiveness of the tu-
mor (21).

These conflicting results about the influence of HT 
in prognostic features of PTC may be explained by the 
fact that different immune responses can be associated 
with PTC. A recent study considered the existence of 
two types of such immune response: lymphocytic thy-
roiditis and tumor associated lymphocytes (TAL) in 
the absence of thyroiditis. The occurrence of TAL is 
defined by the presence of lymphocyte infiltration (LI) 
aggregate to the tumor (intratumoral or peritumoral) 
(22). Besides, different lymphocytes cells can be found 
associated with the tumors. The CD4+ T cells play a 
central role in immune protection, and naive CD4+ T 
cells can be differentiated into four distinct effector 
cells: Th1, Th2, Th17, and Tregs (22). These types of 
cells have different mechanisms of action, and the prev-
alence of one of them may be the responsible for the 
conflicting results related to the effect of LI in PTC that 
were found in the literature. Previous studies have also 
shown that an increased frequency of regulatory T cells 
(Tregs) in LI is associated with poor prognosis of dif-

Figure 2. Tumor size according to the presence of Hashimoto’s thyroiditis.
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Figure 3. Prevalence of multifocality according to the presence of 
Hashimoto’s thyroiditis.
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ferent types of cancer (23,24) and, recently, this associa-
tion was also found in PTC. French and cols. suggest 
that Treg frequency may be a useful diagnostic marker 
in determining PTC prognosis, and it may also be a tar-
get for future therapies (22). Further studies that aim to 
qualify the type of predominant response in cases with 
HT-associated PTC may be able to clarify this matter.

The results of a better pathological stage among 
HT-associated PTC patients is in agreement with 
Huang Bie Yu and cols. (7) as well, who have observed 
a higher percentage of patients in stage IV in non-HT 
PTC. Once more, different results in the literature re-
garding LI and PTC prognosis may also be explained 
by the existence of different immune responses associ-
ated with PTC, as previously mentioned.

Our present study did not find any significant dif-
ference between patients with or without HT regarding 
vascular invasion, perineural infiltration or lymph node 
metastasis, which may be due to a small number of pa-
tients with these features, perhaps the main limitation of 
our study. In order to confirm or discard these findings, 
future studies with a greater number of tumor samples 
should be carried out. 

The current findings of specific histological char-
acteristics present in HT-associated PTC signalize a 
potential subset of thyroid papillary neoplasms, which 
can benefit from immune-based therapies. A better un-
derstanding of the role of the immune system in the 
pathophysiology of PTC can be of great value to the 
development of future strategies for the prevention of 
tumor onset and to the application of alternative forms 
of targeted therapies for this type of cancer. 
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Evaluation of thyroid function and 
autoimmunity in HIV-infected women 
Avaliação da função tiroidiana e autoimunidade 
em mulheres infectadas pelo HIV

Leiliane Gonçalves de Carvalho1, Patrícia de Fátima dos Santos Teixeira1,2, 
Ana Luiza Brandão Galotti Panico1, Marcela Vaisberg Cohen1, Maria Fernanda 
Miguens Castelar Pinheiro3, Paulo Feijó Barroso1,4, Mário Vaisman1,2

ABSTRACT 
Autoimmune thyroid diseases (AITD) are the main causes of thyroid dysfunction and the most 
common autoimmune diseases in the world. An association between AITD and infections with 
the human immunodeficiency virus (HIV), in combination with the effects of highly active anti-
retroviral therapy (HAART), has been suggested by several research groups. The aim of the 
present study was to evaluate the frequency of thyroid dysfunction and AITD in women > 35 
years of age infected with HIV, and to identify factors associated with the emergence of these 
thyroid abnormalities. HIV-infected women (n = 153) selected from the infectious disease out-
patient clinic at a University Hospital in Rio de Janeiro were characterized based on their cir-
culating CD4+ lymphocytes levels, viral loads, serum TSH levels, and the presence of FT4 and 
anti-thyroperoxidase antibodies (TPO-Ab). A total of 129 participants were on HAART and 24 
were not. The frequency of thyroid disorders was 7.8% (12/153 patients) and all were on HAART 
at the time of diagnosis, yielding a prevalence of 9.3% in patients receiving HAART compared 
with 0% in patients not on HAART. AITD, hyper, and hypothyroidism were detected in 4.6%, 3.1%, 
and 4.1% of HAART patients. It was not detected any thyroid dysfunction or autoimmunity in HIV-
infected women not on HAART. This study demonstrated an association between HAART and the 
development of AITD. In addition AITD only developed in HAART patients also presenting with 
undetectable viral loads and slightly elevated CD4+ T cell counts. Arq Bras Endocrinol Metab. 2013;57(6):450-6

Keywords
Autoimmune thyroid disease; thyroid dysfunction; hypothyroidism; hyperthyroidism; HIV; anti-retroviral therapy; immunity 

RESUMO
Doenças tiroidianas autoimunes (DTAI) são a maior causa de disfunção tiroidiana e são as doenças 
autoimunes mais comuns no mundo. A associação entre DTAI e infecções com o vírus da imuno-
deficiência humana (HIV), em combinação com a terapia antirretroviral altamente ativa (HAART), 
foi sugerida por vários grupos de pesquisadores. O objetivo do presente estudo foi avaliar a fre-
quência de disfunção tiroidiana e DTAI em mulheres com mais 35 anos de idade infectadas com 
o HIV e identificar fatores associados com a emergência dessas anormalidades tiroidianas. As 
mulheres infectadas com HIV (n = 153), selecionadas do ambulatório de doenças infecciosas de 
um hospital universitário do Rio de Janeiro, foram caracterizadas com base no nível de linfócitos 
CD4+ circulantes, carga viral, níveis de TSH sérico e presença de anticorpos FT4 e antitiroperoxidase 
(TPO-Ab). Um total de 129 participantes se tratava com HAART e 24 não. A frequência de desordens 
da tiroide foi 7,8% (12/153 pacientes) e todas estavam em tratamento com HAART no momento do 
diagnóstico, levando a uma prevalência 9,3% em pacientes recebendo HAART, em comparação 
com 0% em pacientes não tratadas com HAART. DTAI, hipertireoidismo e hipotireoidismo foram 
detectados em 4,6%, 3,1% e 4,1% das pacientes tratadas com HAART. Não foram detectadas disfun-
ção tiroidiana ou autoimunidade em mulheres infectadas com HIV e não tratadas com HAART. Este 
estudo demonstrou uma associação entre a HAART e o desenvolvimento de DTAI. Além disso, a 
DTAI apenas se desenvolveu em pacientes tratadas com HAART e que apresentavam cargas virais 
indetectáveis e contagens de células CD4+ T levemente elevadas. Arq Bras Endocrinol Metab. 2013;57(6):450-6
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INTRODUCTION

Autoimmune thyroid diseases (AITD) are the most 
prevalent autoimmune diseases worldwide. In ad-

dition, they are the main causes of thyroid dysfunction, 
including hypo- and hyperthyroidism. The spectrum of 
thyroid autoimmune diseases includes Hashimoto thyroi-
ditis, Graves’ disease and post-partum thyroidits (1-4). 

The association between thyroid dysfunction and 
HIV infection, in combination with the impact of hi-
ghly active anti-retroviral therapy (HAART) has been 
demons trated in several studies (5-8). However, these 
studies did not demonstrate that AITD was associated 
with thyroid dysfunction (7). For these reasons, non-thy-
roid sick syndrome and potential pituitary dysfunction 
should be included as part of the differential diagnosis in 
these patients. The possibility that different conditions, 
unrelated to primary thyroid disease, are cause of labo-
ratorial abnormalities in thyroid hormone dosages was 
corroborated by other studies that did not find associa-
tions between thyroid diseases and HIV infection (9-11). 
Despite some evidence of this association, the precise 
mechanisms involved in the development of these disea-
ses in HIV-infected subjects remains undefined (12-16).

A population survey conducted in the city of Rio 
de Janeiro showed that 10% of women > 35 years of 
age had detectable circulating anti-thyroperoxidase an-
tibodies (TPO-Ab) (17) and a prevalence of hypo- and 
hyperthyroidism (including overt and subclinical diag-
nosis) in 12 and 3.5%, respectively (17). This findings 
are in accordance with other cross-sectional studies that 
evaluated different populations in other countries and 
found similar frequencies (17-23).

The aim of the present study was to evaluate the 
frequency of thyroid dysfunction and thyroid autoim-
munity in HIV-infected women > 35 years of age, who 
were recruited from the outpatient clinic at the Univer-
sity Hospital in Rio de Janeiro, Brazil. In addition, we 
evaluated determinants potentially associated with the 
emergence of these thyroid abnormalities in the stu-
died population (demographic characteristics, levels of 
CD4+ T lymphocytes, viral load, duration of HIV infec-
tion, and HAART use).

MATERIALS AND METHODS 
Study population

HIV-1 infected women were recruited from a cohort of 
subjects treated at the Clementino Fraga Filho Univer-

sity Hospital (HUCFF) at the Federal University of Rio 
de Janeiro (UFRJ). The HUCFF is a large teaching hos-
pital located in Rio de Janeiro, Brazil. This study was ap-
proved by the Ethics Committee of the HUCFF School 
of Medicine at the UFRJ. Informed consent was ob-
tained from each patient before the study was initiated.

HIV-1 infected women were enrolled from a co-
hort of HIV-1 infected subjects treated at the HUCFF. 
Women were > 35 years of age and attended regular 
outpatient visits. All participants had updated telephone 
numbers, current CD4+ T cell counts, and viral load 
information. Patients that used drugs that potentially 
interfered with thyroid function (e.g., Amiodarone or 
costicosteroids) or who were recently hospitalized were 
excluded. Patients were invited to participate by tele-
phone and enrollment was performed between August 
2008 and January 2009. After informed consent was 
obtained a detailed interview and blood collection for 
laboratory analysis was performed. The interview was 
used to capture demographic information, family his-
tory of thyroid diseases, time of HIV infection diagno-
sis, and use of HAART. 

Laboratory methods

Serum TSH (reference range: 0.4-4.0 mUI/L, FT4 
(reference range: 0.8-1.9 ng/dL), and TPO-Ab levels 
(normal < 35 mUI/mL) were determined using im-
munochemiluminescence (ECLIA, Modular, Roche, 
German) at the Sergio Franco Medicina Diagnóstica, 
Rio de Janeiro. Patients with low TSH levels (< 0.4 
mUI/mL) also had anti-TSH receptor (TRAB) antibo-
dy levels measured (RIE, RSR, UK). The most current 
HIV-1 viral load (b-DNA, Siemens, USA) and CD4+ 
lymphocyte count information was obtained from the 
patient’s charts. For patients with established history of 
thyroid disease, HIV-1 viral load and CD4+ lymphocyte 
count at the time of thyroid disease diagnosis were ob-
tained from the patient’s charts.

Hypothyroidism was defined by elevated TSH se-
rum levels combined with low FT4 levels. Hyperthyroi-
dism was defined by low serum TSH levels and high 
serum FT4 levels. Patients were diagnosed with subcli-
nical hypo- or hyperthyroidism only when serum TSH 
levels were abnormal. AITD was defined by the pre-
sence of circulating anti-thyroid antibodies (including 
TPO-Ab and/or TRAB in serum).

Thyroid dysfunction in HIV infection
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There was one patient who had isolated hypothyro-
xinemia, defined by the presence of low serum FT4 le-
vels with serum TSH levels in the normal range. 

Data analysis

The SPSS program (version 13.0 for Windows) was 
used for data entry and statistical analysis. A descriptive 
analysis and comparisons of categorical variables be-
tween the two groups were performed using the Chi-
-square or Fisher’s test when appropriate. Student’s t 
test or Mann-Whitney tests were performed to compare 
continuous variables. P values < 0.05 were considered 
significant. Pearson’s coefficient was determined after 
logarithmic transformation to establish correlations be-
tween two variables. 

RESULTS 

Female participants (n = 153) with a mean age of 46.5 
± 9.1 years (range 35-88) participated in the study. 
The mean interval time from HIV diagnosis to study 
inclusion was 11 years (ranging from 4 months to 20 
years). One hundred twenty nine women (84%) were 
on HAART from 1 month to 19 years (mean number 
of years on HAART was 8).

Twelve (7.8%) of all participants of the study 
(12/153), presented some form of thyroid disorder 
(thyroid dysfunction or autoimmunity). Specifically, 6 
patients were diagnosed with a thyroid disorder at the 

time the study began, and 6 patients had an established 
history of thyroid disease. Thyroid disorders in these 
12 women were diagnosed following the diagnosis of 
HIV infection and all 12 were on HAART at the time 
the thyroid disease diagnosis was determined (includ-
ing 6 patients with previous history of thyroid disease). 
Among these 6 patients, 2 were on levothyroxine to 
treat overt hypothyroidism, and 2 were using anti-thy-
roid drugs for the treatment of Graves’ disease at the 
time the study began.

As shown in Table 1, six patients had AITD (de-
fined by the presence of circulating TPO-Ab and/or 
TRAB) in the whole group studied (6/153), corre-
sponding to 3.9% of the total. Evaluation of patients 
presenting primary hypothyroidism (n = 6) identified 
2 patients with circulating anti-thyroid antibodies (one 
of them with overt hypothyroidism). Another patient 
with overt hypothyroidism but not detectable circulat-
ing anti-thyroid antibodies. Four patients had subclini-
cal hypothyroidism (only one had positive circulating 
TPO-Ab). One patient had low serum FT4 levels with 
serum TSH levels in the normal range, and no detect-
able circulating TPO-Abs. This last patient, with isola-
ted hypothyroxinemia, had low CD4+ levels (103 cells/
µL) and a high viral load (> 10,000 copies).

One patient presented with Hashimoto’s thyroiditis 
but no thyroid dysfunction, and 4 patients had hyper-
thyroidism. Among patients presenting with hyper-
thyroidism (n = 4), only one did not have circulating 

Table 1. Frequencies of thyroid disorders in women treated or untreated with HAART

All patients 
(n = 153)

Patients on HAART  
(n = 129)

Patients not on HAART 
(n = 24) P values

Thyroid disorders 12 (7.8%) 12 (9.3%) 0 0.119

Isolated hypothyroxinemia 1 (0.6%) 1 (0.8%) 0 0.900

Hypothyroidism

Overt hypothyroidism

SCH with AITD

SCH without AITD

6 (3.9%) 6 (4.6%)  0 0.348

2:153 (1.3%) 2 (1.5%) 0 0.787

1:153 (0.6%) 1 (0.8%) 0 0.938

3:153  (1.9%) 3  (2.3) 0 0.600

Hyperthyroidism

Overt hyperthyroidism

SChyper with AITD

SChyper without AITD

4 (2.6%) 4 (3.1%) 0 0.402

2:153 (1.3%) 2 (1.5%) 0 0.787

1:153 (0.6%) 1 (0.8%) 0 0.880

1:153 (0.6%) 1 (0.8%) 0 0.850

TPO-Ab* 5 (3.2%) 5 (3.8%) 0 0.421

TRAB+** 3 (1.9%) 3 (2.3%) 0 0.597

AITD*** 6 (3.9%) 6 (4.6%) 0 0.353

Patients not treated with HAART who presented thyroid disorders. P values > 0.10 between patients with or without HAART (Fisher’s exact test). * Positive anti-thyroperoxidase serum antibodies 
(TPO-Ab). ** Positive serum anti-TSH-receptor antibodies (TRAB). ***Autoimmune thyroid diseases (including the presence of TPO-Ab and/or TRAB).

Thyroid dysfunction in HIV infection
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TRAB, and this patient had subclinical hyperthyroid-
ism without circulating anti-thyroid antibodies. 

Evaluation of the HAART treatment subgroup (129 
patients) only identified 12 patients with thyroid dis-
orders (12/129) and 6 patients with AITD (6/129), 
corresponding to 9.3% and 4.6%, respectively, in this 
subgroup. Hypo- and hyperthyroidism were detected 
in 4.6% (6/129 patients) and 3.1% (4/129 patients) of 
the women in this subgroup (Table 1).

STUDY OF HIV-INFECTED WOMEN WITH THYROID 
DISORDERS 

Table 2 compares selected variables between women in 
the study, based on the presence or absence of thyroid 
disorders. Mean age was not different between patients 
with or without thyroid abnormalities, nor was the 
time of HIV diagnosis or the mean time they were on 

Table 2. Comparisons between HIV-infected patients on HAART, with or without diagnosis of thyroid abnormalities

Only patients on HAART*

Any kind of thyroid disorder** Yes (n = 12) No (n = 117) P value

Mean age (years) 44.8 ± 8.7 47.1 ± 9.5 0.385

Mean number of years diagnosed with HIV 11.5 ± 5.5 10.8 ± 5.0 0.590

Mean CD4+ cells (cells/µL) 695 ± 368 589 ± 312 0.303

Mean number of years of HAART use 7.7 ± 3.9 7.7 ± 4.8 0.783

Undetectable viral load (%) 91.7% (n = 11) 78.6% (n = 92) 0.257

AITD*** Yes (n = 6) No (n = 123) P values

Mean age (years) 47.8 ± 11.2 46.8 ± 9.4 0.813

Mean number of years post-HIV infection 10.8 ± 5.0 10.8 ± 4.1 0.995

Mean CD4+ cells (cells/µL) 825 ± 357 588 ± 313 0.096

Mean number of years of HAART use 7.3 ± 4.5 7.7 ± 4.8 0.980

Undetectable viral load (%) 100% (N = 6) 78.9% (N = 97) 0.251

Hypothyroidism Yes (n = 6) No (n = 123) P values

Mean age (years) 48.6 ± 9.5 46.8 ± 9.5 0.602

Mean CD4+ cells (cells/µL) 600 ± 407 599 ± 315 0.996

Mean number of years diagnosed with HIV 14.0 ± 3.8 10.6 ± 5.0 0.109

Mean number of years of HAART use 10.3 ± 4.7 7.5 ± 4.7 0.157

Undetectable viral load (%) 66,7% (n = 4) 80,5% (n = 99) 0.348

Hyperthyroidism Yes (n = 4) No (n = 125) P values

Mean age (years) 49.0 ± 12.2 46.8 ± 9.4 0.671

Mean CD4+ cells (cells/µL) 746 ± 379 594 ± 316 0.097

Mean number of years diagnosed with HIV 11.5 ± 5.5 10.8 ± 5.0 0.808

Mean number of years of HAART use 7.0 ± 2.1 7.7 ± 4.8 0.909

Undetectable viral load (%) 100% (n = 4) 79.2% (n = 99) 0.402

* Highly active anti-retroviral therapy; ** Thyroid disorders include: thyroid dysfunction (serum TSH out of the normal range) or thyroid autoimmunity (positive serum antibodies against TSH receptor 
[TRAB] or thyreoperoxidasis [TPO-Ab]). *** Autoimmune thyroid disease.

HAART. Only one of the AITD patients had a family 
history of thyroid disease. 

All women with hyperthyroidism and AITD (in-
dependent of thyroid function) had undetectable viral 
loads (Table 2). The median log10 viral load in women 
without hyperthyroidism and without AITD was 1.59. 

Independent of HAART use, CD4+ cells counts 
tended to be higher in patients with hyperthyroidism 
or AITD (Table 2). However, these associations were 
not statistically significant. As expected, the absolute 
number of CD4+ T cells correlated negatively with viral 
copies (r = -0.422; p < 0.001). 

DISCUSSION 

The present study did not demonstrate a higher frequency 
of thyroid dysfunction or AITD in HIV-infected women 
than had previously been reported in the literature re-

Thyroid dysfunction in HIV infection
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garding the general population (17-23). Furthermore, 
it was shown that some patients (4/153) had subclini-
cal thyroid dysfunction without circulating anti-thyroid 
antibodies, which may not have clinical impact (19-23). 

Also, the results demonstrated a frequency of thyroid 
abnormalities lower than previously reported by Schieri 
and cols., who analyzed Rio de Janeiro women of the 
same age as those described in this study. This study 
reported a 10 and 12.3% prevalence of Hashimoto’s 
thyroiditis and hypothyroidism, respectively (17). The 
inclusion of women of the same age and from the same 
city enabled the comparison between studies with less 
confounding bias. However, a limitation of this com-
parison can be attributed to other inclusion criteria, 
since Schieri and cols. conducted a population survey 
on women who were not in an ambulatory setting (i.e., 
from a tertiary hospital). 

A comparative analysis was performed between 
patients treated with and without HAART, which de-
monstrated that all HIV-infected women were on 
HAART at the time of thyroid disease diagnosis. De-
spite these findings, the relationship between HAART 
and the manifestation of thyroid dysfunction and au-
toimmunity could not be proved. During the course of 
this study, we were also unable to identify associations 
with the duration of HAART therapy or HIV infection, 
and the development of different thyroid abnormalities. 

Previous studies conducted by Madeddu and cols. 
demonstrated a positive association between HAART 
and thyroid diseases. They evaluated 182 patients tre-
ated with HAART and 20 who were not. This study 
demonstrated that thyroid dysfunction was diagnosed 
in 12.6% of HAART patients, but not in any patients in 
the untreated control group. However, the most preva-
lent dysfunction reported was subclinical hypothyroi-
dism in the absence of detectable serum TPO-Abs in 
patients with this thyroid dysfunction (5). Because of 
this, other diseases associated with elevated serum TSH 
levels should be included as part of the differential di-
agnosis (5). 

Jain and cols. also suggested that serum TSH le vels 
may be positively associated with the progression of 
HIV infection, but no association between AITD and 
HIV infection was demonstrated based on the evalua-
tion of 50 patients (24).

Contributing to the data suggesting that there is no 
association between primary thyroid dysfunction and 
HAART is a cross-sectional, multicenter study of 350 
HIV-infected patients presenting elevated hypothy-

roidism rates in males (16%) associated with low CD4+ 
counts (7). Based on these data, it was demonstrated 
that serum TSH levels did not correlate with autoim-
mune disease and further suggested that non-thyroid 
diseases and pituitary disorders should be included as 
part of the differential diagnosis of these patients (7). 
In addition, a case control study carried out by Afhami 
and cols. was unable to demonstrate associations be-
tween hypothyroidism and HAART, mean CD4+ T 
cell counts, or the duration of HIV infection (10). In 
this latter study, 85 subjects were evaluated including 
15 hypothyroid cases and 70 euthyroid HIV-infected 
patients that served as controls (10). Despite these re-
lated studies that demonstrated negative associations 
between HAART therapy and thyroid diseases, other 
studies have found correlations between thyroid disease 
and HIV infection (8,9). 

Discrepancies regarding the effects of HAART on 
thyroid function are found in both small and large-scale 
studies (8,9). One of these studies was a prospective 
study examining HIV-positive individuals at the Royal 
Free Hospital that demonstrated a higher incidence 
of thyroid dysfunction in this population. Furthermo-
re, based on these findings, they did not recommend 
routine thyroid testing for these patients. This cohort 
included 3,584 HIV-positive individuals tested for 
thyroid function at least once (from these 900, were 
on HAART) (9). The findings from the study carried 
out using the Chelsea and Westminster Hospital HIV 
cohort were published soon after that (8). In this study, 
2,437 HIV-infected patients were evaluated over an 
11-year period (1995-2006). The incidence of hyper-
thyroidism was 3.4 per 10,000 treated patient-years 
and the incidence of hypothyroidism was 10.7 (95% 
confidence interval: 6.9 to 15.8) per 10,000 treated 
patient-years. In this retrospective cohort, there was a 
higher-than-expected incidence of hypothyroidism (8). 

Previous studies have suggested that hyperthyroid-
ism (specifically Graves’ disease) and not hypothyroid-
ism is associated with HIV infection and HAART (6-
8). Furthermore, it was recently suggested that Graves’ 
disease development represents an immune recon-
stitution inflammatory syndrome (IRIS) induced by 
HAART (25). Evaluation of the studies cited above 
suggested that the association between thyroid dys-
function progression, or development of autoimmu-
nity, in HAART patients remains controversial. 

The proposed mechanisms associated with the po-
tential development of thyroid diseases and HAART 

Thyroid dysfunction in HIV infection
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vary significantly. However, induction of immune res-
toration by HAART has been studied by several inves-
tigators as a potential mechanism (13-15,28-19). In 
addition, the potential homology between HIV and 
thyroid proteins has been suggested especially with re-
gard to TSH receptor proteins (12). 

The immunopathogenesis resulting in Graves’ 
disea se following recovery from severe T cell depletion 
that occurs not only following immune reconstitution 
of HIV patients but also following alemtuzumab treat-
ment (monoclonal anti-CD52 that depletes T and B 
cells) remains undefined. However, an acquired defect 
associated with tolerance induction may predispose 
some individuals to higher rates of autoimmune disease 
(12,16,28-32).

Central T cell tolerance may be lost as a result of 
thymic dysfunction in some HIV-infected patients 
and peripheral T cell tolerance may be impaired as a 
consequence of reduced CTLA-4 function, a molecu-
le important in promoting T cell tolerance to thyroid 
auto-antigens (33). Breaking self-tolerance and loss 
of immune regulation associated with HIV infection 
may be also associated with abnormalities in FoxP3 
expression in CD4+ and CD8+ cells (34). Lim and cols. 
showed that untreated HIV-infected patients had lower 
numbers of total FoxP3+ cells and FoxP3+CD4+ T cells 
when the CD4+ T cells were < 300 cells/mL compared 
with HIV-infected patients with higher than 400 CD4+ 
T cells/mL (34). Furthermore, these FoxP3+CD8+ T 
cells expressed less CTL4 then Fox P3+CD4+ cells (34). 

The present study compared CD4+ T cell levels and 
viral loads in women with or without thyroid disorders, 
and demonstrated that CD4+ levels tended to be higher 
and viral loads lower in patients with hyperthyroidism 
and AITD, suggesting that these patients had an effec-
tive immune responses at the time of thyroid disease di-
agnosis. Also, this study demonstrated that all patients 
diagnosed with hyperthyroidism and AITD had unde-
tectable viral loads. These findings further suggest that 
differential diagnoses should be carried out during the 
evaluation of severely immunosuppressed HIV-infected 
patients presenting with low serum TSH levels.

The limitation of this comparative study was the in-
clusion of women from a tertiary hospital where the 
majority of patients were on HAART. Furthermore, 
patients not receiving HAART in this study probably 
had elevated CD4+ cells levels and low viral loads, and 
therefore, a functioning immune system.

CONCLUSION

The present study demonstrated a lack of correlation 
between thyroid dysfunction and/or autoimmuni-
ty in HIV-infected women treated or untreated with 
HAART. An association between HAART and the de-
velopment of autoimmune thyroid diseases was sugges-
ted since AITD only developed in patients on HAART 
who had undetectable viral loads and slightly higher 
levels of CD4+ T cells. However, additional studies will 
be needed to confirm this association. 
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Parameters of glycemic control 
in type 2 diabetic patients on 
hemodialysis or peritoneal dialysis: 
implications for clinical practice
Parâmetros do controle glicêmico em pacientes com 
diabetes melito tipo 2 em hemodiálise ou diálise 
peritoneal: implicações para a prática clínica

Maria Valeria Pavan1, Cibele Isaac Saad Rodrigues2, Ronaldo D’Ávila2,  
Enio Marcio Maia Guerra2, Ricardo Augusto de Miranda Cadaval2,  
Fernando Antonio de Almeida2

ABSTRACT
Objective: To better explore the relationship between parameters of glycemic control of T2DM 
in RRT, we studied 23 patients on hemodialysis (HD), 22 on peritoneal dialysis (PD), and com-
pared them with 24 T2DM patients with normal renal function (NRF). Materials and methods: 
We performed, on four consecutive days, 10 assessments of capillary blood glucose [4 fasting, 
2 pre- and 4 postprandial (post-G) and average (AG)], random glycemia, and HbA1c in all pa-
tients. Results: Preprandial blood glucose was greater in patients on RRT compared with NRF. 
Correlations between AG and HbA1c were 0.76 for HD, 0.66 for PD, and 0.82 for NRF. The regres-
sion lines between AG and HbA1c were similar for patients on HD and with NFR, but they were 
displaced upward for PD. Conclusion: Similar HbA1c values in PD patients may correspond to 
greater levels of AG than in HD or NRF patients. Arq Bras Endocrinol Metab. 2013;57(6):457-63

Keywords
Type 2 diabetes mellitus; hemodialysis; peritoneal dialysis; hemoglobin A1c; end-stage renal disease

RESUMO
Objetivo: Para melhor explorar a relação entre os parâmetros de controle glicêmico em DM2 
em TRS, estudamos 23 pacientes em hemodiálise (HD), 22 em diálise peritoneal (DP) em com-
paração à 24 DM2 com função renal normal (FRN). Materiais e métodos: Em quatro dias con-
secutivos, realizamos 10 glicemias capilares [4 em jejum, 2 pré- e 4 pós-prandiais (G-pós) e a 
média glicêmica (MG)], glicemia aleatória e HbA1c em todos os pacientes. Resultados: As gli-
cemias pré-prandiais foram mais elevadas nos pacientes em TRS se comparadas àqueles com 
FRN. As correlações entre MG e HbA1c foram em HD = 0,76; DP = 0,66 e FRN = 0,82. As retas de 
regressão entre MG e HbA1c assemelham-se nos pacientes em HD e NFR e estão deslocadas 
para cima em DP. Conclusão: Valores similares de HbA1c podem corresponder a MG maiores 
em pacientes em DP do que em HD ou FRN. Arq Bras Endocrinol Metab. 2013;57(6):457-63
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INTRODUCTION

D iabetic nephropathy is the leading cause of end-
-stage renal disease (ESRD) in many countries 

(1-4). Furthermore, the mortality of diabetic patients 
on renal replacement therapy (RRT), independent 
on the dialysis method, is greater than in comparable 
patients without diabetes (4,5). Many factors may be 
associated with the increased mortality rate of diabe-
tic patients under dialysis, such as older age, gender, 
hypoalbuminemia, malnutrition and inflammation, 
smoking, dialysis vintage, dialysis dose, arrhythmia 
or left ventricular hypertrophy, prior cardiovascular 
events, hypocholesterolemia, hyperphosphatemia, and 
poor glycemic control before or during dialysis (4-
12). However, there is lack of information about the 
effects of improving glycemic control on morbidity and 
mortality in patients with diabetes on hemodialysis and 
peritoneal dialysis (PD). Moreover, the goals for glyce-
mic control parameters used in patients with diabetes 
on RRT have been the same as those used in patients 
with preserved renal function, particularly, blood or 
capillary glucose and glycated hemoglobin (HbA1c). 
Indeed, we do not even know if values indicating good 
glycemic control for individuals without renal failure 
also apply for those under dialysis, particularly on PD. 
One previous study has shown that diabetic patients on 
hemodialysis had greater values of HbA1c for the same 
average glucose levels than patients with preserved re-
nal function in the DCCT trial (13). In the last decade, 
there has been increasing evidence of an association be-
tween HbA1c levels and long-term morbidity and mor-
tality rates in diabetic patients on dialysis. In a Japanese 
diabetic population receiving hemodialysis, predialysis 
HbA1c levels greater than 8% were associated with gre-
ater mortality rates over a 7-year follow-up (14). In a 
large setting of US diabetic patients under hemodialy-
sis, the non-anemic patients (hemoglobin > 11 g/dL) 
had increasing mortality risk for HbA1c levels greater 
than 6%, even after adjustment for many confounders 
(15). In a German multicentric study, the T2DM pa-
tients on hemodialysis with greater levels of HbA1c at 
baseline had greater risk of cardiovascular and all-cause 
mortality in a 4-year follow-up period (16).

Recently, the ADAG Study established the corre-
spondence of HbA1c with average serum glucose level 
in a large population of normal individuals and patients 
with type 1 or type 2 diabetes (17). These data became 
reference for the correspondence of HbA1c and aver-

age glucose levels and are recommended for use in clin-
ical practice, but that study excluded diabetic patients 
with chronic renal disease (CRD) (17).

Taking these findings into account, the aim of the 
present study was to investigate the most useful param-
eters of glycemic control in patients with type 2 dia-
betes under RRT (hemodialysis or PD) and compare 
them with those in diabetic individuals with normal 
renal function. For this study, we used the average of 
blood glucose values (AG: mean 10 values of fasting, 
preprandial and postprandial capillary glycemia) as the 
reference for glycemic control, and correlated it with 
HbA1c or compared it with postprandial glycemia and 
to random glycemia. Random glycemia is usually taken 
as a parameter of glycemic control in the majority of 
patients receiving dialysis. 

MATERIALS AND METHODS

Patients

We identified diabetic patients with normal renal func-
tion and diabetic patients receiving hemodialysis or PD 
at Centro de Diálise e Transplante Renal – Hospital 
Santa Lucinda, Pontifícia Universidade Católica de São 
Paulo, Sorocaba, SP, Brazil. The inclusion criteria were 
age over 18 years; diagnosis of type 2 diabetes mellitus; 
and when on RRT, patients must have been on hemo-
dialysis three times weekly or PD for at least three mon-
ths, and must have had stable hemoglobin level and 
erythropoietin dose. The exclusion criteria were blood 
transfusion in the previous three months; diagnosis of 
an immune or hereditary hemolytic anemia, and inabi-
lity or unwillingness to perform the required protocol 
measurements.

For hemodialysis adequacy, patients were dialyzed 
without glucose in the dialysis bath in accordance with 
The National Kidney Foundation guidelines (US) also 
called The Kidney Disease outcome Quality Improve-
ment Initiative (18). Patients on PD performed four 
2-liter exchanges per day. Usually, the first exchange in 
the morning was of hypertonic dialysis solution (4.25% 
glucose), and the remaining exchanges were isotonic 
(1.5% glucose). A total of 45 patients with type 2 diabe-
tes receiving hemodialysis (n = 23) or PD (n = 22), and 
24 type 2 diabetic patients with normal renal function, 
who were selected as controls, participated in the study. 

During the study procedures, patients were re-
commended to maintain their usual food intake and 

Glycemic control on renal replacement therapy
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not change their regular doses of oral hypoglyce-
miants or insulin. Patients with normal renal func-
tion usually took sulphonilurea alone or sulphoni-
lurea plus metformin and/or NPH insulin, whereas 
patients on dialysis were under NPH insulin therapy 
or only on diet (n = 3). Two out of 20 patients on 
hemodialysis received lower doses of NPH insulin on 
the day of hemodialysis (6 units less than on hemo-
dialysis days). The mean daily dose of NPH insulin 
in hemodialysis patients was 23 units (range: 8 to 56 
units), and in PD patients, 42 units (range: 12 to 72 
units). After all the study procedures were explained, 
the participants read and signed an informed consent 
form, were clinically evaluated, and laboratorial para-
meters were recorded. 

Parameters of glycemic control

To determine capillary glycemia, patients were provided 
and instructed on how to use the Accu-Chek Advanta-
ge capillary glucose meter (Roche Diagnostic GmbH, 
Mannheim, Germany) to obtain a total of 10 measure-
ments during four consecutive days (2 days on and 2 
days off hemodialysis). Capillary glucose measurements 
were done twice daily (fasting and preprandial), or 
three times daily (one fasting and 2 postprandial). The 
patients or one relative was trained to correctly manage 
the capillary glucose meter. The instructions were repe-
ated several times by the study personnel. The patients 
had to prove their ability to perform these tests befo-
re actually participating in the study. Capillary glucose 
measurements consisted of 10 predefined time points: 
four fasting, two preprandial, and four two-hour post-
prandial assessments. A data collection form was provi-
ded to each patient to record the test results. Glucose 
measurements were stored in the glucose meter’s me-
mory so that confirmation of the patient-reported data 
could be assessed for accuracy. When the results of the 
written test and those recorded in the glucose meter 
memory differed, values stored in the meter memory 
were considered correct. On the final day of capillary 
glucose determination, blood was collected to assess 
random plasma glucose, HbA1c, creatinine, urea, albu-
min, hematocrit, and hemoglobin.

The study protocol was approved by the institutio-
nal review board of the Faculdade de Ciências Médicas 
e da Saúde – Pontifícia Universidade Católica de São 
Paulo, and was conducted according to the Interna-
tional Good Clinical Practice Harmonization and the 
Declaration of Helsinki.

Assays

HbA1c was assessed by immunoassay (Roche Diag-
nostic GmbH – TQ HbA1c, Mannheim, Germany), 
as certified by the National Glycohemoglobin Standar-
dization Program (NGSP, USA), which has a normal 
range of 4% to 6%. Plasma glucose and other bioche-
mical parameters were determined using an automated 
chemistry analyzer (LabMax 240, Labtest Diagnosti-
ca, 33400-000 Belo Horizonte, Brazil). Hematology 
analysis was performed using the ABX Pentra ES 60 
(Horiba ABX Ltda, 04795-100 São Paulo, Brazil).

Statistical analysis 

For statistical analysis, IBM® SPSS® Statistics Professio-
nal (Somers, NY, USA) was used. All data are expressed 
as mean ± standard deviation. For comparisons between 
means and variance of different groups, ANOVA follo-
wed by Tukey’s test was used. For correlation between 
different parameters Pearson’s correlation coefficient 
followed by regression analysis was used. 

RESULTS

Demographic data and clinical characteristics of the 
diabetic patients with normal renal function, on hemo-
dialysis, and on PD are presented in table 1. Patient 
age was similar among groups. Time from diagnosis of 
T2DM was longer in patients receiving hemodialysis or 
PD than diabetic patients with normal renal function. 
No differences were observed between PD and hemo-
dialysis patients in the time from T2DM diagnosis, time 
on RRT, plasma creatinine, hematocrit level, or hemo-
globin level. Serum albumin and pre-dialysis urea levels 
were greater in patients receiving hemodialysis compa-
red with those on PD. All patients receiving dialysis and 
66% of diabetic patients with normal renal function had 
hypertension. 

Table 2 shows the glycemic and HbA1c values of all 
groups. Fasting glycemic values showed no differences 
among groups. In contrast, preprandial capillary glu-
cose was greater in hemodialysis and PD patients com-
pared with diabetic patients with normal renal function. 
Most patients on PD uses hypertonic (4.25% glucose) 
dialysis solution as the first exchange in the morning. 
Postprandial glucose, AG, and random glycemia did 
not differ among groups. Diabetic patients on hemo-
dialysis had greater HbA1c compared with diabetic pa-
tients on PD and those with normal renal function.

Glycemic control on renal replacement therapy
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Table 3 depicts Pearson’s correlation coefficients 
between different parameters of glycemic control. All 
parameters were significantly correlated with each other 
(p < 0.01). As expected, HbA1c was correlated with 
AG in patients with normal renal function (r = 0.82) 
and hemodialysis patients (r = 0.76), but Person’s cor-
relation index for PD patients was only fair (r = 0.66). 

Figure 1 shows the scatter plot of the individual 
data and the linear regression for the correlation of AG 
with HbA1c. In figure 1, graph A represents data from 
diabetic patients with normal renal function, graph B 
expresses data from hemodialysis patients and graph C 
shows the values from patients on PD. There was a good 
correlation between AG and HbA1c for patients with 
normal renal function and those on hemodialysis, but 
this correlation was lower in patients on PD due to the 
great variation of individual data.

Figure 2 compares the regression lines that rep-
resent the correspondence of AG and HbA1c for the 
three groups of patients. As a reference, the regression 
line published in the ADAG Study, the most recom-
mended in recent clinical practice, is included (17). 
The regression line for patients with normal renal func-
tion was very close to that of the ADAG Study. On the 
other hand, the regression line was steeper for hemo-
dialysis and PD patients, and that for PD was displaced 
upward. If we considered the most prevalent range of 
HbA1c values, that is, from 6% to 10%, the correspon-
dence between AG and HbA1c was similar in patients 
with normal renal function compared with those on he-

Table 1. Clinical characteristics of patients with type 2 diabetes 

Normal renal 
function 
(n = 24)

Hemodialysis
(n = 23)

Peritoneal 
dialysis
(n = 22)

Age (years) 51.3 ± 16.1 57.2 ± 10.4* 56.5 ± 12.9*

Gender 11F/13M 8F/15M 10F/12M

Time from 
diagnosis of 
T2DM† (years)

6.2 ± 6.7 17.0 ± 4.5* 14.0 ± 8.7*

Time on RRT‡

(months)

22.9 ± 21.6 18.4 ± 11.0

Serum 
creatinine§

(mg/dL)

0.9 ± 0.2 9.0 ± 3.5* 7.3 ± 2.1*

Serum urea 
nitrogen§

(mg/dL)

13.1 ± 1.9 75.2 ± 16.8* 50.9 ± 17.3*ll

Hematocrit

(%)

43.2 ± 4.3 34.5 ± 8.5* 33.3 ± 3.6*

Hemoglobin

(g/dL)

14.1 ± 1.4 11.2 ± 2.8* 11.0 ± 1.2*

Albumin

(g/dL)

3.9 ± 0.4 3.7 ± 0.5 3.3 ± 0.4*ll

Hypertension – 

number (%)

17 (70%) 23 (100%)* 22 (100%)*

Values are mean ± SD; * = p < 0.01 versus normal renal function; † = type 2 diabetes mellitus; 
‡ = renal replacement therapy; § = random values of serum creatinine and serum urea nitrogen 
for normal renal function and peritoneal dialysis patients, and values pre-hemodialysis for the 
hemodialysis patients; ll = p < 0.01 hemodialysis versus peritoneal dialysis. Conversion factors 
for units: serum creatinine in mg/dL to μmol/L, x88.4; serum urea nitrogen in mg/dL to mmol/L, 
x0.357; hemoglobin in g/dL to g/L, x10; albumin in g/dL to g/L, x10.

Table 2. Blood glucose in patients with type 2 diabetes 

Normal renal 
function 
(n = 24)

Hemodialysis
(n = 23)

Peritoneal 
dialysis 
(n = 22)

Fasting 
glycemia* 

(mg/dL)

163 ± 54 157 ± 55 165 ± 58

Preprandial 
glycemia† 

(mg/dL)

178 ± 87 213 ± 111‡§ 218 ± 110‡§

Postprandial 
glycemia (mg/dL)

194 ± 75‡ 235 ± 87‡ 211 ± 86‡

Average of blood 
glucose valuesll

(mg/dL)

179 ± 61 195 ± 71 202 ± 74 

Random 
glycemia¶

(mg/dL)

172 ± 79 208 ± 115 177 ± 91 

HbA1c (%) 7,6 ± 2.0 8.5 ± 1.6# 7.1 ± 1.4 

Values are mean ± SD; * = fasting glycemia determined before any meal and before the first 
peritoneal dialysis exchange of the day; † = most patients in peritoneal dialysis used a 
hypertonic (4.25% glucose) dialysis solution as the first exchange in the morning; ‡ = p < 0.01 
versus fasting glycemia; § = p < 0.01 versus normal renal function; ll = mean of 10 values 
determined on 4 consecutive days; ¶ = for random glycemia, blood was collected any time of 
the day; # = p < 0.01 hemodialysis versus peritoneal dialysis. Conversion factors for units: 
glycemia in mg/dL to mmol/L, x0.05551.

Table 3. Pearson’s correlation coefficients between different glycemic 
control parameters 

Normal renal 
function 
(n = 24)

Hemodialysis
(n = 23)

Peritoneal 
dialysis 
(n = 22)

Fasting glycemia 
versus random 
glycemia

0.65 0.66 0.77

Fasting glycemia 
versus HbA1c

0.72 0.82 0.57

Preprandial 
glycemia versus 
HbA1c

0.72 0.72 0.71

Postprandial 
glycemia versus 
HbA1c

0.73 0.67 0.58

Average of blood 
glucose values 

versus HbA1c

0.82 0.76 0.66

All indexes were significant (p < 0.01).

Glycemic control on renal replacement therapy
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modialysis, whereas patients on PD would have greater 
AG for a given value of HbA1c. For instance, the same 
value of AG of 200mg/dL would result in different 
HbA1c level in patients on PD (nearly 7.5%) compared 

with those on hemodialysis or with normal renal func-
tion (about 8.5%). In other words, the same level of 
HbA1c (such as 9%) would correspond to a 30-mg/dL 
greater value of AG in patients on PD.
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Figure 2. Regression lines for type 2 diabetic patients with normal renal function, on hemodialysis, and on peritoneal dialysis.

Best-fitting regression lines for type 2 diabetic patients with normal renal function (NRF), on hemodialysis (HD) and on peritoneal dialysis (PD), as well as 
the regression line from the ADAG study (17). Inside the graph are the equations for the best-fitting regression lines.

Figure 1. Correlation between average of blood glucose values and postprandial glycemia or HbA1c.

Graph A represents type 2 diabetic patients with normal renal function, Graph B represents type 2 diabetic patients on hemodialysis, and Graph C 
represents type 2 diabetes patients on peritoneal dialysis. AG = average of blood glucose values, HbA1c = hemoglobin A1c. Pearson’s correlation indexes 
(r) are shown inside the graphs, as well as the equation for best-fitting regression lines.
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DISCUSSION

In this study, we observed that, despite similar values 
of fasting glycemia and AG in the three groups of dia-
betic patients, those on RRT had greater preprandial 
glycemic levels. This finding may have resulted from 
the insulin resistance and glucose metabolism altera-
tions characteristic of ESRD (19). Second, patients on 
hemodialysis had greater HbA1c compared with diabe-
tics with normal renal function or those on PD (Table 
2). This finding is in accordance with previous data in a 
similar group of diabetic patients on hemodialysis (13). 
Third, HbA1c correlated well with AG in all groups 
(Table 3 and Figure 1), but the regression line of AG 
versus HbA1c in patients on PD was clearly displaced 
upward, meaning greater AG values for a given level of 
HbA1c (Figure 2). Although the slopes of the regres-
sion lines of AG versus HbA1c for hemodialysis and PD 
patients were slightly steeper than in the normal renal 
function patients and in the ADAG study (17), our data 
allow us to translate HbA1c into average glucose values 
(and vice versa) using the equations that represent the 
best-fit regression line (Figures 1 and 2). 

We believe that there were no important variations 
on blood glucose levels during the study days and the 
period that HbA1c represents, because we recom-
mended to the participants not to change their usual 
food intake and medication. Furthermore, if there were 
any variation during the day on dialysis compared with 
days off, they could not be accounted for changes in 
capillary glucose, for AG or for HbA1c, because data 
collection was carried out during two hemodialysis days 
and two non-dialysis days, similarly to what happens on 
a regular dialysis period. 

It is important to evaluate how these findings may 
impact the management of glycemic control and prog-
nosis of type 2 diabetic patients on dialysis. In diabetic 
patients with preserved renal function, postprandial 
glucose is an independent risk factor and correlates bet-
ter with morbidity and mortality than fasting glucose 
(20,21). However, we have no information on the rel-
evance of postprandial glucose in the prognosis of dia-
betic patients under dialysis. Although data on PD are 
scarce, HbA1c is a good marker of prognosis in patients 
receiving hemodialysis (11-12,14-16). Thus, besides 
HbA1c, postprandial glucose should be better explored 
in future studies of patients on dialysis, particularly in 
those on PD.

Considering the differences among the groups in 
the relationship between AG and HbA1c obtained in 

our study, one should be cautious when comparing va-
lues of HbA1c of diabetic patients on hemodialysis, on 
PD or with preserved renal function. Furthermore, we 
also must consider that for our patients on PD, values 
of AG versus HbA1c had the greatest dispersion and 
the lowest correlation index (r = 0.66) among the three 
groups of patients. Thus, this must be considered an 
important limitation of this study, as well as the number 
of patients in each group. 

Finally, these new data must be confirmed in other 
settings of diabetic patients receiving dialysis. Also, fur-
ther studies are required to explore whether HbA1c 
is a valuable marker of morbidity and mortality, and 
whether it may serve to advise interventions to improve 
glycemic control and, thus, the prognosis of diabetic 
patients undergoing RRT.
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artigo original

Associação entre consumo 
de alimentos embutidos e 
obesidade em um estudo de base 
populacional de nipo-brasileiros 
Association of processed meat intake and obesity in a 
population-based study of Japanese-Brazilians

Maria F. Cristofoletti1, Suely G. A. Gimeno2, Sandra R. G. Ferreira1, 
Marly A. Cardoso1, Japanese-Brazilian Diabetes Study Group3

RESUMO
Objetivo: Investigar a associação entre consumo de alimentos embutidos e obesidade gene-
ralizada, abdominal e generalizada com abdominal em nipo-brasileiros de Bauru, SP. Sujeitos 
e métodos: Quatrocentos e quarenta e três mulheres e 329 homens nipo-brasileiros não mis-
cigenados (≥ 30 anos) foram avaliados em estudo transversal de base populacional. Para o 
diagnóstico de obesidade, foram empregados os critérios da Organização Mundial da Saúde 
para asiáticos. A ingestão de alimentos foi avaliada por meio de questionário de frequência 
alimentar validado. A ingestão foi estratificada em terços para análise. Resultados: Nos ho-
mens, a ingestão de colesterol e alimentos embutidos mostrou-se positivamente associada à 
obesidade generalizada com abdominal quando o primeiro terço de ingestão foi comparado ao 
último, após ajustes (OR 2,97; IC95% 1,13-7,78). Em mulheres, somente o grupo das carnes ver-
melhas associou-se à obesidade geral com abdominal após ajustes (OR 0,47; IC95% 0,23-0,96). 
Conclusão: Ingestão elevada de alimentos embutidos associou-se à obesidade generalizada 
com adiposidade abdominal em homens nipo-brasileiros, mas não em mulheres. Arq Bras Endocrinol 

Metab. 2013;57(6):464-72

Descritores
Obesidade abdominal; obesidade; nipo-brasileiros; gorduras; consumo alimentar

ABSTRACT
Objective: The aim of this study was to investigate the association between the consumption 
of processed meat with overall, abdominal, and overall with abdominal obesity in a Japanese-
-Brazilian population, which is known to be at cardiometabolic risk. Subjects and methods: A 
total of 329 men and 443 women aged ≥ 30 years were evaluated in a cross-sectional popula-
tion-based survey. Diagnosis of overall obesity and abdominal obesity were based on the World 
Health Organization (WHO) criteria for Asians. Food intake was assessed by a validated food 
frequency questionaire. Results: In men, processed meat intake was positively associated with 
overall with abdominal obesity (OR 2.97; 95%CI 1.13-7.78) after adjustment. In women, only the 
red meat group was associated with overall with abdominal obesity after adjustment (OR 0.47, 
95%CI 0.23-0.96). Conclusion: Our results showed that high intakes of processed meats were 
associated with overall with abdominal obesity in male Japanese-Brazilians, but not in females. 
Arq Bras Endocrinol Metab. 2013;57(6):464-72
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INTRODUÇÃO

E studos em diferentes populações no mundo des-
crevem o papel do estilo de vida, especialmente 

fatores dietéticos, na etiologia da obesidade (1). Evi-
dências encontradas na literatura divergem sobre o 
papel das gorduras e de alimentos ricos em gorduras, 
como o grupo das carnes, no aumento dos depósitos de 
gordura corporal, principalmente de localização abdo-
minal. Três estudos transversais encontraram correlação 
positiva entre o perímetro de cintura (PC) e consumo 
de gorduras totais (2-4). Quanto aos estudos longitu-
dinais, os resultados são inconclusivos. Um estudo ve-
rificou correlação negativa entre ingestão de gorduras 
totais e o PC (5). Outras evidências oriundas de um es-
tudo longitudinal sugerem que o acúmulo de gordura 
na região abdominal é fortemente associado às frações 
de gordura consumida, sobretudo a gordura trans (6). 
Entre os grupos de alimentos fontes de gordura, como 
as carnes vermelhas e os embutidos, os resultados de-
rivados de estudos transversais e longitudinais parecem 
apontar para um possível risco para a obesidade abdo-
minal e geral (7,8). 

Há evidências de maior incidência de diabetes tipo 
2 e doenças associadas em imigrantes japoneses que ad-
quiriam hábitos ocidentais (9). No Brasil, a população 
nipo-brasileira do Município de Bauru, SP, apresenta 
uma das maiores prevalências de distúrbios da homeos-
tase glicêmica no mundo (10). O aumento da resistên-
cia à insulina em populações migrantes relaciona-se à 
obesidade abdominal, especialmente à gordura visceral 
(11). Em nipo-brasileiros de Bauru, Lerário e cols. (12) 
observaram que a alta prevalência de diabetes tipo 2 as-
sociava-se ao ganho de peso corporal e à obesidade ab-
dominal. Tal associação tem sido atribuída à produção 
de adipocitocinas pró-inflamatórias que contribuem 
para deteriorar a sensibilidade à insulina (13). 

A respeito do papel das gorduras na gênese do dia-
betes tipo 2 e doenças associadas nesta população, um 
maior consumo de gordura e carnes vermelhas em nipo- 
-brasileiros associou-se à síndrome metabólica (14,15). 
Associação inversa entre consumo total de gordura sa-
turada e doença macrovascular (16) também foi des-
crita, observando-se, por outro lado, associação inversa 
com o consumo de fibra dos grãos. 

No presente estudo, investiga-se na população nipo- 
-brasileira de Bauru, SP, a existência de associação entre 
alimentos embutidos com obesidade, considerando-se 
a distribuição da adiposidade, generalizada ou central.

INDIVÍDUOS E MÉTODOS

População de estudo

Censo populacional de 1997 identificou 1.751 nipo-
-brasileiros em Bauru, SP, de primeira e segunda gera-
ção, não miscigenados, com idade ≥ 30 anos. Em 1999 
e 2000, foram coletados dados de 1.330 indivíduos que 
assinaram o Termo de Consentimento Livre e Esclare-
cido para participar deste estudo, aprovado pelo Comi-
tê de Ética da Universidade Federal de São Paulo. Os 
motivos para a não participação foram: óbito (antes ou 
durante o trabalho de campo, n = 94), mudança de en-
dereço (n = 57) e recusa (n = 270). Para a presente aná-
lise, foram excluídos 558 indivíduos (41,9%), dos quais 
47 (3,5%) não completaram todas as etapas da avaliação 
nutricional, 148 (11,1%) com diagnóstico prévio de 
diabetes mellitus (DM), 72 (5,4%) com intolerância à 
glicose, 9 (0,7%) por não completarem o teste oral de 
tolerância à glicose, 267 (20,0%) com diagnóstico de 
diabetes mellitus tipo 2 (DM) em 2000, 15 (1,1%) com 
valores de proteína C reativa (PCR) iguais ou superio-
res a 1 mg/dL. Participantes com DM, intolerância à 
glicose e PCR elevada não foram incluídos na presente 
análise devido à possibilidade de terem modificado o 
padrão de consumo alimentar ou possível estado infla-
matório agudo (18). Dessa forma, para os propósitos 
deste estudo, o universo amostral incluiu 772 partici-
pantes (329 homens e 443 mulheres) (44,1% do censo 
de 1997). 

Coleta de dados e avaliação clínica

Em entrevista domiciliar, foram aplicados questionários 
estruturados contemplando dados sociodemográficos 
e de saúde. Atividade física (sedentário e leve ou mo-
derada e intensa), tabagismo (atual, nunca fumou ou 
ex-fumantes) e consumo de bebidas alcoólicas (ausen-
te, 0,2-54 ou > 54 gramas/dia) foram classificados em 
categorias. 

A pressão arterial (PA) foi aferida sentada, após re-
pouso, por esfigmomanômetro automático (Omron, 
modelo HEM-712C, Omron Health Care, Inc, USA). 
Considerou-se o valor médio das duas últimas medidas. 
Hipertensão arterial (HA) foi definida quando o indi-
víduo apresentasse PA sistólica ou diastólica ≥ 140/90 
mmHg (19) ou usasse medicamentos anti-hipertensivos.

Peso, altura e perímetro da cintura foram medidos 
com os indivíduos na posição ereta, usando o míni-
mo de roupas possíveis e sem sapatos. O perímetro da 
cintura foi medido durante a expiração na altura da 

Consumo de embutidos e obesidade
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cicatriz umbilical. Os pontos de corte utilizado foram 
os da Organização Mundial da Saúde (OMS) para asiá-
ticos, ou seja, PC ≥ 90 cm para homens e ≥ 80 cm para 
mulheres (20). O índice de massa corporal (IMC) foi 
calculado pelo peso (em quilos) dividido pela altura 
(em metros) ao quadrado (1), definindo-se obesidade 
“generalizada” pelo IMC ≥ 25 kg/m2 (20). Obesidade 
geral na presença de abdominal foi definida quando o 
indivíduo apresentasse simultaneamente obesidade ge-
neralizada e abdominal.

Avaliação do consumo alimentar

Dados dietéticos foram obtidos a partir de um questio-
nário quantitativo de frequência alimentar (QQFA) de-
senvolvido e validado para a população nipo-brasileira 
(21). Os indivíduos responderam sobre seu consumo 
habitual de alimentos ou grupos alimentares no últi-
mo ano, informando sobre frequência de consumo em 
unidades de tempo e o tamanho usual da porção. Ques-
tões relacionadas ao uso de temperos, frequência da in-
gestão de gorduras visíveis e tipo de gordura utilizada 
no preparo dos alimentos também foram incluídas. A 
análise das dietas foi realizada por meio do Dietsys 4.0 
(National Cancer Institute, Bethesda, Maryland, USA) 
com dupla digitação e análise de consistência. A com-
posição química dos alimentos foi baseada em tabelas 
oficiais do Brasil, Japão e Estados Unidos, conforme 
previamente descrito (22).

Os teores de ácidos graxos trans dos alimentos do 
QQFA foram obtidos em tabelas nacionais e interna-
cionais (23,24). Para alguns alimentos e preparações 
nacionais não identificados nas tabelas publicadas, uti-
lizou-se o teor de ácidos graxos trans de alimento de 
composição química e processamentos semelhantes 
(25). As variáveis dietéticas de interesse foram calorias 
totais, gordura total, gordura total em relação ao va-
lor calórico total (%VCT), colesterol, gordura saturada, 
gordura trans, ácido graxo oleico, ácido graxo linoleico, 
embutidos (presunto, mortadela, linguiça e salsicha); 
carnes vermelhas (carnes vermelhas em geral, bovina e 
suína); aves (aves em geral, frango e peru); pescados 
e frutos do mar (peixes em geral, sashimi [peixe cru], 
chikuwa [embutido à base de peixe] e camarão).

Indicadores bioquímicos

Foram coletadas amostras sanguíneas em jejum para de-
terminação de glicose, insulina, perfil lipídico e PCR.  
A seguir, os participantes foram submetidos ao teste 

oral de tolerância à glicose com 75 g. Após duas ho-
ras da sobrecarga, foi realizada nova coleta para deter-
minação de glicose e insulina. A glicose plasmática foi 
determinada pelo método da glicose-oxidase (26). Para 
cada série de dosagem de glicose, foram obtidas três 
amostras controles, cuja variação dos valores foi inferior 
a 5%. Para fins deste estudo, adotou-se a classificação 
da homeostase glicêmica segundo a OMS (27), ou seja: 
normal (glicemia de jejum < 110 mg/dL e glicemia 
pós-carga de glicose < 140 mg/dL); glicemia de jejum 
alterada – GJA (glicose de jejum entre 110 mg/dL e 
126 mg/dL com glicemia de 2 horas < 140 mg/dL); 
tolerância de glicose diminuída – TGD (glicemia de je-
jum < 126 mg/dL e após sobrecarga entre 140 mg/dL 
e 200 mg/dL) e DM (glicemia de jejum ≥ 126 mg/dL 
e/ou pós-sobrecarga ≥ 200 mg/dL). A insulina foi de-
terminada por método imunofluorimétrico baseado em 
anticorpo monoclonal (Auto Delfia, Perkin Elmer Life 
Science Inc, Norton, USA) (28). O HOMA-IR (ho-
meostatic model assessment) foi calculado para estimar 
a resistência a insulina [HOMA-IR = glicose em jejum 
(mmol/L) x insulina em jejum (mU/L)/22,5] (29).

Os lípides séricos foram determinados por métodos 
enzimáticos. O diagnóstico de dislipidemia foi defini-
do quando o indivíduo apresentasse colesterol total ≥ 
200 mg/dL ou LDL-c ≥ 130 mg/dL ou triglicérides ≥ 
150 mg/dL ou HDL-colesterol (HDL-c) ≤ 40 mg/dL, 
conforme os critérios do National Cholesterol Education 
Program (NCEP) ou em uso de medicamentos antilipê-
micos (30). Níveis de proteína C reativa (PCR) foram 
determinados por quimiluminescência (Immulite High 
Sensitivity CRP Assay; DPC, Los Angeles, CA, USA). 

Análise estatística 

Os desfechos foram obesidade abdominal (medida pelo 
PC), obesidade generalizada (medida pelo IMC) e obe-
sidade generalizada na presença de abdominal. As variá-
veis dietéticas consideradas de exposição foram gordura 
total, gordura saturada, ácidos graxos trans, ácido gra-
xo oleico e ácido graxo linoleico, colesterol, além dos 
grupos alimentares: embutidos, carnes vermelhas, aves 
e peixe e frutos do mar.

As análises foram realizadas com o auxílio do SPSS 
versão 12.0 (SPSS Inc., Chicago, IL, USA, 2003), com 
o valor de p < 0,05. Uma subamostra (657 indivíduos: 
378 mulheres e 279 homens) foi utilizada em análises 
complementares com o desfecho: obesidade generali-
zada na presença de obesidade abdominal (n = 210), 
excluindo-se 115 indivíduos que apresentavam so-
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mente obesidade generalizada (n = 61) ou aqueles que 
apresentavam apenas obesidade abdominal (n = 54). 
Frequências relativas e absolutas, média, desvio-padrão 
(DP), mediana e intervalo interquartil das variáveis so-
ciodemográficas, bioquímicas, dietéticas (dados brutos) 
e antropométricas foram calculados segundo: presen-
ça de obesidade generalizada, obesidade abdominal e 
obesidade generalizada na presença de abdominal. As 
variáveis bioquímicas e de consumo alimentar sofreram 
transformação logarítmica antes das análises estatísticas. 
Os nutrientes da dieta foram ajustados pelas calorias to-
tais pelo método residual. O ajuste foi realizado por 
regressão linear simples, com o nutriente como variável 
dependente e as calorias totais como independente. O 
nutriente ajustado foi o resultado da soma do resíduo, 
obtido pela regressão linear simples, com o valor es-
perado para o consumo do nutriente para indivíduos 
com ingestão habitual igual à média de calorias totais 
para a população (31). Para comparação entre variáveis 
contínuas e proporções, foram empregados teste t de 
Student ou ANOVA ou U de Mann-Whitney e Qui-
quadrado, respectivamente. As variáveis dietéticas fo-
ram categorizadas em terços para a análise de associação 
com os desfechos de interesse em modelos de regressão 
logística estratificados por sexo. A seleção das variáveis 
dietéticas para os modelos múltiplos finais seguiu crité-
rios estatísticos e plausibilidade biológica. Estimativa da 
odds ratio (OR) e do respectivo intervalo de confiança 
foi calculado para os três desfechos (obesidade abdo-
minal, obesidade generalizada e obesidade generalizada 
na presença de abdominal). O menor tercil de inges-
tão considerou-se a categoria de referência. Testou-se 
a tendência de variação linear no risco (p de tendência) 
com os valores medianos do intervalo de cada terço das 
variáveis de exposição de interesse como valores de uma 
variável contínua. O modelo inicial foi ajustado para a 
idade (em anos). Em seguida, o modelo sofreu ajuste 
para as covariáveis: geração (primeira e segunda), fumo 
(nunca, ex-fumante, fumante atual), hipertensão (sim, 
não ou uso de medicamentos), dislipidemia (sim, não 
ou uso de medicamentos), atividade física no trabalho 
(sim, não) e consumo de bebidas alcoólicas (nunca, 0,2 
a 54 gramas/dia, > 54 gramas/dia). Por fim, o modelo 
múltiplo foi adicionalmente ajustado para calorias totais 
(kcal) e HOMA-IR. Outros modelos foram calculados 
com ajuste adicional para IMC (quando o desfecho foi 
obesidade abdominal) ou PC (quando o desfecho foi 
obesidade generalizada). 

RESULTADOS

As características gerais dos participantes segundo gê-
nero são descritas na tabela 1. Os homens apresentaram 
maior escolaridade, havendo ainda maior proporção de 
casados, tabagistas, consumidores de bebidas alcoó licas, 
dislipidêmicos e com alterações da tolerância à glicose. 
A frequência de mulheres sedentárias ou com atividades 
leves foi maior que nos homens.

Estratificando-se segundo presença de obesidade 
generalizada, abdominal e generalizada na presença de 
abdominal (Tabela 2), observa-se, conforme esperado, 
que indivíduos com obesidade generalizada na presen-
ça de abdominal apresentaram valores médios maiores 
de IMC e PC, além de maior proporção de portado-
res de TGD e PA elevada PA e com maior mediana do 
HOMA-IR.

Em homens, observou-se que o maior consumo de 
ácido graxo oleico e grupo dos embutidos ajustados 
para idade associou-se à obesidade abdominal. Após 
ajuste adicional para covariáveis, o maior consumo de 
ácido graxo oleico foi associado à obesidade abdomi-
nal. Em relação ao grupo dos embutidos, o consumo 
no último tercil foi associado à obesidade abdominal 
após ajustes. Contudo, após ajuste adicional para IMC, 
a associação perdeu significância. Quando comparado 
apenas o último terço com o primeiro, houve tendência 
de aumento do risco com maior nível de ingestão dos 
embutidos (Tabela 3). 

Na população masculina, houve associação entre 
obesidade generalizada com abdominal e o maior con-
sumo de embutidos, aves, pescados e frutos do mar 
após ajuste para idade quando comparado o maior com 
o menor terço de ingestão. O maior consumo de aves 
e pescados e frutos do mar foi associado à obesidade 
generalizada com abdominal após ajustes; porém, essas 
associações não persistiram com ajuste adicional para 
HOMA-IR (Tabela 3). 

Considerando ainda a população masculina, obser-
vou-se associação positiva entre obesidade generalizada 
com abdominal e a maior ingestão de colesterol e em-
butidos, quando comparado o primeiro com o último 
terço de ingestão após ajustes. Além disso, o consumo 
de embutidos apresentou relação dose-resposta com 
tendência linear para aumento do risco com seu maior 
consumo (Tabela 3). 

Em mulheres, somente o grupo das carnes verme-
lhas associou-se à obesidade generalizada na presença 
de abdominal após ajustes (OR 3º tercil 0,47; IC95% 0,23-
0,96).

Consumo de embutidos e obesidade
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Tabela 1. Características da população nipo-brasileira segundo gênero 

Homens
(n = 329)

Mulheres 
(n = 443) P

Geração (n %)

  Primeira 372 48,2 400 51,8 0,319

  Segunda 320 41,4 43 58,6

Idade (anos) 55,1 (13,0) 55,2 (12,4) 0,862

Escolaridade (n %)*

   < 1 ano 279 36,1
39,0
53,6

493 63,9
61,0
46,4

0,022

   1 – 8 anos 301 39,0 471 61,0

   ≥ 8 anos 414 53,6 358 46,4

Estado civil (n %)*

   Casado 380 49,2
25,9
18,8

392 50,8
74,1
81,8

0,000

   Solteiro 200 25,9 572 74,1

   Viúvo/divorciado 145 18,8 627 81,2

Atividade física no trabalho (n %)*

   Sedentária ou leve 284 36,8
60,2

408 63,2
39,8

0,001

   Moderada ou intensa 465 60,2 307 39,8

Tabagismo (n %)*

   Nunca fumou 225 29,1
63,4
84,5

547 70,9
36,6
15,5

0,000

   Ex-fumante 490 63,4 282 54,2

   Fuma atualmente 676 87,5 96 12,5

Consumo de bebidas alcoólicas (n %)*

   Não consome 209 27,1 563 72,9 0,000

   0,2-54 gramas/dia 354 45,8 418 54,2

   > 54 gramas/dia 676 87,5 96 12,5

Classificação do PC1 (n %)*

   Não 344 44,5 428 55,5 0,000

   Sim 226 29,3 546 61,0

Classificação do IMC2 (n %) 

   Normal 266 34,4 506 65,6 0,057

   Sobrepeso 367 47,5 405 52,5

   Obeso 379 49,1 393 50,9

Tolerância à glicose3* (n %)

  Normal 246 31,8 526 68,2 0,012

  Glicemia de jejum alterada (GJA) 405 52,5 367 47,5

  Tolerância à glicose diminuída (TGD) 343 44,5 429 55,5

Classificação da PA4 (n %)

   Normal 323 41,8 449 58,2 0,775

   Alta 341 44,2 431 55,8

Dislipidemia5* (n %)

   Não 225 29,1 547 70,9 0,019

   Sim 350 45,3 422 54,7

DP: desvio-padrão; PC: perímetro de cintura; IMC: índice de massa corporal; * p < 0,05, teste X2.
1 Pontos de corte segundo WHO/IASO/IOTF 2000: PC: sim = ≥ 80 cm para mulheres; PC: sim = ≥ 90 cm para homens.
2 Pontos de corte segundo WHO/IASO/IOTF 2000: IMC: < 23 kg/m2 eutrofia, 23 a 24,9 kg/m2 sobrepeso e ≥ 25 kg/m2 obeso.
3 Segundo critérios da WHO (2000) – Normoglicêmico ≥ 110 mg/dL, e glicemia pós-carga de glicose < 140 mg/dL; glicemia de jejum alterada: glicemia de jejum entre 110 mg/dL e 126 mg/dL 
com glicemia pós-carga de glicose < 140 mg/dL; tolerância glicose diminuída: glicemia de jejum < 126 mg/dL e após sobrecarga entre 140 mg/dL e 200 mg/dL.
4 Segundo critérios da OMS: pressão arterial (PA) elevada = PA sistólica ou diastólica ≥ 140/90 mmHg.
5 Segundo critérios da NCEP ou uso de medicamento: colesterol total ≥ 200 mg/dL, LDL-c ≥ 130 mg/dL, HDL-c ≤ 40 mg/dL ou triglicérides ≥ 150 mg/dL.

Consumo de embutidos e obesidade
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Tabela 2. Características gerais dos participantes segundo presença de obesidade generalizada, abdominal e generalizada na presença de abdominal 

Eutróficos  
(n = 447)

Obesidade abdominal 
(n = 54)

Obesidade geral  
(n = 61)

Obesidade geral na 
presença de abdominal  

(n = 210)

Gênero (% homens/mulheres)* 41,6/58,4 18,5/81,5 65,6/34,4 44,3/55,7

IMC (kg/m2)1** 21,7 (1,9) 23,6 (1,0) 26,3 (0,9) 28,4 (2,7)

PC (cm)1** 75,4 (6,5) 85,1 (5,0) 83,1 (5,3) 92,1 (7,8)

Geração (% issei/nisei)* 21,9/77,6 24,1/75,9 6,6/93,4 11,5/88,5

Idade (anos)1** 54,9 (13,2) 60,8 (13,2) 50,4 (11,0) 55,8 (11,1)

Alterações da homeostase glicêmica (%)*

  Normal 40,3 42,6 34,4 19,0

  Glicemia de jejum alterada (GJA) 32,9 27,8 31,1 26,2

  Tolerância à glicose diminuída (TGD) 26,8 29,6 34,4 54,8

Pressão arterial (%)*

  Normal 75,4 59,3 68,9 48,1

  Alta 24,6 40,7 31,1 51,1

HOMA-IR1** 0,30 (0,6) 0,55 (0,61) 0,57 (0,50) 0,91 (0,60)

1 Média e desvio-padrão (DP). * P < 0,05, teste X2; ** P < 0,05, ANOVA.

Consumo de embutidos e obesidade

Tanto em homens quanto em mulheres nenhuma as-
sociação foi observada entre ingestão de gordura total e 
frações (com exceção do colesterol dietético) e obesida-
de abdominal ou obesidade generalizada na presença de 
abdominal. Além disso, em homens, nenhuma associa-
ção foi verificada entre ingestão de peixe, frango, carne 
vermelha e obesidade abdominal, bem como não houve 
associação entre obesidade generalizada na presença de 
abdominal e grupo das carnes vermelhas. A obesidade 
generalizada não se associou a nenhum fator dietético 
em ambos os gêneros (dados não apresentados).

DISCUSSÃO 

No presente estudo, investigaram-se três diferentes pa-
drões de distribuição de adiposidade corporal associados 
à ingestão de lipídios e alimentos embutidos ricos em 
gorduras. O primeiro padrão (obesidade generalizada) 
foi caracterizado pelo aumento da adiposidade geral, o 
segundo (obesidade abdominal) pelo acúmulo central e o 
terceiro com adiposidade excessiva generalizada inclusive 
na região abdominal. Esse último padrão foi investigado 
baseado na hipótese que poderia refletir pior perfil me-
tabólico, assim como observado em outras populações 
(32). Em homens, nosso estudo sugere relação entre 
maior consumo de alimentos embutidos com a obesida-
de, principalmente a obesidade generalizada na presença 
da abdominal. Esses resultados foram também observa-
dos em estudos anteriores para a obesidade generalizada 
ou abdominal analisados separadamente (7-8,14). 

Embora a associação positiva entre consumo de áci-
do graxo oleico e obesidade abdominal observada no 
presente estudo, em homens, seja discordante de resul-
tados de outros estudos em população ocidental (33), 
há uma possível explicação para essa associação: fontes 
dietéticas de ácido graxo oleico em nossa população de 
estudo coincidem com as fontes alimentares de gordura 
saturada (1). Os óleos vegetais são consumidos princi-
palmente como frituras, o que combinaria com as fon-
tes de gordura saturada. Logo, a estimativa de consumo 
desse nutriente reflete também o consumo de gordura 
saturada total da dieta. Outro estudo transversal de base 
populacional na população estadunidense comprovou 
que a alta ingestão de gordura saturada associava-se 
à obesidade abdominal (8). No entanto, analisando a 
natureza do estudo transversal, deve-se considerar tam-
bém a possibilidade de o resultado ter sido ao acaso, 
bem como as próprias limitações dos dados de consumo 
alimentar.

Nesse estudo, outro nutriente que se associou à 
obesidade generalizada na presença de abdominal foi o 
colesterol. Em homens, observou-se que um consumo 
entre 233,83 e 920,63 mg/dia de colesterol foi associa-
do ao risco para obesidade generalizada com abdomi-
nal. As recomendações dietéticas para esses nutrientes 
são inferiores a 300 mg/dia, sendo que os nipo-bra-
sileiros chegaram a consumir até três vezes mais esse 
valor (1). Carrera e cols. (34), em estudo transversal 
de base populacional na população mexicana residente 
nos Estados Unidos (National Health and Nutrition 
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Tabela 3. Odds ratios (intervalo com 95% de confiança) para obesidade abdominal (n = 329)1 e generalizada na presença de abdominal (n = 279)2 em 
homens segundo terços de consumo

Fatores dietéticos 1º terço 2º terço 3º terço P-valor  

Obesidade abdominal1

Ácido graxo oleico (g) n (normal/obeso) 84/25 71/39 71/39

Max-Min 3,80-24,01 24,02-32,47 32,51-82,84

Ajuste para idade 1 0,99 (0,54; 1,81) 1,91 (1,06; 3,47)* 0,039

Modelo 1 1 0,92 (0,48; 1,80) 2,01 (1,04; 3,89)* 0,034

Modelo 2 1 0,85 (0,39; 1,85) 1,98 (1,02; 3,84)* 0,039

Modelo 3 1 1,54 (0,47; 5,08) 2,28 (1,09; 4,80)* 0,016

Modelo 4 1 2,36 (0,74; 7,56) 6,80 (1,91; 24,19)* 0,012

Embutidos (g) n (normal/obeso) 78/26 86/30 62/47

Max-Min 0,00-6,70 7,00-18,20 18,60-95,30

Ajuste para idade 1 1,04 (0,57; 1,92) 2,25 (1,25; 4,07)* 0,007

Modelo 1 1 0,96 (0,49; 1,87) 2,01 (1,06; 3,85)* 0,031

Modelo 2 1 0,96 (0,49; 1,87) 2,00 (1,01; 3,97)* 0,047

Modelo 3 1 0,81 (0,37; 1,75) 2,26 (1,01; 3,97)* 0,016

Modelo 4 1 0,39 (0,11; 1,34) 2,97 (0,89; 9,91) 0,003

Obesidade geral na presença de abdominal2

Colesterol (mg) n (normal/obeso) 45/14 66/33 75/46

Max-Min 38,96-135,53 136,48-206,90 208,49-920,63

Ajuste para idade 1 1,55 (0,81; 2,98) 1,73 (0,89; 3,37) 0,247

Modelo 1 1 1,87 (0,87; 4,01) 2,86 (1,28; 6,40)* 0,038

Modelo 2 1 1,89 (0,88; 4,09) 2,99 (1,32; 6,75)* 0,032

Modelo 3 1 1,62 (0,65; 4,04) 2,95 (1,13; 7,72)* 0,078

Embutidos (g) n (normal/obeso) 61/13 61/22 64/58

Max-Min 0,00-4,70 5,00-14,00 14,20-95,30

Ajuste para idade 1 1,66 (0,77; 3,60) 4,05 (2,00; 8,19)* 0,000

Modelo 1 1 1,65 (0,68; 3,98) 4,31 (1,90; 9,77)* 0,001

Modelo 2 1 1,63 (0,67; 3,95) 4,16 (1,78; 9,72)* 0,002

Modelo 3 1 0,90 (0,31; 2,57) 2,97 (1,13; 7,78)* 0,009

Aves (g) n (normal/obeso) 48/16 81/37 57/40

Max-Min 0,00-2,20 3,00-7,10 9,00-135,00

Ajuste para idade 1 1,31 (0,66; 2,62) 1,97 (0,97; 3,98) 0,134

Modelo 1 1 1,64 (0,74; 3,63) 2,47 (1,08; 5,66)* 0,094

Modelo 2 1 1,64 (0,74; 3,64) 2,40 (1,05; 5,51)* 0,115

Modelo 3 1 1,56 (0,62; 3,94) 2,07 (0,79; 5,43) 0,328

Peixe e frutos do mar (g) n 66/20 58/33 62/40

Max-Min 0,20-8,80 9,00-20,20 20,30-182,70

Ajuste para idade 1 1,94 (0,99; 3,78) 2,25 (1,18; 4,30)* 0,040

Modelo 1 1 2,01 (0,94; 4,31) 2,56 (1,20; 5,46)* 0,047

Modelo 2 1 1,96 (0,92; 4,20) 2,41 (1,12; 5,18)* 0,071

Modelo 3 1 2,04 (0,84; 4,97) 2,29 (0,94; 5,59) 0,166

1 Obesidade abdominal: PC ≥ 80 cm para mulheres e ≥ 90 cm para homens (OMS/IASO/IOTF 2000).
2 Obesidade abdominal: PC ≥ 80 cm para mulheres e ≥ 90 cm para homens e obesidade generalizada: IMC ≥ 25,0 kg/m2 (WHO/IASO/IOTF 2000). * P < 0.05. Nutrientes ajustados pelas calorias 
totais (método residual); nutrientes e variáveis bioquímicas sofreram transformação logarítmica. Modelo 1: gênero, idade, geração, tabagismo, consumo de bebidas alcoólicas, hipertensão, 
dislipidemia, atividade física no trabalho. Modelo 2: modelo 1 + calorias totais (kcal). Modelo 3: modelo 2 + HOMA-IR. Modelo 4: modelo 3 + IMC.
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Examination Survey – NHANES 2001 e 2002), obser-
varam padrão de ingestão aproximado ao da popula-
ção nipo-brasileira também positivamente associado ao 
IMC e ao PC.

Em mulheres, no presente estudo houve associação 
inversa entre consumo de carnes vermelhas e obesidade 
geral com abdominal. Apesar de apenas um estudo an-
terior, transversal de base populacional, concordar com 
esse resultado (3), outras investigações longitudinais e 
uma metanálise não observaram essa associação (7,8). 
Aquilo que se verificou no presente estudo é que a me-
diana de ingestão de carnes vermelhas no último tercil 
foi igual a 76,9 gramas (intervalo interquartil = 61,8-
92,4 gramas), o que estaria de acordo com a recomen-
dação dietética para população brasileira (35) e com a 
adequação proteica da dieta (1). Esse resultado relacio-
na-se provavelmente à melhor adequação nutricional da 
dieta entre mulheres nipo-brasileiras de acordo com o 
limite máximo de ingestão de carnes e alimentos pro-
teicos recomendado.

No presente estudo, houve diferenças na associação 
entre padrões de distribuição de gordura corporal e in-
gestão de gorduras e alimentos cárneos segundo gêne-
ro. Algumas hipóteses podem explicar, pelo menos em 
parte, essas diferenças: 1) diferentes hábitos alimentares 
entre homens e mulheres nessa população. Na popula-
ção de nipo-brasileiros de Bauru, SP, um estudo ante-
rior observou maior ingestão de colesterol e gordura 
entre os homens (36). Possivelmente, os homens apre-
sentam maior grau de ocidentalização e incorporação 
do estilo de vida ocidental em relação às mulheres nipo- 
-brasileiras, o que poderia explicar diferenças quanto ao 
perfil antropométrico e frequência de morbidades em 
populações migrantes; 2) ocorrência de sub-relato do 
consumo de certos alimentos (como os alimentos não 
saudáveis) mais frequente em mulheres quando com-
paradas aos homens (37). No entanto, por essa razão, 
os modelos múltiplos foram adicionalmente ajustados 
pelas calorias totais para minimizar o impacto desse 
viés nos resultados; 3) diferente distribuição corporal 
da adiposidade em homens e mulheres. As mulheres 
podem apresentar maior quantidade de gordura sub-
cutânea, enquanto os homens tendem ao acúmulo de 
gordura visceral (38). Em homens, há maior número 
de receptores α2-adrenorreceptores que aumentam a 
mobilização de ácidos graxos livres para o sistema ve-
noso portal, favorecendo o acúmulo de tecido adiposo 
de localização visceral (39).

No entanto, a interpretação de nossos resultados 
exige cautela por seu delineamento ser transversal, 
considerando-se como uma das principais limitações a 
impossibilidade em identificar a relação temporal entre 
causa e efeito investigados. No entanto, essa limitação 
pode ter sido atenuada com a exclusão na presente aná-
lise dos indivíduos com diagnóstico prévio ou atual de 
AHG e DM ou em uso de hipoglicemiantes, visto que 
peso, PC, padrão alimentar e de atividades físicas po-
dem se alterar com maior frequência devido à presença 
dessas morbidades (6).

Assim, os resultados apresentados sugerem que, em 
nipo-brasileiros, o maior consumo de alimentos prove-
nientes de um padrão ocidentalizado, como o consumo 
de alimentos embutidos, está associado ao aumento da 
gordura corporal, principalmente à obesidade generali-
zada na presença de obesidade abdominal. Ressalta-se 
a importância de medidas estratégicas preventivas para 
a obesidade de acordo com o gênero, como o maior 
incentivo à alimentação saudável, sobretudo na popu-
lação masculina. 
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Iodine nutrition in elementary state 
schools of Queretaro, Mexico: 
correlations between urinary iodine 
concentration with global nutrition 
status and social gap index 
Consumo de iodo em escolas de ensino fundamental de Querétaro, 
México: correlação entre a concentração urinária de iodo, o 
estado nutricional geral e o índice de desigualdade social

Pablo García-Solís1, Juan Carlos Solís-S1, Ana Cristina García-
Gaytán1, Vanessa A. Reyes-Mendoza1, Ludivina Robles-Osorio1, Enrique 
Villarreal-Ríos2, Luisa Leal-García3, Hebert Luis Hernández-Montiel1

ABSTRACT
Objective and methods: To estimate median urinary iodine concentration (UIC), and to correlate it 
with global nutrition indicators and social gap index (SGI) in 50 elementary state schools from 10 
municipalities in the State of Queretaro, Mexico. Results: 1,544 students were enrolled and an above 
of requirements of iodine intake was found (median UIC of 297 μg/L). Iodine status was found as de-
ficient, adequate, more than adequate and excessive in 2, 4, 19 and 25 schools, respectively. Seventy 
seven percent of table salt samples showed adequate iodine content (20-40 ppm), while 9.6% of the 
samples had low iodine content (< 15 ppm). Medians of UIC per school were positively correlated with 
medians of body mass index (BMI) by using the standard deviation score (SDS) (r = 0.47; p < 0.005), 
height SDS (r = 0.41; p < 0.05), and overweight and obesity prevalence (r = 0.41; p < 0.05). Medians of 
UIC per school were negatively correlated with stunting prevalence (r = -0.39; p = 005) and social gap 
index (r = -0.36; p < 0.05). Best multiple regression models showed that BMI SDS and height were sig-
nificantly related with UIC (p < 0.05). Conclusions: There is coexistence between the two extremes of 
iodine intake (insufficient and excessive). To our knowledge, the observed positive correlation between 
UIC and overweight and obesity has not been described before, and could be explained by the availa-
bility and consumption of snack food rich in energy and iodized salt. Arq Bras Endocrinol Metab. 2013;57(6):473-82

Keywords
Iodine nutrition; obesity; urinary iodine concentration; schoolchildren; stunting; social gap index 

RESUMO
Objetivo e métodos: Estimar a concentração de iodo urinário (CIU) mediana e correlacioná-la com os 
indicadores de nutrição geral e com o índice de desigualdade social (IDS) de 50 escolas estaduais de 
ensino fundamental de 10 municípios do estado de Querétaro, no México. Resultados: Utilizou-se um 
total de 1.544 crianças e encontrou-se uma ingestão acima das necessidades de iodo (CIU mediana de 
297 μg/L). O nível de iodo determinado foi deficiente, adequado, mais do que adequado e excessivo 
em 2, 4, 19 e 25 escolas, respectivamente. Setenta e sete por cento de amostras de sal de mesa mos-
traram uma quantidade de iodo adequada (20-40 ppm), enquanto 9,6% das amostras tinham um teor 
de iodo baixo (< 15 ppm). As medianas de CIU por escola foram correlacionadas positivamente com 
as medianas do índice de massa corporal (IMC) usando o desvio-padrão da contagem (DP) (r = 0,47; 
p < 0.005), o DP da altura (r = 0,41; p < 0.05) e a prevalência de sobrepeso e de obesidade (r = 0,41; p 
< 0,05). As medianas de CUI por escola foram correlacionadas negativamente com a prevalência de 
desnutrição (r = -0.39; p = 005) e com o índice de desigualdade social (r = -0.36; p < 0,05). Os melhores 
modelos de regressão múltipla mostraram que a DP do IMC e a altura foram relacionados significati-
vamente com a CIU (p < 0,05). Conclusão: Existe uma convivência entre os dois extremos de ingestão 
de iodo (insuficiente e excessiva). Em nosso conhecimento, a correlação positiva entre a CIU, o excesso 
de peso e a obesidade não foi descrita anteriormente e poderia ser explicada pela disponibilidade e 
consumo de alimentos ou refeições ricos(as) em energia e sal iodado. Arq Bras Endocrinol Metab. 2013;57(6):473-82
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INTRODUCTION

I odine deficiency is still one of the most important 
nutritional deficiencies worldwide (1). According 

to the World Health Organization (WHO), the United 
Nations Children Fund (Unicef), and the Internatio-
nal Council for Control of Iodine Deficiency Disorders 
(ICCIDD), iodine deficiency is the main cause of pre-
ventable brain damage (2). Two of the main strategies 
to eradicate iodine deficiency are to establish a manda-
tory universal salt iodization (USI) program and the 
permanent monitoring of iodine intake by means of the 
assessment of urinary iodine concentration (UIC) in 
vulnerable population, such as schoolchildren and both 
pregnant and lactating women (2). A median value of 
UIC below 100 μg/L in schoolchildren indicates io-
dine deficiency, and the monitoring of UIC is recom-
mended at least every three years in a representative 
national sample (2). In Mexico, the last two national 
studies regarding iodine nutrition were performed be-
tween 1998 and 1999, the National Nutrition Survey 
(NNS-1999) (a probabilistic survey) and the Thyro-
mobile program (with 23 sentinel sites), reported a 
median UIC of 235 and 176 μg/L, respectively (3-5). 
According to the USI program in Mexico, it is esti-
mated that 94% table salt available in the market has 
more than 15 ppm of iodine (6); however, there are 
regions with still insufficient iodine content in table 
salt (7). In these regions, the sources of table salt are 
local and from artisanal producers that do not guaran-
tee adequate iodine content (7). There are no recent 
national surveys about iodine content in table salt in 
households of Mexico, and the consumption pattern of 
iodized salt is poorly understood. Moreover, Mexico is 
considered a nutrition transition country with serious 
problems of overweight and obesity and a reduction 
of infectious diseases and nutritional deficiencies (8). 
The NNS-1999 reported a prevalence of overweight 
and obesity in schoolchildren (5 to 11 years of age) of 
18.4%; seven years later, the National Health and Nu-
trition Survey-2006 reported a prevalence of overwei-
ght and obesity of 26.2% (3,9). On the other hand, 
the control of chronic undernutrition has been notably 
improved in the last years. In this regard, stunting pre-
valence in schoolchildren in 1999 was 16.1%, whereas 
in 2006 it was 9.9% (3,9). However, other nutritional 
deficiencies, such as anemia in schoolchildren have not 
improved significantly; in 1999, anemia prevalence was 
19.5%, whereas in 2006 it was 16.6% (3,9). This nu-

tritional context makes it mandatory to describe the 
current situation of iodine nutrition in Mexico. In this 
cross-sectional study, we describe iodine nutrition sta-
tus in Mexican children from elementary state schools 
in municipalities considered vulnerable to iodine defi-
ciency and its relationship with the global nutrition sta-
tus and the social gap index, a socioeconomic indicator.

SUBJECTS AND METHODS

Setting and subjects

This cross-sectional study was performed in 10 munici-
palities from the state of Queretaro, Mexico. The mu-
nicipalities studied were Amealco, Colon, El Marques, 
Huimilpan, Jalpan de Serra, Landa de Matamoros, Pe-
dro Escobedo, Pinal de Amoles, San Joaquin, and Toli-
man. The state of Queretaro is located at the center of 
the country (20° 40’-20º 1’ N, 99° 2’- 100º 36’ W) 
(10), approximately 270 km to the northwest of Me-
xico City. According to the 2010 national census, the 
state of Queretaro has 1,827, 937 inhabitants, with the 
total population of the 10 municipalities studied repre-
senting 24.2% of the total population of the state (10). 
Table 1 shows major geographic and sociodemographic 
characteristics, such as total population (10), school-
children population (11), extreme poverty (12), social 
gap index (SGI) (12), prevalence of stunting (13), and 
range of altitude (14) of each municipality studied. Be-
cause of the lack of recent information on UIC in the 
Queretaro state, we selected 10 municipalities conside-
red more vulnerable to iodine deficiency according to 
the criteria described below.

Historic records of endemic goiter: the municipali-
ties selected based on this criterion were Jalpan de Serra, 
Landa de Matamoros, and Toliman (15,16). Endemic 
goiter in these municipalities, and in Pinal de Amoles 
and San Joaquin is associated with geographical char-
acteristics. Jalpan de Serra, Landa de Matamoros, Pinal 
de Amoles, San Joaquin, and Toliman are part of the 
Sierra Madre Oriental, an important mountain range. 
Iodine-deficient soils are common in mountainous areas 
(17). On the other hand, because iodine deficiency is 
associated with poverty and chronic undernutrition 
(18,19), high rates of stunting prevalence were used as 
a second criterion. High stunting rate was considered 
as a prevalence > 10%, which is more than the current 
national prevalence (9). The municipalities selected 
based on this criterion were Amealco, Pinal de Amo-

Iodine nutrition in Mexican schoolchildren
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les, San Joaquin, and Toliman (Table 1) (13). Finally, 
high rates of congenital hypothyroidism were used as 
a third criterion of selection. High rate of congenital 
hypothyroidism was considered as a rate > 4.2/10,000 
live births; which is more than the average of the na-
tional prevalence (20,21). For this selection we used 
data from 2007, and the municipalities selected based 
on this criterion were Colon, El Marques, Huimilpan, 
and Pedro Escobedo (22,23).

We studied iodine nutrition in children from 50 
randomly selected localities (76% rural and 24% urban) 
(14), 5 from each municipality. From each locality, one 
state elementary school was selected as the survey site. 
Only schools with more than 30 children between 6 
to 12 years of age were included in this study (11). 
The Principal from each school was asked to randomly 
select 30-35 children of both genders to participate in 
the study. In general, it is accepted that 30 urine sam-
ples are enough to calculate the median of UIC (2). 
However, in 7 cases, the number of children that took 
part in the day of data collection was less than 30, and 
in some cases, age range was between 5 to 16 years old. 
Because of the difficulties to return to these locations, 
we decided to include all the children available on the 
day of the data collection. Only 1.2% of children stud-
ied were younger than 6 years old, and only 2.5% were 
older than 12 years old. The range of subjects sampled 
from each school was 23 to 36 children, and all data 
were collected from May 2010 to July 2011. 

This study was approved by the Bioethical Commit-
tee of the School of Medicine of the Autonomous Uni-
versity of Queretaro. All participants voluntarily took 

part in the study and written consent was obtained 
from at least one parent or guardian. 

LABORATORY ANALYSIS

We asked the children to bring a sample of ≈ 40 g of table 
salt from their homes. All table salt samples were analyzed 
qualitatively to identify the presence of iodate using a kit 
(Bioteccsa Laboratorios, Sonora, Mexico). A representa-
tive subsample of table salt samples (between 10.9 and 
24.6%), from each municipality was randomly selected 
to quantitatively determine iodine concentration. Quan-
titative iodine analyses of table salt were performed using 
the sodium thiosulfate titration method (2).

On the other hand, spot urine samples were ob-
tained from schoolchildren in 40-mL sterile plastic 
urine sample containers. Samples were placed in poly-
ethylene tubes and kept at 4-10°C until arriving to 
the laboratory, where they were stored at -20°C until 
further analysis. UIC determinations were performed 
by the Sandell-Kolthoff method after sample digestion 
with ammonium persulfate, according to Pino and cols. 
(24). Intra- and interassay coefficients of variation were 
6% and 8%, respectively. Median UIC was expressed in 
micrograms per liter (µg/L). External quality control 
assessment of the analytical procedure of UIC was car-
ried out by the Laboratory of Micronutrients (LM) of 
the Cayetano Heredia Peruvian University. The Labo-
ratory of Micrutrients is included in the Ensuring the 
Quality of Iodine Procedures of the Centers for Dis-
ease Control and Prevention, and is a member of the 
Regional Resource Laboratory for the International 
Resource Laboratories for Iodine Network.

Table 1. Socio-demographic and geographic characteristics of the studied municipalities

Municipality Total population* Schoolchildren 
population**

Extreme 
poverty***, %

Social gap index 
***

Schoolchildren 
stunting 

prevalence+, %
Altitude range++, m

Amealco 62,197 10,216 25.4 0.52864 14.7 2,356 - 2,770

Colon 58,171 8,904 11.4 -0.22066 9.7 1,751 - 2,573

El Marques 116,458 15,580 8.8 -0.72830 7.9 1,859 - 2,206

Huimilpan 35,554 5,738 12.4 -0.23528 7.5 1,933 - 2,431

Jalpan de Serra 25,550 3,983 18.2 -0.45104 9.6 756 - 1,503 

Landa de Matamoros 19,929 3,464 24.2 -0.00523 12.1 1,033 - 1,612

Pedro Escobedo 63,966 8,873 7.2 -0.72304 5.5 1,915 - 2,200

Pinal de Amoles 27,093 5,278 34.9 0.68236 19.7 1,661 - 2,337

San Joaquin 8,865 1,365 25.3 0.34660 15.6 1,597 - 2,450

Toliman 26,372 3,932 17.3 0.30120 12.5 1,468 - 1,937

Reference: 10*, 11**, 12***, 13+, 14++.

Iodine nutrition in Mexican schoolchildren
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The iodine nutrition status in children was deter-
mined according to the recommended WHO/Unicef/
ICCIDD criteria (2), as follows: insufficient iodine in-
take was defined as a population median UIC < 100 
µg/L; adequate intake of iodine as UIC 100-199 
µg/L; iodine intake above the requirements as UIC 
200-299 µg/L; and excessive intake of iodine as UIC 
≥ 300 µg/L.

Anthropometric measurements and global nutrition 
status indicators

The weight and height of the children were determined 
by standard anthropometric procedures (25). For the 
anthropometric measurements, shoes of the subjects 
were removed, their pockets emptied, and they wore 
light indoor clothing. Weight was recorded to the nea-
rest 100 g and height to the nearest centimeter. Body 
mass index (BMI) was estimated for each subject. For 
homogeneity reasons, height and BMI were expressed 
as standard deviation standards (SDS). SDS were calcu-
lated according to Cacciari and cols. (26). Overweight 
and obesity prevalence were determined by using the 
BMI-for-age WHO 2007 criteria (27). A stunted child 
was defined as ≤ -2 SD, according to the height-for-age 
WHO standard (27,28). 

Social gap index (SGI)

SGI was created by the National Council for Eva-
luation of Social Development Policy (CONEVAL) 
that, according to the Mexican law, represents the 
authority and has the responsibility to establish these 
guidelines and criteria for the definition, identifica-
tion, and measurement of poverty (12). The SGI is a 
measurement obtained by means of a principal com-
ponent analysis that summarizes 11 indicators cate-
gorized in four dimensions: a) education (3 indica-
tors), b) access to health care (1 indicator), c) access 
to basic services (3 indicators), and d) housing qua-
lity and spaces and home assets (4 indicators). High 
SGI values indicate poor social development. Data 
used by CONEVAL to calculate the SGI were ob-
tained from the National Census 2010, and provide 
information at three different levels: state, municipa-
lity and locality. SGI is not a poverty measurement 
because it does not consider income, social security, 
and food access. SGI data for each locality was obtai-
ned from a public database at the internet homepage 
of the CONEVAL (12).

Statistical analysis

We used Microsoft Excel 2007 (Microsoft Corpora-
tion, Redmond, WA), SPSS 16.0 (SPSS Inc. Chicago, 
IL), and GraphPad Prism 5 (GraphPad Sofware, Inc. 
La Jolla, CA) to perform the statistical analyses. Values 
shown are means ± standard deviation, or as medians 
and ranges in cases of individual UIC, BMI SDS, hei-
ght SDS data of each child that are not normally dis-
tributed. To analyze if data show Gaussian (normal) 
distributed we used D’Angostino and Person omni-
bus normality test. Non-parametric Mann-Withney U 
and Kruskal-Wallis tests were used for comparisons of 
unpaired groups of UIC. Spearman correlation tests 
were performed to correlate median UIC with the 
prevalence of overweight, obesity and stunting becau-
se these variables did not show a normal distribution. 
Because medians had a Gaussian distribution, Pearson 
correlation tests were performed to relate median UIC 
with medians of BMI SDS and height SDS and SGI. 
We grouped data according to three geo-political le-
vels: locality, municipality, and state. Multiple linear 
regression analyses were performed using the median 
of UIC from each school as a dependent variable, and 
altitude, iodine content in table salt, BMI SDS or hei-
ght SDS and SGI as independent variables (Table 5). 
The best models obtained during the exploration 
analysis are reported (Model 1 and Model 2). P values 
< 0.05 were considered statistically significant.

RESULTS

In this study, 1,544 children from 50 localities (10 mu-
nicipalities) of the state of Queretaro, Mexico, were in-
cluded, with a male/female ratio of 1.07, and a mean of 
9.3 ± 2.1 years of age. Table 2 shows the median height 
SDS and BMI SDS. As it may be observed, the muni-
cipalities of Jalpan de Serra and Pinal de Amoles had 
the lowest height. In addition, Jalpan de Serra had the 
lowest BMI. Table 2 also shows the prevalence of stun-
ting, overweight, and obesity. The highest prevalence 
of stunting was found in Pinal de Amoles (12.3%), and 
the highest prevalence of overweight and obesity was 
found in Pedro Escobedo (36%).

Nine hundred sixteen samples of table salt were col-
lected from the studied children, with only 5% of the 
samples showing negative iodate results (Table 3). Ne-
vertheless, the municipality with the highest percent-
age of table salt samples negative to iodate was Pinal 

Iodine nutrition in Mexican schoolchildren
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de Amoles (14.7%). These data are in agreement with 
the quantitative analysis of iodine content in the sub-
sample of table salt (Table 3). A total of 77.8% table 
salt samples had iodine content between 20-40 ppm, 
and 9.6% of the samples had iodine content < 15 ppm. 
The municipalities with the greatest percentage of table 
salt samples with insufficient iodine content (< 15 ppm) 
were Colon and Pinal de Amoles with 26.3 and 20%, 
respectively.

Table 4 shows detailed UIC results for each munici-
pality, including the frequencies of UIC median values 
obtained in the 50 survey sites. Due to the wide age 
range (5 to 16 years) we analyzed separately the 6-12 
years group and found no differences in the UIC com-

pared with the whole sample. In all municipalities, UIC 
medians were above 200 µg/L, and range was from 
225 μg/L to 531 μg/L. These values indicate more 
than adequate iodine intake (median UIC of 200-299 
μg/L) in 6 municipalities, and excessive iodine intake 
in 4 municipalities (≥ 300 μg/L). In spite of this, we 
found two localities, from the 50 studied, with insuf-
ficient iodine intake (50-100 μg/L), one in Landa de 
Matamoros and the other in Pinal de Amoles. On the 
other hand, because UIC values obtained from spot 
urine samples are not useful to estimate individual io-
dine intake, we used UIC median values from each 
school to perform a population analysis instead of indi-
vidual analysis. 

Table 2. General characteristics of the locations and scholars by municipality

Municipality n Age (years)* Height SDS
(median)

BMI SDS
(median)

Stunting Overweight and obesity

% 95% CI % 95% CI

Amealco 150 9.4 ± 2.1 -0.261a,b 0.323a,b 5.3 1.7-8.9 21.3 14.8-27.9

Colon 154 9.2 ± 2.0 -0.300a,b 0.249a,b 1.9 -0.3-4.1 26.0 19.1-32.9

El Marques 164 9.3 ± 2.0 -0.256a,b 0.485a,b 1.8 -0.2-3.8 34.7 27.4-42.0

Huimilpan 153 8.9 ± 2.2 -0.193a 0.326a,b 7.2 3.1-11.3 20.3 13.9-26.7

Jalpan de Serra 150 9.5 ± 2.1 -0.606b -0.268c 10.0 5.2-14.8 17.3 11.3-23.5

Landa de Matamoros 156 9.5 ± 2.1 -0.412a,b 0.099a,b,c 7.7 3.5-11.9 15.7 10.0-21.4

Pedro Escobedo 161 9.4 ± 1.9 -0.228a 0.532a,b 1.9 -0.2-4.0 36.0 28.6-43.4

Pinal de Amoles 154 9.2 ± 2.2 -0.632b 0.038b,c 12.3 7.1-17.5 11.7 6.6-16.8

San Joaquin 153 9.6 ± 2.0 -0.442a,b -0.005b,c 8.5 4.1-12.9 20.9 14.5-27.3

Toliman 149 9.1 ± 1.9 -0.254a,b 0.508a 4.7 1.3-8.1 31.5 24.0-39.0

All 1,544 9.3 ± 2.1 -0.360 0.248 6.1 4.9-7.3 24.7 22.5-26.9

* Mean ± standard deviation. BMI: body mass index; F: female; M: male. SDS: standard deviation score. a, b, c Different letters indicate statistically significant differences (p < 0.05), according to 
median value and multiple median comparison tests (Kruskal-Wallis and Dunn’s tests). 95% CI: 95% Confidence interval.

Table 3. Qualitative and quantitative analysis of iodine content in table salt samples by municipality

Municipality
Qualitative analysis

Quantitative analysis

Iodine concentration, ppm

n Iodate 
negative, % n Mean ± SD Median  < 15, % ≥ 20-40, % > 40, %

Amealco 117 3.4 18 32.9 ± 6.0 33 0.0 83.3 16.7

Colon 81 4.9 19 23.8 ± 12.3 24 26.3 63.2 5.2

El Marques 79 2.5 18 25.1 ± 5.8 25 5.6 83.3 0.0

Huimilpan 86 0.0 18 31.2 ± 5.0 30 0.0 100.0 0.0

Jalpan de Serra 89 9.0 14 30.8 ± 11.4 34 14.3 64.3 21.4

Landa de Matamoros 128 2.3 14 26.5 ± 8.3 29 7.1 71.4 0.0

Pedro Escobedo 109 8.2 18 28.0 ± 11.1 24 11.1 72.2 16.7

Pinal de Amoles 61 14.7 15 26.2 ± 11.2 27 20.0 73.3 6.7

San Joaquin 79 0.0 15 29.0 ± 10.6 25 13.3 80.0 6.7

Toliman 87 9.2 18 30.4 ± 7.5 30 0.0 83.3 5.6

All 916 5.1 167 28.4 ± 9.4 29 9.6 77.8 7.8

Iodine nutrition in Mexican schoolchildren
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Figure 1A shows a typical non-Gaussian distri-
bution of individual UIC values obtained from spot 
urine samples. Figure 1B shows the Gaussian distribu-
tion of UIC median values obtained in each school.  
Correlation analyses between UIC and global nutrition 
status indicators and SGI using data from the 50 schools 
are shown in Figures 2 and 3. Figures 2A and B show a 
positive and significant correlation between the median 
UIC and the median Height SDS (Pearson r = 0.41; p = 
0.002), and the median BMI SDS (Pearson r = 0.47; p < 
0.001) in each locality. Furthermore, Figure 2C shows a 
negative and significant correlation coefficient between 
UIC and stunting prevalence (Spearman r = -0.39; p 
= 0.003). In contrast, figure 2D shows a positive and 
significant correlation coefficient between UIC and 
overweight and obesity prevalence (Spearman r = 0.41; 
p = 0.002). Correlation coefficients between UIC and 
overweight prevalence and obesity prevalence yielded 
Spearman values of r = 0.37 (p = 0.008) and r = 0.30 
(p = 0.03), respectively (data not shown). On the other 
hand, the correlation coefficient between UIC with SGI 
was negative (Pearson r = -0.36; p = 0.005) (Figure 2). 

Table 5 shows a multiple linear regression analysis 
with UIC as the independent variable and SGI, iodine 
content in table salt, and BMI SDS as dependent variables 
(Model 1). Similarly, an instead of BMI SDS, height SDS 
was included as a dependent variable in Model 2. In both 
cases BMI SDS (β = 111.36 < 0.05) and height SDS (β 
= 99.94 < 0.05) were significantly correlated with UIC. 
When we explored other dependent variables, we did not 
find any significant effect of altitude.

Table 4. Urinary iodine concentrations by municipality and school

Municipality
Schoolchildren (6-12 years old) Classification of each school according to UIC median, µg/L

n UIC, median 
(range), µg/L n UIC, median 

(range), µg/L
Schools

n
50-99,  

n
100-199, 

n
200-299, 

n
≥ 300,  

n

Amealco 142 352 (5-1519) 150 352 (5-1519)a,b 5 0 0 0 5

Colon 150 346 (8-1450) 154 346 (8-1450)b,c 5 0 0 0 5

El Marques 158 294 (5-1039) 164 302 (5-1257)b,c 5 0 1 1 3

Huimilpan 149 295 (5-1166) 153 294 (5-1166)b,c 5 0 0 3 2

Jalpan de Serra 141 287 (10-1205) 150 290 (10-1205)b,c 5 0 0 3 2

Landa de Matamoros 149 265 (5-1164) 156 262 (5-1164)c,d 5 1 0 3 1

Pedro Escobedo 159 260 (5-1124) 161 260 (5-1124)c,d 5 0 1 2 2

Pinal de Amoles 144 228 (6-1250) 154 225 (6-1250)d 5 1 1 2 1

San Joaquin 149 282 (5-1282) 153 282 (5-1282)b,c 5 0 1 3 1

Toliman 147 519 (5-1213) 149 531 (5-1213)a 5 0 0 2 3

All 1488 297 (5-1519) 1544 297 (5-1519) 50 2 4 19 25

a, b, c, d Different letters indicate statistically significant differences (p < 0.05), according to median value and multiple median comparison tests (Kruskal-Wallis and Dunn’s tests).

Figure 1. Histograms of urinary iodine concentration (UIC) from 1,544 
Mexican schoolchildren (A) and from median values of 50 elementary 
state schools (B). UIC median values obtained from each school were 
normally distributed (K2 = 5.198; p = 0.07).
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Figure 2. Correlations between median urinary iodine concentration (UIC) and median height standard deviation scores (SDS) (A), body mass (BMI) SDS 
(B), prevalence of stunting (C), and prevalence of overweight and obesity (D). Each dot represents one elementary school (n = 50), the straight-line 
represents the best-fit line obtained by linear regression analysis. 
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Figure 3. Correlation between median urinary iodine concentration (UIC) and 
social gap index. Each dot represents one elementary school (n = 50), the 
straight-line represents the best-fit line obtained by linear regression analysis. 
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DISCUSSION

The results of this study are consistent with previous 
national data that indicate a sustained elimination of 

iodine deficiency disorders (IDD) in Mexico (3-5); ne-
vertheless, those studies were performed 14 years ago, 
and in this lapse of time several and dramatic changes 

Table 5. Best multiple linear regression models between global nutrition 
indicators, social gap index, and iodine content in table salt as independent 
variables and UIC as dependent variable 

Model 1 Model 2

β SE p β SE p

Independent variable

Social gap index -47.19 31.4 0.07 -46.98 35.63 0.10

Iodine in table 
salt, ppm

1.52 1.81 0.20 1.31 1.88 0.25

BMI SDS 111.37 41.14 0.004 - - -

Height SDS - - - 99.95 54.01 0.04

Constant 219.06 65.35 0.001 295.12 75.10 0.000

R square 0.26 0.001 0.20 0.009

SE: standard error. * p value was calculated with one-tailed test.

Iodine nutrition in Mexican schoolchildren
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in nutrition have occurred at a national level (8,29). 
Currently, Mexico is considered a nutrition transition 
country, with an increase in prevalence of overweight 
and obesity and a reduction of nutritional deficiencies 
(8,29). IDD control in Mexico is based almost exclusi-
vely in an USI program that guarantees that more than 
90% the marketed table salt samples have > 15 ppm of 
iodine (6), and this is in agreement with our findin-
gs. However, we showed that 2 of 50 (4%) elementary 
schools had insufficient iodine intake (median UIC 50-
99 µg/L). This insufficient intake could be explained 
because there are places where ≥ 20% table salt sam-
ples analyzed had insufficient iodine content. This is 
particularly relevant in places such as Pinal de Amoles, 
which had the lowest median UIC and the highest SGI 
and stunting prevalence. This finding is in accordan-
ce with previous reports, such as those from Indonesia 
(19) and India (30). In these studies, iodine deficiency 
was associated with height SDS and intelligence quo-
tient, and undernutrition and poverty, respectively. The 
geography and altitude have been traditionally descri-
bed as important factors regarding iodine availability 
in soil. However, we did not find a significant associa-
tion for the altitude on UIC, which is in accordance 
to the results obtained by Aghini-Lombardi and cols. 
in a study performed in the south of Italy (31). This 
apparent discrepancy could be related to the improve-
ment, in recent decades, of the public infrastructure, 
including road construction and commercial trading, 
which increases the availability of processed food in re-
mote areas.

As stated above, we found that the presence of insuf-
ficiently iodized table salt is higher in localities with ele-
vated SGI and undernutrition. This finding supports the 
notion that there are localities that depend on the intake 
of high quality iodized table salt to guarantee adequate 
iodine nutrition. Other places, such as Colon, with low-
er stunting prevalence and lower SGI, had excessive io-
dine intake, although 26% of table salt samples analyzed 
had insufficient iodine content. This seemingly contra-
diction could be explained by the access to other dietary 
sources of iodine, such as processed food, considering 
the lower SGI and the subsequent higher social devel-
opment. As mentioned, we identified table salt samples 
without iodine. Nevertheless, in this study, we did not 
question socio-cultural and economic factors that could 
influence iodized salt acquisition and/or consumption. 
In addition, a potential limitation to this study is that 
the sample size employed to calculate the median UIC 

was less than 30 subjects in a few locations, which could 
prevent an accurate assessment of iodine status.

On the other hand, we describe here a positive and 
significant correlation between BMI SDS, height SDS, 
overweight and obesity with UIC. To our knowledge, 
it is the first time that excessive iodine intake was as-
sociated with unhealthy weight. We hypothesized that 
this association could be explained by the dramatic 
changes in dietary patterns in the Mexican population 
(8,29,32,33). At a national level, it is estimated that, 
from 1989 to 2006, the consumption of industrialized 
foods increased 6.3%, whereas fruit and vegetable con-
sumption dropped 29% (29). Moreover, in rural areas, 
over a period of 15 years (from 1989 to 2004), the 
availability of industrialized food products increased 
533% (32). Besides, inside or near most Mexican el-
ementary schools, there are small stores that sell snack 
foods rich in energy, carbohydrates, fat, and iodized salt 
(33). In Mexico, it is compulsory for the food industry 
to employ iodized salt in their products. Therefore, we 
assume that snack foods are iodine rich, too. Unfortu-
nately, we did not quantify the acquisition and/or con-
sumption of industrialized food in the studied schools. 
However, the positive and significant association with 
BMI SDS, height SDS, overweight and obesity and SGI 
support this hypothesis. Moreover, in Brazil, excessive 
iodine intake, median UIC 360 µg/L, was related with 
an excess of iodine content in table salt, where 47% of 
table salt samples had more than 50 ppm of iodine (5). 
In our case only 7.8% of table salt samples were above 
40 ppm of iodine. More recent data from other Latin 
American countries, Peru and Venezuela, obtained in a 
comprehensive USI program, showed median UIC of 
262 and 166 µg/L, respectively (34,35). 

There are other circumstances or variables that 
should be taken into account and that are specific of 
a certain region or country. For example, in developed 
countries, such as the USA and Switzerland, national 
median UIC in schoolchildren is 211 and 120 µg/L, 
respectively (36,37). These UIC levels are lower than 
in some Latin American countries, and this may be be-
cause in the USA and Switzerland, the addition of io-
dine to salt for direct human consumption or for food 
industry is not mandatory. On the other hand, in the 
USA, dairy products seem to play an important role as 
iodine source (36). In this regard, in New Zealand only 
the fortification of bread with iodized salt is mandatory 
since 2009, and it is estimated that this measure con-
tributes for almost a third of total iodine intake (38). 

Iodine nutrition in Mexican schoolchildren
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We consider that it is very important to characterize 
the dietary patterns to identify salt and iodine sources in 
schoolchildren, because both obesity and excessive in-
take of iodine could have deleterious effects on thyroid 
function. On one hand, obesity has been related with 
an increase of thyroid-stimulating hormone (TSH) le-
vels and thyroid structure alterations (39,40). On the 
other hand, excessive iodine intake has been related 
with increase in cumulative subclinical hypothyroidism 
and autoimmune thyroiditis (41). Further studies are 
needed to document the impact of both obesity and 
iodine excess in children thyroid function.

We can conclude that the observed correlation be-
tween UIC and unhealthy weight can be explained by 
the availability and consumption of snack food rich in 
energy and iodized salt. Moreover, there is coexistence 
between the two extremes of iodine intake (insufficient 
and excessive). Because of this, we consider that the 
generation of a national program for monitoring urinary 
iodine excretion to reach and keep adequate iodine nu-
trition by means of an USI program is a priority. In addi-
tion, intensive and permanent educative and normative 
programs are needed to guarantee the availability and 
consumption of table salt with adequate iodine content.
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Horner syndrome as a 
manifestation of thyroid 
carcinoma: a rare association
Síndrome de Horner como manifestação clínica de 
carcinoma da tireoide: uma associação rara

Bernardo Pereira1, Tiago Silva1, Henrique Luiz1, Isabel Manita1,  
Luísa Raimundo1, Jorge Portugal1

SUMMARY
An 82-year-old patient presented a progressively growing hard thyroid nodule, and left pto-
sis. Additionally, ophthalmologic evaluation revealed ipsilateral miosis, diagnostic findings of 
Horner syndrome. Computerized tomography revealed a 7.5-cm thyroid mass infiltrating the 
main neck vessels. Although clinical and imaging data were suggestive of poorly differentiated 
thyroid carcinoma, fine-needle aspiration led to the diagnosis of papillary carcinoma. Paliative 
care was proposed to the patient due to the advanced stage of the neoplasm and to significant 
comorbidities. Horner syndrome is an infrequent manifestation of thyroid disorders and be-
nign etiologies are more often implied. Malignant thyroid neoplasms represent a rare cause 
of Horner syndrome. However, an appropriate and prompt diagnosis is paramount for timely 
treatment of rare thyroid malignancies. Arq Bras Endocrinol Metab. 2013;57(6):483-5

SUMÁRIO
Paciente de 82 anos apresentando-se com nódulo tireoidiano de crescimento progressivo e pto-
se palpebral esquerda. O exame oftalmológico revelou ainda miose ipsilateral e achados diag-
nósticos de síndrome de Horner. A tomografia computadorizada mostrou massa tireoidiana de 
7,5 cm infiltrando os grandes vasos do pescoço. Apesar dos dados clínicos e imagiológicos su-
gestivos de um carcinoma pouco diferenciado da tireoide, a citologia aspirativa foi diagnóstica 
de carcinoma papilar. Em função do estádio avançado da neoplasia e das comorbilidades sig-
nificativas, foi proposta para terapêutica paliativa. A síndrome de Horner é uma manifestação 
clínica infrequente em tumores tireoidianos, estando as condições benignas maioritariamente 
implicadas. As neoplasias malignas da tireoide representam uma causa rara de síndrome de 
Horner. Contudo, um diagnóstico adequado e expedito é fundamental para o tratamento atem-
pado nos raros casos de malignidade da tireoide. Arq Bras Endocrinol Metab. 2013;57(6):483-5
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INTRODUCTION

H orner syndrome (HS) is a clinical entity classi-
cally characterized by ipsilateral ptosis, miosis, 

and anhydrosis, being induced by lesions in the ocu-
losympathetic tract. Although several etiologies may 
cause HS, neoplasms are most commonly implicated. 
In rare circumstances, thyroid disorders may be asso-
ciated with HS, and benign diseases predominate (1). 

We report here a case of HS as the presenting symp-
tom of a locally advanced thyroid carcinoma. 

CLINICAL CASE

An 82-year-old female was referred to our department 
with a 9-month history of a progressively growing 
thyroid nodule. The patient refused any initial investi-
gation to her primary care physician. She mainly com-
plaint of left eyelid dropping in the previous 6 months. 
Past medical history was relevant for colon adenocarci-
noma 12 years before, and uncontrolled hypertension. 
There was no previous history of head and neck irradia-
tion, nor family history of thyroid carcinoma. 
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At physical examination, a hard left cervical nodule 
fixed to deep structures was noted close to the thoracic 
inlet. Ophthalmologic evaluation revealed 3.11-mm 
left ptosis (Figure 1), and right and left pupillary diam-
eters measuring 4.9 and 7 mm, respectively, diagnostic 
findings of HS.

Analytic surveys revealed normocytic normochro-
mic anemia (10.8 g/dL, reference: 11.5-18), elevated 
serum creatinin (2.7 mg/dL, reference: 0.7-1.2) and 
erythrocyte sedimentation rate (61 mm/s, reference: 
< 30). She had low free T4 (0.74 ng/dL; reference: 
0.93-1.7) but normal free T3 (3.38 pg/mL; reference: 
2.57-4.43) and TSH (0.2 mUI/L; reference: 0,1-4), 
as well as other pituitary hormones, cortisol and IGF-1 
(data not shown). Cervical ultrasonography (US) re-
vealed a hypoecoic mass in the left thyroid lobe with 
central vascularization and margins indistinct from 
posterior structures. US-guided fine needle aspiration 
(FNA) showed hypercellularity with nuclear overlap-
ping, intranuclear inclusions and grooves, diagnostic 
features of papillary thyroid carcinoma. Cervical com-
puted tomography (CT) revealed a 7.5-cm heteroge-
neous left thyroid mass with focal necrosis and mac-
rocalcifications, laterally displacing the trachea (Figure 
2), and compressing main neck vessels posteriorly, with 
margins indistinct from these structures (Figure 3). 
Left cervical (segments III and IV) and inferior para-
tracheal adenopathies were also noted, with no other 
potential metastasis in thoracic and abdominal regions. 
Brain magnetic resonance showed recent and past vas-
cular ischemic lesions in the frontal cortex that were 
otherwise unremarkable. 

A multidisciplinary team discussion concluded that, due 
to the locally advanced agressive thyroid carcinoma and the 
overall clinical context (advanced age, stage 4 chronic renal 
disease – MDRD formula – and cerebrovascular disease), 
the patient was not fit for any surgical or medical curative 
approach, and supportive care was proposed. 

Figure 1. Left ptosis in Horner syndrome associated with thyroid carcinoma.

Figure 2. CT coronal section: cervical mass with lateral displacement of 
the trachea and extension to mediastinum.

Figure 3. CT axial section: cervical mass displacing laterally the internal 
jugular vein (white arrow), without distinct margins (focal invasion) from 
common carotid artery (black arrow).

Horner syndrome and thyroid carcinoma

DISCUSSION

HS was first described by Johann Horner in 1869 as a 
consequence of lesions anywhere along the oculosym-
pathetic trunk (2,3). This pathway can be viewed as a 
three-neuron chain of hypothalamic origin. The first 
neuron descends through the brainstem to the spinal 
cord, where it synapses in the inferior cervical and supe-
rior thoracic segments (C8-T2). Then, the preganglio-
nic segment (second neuron) emerges to incorporate 
to the sympathetic trunk, which crosses the brachial 
plexus over the apex of the lung and ascends to synapse 
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in superior cervical ganglion, close to the carotid bifur-
cation. The third neuron enters the skull in association 
with the internal carotid artery, passes through the ca-
vernous sinus to the orbit and the eye, where it enerva-
tes the dilator muscle of the pupil, Mueller´s muscle of 
eyelids and the lacrimal sac (4).

As in the case of our patient, oculosympathetic 
tract injuries most often occur in the pregaglionic 
region (21-67%), with neoplastic disruption being 
the most common etiology (1). Infrequently, thyroid 
disorders can induce HS (3,5). Benign etiologies are 
most commonly implicated (83%), with multinodular 
goiter being the most frequent reported lesion (1). 
Thyroid malignancy is a rare cause of HS, with a fre-
quency of 0.4-0.9% in the two largest reviews of its 
etiology (3,5). Although the type of thyroid malig-
nancy is often unreported in HS (1,3,5), anaplastic 
carcinoma has the potential to be more commonly in-
volved due to its local aggressiveness (2,6). In our pa-
tient, given the clinical and imagiologic data sugges-
tive of an aggressive behavior, poorly differentiated 
thyroid carcinoma was at least likely the cause of neu-
rological damage. Failure to diagnose it by US-FNA 
could be related to aspiration in well-differentiated 
neoplastic areas.

Physical examination is essential for the diagnosis of 
HS and pharmacological tests can be performed to con-
firm (cocaine and apraclonidine) (7) and localize (hi-
droxianphetamine) (3) the lesion. This initial approach 
identify the level of the lesion in 60-62% of cases (3,8). 
Cervical CT is a recommended imaging method when 
investigating HS, and except when obvious causes are 
suspected (e.g. trauma, surgery), it should always be 
performed, given the possibility of life-threatening con-
ditions, such as occult thyroid carcinoma (9). 

Preoperatively, FNA is essential not only for diag-
nostic purposes but also for therapeutic decisions. As 
an example, cytological diagnosis of thyroid lymphoma 
as the cause of HS should lead to chemotherapy and 
radiotherapy as first line approaches (10). 

The recognition of thyroid disorders in association 
with HS should lead to short-term surgical interven-
tion, not only to increase the likelihood of neurologic 
recovery (2,6,11), but also to improve survival, as it is 
the case of anaplastic thyroid carcinoma (12).

In conclusion, we present a rare case of HS in asso-
ciation with a thyroid carcinoma of aggressive behavior. 

Horner syndrome and thyroid carcinoma

Although the cause of HS in thyroid disease is fairly of-
ten benign, appropriate investigations and timely treat-
ment approach are paramount due to the possibility of 
a rare life-threatening thyroid malignancy. 
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Spontaneous remission of 
hypercortisolism presumed due to 
asymptomatic tumor apoplexy in ACTH-
producing pituitary macroadenoma
Remissão espontânea do hipercortisolismo devido a 
provável apoplexia tumoral assintomática em paciente 
com macroadenoma produtor de ACTH

Marcio Carlos Machado1, Patricia Sampaio Gadelha2,  
Marcello Delano Bronstein1, Maria Candida Barisson Vilares Fragoso1

SUMMARY
Cushing’s disease (CD) is usually caused by secretion of ACTH by a pituitary corticotroph micro-
adenoma. Nevertheless, 7%-20% of patients present with ACTH-secreting macroadenomas. Our 
aim is to report a 36-year-old female patient with CD due to solid-cystic ACTH-macroadenoma 
followed up during 34 months. The patient presented spontaneous remission due to presumed 
asymptomatic tumor apoplexy. She showed typical signs and symptoms of Cushing’s syndrome 
(CS). Initial tests were consistent with ACTH-dependent CS: elevated urinary free cortisol, abnor-
mal serum cortisol after low dose dexamethasone suppression test, and elevated midnight sa-
livary cortisol, associated with high plasma ACTH levels. Pituitary magnetic resonance imaging 
(MRI) showed a sellar mass of 1.2 x 0.8 x 0.8 cm of diameter with supra-sellar extension leading 
to slight chiasmatic impingement, and showing hyperintensity on T2-weighted imaging, sug-
gesting a cystic component. She had no visual impairment. After two months, while waiting for 
pituitary surgery, she presented spontaneous resolution of CS. Tests were consistent with remis-
sion of hypercortisolism: normal 24-h total urinary cortisol and normal midnight salivary cortisol. 
Pituitary MRI showed shrinkage of the tumor with disappearance of the chiasmatic compression. 
She has been free from the disease for 28 months (without hypercortisolism or hypopituitarism). 
The hormonal and imaging data suggested that silent apoplexy of pituitary tumor led to spon-
taneous remission of CS. However, recurrence of CS was described in cases following pituitary 
apoplexy. Therefore, careful long-term follow-up is required. Arq Bras Endocrinol Metab. 2013;57(6):486-9

SUMÁRIO
A doença de Cushing (DC) é usualmente causada por um microadenoma produtor de ACTH. 
Entretanto, 7%-20% dos pacientes apresentam um macroadenoma. O objetivo deste trabalho 
é reportar uma paciente de 36 anos, feminina, com diagnóstico de DC devido a macroadenoma 
hipofisário sólido-cístico com seguimento de 34 meses que apresentou remissão espontânea 
presumidamente em decorrência de uma apoplexia tumoral assintomática. Inicialmente, ela 
apresentava sinais e sintomas típicos da síndrome de Cushing (SC). Na admissão, os testes foram 
consistentes com o diagnóstico de SC ACTH-dependente: cortisol urinário livre de 24h elevado, 
não supressão do cortisol sérico após dose baixa de dexametasona e cortisol salivar noturno ele-
vado, associado a concentrações elevadas do ACTH plasmático. Ressonância magnética (RM) de 
hipófise revelou uma massa selar de 1.2 x 0.8 x 0.8 cm com extensão suprasselar levando a uma 
discreta compressão do quiasma óptico e mostrando região de hipersinal na imagem ponderada 
em T2 sugerindo um componente cístico. A paciente não apresentava queixas visuais. Após dois 
meses, enquanto aguardava o tratamento cirúrgico, a paciente apresentou remissão espontânea 
da SC. A repetição dos exames indicou remissão do hipercortisolismo: normalização do cortisol 
urinário livre de 24h e normalização do cortisol salivar noturno. Nova RM de hipófise revelou 
redução do volume tumoral com desaparecimento da compressão quiasmática. A paciente per-
manece livre da doença por 28 meses (sem hipercortisolismo ou hipopituitarismo). Os dados hor-
monais e de imagem sugerem que tenha ocorrido uma apoplexia tumoral assintomática, levando 
à remissão espontânea da SC. Entretanto, como há relatos de recorrência após apoplexia hipofi-
sária, cuidadoso seguimento a longo prazo faz-se necessário. Arq Bras Endocrinol Metab. 2013;57(6):486-9
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INTRODUCTION

C ushing’s disease (CD) is generally caused by ex-
cessive secretion of ACTH, usually by a pituitary 

corticotroph microadenoma. However, 7%-20% of ca-
ses are due to ACTH-producing macroadenomas (1-3). 

Apoplexy is described in pituitary tumors, especially 
in those macroadenomas of the non-clinically func-
tioning, prolactinomas, and GH-producing adenomas 
subtypes (4). In CD, these cases are infrequent and as-
sociated with macroadenomas (5-11), although there 
are also descriptions in patients with ACTH-producing 
microadenomas (12,13). Nevertheless, the majority 
of CD patients with pituitary apoplexy described were 
symptomatic at the initial presentation. 

The aim of the present study is to report a patient 
with 34 months of CD evolution harboring a solid-
cystic ACTH-macroadenoma, who presented sponta-
neous remission of hypercortisolism due to presumed 
asymptomatic tumor apoplexy.  

CASE REPORT
A 36 year-old female patient was admitted to our Neu-
roendocrine Unit in April 2009 for evaluation of CS. 
She had a 7-month history of weight gain, acne, hir-
sutism, progressive proximal muscle weakness, arterial 
hypertension, and secondary amenorrhea. At admis-
sion, she showed typical clinical features of CS, BP: 
160 x 100 mmHg, 90 kg, BMI: 35 kg/m2 (with trun-
cal obesity), and Ferriman-Gallwey score 12. Initial 
hormonal data were consistent with ACTH-dependent 
CS: elevated urinary free cortisol (1200/1000/1180 
μg/24h, reference 10-90 μg/24h), non-suppressed 
serum cortisol (Fs) after low-dose dexamethasone su-
ppression test (Fs: 2.56 μg/dL), and elevated plasma 
ACTH: 89.5 pg/mL (reference < 60 pg/mL). Our lab 
assessment also confirmed CS diagnosis: 24-h urina-
ry cortisol: 648 μg/24h (reference 30-300 μg/24h), 
and midnight salivary cortisol: 460 ng/dL (referen-
ce < 130 ng/dL) (Table 1). The patient showed no 
ACTH and cortisol responses after IV administration 
of desmopressin (10 µg) (ACTH: 42.5 to 49.8 pg/mL, 
17.2%; Fs: 26.7 to 27.1 µg/dL, 1.5%). Other hormo-
nal analyses were normal (T3, FT4, TSH, IGF1, es-
tradiol, LH, FSH, prolactin). Pituitary MRI (January 
2009) revealed a 1.2 x 0.8 x 0.8 cm sellar mass with 
supra-sellar extension leading to minor optic chiasmatic 
compression, with hypointense signal in T1 and par-
tial hyperintense in T2-weighted imaging, suggesting 
a solid and cystic component (Figure 1A and 1B).  

Spontaneous remission in Cushing’s disease

Figure 1. Pituitary magnetic resonance imaging (MRI).

(A) Initial coronal post-gadolinium T1-weighted MRI pituitary scans; (B) initial 
coronal T2-weighted; (C) after spontaneous remission coronal post-gadolinium 
T1-weighted; (D) after spontaneous remission coronal T2-weighted.

A
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Figure 2. Urinary cortisol evolution during patient follow-up.

ULNR: upper limit of normal range (%).
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She had no visual impairment. Thoracic and abdominal 
computed tomography were negative for any lesions, 
and serum tumor markers were in the normal range. 
After two months, while she was waiting for pituitary 
surgery without any clinical treatment, she presented 
spontaneous resolution of CS characterized by loss 
of weight (6 kg), return of regular periods, improve-
ment of hypertension and hirsutism, and decreased 
the abdominal obesity. New tests were consistent with 
remission of hypercortisolism: normal 24-h urinary 
total cortisol and midnight salivary cortisol (Table 1, 
Figure 2). Subsequent pituitary MRI (August 2009) 
showed tumor shrinkage with disappearance of optic 
chiasmatic compression (Figure 1C and 1D). After 28 
months of follow-up, she remains in clinical remission 
of CS and did not develop hypopituitarism. Up to today, 
she lost 22 kg (actual weight 68 kg, BMI: 27 kg/m2). 
Last imaging analysis (October 2011) was similar to 
the August 2009 MRI. Hormonal and imaging data 
suggested that silent apoplexy of pituitary tumor pro-
bably occurred, leading to spontaneous remission of 
CS. The patient remained in clinical remission until 
October 2011.

The Research Project and Graduate Studies Com-
mission, and the Ethics Commission of our Institution 
approved the study, and the patient signed an informed 
consent form. 

Spontaneous remission in Cushing’s disease

Table 1. Hormonal and weight evolution during patient follow-up 

Date UC 
μg/24h

NSC
ng/dL

LDDST
Fs, μg/dL

ACTH
pg/mL

Weight
kg

December 2008 1200*

1000*

1180*

- 2.56 89.5 85

January 2009 - 2.5** - - -

April 2009 648 460 1.6 - 90

June 2009 54 

58 

< 100 - - 84

August 2009 47 - - 24 78

November 2009 49 - - 20 70

July 2010 80 70 - 25 68

November 2010 80 40 - - 67

March 2011 78 30 1.1 34 67

October 2011 83 70 - 35 68

UC: urinary cortisol, reference 30-300 μg/24h. * Urinary free cortisol, reference 10-90 μg/24h; 
NSC: nocturnal salivary cortisol, reference < 130 ng/dL; ** Reference < 3.6 nmol/L; LDDST: 
low-dose dexamethasone supression test; F: serum cortisol; ACTH: reference < 60 pg/mL. To 
convert values of serum cortisol to nanomoles per liter, multiply by 27.59; urinary cortisol to 
nmol, multiply by 2.759; plasma ACTH to pmol/liter, multiply by 0.2202.

DISCUSSION

Spontaneous remissions in CS and CD are infrequent 
events that have been already reported more than fifty 
years ago (14,15). In the subsequent years, some other 
cases were published and some of them presented re-
currence in the follow-up period (7,8,16). However, 
the cyclic aspect of cortisol secretion that account for 
15% of CS patients from several etiologies, mainly CD, 
are well-described (17). Therefore, these two clinical 
conditions may overlap, and some of the cases may have 
been mistakenly described. 

Some factors are considered to explain spontaneous 
remission, principally pituitary apoplexy, an event that 
has also been enrolled as one of the mechanisms for 
cyclic CS. 

Pituitary apoplexy is more prevalent in other pitu-
itary adenoma subtypes. This event is infrequent in CD, 
occurring mainly in ACTH-secreting macroadenomas 
(5-11). However, it may also take place in ACTH-se-
creting microadenomas (12,13). Pignatta and cols. re-
ported a case of CD that showed a 3-mm microadeno-
ma next to the pituitary stalk that, after short period of 
ketoconazol use, presented a sudden clinical picture of 
pituitary apoplexy with remission of CS and concomi-
tant disappearance of pituitary tumor in the follow-up 
imaging analysis (13). Commonly, pituitary apoplexy 
in CD patients occurs spontaneously. However, others 
conditions, such as pituitary radiation therapy (18) or 
corticotrophin-releasing hormone test (19), were pre-
vious correlated with this clinical manifestation. 

Pituitary apoplexy occurs as a result of infarction, 
hemorrhage, or a combination of hemorrhagic infarc-
tion in a pituitary tumor tissue. Apoplexy may cause a 
sudden enlargement of the tumor and frequently re-
sults in acute pituitary insufficiency. Patients commonly 
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experience sudden onset of symptoms that may vary 
in severity, from headache, with or without endocrine 
deficiency; visual impairment; ophthalmoplegia; coma; 
and even death. However, many cases are subclinical or 
asymptomatic (20), and are suggested by pituitary im-
aging analysis, during pituitary surgeries or in necropsy 
studies. In CD patients, the majority of cases described 
was symptomatic and submitted to pituitary surgery. 

The risk for pituitary infarction may be increased by 
provocative tests for pituitary reserve assessment, anti-
coagulation, oral contraceptive agents, and clomiphene. 
The susceptibility to apoplexy may also be increased by 
head trauma, non-pituitary surgery, pregnancy, throm-
bocytopenia, and increased intracranial pressure (21). 

The case reported here present non-frequent aspects 
for CD, such as macroadenoma secreting tumor and 
spontaneous remission without interventions, probably 
due to asymptomatic pituitary apoplexy. Other similar 
case was previous reported by Le Nestour and cols., but 
in a patient with microadenoma. In the follow-up, pitu-
itary MRI showed spontaneous T1-weighted hiperin-
tensity suggestive of apoplexy, but without any clinical 
complaints. One year after that, new imaging analysis 
revealed an empty sella, and the patient achieved spon-
taneous CS remission (12). 

Natural evolution of some pituitary adenomas is 
known, particularly microprolactinomas. Nevertheless, 
this aspect is poorly established in ACTH-secreting 
macroadenomas. 

Finally, several cases of CD that showed initial pitu-
itary apoplexy or spontaneous remission presented recur-
rence in the follow-up up to seven years after remission 
(7,8,16,22). Alarifi and cols. reported a case of macroad-
enoma with some two-year periods of spontaneous re-
mission after clinical pituitary apoplexy events (8).

Therefore, careful long-term follow-up is required 
for patients with CD following remission after pituitary 
apoplexy, in order to detect hypercortisolism recur-
rence or the development of hypopituitarism. 

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

Nucleic acid recovery from thyroid 
fine-needle cytology slides
Ácidos nucleicos extraídos de lâminas com citologia 
de punção de agulha fina de tiroide

Kelly Cristina Saito1, Cesar Seigi Fuziwara1, Edna Teruko Kimura1

M uch interest has been focused in nucleic acid isolation from tissue samples sto-
red for long periods and their utilization on molecular biomarkers research. 

However, sample fixation induces chemical modifications in macromolecules (1) that 
result in a laborious and difficult protocol to extract nucleic acid for molecular analy-
sis. In this context, the article recently published by Kizys and cols. (2) contributed 
to show efficient methods of nucleic acid recovery from archived formalin-fixed/ pa-
raffin-embedded (FFPE) and fine-needle aspiration (FNA) samples of thyroid tissue.

Despite the efforts, the issue that remains a challenge in the most effective protocols 
is to obtain better yield and quality of DNA/RNA due to the damaging effect of the 
fixation process, particularly for RNA analysis. In contrast with the difficulty in obtaining 
conserved messenger RNA from archived samples, the fraction of microRNA (miRNA) 
is less affected by fixation and storage time (3,4). Mature miRNA is a single-stranded 
noncoding small RNA of ~19-22 nucleotide length that regulates gene expression at 
the post-transcriptional level (5). These molecules pair to 3’UTRs of target mRNA and 
thereby cause their silencing or degradation. The miRNA might be a promising prognostic 
and diagnostic biomarker for thyroid cancer (6).

In this context, we have performed, in archived FNA-stained slides, the analysis of 
BRAFT1799A mutation (7) along with miRNAs expression, miR-146b (8) and let7-f 
(9), which were modulated in papillary thyroid carcinoma (PTC) (10,11). The acid 
guanidinium thiocyanate-phenol-chloroform method (12) using TRIzolTM enabled the 
RNA/DNA co-isolation from the same archived FNA, despite the reduced number of 
cells in the cytological slides. From the extracted RNA, we performed real-time PCR to 
amplify miRNA, and observed high expression of miR-146b in PTC compared with goiter 
(normalized expression miR-146b/RNU6B: PTC 21.55 ± 5.83* vs. goiter 0.18 ± 0.06,  
* P < 0.05), and no change in let7-f expression (normalized expression let7-f /RNU6B: 
PTC 0.30 ± 0.13 vs. goiter 0.07 ± 0.02, ns). In addition, DNA obtained was suitable 
for BRAF mutation analysis by RFLP-PCR (Restriction Fragment Length Polymorphism 
-PCR) in all FNA slides tested.

Using this approach, we observed that it is possible to access both nucleic acids, RNA 
and DNA, from the same archived thyroid FNA-stained slide. Furthermore, DNA was 
adequate to perform mutation analysis, and the quality of total RNA and its amount 
was satisfactory to investigate several miRNAs from the same sample. In conclusion, this 
procedure could be useful in detecting molecular biomarkers and drawing correlations 
with cytological analysis, which might improve the accuracy of FNA as a diagnostic tool 
of thyroid nodule.
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MicroRNA in thyroid cytology
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Perspectives in isolation of 
microRNA from thyroid fine-needle 
aspiration: reply to the letter 
“Nucleic acid recovery from thyroid 
fine-needle cytology slides”
Perspectivas no isolamento de microRNA de punção aspirativa por 
agulha fina de tiroide: resposta à carta “Ácidos nucleicos extraídos 
de lâminas com citologia de punção de agulha fina de tiroide”

Marina M. L. Kizys1*, Mirian G. Cardoso1,2*, Susan C. Lindsey1, 
Maria Clara C. Melo1, Magnus R. Dias-da-Silva1,2

E fforts have been made to improve the isolation of nucleic acids from long-term 
preserved samples (1,2). This is a challenge when dealing with formalin-fixed/

paraffin-embedded (FFPE) tissues and fine needle aspiration (FNA) samples from 
stained slides. In our recent study (3) using in-house protocols, we optimized the 
methods used for nucleic acid extraction, including co-extraction of RNA/DNA from 
thyroid FNA in stained slides samples and FFPE thyroid tissues by means of modi-
fications of the standard TRIzol® reagent (Life Technologies, Carlsbad, CA, USA) 
protocol, making genetic and epigenetic studies possible using the same sample. In ad-
dition, the recovery of nucleic acid from the same thyroid FNA stained slides that had 
been previously analyzed by a cytopathologist enables an integrated diagnosis, as well 
as repeated FNAs, reducing the costs with cytopathology and molecular procedures. 

Several studies have been published regarding the potential of microRNA (miR-
NA) as a molecular biomarker of thyroid cancer (5). miRNA are smaller (~19-22 bp) 
and more stable than messenger RNA (mRNA), so its detection and recovery are 
equally feasible, as objectively demonstrated by Saito and cols. In this context, we are 
honored to know that our article has stimulated Professor Kimura’s team to show 
their results in miRNA extraction from thyroid FNA stained slides. They were suc-
cessful with the isolation of RNA and analysis of several miRNAs. Besides, our group 
and Kimura’s team were able to co-extract DNA/RNA with further BRAF analysis by 
means of PCR-Sequencing (3) and PCR-RFLP analysis (Saito and cols.). 

In conclusion, miRNA isolation from thyroid FNA stained slides is another prom-
ising tool when investigating thyroid nodules, especially those with uncertain cytopa-
thology results. 
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letter to the editor

Is there a higher cardiovascular 
disease risk in Japanese-Brazilians?
Há um risco maior de doença cardiovascular em nipo-brasileiros?

Ömer Kurt1, Sevket Balta2, Mustafa Cakar1,  
Sait Demirkol2, Muharrem Akhan1, Erol Arslan1

W e read the article “Predictors Cardiovascular risk in Japanese-Brazilian subjects” 
written by Gomes and cols. with interest (1). The authors intended to evaluate 

the prevalence of risk factors for cardiovascular disease (CVD) in Japanese-Brazilian 
subjects. We found the study very valuable because it discusses  an important public 
health issue and builds awareness.

CVD is one of the most common causes of death worldwide (2). Therefore, as-
sessment of CVD risk factors is important to prevent deaths in the population at risk. 
Metabolic syndrome (MS) consists in abdominal obesity, impaired glucose tolerance, 
elevated triglyceride levels, reduced high-density lipoprotein (HDL) cholesterol levels, 
hypertension, and it is mostly accompanied by a proinflammatory picture. Subjects 
with MS are at increased risk of cardiovascular diseases (3). The incidence of metabolic 
syndrome varies according to the age and there is a positive correlation between age 
and MS prevalence (4). In the present study, mean age of the patients was relatively 
high (56.7 ± 15.9). Prevalence of MS was defined as 47 (35.8%) in total, 30 (63.8%) 
in women, and 17 (36.2%) in men; and the difference regarding gender was not sta-
tistically significant (p = 0.31). However, prevalence of MS in Brazil is 29.8% (5). In 
addition, it was estimated to be less frequent in Japan; 25.3% for men and 10.6% for 
women in the 2008 National Nutritional and Health Survey (6). 

Waist circumference was measured as a MS criteria in the study. Some newer an-
thropometric measurements are defined in the literature, such as waist to height ratio 
(WHtR), body adiposity index (BAI), and visceral adiposity index (VAI). WHtR has 
been suggested as the best discriminator for hypertension, diabetes, and dyslipidemia 
by Lee and cols. (7). VAI is postulated to be a good indicator of visceral adiposity 
and insulin sensitivity. In addition, a high correlation between BAI and percentage of 
body fat was defined by Bergman and cols. (8). We think that it would better if these 
parameters were also mentioned in the study.

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

Response to the letter: Is there a 
higher cardiovascular disease 
risk in Japanese-Brazilians? 
Resposta à carta: Há um risco maior de doença 
cardiovascular em nipo-brasileiros?

Patricia Moreira Gomes1, Milton César Foss1, Maria Cristina Foss-Freitas1

1 Department of Internal Medicine, 
Ribeirão Preto Medical School, 
Universidade de São Paulo (FMRP-
USP), Ribeirão Preto, SP, Brazil
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O ur study entitled “Cardiovascular risk in Japanese-Brazilian subjects” (1) aimed 
to assess which risk factors for cardiovascular disease, among those already well-

-established, such as diabetes, hypertension, dyslipidemia, and central obesity, were 
present in this Japanese-Brazilians population.

At the time of the study design (2005), waist circumference measurement was 
chosen as the marker of central obesity since it is simple, costless, and easily performed 
in the field study. It had also been validated in several studies. Additionally, waist cir-
cumference data is one of the criteria for the diagnosis of metabolic syndrome. Thus, 
we have no data on hip circumference to calculate BAI (2). 

However, we made a brief analysis of our data using the waist/height index, as 
suggested by Kurt and cols. (3). We found that the WHtR index values   in the gen-
eral population ranged from 0.35 to 0.73, with a mean of 0.54 and median of 0.52. 
Regarding the women group, WHtR values   were similar to the general population 
(0.35 to 0.73), while for men the index varied from 0.43 to 0.67. Therefore, 51.4% 
of women and 52.8% of men showed the index between 0.5 and 0.59, and 25.7% of 
women and 14.5% of men showed a rate higher than 0.6. As the optimal cutoff points 
for WHtR were close to 0.5 in East Asians, and 0.6 in some ethnic groups, WHtR of 
0.5 for action level one for cardiovascular risk, and 0.6 for action level two, as sug-
gested by Ashwell and Hsieh, could be adopted.

The meta-analysis (3) involved Asians living in their countries of origin, and did 
not provide enough data on subject living in the Western world. In our study, people 
were either born in Japan or were of Japanese descent. Comparing our study with 
others conducted in Japan, our data showed increased rates for the components of 
Metabolic Syndrome in the Japanese-Brazilian population of Mumbuca.

We appreciate the suggestions of Kurt and cols., which will be remembered in a 
reassessment of the prevalence risk factors for cardiovascular disease in the Japanese-
Brazilian population of Mombuca. Surely, BAI and waist/hip index assessment may 
contribute to better evaluation of cardiovascular risk in this population, and increase 
the discussion on which tools may be useful in clinical practice.
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Instruções para autores
Informações Gerais 
Ressaltamos a importância de seguir estas instruções com atenção. O não res-
peito às normas acarretará atrasos ao processo de revisão do  manuscrito (MS). 
O MS deve ser apresentado exclusivamente para os ABE&M, nunca ter sido 
publicado ou estar sob consideração para publicação, em forma substancial, 
em outro periódico, profissional ou leigo. O MS deve ser redigido em Inglês 
ou Português, em conformidade com as especificações descritas abaixo. Aos 
autores que não são fluentes na forma escrita do idioma inglês, recomenda-
-se que seu MS seja revisado   e editado por um expert nesse sentido antes da 
apresentação. Essa iniciativa deve facilitar e acelerar todo o processo de revi-
são e potencial publicação do seu MS. 

Trabalhos que não cumpram esses requisitos serão devolvidos ao 
autor para adequação necessária antes da revisão pelo corpo edito-
rial.  
Todas as submissões são a princípio cuidadosamente avaliadas pelos edito-
res científicos. Os MS que não estejam em conformidade com os critérios 
gerais para publicação serão devolvidos aos autores no período de três a 
cinco dias. Os MS em conformidade são enviados habitualmente para dois 
revisores.  

Categorias de Manuscritos 
Contribuições originais de pesquisa podem ser submetidas aos ABE&M 
como artigo original ou comunicação resumida. Outras categorias especiais 
de MS são descritas abaixo. Todos os MS devem seguir as limitações de nú-
mero de palavras para o texto principal, conforme especificado a seguir. O 
número total  de palavras não inclui o resumo, as referências ou legendas de 
tabelas e figuras. O número de palavras deve ser anotado na página de rosto, 
juntamente com o número de figuras e tabelas. O formato é semelhante para 
todas as categorias de MS e é descrito em detalhes na seção “Preparação do 
Manuscrito”. 

Artigos Originais 
O artigo original é um relatório científico dos resultados de pesquisa original,  
clínica ou laboratorial, que não tenha sido publicado, ou submetido para pu-
blicação, em outro periódico, seja em papel ou eletronicamente. O artigo  
original não deve exceder 3.600 palavras no texto principal, incluir mais de 
seis figuras e tabelas, e deve possuir até 35 referências. 

Comunicação Resumida
A comunicação resumida consiste de dados originais de importância sufi-
ciente para justificar a publicação imediata. É uma descrição sucinta dos re-
sultados confirmatórios ou negativos de um estudo focado, simples e 
objetivo.  Objetividade e clareza aumentam a possibilidade de um manuscri-
to ser aceito para publicação como comunicação rápida. O texto principal 
deve ter no máximo 1.500 palavras, até 20 referências e não mais que duas 
ilustrações (tabelas ou figuras ou uma de cada). 

Artigos  de  Revisão 
Os ABE&M publicam artigos de revisão que apresentam uma avaliação crítica 
e  abrangente da literatura sobre questões atuais no campo da endocrinolo-
gia e da metabologia nas áreas clínica ou básica. Todos os artigos de revisão 
são submetidos preferencialmente após convite dos ABE&M e estão sujeitos 
à revisão pelos pares. Artigos nesta categoria são encomendados pelos edi-
tores a autores com experiência comprovada na área de conhecimento, ou 
quando a proposta direcionada pelos autores em contato prévio receber a 
aprovação do conselho editorial. Esses MS não devem ter mais de 4.000 pa-
lavras no texto principal, não podem incluir mais de quatro figuras ou tabelas 
e devem conter até 60 referências. Os autores devem mencionar a fonte e/ou 
solicitar autorização para o uso de figuras ou tabelas publicadas previamente. 

Diretrizes ou Consensos 
Consensos ou diretrizes propostos por sociedades de profissionais, forças-
-tarefa e outras associações relacionadas com a Endocrinologia e Metabolo-
gia podem ser publicadas pelos ABE&M. Todos os MS serão submetidos à 
revisão por pares, devem ser modificáveis em resposta às críticas e serão 
publicados apenas se cumprirem as normas editoriais da revista. Esses MS 
habitualmente não devem ultrapassar 3.600 palavras no texto principal, não 
devem incluir mais de seis figuras e tabelas e devem conter até 60 referências. 

Relato de Caso 
Comunicação breve utilizada para apresentar relatos de casos, ou de caso 
isolado, de importância clínica ou científica. Estes relatórios devem ser con-
cisos e objetivos. Devem conter dados de pacientes isolados ou de famílias 
que adicionem substancialmente conhecimento a etiologia, patogênese e 
história natural da condição descrita. O relato de caso deve conter até  2.000 
palavras, não incluir mais de quatro figuras e tabelas, e deve conter até 30 
referências. 

Carta ao Editor 
Cartas ao Editor podem ser apresentadas em resposta a artigos publicados 
nos ABE&M nas últimas três edições. As cartas devem ser breves comentá-
rios relacionados a pontos específicos, de acordo ou desacordo, com o traba-
lho publicado. Dados originais publicados relacionados ao artigo publicado 
são estimulados. As cartas podem ter no máximo 500 palavras e cinco refe-
rências completas. Figuras e tabelas não podem ser incluídas. 

Preparação do Manuscrito 

Formato Geral 
Os  ABE&M  exigem que todos os MS sejam apresentados em formato de 
coluna única, seguindo as seguintes orientações: 
•	 O	manuscrito	deve	ser	apresentado	em	formato	Word.	
•		 Todo	o	texto	deve	ser	em	espaço	duplo,	com	margens	de	2	cm	de	ambos	

os lados, usando fonte Times New Roman ou Arial, tamanho 11. 
•		 Todas	 as	 linhas	 devem	 ser	 numeradas,	 no	manuscrito	 inteiro,	 e	 todo	o	

documento deve ser paginado. 
•		 Todas	as	tabelas	e	figuras	devem	ser	colocadas	após	o	texto	e	devem	ser	

legendadas. Os MS submetidos devem ser completos, incluindo a página 
de título, resumo, figuras e tabelas. Documentos apresentados sem todos 
esses componentes serão colocados em espera até que o manuscrito este-
ja completo. 

Todas as submissões devem incluir: 
•		 Uma	carta	informando	a	importância	e	relevância	do	artigo	e	solicitando	

que este seja para publicação nos ABE&M. No formulário de inscrição, os 
autores podem sugerir até três revisores específicos e/ou solicitar a exclu-
são de até outros três. 

O manuscrito deve ser apresentado na seguinte ordem: 
1.  Página de título. 
2.  Resumo (ou Sumário para os casos clínicos). 
3.  Texto principal. 
4.  Tabelas e figuras. Devem ser citadas no texto principal em ordem numérica. 
5.  Agradecimentos. 
6.  Declaração de financiamento, conflitos de interesse e quaisquer subsídios 

ou bolsas de apoio recebidos para a realização do trabalho. 
7.  Referências. 

Página de Título 
A página de rosto deve conter as seguintes informações: 
1.  Título do artigo. 
2.  Nomes completos dos autores e coautores, departamentos, instituições, 

cidade e país. 
3.  Nome completo, endereço postal, e-mail, telefone e fax do autor para cor-

respondência. 
4.  Título abreviado de, no máximo, 40 caracteres para títulos de página. 
5.  Palavras-chave (recomenda-se usar MeSH terms e até 5). 
6.  Número de palavras – excluindo a página de rosto, resumo, referências, 

figuras e tabelas. 
7.  Tipo do manuscrito. 

Resumos 
Todos os artigos originais, comunicados rápidos e relatos de casos deverão 
ser apresentados com resumos de, no máximo, 250 palavras. O resumo deve 
conter informações claras e objetivas sobre o estudo de modo que possa ser 
compreendido, sem consulta ao texto. O resumo deve incluir quatro seções 
que refletem os títulos das seções do texto principal. Todas as informações 
relatadas no resumo devem possuir origem no MS. Recomenda-se o uso de 
frases completas para todas as seções do resumo. 

Introdução 
O propósito da introdução é estimular o interesse do leitor para o trabalho 
em questão com uma perspectiva histórica  e justificando seus objetivos. 

Materiais e Métodos 
Deve ser descrito em detalhe como o estudo foi conduzido de forma que 
outros investigadores possam avaliar e reproduzir o trabalho. A origem dos 
hormônios, produtos químicos incomuns, reagentes e aparelhos deve ser 
indicada. Para os métodos modificados, apenas as novas modificações de-
vem ser descritas. 

Resultados e Discussão 
A seção Resultados deve apresentar brevemente os dados experimentais 
tanto no texto quanto por tabelas e/ou figuras. Deve-se evitar a repetição no 
texto dos resultados apresentados nas tabelas. Para mais detalhes sobre a 
preparação de tabelas e figuras, veja a seguir. A Discussão deve focar na in-
terpretação e no significado dos resultados, com comentários objetivos, con-
cisos, que descrevam sua relação com outras pesquisas nessa área.  



Co
py

rig
ht

©
 A

BE
&

M
 to

do
s o

s d
ire

ito
s r

es
er

va
do

s.

Na Discussão, deve-se evitar a repetição dos dados apresentados em Resul-
tados, pode-se conter sugestões para explicá-los e deve-se terminar com as 
conclusões.   

Autoria 
Os ABE&M adotam as diretrizes de autoria e de contribuição definidas pelo 
Comitê Internacional de Editores de Periódicos Médicos (www.ICMJE.org). 
A coautoria irrestrita é permitida. O crédito de autoria deve ser baseado ape-
nas em contribuições substanciais para: 
1. concepção e desenho, análise ou interpretação de dados; 
2. redação do artigo ou revisão crítica do conteúdo intelectual; 
3. aprovação final da versão a ser publicada. 
Todas essas condições devem ser respeitadas. O primeiro autor é responsá-
vel por garantir que todos os autores contribuíram para a realização do MS e 
concordaram com seu conteúdo e sua submissão aos ABE&M. 

Conflito de Interesses 
Uma	 declaração	 de	 conflito	 de	 interesse	 para	 todos	 os	 autores	 deve	 ser	
incluí da no documento principal, seguindo o texto, na seção Agradecimen-
tos. Mesmo que os autores não tenham conflito de interesse relevante a di-
vulgar, devem relatar na seção Agradecimentos. 

Agradecimentos 
A seção Agradecimentos deve incluir os nomes das pessoas que contribuí-
ram para o estudo, mas não atendem aos requisitos de autoria. Os autores 
são responsáveis por informar, a cada pessoa listada na seção de agradeci-
mentos, sua inclusão e qual sua contribuição. Cada pessoa listada nos agra-
decimentos deve dar permissão – por escrito, se possível – para o uso de seu 
nome. É da responsabilidade dos autores coletar essas informações. 

Referências 
As referências da literatura devem estar em ordem numérica (entre parênte-
ses), de acordo com a citação no texto, e listadas na mesma ordem numérica 
no final do manuscrito, em uma página separada. Os autores são responsá-
veis pela exatidão das referências. O número de referências citadas deve ser 
limitado, como indicado anteriormente, para cada categoria de apresentação. 

Tabelas 
As	tabelas	devem	ser	apresentadas	no	mesmo	formato	que	o	artigo	(Word).		
Atenção: não serão aceitas tabelas com arquivos em Excel. As tabelas devem 
ser autoexplicativas e os dados não devem ser repetidos no texto ou em figu-
ras e conter as análises estatísticas. As tabelas devem ser construídas de 
forma simples e serem compreensíveis sem necessidade de referência ao 
texto.	Cada	tabela	deve	ter	um	título	conciso.	Uma	descrição	das	condições	
experimentais pode aparecer em conjunto como nota de rodapé. 

Gráficos e Figuras 
Todos os gráficos ou figuras devem ser numerados. Os autores são respon-
sáveis pela formatação digital, fornecendo material adequadamente dimen-
sionado. Todas as figuras coloridas serão reproduzidas igualmente em cores 
na edição online da revista, sem nenhum custo para os autores. Os autores 
serão convidados a pagar o custo da reprodução de figuras em cores na re-
vista impressa. Após a aceitação do manuscrito, a editora fornecerá o valor 
dos custos de impressão. 

Fotografias 
Os ABE&M preferem publicar fotos de pacientes sem máscara. Encorajamos 
os autores a obter com os pacientes ou seus familiares, antes da submissão 
do MS, permissão para eventual publicação de imagens. Se o MS contiver 
imagens identificáveis   do paciente ou informações de saúde protegidas, os 
autores devem enviar autorização documentada do próprio paciente, ou pais,  
tutor ou representante legal, antes de o material ser distribuído entre os edi-
tores, revisores e outros funcionários dos ABE&M. Para identificar indiví-
duos, utilizar uma designação numérica (por exemplo, Paciente 1); não 
utilizar as iniciais do nome.  

Unidades de Medida 
Os resultados devem ser expressos utilizando o Sistema Métrico. A tempera-
tura deve ser expressa em graus Celsius e tempo do dia, usando o relógio de 
24 horas (por exemplo, 0800 h, 1500 h). 

Abreviaturas Padrão 
Todas as abreviaturas no texto devem ser definidas imediatamente após a 
primeira utilização da abreviatura. 

Pacientes
Para que o MS seja aceito para submissão, todos os procedimentos descritos 
no estudo devem ter sido realizados em conformidade com as diretrizes da 
Declaração de Helsinque e devem ter sido formalmente aprovados pelos co-
mitês de revisão institucionais apropriados, ou seu equivalente. 

As características das populações envolvidas no estudo devem ser detalha-
damente descritas. Os indivíduos participantes devem ser identificados ape-
nas por números ou letras, nunca por iniciais ou nomes. Fotografias de 
rostos de pacientes só devem ser incluídas se forem cientificamente relevan-
tes. Os autores devem obter o termo de consentimento por escrito do pacien-
te para o uso de tais fotografias. Para mais detalhes, consulte as Diretrizes 
Éticas. 

Os pesquisadores devem divulgar aos participantes do estudo potenciais 
conflitos de interesse e devem indicar que houve essa comunicação no MS. 

Animais de Experimentação 
Deve ser incluída uma declaração confirmando que toda a experimentação  
descrita no MS foi realizada de acordo com padrões aceitos de cuidado ani-
mal, como descrito nas Diretrizes Éticas. 

Descrição Genética Molecular 
Usar	terminologia	padrão	para	as	variantes	polimórficas,	fornecendo	os	nú-
meros de rs para todas as variantes relatadas. Detalhes do ensaio, como, por 
exemplo, as sequências de iniciadores de PCR, devem ser descritos resumi-
damente com os números rs. Os heredogramas devem ser elaborados de 
acordo com as normas publicadas em Bennett et al. J Genet Counsel. 
2008.17:424-33. DOI 10.1007/s10897-008-9169-9. 

Nomenclaturas 
Para genes, use a notação genética e símbolos aprovados pelo Comitê de 
Nomenclatura	HUGO	Gene	(HGNC)	–	(http://www.genenames.org/~~V).	

Para mutações, siga as diretrizes de nomenclatura sugeridas pela Sociedade 
Human	Genome	Variation	(http://www.hgvs.org/mutnomen/).	

•	 Fornecer	e	discutir	os	dados	do	equilíbrio	Hardy-Weinberg	dos	polimorfis-
mos	analisados	na	população	estudada.	O	cálculo	do	equilíbrio	de	Hardy-
-Weinberg	pode	ajudar	na	descoberta	de	erros	de	genotipagem	e	do	seu	
impacto nos métodos analíticos.   

•	 Fornecer	as	frequências	originais	dos	genótipos,	dos	alelos	e	dos	haplóti-
pos.

•	 Sempre	 que	 possível,	 o	 nome	 genérico	 das	 drogas	 deve	 ser	 referido.	
Quando um nome comercial de propriedade é usado, ele deve começar 
com letra maiúscula. 

•	 Siglas	devem	ser	usadas			com	moderação	e	totalmente	explicadas	quando	
usadas pela primeira vez. 

TRABALHOS APRESENTADOS EM INGLÊS 
O MS deve ser escrito em inglês claro e conciso. Evite jargões e neologismos. 
A revista não está preparada para realizar grandes correções de linguagem, 
o que é de responsabilidade do autor. Se o inglês não é a primeira língua dos 
autores, o MS deve ser revisado por um especialista em língua inglesa ou um 
nativo. Para os não nativos da língua inglesa e autores internacionais que 
gostariam de assistência com sua escrita antes da apresentação, sugerimos 
o serviço de edição científica do American Journal Experts  (http://www.jour-
nalexperts.com/index.php) ou o PaperCheck (http://www.papercheck.com/). 
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Instructions for authors
General Information
We	emphasize	the	importance	of	following	these	instructions	carefully.	Failu-
re	to	do	so	will	delay	the	processing	of	your	manuscript.
Manuscripts	should	be	submitted	solely	to	ABE&M	and	may	not	have	been	
published,	or	be	under	consideration	for	publication,	in	any	substantial	form	
in	another	periodical	–	rofessional	or	lay.
Manuscripts must be written in idiomatic English or Portuguese and conform 
to the specifications described below. If authors are not fluent in written me-
dical	and	scientific	English,	they	are	strongly	encouraged	to	have	their	ma-
nuscripts	reviewed	and	edited	by	an	expert	English	writer	prior	to	submission.	
This will increase the chances that the paper will be accepted and will speed 
the publication of those manuscripts that are accepted.

Papers that do not meet these requirements will be returned to the 
author for necessary revision before formal review.
All	submissions	are	initially	evaluated	in	depth	by	the	scientific	editors.	Pa-
pers that do not conform to the general criteria for publication will be retur-
ned	to	the	authors	without	detailed	review,	typically	within	three	to	five	days.	
Otherwise,	manuscripts	will	be	sent	to	reviewers	(most	commonly	two).

Manuscript Categories
Reports	of	original	research	may	be	submitted	to	ABE&M as an Original Arti-
cle or Brief Report. Other special categories of manuscripts are described 
below. All manuscripts must adhere to the word count limitations, as speci-
fied	below,	for	text	only;	the	word	count	does	not	include	the	abstract,	refe-
rences, or figure/table legends. The word count must be noted on the title 
page, along with the number of figures and tables. The format is similar for all 
manuscript categories and it is described in detail in “Manuscript Prepara-
tion” section.

Original Articles
Original Article is a scientific report of the results of original research that has 
not been published or submitted for publication elsewhere (either in print or 
electronically).	Represent	a	substantial	body	of	laboratory	or	clinical	work.	In	
general, original paper should not exceed 3,600 words in the main text, inclu-
de no more than six figures and tables and 35 references.

Review Articles
The ABE&M publishes review articles which present a balanced perspective 
on	timely	 issues	within	the	field	of	clinical	endocrinology.	All	 reviews	are	
submitted upon invitation and are subject to peer review. Articles in this 
category	are	requested	by	the	Editors	to	authors	with	proven	experience	in	
the field. Authors considering the submission of uninvited reviews should 
contact	the	editors	in	advance	to	determine	whether	the	topic	that	they	pro-
pose is of current potential interest to the Journal. These manuscripts 
should be no longer than 4,000 words in the main text, include no more 
than four figures and tables and 60 references. The author should mention 
the	source	and/or	request	authorization	for	use	of	previously	published	fi-
gures or tables.

Consensus Statements
Consensus Statements related to the endocrine and metabolic health stan-
dards	and	healthcare	practices	may	be	submitted by professional societies, 
task forces, and other consortia. All such submissions will be subjected to 
peer review, must be modifiable in response to criticisms, and will be publi-
shed	only	if	they	meet	the	Journal’s	usual	editorial	standards.	These	manus-
cripts	should	typically	be	no	longer	than	3,600	words	in	the	main	text,	include	
no more than six figures and tables and 60 references.

Brief Report
Brief report should consist of new data of sufficient importance to warrant 
immediate	publication.	It	is	a	succinct	description	of	focused	study	with	im-
portant,	but	very	 straightforward,	negative	or	 confirmatory	 results.	Brevity	
and	clarity	are	always	likely	to	enhance	the	chance	of	a	manuscript	being	ac-
cepted for publication. A maximum of 1,500 words in the main text plus up to 
20	references	and	normally	no	more	than	two	illustrations	(tables	or	figures	
or one of each).

Case Report
A brief communication presenting collected case reports, or single case re-
ports of clinical or scientific significance. These reports should be concise and 
focused.	They	should	address	observations	of	patients	or	families	that add 
substantially to the knowledge of the etiology, pathogenesis and delineation 
of the natural history or management of the condition described.	Brevity	and	
clarity	are	always	likely	to	enhance	the	chance	of	a	manuscript	being	accep-
ted for publication. These manuscripts should be 2,000 words or less, with no 
more than four figures and tables and 30 references.

Letter
Letters	to	the	Editor	may	be	submitted	in	response	to	work	that	has	been	
published in the Journal. Letters should be short commentaries related to 
specific points of agreement or disagreement with the published work. 
Letters are not intended for presentation of original data unrelated to a 
published article. Letters should be no longer than 500 words with no 
more	than	five	complete	references,	and	may	not	include	any	figures	or	
tables.

Manuscript Preparation

General Format
The Journal requires that all manuscripts be submitted in a single-column 
format that follows these guidelines:

•		 The	manuscript	must	be	submitted	in	MS-Word	format.
•		 All	text	should	be	double-spaced	with	2	cm	margins	on	both	sides	using	

11-point	type	in	Times	Roman	or	Arial	font.
•	 All	 lines	should	be	numbered	 throughout	 the	entire	manuscript	and	 the	

entire document should be paginated.
•	 All	tables	and	figures	must	be	placed	after	the	text	and	must	be	labeled.	

Submitted papers must be complete, including the title page, abstract, fi-
gures, and tables. Papers submitted without all of these components will 
be placed on hold until the manuscript is complete.

All submissions must include:
•		 A	cover	letter	requesting	that	the	manuscript	be	evaluated	for	publication	

in ABE&M	and	any	information	relevant	to	your	manuscript.	Elsewhere	on	
the	submission	form	authors	may	suggest	up	to	three	specific	reviewers	
and/or request the exclusion of up to three others.

The manuscript must be presented in the following order:
1.  Title page.
2.		Structured	Abstract	(or	summary	for	case	reports).
3.  Main text.
4.		Tables	and	Figures.	They	must	be	cited	in	the	main	text	in	numerical	order.
5.  Acknowledgments.
6.		Funding	statement,	competing	interests	and	any	grants	or	fellowships	su-

pporting the writing of the paper.
7.  Reference list.

Title Page
The title page must contain the following information:

1.		Title	of	the	article	(a	concise	statement	of	the	article’s	major	contents).
2.	Full	names,	departments,	institutions,	city	and	country	of	all	co-authors.
3.  Full name, postal address, e-mail, telephone and fax numbers of the cor-

responding author.
4.  Abbreviated title of not more than 40 characters for page headings.
5.		Up	to	five	keywords	or	phrases	suitable	for	use	in	an	index	(it	is	recom-

mended to use MeSH terms).
6.	 	Word	count	–	excluding	title	page,	abstract,	references,	figures	and	tables.
7.		Article	type.

Structured Abstracts
All Original Articles, Brief Reports, Reviews, Case Reports should be submit-
ted with structured abstracts of no more than 250 words. The abstract must 
be self-contained and clear without reference to the text and should be writ-
ten for a general journal readership. The abstract format should include four 
sections that reflect the section headings in the main text. All information re-
ported in the abstract must appear in themanuscript. Please use complete 
sentences for all sections of the abstract.

Introduction
The	article	should	begin	with	a	brief	 introductory	statement	 that	places	 the	
work to follow in historical perspective and explains its intent and significance.

Materials and Methods
These should be described and referenced in sufficient detail for other inves-
tigators to repeat the work. The source of hormones, unusual chemicals and 
reagents, and special pieces of apparatus should be stated. For modified me-
thods,	only	the	modifications	need	be	described.

Results and Discussion
The	Results	section	should	briefly	present	 the	experimental	data	 in	 text,	
tables, and/or figures. For details on preparation of tables and figures, see 
below. The Discussion should focus on the interpretation and significance 
of the findings with concise objective comments that describe their rela-
tion to other work in that area. The Discussion should not reiterate the Re-
sults.
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Authorship
The ABE&M ascribes to the authorship and contributorship guidelines defi-
ned	by	the	International	Committee	of	Medical	Journal	Editors	(www.ICMJE.
org).	Unrestricted	joint	authorship	is	allowed.	A	maximum	of	two	correspon-
ding authors is allowed. The uniform requirements for manuscripts submit-
ted	to	medical	journals	state	that	authorship	credit	should	be	based	only	on	
substantial contribution to:
1.		conception	and	design,	or	analysis	and	interpretation	of	data.
2.		drafting	the	article	or	revising	it	critically	for	important	intellectual	content.
3.  and final approval of the version to be published.
All these conditions must all be met. The corresponding author is responsible 
for ensuring that all appropriate contributors are listed as authors and that all 
authors	 have	 agreed	 to	 the	 manuscript’s	 content	 and	 its	 submission	 to	
ABE&M.

Conflict of interest
A conflict of interest statement for all authors must be included in the main 
document, following the text, in the Acknowledgments section. If authors 
have no relevant conflict of interest to disclose, it should be indicated in the 
Acknowledgments section.

Acknowledgments
The Acknowledgments section should include the names of those people 
who	contributed	to	a	study	but	did	not	meet	the	requirements	for	authorship.	
The corresponding author is responsible for informing each person listed in 
the	 acknowledgment	 section	 that	 they	 have	 been	 included	 and	 providing	
them	with	a	description	of	 their	 contribution	so	 they	know	 the	activity	 for	
which	they	are	considered	responsible.	Each	person	listed	in	the	acknowledg-
ments must give permission – in writing, if possible – for the use of his or her 
name.	It	is	the	responsibility	of	the	corresponding	author	to	collect	this	infor-
mation.

References
References to the literature should be cited in numerical order (in parenthe-
ses) in the text and listed in the same numerical order at the end of the ma-
nuscript on a separate page or pages. The author is responsible for the 
accuracy	of	references.	The	number	of	references	cited	should	be	limited,	as	
indicated	above	for	each	category	of	submission.

Tables
Tables	should	be	submitted	in	the	same	format	as	your	article	(Word)	and	not	
another format. Please note: we cannot accept tables as Excel files within the 
manuscript.	Tables	should	be	self-explanatory	and	the	data	they	contain	must	
not	be	duplicated	in	the	text	or	figures.	Tables	must	be	constructed	as	simply	
as possible and be intelligible without reference to the text. Each table must 
have	a	concise	heading.	A	description	of	experimental	conditions	may	appear	
together	with	footnotes	at	the	foot	of	the	table.	Tables	must	not	simply	dupli-
cate the text or figures.

Figures and Legends
All	figures	must	display	 the	figure	number.	Sizing	the	figure:	The	author	 is	
responsible	 for	providing	digital	art	 that	has	been	properly	sized,	cropped,	
and has adequate space between images. All color figures will be reproduced 
in full color in the online edition of the journal at no cost to the authors. Au-
thors	are	requested	to	pay	the	cost	of	reproducing	color	figures	in	print	(upon	
acceptance of the manuscript, the publisher will provide price quotes).

Photographs
The ABE&M	strongly	prefers	to	publish	unmasked	patient	photos.	We	encou-
rage all prospective authors to work with families prior to submission to 
address the issue of permission for review and possible publication of patient 
images.	If	your	submission	contains	ANY	identifiable	patient	images	or	other	
protected	 health	 information,	 you	MUST	 provide	 documented	 permission	
from	 the	patient	 (or	 the	patient’s	parent,	guardian,	or	 legal	 representative)	
before the specific material will be circulated among editors, reviewers and 

staff for the purpose of possible publication in ABE&M.	If	it	is	necessary	to	
identify	an	individual,	use	a	numerical	designation	(e.g.	Patient	1)	rather	than	
using	any	other	identifying	notations	such	as	initials.

Units of Measure
Results should be expressed in metric units. Temperature should be expres-
sed	in	degrees	Celsius	and	time	of	day	using	the	24-hour	clock	(e.g.,	0800	h,	
1500 h).

Standard Abbreviations
All	abbreviations	in	the	text	must	be	defined	immediately	after	the	first	use	of	
the abbreviation.

Experimental Subjects
To be considered, all clinical investigations described in submitted manus-
cripts must have been conducted in accordance with the guidelines in The 
Declaration	of	Helsinki	and	must	have	been	formally	approved	by	the	appro-
priate institutional review committees or its equivalent. 
The	study	populations	should	be	described	in	detail.	Subjects	must	be	identi-
fied	only	by	number	or	 letter,	not	by	 initials	or	names.	Photographs	of	pa-
tients’	faces	should	be	included	only	if	scientifically	relevant.	Authors	must	
obtain written consent from the patient for use of such photographs. For fur-
ther details, see the Ethical Guidelines.
Investigators	must	disclose	potential	conflict	of	interest	to	study	participants	
and	should	indicate	in	the	manuscript	that	they	have	done	so.

Experimental Animals
A statement confirming that all animal experimentation described in the sub-
mitted manuscript was conducted in accord with accepted standards of hu-
mane animal care, as outlined in the Ethical Guidelines, should be included in 
the manuscript.

Molecular Genetic Description
•		 Use	 standard	 terminology	 for	 variants,	providing	 rs	numbers	 for	 all	 va-

riants	reported.	These	can	be	easily	derived	for	novel	variants	uncovered	
by	the	study.	Where	rs	numbers	are	provided,	the	details	of	the	assay	(pri-
mer	sequences,	PCR	conditions,	etc.)	should	be	described	very	concisely.

•		 Pedigrees	should	be	drawn	according	to	published	standards	(See	Bennett	
et al. J Genet Counsel. 2008;17:424-33. DOI 10.1007/s10897-008-9169-9).

Nomenclatures
•	 For	genes,	use	genetic	notation	and	symbols	approved	by	the	HUGO	Gene	

Nomenclature Committee (HGNC) – (http://www.genenames.org/).
•		 For	mutation	nomeclature	 please	use	 the	nomenclature	 guidelines	 sug-

gested	by	the	Human	Genome	Variation	Society	(http://www.hgvs.org/mu-
tnomen/).

•	 Provide	information	and	a	discussion	of	departures	from	Hardy-Weinberg	
equilibrium	(HWE).	The	calculation	of	HWE	may	help	uncover	genotyping	
errors	and	impact	on	downstream	analytical	methods	that	assume	HWE.

•	 Provide	 raw	genotype	 frequencies	 in	 addition	 to	 allele	 frequencies.	 It	 is	
also	desirable	to	provide	haplotype	frequencies.

•	 Whenever	possible,	drugs	should	be	given	their	approved	generic	name.	
Where	a	proprietary	(brand)	name	is	used,	it	should	begin	with	a	capital	
letter.

•	 Acronyms	should	be	used	sparingly	and	fully	explained	when	first	used.

FOR PAPERS SUBMITTED IN ENGLISH
Papers must be written in clear, concise English. Avoid jargon and neolo-
gisms. The journal is not prepared to undertake major correction of language, 
which	is	the	responsibility	of	the	author.	Where	English	is	not	the	first	langua-
ge	of	the	authors,	the	paper	must	be	checked	by	a	native	Engligh	speaker.	For	
non-native English speakers and international authors who would like assis-
tance with their writing before submission, we suggest American Journal 
Experts for their scientific editing service (http://www.journalexperts.com/in-
dex.php) or PaperCheck (http://www.papercheck.com/).






