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LEVOID É PARA TIREOIDE1

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

Absorção avaliada em pacientes pós-cirurgia
bariátrica5

PRODuTO
zERO LAcTOsE1

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

LEVOID levotiroxina sódica. Comprimidos 25mcg, 38mcg, 50mcg, 75mcg, 88mcg, 100mcg, 112mcg, 125mcg, 150 mcg, 175 mcg e 200 mcg. USO ORAL. USO ADULTO E PEDIÁTRICO/ MS - 1.0573.0366 INDICAÇÕES: -Como terapia de reposição ou 
suplementação hormonal em pacientes com hipotireoidismo congênito ou adquirido de qualquer etiologia (exceto no hipotireoidismo transitório, durante a fase de recuperação de tireoidite subaguda). -Supressão do TSH hipofisário no tratamento ou prevenção dos 
vários tipos de bócios eutireoidianos, e na regressão de metástases de neoplasias malignas de tireóide tireotropino-dependentes. -Como agente diagnóstico nos testes de supressão, auxiliando no diagnóstico da suspeita de hipertireoidismo leve ou de glândula 
tireóide autônoma. CONTRAINDICAÇÕES: Hipersensibilidade aos componentes da fórmula, infarto do miocárdio recente, tireotoxicose não-tratada de qualquer etiologia, insuficiência suprarrenal não-compensada, angina pectoris e 
hipertensão arterial não tratadas. Atenção diabéticos: contém açúcar. POSOLOGIA: LEVOID é administrado como uma dose única diária, preferencialmente meia a uma hora antes do café da manhã. LEVOID deve ser tomado no mínimo com um 
intervalo de 4 horas das drogas e alimentos que são conhecidas por interferir com sua absorção (vide item “interações medicamentosas”). Deve-se ter cautela quando administrar LEVOID em pacientes com doença cardiovascular subjacente, idosos e aqueles 
pacientes com insuficiência adrenal concomitante. As doses administradas de LEVOID variam de acordo com o grau de hipotireoidismo, a idade do paciente e a tolerabilidade individual. Adultos: Hipotireoidismo: Dose inicial: 50 mcg/dia, aumentando-se 25 mcg 
a cada 2 ou 3 semanas, até que o efeito desejado seja atingido. Em pacientes com hipotireoidismo de longa data, particularmente com suspeita de alterações cardiovasculares, a dose inicial deverá ser ainda mais baixa (25 mcg/dia). Manutenção: 75 a 125 mcg 
diários sendo que alguns pacientes, com má absorção, podem necessitar de até 200 mcg/dia. A dose de manutenção média é 170 mcg/dia. A falta de resposta às doses de 200 mcg/dia, sugere má absorção, não obediência ao tratamento ou erro diagnóstico. 
Supressão do TSH (câncer de tireóide) / nódulos / bócios eutiroidianos em adultos: Dose supressiva média de levotiroxina (T4) - 2,6 mcg/kg/dia, durante 7 a 10 dias. Crianças: Hipotireoidismo: doses usuais por via oral: De 1 a 5 anos: 5 a 6 mcg/kg/dia. De 6 a 10 
anos: 4 a 5 mcg/kg/dia. Acima de 10 anos: 2 a 3 mcg/kg/dia, até que a dose de adulto seja atingida (usualmente de 150 mcg/dia). A posologia é em geral estabelecida em função dos resultados das dosagens hormonais. A dose recomendada é de 2 a 3 mcg/kg/dia.
ADVERTÊNCIAS: Os hormônios tireoidianos devem ser usados com cautela em pacientes portadores de hipertensão arterial, insuficiência suprarrenal, anorexia acompanhada de desnutrição e 
tuberculose. A utilização da levotiroxina pode modificar o equilíbrio glicêmico do diabético, levando à necessidade de um aumento da posologia do hipoglicemiante. Deve-se investigar, antes do início do 
tratamento se o paciente faz uso de efedrina, epinefrina ou isoproterenol para tratamento da asma. Em pacientes com bócio difuso não-tóxico ou doença nodular da tireóide, particularmente o idoso ou 
aqueles com doença cardiovascular subjacente, a terapia com levotiroxina sódica é contraindicada se o nível sérico de TSH já estiver suprimido devido ao risco de precipitar tireotoxicose franca (vide item 
“contraindicações”). Deve-se ter cautela quando administrar a levotiroxina a pacientes com doenças cardiovasculares e a idosos nos quais há um risco aumentado de doença cardíaca oculta.  O 
tratamento com levotiroxina sódica em doses excessivas pode ter efeitos cardiovasculares adversos tais como: aumento na frequência cardíaca, aumento da espessura e da contratilidade da parede 
cardíaca, além de poder precipitar angina pectoris e/ou ou arritmias cardíacas. A levotiroxina tem um índice terapêutico estreito e a respeito da indicação para uso, titulação cuidadosa da dosagem é 
necessária para evitar as consequências de supertratamento ou subtratamento. Estas consequências incluem, entre outros, efeitos sobre o crescimento e desenvolvimento, função cardiovascular, 
metabolismo ósseo, função reprodutiva, função cognitiva, estado emocional, função gastrintestinal e sobre o metabolismo da glicose e dos lipídios. Muitas drogas interagem com levotiroxina sódica, 
necessitando ajustes na dosagem para manter a resposta terapêutica (vide item “interações medicamentosas”).  Efeitos sobre a densidade mineral óssea - em mulheres, a terapia a longo prazo com 
levotiroxina sódica foi associada com reabsorção óssea aumentada e diminuição da densidade mineral óssea. Distúrbios endócrinos associados: Deficiências hormonais hipotalâmicas/pituitárias – em 
pacientes com hipotireoidismo secundário ou terciário, deficiências hormonais hipotalâmicas/pituitárias adicionais devem ser consideradas, e, tratadas quando necessário. Síndrome poliglandular 
autoimune. Pacientes com insuficiência adrenal concomitante devem ser tratados com reposição de glicocorticóides antes do início do tratamento com levotiroxina sódica. Falha ao fazer desta maneira, 
pode precipitar uma crise adrenal aguda quando a terapia hormonal tireoidiana for iniciada devido ao “clearance” metabólico aumentado de glicocorticóides pelo hormônio tireoidiano. Outras condições 
médicas associadas - neonatos com hipotireoidismo congênito parecem ter um risco aumentado para outras anomalias congênitas, com anomalias cardiovasculares (estenose pulmonar, defeito atrial e 
ventricular septal), sendo a associação mais comum. Hipotireoidismo secundário (pituitário) e terciário (hipotalâmico): A adequação da terapia deve ser avaliada, medindo-se os níveis séricos de T4 livre, 
que devem ser mantidos em um limite superior à metade da concentração normal nestes pacientes. GRAVIDEZ E LACTAÇÃO: A levotiroxina atravessa a barreira placentária em quantidade limitada, mas 
seu uso na prática médica não mostrou efeitos adversos no feto. Assim, o tratamento com LEVOID não precisa ser modificado durante a gravidez, pois não oferece risco para o feto. O hipotireoidismo 
durante a gravidez está associado com um índice maior de complicações, incluindo aborto espontâneo, pré-eclampsia, natimorto e partos prematuros. O hipotireoidismo maternal pode ter um efeito 
adverso sobre o crescimento e desenvolvimento fetal e infantil. A quantidade de levotiroxina excretada pelo leite materno é mínima e não está associada a nenhum efeito colateral ou potencial tumorogênico. 
Quantidades adequadas de levotiroxina são necessárias para manter a lactação normal. USO EM IDOSOS, CRIANÇAS E OUTROS GRUPOS DE RISCO. Devido à prevalência aumentada de doença cardiovascular entre os idosos, 
a terapia com levotiroxina não deve ser iniciada com doses de reposição plenas. Em pacientes cardiopatas e/ou idosos, a terapia com LEVOID deve ser iniciada com doses baixas, por exemplo, 25-50 mcg de levotiroxina. Nesses pacientes, deve ser realizada 
uma monitoração rigorosa da terapêutica com levotiroxina. (vide item “posologia”) O objetivo do tratamento em pacientes pediátricos com hipotireoidismo é atingir e manter o crescimento físico e o desenvolvimento intelectual normais. A dose inicial de levotiroxina 
varia com a idade e peso corpóreo (vide item “posologia”). Ajustes nas dosagens são baseados na avaliação dos parâmetros clínicos e laboratoriais individuais do paciente.. A presença de condições médicas concomitantes devem ser consideradas em certas 
circunstâncias clínicas e, se presentes, tratadas apropriadamente. No caso de hipotireoidismo congênito, recuperação rápida das concentrações séricas normais de T4 é essencial para prevenir os efeitos adversos desta doença sobre o desenvolvimento intelectual 
bem como sobre o crescimento e maturação física total. Portanto, a terapia com LEVOID deve ser iniciada imediatamente após o diagnóstico e é geralmente continuado por toda a vida. No caso de hipotireoidismo adquirido em pacientes pediátricos, o paciente 
deve ser monitorado rigorosamente para evitar subtratamento e supertratamento. INTERAÇÕES MEDICAMENTOSAS: Muitas drogas afetam a farmacocinética e o metabolismo do hormônio tireoidiano (por exemplo, absorção, síntese, secreção, 
catabolismo, ligação protéica e resposta do tecido-alvo) e podem alterar a resposta terapêutica ao LEVOID. Além disto, os hormônios e a condição tireoidianos têm efeitos variados sobre a farmacocinética e ações de outras drogas. Uma relação de 
interações está demonstrada abaixo. A) Drogas que podem reduzir a secreção do TSH – a redução não é mantida; portanto, o hipotireoidismo não ocorre: Dopamina/Agonistas da dopamina, Glicocorticóides, Octreotida. B) Drogas que podem 
diminuir a secreção do hormônio tireoidiano, podendo resultar em hipotireoidismo: Aminoglutetimida, Amiodarona Iodo (incluindo agentes de contraste radiográfico contendo iodo), Lítio, Metimazol, Propiltiouracil (PTU), Sulfonamidas, Tolbutamida. 
C) Drogas que podem aumentar a secreção do hormônio tireoidiano, resultando em hipertireoidismo: Amiodarona, Iodo (incluindo agentes de contraste radiográfico contendo iodo). D) Drogas que podem diminuir a absorção de T4, 
resultando em hipotireoidismo: Antiácidos; - Hidróxidos de alumínio e magnésio, - Simeticona. Sequestrantes de ácidos biliares; - Colestiramina, - Colestipol. Carbonato de cálcio. Resinas de troca catiônica ; - Caiexalato. Sulfato ferroso. Sucralfato. 
Magaldrato. E) Drogas que podem alterar o transporte de T4 e T3 sérico – mas concentração de FT4 permanece normal, e portanto, o paciente permanece em eutireoidismo: E.1. Drogas que podem aumentar a concentração de TBG 
sérico:Clofibrato, Contraceptivos oral contendo estrógeno, Estrógenos (oral), Heroína / metadona, 5-fluorouracil, Mitotano, tamoxifeno. E.2. Drogas que podem diminuir a concentração de TBG sérico: Andrógenos / Esteróides, anabólicos, 
Asparaginase, Glicocorticóides, Ácido nicotínico – liberação lenta. F) Drogas que podem causar alteração na ligação protéica no sítio: Furosemida (>80 mg IV). Heparina, Hidantína, Drogas anti-inflamatórias não esteroidal: - fenamatos, 
-fenilbutazona. Salicilatos (> 2 g/dia). G) Drogas que podem aumentar o metabolismo hepático, que pode resultar em hipotireoidismo: Carbamazepina, Hidantoínas, Fenobarbital, Rifampicina. H) Drogas que podem reduzir a atividade T4 
5’-deiodinase: Amiodarona, Antagonistas beta-adrenérgicos (ex.: propranolol > 160 mg/dia), Glicocorticóides (ex.: dexametasona > 4 mg/dia), Propiltiouracil. I) Outras drogas que podem desencadear interações medicamentosas com levotiroxina: 
Anticoagulantes (orais): -derivados da cumarina, -derivados da indandiona. Antidepressivos: -tricíclicos (ex.: amitriptilina), - tetracíclicos (ex.: maprotilina), - serotonina seletiva, Inibidores seletivos da recaptação da serotonina (ex.: sertralina). Agentes 
antidiabéticos: -biguanidas, -metiglinidas, -sulfonilureas. Tiazolidinedionas. Insulina, Glicosídeos cardíacos. Citocinas: -interferon-α, -interleucina -2. Hormônios de crescimento: -somatrem, -somatropina. Quetamina. Metilxantina. Broncodilatadores (ex.: 
teofilina). Agentes radiográficos. Simpatomiméticos (efedrina, epinefrina, metilfenidato). Hidrato de cloral. Diazepam. Etionamida. Lovastatina. Metoclopramida. 6-mecaptopurina. Nitroprussiato. Para-aminosalicilato sódico. Resorcinol (uso tópico 
excessivo). Diuréticos tiazídicos. Cloroquina. Estrógenos conjugados. Estradiol. Estriol. Estrona.Imatinibe. Ritonavir. Raloxifeno. Em tratamento concomitante, a levotiroxina (LEVOID) pode provocar os seguintes efeitos: • A levotiroxina pode reduzir a 
ação dos hipoglicemiantes orais e da insulina. • A colestiramina e contraceptivos orais reduzem a ação da levotiroxina.• A levotiroxina potencializa os efeitos das anfetaminas, anticoagulantes orais, antidepressivos, digitálicos, efedrina, adrenalina e 
metilfenidato.• O ácido acetilsalicílico e a fenitoína aumentam o efeito da levotiroxina. A levotiroxina sódica deve ser tomada no mínimo com um intervalo de 4 horas das drogas que são conhecidas interferir com sua absorção. Interações com alimentos: 
Os alimentos podem interferir com a absorção da levotiroxina. Assim, recomenda-se a administração de LEVOID com estômago vazio (meia a 1 hora antes do café da manhã), a fim de aumentar sua absorção. Farinha de soja (fórmula pediátrica), 
cereais de semente de algodão, nozes e dieta à base de fibras podem se ligar e diminuir a absorção da levotiroxina sódica do trato gastrintestinal. REAÇÕES ADVERSAS A MEDICAMENTOS: As reações adversas associadas com a terapia de levotiroxina 
são primariamente aquelas de hipertireoidismo devido à superdosagem terapêutica. Elas incluem o seguinte: • Gerais: fadiga, aumento do apetite, perda de peso, intolerância ao calor, sudorese, diarréia. • Sistema nervoso central: cefaléia, 
hiperatividade, nervosismo, irritabilidade, labilidade emocional, insônia. • Músculoesqueléticas: tremores, fraqueza muscular. • Cardiovasculares: agravamento de cardiopatias pré-existentes (ex.: angina, infarto do miocárdio e arritmias), 
palpitações, taquicardia, arritmias, aumento da pulsação e da pressão arterial, insuficiência cardíaca, angina. • Respiratórias: dispnéia. • Gastrintestinais: diarréia, vômito, espasmos abdominais e elevações nos testes de função hepática. • 
Dermatológicas: perda de cabelo, rubor. • Endócrinas: hiponatremia e sintomas relacionados à insuficiência adrenocortical podem ocorrer durante o ajuste ou após a suspensão de uso da levotiroxina. A longo prazo, o uso de levotiroxina pode 
provocar redução da densidade mineral óssea, particularmente nas situações em que não é realizado um monitoramento cuidadoso das doses empregadas. • Reprodutivas: irregularidades menstruais, fertilidade prejudicada. • Outros: 
pseudotumores cerebrais e epífise femoral primária com luxação foram relatados em crianças recebendo terapia com levotiroxina. O supertratamento pode resultar em craniosinostose em neonatos e fechamento prematuro das epífises em 
crianças com altura adulta comprometida. Convulsões foram raramente relatadas com a instituição da terapia com levotiroxina. VENDA SOB PRESCRIÇÃO MÉDICA. SE PERSISTIREM OS SINTOMAS O MÉDICO DEVERÁ SER CONSULTADO. 
Material técnico-científico de distribuição exclusiva à classe médica. MS - 1.0573.0366 Farmacêutica Responsável: Gabriela Mallmann 30.138. MB 08 SAP 4087303 11/13. 
Referências bibliográficas: 1. Bula do produto LEVOID: comprimidos. Farmacêutica Responsável: Gabriela Mallmann. Guarulhos, SP. 
Aché Laboratórios Farmacêuticos S.A. 2. Kairos Web Brasil. Disponível em: <http://brasil.kairosweb.com>. Acesso em: Abr. 2016. 3. SILVA, 
N.L. et al. Compliance with treatment: related-issues and insights for pharmacist intervention. Brazilian Journal of Pharmaceutical Sciences, v. 
47, n. 1, 2011. 4. LEITE, S.N.; VASCONCELLOS, M.P.C. Adesão á terapêutica medicamentosa: elementos para a discussão de conceitos e 
pressupostos adotados na literatura. Ciência e saúde coletiva, v. 8, n. 3, p.  775-782, 2003. 5. RUBIO, I. G. S.; et al Levothyroxine absorption 
in morbidly obese patients before and after Roux-en-Y gastric bypass. Obes Surg., n. 22, p. 253-258, 2012.
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The quest for a metabolic 
theory of everything

Fernando M. A. Giuffrida1

S ince the many groundbreaking discoveries of Physics scattered all throughout the 
twentieth century (and laureate with too many Nobel prizes to enumerate here), 

Physicists have been painstakingly searching for a theory of everything which could 
hypothetically unite Quantum Physics and Relativity, in order to explain most phe-
nomena from the minute weird world of particles all the way through the colossal 
domain of cosmic bodies (1). Physicians are no strangers to this kind of pursuit (2). 

In this edition of the Archives of Endocrinology and Metabolism, three articles ap-
proach different aspects of the Metabolic Syndrome (3-5). The metabolic syndrome 
(and from now on I deliberately drop the capitals) has probably been one of the 
most popular philosophical constructs in the history of medicine. It was created by  
Prof. Gerald Reaven in 1988, in an attempt to unify the pathophysiological role of 
insulin resistance (IR) in hyperglycemia and cardiovascular risk (6). It has been seen 
for long as some sort of Holy Grail of metabolic disease, despite intense efforts from 
its creator to prevent the juggernaut from being unleashed (6-8). A quick PubMed 
search of the term “metabolic syndrome” yields 39854 entries (9), most of them appa-
rently using the term in its current meaning. 

Many problems may arise when applying the diagnosis of the metabolic syndrome 
to describe the clustering of cardiovascular risk factors (CVRFs). The main four are 
the following, in the opinion of this author: 1) The existence of multiple patterns of 
clustering; 2) Applying the concept of metabolic syndrome to diabetes; 3) Overrating 
the role of IR in the pathogenesis of type 2 diabetes; and 4) The statistical caveats of 
the interrelation among the metabolic syndrome and its components.

The study by Herrera and cols. (3) approaches the involvement of polymorphisms 
in genes related to the Renin Angiotensin System, namely ACE, AGT and AGTR1, 
in the clustering of CVRFs in Chilean individuals. It starts by regarding the existence 
of the metabolic syndrome as unquestionable, then dividing patients in groups accor-
ding to its presence, and only thereafter starting to scientifically investigate differences 
between both groups. It can be considered guilty of committing one specific sin: the 
style of circular reasoning that analyzes differences regarding components of the me-
tabolic syndrome in subgroups both with and without this diagnosis. Nevertheless, 
it provides one important argument to lay stress on problem number 1) above. In 
showing that rs4340 genotypes DD and ID and rs5186 are associated to metabolic 
syndrome only in women and that rs4340 is associated to waist circumference only in 
individuals without the syndrome, the paper reinforces the view that CVRFs clusters 
come in various shapes and sizes, even in the same population. Using or not the term 
metabolic syndrome does not invalidate the findings, though, since they could simply 



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

188

The quest for a metabolic theory of everything

Arch Endocrinol Metab. 2016;60/3

be put in other words: the described polymorphisms 
are associated with number and magnitude of CVRFs 
(notwithstanding genomic significance and replication, 
which we shall not delve into here).

The paper by Madani and cols. (4) analyzes 624 wo-
men with polycystic ovaries syndrome. Again, patients 
are divided in groups with and without the metabo-
lic syndrome, and only afterwards the investigation of 
scientific hypotheses begins. The same circular reaso-
ning occurs here. The study finds that the prevalence 
of metabolic syndrome components is greater in wo-
men with the syndrome, and also that the latter is more 
common in obese individuals. Around 20% of the sam-
ple has prediabetes or diabetes. Clustering of CVRFs 
could possibly be different between this group and the 
remaining normoglycemic 80%, but this was not direc-
tly approached.

The paper by Melo and cols. (5) wisely calls the 
clustering of cardiometabolic risk factors no other 
additional names. A sample of Brazilian children and 
adolescents from 11 to 19 years old was assessed. It 
addresses the clustering of CVRFs and the inception of 
cardiovascular risk still in childhood. This article pro-
vides some previously known information, but adds to 
the body of numerous fine examples showing that there 
are several patterns of clustering, accounting for several 
hypothetical types of metabolic syndromes. Although 
beyond the scope of the study, the discussion states 
that studying the clustering of CVRF only makes sense 
when connected to the outcomes. The article brings 
one practical consequence for the relationship betwe-
en hyperglycemia and other cardiovascular risk factors, 
based on the finding of glucose changes being the least 
prevalent CVRFs in the sample. This makes the phe-
nomenon of progressive beta-cell failure, a necessary 
condition for the development of type 2 diabetes, more 
detached from the CVRFs related to IR.

The three papers above are in themselves a collective 
example of the existence of multiple patterns of CVRF 
clustering. If we embarked on a mental exercise of 
considering those the only evidence about CVRF clus-
tering in literature, we most likely would not be able 
conclude that this cluster is a single pathophysiological 
entity. Population differences among the three studied 
samples are almost certainly substantial, although they 
cannot be scientifically evaluated here. One could argue 
that this very statement demonstrates multiple patterns 
of CVRF clustering. Reaven has criticized the utiliza-
tion of multiple criteria for the metabolic syndrome as 

early as 2004 (7) and later questioned himself if this 
diagnosis was at all necessary (6).

This brings us to the second problem, of applying 
the metabolic syndrome to individuals with diabetes. 
It can be seen in Brazilian individuals that clustering 
of metabolic abnormalities seems to be related to the 
degree of hyperglycemia in both type 1 (10) and type 
2 diabetes (11). This could suggest that beta-cell dys-
function is responsible for part of the clustering, under-
mining the putative central role of IR.

This, in turn, relates directly to overrating the role 
of IR in the pathogenesis of type 2 diabetes. In these 
days of DeFronzo’s ever growing Ominous Octet (12) 
and following the explosion of genetic data linking type 
2 diabetes to insulin secretion rather than IR seen from 
2007 on (13), we cannot deny that IR is an important 
CVRF and that it is associated with type 2 diabetes, but 
the superposition among individuals with and without 
diabetes regarding IR is too overwhelming to be over-
looked (8).

The metabolic syndrome is also a statistical conun-
drum. It might seem straightforward to statistically test 
the syndrome along with its components, but this is not 
easily accomplished with most popular multivariable 
methods such as regression or general linear models. 
The papers by Herrera and cols. and Madani and cols. 
are just two of numerous examples of studying diffe-
rences among components of the syndrome in indivi-
duals both with and without the syndrome itself (3,4). 
Multicollinearity among variables makes it surprisingly 
difficult to insert all the components of the syndrome 
in multivariate statistical models (10).

Supporters (14) and detractors (15) of the metabo-
lic syndrome have defended their points of view with 
much passion in the last decades, but none other than 
the creator of the syndrome has attempted to discredit 
(or at least better explain) his initial proposition, firs-
tly pointing out the problem of multiple patterns of 
clustering (7), then questioning the necessity of this 
diagnosis (6), and finally in 2011 appealing to everyo-
ne for cutting short the metabolic syndrome game (8). 
One letter to this journal, commenting on the now fa-
mous merry-go-round editorial by Prof. Reaven, has  
optimistically stated that the creator had killed the crea-
ture (16). 

Nevertheless, a more precise and up-to-date meta-
phorical description of the metabolic syndrome would 
be a shape-shifting and scheming creature more akin 
to Mr. Edward Hyde (or maybe its green-skinned pop 
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culture counterpart). A PubMed search for the term 
“metabolic syndrome” limited to the present year of 
2016 yields 2173 entries (17). Still a staggering average 
of 16 articles a day! The famous Mark Twain misquote 
seems tailor-made for the current situation of the me-
tabolic syndrome: the reports about its demise have in 
fact been greatly exaggerated.

Disclosure: no potential conflict of interest relevant to this article 
was reported.
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Association of polymorphisms 
within the Renin-Angiotensin 
System with metabolic syndrome 
in a cohort of Chilean subjects

Christian L. Herrera1,2, Wilma Castillo1, Patricia Estrada1,  
Bárbara Mancilla1, Gerardo Reyes1, Nicolás Saavedra1,  
Neftalí Guzmán3, Pamela Serón1,4, Fernando Lanas1,4, Luis A. Salazar1

ABSTRACT
Objective: Metabolic syndrome (MetS) is associated with hypertension, obesity and dyslipidemia. 
Thus, genetic variants related with these conditions may modulate its development. We evaluated 
the effect of polymorphisms in the renin-angiotensin system (RAS) on metabolic syndrome risk in a 
cohort of Chilean subjects. Subjects and methods: A total of 152 subjects, 83 with MetS (51.2 ± 9.6 
years) and 69 without MetS (49.5 ± 9.3 years) of both genders were included, according to the ATP 
III update criteria. The rs4340 Insertion/Deletion (I/D), rs699 (T>C) and rs5186 (A>C) of the ACE, AGT 
and AGTR1 genes, respectively, were genotyped. Results: After adjusting for age and gender, we 
observed the DD genotype of rs4340 associated with MetS (p = 0.02). Specifically, the DD genotype 
was associated with MetS risk in women (OR = 4.62, 95%CI, 1.41 – 15.04; p < 0.01). In males, the AA 
genotype for rs5186 variant was associated with an increased risk for developing MetS when com-
pared with women carrying the same genotype (OR = 3.2; 95%CI, 1.03 – 9.89; p = 0.04). In subjects 
without MetS, DD genotype was associated with increased waist circumference (p = 0.023) while 
subjects with MetS carrying the rs5186 TT genotype showed higher levels of HDL-cholesterol (p = 
0.031). Conclusion: The present study contributes data highlighting the role for RAS polymorphisms 
in predisposing to metabolic syndrome in Chilean subjects. Arch Endocrinol Metab. 2016;60(3):190-8

Keywords
Metabolic syndrome; gender; polymorphisms; renin-angiotensin system

INTRODUCTION

T he Renin-Angiotensin System (RAS) is related 
to the regulation of the corporal compartment 

volume, arterial pressure levels and kidney blood flow. 
However, this system is complex, and its functions are 
widely distributed in different tissues of our body which 
are currently not fully understood. 

RAS polymorphisms have been widely studied in di-
verse populations. Although contradictory information 
exists, many authors relate them to various pathological 
conditions, apparently modulating the development of 
diseases like hypertension, chronic kidney disease, myo-
cardial infarction and diabetes complications (1,2). 

In the last years, the study of tissue RAS regulation 
sustained that this system can be a fundamental partici-
pant in metabolic processes and could explain the origin 
and complications of some metabolic disorders, such as 
Metabolic Syndrome (MetS) (3). MetS is a condition 

in which obesity and insulin resistance play major roles 
for its development, and the presence of this syndrome 
has been associated with a 2-fold increase in cardiovas-
cular disease risk, and 5-fold increase in diabetes melli-
tus risk (4). Clinical definition of MetS corresponds to 
a consequence of the interaction between factors like 
central obesity, hyperglycemia, dyslipidemia and hyper-
tension; however, this doesn’t consider the influence of 
sex on the pathophysiology and clinical expression of 
this condition (5). In Chile, the National Health Survey 
2009-2010 showed a high 35.3% prevalence (to define 
MetS, the ATPIII update criteria was used, considering 
waist cutoffs validated for Chile), being highest in men 
(41.6% vs 30.9%) and increasing with age. However, at 
65 years old the prevalence is equal in both men and wo-
men (53.0% vs 50.7%) (6). In the United States a similar 
behavior was observed; however, a significant increase 
in prevalence also occurred among younger women (7). 
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Reports about the relationship between RAS poly-
morphisms, particularly the rs4340, and MetS are few, 
and in some cases contradictory. As an example, in 
Chinese population Thomas and cols. pointed out an 
association between Insertion (I) allele with metabolic 
syndrome (8). On the other hand, Lee and Tsai, who 
studied diabetic individuals with and without MetS as-
sociated the Deletion (D) allele to MetS in patients with 
type 2 diabetes mellitus (DM2), and specifically with 
dyslipidemia, albuminuria and higher serum triglyceri-
des levels (9). Complementarily, Yang and cols., also 
in Chinese population demonstrated that interactions 
among RAS-related genes – particularly between AGT 
and ACE – were associated with DM2 (10). Reports 
from other populations are not so different. In Mexican 
population an association between DD genotype with 
MetS was identified, opposite to Polish population who 
do not show associations with insulin resistance, inten-
sity of MetS or HOMA rate (11,12).

Another relevant polymorphism in the MetS con-
text is rs699 (M235T). This variant was described by 
Procopciuc and cols. as a conditioning factor for MetS 
due to the combination of the CC genotype (TT235) 
with DD of ACE, or CC+AC rs5186 (A1166C) geno-
types increase the risk for developing MetS (13).

One of the most studied RAS-related polymorphisms 
is the A1166C variant (rs5186). This is a SNP located in 
the 3-untranslated region (3-UTR) of the angiotensin 
II receptor type 1 gene (AGTR1), which is also known 
as AT2R1 or AT1R, corresponding to adenine (A) to 
cytosine (C) transversion at position 1166 (14). At pre-
sent, abundant data extensively implicates the AGTR1 
rs5186 SNP as a risk factor for hypertension (14-18). 

As aforementioned, the influence of rs4340 (I/D 
ACE), rs699 and rs5186 polymorphisms in MetS re-
main unclear, and currently in Chile, the study of these 
variants is limited, existing few published articles which 
only evaluate the rs4340 variant and its relation with 
hypertension, cardiac structure and plasma neutral en-
dopeptidase activity (19-21). Since Chilean population 
carries a different ethnical background, incorporating 
diverse proportions of Amerindian and European an-
cestors depending on the geographical origin of the 
studied population, genetic profiles can fluctuate and 
could explain patterns of morbidity (22). Therefore, we 
hypothesized that polymorphisms in candidate genes 
involved in the RAS system may contribute to MetS. 
So, we aimed to evaluate the effect of candidate gene 
polymorphisms of the RAS system -rs4043, rs699 and 

rs5186- on metabolic syndrome risk in a cohort of Chi-
lean subjects. 

SUBJECTS AND METHODS

Subjects

A sample of 152 individuals, both sexes, unrelated, aged 
35-70 years, with a mean age of 50.5 ± 9.4 years, from 
La Araucanía region in Chile, were included in a cross-
sectional study. All participants answered a question-
naire to get the family history of cardiovascular disease 
(CVD), morbid personal history and drugs consump-
tion, among other data. Blood pressure, waist circum-
ference, weight and height were also determined. In 
addition, a blood sample was obtained by venipuncture 
for biochemical determinations of glucose, cholesterol, 
triglycerides concentration and molecular analysis. The 
study protocol was approved by the Ethics Committee 
of the Araucanía Sur Health Service, and all participants 
gave written informed consent.

The sample of patients of both genders were dis-
tributed in two groups based in the presence (n = 83) 
or absence (n = 69) of metabolic syndrome was studied. 
The comparative analysis between individuals with and 
without metabolic syndrome (MetS), its association with 
polymorphisms studied and the effect of MetS compo-
nents was considered according to the ATPIII update 
criteria, with waist cutoffs validated for Chile (6). 

Biochemical and molecular determinations

Blood samples were obtained after 12 hours of fasting. 
Serum was analyzed to determinate the level of total 
cholesterol, triglyceride and glucose using enzymatic 
colorimetric methods. HDL-cholesterol concentration 
was determined after precipitation of LDL and VLDL 
with phosphotungstic acid and magnesium using the 
CHOD-PAP method. LDL cholesterol concentration 
was calculated using the Friedewald formula. All deter-
minations were obtained using a semiautomatic photo-
meter (Humalyzer 3000, Wiesbaden, Germany).

Genomic DNA was extracted from peripheral blood 
leucocytes using a method previously described by Salazar 
and cols. (23). Integrity of genomic DNA was visualized 
by electrophoresis in 1.0% agarose gel. Three polymor-
phisms in genes of RAS were studied: rs5186 in angioten-
sin II type 1 receptor (AGTR1), rs699 in angiotensino-
gen (AGT) and rs4340 of angiotensin converter enzyme 
(ACE). The rs4340 polymorphism was determined using 
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specific primers to detect insertion or deletion of nucleo-
tide sequence (Forward 5’-CTG GAG AGC CAC TCC 
CAT CCT TTC T- 3’, Reverse 5’-GAC GTG GCC ATC 
ACA TTC GTC AGA T- 3’, annealing temperature: 
64ºC). PCR products size were 490 bp and 190 bp for 
I and D allele respectively, then a single band of 490 or 
190 bp confirmed a homozygous II and DD genotype 
respectively, and two bands of 490 and 190 bp confirmed 
heterozygous ID genotype. The gene polymorphism 
rs5186 was detected by Polymerase Chain Reaction fol-
lowing enzymatic restriction (PCR-RFLP). Primers used 
were forward 5’- ATA ATG TAA GCT CAT CCA CC- 3’ 
and reverse 5’- GAG ATT GCA TTT CTG TCA GT - 
3’, annealing temperature: 56ºC. Using the restriction 
enzyme HpyF3I (DdeI, 5 Units, Thermo Scientific) the 
DNA fragments obtained for the genotypes were: AA: 
350 bp; CC: 211 + 139 bp and AC: 350 + 211 + 139 bp. 
The rs699 polymorphism was detected by Polymerase 
Chain Reaction and enzymatic restriction (PCR-RFLP), 
the primers used were forward 5’- TGG ATG CGC ACA 
AGG TCC TGT- 3’, reverse 5’- CAG GGT GCT GTC 
CAC ACT GGC TCG C- 3’, annealing temperature: 
64ºC. Using the restriction enzyme Bsh1236I (5 Units, 
Thermo Scientific) genotypes were: CC: 24 + 281 bp; 
CT: 24 + 281 + 305 bp and TT: 305 bp.

The PCR products and digestion fragments were 
identified by electrophoresis in agarose gel, stained 
with ethidium bromide (0.5 mg/L) and visualized on 
a UV transilluminator (E-Box 1000, Vilber Lourmat, 
France). In addition, all gels were reread blindly by two 
persons without any change, and 20% of the analyses 
were randomly repeated.

Management of biological samples and chemical 
reagents was performed following biosafety guidelines 
described in the Manual of Standards Biosafety of the 
National Commission of Scientific and Technological 
Research (CONICYT, Chile).

Statistical analysis

To analyze the data we used the GraphPad Software for 
Windows, v. 5.0 (La Jolla, CA, USA). Data are presen-
ted as mean ± SD. Differences between the means of 
continuous variables were evaluated by Student t-test 
or ANOVA. The p-values were adjusted for co-varia-
bles (age and gender) using logistic regression analysis 
(SNPStats, Spain). The allelic frequencies and genotype 
distribution were estimated by gene counting. Diffe-
rences between non continuous variables, genotype dis-
tribution, allele frequency, and Hardy-Weinberg equili-

brium were tested by Fisher’s exact test or Chi-square 
test. Statistical significance was at p < 0.05.

RESULTS

Details of clinical data and biochemical results are pre-
sented in Table 1. Significant higher values of blood 
pressure, weight, body mass index, obesity status, waist 
circumference, glycaemia and triglycerides, and lo-
wer levels of HDL-cholesterol were observed in MetS 
group. Subgroup analyses revealed only a significant 
difference in arterial blood pressure (Table 2).

Table 3 presents the genotypic and allelic frequen-
cies for the ACE, AGT and AGTR1 variants. Geno-
type distribution for the rs4340, rs699 and rs5186 
polymorphisms did not differ between individuals with 
and without MetS in a crude analysis, however, after 
adjusting by age and gender we observed the DD ge-
notype associated with MetS. Additionally, differences 
were observed in genotype and allelic distribution be-
tween women with and without MetS for the rs4340 
polymorphism (Table 4). In a gender comparison, we 
observed that men carriers of the rs5186 AA variant 
have a higher risk for MetS (Table 5). The interaction 
between genotypes and its relation with MetS was eva-
luated, although no differences were detected.

Table 1. Clinical and biochemical characteristics of studied groups

No MetS
(n = 69)

MetS
(n = 83) p-value

Age, years 49.5 ± 9.3 51.2 ± 9.6 0.266

Men, n (%) 16 (24.6) 29 (34.9) 0.215

SBP (mmHg) 120.6 ± 18.8 136.4 ± 21.6 < 0.001

DBP (mmHg) 73.5 ± 9.4 83.0 ± 11.2 < 0.001

Height (cm) 157.9 ± 6.9 159.8 ± 8.9 0.140

Weight (kg) 69.6 ± 9.7 80.5 ± 15.5 < 0.001

BMI (kg/m2) 27.9 ± 3.4 31.5 ± 5.1 < 0.001

Normal Weight, n (%) 10 (14.5) 3 (3.6) < 0.001

Overweight, n (%) 44 (63.8) 36 (43.4) < 0.001

Obese, n (%) 15 (21.7) 44 (53.0) < 0.001

Diabetes, n (%) 2 (2.9) 9 (10.8) 0.113

Waist Circumference (cm) 87.6 ± 9.4 98.5 ± 12.6 < 0.001

Glycaemia (mg/dL) 87.6 ± 8.7 104.5 ± 33.6 < 0.001

Total cholesterol (mg/dL) 206.4 ± 33.7 212.5 ± 44.4 0.476

HDL-cholesterol (mg/dL) 45.4 ± 9.1 37.1 ± 7.1 < 0.001

LDL-cholesterol (mg/dL) 138.7 ± 32.1 137.6 ± 42.4 0.749

Triglycerides (mg/dL) 111.3 ± 37.6 180.2 ± 83.1 < 0.001

MetS: metabolic syndrome; No MetS: no metabolic syndrome; SBP: systolic blood pressure; 
DBP: diastolic blood pressure; BMI: body mass index; HDL: high density lipoprotein; LDL: low 
density lipoprotein.
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Table 2. Comparison of components of metabolic syndrome between subgroups of hypertensive and non-hypertensive subjects

No MetS MetS

HBP
(n = 14)

No HBP
(n = 55) p-value HBP

(n = 39)
No HBP
(n = 44) p-value

SBP (mmHg) 140.7 ± 24.1 115.5 ± 13.1 < 0.001 150.7 ± 21.2 123.6 ± 11.9 < 0.001

DBP (mmHg) 79.9 ± 13.5 71.8 ± 7.4 0.004 88.6 ± 11.6 78.0 ± 8.1 < 0.001

Waist circumference (cm) 87.2 ± 9.5 87.7 ± 9.5 0.870 98.7 ± 12.0 98.3 ± 13.2 0.901

Glycaemia (mg/dL) 89.5 ± 9.1 87.2 ± 8.6 0.368 105.9 ± 31.5 103.2 ± 35.6 0.710

HDL-cholesterol (mg/dL) 49.1 ± 7.8 44.5 ± 9.3 0.091 37.4 ± 6.8 36.9 ± 7.5 0.795

Triglycerides (mg/dL) 120.4 ± 21.8 109.0 ± 40.5 0.315 172.1 ± 76.1 187.4 ± 89.2 0.404

HBP: high blood pressure; No HBP: no high blood pressure; MetS: metabolic syndrome; No MetS: no metabolic syndrome; SBP: systolic blood pressure; DBP: diastolic blood pressure.

Table 3. Distribution of RAS genotypes and alleles in Chilean subjects with and without metabolic syndrome (n = 152)

No MetS MetS Odds ratio, CI (95%) p-value p-value
Adjusted*

rs4340

Genotypes

II 27 (39.1) 32 (38.6) 1.03 (0.5-1.9) 1.00 0.91

ID 35 (50.7) 33 (39.8) 0.64 (0.3-1.2) 0.19 0.05

DD 7 (10.1) 18 (21.6) 2.45 (0.9-6.3) 0.08 0.02

Alleles

I 89 (64.5) 97 (58.4) 1.29 (0.8-2.0) 0.29

D 49 (35.5) 69 (41.6)

rs699

Genotypes

TT 9 (13.4) 11 (13.3) 1.02 (0.4-2.6) 1.00 0.79

TC 32 (47.8) 43 (52.8) 1.18 (0.6-2.2) 0.74 0.86

CC 26 (38.8) 29 (35.9) 0.85 (0.4-1.7) 0.73 0.70

Alleles

T 50 (37.3) 65 (39.2) 0.92 (0.6-1.5) 0.81

C 84 (63.7) 101 (60.8)

rs5186

Genotypes

AA 37 (54.4) 45 (54.2) 1.01 (0.5-1.9) 1.00 0.80

AC 28 (41.2) 33 (39.8) 0.94 (0.5-1.8) 0.86 0.76

CC 3 (4.4) 5 (6.0) 1.38 (0.3-6.0) 0.73 0.55

Alleles

A 102 (75.0) 123 (74.1) 1.05 (0.6-1.8) 0.89

C 34 (25.0) 43 (25.9)

MetS: metabolic syndrome; No MetS: no metabolic syndrome. * P-value adjusted for sex and age.

The influence of genotypes on systolic blood pres-
sure, diastolic blood pressure, waist circumference, 
glycaemia, HDL-cholesterol and triglycerides was eva-
luated; higher levels of waist circumference for DD ge-
notype of rs4340 in individuals without MetS and in a 

similar way, a higher concentration of HDL-cholesterol 
for TT genotype of rs699 in individuals with MetS was 
observed (Table 6).

Considering the differences observed by gender in 
genotype distribution, a genotype influence analysis 
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Table 4. Distribution by gender of RAS genotypes and alleles in Chilean subjects with and without metabolic syndrome

Sex Genotype No MetS MetS Odds ratio, CI 
(95%) p-value p-value

Adjusted*

rs4340

Women II 23 (44.2) 20 (37.0) 1.35 (0.62-2.94) 0.55 0.33

ID 25 (48.1) 19 (35.2) 0.59 (0.27-1.28) 0.24 < 0.01

DD 4 (7.7) 15 (27.8) 4.62 (1.41-15.04) 0.01 < 0.01

I 71 (68.3) 59 (54.6) 1.79 (1.02-3.13) 0.048

D 33 (31.7) 49 (45.4)

Men II 4 (23.5) 12 (41.4) 0.44 (0.11-1.67) 0.33 0.20

ID 10 (58.8) 14 (48.3) 0.65 (0.19-2.19) 0.55 0.40

DD 3 (17.6) 3 (16.3) 0.54 (0.09-3.03) 0.65 0.44

I 18 (52.9) 38 (65.5) 0.59 (0.25-1.41) 0.27

D 16 (47.1) 20 (34.5)

rs699

Women TT 6 (11.8) 7 (13.0) 0.89 (0.28-2.87) 1.00 0.95

CT 25 (49.0) 29 (53.7) 1.21 (0.56-2.59) 0.69 0.89

CC 20 (39.2) 18 (33.3) 0.79 (0.35-1.72) 0.68 0.66

T 37 (36.3) 43 (39.8) 0.86 (0.49-1.50) 0.67

C 65 (63.7) 65 (60.2)

Men TT 3 (18.8) 4 (13.8) 1.44 (0.27-7.44) 0.68 0.74

CT 7 (43.8) 14 (48.3) 1.20 (0.35-4.09) 1.00 0.92

CC 6 (37.5) 11 (37.9) 1.02 (0.29-3.59) 1.00 0.93

T 13 (40.6) 22 (37.9) 1.12 (0.46-2.71) 0.82

C 19 (59.4) 36 (62.1)

rs5186

Women AA 32 (61.5) 30 (55.5) 1.28 (0.59-2.78) 0.55 0.56

AC 18 (34.6) 19 (43.2) 1.03 (0.46-2.28) 1.00 0.48

CC 2 (3.9) 5 (9.3) 2.55 (0.47-13.78) 0.43 0.23

A 82 (78.8) 79 (73.1) 1.37 (0.73-2.58) 0.34

C 22 (21.2) 29 (26.9)

Men AA 5 (31.3) 15 (51.7) 0.42 (0.11-1.53) 0.22 0.22

AC 10 (62.5) 14 (48.3) 0.56 (0.16-1.95) 0.53 0.20

CC 1 (6.3) 0 (0.0) NC 0.36 0.15

A 20 (62.5) 44 (75.9) 0.53 (0.21-1.35) 0.20

C 12 (37.5) 14 (24.1)

MetS: metabolic syndrome; No MetS: no metabolic syndrome. * P-value adjusted for age.

on the components of MetS by gender for all variables 
was developed (data not shown). In this analysis, we 
observed that the difference of waist circumference 
for DD genotype is present only in women without 
MetS (p = 0.005). On the other side, the HDL-cho-
lesterol comparison in men with MetS carriers of the 

TT genotype versus the combination of TC and CC 
of rs699 (additive model), shows that the latter have 
lower concentrations of HDL-cholesterol (TT: 40.7 
± 5.2 mg/dL vs. TC+CC: 33.2 ± 0.9; p = 0.022), on 
the contrary, women did not show this difference (p 
= 0.07).
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Table 5. Frequency of metabolic syndrome by gender and RAS-related genotypes

Gender No MetS MetS No MetS MetS No MetS MetS

rs4340 rs699 rs5186

Women II 23 20 TT 6 7 AA 32 30

Men 4 12 3 4 5 15

OR: 3.45 (0.96-12.4)

p = 0.08

OR: 1.14 (0.17-7.28)

p = 1,00

OR: 3.20 (1.03-9.89)
p = 0.04

Women ID 25 19 TC 25 29 AC 18 19

Men 10 14 7 14 10 14

OR: 1.84 (0.67-5.04)

p = 0.31

OR: 1.72 (0.60-4.94)

p = 0.44

OR: 1.3 (0.47-3.74)

p = 0.61

Women DD 4 15 CC 20 18 CC 2 5

Men 3 3 6 11 1 0

OR: 0.27 (0.04-1.86)

p = 0.29

OR: 2.04 (0.63-6.64)

p = 0.26

OR: 0.15 (0.00-5.18)

p = 0.38

OR: odds ratio; MetS: metabolic syndrome; No MetS: no metabolic syndrome.

Table 6. Impact of rs4340, rs699 and rs5186 genotypes on the components of MetS in Chilean subjects

MetS No MetS

rs4340 II (n = 32) ID (n = 33) DD (n = 18) p-value II (n = 27) ID (n = 35) DD (n = 7) p-value

SBP (mmHg) 140.9 ± 20.9 137.0 ± 23.4 126.9 ± 17.0 0.084 121.9 ± 19.8 120.3 ± 19.1 116.7 ± 14.3 0.807

DBP (mmHg) 83.5 ± 11.5 83.7 ± 11.0 80.8 ± 11.0 0.632 73.8 ± 10.9 73.9 ± 8.8 70.4 ± 7.1 0.671

WC (cm) 97.9 ± 11.3 99.5 ± 14.3 97.5 ± 11.9 0.842 86.0 ± 8.8 87.0 ± 9.2 96.7 ± 9.3 0.023

Glyc (mg/dL) 98.3 ± 12.8 110.7 ± 43.5 104.1 ± 37.7 0.332 88.0 ± 9.1 87.4 ± 9.2 87.6 ± 4.5 0.968

HDL-C (mg/dL) 36.6 ± 6.3 36.5 ± 7.4 39.2 ± 8.0 0.371 44.4 ± 7.9 46.7 ± 9.9 42.5 ± 9.5 0.423

TG (mg/dL) 177.2 ± 72.6 172.8 ± 77.2 199.2 ± 109.6 0.542 99.2 ± 27.6 116.5 ± 39.1 132.2 ± 52.4 0.058

rs699 TT (n = 11) TC (n = 43) CC (n = 29) p-value TT (n = 9) TC (n = 32) CC (n = 26) p-value

SBP (mmHg) 140.5 ± 25.3 136.7 ± 24.8 134.3 ± 14.4 0.726 121.7 ± 16.6 121.9 ± 17.3 117.6 ± 21.8 0.677

DBP (mmHg) 87.4 ± 13.1 82.5 ± 12.4 82.2 ± 8.0 0.385 72.4 ± 13.6 73.5 ± 8.4 72.6 ± 8.4 0.905

WC (cm) 103.7 ± 13.4 99.2 ± 10.9 95.6 ± 14.1 0.164 87.8 ± 14.9 87.7 ± 8.3 86.7 ± 8.9 0.917

Glyc (mg/dL) 94.5 ± 11.6 104.8 ± 28.0 107.8 ± 44.9 0.535 90.0 ± 6.2 86.8 ± 8.8 88.4 ± 9.4 0.586

HDL-C (mg/dL) 42.3 ± 7.3 36.0 ± 6.2 36.8 ± 7.7 0.031 46.1 ± 7.4 45.9 ± 9.6 44.5 ± 9.7 0.829

TG (mg/dL) 170.0 ± 72.1 183.7 ± 76.1 178.9 ± 98.2 0.885 114.9 ± 27.2 105.6 ± 29.9 118.1 ± 47.8 0.443

rs5186 AA (n = 45) AC (n = 33) CC (n = 5) p-value AA (n = 37) AC (n = 28) CC (n = 3) p-value

SBP (mmHg) 134.3 ±18.5 138.4 ± 25.1 141.4 ±25.6 0.624 120.5 ± 19.8 121.9 ± 18.2 105.8 ± 7.7 0.378

DBP (mmHg) 82.9 ± 9.9 83.6 ± 12.8 79.5 ± 11.4 0.746 72.5 ± 10.2 75.3 ± 8.2 65.2 ± 5.1 0.148

WC (cm) 98.8 ± 11.3 99.6 ±14.1 88.4 ± 9.2 0.170 87.4 ± 9.7 86.6 ± 8.9 97.6 ± 9.4 0.160

Glyc (mg/dL) 106.5 ± 33.7 103.0 ± 35.8 95.9 ± 13.4 0.761 86.2 ± 10.5 89.5 ± 6.0 89.6 ± 4.1 0.307

HDL-c (mg/dL) 36.4 ± 6.8 37.8 ± 8.0 38.5 ± 3.1 0.643 46.5 ± 8.5 44.3 ± 9.9 42.3 ± 12.5 0.536

TG (mg/dL) 185.5 ± 95.3 177.5 ± 67.2 150.4 ± 64.4 0.656 104.9 ± 31.8 118.3 ± 36.9 141.9 ± 86.2 0.133

MetS: metabolic syndrome; No MetS: no metabolic syndrome; SBP: systolic blood pressure; DBP: diastolic blood pressure; WC: waist circumference; Glyc: glycaemia; HDL-c: high density lipoprotein-
cholesterol; TG: triglycerides.

DISCUSSION

Conventionally, RAS polymorphisms have been as-
sociated to hypertension, a key MetS component. As 
described, the results of our study suggest RAS poly-
morphisms are associated with MetS and particularly 

to the development of some of its components; this 
is evidenced by the differences in waist circumference 
and HDL-cholesterol concentration. However, there 
is great variability in the results obtained by different 
researchers, which can be attributed to the ethnic and/
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or sociocultural origins of the populations studied, as 
for the characteristics of the study design (9,11-13,24).

Insulin resistance is a key component of metabo-
lic syndrome, hypertension and type 2 diabetes melli-
tus, which is related to RAS performance. This link 
is evident from the favorable effect of different RAS 
pharmacological interventions with positive effects on 
this condition. The first observations related to this 
fact come from several clinical trials of the late 90s and 
2000, in which it was observed that inhibition of the 
renin-angiotensin system using ACE inhibitors (ACEi) 
or angiotensin receptor 1 blockers blockers (ARB) had 
the ability to reduce the establishment of DM2 in in-
dividuals at high risk (25,26). After this, many studies 
have supported the benefits of RAS inhibition in the 
context of diabetes and cardiovascular disease. For ins-
tance, Zreikat and cols. in a cohort of 777 hypertensive 
patients with MetS observed that ACEi or ARB users 
would have a decreased risk of cardiovascular events, 
particularly coronary events (27).

The mechanisms underlying this effect are diverse 
and complex due to RAS components are produced lo-
cally by multiple tissues and not only by the classical 
pathway system (3). In this context, the RAS plays a key 
role in the development of associated MetS alterations, 
since it is capable of inducing hypertension through its 
vasoconstrictor and sodium retention effect, adding 
an over activation effect of the Sympathetic Nervous 
System (SNS) in MetS individuals (28), favoring the 
development of obesity by affecting satiety, energy ex-
penditure, and growth and differentiation of adipocytes 
(29), pancreatic islet damage, particularly in the beta 
cells of the pancreas by reducing their proliferation and 
stimulate apoptosis (30), and decreasing the insulin 
secretion and sensitivity (31). In the context of cellu-
lar metabolism, three mechanisms by which the RAS, 
would be altering glucose metabolism and promoting 
insulin resistance and consequently the development 
of MetS are described: (a) inhibition of the activation 
of the insulin receptor substrate-1 (IRS-1)/phosphati-
dylinositol 3-kinase (PI3K) pathway; (b) the inhibition 
of differentiation of preadipocytes, responsible for the 
production of inflammatory or diabetogenic cytokines; 
and (c) increase in ROS production, damaging pancre-
atic B cells and causing endothelial dysfunction (32).

Because of the intricate and multifactorial characte-
ristics underlying the development of MetS, is difficult 
to estimate the implications of genetic variants studied 
on the pathogenesis of MetS and its components from 

a viewpoint of associated biological mechanisms and 
not just in the context of the association. In particular, 
rs4340 polymorphism has been associated with higher 
levels of the enzyme in DD genotype when compared to 
the ID genotype, intermediate level, and genotype II, 
low level, thus showing its influence on the activity of 
the system based on the production of greater amounts 
of angiotensin II (33); rs699 would be associated with 
increased gene expression of the angiotensinogen gene, 
however, since the polymorphism causes a substitution 
of methionine for threonine at exon 2, its effect would 
not be exerted directly, but it would be a consequence 
of the unbalance linkage disequilibrium related to this 
variant, with others located in the promoter region of 
the gene (34); meanwhile, the rs5186 variant affects 
the level of AGTR-1 expression, due to the presence 
of the A allele allows miR-155 to downregulate the 
expression of the receptor, but not the C allele, whi-
ch affects miR-155 complementarity, increasing its ex-
pression (35). Bearing in mind this background, the 
analysis of the influence of these polymorphisms beco-
mes more complex due to the difficulty of quantifying 
the magnitude of their impact on the system activity, 
for example, in 2002 the functional effect of genetic 
variants of AGT on its plasma levels was evaluated in 
healthy individuals, determining that none of the ge-
notypes generated more than 5% variation, in particu-
lar rs699 -4.1% only in adults (± 41 years) and not in 
young (± 15) (36). Thus, given the biological effects of 
these variants, it would be expected that the combina-
tion of risk genotypes, in this case DD of ACE, CC of 
rs699 and CC of AGTR-1, confer greater likelihood of 
developing MetS, DM2, hypertension and cardiovascu-
lar disease. However, from our perspective it becomes 
clear that this is a difficult issue to quantify accurately 
due to gene-gene and gene-environment underlying 
interactions, contributing to variability of the results 
observed in association studies.

Another interesting aspect of our results is related to 
the observed differences in the magnitudes of the com-
ponents of MetS, such as the genotypic and allelic fre-
quencies, which were only evidenced when analyzing 
the variables by gender. This situation is not new, sin-
ce in recent years gender-dependent associations have 
been described and also differences in the concentra-
tions and activity levels in the different components of 
RAS. For example Reyes-Engel indicated that the DD 
genotype influences higher levels of Ang I in women 
versus men (37), while Bouwman and cols. described an 
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increased risk of weight gain in a period of 10 years for 
genotype II male carriers, which also contrasts the evi-
dence supporting the role of increased risk associated 
with the D allele (38). In the same way, hypertension, 
dyslipidemia and nonalcoholic fatty liver disease (NA-
FLD), conditions related to MetS, also show a differen-
tial manifestation associated to gender (39-41). 

An important limitation for the results obtained in 
the present work is the restricted sample size. Hence, 
this study should be interpreted in the context of its 
design since the low number of patients enrolled may 
be introducing bias to the associations observed. The-
refore, future studies encompassing a wider cohort are 
needed to corroborate, or rule out, the results obtained 
from this investigation.

In conclusion, the intricate interactions of RAS 
complicate to understand completely the biological 
mechanisms that underlie the associations described by 
various authors; however, our research identified that 
genetic variants studied actually have an influence on 
organic metabolism, which also influences the anthro-
pometric and biochemical characteristics of the studied 
population and would be predisposing factors to car-
diometabolic disorders with a strong gender compo-
nent in the observed associations.
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ABSTRACT
Objective: The aim of the present study was to determine the prevalence of metabolic syndrome 
(MS) in infertile Iranian women with polycystic ovary syndrome (PCOS) using the ATPIII criteria. Sub-
jects and methods: In this cross-sectional study, 624 women with PCOS were enrolled at a tertiary 
referral center in Tehran, Iran, between April, 2012 and March, 2013. Diagnosis of MS was according 
to ATPIII criteria. Also, we divided PCOS patients into following two main groups: (i) with MS (n = 
123) and (ii) without MS (n = 501), and then compared variables between two groups. Results: The 
mean age, body mass index (BMI) and waist circumference were 28.6 ± 4.3 years, 26.7 ± 3.7 kg/m2 
and 85.2 ± 8.7 cm, respectively. The prevalence of MS was 19.7%. Our findings showed that age, BMI, 
waist circumference and all metabolic parameters were higher in PCOS women with MS than related 
values in those without MS. The most and least prevalent forms of MS were low level of high density 
lipoprotein-cholesterol (HDL-C) and hypertension, respectively. Conclusion: It seems the prevalence 
of metabolic syndrome in our country isn’t as high as western countries. The prevalence rate of MS 
increased with age and BMI. One of the major cardiovascular risk factors, low level of HDL-C, is the 
most prevalent metabolic abnormality in our participants. Arch Endocrinol Metab. 2016;60(3):199-204

Keywords
Polycystic ovary syndrome; metabolic syndrome; prevalence; ATPIII criteria 

INTRODUCTION

P olycystic ovary syndrome (PCOS) is one of the 
most common reproductive endocrinological dis-

orders in women,  affecting about 15% of women in 
general population according to Rotterdam criteria 
(1). Insulin resistance (IR) plays an important role in 
pathophysiology of PCOS (2,3). Evidence has shown 
that IR and compensatory hyperinsulinemia also play 
central roles in the evolution of metabolic syndrome 
(MS) (4-8). MS is a group of risk factors that identify 
individuals at increased risk for type 2 diabetes mellitus 
and atherosclerosis (9,10). These risk factors include 
central obesity, hypertriglyceridemia, low levels of 
high-density lipoprotein (HDL) cholesterol, elevated 
blood pressure and fasting plasma glucose levels (10). 
Many of the metabolic abnormalities of PCOS patients 
overlap with components of MS. The prevalence rates 
of MS in PCOS women vary among different countries 
and ethnicities as follows: 43-46% in America (11,12), 
37.9% in India (13), 35.3% in Thailand (14), 28.4% in 
Brazil (15), 16.8% in China (16), 14.5% in Korea (17), 
11.6% in Turkey (18) and 8.2% in Southern Italy (19). 
These differences in prevalence rates of MS in PCOS 

patients in different countries may be depended to sev-
eral factors, like age, BMI, and race of patients as well as 
different approaches to define MS and PCOS.

To consider the various reports about the prevalen-
ce of MS among PCOS patients in different countries 
and the lack of evidence describing the prevalence of 
MS in PCOS patients in Iran, we sought to report the-
se. The aim of the present study was to determine the 
prevalence of MS and its components in Iranian inferti-
le women with PCOS using the ATPIII criteria.

SUBJECTS AND METHODS 

This cross-sectional study was conducted between 
April, 2012 and March, 2013, while it was approved by 
the Institutional Review Board and the Ethical Com-
mittee of Royan Institute Research Center according 
to the Helsinki Declaration. Informed consent was also 
signed by all participants.

Patients

Women with PCOS attending the tertiary referral In-
fertility Clinic of Royan Institute, Tehran, Iran, were 
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enrolled in this study. Diagnosis of PCOS was based 
on Rotterdam criteria (20). Women who were aged > 
40 and who used contraceptive drugs within 3 months 
prior the study were excluded from the study. Based 
on appropriate clinical and/or laboratory tests, other 
causes of hyperandrogenism, such as 21-hydroxylase 
deficiency, Cushing’s syndrome, androgen secreting 
tumors, hypothyroidism, and hyperprolactinemia were 
also excluded from the study. So, we divided PCOS pa-
tients into following two main groups: (i) with MS (n = 
123) and (ii) without MS (n = 501). 

Procedure

National Cholesterol Education Program Adult Treat-
ment Panel (NCEP ATP III) criteria was used for the 
diagnosis of MS; therefore, we considered the presen-
ce of three or more of the following abnormalities to 
confirm a diagnosis: waist circumference ≥ 88 cm, fas-
ting glucose ≥ 100 mg/dL, fasting serum triglycerides 
≥ 150 mg/dL, serum HDL-C < 50 mg/dL, and blood 
pressure ≥ 130/85 mmHg (21).

For each participant weight and height were mea-
sured in light clothing without shoes. Hip and waist 
circumference (WC) and waist-to-hip ratio were mea-
sured as standard method. Body mass index (BMI) was 
calculated as body weight in kilograms was divided by 
the square of height in meters. BMI in this study was 
categorized into three groups as follows: (i) non-obese 
(n = 215) when BMI < 25 kg/m2, (ii) overweight (n 
= 295) when BMI 25-29.9 kg/m2 and (iii) obese (n = 
114) when BMI ≥ 30 kg/m2. Age was also stratified 
into four subgroups: (i) < 25 years (n = 116), (ii) 25 – 
29.9 years (n = 255), (iii) 30-34.9 years (n = 181) and 
(iv) 35-39.9 years (n = 72).

Blood pressure was measured on the right arm of 
women in a sitting position after 15 minutes rest using 
a manual mercury sphygmomanometer. Hirsutism was 
defined by the presence of excessive body hair in an 
androgen-depended pattern, using the Ferriman and 
Gallwey score > 8 (22). Oligomenorrhea was defined as 
the presence of three or more cycles of > 35 days in the 
previous 6 months, and amenorrhea was referred to the 
absence of vaginal bleeding for 3 months. Hyperme-
norrhea was defined as vaginal bleeding occurring at an 
interval of less than 21 days. Vaginal ultrasonography 
was performed by expert gynecologists on third day of 
menstrual cycle for each patient.

Blood samples were drawn after a 12-hour overnight 
fasting on second or third day of their spontaneous or 

progesterone induced menstrual cycles. Subsequently, 
luteinizing hormone (LH), follicle-stimulating hormo-
ne (FSH), free testosterone, dehydroepiandrosterone-
sulfate (DHEA-S), 17OH progesterone, triglycerides, 
total cholesterol, low density lipoprotein (LDL) cho-
lesterol, high density lipoprotein (HDL) cholesterol, 
fasting blood glucose and insulin, and 2-hour blood 
glucose (after eating 75 gram oral glucose) were carried 
out at the laboratory department of the Royan Institu-
te. Non HDL cholesterol was calculated by subtracting 
HDL cholesterol form total cholesterol. The states of 
glucose tolerance were classified into four groups ac-
cording to the World Health Organization (WHO) and 
American Diabetes Association (ADA) (23) as follows: 
(i) impaired fasting glucose (IFG), (n = 54) when fas-
ting plasma glucose was between ≥ 100 mg/dL and < 
126 mg/dL; (ii) impaired glucose tolerance (IGT), (n 
= 39) when after 120 minutes and taking 75 g anhy-
drous glucose, plasma glucose was between ≥ 140 mg/
dL and < 200 mg/dL; as well as (iii) diabetes, (n = 11) 
when either fasting plasma glucose was ≥ 126 mg/dL, 
and/or after120 minutes and glucose load, plasma glu-
cose was ≥ 200 mg/dL.

The homeostatic model assessment-estimated insu-
lin resistance (HOMA-IR) is a simple method to measu-
re IR which was calculated as fasting glucose (mg/dL) × 
fasting insulin (μU/mL)/405 (24).

Sample size was calculated for estimation of the pre-
valence of MS in PCOS women attending our inferti-
lity clinic. Data were analyzed by a software package 
used for statistical analysis (SPSS) version 20 (SPSS, 
Inc., Chicago, IL, USA). Descriptive statistics, mean 
± standard deviation (SD) and frequency (%) were 
used to describe the characteristics of participants. The 
Student’s t-test was used to compare the continuous 
variables between groups. For comparing categorical 
variables, χ2 test was used. A p-value of < 0.05 was con-
sidered statistically significant.

RESULTS

A total of 624 women were enrolled to study. The mean 
age and BMI were 28.6 ± 4.3 years and 26.7 ± 3.7 kg/m2, 
respectively. Obesity was seen in 114 (18.3%) women 
with PCOS, while 295 (47.3%) were overweight. Ac-
cording to the results of glucose metabolism, 80.1% 
had normal glucose metabolism, 8.7% had IFG, 6.3% 
had IGT, 3.2% had combined IFG and IGT, and 1.8% 
had diabetes mellitus.
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The prevalence rates of menstrual irregularities in 
our patients were: oligomenorrhea (64.7%), amenorrhea 
(25.3%), eumenorrhea (8.4%), polymenorrhea (0.8%) 
and mixed pattern (0.8%). In addition, hirsutism score 
> 8, acne and male pattern balding were seen in 30.1%, 
22.1% and 8.3% of patients, respectively. The overall pre-
valence of MS was 19.7 %. Also, 37.7% and 28.2% of 
patients showed one and two criteria for MS, respective-
ly. Clinical and biochemical characteristics of participants 

are summarized in table 1, while table 2 demonstrates 
the prevalence of the metabolic syndrome according to 
different age and body mass index groups. The preva-
lence rates of different components of MS are shown in 
table 3. Our results indicated that among PCOS patients 
with MS, the most prevalent forms of MS components 
were low level of HDL cholesterol (92.8%) followed by 
increased WC (82.9%), whereas the least prevalent form 
was high blood pressure (8.1%) (Table 3).

Table 1. Anthropometric, hormonal, metabolic and sonographic characteristics of PCOS women with and without MS 

Variables PCOS with MS
(n = 123)

PCOS without MS
(n = 501)

p-Value*

Patients 19.7% 80.3%

Age (year) 30.1 ± 4.3 28.3 ± 4.3 < 0.001

BMI (kg/m2) 29.8 ± 3.4 25.9 ± 3.4 < 0.001

Waist (cm) 93.2 ± 7 83.3 ± 7.9 < 0.001

WHR 0.85 ± 0.05 0.81 ± 0.05 < 0.001

Systolic pressure (mmHg) 114 ± 12.5 108.9 ± 10.5 < 0.001

Diastolic pressure (mmHg) 72.2 ± 10.6 69.1 ± 8.9 0.003

Oligomenorrhea 59.3% 66.1% 0.32

Amenorrhea 32.5% 23.6% 0.12

Hirsutism 25.0% 23.6% 0.79

Hormonal profile

LH (mIU/mL) 7.5 ± 4.1 8.4 ± 5.3 0.03

FSH (mIU/mL) 6 ± 3.4 6 ± 2.4 0.86

LH/FSH 1.5 ± 1.2 1.5 ± 1.1 0.51

Free testosterone (pg/mL) 1.6 ± 1.3 1.7 ± 2.2 0.50

DHEA-S (μg/dL) 134 ± 376 139 ± 275 0.99

17 OH progesterone (ng/mL) 1.2 ± 1.1 1.4 ± 1.6 0.23

Metabolic parameters

FG (mg/dL) 98.4 ± 19.2 86.7 ± 8.7 < 0.0001

Fasting insulin (mIU/mL) 13.3 ± 9.6 11.6 ± 11.7 0.17

FG/fasting insulin 12.6 ± 17.1 14.5 ± 40 0.61

HOMA-IR 3.3 ± 2.6 2.5 + 2.6 0.001

Total cholesterol (mg/dL) 192.5 ± 34.5 177.5 ± 34.3 < 0.0001

LDL-C (mg/dL) 116.4 ± 30.9 107.2 ± 29.3 0.002

HDL-C (mg/dL) 38.8 ± 9.4 45.9 ± 11.7 < 0.0001

Non-HDL-C (mg/dL) 154.6 ± 36.2 132 ± 34 < 0.0001

TG (mg/dL) 189 ± 97.4 113 ± 52.3 < 0.0001

Sonographic parameters

Right ovary volume (cm3) 8.6 ± 3.6 8.3 ± 4 0.64

Left ovary volume (cm3) 9 ± 5.1 8.3 ± 4.3 0.55

Right ovary antral follicle number 17 ± 6.4 16.5 ± 6.4 0.59

Left ovary antral follicle number 17 ± 6.5 16.4 ± 5.8 0.55

PCOS: polycystic ovary syndrome; MS: metabolic syndrome; BMI: body mass index; WHR: waist-to-hip ratio; LH: luteinizing hormone; FSH: follicle stimulating hormone; DHEA-S: dehydroepiandrosterone 
sulfate; FG: fasting glucose; TG: triglycerides; LDL-C: low density lipoprotein cholesterol; HDL-C: high density lipoprotein cholesterol; HOMA-IR: Homeostasis Model Assessment–Insulin Resistance.
Data are presented as mean ± standard deviation or number (%). 
* Comparison is performed between PCOS women with and without MS by Student t-test and Chi-square test.
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Table 2. Prevalence of the metabolic syndrome according to different age 
and body mass index groups 

Variable MS/Total Frequency (95% CI) p-Value

Age (years)

< 25 11/116 9.5% (4.2%-14.8%) < 0.001

25-29.9 45/255 17.6% (13.0%-22.3%)

30-34.9 42/181 23.2% (17.1%-29.4%)

35-39.9 25/72 34.7% (23.7%-45.7%)

BMI (kg/m2)

< 25 7/215 3.3% (0.9%-5.6%) < 0.001

25-29.9 64/295 21.7% (17.0%-26.4%)

≥ 30 52/114 45.6% (36.5%-54.8%)

MS: metabolic syndrome; BMI: body mass index.

Table 3. Prevalence of metabolic syndrome components* in 624 patients 
with PCOS 

MS components
Prevalence %(n)

MS
(n = 123)

Without MS
(n = 501)

Total
(n = 624)

HDL-C < 50 mg/dL 92.8 (114) 66.3 (332) 71.5 (446)

WC ≥ 88 82.9 (102) 22.8 (114) 34.6 (216)

TG ≥ 150 mg/dL 70.7 (87) 15 (75) 26 (162)

FG ≥ 100 mg/dL 43.9 (54) 5.6 (28) 13.1 (82)

BP ≥ 130/85 mmHg 8.1 (10) 0.8 (4) 2.2 (14)

PCOS: polycystic ovary syndrome; MS: metabolic syndrome; HDL-C: high density lipoprotein 
cholesterol; WC: waist circumference; TG: triglycerides; FG: fasting glucose; BP: blood pressure.
* According to NCEP ATPIII criteria.

DISCUSSION

This study showed the prevalence of MS in Iranian in-
fertile PCOS patients was 19.7% according to ATPIII 
criteria and Rotterdam criteria. Also, our results show 
that this prevalence increased with age and BMI. This 
prevalence is lower than related values in many Ameri-
can and Asian reports. For example, in several studies 
in US, the prevalence of MS was 33.4–46% according 
to NCEP-ATP III criteria (12,25). In India and Brazil, 
this prevalence rates were 37.9% and 28.4% (13,17), 
respectively. In contrary, in several European countries, 
the prevalence rates of MS in PCOS women are lower 
than our results, like 11.6% in Turkey (18), 8.2% in sou-
thern Italy according to ATPIII criteria (19) and 1.6% 
in the Czech Republic (26). It seems one of the im-
portant causes for discrepancy in the prevalence of MS 
in women with PCOS is different criteria for diagnosis 
of PCOS and MS. For example, Bhattacharya showed 
in Indian PCOS women, MS was found in 47.5% and 

37.9% cases according to IDF criteria and ATP III crite-
ria, respectively (13). Also, based on WHO criteria and 
ATP-III criteria, Carmina and cols. found the prevalen-
ce rates of MS were 16% and 8.2%, respectively, in Ita-
lian PCOS women (19). In addition to different criteria 
for diagnosis of PCOS and MS, the characteristics of 
the population studied, such as race, age, BMI, diffe-
rent dietary habits and lifestyle in different countries, 
had important roles for different prevalence rate of MS 
in PCOS women.

Another important risk factor for MS in PCOS pa-
tients and also in general populations is advance age 
(27-29). In our study, the mean age of subjects was 
26.8 ± 4.3 years. Vural and cols. found in Turkish 
PCOS women – the country with similar (geographi-
cal environment and eating habits to our country – the 
prevalence rate of MS was lower than our study. This 
difference may be due to lower average age of partici-
pants in their study (21.4 ± 1.8 years) (18). 

The prevalence rate of MS in our study was higher 
in upper age groups [9.5% (< 25 years) vs. 34.5% (35-
40 years)]. According to results of Third National He-
alth and Nutrition Examination Survey (NHANES) 
for US population, the prevalence of the MS increased 
with advanced age, reaching peak levels in the seventh 
decade for women (29). It seems increasing in preva-
lence of MS with advanced age is related to increased 
prevalence of overweight and obesity. Soares and cols. 
(15) reported in Brazilian women with PCOS, the pre-
valence of MS increased with advancing age. The cause 
of age related insulin resistance, however, remains unk-
nown, Boden and cols. (30) found that at least part of 
the insulin resistance in aging may be due to age-rela-
ted changes in body composition rather than age itself.

Obesity has a key role in evolution of MS. Our stu-
dy showed in upper BMI groups, the prevalence of MS 
were higher [3.2 % (BMI < 25) vs. 46 % (BMI ≥ 30)]. 
The association between the prevalence of the MS and 
BMI was shown in normal population (29) and PCOS 
patients (15,25). Ehrmann and cols. showed PCOS 
women in the highest quartile of BMI had nearly a 14-
fold increased chance of having the MS compared with 
women in the lowest quartile of BMI (25).

Insulin resistance and compensatory hyperinsuli-
nemia are key pathogenetic factors in MS, but insulin 
levels per se are not applied for diagnosis of the MS. 
We found that fasting insulin levels in PCOS patients 
with MS were significantly higher than PCOS patients 
without MS. In agreement with this finding, Ehrmann 
and cols. showed a significant increasing trend in the 
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proportion of women with the MS as related to the 
fasting insulin concentration; the prevalence of the MS 
from lowest to highest quartile of fasting insulin was 
12.1, 25.3, 38.5, and 58.2%, respectively. This trend 
remained significant even after adjusting for BMI (25). 
Belong to Ehrmann and cols.’s study chance for having 
MS in the highest quartile of fasting insulin was 5-fold 
greater (95% CI = 2.1–11.8) than lowest quartile after 
adjustment for the effect of body weight (25). Also, 
our finding showed that one of the important IR index, 
HOMA-IR, was significantly higher in PCOS with MS 
group. In agreement with these findings, several studies 
show a statistically significant increase in fasting insulin 
level and in HOMA-IR in PCOS patients with and wi-
thout MS (25,31,32).

Our results show the most prevalent factors of MS 
component in PCOS patients were low level of HDL 
cholesterol (71.5%) followed by increased WC (34.6%). 
However, the most prevalent forms of MS component 
in PCOS patients were different in previous studies. In 
agreement with our results, Soares and cols. (15) sho-
wed the most prevalent forms of MS components was 
HDL-C level < 50 mg/dL in 69.6% followed by WC ≥ 
88 cm in 57.9%.

Marcondes and cols.’s study showed the best pre-
dictors of MS were a WC > 88 cm, HDL-C < 50 mg/
dL and triglycerides ≥ 150 mg/dL (31). In Espinós-
Gómez and cols.’s study, WC, low HDL-C and high 
triglyceride concentrations had a valid association for 
selecting PCOS patients as a good candidate for routi-
ne metabolic screening (32).

In conclusion, it seems the prevalence of MS in our 
country isn’t as high as western countries. The prevalen-
ce increases significantly with age and BMI. The most 
prevalent form in metabolic abnormality is low HDL-C.

Acknowledgements: the authors wish to express their gratitude to 
Royan Institute and the staff.

Funding statement: this study is supported by Royan Institute. 

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

REFERENCES
1. Fauser BC, Tarlatzis BC, Rebar RW, Legro RS, Balen AH, Lobo R, et 

al. Consensus on women’s health aspects of polycystic ovary syn-
drome (PCOS): the Amsterdam ESHRE/ASRM-Sponsored 3rd PCOS 
Consensus Workshop Group. Fertil Steril. 2012;97(1):28-38.e25. 

2. Dunaif A. Insulin resistance and the polycystic ovary syndrome: 
mechanism and implications for pathogenesis. Endocr Rev. 
1997;18(6):774-800. 

3. Diamanti-Kandarakis E, Dunaif A. Insulin resistance and the poly-
cystic ovary syndrome revisited: an update on mechanisms and 
implications. Endocr Rev. 2012;33(6):981-1030.

4. Ford ES. The metabolic syndrome and mortality from cardiovas-
cular disease and all-causes: findings from the National Health 
and Nutrition Examination Survey II Mortality Study. Atheroscle-
rosis. 2004;173(2):309-14.

5. Haffner SM, Valdez RA, Hazuda HP, Mitchell BD, Morales PA, Stern 
MP. Prospective analysis of the insulin-resistance syndrome (syn-
drome X). Diabetes. 1992;41(6):715-22.

6. Isomaa B, Almgren P, Tuomi T, Forsén B, Lahti K, Nissén M, et al. 
Cardiovascular morbidity and mortality associated with the met-
abolic syndrome. Diabetes Care. 2001;24(4):683-9. 

7. Lakka HM, Laaksonen DE, Lakka TA, Niskanen LK, Kumpusalo E, 
Tuomilehto J, et al. The metabolic syndrome and total and car-
diovascular disease mortality in middle-aged men. JAMA. 2002; 
288(21):2709-16.

8. Trevisan M, Liu J, Bahsas FB, Menotti A. Syndrome X and mor-
tality: a population-based study. Risk Factor and Life Expectancy 
Research Group. Am J Epidemiol. 1998;148(10):958-66.

9. Eckel RH, Grundy SM, Zimmet PZ. The metabolic syndrome. Lan-
cet. 2005;365:1415-28.

10. Grundy SM, Cleeman JI, Daniels SR, Donato KA, Eckel RH, 
Franklin BA, et al.; American Heart Association; National Heart, 
Lung, and Blood Institute. Diagnosis and management of the 
metabolic syndrome: an American Heart Association/National 
Heart, Lung, and Blood Institute Scientific Statement. Circulation. 
2005;112(17):2735-52.

11. Glueck CJ, Papanna R, Wang P, Goldenberg N, Sieve-Smith L. In-
cidence and treatment of metabolic syndrome in newly referred 
women with confirmed polycystic ovarian syndrome. Metabo-
lism. 2003;52(7):908-15. 

12. Apridonidze T, Essah PA, Iuorno MJ, Nestler JE. Prevalence and 
characteristics of the metabolic syndrome in women with polycys-
tic ovary syndrome. J Clin Endocrinol Metab. 2005;90(4):1929-35.

13. Bhattacharya SM. Prevalence of metabolic syndrome in women 
with polycystic ovary syndrome, using two proposed definitions. 
Gynecol Endocrinol. 2010;26(7):516-20.

14. Weerakiet S, Bunnag P, Phakdeekitcharoen B, Wansumrith S, 
Chanprasertyothin S, Jultanmas R, et al. Prevalence of the meta-
bolic syndrome in Asian women with polycystic ovary syndrome: 
using the International Diabetes Federation criteria. Gynecol En-
docrinol. 2007;23(3):153-60.

15. Soares EM, Azevedo GD, Gadelha RG, Lemos TM, Maranhão TM. 
Prevalence of the metabolic syndrome and its components in 
Brazilian women with polycystic ovary syndrome. Fertil Steril. 
2008;89(3):649-55.

16. Ni RM, Mo Y, Chen X, Zhong J, Liu W, Yang D. Low prevalence of 
the metabolic syndrome but high occurrence of various metabol-
ic disorders in Chinese women with polycystic ovary syndrome. 
Eur J Endocrinol. 2009;161(3):411-8.

17. Park HR, Choi Y, Lee HJ, Oh JY, Hong YS, Sung YA. The metabolic 
syndrome in young Korean women with polycystic ovary syn-
drome. Diabetes Res Clin Pract. 2007;77 Suppl 1:S243-6.

18. Vural B, Caliskan E, Turkoz E, Kilic T, Demirci A. Evaluation of 
metabolic syndrome frequency and premature carotid athero-
sclerosis in young women with polycystic ovary syndrome. Hum 
Reprod. 2005;20(9):2409-13.

19. Carmina E, Napoli N, Longo RA, Rini GB, Lobo RA. Metabolic syn-
drome in polycystic ovary syndrome (PCOS): lower prevalence in 
southern Italy than in the USA and the influence of criteria for the 
diagnosis of PCOS. Eur J Endocrinol. 2006;154(1):141-5.

20. Rotterdam ESHRE/ASRM-Sponsored PCOS consensus workshop 
group. Revised 2003 consensus on diagnostic criteria and long-
term health risks related to polycystic ovary syndrome (PCOS). 
Hum Reprod. 2004;19(1):41-7. 



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

204

Metabolic syndrome and polycystic ovarian syndrome

Arch Endocrinol Metab. 2016;60/3

21. National Cholesterol Education Program (NCEP) Expert Panel on 
Detection, Evaluation, and Treatment of High Blood Cholesterol in 
Adults (Adult Treatment Panel III). Third Report of the National Cho-
lesterol Education Program (NCEP) Expert Panel on Detection, Eval-
uation, and Treatment of High Blood Cholesterol in Adults (Adult 
Treatment Panel III) final report. Circulation. 2002;106(25):3143-421. 

22. Ferriman D, Gallwey JD. Clinical assessment of body hair growth 
in women. J Clin Endocrinol Metab. 1961;21:1440-7.

23. Standards of medical care in diabetes – 2012. Diabetes Care. 
2012;35 Suppl 1:S11-63. 

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

25. Ehrmann DA, Liljenquist DR, Kasza K, Azziz R, Legro RS, Ghazzi 
MN; PCOS/Troglitazone Study Group. Prevalence and predictors 
of the metabolic syndrome in women with polycystic ovary syn-
drome. J Clin Endocrinol Metab. 2006;91(1):48-53.

26. Vrbíková J, Vondra K, Cibula D, Dvoráková K, Stanická S, Srám-
ková D, et al. Metabolic syndrome in young Czech women with 
polycystic ovary syndrome. Hum Reprod. 2005;20(12):3328-32.

27. Miccoli R, Bianchi C, Odoguardi L, Penno G, Caricato F, Giovan-
nitti MG, et al. Prevalence of the metabolic syndrome among Ital-

ian adults according to ATP III definition. Nutr Metab Cardiovasc 
Dis. 2005;15(4):250-4. 

28. Hildrum B, Mykletun A, Hole T, Midthjell K, Dahl AA. Age-specific 
prevalence of the metabolic syndrome defined by the Interna-
tional Diabetes Federation and the National Cholesterol Educa-
tion Program: the Norwegian HUNT 2 study. BMC Public Health. 
2007;7:220.

29. Park YW, Zhu S, Palaniappan L, Heshka S, Carnethon MR, Heyms-
field SB. The metabolic syndrome: prevalence and associated 
risk factor findings in the US population from the Third National 
Health and Nutrition Examination Survey, 1988-1994. Arch Intern 
Med. 2003;163(4):427-36.

30. Boden G, Chen X, DeSantis RA, Kendrick Z. Effects of age and 
body fat on insulin resistance in healthy men. Diabetes Care. 
1993;16(5):728-33.

31. Marcondes JA, Hayashida SA, Barcellos CR, Rocha MP, Maciel 
GA, Baracat EC. Metabolic syndrome in women with polycystic 
ovary syndrome: prevalence, characteristics and predictors. Arq 
Bras Endocrinol Metabol. 2007;51(6):972-9.

32. Espinós-Gómez JJ, Rodriguez-Espinosa J, Ordóñez-Llanos J, 
Calaf-Alsina J. Metabolic syndrome in Mediterranean women 
with polycystic ovary syndrome: when and how to predict its on-
set. Gynecol Endocrinol. 2012;28(4):264-8.



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

205

original article

Arch Endocrinol Metab. 2016;60/3

Clustering of risk factors for 
cardiometabolic diseases in 
low-income, female adolescents

Elza M. F. S. de Melo1,2, George D. Azevedo1,3, João B. da Silva4,  
Telma M. A. M. Lemos5, Técia M. O. Maranhão1,6,  
Ana K. M. S. O. Freitas6, Maria H. Spyrides7, Eduardo C. Costa1

ABSTRACT
Objective: To assess the prevalence and clustering patterns of cardiometabolic risk factors among 
low-income, female adolescents. Materials and methods: Cross-sectional study involving 196 stu-
dents of public schools (11-19 years old). The following risk factors were considered in the analysis: 
excess weight, central obesity, dyslipidemia, high blood pressure, and high fasting glucose. The ra-
tio between observed and expected prevalence and its confidence interval were used to identify 
clustering of risk factors that exceeded expected prevalence in the population. Results: The most 
prevalent risk factors were dyslipidemia (70.9%), and central obesity (39.8%), followed by excess 
weight (29.6%), and high blood pressure (12.8%). A total of 42.9% of adolescents had two or more risk 
factors, and 24% had three or more. Excess weight, central obesity, and dyslipidemia were common 
risk factors in the clustering patterns that showed higher-than-expected prevalence. Conclusions: 
Clustering of risk factors (≥ two factors) among the adolescents showed considerable prevalence, 
and there was a non-casual coexistence of excess weight, central obesity, and dyslipidemia (mainly 
low HDL-cholesterol). Arch Endocrinol Metab. 2016;60(3):205-10
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INTRODUCTION

Biological (1,2) and behavioral (3,4) risk factors are 
associated with the development of cardiometabolic 

diseases. Although isolated risk factors have a specific im-
pact on health, they are more frequently clustered in in-
dividuals (5). The clustering pattern of these risk factors 
have been investigated, including in adolescents (6-10), 
and this kind of analysis may subsidize the identification 
of risk factor clustering phenotypes in given populations 
(5,11), making clinical management easier by the use of 
specific preventive or therapeutic approaches. 

It is important to emphasize that the atherosclero-
tic process may begin in childhood, and its severity is 
related with the number of simultaneous risk factors 
(7,12). Therefore, early morbimortality is related with 
the number of risk factors and their magnitude (13). 
Besides, there seems to be a synergistic, not simply 
an additive, relationship between risk factors (5,13). 

In Brazil, the prevalence of risk factors among female 
adolescents have increased significantly in the last deca-
des. According to the Familiar Budget Research (POF) 
(14), the prevalence of overweight and obesity in 10 to 
19-year-olds in 2008-2009 was 19.4 in the population, 
and 4.0% among females. In 1974-1975, according 
to the Nacional Study on Family Expenses (ENDEF) 
(15), these indices were 7.6 and 0.7%, a difference that 
demonstrates an important growth in excess weight in 
this population. 

Although the last decades showed an increase in the 
number of studies on the prevalence of cardiometabolic 
risk factors (6-10), little is known about the simulta-
neous occurrence of these factors, or about their cluste-
ring pattern, especially in females. Therefore, the inves-
tigation of these aspects in female adolescents, specially 
in low-income populations that are seek attention at the 
Sistema Único de Saúde (SUS), may contribute to spe-
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cific preventive and/or therapeutic strategies. Thus, the 
objective of the present study was to analyze the preva-
lence and clustering pattern of risk factors for cardio-
metabolic diseases in low-income, female adolescents.

MATERIALS AND METHODS

This is an observational, transversal study. Female stu-
dents (between 11 and 19 years of age) from public 
schools of a low-income region at the east region of the 
city of Natal/RN were analyzed. The neighborhood 
that was studied had mean nominal monthly earnings of 
0.78 minimum wages; 80% of the private households in 
the neighborhood have per capita nominal monthly ear-
nings of up to one minimum wage (Natal-RN: 45%) (16). 
There are 50,195 inhabitants in this neighborhood, 
from which 10,754 are between 10 and 19 years old. 
From these, approximately 50% (5,377) are females. In 
the present study, 196 pubescent adolescent students 
between 11 and 19 years of age that did not make use 
hormonal contraceptives were analyzed. 

Data were collected from two Family Health Units 
between August 2010 and October 2012, after an invi-
tation to take part in the study was sent to the parents 
or guardians of the adolescents of the two major public 
health schools (a municipal and a state school) in this 
neighborhood. Before that, the study was approved by 
the Ethics Committee of Universidade Federal do Rio 
Grande do Norte (UFRN; protocol no. 402/09). Pa-
rents or guardians of all volunteers signed an informed 
consent form before enrolling in the study, according 
to Resolution 196/96 from the Brazilian National He-
alth Council.

The following inclusion criteria were used: i) age 
between 11 and 19 years old; ii) menarche having oc-
curred at least one year before; iii) no use of hormonal 
contraceptives; iv) no continuous use of any medica-
tion; v) not being pregnant; vi) no physical problems 
that prevented anthropometric measurements; vii) per 
capita mean earnings of up to half minimum wage or 
family monthly earning of up to three minimum wages.

A multi-professional team that included physicians, 
a physical educator, a laboratory technician and a phar-
macist-biochemist was responsible for the evaluations. 
Evaluations were carried out in the following order: i) 
anamnesis and clinical evaluation; ii) anthropometric 
measurements; iii) blood collection. The procedures 
are detailed below.

Anamnesis and clinical evaluation

In this stage, the adolescents answered questions, in 
the presence of their parents or guardians, about their 
life habits, eating habits, previous and current disea-
ses, vaccination and familiar disease background. In 
the clinical examination, timing of puberty (Tanner 
staging) was determined; thyroid evaluation, analysis 
of the presence of edema in lower limbs, cardiac and 
lung auscultation, and superficial and deep palpation of 
the abdomen were carried out. Blood pressure and car-
diac rate at rest were also assessed. Blood pressure was 
carried out according to the VI Brazilian Guidelines 
on Hypertension (17), using an Onrom® HEM-742 
blood pressure monitor (oscillatory measurement) that 
was previously validated in Brazilian adolescents (18), 
with a cuff of adequate size. 

Anthropometric measurements

The following anthropometric measurements were car-
ried out: body mass (kg), height (m) and waist circum-
ference (cm). Body mass index (BMI, kg/m²) was cal-
culated as the ratio between body mass (kg) and height 
squared (m²). For BMI stratification, the cutoff points 
proposed by the World Health Organization were used 
(19): “low weight” (Z score < -2), “eutrophic” (Z sco-
re > -2 and < +1), “overweigh” (Z score > +1 and < +2) 
and “obese” (Z score > +2). Waist circumference was 
measured in the mid-point between the iliac crest and 
the lowest rib at the end of a normal expiration, with 
a flexible but inelastic measuring tape (Sanny®, Brazil).

Blood collection

Samples of venous blood (8 mL) were collected between 
8 am and 10 am after a 12-hour fast. Serum glucose was 
measured using the glucose oxidase method. Total cho-
lesterol, HDL-cholesterol and triglycerides were deter-
mined by a colorimetric assay (BioSystems®, Barcelona, 
Spain). LDL-cholesterol was calculated using the Frie-
dewald equation (total cholesterol – [HDL-cholesterol 
+ triglycerides/5]). All analyses were carried out by the 
Laboratório Integrado de Análises Clínicas (LIAC) at 
the Pharmacy School at Universidade Federal do Rio 
Grande do Norte.

Risk factors and cutoff points

The following risk factors were considered in the analy-
sis: i) excess weight: “overweight” or “obese” classifica-
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tion according to the World Health Organization (19); 
ii) central obesity: waist circumference ≥ 90th percentile 
for ages between 10 and 16 years old and ≥ 80 cm abo-
ve 16 years of age, according to the International Dia-
betes Federation (20); iii) dyslipidemia: total choles-
terol ≥ 170 mg/dL, or LDL-cholesterol ≥ 130 mg/dL, 
or HDL-cholesterol < 45 mg/dL, or triglycerides ≥ 
130 mg/dL, according to the V Brazilian Guidelines 
on Dyslipidemias and Atherosclerosis Prevention (21) 
for children and adolescents; iv) high blood pressure: 
systolic blood pressure ≥ 130 mmHg and/or diastolic 
blood pressure ≥ 85 mmHg (20); v) altered fasting glu-
cose: blood glucose ≥ 100 mg/dL (20).

Statistical analysis

The sample was characterized using means ± standard 
deviation. The initial analysis included the description 
of prevalence and the respective confidence intervals 
(CI95%) for the risk factors, either isolated or in combi-
nation. For the analysis of the clustering pattern of the 
risk factors, the ratio between observed and expected 
prevalence (O/E) for each of the possible combinations 
was calculated. Expected prevalence of an specific risk 
factor clustering pattern was calculated based on the in-
dividual probability of each risk factor according to its 
occurrence in the sample. For example, expected pre-
valence of the clustering between central obesity (OC), 
high BP, dyslipidemia (DISL), absence of altered blood 
glucose (GL) and excess weight (EP) was calculated as 
follows: pOC x pPA x pDISL x (1 – pGL) x (1 – pEP), 
where p is the probability (prevalence/100) of the fac-
tor in the studied sample (5,22). Therefore, it was pos-
sible to investigate which combinations were higher or 
lower than expected values, assuming that risk factors 
occur independently in the studied population. A statis-
tically significant ratio is one that does not include the 
null value in its confidence interval. All analyzes were 
carried out in Stata 9.0 (STATA Corp., USA), at a 5% 
significance level. 

RESULTS

Table 1 shows the characteristics of the sample. Except 
for mean HDL-cholesterol, which was below the re-
commended value (≥ 45 mg/dL), all other biochemi-
cal, hemodynamic, and anthropometric variables were 
inside the normal range. 

Table 1. Characteristics of the studied sample (n = 196)

Variables Mean Standard deviation

Age (years) 14.9 1.8

Age at menarche (years) 11.7 1.2

Body mass (kg) 54.3 11.2

Height (m) 1.57 0.06

Body mass index (kg/m2) 22.0 4.0

Waist circumference (cm) 78.6 9.4

Fasting glucose (mg/dL) 72.1 8.1

Total cholesterol (mg/dL) 134.2 24.6

HDL-cholesterol (mg/dL) 42.4 9.4

LDL-cholesterol (mg/dL) 77.4 23.2

Triglycerides (mg/dL) 72.1 29.0

Blood pressure (mmHg)

Systolic blood pressure 114.8 11.8

Diastolic blood pressure 67.7 8.0

As for the economic status of the household, 166 
adolescents (84.5%) presented household income be-
tween one to three minimum wages, and 30 (15.5%) of 
them, less than one minimum wage. In relation to pa-
rental education level, the father and/or mother of 158 
(80.5%) adolescents completed primary education, and 
34 (17.5%) had parents with complete or incomplete 
secondary education.  

Table 2 shows the prevalence for the cardiometabo-
lic risk factors analyzed in the present study. The most 
prevalent factors were dyslipidemia (70.9%) and central 
obesity (39.8%), followed by excess weight (29.6%), 
and high blood pressure (12.8%). None of the ado-
lescents showed high fasting glucose. Specifically in 
relation to the dyslipidemia pattern, 67.3% (n = 132) 
presented low HDL-cholesterol, 4.1% (n = 8) showed 
hypertriglyceridemia, 1.5% (n = 3) had hypercholeste-
rolemia, and 1.5% (n = 3) had high LDL-cholesterol. 

Table 2. Prevalence of risk factors for cardiometabolic diseases in female 
adolescents in the study

Risk factors n % (CI95%)

Excess weight 58 29.6 (23.2-36.0)

Central obesity 78 39.8 (32.9-46.6)

Dyslipidemia 139 70.9 (64.5-77.3)

High blood pressure 25 12.8 (8.1-17.5)

Excess weight (18) = overweight or obesity, based on the body mass index; central obesity (19) 
= waist circumference ≥ 90th percentile (10-16 years old) or ≥ 80 cm (≥ 16 years old); high 
fasting glucose (19) = ≥ 100 mg/dL; Dyslipidemia (20) = at least one altered result for the 
following markers: total cholesterol (≥ 170 mg/dL), LDL-cholesterol (≥ 130 mg/dL), HDL-
cholesterol (< 45 mg/dL) or triglycerides (≥ 130 mg/dL); high blood pressure (19) = systolic 
blood pressure ≥ 130 mmHg and/or diastolic blood pressure ≥ 85 mmHg; CI95% = 95% 
confidnce interval.
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In relation to simultaneous risk factors, 42.9% of the 
adolescents showed two or more risk factors, and 24% 
showed three or more factors (Table 3).

followed by excess weight and high blood pressure; ii) 
about 25% of the adolescents analyzed presented three 
or four simultaneous cardiometabolic risk factors; iii) 
two clustering patterns (from nine that were observed) 
for the cardiometabolic risk factors were above expec-
ted prevalence, with excess weight, central obesity, and 
dyslipidemia as the most common factors.

Although knowledge about simultaneous risk fac-
tors is important, analyzing how these factors are com-
bined seems more interesting, given the fact that kno-
wledge on the existence of more prevalent phenotypes 
may support more specific preventive or therapeutic 
actions (23). From the 26 possible clustering patterns 
that included at least two of the risk factors analyzed, 
nine were observed in this study, and two showed pre-
valence higher than expected if risk factors were inde-
pendent from each other (if they were random, see Ta-
ble 4). This finding reinforces the idea that risk factors 
may occur simultaneously and in a dependent manner, 
increasing the risk of cardiovascular and/or metabolic 
disease. It is important to emphasize that this clustering 
pattern may be established early in life, as occurred in 
the adolescents analyzed in this study. 

Previous studies demonstrated that clustering of 
cardiometabolic risk factors may occur in children, as 
well as in adolescents (6,7,9). It is important to empha-
size the association between excess weight and the pre-
sence of clusters of cardiometabolic risk factors. Camhi 
and Katzmarzyk (9), analyzing data from the National 
Health and Nutrition Examination Survey (NHNES; 
2,457 adolescents between 12-18 years old), observed 
a relationship between excess weight and clustering of 
risk factors. Using the BMI as a categorical variable, the 

Table 3. Clustering of risk factors for cardiometabolic diseases in female 
adolescents in the study

Risk factors n % (CI95%)

0 36 18.4 (13.0-23.8)

1 76 38.8 (32.0-45.6)

2 37 18.9 (13.4-24.4)

3 38 19.4 (13.9-24.9)

4 09 4.6 (1.7-7.5)

5 - -

Table 4. Clustering pattern of the risk factors for cardiometabolic diseases in female adolescents in the study 

No. of risk 
factors EW CO HFG DISL HBP n O E O/E (CI95%)

4 + + - + + 09 4.6 1.1 4.3 (2.8-5.8)*

3 + + - + - 33 16.8 7.3 2.3 (1.7-2.9)*

3 + + - - + 01 0.5 0.4 1.1 (-1.7-4.0)

3 - + - + + 04 2.0 2.5 0.8 (-0.5-2.1)

2 + + - - - 09 4.6 3.0 1.5 (0.5-2.6)

2 + - - + - 32 16.3 11.0 1.5 (0.5-1.4)

2 - + - + - 15 7.7 17.3 0.4 (-0.1-1.0)

2 - + - - + 01 0.5 1.0 0.5 (-1.9-2.9)

2 - - - + + 07 3.6 3.8 0.9 (-0.1-1.9)

+ = presence of the risk factor; - = absence of the risk factor; EW = excess weight; CO = central obesity; HFG = high fasting glucose; DISL = dyslipidemia; HBP = high blood pressure; O = observed 
prevalence (%); E = expected prevalence (%); O/E = ratio between observed and expected prevalence; CI95% = 95% confidence interval; * = combinations that showed higher-than-expected ratios 
if the occurrence of the risk factors was independent. 

Table 4 shows observed and expected prevalence for 
each of the combinations of cardiometabolic risk fac-
tors analyzed. Two clustering patterns stood out: they 
include excess weight, central obesity, dyslipidemia, 
and high blood pressure (pattern 1); and excess weight, 
central obesity, and dyslipidemia (pattern 2). These pat-
terns were more prevalent than expected if factors were 
independent from each other (if random). The other 
clustering patterns did not show higher-than-expected 
prevalence. 

DISCUSSION

The objective of the present study was to analyze the 
prevalence and clustering pattern of risk factors for 
cardiometabolic diseases in low-income, female ado-
lescents. The main findings were: i) dyslipidemia and 
central obesity were the most prevalent risk factors, 
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authors demonstrated that 9%, 21% and 35% normal 
weight, overweight and obese adolescents, respectively, 
show clustering of two or more risk factors.

The presence of a cluster of risk factors may be an 
important risk predictor from the clinical practice stan-
dpoint. Shah and cols. (8) showed that adolescents and 
young adults (between 11-23 years old) with at least 
two simultaneous cardiovascular risk factors present 
early indicators of atherosclerosis, such as thicker and 
more rigid vessels, when compared with groups with 
less than two risk factors. The authors point out to the 
importance of early screening of cardiovascular risk fac-
tors in clinical practice in order to set up interventions 
in individuals at high risk for the development of athe-
rosclerotic disease, that is, those that show two or more 
simultaneous risk factors. Considering this finding, it is 
important to emphasize that 42.9% of the adolescents 
evaluated in the present study showed the prevalence of 
two or more factors. Therefore, even though previous 
studies (23-26) have evidenced that the prevalence of 
overweight and obesity, which may seem to the trig-
ger for several cardiovascular and metabolic changes, is 
greater in private schools and in better socioeconomic 
conditions, data of the present study show that low-in-
come female adolescents also have an important cardio-
metabolic risk profile. 

From the standpoint of the biological risk factors 
clustering phenotype in adolescents, the identification 
of common patterns at this age may aid clinical deci-
sion-making (therapy and prevention). Hong and cols. 
(6) evaluated the prevalence of metabolic syndrome 
and the clustering of risk factors in Vietnam adolescents 
(between 13-16 years old). These authors observed 
that overweight and obese adolescents showed greater 
prevalence of metabolic syndrome, no matter the diag-
nostic criterion. Similarly, in our study, the most com-
mon risk factor was plasma lipids changes (triglyceri-
des and HDL-cholesterol), and the least prevalent one 
was altered fasting glucose. Main component analysis 
showed that obesity, hypertension, dyslipidemia, and 
hyperglycemia in females are responsible for 73.6% of 
the variance observed in metabolic syndrome. 

In a multicentric study carried out in Iran (CASPIAN 
Study; n = 4,811) on the clustering of risk factors rela-
ted to metabolic syndrome in children and adolescents 
(6-18 years old), Kelishadi and cols. (7) demonstrated 
that three risk factors were found in all age groups, no 
matter the sex, and were responsible for 87.4-90.8% 
of the metabolic syndrome variance in the population 

studied. They were: dyslipidemia, adiposity, and high 
blood pressure. Besides, the authors observed that 
waist circumference was a central and common factor 
in dyslipidemia and excess weight, reinforcing the role 
of central obesity in cardiometabolic changes. Once 
more, the clustering phenotype involving these three 
factors (obesity, dyslipidemia, and high blood pressu-
re) was observed, as well as in the study by Hong and 
cols. (6). Similarly, we observed higher-than-expected 
prevalence for the phenotype involving excess weight, 
central obesity, dyslipidemia, and high blood pressure, 
which points out to a non-causal coexistence of these 
risk factors, as suggested by previous studies (6,7). 

Aizawa and cols. (5) observed, in a large sample of 
Japanese patients over 40 years of age (41,819 men and 
77,593 women), that almost all clustering of risk fac-
tors that had at least three of the five components used 
in the diagnosis of metabolic syndrome occurred above 
expected levels, indicating a non-causal clustering of 
risk factors. These authors reinforced the fundamental 
role that central obesity seems to have in integrating 
the different cardiometabolic changes and, as a conse-
quence, in the clustering of these factors. Our data are 
in agreement with this hypothesis, as central obesity 
was a common factor in the two clustering patterns that 
occurred in higher-than-expected rates in the adoles-
cents of the present study. 

It is important to emphasize that the present stu-
dy analyzed only adolescents that did not make use of 
hormonal contraceptives. From the clinical standpoint, 
there is evidence that the use of hormonal contracepti-
ves leads to gain of body mass, although the definitive 
relationship between these factors has not been com-
pletely elucidated (27). In this sense, it is plausible to 
infer that low-income adolescents that make use of hor-
monal contraceptives may show even greater prevalen-
ce of cardiometabolic risk factors, as well as clustering 
of these factors. 

Recently, da Silva and cols. (10), by means of transver-
sal study in schools (n = 1,675; between 11-17 years old), 
evidenced clustering phenotypes related to behavioral 
and biological risk factors. In females, it was observed 
that the clustering phenotype involving waist circumfe-
rence, high blood pressure, and low cardiorespiratory 
aptitude (biological factors) show higher-than-expected 
prevalence. In relation to behavioral factors, clustering 
phenotypes in which higher-than-expected prevalence 
was observed have smoking and alcohol consumption 
as common aspects. Besides, considering biological and 
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behavioral risk factors, the authors demonstrated that 
62% of the adolescents (male and females) have at least 
two risk factors for chronic non-transmissible diseases. 
These findings point out to the importance not limiting 
clinical screening of risk factors to biological factors alo-
ne, and to include behavioral factors, as well. 

In summary, the most prevalent risk factors in  
low-income adolescents analyzed were dyslipidemia, 
central obesity, excess weight, and high blood pressure. 
About 40% of them presented two or more risk factors, 
and about 25% of them, three or four factors. In this 
population, the risk factor clustering phenotypes with 
higher-than-expected prevalence included excess wei-
ght, central obesity and dyslipidemia. From the clini-
cal practice standpoint, it is important to consider risk 
factor clustering phenotypes in order to prevent early 
incidence in adults life of cardiometabolic diseases, such 
as systemic hypertension and type 2 diabetes. Besides, 
there is a need for investing in educational actions in-
volving parents, adolescents, and schools on the impor-
tance of healthy habits, such as physical activity, ade-
quate nutrition, and less sedentary behavior. 
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original article

Percutaneous ethanol injection versus 
conservative treatment for benign 
cystic and mixed thyroid nodules

Mari Cassol Ferreira1, Camila Piaia2, Ana Carolina Cadore2 

ABSTRACT
Objective: To evaluate the efficacy and safety of percutaneous ethanol injection (PEI) in reducing 
the volume of cystic and mixed thyroid nodules. Materials and methods: A total of 36 patients with 
nodules treated with PEI and 13 individuals who declined PEI and were followed clinically or received 
other non surgical treatment (control group). Assessments were performed at baseline (immediately 
before treatment in the PEI group or evaluation of the nodule on ultrasonography in the control 
group) at short-term (on average 30 days after the last injection in the PEI group), and long-term (on 
average 14 months after baseline in the PEI group or 26 months after baseline in the control group). 
Results: In the PEI group, the mean baseline volume of 10.4 ± 9.8 cm³ reduced at short-term follow-
up to 2.9 ± 3.1 cm³ (67.7 ± 19.9%, p < 0.001) and at long-term follow-up to 2.0 ± 2.5 cm³ (78.2 ± 19.5%, 
p < 0.01 versus baseline and p = 0.009 versus short-term follow-up). Both types of nodules showed 
similar degrees of reduction. In the control group, mean volume was 5.8 ± 3.4 cm³ at baseline and 6.2 
± 3.0 cm³ at long-term follow-up (p = 0.507). Compared with the control group, the PEI group showed 
larger reduction (p < 0.001). Conclusions: PEI is effective in reducing the volume of cystic and mixed 
benign thyroid nodules, with sustained long-term efficacy and better outcome when compared with 
conservative therapies. Treatment with PEI is a safe alternative, with minimal, transient and self-
limited adverse events. Arch Endocrinol Metab. 2016;60(3):211-6
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INTRODUCTION

T hyroid nodules are characterized by excessive 
structural growth, functional transformation, 

and/or cystic degeneration of one or several areas wi
thin the gland (1). These nodules are detected in 4 to 
8% of the adult population when evaluated by palpa
tion, and between 13 to 67% when evaluated by ultra
sonography (2). 

The progression and management of thyroid nod
ules are still controversial. Conventional and conserva
tive treatment modalities have shown unsatisfactory re
sults in reducing the volume of the nodules and raised 
concern about possible side effects (3,4). Surgery is a 
longestablished therapeutic option for benign thyroid 
nodules. However, the cost of thyroid surgery, risk of 
temporary or permanent complications and impact on 
quality of life remain relevant concerns. Therefore, at
tempts have been made during the past two decades to 
conduct minimally invasive treatments without general 
anesthesia, and with minimal damage to the skin and 
cervical structures (5,6).

Percutaneous ethanol injection (PEI) was originally 
introduced in the 1980’s as a therapeutic option for 
renal cysts. In 1989, PEI was proposed as a treatment 
for benign cystic thyroid nodules (7). In 1990, PEI was 
shown to improve hyperthyroidism and reduce the size 
of hyperfunctioning nodules (8). Intranodular injec
tion of ethanol leads to a complex and irreversible local 
injury associated with hemorrhagic infarction, throm
bus formation, coagulative necrosis and fibrosis sparing 
areas outside the nodule (9). Therefore, PEI has been 
an increasingly common therapeutic alternative for thy
roid nodules, with positive results confirmed by several 
groups within the last decade (1014). Even though 
the efficacy and safety of PEI has been demonstrated 
in various studies, further evidence is still required to 
support its routine use in clinical practice. In particular, 
more evidence is still necessary about the efficacy of PEI 
compared with other treatments for thyroid nodules, as 
well as the effects of ethanol on different types of nod
ules. Based on that, we conducted a study to evaluate 
the efficacy and safety of PEI compared with conserva
tive treatment in cystic and mixed thyroid nodules.   
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MATERIALS AND METHODS

We selected 49 patients with thyroid nodules who at
tended a reference center for community care between 
2006 and 2012 and were not previously treated with 
radioiodine, surgery, suppressive LT4 or PEI. In 36 pa
tients, ultrasonographyguided PEI was recommended 
for treatment of a single or dominant nodule due to 
aesthetic and/or compressive complaints. Before treat
ment, all nodules were evaluated with fine needle aspi
ration biopsy and cytological analysis to exclude malig
nancy. Thirteen individuals who declined PEI and were 
only followed clinically or received another nonsurgical 
treatment were used as the control group. In the con
trol group throughout the followup, 4 patients used 
suppressive doses of levothyroxine (LT4); others were 
followed in clinical followup with expectant manage
ment. There were no cases with surgical treatment, and 
no clinical complaints in this group during the average 
period of 26 months of follow up.

Patients were eligible if aged ≥ 18 years and present
ing one or more cystic or mixed nodules > 2.0 cm in 
the largest diameter or with volume > 1.0 cm3, non 
hyperfunctioning. One patient with a nodule smaller 
than 1 cm3 was included due to aesthetical discomfort 
caused by the position of the nodule. Exclusion criteria 
were pregnancy, nodules with malignant or suspicious 
cytology and solid nodules without cystic components. 
Treatment consisted of intranodular injection of ster
ile 99% ethanol guided by ultrasonography. The mean 
interval between sessions was 30 days and each patient 
received one or more injections according to their in
dividual response to treatment. The amount of ethanol 
injected at each session corresponded to 30% of the 
volume of the nodule, with up to 3 mL per session. In 
patients with cystic or predominantly cystic nodules, we 
first aspirated the fluid component of the nodule be
fore injecting the ethanol. We performed new ultraso
nographic evaluations before each new session to mea
sure the volume of the nodule and evaluate whether 
additional PEI would be necessary. Anesthesia was not 
required before the injections.  

The followup of the cohort was divided into three 
periods: baseline, comprising the evaluation immedi
ately before treatment in the PEI group or evaluation 
of the nodule on ultrasonography in the control group; 
short-term follow-up, 30 days after the last injection (PEI 
group); and long-term follow-up, on average 12 months 
after baseline (PEI group) or more than 12 months af
ter baseline (control group). We defined a longer fol

lowup in the control group to avoid a short period of 
observation.  

Based on ultrasonographic features, the nodules 
were subdivided into three groups: cystic, for nodules 
without solid parts; predominantly cystic, for nodules 
with fluid occupying ≥ 50% of the volume of the nod
ule; and predominantly solid, for nodules with fluid oc
cupying < 50% of the total nodular volume.  

The volume of the nodule was calculated using the 
ellipsoid formula and represented in cm3: anteriorpos
terior diameter (cm) X transversal diameter (cm) X lon
gitudinal diameter (cm) X 0.52. To calculate the rate of 
nodular reduction after treatment, we applied the fol
lowing formula: (initial volume – final volume) X 100/
initial volume.

According to the decrease in nodular volume, PEI 
results were categorized as: incomplete response (if < 
70% decrease) or complete response (if ≥ 70% decrease). 
Thyroid function was evaluated with serum levels of 
TSH and free T4 at baseline in both groups, at short
term followup in the PEI group and at longterm fol
lowup in the control group. All tests were processed in 
the same laboratory. Based on reference values, levels 
of TSH between 0.3 and 4.5 mIU/mL and free T4 
between 0.8 and 1.4 ng/dL were considered normal.  

The study was performed according to the Declara
tion of Helsinki after approval by the Ethics Committee 
for Research Involving Human Subjects of Universi-
dade Comunitária da Região de Chapecó. All patients 
signed a free and informed consent form.

Statistical analysis

The comparison of parametric quantitative variables 
between both groups was analyzed with Student’s ttest 
and nonparametric variables with the MannWhitney 
test. Qualitative variables were evaluated with the chi 
square test. The comparison of volumes at different pe
riods was conducted with the Friedman test, confirmed 
with nonparametric multiple comparison for dependent 
data. The same comparison in the control group was 
conducted with the paired Wilcoxon test. We applied 
the likelihood ratio to compare complete or incomple
te response rates among different types of nodules. We 
then grouped cystic and predominantly cystic nodules 
to compare the outcomes with those with predomi
nantly solid nodules using the chisquare test followed 
by confirmation with the generalized estimating equa
tion using marginal binomial distribution with logit 
link function. The Spearman correlation test assessed 



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

213

Percutaneous ethanol injection versus conservative treatment 

Arch Endocrinol Metab. 2016;60/3

the rate of volumetric decrease with clinical variables 
during followup. Multivariate analysis was performed 
with the Statistical Package for Social Sciences (SPSS®), 
version 19.0. We used a confidence interval of 95% and 
a significance level of 5%.

RESULTS

Of 36 nodules treated with PEI, 13 were cystic, eight 
were predominantly cystic and 15 were predominantly 
solid. In the control group, three nodules were cystic, 
one was predominantly cystic and nine were predomi
nantly solid. Three patients treated with PEI had base
line serum TSH < 0.3 mIU/mL.

Mean followup in the PEI group was 14.0 ± 9.4 
months and in the control group was 26.0 ± 17.2 
months (p = 0.06). Table 1 presents the clinical fea
tures of the patients in both groups. We performed 
107 injections of ethanol in the PEI group, with an 
average of 2.9 ± 1.6 sessions per individual (median of 
3 sessions). The volume of ethanol injected depended 
on the number of sessions and ranged from 0.4 mL to 
15.5 mL, with an average of 4.4 ± 3.7 mL per nodule. 
The amount of fluid aspirated from the nodules ranged 
from 0 to 35 mL, with an average of 6.3 ± 9.0 mL. Ta
ble 2 presents a detailed description of the procedures 
according to the type of nodule.   

At baseline, the volume of the nodules in the PEI 
group ranged from 0.7 to 40.0 cm³, with an average 
of 10.4 ± 9.8 cm³ (95% confidence interval [95% CI] 
7.1–13.7 cm³). At shortterm followup, the volume of 
the nodules ranged from 0.01 to 13.30 cm³, with an 
average of 2.90 ± 3.10 cm³ (95% CI 1.80–3.90 cm³), 
reflecting a reduction of 67.7 ± 19.9% compared with 
baseline (p < 0.001). At longterm followup (average 
of 14 months), the nodules ranged in volume from 0.01 

to 9.80 cm³, with an average of 2.0 ± 2.5 cm³ (95% CI 
1.2–2.9) reflecting a reduction of 78.2 ± 19.5% when 
compared with baseline (p < 0.001). Compared with 
the volume at shortterm followup, the reduction at 
longterm followup showed a significant difference  
(p = 0.009). 

All nodules reduced in volume after PEI. In most 
(73%), the volume of the nodule continued to decrease 
during longterm followup when compared with the 
shortterm followup. A complete response to PEI (≥ 
70% volume decrease) occurred in 47.2% of the nodules 
at shortterm followup and 69.4% of the nodules at 
longterm followup (Figure 1). Complete disappear
ance of the nodule, reflected by a volume ≤ 0.1 cm³, 
occurred in four nodules (11.1%) at shortterm follow
up and seven nodules (19.4%) at longterm followup. 

In the control group, the initial volume of the nod
ules ranged from 0.8 to 10.6 cm³ (mean 5.8 ± 3.4 cm³, 
95% CI 3.8–7.9 cm³). After a mean followup of 26 

Figure 1. Sequence of ultrasonographic images before and after percutaneous 
ethanol injection (PEI, above and below images, respectively). The volume of 
the nodule before treatment was 4.5 cm3 and after treatment was 1.3 cm3.

Before PEI

After PEI

Table 1. Clinical characteristics of patients in the PEI and control groups

Treated (n = 36) Control (n = 13) p

Gender 34F/2M 13F

Age (years) 40.4 ± 12.9* 47 ± 9.5* 0.09

Follow-up (months) 14 ± 9.4* 26 ± 17.2* 0.06

Type of nodule

Cystic

Predominantly cystic

Predominantly solid

13 3

0.21

8 1

15 9

Baseline volume (cm³) 10.4 ± 9.8* 6.2 ± 3.1* 0.02

PEI: percutaneous ethanol injection; F: female; M: male.
* Mean ± standard deviation.
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months, the volumes ranged from 1.7 to 11.8 cm³ 
(mean 6.2 ± 3.0 cm³, 95% CI 4.4–8.0 cm³, p = 0.507). 
Comparing the outcomes between both groups, we 
observe that the nodules in the PEI group showed a 
significantly larger reduction in volume compared with 
those in the control group (p < 0.001, Figure 2). 

The characteristics of the different types of nodules 
in the PEI group are shown in Table 2. Table 3 pre sents 

information regarding changes in volume and rates of 
volume reduction according to the type of nodule. A 
complete response to PEI at shortterm followup oc
curred in 61.5% of the cystic nodules, 62.5% of the 
predominantly cystic nodules and 26.7% of the pre
dominantly solid nodules (p = 0.106). At longterm 
followup, a complete response to PEI was observed in 
69.2% of the cystic nodules, 87.5% of the predominant
ly cystic nodules and 60% of the predominantly solid 
nodules (p for comparison between all three groups = 
0.359). 

When we analyzed the outcomes of the cystic and 
predominantly cystic nodules in combination, we ob
served a complete response to PEI in 61.9% of these 
nodules in this combined group at shortterm follow
up versus 26.7% in the group of predominantly solid 
nodules (p for comparison of all three groups = 0.037). 
However, this difference was no longer significant at 
longterm followup, since a complete response was 
observed in 76.2% in the combined group and 60% in 
the predominantly solid nodules group (p = 0.465). 

Mean baseline serum levels of TSH were 1.56 ± 
1.66 mUI/mL and of free T4 were 1.82 ± 1.95 ng/dL. 
After PEI, mean TSH was 1.33 ± 1.03 mUI/mL and 
free T4 1.09 ± 0.16 ng/dL. A comparison of the re
sults between baseline and postPEI showed no statisti
cal difference in TSH (p = 0.879) or free T4 (p = 0.82) 
levels. 

Figure 2. Mean values ± standard error of volumes at baseline, short-
term and long-term follow-up in the PEI group and baseline and long-term 
follow-up in the control group (p for PEI versus control groups < 0.001; 
PEI group, n = 36; control group, n = 13). 

14

12

10

8

6

4

2

0

M
ea

n 
no

du
la

r v
ol

um
e 

(c
m

3 )

Baseline
volume

Volume at short-term
follow up

Volume at short-term
follow up

PEI group

Control group

Table 2. Characteristics of the cohort, and description of follow-up, procedures and volumes according to the type of nodule 

Cystic (n = 13) Predominantly cystic 
(n = 8)

Predominantly solid 
(n = 15) Total

Mean age ± SD (years) 44.5 ± 12.9 38.4 ± 12.8 37.7 ± 12.8 40.4 ± 12.9

Follow-up (months) 18.9 ± 13.5 10.9 ± 4.6 11.5 ± 4.2 14.0 ± 9.4

Number of injections 2.7 ± 1.8 3.0 ± 1.1 3.1 ± 1.6 2.9 ± 1.6

Total volume of ethanol injected (mL) 4.5 ± 4.6 3.9 ± 3.3 4.6 ± 3.2 4.4 ± 3.7

Baseline volume (cm³) 11.6 ± 11.4 11.6 ± 11.1 8.8 ± 8 10.4 ± 9.8

SD: standard deviation.

Table 3. Changes in volume according to the type of nodule after treatment with PEI at short-term and long-term follow-up 

Baseline Short-term follow-up Long-term follow-up p

Cystic (n = 13) (cm³) 
(%)*

11.6 ± 11.4 2.6 ± 3.2

74.9 ± 22.2

1.9 ± 2.5

80 ± 23.9 0.001

Predominantly cystic 
(n = 8)

(cm³)  
(%)*

11.6 ± 11.1 3.3 ± 4.7

71.0 ± 19.1

2.2 ± 3.6

85.4 ± 14.0 0.012

Predominantly solid  
(n = 15)

(cm³)  
(%)*

8.8 ± 8.0 2.9 ± 2.0

59.8 ± 16.2

2.0 ± 1.9

73.5 ± 17.6 < 0.001

Total (n = 36) (cm³) 
(%)*

10.4 ± 9.8 2.9 ± 3.1

67.7 ± 19.9

2.0 ± 2.5

78.5 ± 19.5 0.001

PEI: percutaneous ethanol injection. * Percentual of nodular reducing.

* P for volume at baseline versus short-term follow-up in the PEI group < 0.001. 

** P for volume at baseline versus long-term follow-up < 0.001; p for volume at 
short-term versus long-term follow-up = 0.009. 

PEI: percutaneous ethanol injection.
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The rate of volume reduction correlated directly 
with the number of PEI injections/sessions (r = 0.35,  
p = 0.037) and with the total volume of ethanol in
jected (r = 0.34, p = 0.045), but not with patient’s age 
(p = 0.874), baseline nodular volume (p = 0.939) or 
levels of serum TSH (p = 0.08) and free T4 (p = 0.69).

Most individuals reported mild to moderate pain 
during injection of ethanol that disappeared at the end 
of the procedure. One patient developed edema of the 
sternocleidomastoid muscle immediately after injec
tion, whereas three other patients reported mild pain 
that lingered for 3 to 4 days. Most patients who re
ported pain had predominantly solid nodules.

DISCUSSION

In this study, thyroid nodules treated with PEI showed 
a mean volume reduction of 78.2%. This outcome was 
superior to the one observed in the group not treated 
with this therapy, which on average maintained its vo
lume during followup. Studies that focused on other 
therapeutic options have also shown greater volume 
reduction of nodules treated with ethanol injection 
(3,4,1520). A large series that compared patients with 
solid thyroid nodules treated with PEI or suppressive 
doses of levothyroxine (LT4) showed that PEI was 
associated with a mean reduction of 47% in nodular 
volume, compared with a 9% mean reduction with 
LT4 (15). In addition to a poorer response, eviden
ce has shown that suppression with LT4 is associated 
with side effects and increased cardiovascular morbidity 
and mortality (3,15,21). Isolate fluid aspiration of cys
tic and predominantly cystic nodules is also associated 
with a high rate (60 to 90%) of recurrence, as previously 
shown (4). 

The rate of volume reduction of the nodules in our 
study was 67.7% one month after PEI and 78.2% after 
an average of 14 months. These volume reductions are 
less remarkable than the average reduction of 93% ob
served in a study (13) with a longer followup (7 years) 
with 110 cystic and predominantly cystic nodules treat
ed with PEI. They demonstrate that at 3 months after 
PEI, the reduction was 82.6%, showing that the etha
nol effect continues to progress over time. However, 
this study included only cystic and predominantly cys
tic nodules. Similar results showing progressive volume 
reduction during longterm followup have also been 
described by other authors. Lee and Ahn (11) observed 
an even greater reduction in volume during longterm 

followup: 70.1% and 66.1% immediately after PEI and 
75.1% and 73.2% after an average of 36 months in sol
id and cystic nodules respectively. These authors also 
showed that PEI was effective in both types of nodules, 
but even though both types eventually achieved simi
lar responses to therapy, the rate of volume reduction 
and the number of nodules with complete response to 
treatment were higher among cystic nodules as also 
shown by others (12,16,17). It is unclear why the ef
fects of ethanol are different immediately after PEI 
and at long term. Some authors (16) have suggested 
that the solid part of the nodule may be more resistant 
to the diffusion of ethanol and other substances. This 
would explain the greater reduction in volume of cys
tic nodules immediately after PEI. In addition to that, 
the aspiration of the fluid before PEI in cystic nodules 
also contributes to a greater reduction in volume im
mediately after treatment. However, the sclerosing ef
fect of the ethanol continues to act progressively and 
at a slow pace, effectively reducing in size nodules with 
solid content as well. This suggests that the ethanol is 
continuously absorbed by the solid part of the nodule, 
resulting in a progressive volume reduction. Another 
study (11) evaluating the decrease in nodular size with 
time showed that the reduction at long term is similar 
in different types of nodules, confirming that solid nod
ules do not respond as fast as cystic ones to the scleros
ing effect of the ethanol.

We did not find difference in serum levels of TSH 
and free T4 before and after therapy. This corrobo
rates the findings of other authors (5) who evaluated 
the levels of TSH and free T4 before and 6 months 
after PEI and did not find a significant difference in 
serum levels of these hormones, suggesting that PEI 
does not interfere with the functioning of the gland, in 
contrast to other types of treatment. Another impor
tant study (18) with 125 patients with hyperfunction
ing nodules treated with PEI evaluated the response in 
hormone levels and scintiscan changes after an average 
of 60 months. In this study, the number of sessions 
per nodule ranged from 1 to 11 and the amount of 
injected ethanol per session ranged from 1 to 15.5 mL, 
which is similar to the amount used in our study (0.4 to 
15.5 mL). Results showed that the number of sessions 
and volume of ethanol were positively associated with 
the success of the therapy, regardless of the type of nod
ule. This correlation has been previously shown (19) in 
a study with cystic nodules treated with 1 to 14 mL of 
ethanol. In contrast, another study including cystic and 
solid nodules showed the amount of ethanol injected 
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was associa ted with greater volume reduction in cystic 
but not in solid nodules (16).  

A recent review comparing PEI and thermal ablation 
with laser or radiofrequency concluded that in clinical 
practice, relapsing thyroid cysts are effectively managed 
with percutaneous ethanol injection treatment, which 
makes a stronger case to consider PEI as a standard 
therapy in this circumstance (20). The changes caused 
by ethanol in thyroid tissue, such as necrosis and fi
brosis were considered possible complicating if there 
is need for further surgery on the gland (22). How
ever, with the IPE technique guided by US, only the 
nodule suffers action of ethanol, sparing the surround
ing tissue, also explaining the low rate of early and 
late complications (23). Other authors also evaluated 
macroscopically and microscopically glandular ethanol 
changes, which claim that the therapy does not affect 
the extranodular tissue (9). Therefore, treatment with 
IPE does not preclude the subsequent surgical treat
ment, which may be performed safely (10).

 In conclusion, PEI is an effective therapy for cystic, 
predominantly cystic and predominantly solid nodules, 
with sustained longterm efficacy. In addition to that, 
PEI represents a safe treatment alternative, with mini
mal, transient and selflimited adverse effects. We pro
pose that this therapy should be considered an impor
tant clinical alternative for treatment of benign cystic 
and mixed thyroid nodules. 
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original article

Differences in the prevalence 
of vitamin D deficiency and hip 
fractures in nursing home residents 
and independently living elderly

Alexander Shinkov1, Anna-Maria Borissova1, Lilia Dakovska1,  
Jordan Vlahov1, Lidia Kassabova2, Dobrin Svinarov2, Stefan Krivoshiev3

ABSTRACT
Objective: To compare the prevalence of vitamin D deficiency and fracture history in nursing home 
residents and community-dwelling elderly subjects and to explore the association of vitamin D lev-
els with various characteristics. Materials and methods: Sixty-six nursing home residents and 139 
community-dwelling elderly subjects participated. Marital status, medical history, medication includ-
ing vitamin D supplements, smoking, past fractures were assessed. Weight and height were mea-
sured and body mass index calculated. Serum 25-hydroxyvitamin D (25-OHD), PTH, Ca, phosphate, 
creatinine and eGFR were determined. Results: In the nursing home residents 25-OHD was lower 
(17.8 nmol/l, [9.4-28.6] vs. 36.7 nmol/l, [26.9-50], p < 0.001), PTH was higher (5.6 pmol/l, [3.9-8.9] vs. 
4.7 pmol/l [3.6-5.8], P = 0.003) and 25-OHD deficiency was more prevalent (65.2% [53.7-76.7] vs. 22.3% 
[15.4-29.2], p < 0.001) as was elevated PTH (23% [12.8-33] vs. 5.8% [2-10], p = 0.001). 25-OHD corre-
lated negatively with PTH (institutionalized r = -0.28, p = 0.025 and community-dwelling r = -0.36, p < 
0.001). Hip fractures were reported by 8% of the residents and 2% of the independent elderly. The only 
predictor for hip fracture was elevated PTH (OR = 7.6 (1.5-36.9), p = 0.013). Conclusion: The preva-
lence of vitamin D deficiency and secondary hyperparathyroidism was high in the institutionalized 
subjects. Hip fracture risk was associated with elevated PTH and not directly with vitamin D levels or 
the residency status. Arch Endocrinol Metab. 2016;60(3):217-22
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INTRODUCTION

T he term Vitamin D designates a group of steroid 
compounds that are essential for human health 

(1). The major source of vitamin D for the humans 
is the sun exposure of the skin (2). Provitamin D is 
first synthesized from 7-dehydrocholesterol and then 
converted to vitamin D3 (cholecalciferol). Choleclacif-
erol undergoes a two-step conversion first into 25-hy-
droxyvitamin D (25-OHD) and then into 1,25-Di-
hydroxyvitamin D [1,25(OH)2D] with 25-OHD 
serum levels most closely reflecting the body vitamin 
D state. Vitamin D synthesis depends on a number 
of factors like geographic latitude, climate, clothing, 
individual sun exposure, air pollution, sunscreen use, 
gender, obesity (3,4). There are data that skin capacity 
for cholecalciferol synthesis diminishes with age (5,6). 
The insufficient skin vitamin D synthesis or food intake 
lead to vitamin D deficiency, which is common in large 
parts of the World on both sides of the Equator (7).  

Serious health-related implications have been attrib-
uted to low vitamin D levels – osteomalacia and in-
creased fracture risk, muscle dysfunction in the elderly 
subjects, increased cardiovascular morbidity and higher 
rate of some cancers and autoimmune diseases (8-10). 
Though the problem affects all ages, nursing home el-
derly residents are among the groups with the highest 
risk of vitamin deficiency or its consequences (11-13). 
Factors that determine the latter are malnutrition, de-
creased mobility and sun exposure, as well as the physi-
ologic changes in vitamin D synthesis with ageing. Low 
vitamin D levels have been associated with increased 
hip fractures with institutionalized subjects being the 
most affected (14). Moreover, the authors of a recent 
analysis reached the conclusion that the institutional-
ized elderly are the group most likely to benefit from 
systemic vitamin D supplementation (15).

The aim of the study was to compare the prevalence 
of vitamin D deficiency and self-reported fracture his-
tory among nursing home residents and community-
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dwelling elderly subjects and explore the association 
of vitamin D levels with the gender, body mass index 
and the prevalence of secondary hyperparathyroidism 
(SHPT).

MATERIALS AND METHODS

The study was a part of a cross-sectional screening study 
of the prevalence of vitamin D deficiency and the most 
common endocrine disorders in the Bulgarian popula-
tion, carried out in January and February 2012 in 12 
towns and the adjacent rural areas. Details on the initial 
study cohort recruitment and characteristics and the 
general vitamin D state of the population are published 
elsewhere (16). 

Sixty-six nursing home residents from four separate 
nursing homes participated in the study. The control 
group consisted of the age matched community-dwell-
ing elderly subjects from the same towns, n = 139. 
None of the study subjects was bed-ridden or reported 
recent long-term immobilization. All subject signed an 
informed consent form, approved by the local Ethics 
committee at the University Hospital of Endocrinol-
ogy in Sofia. The participants answered a structured 
interview with questions concerning marital status, 
past or present disorders, current medication including 
vitamin D-containing preparations, smoking, fracture 
history. Body weight and height were measured and 
body mass index (BMI) was calculated by the standard 
formula. Fasting venous blood was sampled and serum 
was stored at -20 C for serum 25-OHD, PTH, Ca, in-
organic phosphate (iP), creatinine, and TSH determi-
nation. eGFR was calculated by the CKD-EPI formula: 
GFR = 175 × standardized Scr−1.154 × age−0.203 × 
1.212 [if black] × 0.742 [if female], where GFR is ex-
pressed as mL/min/1.73 m2 of body surface area 41 
and Scr is expressed in mg/d (17).

The fractures were reported as any fractures and 
separately for the hip, Colles’ and vertebral fractures.

Laboratory evaluation

25-OHD was determined by liquid chromatography-
tandem mass spectrometry (LC-MS/MS) utilizing ex-
traction with hexane. d325D3 was applied as an internal 
standard with reaction monitoring for the respective 
m/z transitions: 401→383 for 25D3, 413→395 for 
25D2, and 404→386 for d325D3. The method com-
plies with the FDA required selectivity, matrix effect, 
accuracy, precision within 7.5% and extraction recove-

ries averaging 57-73%. Linearity was within 3.0-300.0 
nmol/L, R2 > 0.99 (18). Based on the measured 25-
OHD levels, three categories of subjects were defined: 
sufficient – > 50 nmol/l, deficient – 25-50 nmol/l and 
severely deficient – < 25 nmol/l and the proportion of 
subjects with severe deficiency and sufficiency were ex-
plored.

PTH was determined by chemiluminesce with an 
Immunoradiometric assay (IRMA) Access2/DxI, ref-
erence range 1.3-9.3 pmol/l. TSH was measured as a 
possible confounder and was determined by a two-site 
immunoenzymatic “sandwich” assay (UniCel® DxC 
660i System, Beckman Coulter, Access HYPER sensi-
tive hTSH) with a reference range between 0.34-5.60 
mIU/l. Serum calcium, inorganic phosphate, creati-
nine and alkaline phosphatase were measured by an au-
tomated analyzer.

Statistical analysis

Statistical analysis was performed by SPSS for Windows 
v.13 (SPSS Corp, Chicago, Il). All numerical data were 
presented as means and standard deviations or median 
and interquartile range. Normality of distribution was 
explored by Kolmogorov-Smirnov test. Student t-test 
was used to compare the difference between different 
categories of normally distributed continuous variables. 
Mann-Whitney U test and median test were applied for 
non-normally distributed variables. Proportions were 
expressed as percent and 95% confidence intervals and 
compared by Chi-square and Fisher’s exact test. A lo-
gistic regression was performed to explore the effect of 
multiple factors on the prevalence of vitamin D defi-
ciency. Spearman’s rho was used to measure correla-
tions between the studied continuous variables. All cor-
relations of 25(OH)D were performed after controlling 
for age and gender. All tests were two-sided, with a level 
of significance at p < 0.05.

RESULTS

Eight of the community-dwelling subjects and none of 
the nursing home residents reported vitamin D supple-
ment use. The reported average daily intake was bet-
ween less than 100 and 400 IU. The 25-OHD levels 
of the supplement-users did not differ from the group 
mean value and therefore were not excluded from the 
analysis. Of the community-dwelling subjects, 69.8% 
[62.2-77.4] lived with a spouse versus 9.1% [2.2-16] of 
the nursing home residents. 
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The nursing home residents were significantly older 
than the community-dwelling subjects and all further 
analyses were adjusted for age. The two groups differed 
in the female-to-male ratio (Table 1) and were first 
stratified by gender. As the main studied characteris-
tics did not demonstrate significant inter-gender differ-
ences (data not shown), all further analyses were done 
without gender differentiation of the subjects. The cor-
relations and the regression models were adjusted for 
gender. 

The comparison of the major group characteristics 
between the community-dwelling elderly and the nurs-
ing home residents is presented in Tables 1 and 2. 

We calculated eGFR in order to rule out a possible 
effect of chronic kidney disease. eGFR of the subjects 
did not differ between the two groups and correlated 
negatively with the age (Community-dwelling elderly r 

= -0.39, p < 0.001; residents r = -0.46, p < 0.001), but 
not with the PTH levels (Community-dwelling elderly 
r = -0.03, p = 0.70; residents r = -0.06, p = 0.66). It 
correlated negatively with 25-OHD in the institution-
alized subjects (Table 3). The odds ratio for a vitamin 
D deficiency among the nursing home residents as 
compared to the community-dwelling elderly subjects 
was 6.3 (95%CI 3.1-12.6) in a model adjusted for age, 
gender, eGFR and TSH. 

Table 1. Comparison of the studied characteristics of the community-
dwelling elderly and the nursing home residents 

Characteristic
Nursing home 

resident 
(n = 66)

Community-
dwelling 
(n = 139)

p

Age (years) 74.5 [69.8-78] 64 [61-70] < 0.001

Female/Male 26 (39%)/40 (61%) 91 (65%)/48 (35%) 0.001

BMI (kg/m2) 26.0 ± 4.5 28.9 ± 4.9 < 0.001

25(OH)D (nmol/l) 17.8 [9.4-28.6] 36.7 [26.9-50] < 0.001

TSH (mIU/l) 1.68 [1.16-2.94] 2.16 [1.28-3.55] 0.27

PTH (pmol/l) 5.6 [3.9-8.9] 4.7 [3.6-5.8] 0.003

Ca (mmol/l) 2.32 ± 0.18 2.41 ± 0.12 0.001

iP (mmol/l) 1.12 ± 0.18 1.22 ± 0.18 0.001

AlP (IU/l) 77.5 [65-103.3] 65 [52-78] < 0.001

eGFR (mL/
min/1.73 m2)

73.7 ± 21.1 76.8 ± 15.3 0.27

Married (%) 9.1% [2.2-16] 69.8% [62.2-77.4] < 0.001

Table 2. Proportions of vitamin D sufficiency and severe deficiency, 
fracture prevalence and secondary hyperparathyroidism in the community-
dwelling elderly and the nursing home residents

Nursing home 
residents (n = 66) 

% [95%CI]

Community-
dwelling elderly 

(n = 139) % 
[95%CI]

p

Deficiency 65.2% [53.7-76.7] 22.3% [15.4-29.2] < 0.001

Sufficiency 4.5% [0-9.5] 25.4% [17.4-31.6] < 0.001

All fractures 18.2% [8.9-27.5] 17.3% [11-23.6] NS

Hip fractures 7.6% [1-14] 2.2% [0-4.6] -

Colles’ 
fractures

6,1% [0-12] 5.8% [2-9.7] NS

Elevated PTH 23% [12.8-33] 5.8% [2-10] 0.001

Table 3. Correlations of 25-OHD levels with the other studied parameters 
in the two groups, after controlling for age and gender 

Parameter
Nursing home 

residents (n = 66)
Spearman Rho, p

Community-dwelling 
elderly (n = 139) 
Spearman Rho, p

PTH -0.28, p = 0.025 -0.36, p < 0.001

sCa 0.06, p = 0.64 -0.04, p = 0.62

iP -0.01, p = 0.94 -0.04, p = 0.63

AlP -0.24, p = 0.06 -0.02, p = 0.84

eGFR -0.25, p = 0.048 0.09, p = 0.31

Fracture prevalence

The prevalence of any fractures or Colles’ fractures did 
not differ between the two groups (Table 2). Only four 
subjects reported known history of vertebral fractures. 
The cases were distributed equally between the nur-
sing home residents and the independent elderly. No 
further analysis was done due to the low count. The 
prevalence of hip fractures was higher in the nursing 
home residents, but the small count does not permit es-
timation of the statistical significance of the difference. 
The mean 25-OHD level was lower in the subjects with 
hip fractures (21.1 ± 5.4 vs. 33.4 ± 1.3, p = 0.064), but 
not in those with any fracture or with Colles’ fractures.

Secondary hyperparathyroidism

In both groups the 25-OHD levels correlated negati-
vely with PTH, but with none of the other variables 
(Table 3). SHPT, expressed as an elevated PTH, was 
found in 23 (13.7%) of the subjects. It was more preva-
lent in the home residents than in the community-dwel-
ling subjects (Table 2). PTH was elevated in 22% of the 
subjects with vitamin D deficiency, in 5% of those with 
insufficiency and in none of the ones with sufficiency,  
p < 0.001. The hip fractures were more prevalent in the 
subjects with elevated PTH (13% vs. 3%, p = 0.048) but 
the count was too small for definite conclusions. There 
was no difference in the all fracture and Colles’ fracture 
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prevalence among the subjects with normal or elevated 
PTH. In a logistic regression model adjusted for age, 
gender, 25-OHD level, eGFR, TSH, resident/not-re-
sident the only factor significantly affecting the risk of 
a hip fracture was the elevated PTH with an OR = 7.6 
(1.5-36.9), p = 0.013.

DISCUSSION

In our winter study we compared community-dwelling 
elderly and institutionalized subjects and observed sig-
nificantly lower vitamin D levels and higher prevalence 
of vitamin D deficiency in the latter – 95% vs. 75%. Se-
vere vitamin D deficiency was found in every third resi-
dent. Our results do not differ from those reported by 
other authors from various geographic regions. Maeda 
and cols. for instance measured similar winter levels and 
difference between community-dwelling elderly and 
nursing home residents (19). Their study was carried 
in Brazil, at latitude of 23° S. The locations included in 
our study lie between 42°40’ and 43°50’ N and much 
lower UVB should be expected. Pilz and cols. also stu-
died a large group of nursing home residents in winter 
in Austria and found comparable median 25-hydroxyvi-
tamin levels of 17.5 nmol/l. Furthermore, 93% of the 
nursing home residents studied by them had 25-OHD 
below 50 nmol/l, which is very similar to the propor-
tion we observed (13). 

Various factors contribute to the low vitamin D 
state in the institutionalized elderly. Similar to our data, 
a Romanian team reported recently that none of the 
nursing home residents whom they studied received 
vitamin D supplementation (20). The vitamin D sup-
plementation among the community-dwelling elderly 
in our study was also very low and cannot explain the 
difference by itself. Vitamin D food fortification is not 
mandatory in Bulgaria and there is virtually no fortified 
foodstuff on the market. Fish consumption is also low 
and we can assume that for the majority of the popula-
tion the alimentary vitamin D intake is generally scarce. 

The sun exposure therefore might be the major fac-
tor that differentiates the two studied groups. There 
are few data in the literature researching the topic of 
sun exposure and vitamin D in nursing home residents. 
Nashimoto and cols. reported a distinct association be-
tween 25-hydroxyvitamin D levels and hours of sun ex-
posure in institutionalized elderly (21). A pivotal study 
performed by Webb and cols. demonstrated a marked 
difference in the sun exposure between independently 

living elderly and nursing home residents (22). More-
over, the difference persisted irrespective of the mobil-
ity level of the residents. The lower sun exposure in 
residents has been linked also to a flatter all-year vita-
min D curve (19). The sun exposure of our subjects 
was limited by the typically cold winter weather. The 
time the residents spent outdoors was further restricted 
by the anxiety associated to falls and possible fractures, 
maintaining apparently a vicious circle: anxiety – less 
outdoor time – less sunlight exposure and vitamin D 
– more fractures – more anxiety. The issue has been 
described typically among people recovering from 
a hip fracture (23). The fear of falls affects their self-
confidence, restricts their mobility and leads to activ-
ity avoidance. An inverse association with low vitamin 
D levels as a consequence and hip fractures as a factor 
might therefore exist in certain subjects.

The hip fracture rate in the institutionalized elderly 
and in those with severe vitamin D deficiency was mar-
ginally higher than among the independent elderly or 
those with higher 25-hydroxyvitamin D levels. Similarly 
to the results of other authors, 25-hydroxyvitamin D 
was lower in the subjects reporting hip fractures (14). 
On the other hand, the unadjusted odds ratio for a hip 
fracture was not significantly increased for any of the two 
factors (low vitamin D or nursing home residency) as 
predictors. Instead, the only significant predictor for a 
hip fracture was SHPT. The latter was related both to 
resident status and vitamin D levels. As observed previ-
ously (18,21,24), SHPT is by itself an independent risk 
factor for hospitalization and/or death in the elderly. The 
prevalence of SHPT expressed as an elevated PTH and 
higher alkaline phosphatase was higher among the nurs-
ing home residents in our cohort. The latter presented 
also with lower serum calcium and inorganic phosphate, 
presumably resulting from the vitamin D deficiency. It 
has been debated whether vitamin D deficiency is an 
independent factor for fragility fractures in the elderly. 
Low vitamin D-induced reduction in muscle strength 
and tone contribute to susceptibility to falls and conse-
quently – fractures (25). It was recently demonstrated 
also that 25-hydroxyvitamin D levels were inversely cor-
related with time to first fall in the elderly (26). As fall 
frequency is important for hip fracture occurrence, it has 
been shown that institutionalized subjects who have suf-
fered hip fracture are more prone to falling than inde-
pendently living hip fracture patients (27). Lower BMD 
has been reported in subjects with vitamin D deficiency 
as well (12,28). Nevertheless it is possible that the as-
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sociation of vitamin D levels and bone fragility does not 
result directly from low vitamin D, but is mediated by 
the SHPT, as demonstrated by Arabi and cols. (29). The 
reduced serum calcium and phosphate might further 
compromise bone mineralization and strength. 

We observed no association of vitamin D or PTH 
levels or fracture prevalence with the BMI. No associa-
tion was found also with any other reported fracture 
type. However the self-reported vertebral fracture prev-
alence was much lower than expected and underreport-
ing might have occurred (28). Three subjects reported 
both Colles’ and hip fractures, all of them being nursing 
home residents with severe vitamin D deficiency. PTH 
was elevated in two of them. The low count requires 
cautious interpretation, but published data point to an 
increased risk of subsequent upper extremity fracture 
in hip fracture patients with vitamin D deficiency (30). 
Moreover, the reported association was independent of 
bone mineral density.

Advanced age is associated with a declining renal 
function, another causal factor for SHPT in the elderly 
(31,32). Its role for the bone metabolism in the age-
ing man is not yet well defined (32). Renal function 
as measured by eGFR in our study correlated inversely 
with age but not with PTH or 25-OHD. Furthermore, 
eGFR did not predict hip fracture, vitamin D deficiency 
or elevated PTH. Therefore we assumed that impaired 
renal function might not affect our conclusions.

Our study has several limitations. In the first place, 
the number of subjects with fractures was relatively low, 
thus limiting the statistical power of the analysis. Sec-
ond, though it is well accepted that the UV radiation 
in Bulgaria in late autumn and winter is low, the study 
could benefit from an assessment of the sun exposure 
of the studied subjects. Third, the fractures were self-
reported, which precludes the assessment of vertebral 
fractures and also introduces imprecision concerning 
the time since the fracture. The temporal difference be-
tween the time of the fractures and the study limits the 
conclusiveness of the results. We had no data on falls 
that may be an important mediator between vitamin D 
and fractures. The cross-sectional design on the other 
hand does not permit causality inferences. 

In conclusion, we observed a high prevalence of vi-
tamin D deficiency and SHPT in the studied nursing 
home residents. Hip fracture risk was associated with 
the elevated PTH and not directly to the vitamin D 
levels. Since vitamin D deficiency is the major cause of 
SHPT in the elderly, sufficient vitamin D supplemen-

tation should be recommended for the nursing home 
residents for whom the evidence for hip fracture reduc-
tion with supplementation is compelling (15).
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Male-female differences in 
6-sulfatoxymelatonin excretion 
in hypopituitary patients

Hugo L. Fideleff1, Gabriel Fideleff1, Hugo R. Boquete1, 
Martha Suárez1, Miriam Azaretzky1

ABSTRACT  
Objective: To evaluate melatonin secretion in adult hypopituitary patients with Growth Hormone 
deficiency (AGHD) on and off replacement therapy. Subjects and methods: We studied 48 sub-
jects: 12 (6 males) untreated AGHD (AGHDnt), 20 (10 males) treated AGHD (AGHDt) and 16 healthy 
subjects (8 males) as control group (CG). We measured urinary 6-sulfatoxymelatonin (6-SM) in total 
(24 h samples), nocturnal (6-SMn): 1800-0800 and diurnal samples (6-SMd): 0800-1800. Results: Sig-
nificant differences were observed among the 3 groups of male subjects, in total 6-SM (p < 0.05), 
nocturnal 6-SM (p < 0.02) and nighttime-daytime delta values (p < 0.003). CG had significantly higher 
values than the AGHDnt in total 6-SM (p < 0.01), nocturnal 6-SM (p < 0.05) and nighttime-daytime 
delta values (p < 0.01). AGHDt patients showed significantly higher levels in nighttime-daytime delta 
values than AGHDnt patients (p < 0.05). In females, no significant differences were found among the 
3 groups studied in total, nocturnal, diurnal or nighttime-daytime delta values. In males, significant 
correlations were found among total 6-SM (r = 0.58; p = 0.029), nocturnal 6-SM (r = 0.70; p = 0.006) 
and nighttime-daytime delta values (r = 0.71; p = 0.004) vs. serum IGF-1 levels in subjects evaluated. 
In females, significant correlations were found among total 6-SM (r = 0.57; p = 0.02) vs. serum IGF-1 
levels in subjects evaluated. A tendency towards a significant correlation was found in diurnal 6-SM 
(r = 0.48; p = 0.07). Conclusions: Our findings show a sexual dimorphism in 6-SM excretion in AGHD 
patients and provide an interesting approach to a further understanding of some chronobiological 
disorders involved in GH deficiency. Arch Endocrinol Metab. 2016;60(3):223-30

Keywords
6-sulphatoxymelatonin; melatonin and GH; adult GH deficiency; growth hormone treatment; melatonin and sexual 
dimorphism

INTRODUCTION

M elatonin acts as a “neuroendocrine transduc-
er” of environmental information collected 

through a retina-pineal gland neuronal circuit in which 
other structures are involved, including but not limited 
to, the retino-hypothalamic tract, the supra-chiasmatic 
nucleus and the cervical ganglion. The relationships be-
tween melatonin and different pituitary hormones and 
sex steroids have been extensively studied; however, the 
relationship between growth hormone (GH) and mela-
tonin remains unclear (1-3). Pineal gland can influence 
GH-IGF-1 function and, in mechanism of this depen-
dence, changes in endogenous melatonin concentra-
tions seem to develop an important role. 

Many years ago, melatonin has been reported to 
induce an increase in GH levels in human subjects 
(4,5); however, other groups failed to show the effects 
of melatonin on GH secretion (6,7). In addition, in 

vitro experiments showed that melatonin reduced GH 
secretion from rat pituitary cells (8). These variations 
in the relationship between melatonin and GH might 
be due to multiple factors, such as differences in the 
experimental models, physiological conditions, diffe-
rent actions depending on the species studied, etc. (9). 
GH is released largely at night in complex ultradian 
pulses that do not readily fit a classic circadian pattern. 
Indirectly, the clock system directs secretion through 
slow-wave sleep, which is strongly associated with GH 
release, although the precise mechanism of circadian in-
fluence is not understood (10). We have demonstrated 
in a recent paper decreased 6-sulphatoxymelatonin (6-
SM) excretion in male GH-deficient children and ado-
lescents (11). Taking into account that there is sexual 
dimorphism of plasma GH with distinct male and fema-
le patterns of growth, which may be clock-determined 
(1), and considering that melatonin is a key hormone 
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in the biological clock and in the day/night cycle, we 
decided to evaluate melatonin secretion in a group of 
GH-deficient male and female adults on and off repla-
cement therapy, by measuring the excretion of its major 
urinary metabolite 6-SM (12,13). To evaluate possible 
alterations in the circadian rhythm of melatonin secre-
tion in this group of patients, we decided to perform 
not only 24 hour urinary measurements, but also mea-
surements in diurnal and nocturnal samples and to cal-
culate nighttime-daytime delta values.

SUBJECTS AND METHODS

In a prospective not paired study, we evaluated 48 sub-
jects, divided into 12 untreated GH-deficient adults 
(AGHDnt) (19-44 yr, 6 males), 20 treated GH-defi-
cient adults (AGHDt) (21-56 yr, 10 males), and 16 
healthy subjects (27-65 yr, 8 males) as control group 
(ACG). Patients were selected at random from a cohort 
of hypopituitary patients followed at the out clinic of 
our Unit, while controls were healthy members of the 
staff of the unit and volunteers. Baseline patient cha-
racteristics are depicted in Table 1. In the AGHDnt 
group, 5 were idiopathic, 2 pituitary hypoplasia, 2 post 
surgery of prolactinoma, 2 perinatal anoxia and 1 post 
surgery of Cushing disease. As regards the AGHDt 
group, 6 were idiopathic, 4 postsurgery of non func-
tioning pituitary adenoma, 3 Sheehan syndrome, 3 pi-
tuitary hypoplasia and 1 perinatal anoxia, postencepha-
litis, empty sella and post surgery of prolactinoma each. 
GH deficiency was confirmed by an insulin tolerance 
test with GH response of < 3 ng/mL and/or argini-
ne stimulation test < 1.4 ng/mL. Patients were treated 
during a period of 9 months to 4 years with GH doses 
to maintain IGF-1 between 0 and +2 SDS. All patients 
maintained stable doses for at least 6 months. Patients 
with other associated hormonal deficits were receiving 
adequate replacement. In the AGHDnt group, 11/12 
were gonadotropin deficients and all were substituted; 
in the AGHDt group 18/20 were gonadotropin defi-
cients and 13 of them were under sex steroids repla-
cement. Of the 5 patients not substituted, one was a 
male with benign prostatic hypertrophy and 4 women 
were menopausal. Near the time the urinary sampling, 
in TSH deficient patients, during replacement therapy, 
mean fT4 levels were 1.16 µg/dL, while in gonado-
tropin deficient patients, during replacement therapy, 
mean testosterone levels were 4.2 ng/mL for men and 
estradiol levels were 51 pg/mL for women receiving 

estradiol valerate (for those receiving CEE, there were 
no estradiol measurements). 

Patients with craniopharyngioma were excluded. 
Normal subjects were healthy volunteers. Subjects with 
any clinical or endocrine pathology or those receiving 
medication were excluded from the sample. Both pa-
tients and healthy controls showed no clinical evidence 
of sleep apnea or any other sleep disorder, evaluated 
through an exhaustive questioning of patients and/
or his/her partner and all had normal liver function 
tests. They lived in Buenos Aires or its surroundings 
(34º37’S, 58º25’W). All serum samples were collec-
ted during spring time. Informed consent was obtained 
from all subjects. The study was conducted according 
to the Decla ration of Helsinski II and the Guidelines 
for Good Clinical Practice. The protocol was approved 
by the Ethical and Research Committees of the partici-
pating centers.

Table 1. Baseline patient characteristics

AGHDnt
n: 12

AGHDt
n: 20

ACG
n: 16

Chronological age range (yr) 19-44 21-56 27-65

Gender (m/f) 6/6 10/10 8/8

BMI (kg/m2)

(mean and range)

26.32

(18-38.5)

25.82

(19-40)

23.8

(21.1-28.8)

Organic GH deficiency 7/12 14/20 –

Idiopathic GH deficiency  5/12 6/20 –

Isolated GH deficiency 0/12 2/20 –

Panhypopituitarism

(GH, ACTH, TSH, LH/FSH)

9/12 14/20 –

GH, TSH and LH/FSH deficiency 2/12 4/20 –

GH and TSH deficiency 1/12 0/20 –

AGHDnt: adult GH deficient non-treated patients; AGHDt: adult GH deficient treated patients; 
ACG: adult control group.

Urine collection

In all patients and controls a 24-hr urine sample was 
collected at home during two intervals: (i) a 14-hr 
nocturnal sample (from 1800 to 0800 h), and (ii) a 
10-h diurnal sample (from 0800 to 1800 h). Detai-
led verbal and written instructions were given to all 
the subjects to assure complete collection of samples. 
All collections were made on Sunday to avoid possible 
interference with occupational activities. All patients 
were instructed to maintain their usual diurnal activi-
ties, as well as the characteristics, time and duration of 
sleep and to keep a dark environment. Collected urines 
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were stored in a refrigerator until delivered to the labo-
ratory within 24 h of  urine collection. The volume of 
each urine collection was measured and aliquots were 
put in plastic bottles without preservatives and stored 
frozen (-70ºC) until assayed. A trained laboratory te-
chnician was responsible for receiving the samples and 
checking them for completeness. Urine samples with 
volumes lower than expected were discarded.

Laboratory measurements

Blinded analysis of urine 6-sulfatoxymelatonin levels 
was performed by radioimmunoassay using an assay kit 
from Stockgrand Ltd. (Guildford, UK) as previously 
described (12). The urine samples were diluted prior 
to assay (1/250). The intra- and interassay coefficients 
of variation (CV’s) were 4% and 7%, respectively. Excre-
tion of 6-sulfatoxymelatonin was expressed as: (i) total 
amount excreted (µg), (ii) µg excreted per time interval 
and (iii) estimated amplitude: the difference between 
nocturnal and diurnal samples.

Sample collection for IGF-1 and stimulation tests 
for diagnosis of GH deficiency were performed at 0800 
under fasting conditions. GH was measured by a solid- 
phase, 2-site chemiluminescent enzyme immuno-
metric assay (IMMULITE® 2000), calibrated against  
the first reference standard (WHO International Re-
ference Preparation 80/505); as from batch 206 ca-
librated against the second reference standard (WHO 
International Reference Preparation 98/574). The de-
tection limit was 0.08 ng/mL and the intra- and inter- 
assay CVs were below 3% for a dose of 1.8 ng/mL and 
below 5% for a dose of 9.6 ng/mL. IGF-1 was mea-
sured by an automated chemiluminiscent assay system 
(IMMULITE® 2000); this is a two-site, solid-phase 
chemiluminiscent enzyme immunometric assay. The 
detection limit was 20 ng/mL. Intra- and interassay 
CVs were below 5.1% for a dose of 59 ng/mL and 
below 6.5% for a dose of 230 ng/mL. The standard 
was calibrated against the WHO International Referen-
ce Preparation 87/518. IGF-1 values were expressed in 
terms of SDS allowing comparing patients of different 
ages. The SDS for IGF-1 was calculated according to 
our laboratory reference values.

Statistical analysis

Total, diurnal, nocturnal 6-SM levels and nighttime-dayti-
me differences (delta values), as well as age and BMI were 
compared among the different subgroups by the Kruskal-

Wallis, Dunn test. To compare GH doses and IGF-1 levels 
between males and females GH treated patients a Mann-
Whitney test was employed. Since only 5 patients with 
gonadotropin deficiency were not receiving exogenous 
testosterone or estrogens, we didn’t separate 6-SM levels 
between sex steroids treated and not treated patients.

Levels of 6-SM were correlated with IGF-1 levels 
in GH deficient patients using the Spearman test ad-
justing the lineal model with the least squares method. 
SPSS software, version 17.0 (SPSS Inc., Chicago, IL, 
USA) was employed. Results were expressed as median 
and range; p-values < 0.05 were considered evidence 
for statistical significance. 

RESULTS 

There were no statistical differences in age or BMI 
among the three evaluated groups.

GH doses ranged: males 0.003-0.005 mg/kg/day 
(mean 0.004 mg/kg/day), females 0.005-0.009 mg/
kg/day (mean 0.008 mg/kg/day), p = 0.0005 males 
vs females. Mean IGF-1 levels at the time of the urinary 
sampling in the untreated and treated groups were 29.6 
ng/mL (SDS -6.3) and 169 ng/mL (SDS 0.8) respec-
tively. Regarding the treated group, IGF-1 SDS levels 
were in males 0 – 1.8 (mean 0.9) and females 0 – 1.7 
(mean 0.8), p not significant males vs females.

Total, nocturnal and diurnal 6-SM levels and night-
time-daytime delta values in AGHDnt, AGHDt and 
ACG in both genders are shown in Table 2.

In males, significant differences were observed 
among the 3 groups studied, in total 6-SM (p < 0.05), 
nocturnal 6-SM (p < 0.02) and nighttime-daytime del-
ta values (p < 0.003). Subsequent analysis by the Dunn 
test showed that ACG had significantly higher values 
than AGHDnt in total 6-SM (p < 0.01), nocturnal 
6-SM (p < 0.05) and nighttime-daytime delta values 
(p < 0.01). AGHD treated patients showed significan-
tly higher levels in nighttime-daytime delta values than 
AGHD untreated patients (p < 0.05) (Figure 1A).

In females, no significant differences were found 
among the 3 groups studied in total, nocturnal, diurnal 
or nighttime-daytime delta values (Figure 1B).

6-SM/IGF-1 correlations 

In males, significant correlations were found among to-
tal 6-SM (R2 = 0.40; R = 0.64; p = 0.0002), nocturnal 
6-SM (R2 = 0.30 (R = 0.55; p = 0.0019) and nighttime-
-daytime delta values (R2 = 0.23 (R = 0.48; p = 0.008) 
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vs. serum IGF-1 levels in subjects evaluated (Figures 
2A, 2B and 2C). Correlation between diurnal 6-SM 
and IGF-1 was not significant in this group of patients.

In females, only a tendency towards a positive correla-
tion, but no statistical significance was observed between 
total 6-SM vs. serum IGF-1 levels (R2 = 0.23; R = 0.48; 
p = 0.0698) (Figure 3). Correlations between nocturnal 
6-SM, diurnal 6-SM and nighttime-daytime delta values 
vs. IGF-1 were not significant in this group of patients.

DISCUSSION

In the present study we observed, in adult males, sig-
nificant differences in total, nocturnal, nighttime-dayti-
me delta 6-SM values between controls and untreated 
GHD subjects. Additionally, it is worth mentioning 
that treated patients showed significantly higher levels 
of nighttime-daytime delta 6-SM than untreated GHD 
patients. As to women, no differences were found in 

6-SM excretion among controls, untreated and treated 
GHD patients.

It is worth mentioning that melatonin has, in phy-
siological conditions, a circadian secretory rhythm with 
low concentrations during daytime and high concen-
trations at night, with peak concentrations at appro-
ximately 0300 h (14). In previous studies, maximum 
pineal activity has been reported to occur in childhood 
and progressively decline in the following decades of 
life (14,15). Even if the most well known function 
of melatonin in human beings is its contribution to 
synchronization of biologic rhythms, with a key role 
in light-dark cycles, an important body of evidence 
in recent years has suggested that melatonin may be 
involved in other functions, including body tempera-
ture modulation, antiproliferative effects, antioxidant 
effects, interrelationship with the immune system, etc. 
(16-22), also acting as a “neuroendocrine transducer” 
of information collected from the environment (23).

Table 2. 6-SM excretion in AGHDnt, AGHDt and ACG in both genders

Males Females

AGHDnt AGHDt ACG AGHDnt AGHDt ACG

Total 6-SM 

(µg/24 hr)

1.36

(0.63 – 3.25)

2.29

(0.39 – 17.0)

4.30*

(1.74 – 15.9)

2.46

(0.80 – 5.70)

6.25

(0.38 – 19.0)

4.66

(0.78 – 19.2)

Nocturnal 6-SM (µg)

1800 to 0800 h

0.59

(0.38 – 1.52)

1.96

(0.21 – 16.5)

3.74**

(1.28 – 14.9)

1.40

(0.49 – 5.46)

3.81

(0.29 – 18.0)

3.84

(0.40 – 18.1)

Diurnal 6-SM (µg)

0800 to 1800

0.57

(0.25 – 1.73)

0.34

(0.14 – 2.23)

0.56

(0.39 – 0.96)

0.59

(0.20 – 1.60)

1.79

(0.09 – 5.70)

0.77

(0.38 – 1.00)

Delta values (µg) -0.12

(-0.24 – 0.26)

1.10***

(0.01 – 16.0)

3.13*

(0.81 – 14.0)

0.41

(-0.32 – 5.20)

1.10

(-0.90 – 16.8)

3.16

(0.03 – 17.0)

Delta values (estimated amplitude): difference between nocturnal and diurnal samples.
AGHDnt: adult GH deficient non-treated patients; AGHDt: adult GH deficient treated patients; ACG: adult control group. 
Results expressed in median and range.
* p < 0.01 vs AGHDnt; ** p < 0.05 vs AGHDnt; *** p < 0.05 vs AGHDnt (Kruskall-Wallis, Dunn test).

Figure 1. Total, nocturnal and diurnal 6-SM levels and nighttime-daytime delta values in AGHDnt, AGHDt and ACG in males (A) and females (B).
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IGFBP3, may also be influenced by circadian genes. 
Taken together with findings that variants in circadian 
genes are associated with delayed sleep phase syndro-
me and morning/evening preference, it is plausible 
that variants in these genes are associated with varying 
serum hormone levels (24).

Some studies indicate that the pineal gland can mo-
dify the function of GH-IGF-1 axis during the day, and 
these changes in endogenous melatonin concentrations 
seem to play an important role. Nevertheless, melato-
nin administration in rats after pinealectomy only par-
tly prevented changes in GH-IGF-1 axis function cau-
sed by gland removal (3). Vriend and cols. have also  
shown significant increases in GH and IGF-1 concen-
trations performing studies on Syrian male hamsters 
after melatonin administration at evening hours. In the 
authors’ opinion, the increase in IGF-1 levels induced 
by melatonin administration is probably secondary to 
GH secretion (25). Although the relation between me-
latonin and hypothalamic-pituitary axis is well known, 
the majority of basic and clinical studies have evaluated 
changes in GH levels after melatonin administration or 
pinealectomy. To our knowledge, there is still scarce 
information concerning melatonin modifications after 
GH administration. Therefore, possible variations in 
melatonin in GHD patients, with and without replace-
ment therapy, have not been adequately characterized 
yet. In a recent study evaluating children and adoles-
cents, we have observed that GHD patients, both tre-
ated and untreated, showed significantly lower levels 
than controls in total melatonin, nocturnal levels and 
nighttime-daytime delta values (11). 

Concerning our results, differences found in males 
in nocturnal melatonin levels and in nighttime-daytime 

Figure 2. Correlations between 6-SM vs IGF-1 levels in males. (A) Total 
6-SM vs IGF-1 levels. (B) Nocturnal 6-SM vs IGF-1 levels. (C) 6-SM 
nighttime-daytime delta values vs IGF-1 levels.  

The central circadian clock located in the brain in-
fluences sex hormone secretion via the hypothalamic-
-pituitary-gonadal axis. Because testosterone influences 
the GH-IGF-1 pathway, IGF-1 and its binding protein, 

Figure 3. Correlations between total 6-SM vs IGF-1 levels in females.
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delta values and the absence of differences among the 
three groups in diurnal melatonin secretion could lead 
us to speculate that GH deficiency might be involved 
in abnormal circadian rhythm of melatonin production. 
It is important to highlight that in women, no diffe-
rences were found in 6-SM excretion among the three 
groups. This sexual dimorphism is difficult to explain; 
however, we cannot rule out a different effect of es-
trogen and androgen replacement therapy in GH de-
ficiency, as most of our patients were receiving exoge-
nous sex steroids. It is important to point out that the 
four menopausal women included in the treated group 
had appropriate values of estradiol according to healthy 
menopausal population, although not being substitu-
ted with exogenous estrogens. As regards to the not 
substituted hypogonadic male patient, his testosterone 
levels were slightly below the normal range. For that 
reason, we believe that it is unlikely that the absence 
of sex steroids replacement in these patients could in-
fluence the results. It is worth mentioning that oral es-
trogen is known to blunt the effect of GH replacement 
on hepatic tissue. Nevertheless our male and female 
treated patients reached non significant different levels 
of IGF-1, due to higher significant GH doses required 
in females. Interestingly, estrogens have been shown to 
modify melatonin production “in vitro” and “in vivo” 
(26,27). All these factors might contribute to make 
potential nighttime-daytime differences in GHD and 
non-GHD women less evident. The number of subjects 
included in each group in the present study is not suffi-
cient to reach definitive conclusions, but it is important 
to point out that sexual dimorphism has already been 
reported by other authors in preschool children (28) 
and, in a previous study, we have also observed a sexual 
dimorphism in obese adolescents, where males showed 
higher nocturnal levels of 6-SM than females (13). 

The circadian rhythms of melatonin and body tem-
perature are set to an earlier hour in women than in 
men, even when women and men maintain nearly iden-
tical and consistent bedtimes and wake times. Such fin-
ding of a sex difference in intrinsic circadian period are 
consistent with studies conducted in a number of no-
nhuman animals that have demonstrated that circadian 
period is shorter in females than in males. The shorter 
intrinsic circadian period described in women may be 
attributable, partly, to the higher circulating levels of 
estrogen in women (29). In addition, exposure to high 
estrogen at some point during development could al-
ter the hypothalamic circadian pacemaker, leading to 

the sexual dimorphism that has been reported in su-
prachiasmatic nucleus structure (30). Despite the well- 
known described sexual dimorphism in GH-IGF-1 se-
cretion, this may not account for the differences found, 
since in the conditions of our study, all patients were 
treated with GH doses to maintain IGF-1 between 0 
and +2 SDS. Under the conditions of this study, we 
also found differences in 6-SM levels between treated 
and untreated GHD patients in nighttime-daytime 
delta values of males, while in females no significant 
differences in 6-SM  were found between treated and 
untreated GHD patients. 

For many years, IGF-1 measurement has been used 
both in children and adults as a surrogate for GH secre-
tion and it has even been used for monitoring exoge-
nous GH therapy in different conditions, as IGF-1 con-
centrations remain stable during daytime, with diurnal 
variations not exceeding 25%. Therefore, we thought 
it would be interesting to correlate IGF-1 levels with 
melatonin levels in patients on and off GH replace-
ment therapy. In a previous paper in male children and 
adolescents we found no correlations between 6-SM 
and IGF-1. The positive correlations found in adults 
in the present study could be explained by differences 
in melatonin and IGF-1 secretion at different ages, as 
well as by different relationships between melatonin 
production and peripheral signals in childhood and 
adulthood. Concerning the correlations observed in 
this study, a sexual dimorphism was observed. In males, 
we found a significantly positive correlations for total, 
nocturnal 6-SM levels and nighttime-daytime delta va-
lues and IGF-1 levels, whereas in females a significant 
correlations for total 6-SM and a tendency towards a 
statistical significance for diurnal 6-SM and IGF1 were 
observed. These facts, in an indirect manner, might 
suggest that there is a different impact between ma-
les and females on the effect of GH replacement over 
the circadian rhythm of melatonin secretion. This phe-
nomenon could be possibly explained by the role of 
estrogens. It could also be related to a well-known phy-
siological pattern of GH, which is released largely at 
night in complex ultradian pulses that do not readily 
follow a classic circadian pattern (10). Indirectly, the 
clock system directs secretion through slow-wave sleep 
which is strongly associated with GH release, althou-
gh the precise mechanism of circadian influence is not 
understood. There is a sexual dimorphism of plasma 
GH with distinct male and female patterns of growth, 
which may be clock-determined (1). The evaluation of 
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secretory pulses of serum melatonin during sleep might 
possibly allow us to elucidate these discrepancies. Such 
evaluation would obviously require a supplementary 
experimental design, including multiple blood samples 
all over the night in order to study melatonin nocturnal 
peaks (1,28). 

A potential limitation of our study is that as groups 
were not paired; small differences might not achieve 
statistical significance. Besides, we cannot rule out the 
influence of etiology, duration of GH deficiency, age 
of onset, etc. Regarding GH treatment and melatonin 
secretion, it should also be taken into account that the 
administration of exogenous GH replacement thera-
py is not performed strictly following the rhythm of 
physiological secretion of this hormone, which occurs 
mainly during the night with multiple peaks occurring 
approximately 90 minutes after the onset of sleep (sta-
ges 3 and 4 non-REM sleep). Based on the above, we 
could hypothesize that, perhaps, GH treatment might 
allow for the correction of associated metabolic disor-
ders in patients, but it might not be enough to resolve 
in all cases the abnormalities in the secretory pattern of 
melatonin occurring in these patients (31). The present 
study was not designed to correlate 6-SM with other 
parameters, such as body composition, lipid and glu-
cose profile, sleep pattern or quality of life. Therefore, 
we could not draw conclusions regarding the clinical 
implications of melatonin alteration and metabolic im-
pact, sleep characteristics or quality of life in AGHD 
patients.

An original contribution of this study has been the 
physiological and noninvasive evaluation of melatonin 
secretion dynamics, by measuring nocturnal and diur-
nal urinary excretion of 6-SM, in GH-deficient subjects 
on- and off-replacement therapy. Even if a potential 
methodological limitation of our study is the fact that 
the cross-sectional designed allowed us to evaluate cor-
relations but not causality, GH-deficient patients sho-
wed lower levels of 6-SM. In order to confirm norma-
lization of melatonin secretion with GH replacement 
therapy, a paired longitudinal study should be perfor-
med in patients prior to and during GH replacement 
therapy.

In conclusion, our findings provide an interesting 
approach to a further understanding of some chrono-
biological disorders involved in GH deficiency. Fur-
thermore, they might also contribute to an interpre-
tation of the pathophysiologic mechanism underlying 
some GHD alterations associated with quality of life 

and sleep-dependent metabolic disorders, which would 
put a new perspective to the design of future studies.
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Importance of ectopic thyroid 
tissue detected in the midline of the 
neck: single center experience
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ABSTRACT
Objective: Ectopic thyroid tissue (ETT) is a rare abnormality of the thyroid gland and the true pre-
valence and importance is not known. The aim of this study was to evaluate ultrasonography (US) 
guided fine needle aspiration biposy (FNAB) results, sonographic features, and frequency of ETT 
detected in the midline of the neck. Subjects and methods: Five thousand five hundred and twenty 
outpatients who were referred to our thyroid clinic between September 2010 and April 2012 and un-
derwent thyroid US, were retrospectively analyzed. Patients with ETT, detected in the midline of the 
neck in US were included in the study. Thyroid functions, sonographic features, and US guided FNAB 
results were evaluated. Results: There were 81 (81.8%) female and 18 (18.2%) male patients with a 
mean age of 50.9 ± 11.7. The ETT in the midline was present in 1.79% (99/5,520) of the patients. In the 
majority of the patients, benign sonographic features (isoechoic, regular margin, type 1 vasculariza-
tion) were detected. There were 92 (92.9%) patients with a previous history of thyroidectomy and all 
were histopathologically benign. In 7 (7.1%) patients, there was no history of thyroid operation. FNAB 
results of ETT were benign. Conclusion: This study evaluated the importance of ETT detected inci-
dentally in the midline of the neck. Especially in patients with a history of thyroidectomy, the thyroid 
masses in the midline of the neck can be found as incidental with imaging methods. Our results su-
ggests that the incidence of malignancy in this group is much lower than orthotopic thyroid nodules 
and they are often benign. Arch Endocrinol Metab. 2016;60(3):231-5

Keywords
Ectopic thyroid tissue; sonographic features; fine needle aspiration biopsy

INTRODUCTION

T hyroid gland is located in front of the trachea be-
tween C5-T1 vertebrae. It’s derived from the fo-

ramen cecum at the back of the tongue and descends 
down. Thyroglossal duct remains open for a short time 
and then degenerate (1). Ectopic thyroid tissue (ETT) 
is a rare entity resulting from developmental defects at 
early stages of thyroid gland embryogenesis, during its 
passage from the floor of the primitive foregut to its 
final pre-tracheal position. As a result of defects du-
ring organogenesis various morphological variations of 
thyroid gland such as pyramidal lobe, thyroglossal duct 
cyst, hypoplasia, hemiagenesis and agenesis occurs. As 
the morphological variations are usually diagnosed inci-
dentally, the true incidence is therefore unknown. It is 
frequently found around the course of the thyroglossal 
duct (midline of neck) or laterally in the neck, as well as 
in distant places such as the mediastinum and the sub-
diaphragmatic organs (2). Developmental abnormali-

ties of the thyroid gland may cause clinical functional 
disorders and goitrogenic enlargement as well as ade-
nomatous and malign transformation may ocur (3,4). 
Malign transformation has been reported in thyroglos-
sal duct (5), pyramidal lobe (6) and as well as in other 
ETT (4). However, sonographic features ETT’s and 
FNAB indication is not known exactly. Therefore, in 
this study we aimed to evaluate US guided FNAB re-
sults, prevalence and sonographic features of ETT de-
tected in the midline of the neck.

SUBJECTS AND METHODS

Study protocol

This retropective study was carried out between 
September 2010 and April 2012. Thyroid ultrasono-
graphy (US) was performed to 5,520 outpatients, who 
were referred to our thyroid clinic because of thyroid 
dysfunction and/or palpabl thyroid nodules determi-
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ned in physical examination. Ninety nine patients, de-
tected ETT (length longer than 10 mm) in the midline 
of the neck were recruited for the study. ETT in the 
midline of the neck was defined as tissue found around 
the course of the thyroglossal duct, outside of ortoto-
pic thyroid tissue located anterolaterally to the second 
to fourth tracheal cartilages.  It was approved by the 
local ethical committee and written informed consent 
was obtained from all subjects.

Demographic datas, thyroid function parameters 
[thyroid stimulating hormone (TSH), free triiodo-
thyronine (fT3) and free thyroxine (fT4)] were exami-
ned in patients with ETT in the midline of neck and 
thyroid US was carried out. Thyroid US was performed 
by an experienced specialist using the same US machi-
ne. Tc99m pertechnetate scintigraphy was performed 
to only 99 patients with ETT in the midline of neck 
detected in ultrasonography, as well as confirmation of 
the diagnosis and for differential diagnosis. FNAB was 
performed to ETT with length longer than 10 mm. 
FNAB was carried out by an experienced specialist. 
Cytological evaluation was made by the same cytologist 
experienced in thyroid cytology. FNAB was repeated in 
tissue with nondiagnostic cytology results.

Exclusion criteria

Patients who have been operated for thyroid cancer or 
head and neck cancer, received RAI therapy, or radio-
therapy and under 16 years of age were excluded.

Laboratory examination

Serum TSH, fT3, fT4 were measured by chemilumines-
cence methods using commercial kits (Chemilumines-
cent Microparticle Immunoassay, CIMA) with Abott 
Arhictec machine. 

Ultrasonography

Ultrasonography Esaote color Doppler US (MAG Tec-
nology Co, Ltd. Model: 796FDII Yung-ho City, Tai-
pei, Taiwan) and a superficial probe (Model No: LA523 
13–4, 5.5–12.5 MHz) were used for standard US. The 
sonograms were evaluated retrospectively by two re-
viewers for the following features: location of the mass, 
volume, echogenicity of the internal contents, marginal 
regularity, type of calcification and vascularization pattern 
(stage 1: absence of blood flow; stage 2: peripheral vas-
cularization; stage 3: intranodular vascularization; stage 
4: marked intranodular vascularization). ETT was classi-

fied into four categories according to the location of the 
upper end: tongue base, hyoid bone, thyrohyoid mem-
brane, and thyroid cartilage. Internal echogenicity was 
classified as isoechoic (similar echogenic with adjacent 
tissues), hypoechoic (lower amplitude echoes than sur-
rounding tissue), or hyperechoic (more echogenic than 
adjacent tissues). Marginal regularity also was classified as 
either irregulary or regulary. Calcification was classified 
into four categories: no calcification, microcalcification, 
macrocalcification, and rim calcification. Microcalcifica-
tion was defined as hyperechoic spots less than 1 mm in 
diameter with or without posterior acoustic shadowing.

US guided FNAB

US guided FNAB was performed under US guidance 
using a General Electric Logiq pro200 (Model number: 
2270968, GE Healthcare Korea, Seongnam-SI, Gyeon 
GGI-DO, Korea) and a 5.5–7.5-MHz probe.

Thyroid scintigraphy

The Tc-99m pertechnetate thyroid scintigraphies were 
performed to verify the localization of ectopic tissue in 
all patients.

Cytological and histopathological examination 

Pathologic correlation was obtained by reviewing the 
medical records, including pathology reports, from all 
patients. Materials obtained by US guided FNAB were 
air-dried, stained with the May-Grünwald–Giemsa 
stain, and evaluated according to Bethesda system clas-
sification (7). 

Statistical analysis 

Statistical analyses were performed using SPSS for Win-
dows (version 15.0.1; SPSS, Inc. Chicago, IL). Des-
criptive statistics were done.

RESULTS

The distrubition of frequency, age, sex, operation his-
tory, thyroid status in the patients with ETT in the mi-
dline of neck are summarized in table 1. ETT in the 
midline of neck was present in 1.79% (99/5520) of the 
patients. Ninety-two patients (92.9%) had a previous 
history of thyroidectomy (56.5% lobectomy, 44.5% 
subtotal thyroidectomy) while 7 (7.1%) patients had 
no history of the thyroidectomy. Seventy six point ei-
ght percent of patients was euthyroid. Thirteen point 
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one percent and 10.1% of patients were hypothyroid 
(taking L-thyroxin treatment and euthyroid with the 
treatment) and hyperthyroid (taking thionamide treat-
ment and euthyroid with the treatment), respectively. 

Ultrasonographic features and FNAB results of pa-
tients with ETT in the midline of neck are summarized 
in table 2. There were benign ultrasonographic features 
in the majority of the patients. 

FNAB results of all ETT in the midline of neck were 
benign thyroid follicular cells.

Scintigraphic and sonographic appearance of ETT 
in the midline of neck is seen in figures 1 and 2.

Table 1. The distribution of frequency, age, sex, operation history, thyroid 
status in the patients with ectopic thyroid tissue in the midline of the neck

Patients with ETT
[n(%)]

Frequency in each sex
Female
Male 

81 (81.8)
18 (18.2)

Age (mean) 50.9 ± 11.7

Thyroid function
Euthyroid
Hypothyroid
Hyperthyroid 

76 (76.8)
13 (13.1)
10 (10.1)

Operation history 
Yes
No 

92 (92.9)
7 (7.1)

ETT: ectopic thyroid tissue.

Table 2. Sonographic features and FNAB results in the patients with 
ectopic thyroid tissue in the midline of the neck

Patients with ETT
[n (%)]

Echogenicity
Isoechoic
Hyperechoic
Hypoechoic

83 (83.9)
11 (11.1)

5 (5)

Cystic degeneration 
Yes
No

12 (12.1)
87 (87.9)

Calcification 
no
Micro
Macro
Rim 

91 (91.9)
3 (3)
5 (5)
0 (0)

Margin regularity 
Regular
Irregular

96 (97)
3 (3)

Vascularization
Type 1
Type 2
Type 3
Type 4

62 (62.6)
35 (35.4)

2 (2)
0 (0)

Localization 
Tongue base 
Hyoid bone
Thyroid cartilage

0 (0)
70 (70.7)
14 (14.2)

Thyrohyoid membrane 15 (15.1)

FNAB (benign thyroid follicular cells) 99 (100)

FNAB: fine needle aspiration biopsy.

Figure 2. Sonographic appearance of ectopic thyroid tissue in a euthyroid 
patient (A) and a hypothyroid patient (B).

Figure 1. Scintigraphic appearance of ectopic thyroid tissue in a euthyroid 
patient (A) and a hypothyroid patient (B).

DISCUSSION

Thyroid gland is an endocrine organ, located in front of 
the trachea, however, it has various anatomical and de-
velopmental anomalies which are ectopic thyroids, ac-
cessory thyroids, and retrotracheal extensions (8). The 
most common localization of ectopic thyroid is ton-
gue, midline and lateral of neck region (9-11). Ectopic 
thyroid tissue is a rare abnormality of the thyroid gland 
and the true prevalence and importance is not known. 
Therefore, in this study, we aim to evaluate US guided 
FNAB results and sonographic features, frequency of 
ETT detected in the midline of the neck.

Ectopic thyroid tissue in the midline of the neck, 
often occurs as a result of various defects during orga-
nogenesis or a result of post-surgical seeding. It was 
reported that this tissue becomes hypertrophic under 
the influence of increased thyrotrophin in thyroidecto-
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mized patients (12). Similarly, most of our patients had 
previous thyroidectomy history.

Ectopic thyroid tissue is rarely seen and often deter-
mined incidentally in asymptomatic patients (13). The 
prevalance of ETT is about 1 per 100,000-300,000 pe-
ople, and 1 in 4,000 to 8,000 patients with the thyroid 
diseases and male to female ratio is 1/4 (14,15). Howe-
ver, in autopsy studies, the prevalence was found 7-10% 
(16,17). Ectopic thyroid tissue is most common in ol-
der than 40 years, especially in populations of Asian ori-
gin (18,19). In our study, prevalence of ETT was found 
1.79% in the patients with the thyroid diseases and male 
to female ratio was 1/4.5. Neck US is not routinely 
performed worldwide, so ETT may be overlooked, this 
should be the reason of high prevelance in our study. 

Anterior midline thyroid ectopia is most common-
ly derived from thyroglossal duct remnants, which are 
thyroglossal duct cyst and lingual thyroid, as well as 
pyramidal lobe (20). Differential diagnosis of ETT in 
the midline of the neck is not always very easy. Proba-
bly, most of our cases may be thyroglossal duct remnant 
or pyramidal lobe. In our study, normal anatomy was 
deteriorated because of operation history of the most 
patients, so we could not assessed the masses, whether 
they are thyroglossal remnant or pyramidal lobe. 

In 30%-70% of reported cases, the ectopic tissues 
were functionally hypothyroid; only a few cases were 
hyperthyroid (21). In our series, 76.8% patients with 
ETT was euthyroid (not under L-thyroxin treatment), 
13.1% hypothyroid, 10.1% was hyperthyroid.

As in the thyroid gland, goitrogenic enlargement, 
adenomatous and malignant transformation may ocur 
also in the ETT (3,4). Primary thyroid carcinomas ari-
sing from ETT are uncommon and have been reported 
in cases of lingual thyroid, thyroglossal duct cyst and 
pyramidal lobe, lateral aberrant thyroid tissue, medias-
tinal, and struma ovarii. Most tumors are papillary car-
cinomas. However, follicular, mixed follicular, and pa-
pillary Hurthle cell and medullary carcinomas have also 
been described (21). Thyroglossal remnant carcinomas 
(TRC) have been reported about 0.7-1.5% (22). Our 
data ( malignancy rate 0%) also supports that the inci-
dence of malignancy is very low in this group patients.

Clinical presentation of TRC is very similar to be-
nign masses and can not be differentiated in terms of 
size, localization and appearance. Therefore, in many 
cases, the diagnosis of malignancy can not be put until 
the operation (13). However, if remnant is hard, fixed, 
or irregular or associated with pathologic lymphadeno-
pathy, carcinoma should be suspected (23). Additio-

nally, increased risk of occult malignancy was reported 
in ETT especially when they include solid lesions (24). 
In our study, unlike from the other studies, features of 
ETT were identified with the US. The majority of ETT 
had benign sonografic features that was isoechoic, re-
gular margin and type 1 vascularization and was locali-
zed in at the level of the hyoid bone. In our series, the 
absence of malignancy may result from benign sono-
graphic features detected in our patients. 

In many studies, the diagnosis of malignancy was 
performed incidentally with histopathological evalua-
tion after surgery (13). Thus, the use of FNAB with ul-
trasound guidance may enhance the preoperative diag-
nosis. Carcinoma arising from the thyroglossal duct 
remnants constitutes a very uncommon histopatho-
logical entity (22). In our series, similarly, we did not 
observe any malignant cytology result. Because of the 
low prevalence of malignancy in ETT, we think FNAB 
is probably not cost-effective or appropriate.

In conclusion, we evaluated the clinic importance 
of ETT detected incidentally in the midline of neck as 
a single center experience. Especially in patients with a 
history of thyroidectomy, the thyroid masses in the mi-
dline of the neck can be found as incidental with ima-
ging methods. Our results suggests that the incidence 
of malignancy in ETT group is much lower than or-
thotopic thyroid nodules, and they are mostly benign. 
Therefore, we believe that it would be appropriate to 
follow-up of that midline masses if there is no sonogra-
phic features indicating malignancy.
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Does low serum TSH within the 
normal range have negative 
impact on physical exercise 
capacity and quality of life of 
healthy elderly people?

Dhiãnah Santini de Oliveira Chachamovitz1,2,3, Patrícia dos Santos Vigário4,5,  
Rafael Cavalcante Carvalho4, Diego Henrique da Silva Silvestre4,  
Ana Eduarda Vieira Moerbeck2, Mariana Guimarães Soffientini2,  
Érika Luciana Gomes Luna2, Clara Werner Rosemberg2,  
Míriam Raquel Meira Mainenti4,5, Mário Vaisman1, 
Patricia de Fátima dos Santos Teixeira1

ABSTRACT 
Objective: Investigate the differences in cardiopulmonary (CP) capacity and Quality of Life (QOL) 
between healthy elderly (≥ 65 years) with different TSH levels (< 1.0 and ≥ 1.0 μIU/mL) both within 
the normal range. Also, evaluate the effects of TSH elevation on CP test and QOL, by administering 
methimazole to subjects with initial lower-normal TSH, in order to elevate it to superior-normal limit. 
Materials and methods: Initially, a cross-sectional study was performed to compare CP capacity at 
peak exercise and QOL (using WHOQOL-OLD questionnaire) between healthy seniors (age ≥ 65 years) 
with TSH < 1.0 μIU/mL vs. TSH ≥1.0 μIU/mL. In the second phase, participants with TSH < 1.0 μIU/mL 
were included in a non-controlled-prospective-interventional study to investigate the effect of TSH 
elevation, using methimazole, on QOL and CP capacity at peak exercise. Results: From 89 elderly 
evaluated, 75 had TSH ≥ 1 μIU/mL and 14 TSH < 1 μIU/mL. The two groups had similar basal clinical 
characteristics. No difference in WHOQOL-OLD scores was observed between groups and they did 
not differ in terms of CP function at peak exercise. QOL and CP variables were not correlated with 
TSH levels. Twelve of 14 participants with TSH < 1.0 μIU/mL entered in the prospective study. After one 
year, no significant differences in clinical caracteristics, QOL, and CP variables were detected in pai-
red analysis before and after methimazole intervention. Conclusions: We found no differences in CP 
capacity and QOL between health elderly with different TSH levels within normal range and no impact 
after one year of methimazole treatment. More prospective-controlled-randomized studies are neces-
sary to confirm or not the possible harm effect in normal low TSH. Arch Endocrinol Metab. 2016;60(3):236-45

Keywords
Elderly; low normal TSH; physical exercise capacity; quality of life; subclinical hyperthyroidism

INTRODUCTION 

T he global population is aging, and the interest in 
studying associations between thyroid dysfunc-

tions and the aging process is increasing (1). Serum 
thyroid-stimulating hormone (TSH) levels have been 
found to be elevated in the elderly population and posi-
tively related to age (2,3). These values lie to the right 
of the normal distribution curve, even in healthy sub-
jects without autoimmune markers (4,5), suggesting 
that TSH elevation is part of a physiological process 
related to aging, such as an alteration in the TSH set 
point or reduced TSH bioactivity, rather than occult 

thyroid disease (2,3,6). Furthermore, population-spe-
cific and age-stratified reference values for serum TSH 
levels have recently been established (7). 

High serum TSH levels seem to be associated with 
better survival and mobility in individuals aged > 85 
years comparing to those at the same age but with 
serum TSH in the reference range (8-10). Furthermore, 
recently, an association between lower levels of serum 
TSH, even in the normal range, and negative outcomes 
has been proposed, as demonstrated in population-ba-
sed studies which evaluated depressive symptoms (11), 
cognitive impairment (12) and hip fractures (13). 
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As mentioned, elderly individuals with elevated TSH 
levels have shown better outcomes, especially regarding 
functionality, than have those with serum TSH levels in 
the “normal” range (8-10). In a study including 2,290 
elderly subjects, Simonsick and cols. (9) showed that a 
slightly elevated TSH level was associated with a slight 
functional advantage and less decline over time. Other 
important prospective observational study of 599 sub-
jects with a 4-year follow-up period showed that indi-
viduals aged > 85 years with “abnormally” high TSH 
levels did not experience adverse effects of disability in 
daily life, depressive symptoms, or a decline in cognitive 
function, and had a prolonged life span in comparison 
with euthyroid individuals (10). 

An hypothesis is that these results may be due to the 
inclusion of individuals with subclinical hyperthyroi-
dism in the group of subjects with “normal” serum 
TSH levels, as those with TSH levels near the lower 
limit of normal might have worse outcomes, what is 
investigated in the present study. 

Subclinical hyperthyroidism is a risk for atrial fibrilla-
tion (AF) and cardiovascular disease in elderly subjec-
ts (14,15). Concerning to adult population, subclini-
cal hyperthyroidism may be associated with impaired 
functional and hemodynamic responses during graded 
cardiopulmonary exercise testing, including: premature 
achievement of the anaerobic threshold; elevated heart 
rate (HR); lower peak values of relative oxygen uptake  
(  O2), relative carbon dioxide production (  CO2) and 
minute ventilation (  E); chronotropic incompetence; 
and attenuated HR and blood pressure recovery im-
mediately after exercise (16). Even recently, Mercuro 
and cols. demonstrated that individual tailoring of the 
TSH-suppressive L-T4 dose in a small group of seven 
patients, through six months, in order to elevate serum 
TSH from 0.003 to 0.1 mU/mL was associated with 
normalization of echocardiography and exercise perfor-
mance (17). 

Besides to impairment of physical performance to 
exercise, individuals with subclinical hyperthyroidism 
may experience symptoms impacting quality of life 
(QOL) (18-20). Other complaints include reduced 
upper-limb muscle function, muscle mass, and mid-thi-
gh girth; and increased fatigue (20,21). 

Based on these findings, the aim of the present 
study was to investigate the differences in the cardio-
pulmonary capacity and QOL between healthy elderly 
people (≥ 65 years) with different TSH levels within the 
normal range. In addition, we investigated the effects 

of TSH elevation on cardiopulmonary capacity and 
QOL, by administering an anti-thyroid drug (methi-
mazole) to subjects with initial TSH values at the lower 
normal limit (0.4 to 1.0 μIU/mL) in order to elevate 
their serum TSH levels to the upper half of the normal 
TSH range.

MATERIALS AND METHODS

Study design

Initially, a cross-sectional study was performed to com-
pare cardiopulmonary capacity at peak exercise and 
QOL between healthy seniors (age ≥ 65 years) with 
TSH levels < 1.0 and ≥ 1.0 μIU/mL (both within the 
normal range).

In the second phase of research, participants with 
serum TSH levels < 1.0 μIU/mL were included in a 
non-controlled, prospective, interventional study to 
investigate the effect of TSH elevation using an anti-
thyroid drug (methimazole) on perceived QOL and 
cardiopulmonary capacity at peak exercise (CPET).

Intervention study protocol

Participants with serum TSH levels < 1.0 μIU/mL 
were invited to participate in the intervention phase. 
Those who agreed to methimazole administration to 
raise TSH levels to > 2.0 μIU/mL (in the normal ran-
ge) were included in the prospective phase. The initial 
methimazole dosage was 5 mg/day; it was increased or 
decreased to obtain the desired level according to each 
subject’s serum TSH level at assessments performed 
every 2 months throughout the study. The 6-month 
follow-up period was considered to begin on the day 
that the desired TSH level was first detected, with TSH 
levels continuously maintained within the target range. 
After the 6-month period, the QOL and the cardiopul-
monary capacity at peak exercise were reassessed. The 
study protocol has been registered at Clinicaltrials.gov 
(NCT 01849861).

Patients

From the general population, we actively searched heal-
thy elderly subjects (aged ≥ 65 years) of both sexes with 
serum TSH levels within the reference range of 0.4–5.8 
μIU/mL (7). The exclusion criteria were: very physi-
cally active status (> 150 min/week regular physical 
activity, > 10 metabolic equivalents), previous thyroid 
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disease (multi-nodular goiter with small areas of func-
tional autonomy, presence of circulating anti-TSH re-
ceptor autoantibodies, or autoimmune thyroid disea-
se), hypothalamic-pituitary disease, congestive heart 
failure, chronic renal disease, acute respiratory disease, 
diabetes mellitus, stroke, chronic obstructive pulmonary 
disease, asthma, cancer, cirrhosis, diseases of the aorta, 
pulmonary disease, peripheral vascular disease, and co-
ronary artery disease. Subjects using corticosteroids, 
amiodarone, dopamine, or any drug that interferes 
with thyroid hormone levels and/or thyroid function, 
as well as those taking drugs that interfered with auto-
nomic adjustment mechanisms (beta blockers, calcium 
channel blockers, and levodopa), were also excluded. 
Subjects who were bedridden, used a wheelchair, or 
had any physical limitation or dependence that could 
interfere with CPET were excluded. 

All patients were thereafter enrolled in the study, 
which was conducted at the Clementino Fraga Filho 
University Hospital (HUCFF) of the Federal Univer-
sity of Rio de Janeiro, Brazil. The local ethics commi-
ttee approved the study protocol (040/11-CEP), in 
accordance with the ethical standards of the institutio-
nal and/or national research committee and with the 
1964 Helsinki declaration and its later amendments or 
comparable ethical standards. All participants provided 
written consent before study enrollment. 

Clinical evaluation and laboratory assays

A physician obtained anamneses, performed physical 
examinations, measured vital signs, and reviewed sub-
jects’ medical records. Then, a fasting blood collection 
for laboratory analysis of serum TSH and free thyro-
xine (FT4) levels was scheduled within 1 week. The 
WHOQOL-OLD questionnaire was applied on the 
same day or in the same week as the medical appoint-
ments, like the performance of CPET. 

TSH and FT4 (normal range, 0.8–1.9 ng/dL) le-
vels were measured with an immunochemiluminescen-
ce assay (Immulite; Diagnostic Products Corporation, 
Los Angeles, CA, USA) at the Laboratory of Clinical 
Pathology/Hormone Section of HUCFF. The normal 
range for TSH was defined according to recent recom-
mendations specific for age (7). 

Patients were then divided into two groups ba-
sed on serum TSH levels: group 1: 0.4–0.9 μIU/mL 
(lower reference range,) and group 2: ≥ 1.0 μIU/mL. 
QOL and cardiopulmonary capacity were compared 

between these groups and thereafter an assessment was 
made after the methimazole intervention.

Cardiopulmonary exercise testing

Before the CPET, all subjects were instructed to avoid 
physical exercise, drinking alcohol, taking caffeine (for 
one day), and smoking (for at least 4 h before the 
exam). The CPET was executed on a treadmill (EG 
700.2; Ecafix, Brazil) using an individualized ramp 
protocol (22-25). A 1-lead electrocardiogram (EKG; 
Cardio Perfect; Ecafix, Brazil) was used to monitor the 
patients during the test. Respiratory gas exchange was 
sampled from a mouthpiece connected to a medium 
flow meter and a gas analyzer (VO2000; Medical Gra-
phics, USA). To avoid the escape of gas, a nose clip was 
used. During each breath, the expired fractions of oxy-
gen (O2) and carbon dioxide (CO2) and the ventilation 
flow were measured. Blood pressure was determined by 
the auscultation method (1400-C, Narcosul, Brazil). 
Participants were asked about the perception of effort 
using the Borg Scale of Perceived Exertion (6 = very 
easy; 20 = maximal effort) (26,27) every three minutes 
during exercise. All participants were informed about 
the test interruption criteria, according to the American 
College of Sports and Medicine (ACSM, 2009) (27). 

The following parameters were considered in the 
analysis: velocity and grade (Km/h and %), total du-
ration of effort (min:s), heart rate (HR; beats per mi-
nute [bpm]), systolic blood pressure (SBP; mmHg), 
diastolic blood pressure (DBP; mmHg), Borg Scale, 
relative oxygen uptake (  O2; mL·kg-1·min-1), relati-
ve carbon dioxide production (  CO2; mL·kg-1·min-1), 
minute ventilation (  E or  O2/HR; L/min), gas ex-
change ratio (R =  O2/  CO2), and O2 pulse (ml/beat). 
The same skilled professionals conducted all CPET, in a 
blinded manner with regard to the TSH range (16,22-
24,26,27). 

WHOQOL-OLD evaluation 

QOL was assessed by a validated Portuguese version 
of the World Health Organization Quality of Life for 
Older Persons (WHOQOL-OLD) questionnaire (28).

The WHOQOL-OLD instrument, which has a spe-
cific module for assessing QOL in elderly individuals, 
was self-administered by participants. The same inter-
viewer, who was blinded to participants’ TSH levels, 
supervised the application of all questionnaires. 
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The validated Portuguese version of WHOQOL- 
OLD questionnaire (28) comprises 24 items, with 
responses recorded using a five-point Likert scale. 
The instrument is divided into six facets of four items 
each; facet scores range from 4 to 20 points (conver-
ted through syntax to a 0–100 scale) (28,29). Overall 
scores are composed of the six facet scores, combined 
with responses to the 24 items. Higher scores represent 
better QOL with regard to a given facet.

The six facets and their component items are: 
• Facet I: Sensory abilities. Items: impairments to 

senses affect daily life, loss of sensory abilities 
affecting participation in activities, problems 
with sensory functioning affect ability to inte-
ract, rate sensory functioning.

• Facet II: Autonomy. Items: freedom to make 
your own decisions; feel in control of your fu-
ture, people around you are respectful of your 
freedom, able to do things you’d like.

• Facet III: Past, present and future activities. 
Items: satisfied with opportunities to continue 
achieving, received the recognition you deser-
ve in life, satisfied with what you’ve achieved in 
life, happy with things to look forward to.

• Facet IV: Social participation. Items: have 
enough to do each day, satisfied with the way 
you use your time, satisfied with your level of 
activity, satisfied with your opportunity to par-
ticipate in the community.

• Facet V: Death and dying. Items: concerned 
about the way you will die, afraid of not being 
able to control death, scared of dying, fear pain 
before death.

• Facet VI: Intimacy. Items: feel a sense of com-
panionship in life, experience love in your life, 
opportunities to love, opportunities to be loved 
(28-30).

Statistical analyses

Descriptive analyses included the calculation of means 
± standard deviations (medians) for continuous varia-
bles and relative frequencies for categorical variables. 
Comparisons between groups with baseline TSH values 
of < 1 and ≥ 1 μIU/mL were made using the Mann–
Whitney U-test, as the Kolmogorov-Smirnov test indi-
cated that the variables were not normally distributed. 
To analyze correlations between TSH ranges and other 
continuous variables the Spearman’s nonparametric 
test was used. To analyze the impact of the methimazo-

le intervention, the Wilcoxon test was used to compare 
baseline and post-intervention characteristics. 

Subsequently, a sensitivity analysis was performed to 
evaluate the extent to which withdrawals could have 
biased the results regarding cardiopulmonary outco-
mes. For this purpose, all patients lost to follow up 
were included in sensitivity analyses that were perfor-
med to simulate scenarios in which all patients lost to 
follow up showed either the best or the worst results for 
the consumption of O2.

All analyses were performed using SPSS software 
(version 13.0 for Windows; SPSS Inc., Chicago, IL, 
USA), with a significance level of p ≤ 0.05.

RESULTS

Cross-sectional study 

Eighty-nine healthy elderly people met the inclusion 
criteria and were evaluated in the cross-sectional study 
(Figure 1A). Baseline clinical characteristics and labo-
ratory data are shown in table 1. A total of 75 partici-
pants had TSH levels ≥ 1 μIU/mL, and 14 presented 
with TSH < 1 μIU/mL. The groups had similar mean 
FT4 values (Table 1). The two groups were compara-
ble with respect to sex, age, weight, body mass index 
(BMI), heart rate (HR), systolic blood pressure (SBP), 
diastolic blood pressure (DBP) and physical activity le-
vel (Table 1). 

No difference in global WHOQOL-OLD score or 
transformed facet scores was observed between groups 
and they did not differ in terms of cardiopulmonary 
function at peak exercise (Tables 2 and 3). QOL and 
cardiopulmonary variables were not correlated with 
serum TSH or FT4 levels (Tables 2 and 3). 

Non-controlled trial

Twelve of the 14 participants with serum TSH levels 
< 1.0 μIU/mL agreed to participate in the prospecti-
ve study. Nine of these subjects completed the study, 
with a mean intervention duration time of 11 months 
(Figure 1B).

Paired analysis showed no significant difference in 
weight, BMI, HR, SBP, or DBP obtained before and 
after methimazole treatment (Table 4). Moreover, no 
difference was observed between pre- and post-inter-
vention global WHOQOL-OLD scores or transformed 
facet scores and also CPET variables (Table 4 and Fi-
gure 2).
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Table 1. Baseline characteristics of study participants overall and stratified by TSH range

Total (n = 89) TSH < 1.0 μIU/mL (n = 14) TSH ≥ 1.0 μIU/mL (n = 75) p value

Demographic characteristics

Sex (female), n (%) 59 (66.30) 7 (50.00) 52 (69.33) 0.162

Age (years), mean ± SD (median) 71.69 ± 5.22 (71.00) 71.85 ± 4.52 (71.00) 71.66 ± 5.37 (70.00) 0.623

Biometric characteristics, mean ± SD (median)

BMI (kg/m2) 27.31 ± 4.42 (26.30)  28.14 ± 4.44 (26.65) IMC = 27.16 ± 4.43 (26.30) 0.513

Baseline HR (bpm) 74.65 ± 13.90 (73.00) 76.00 ± 13.62 (73.00) 74.40 ± 14.03 (73.00) 0.757

Baseline SBP (mmHg) 145.32 ± 23.07 (146.00) 142.71 ± 26.40 (140.00) 145.81 ± 22.56 (150.00) 0.713

Baseline DBP (mmHg) 82.39 ± 12.47 (80.00) 81.21 ± 14.16 (81.00) 82.61 ± 12.22 (80.00) 0.922

Baseline TSH (μIU/mL) 1.94 ± 1.18 (1.64) 0.73 ± 0.11 (0.73) 2.16 ± 1.15 (1.74) 0.000

Baseline FT4 (ng/dL) 1.08 ± 0.16 (1.07) 1.16 ± 0,19 (1.13) 1.07 ± 0.16 (1.04) 0.069

TSH, thyroid stimulating hormone; SD, standard deviation; BMI, body mass index; HR, heart rate; SBP, systolic blood pressure; DBP, diastolic blood pressure; FT4, free thyroxine.

Selected 98 participants 
with inclusion criteria

Patients with TSH < 1

N = 14

Included  
N = 89 

Intervention with methimazole 
(initial dosage of 5 mg/day) until 

complete 6 months with  
TSH > 2.0 

N = 12

9 missing*
2 patients did not 

accept receiving drug

Patients with TSH < 1

N = 14

Concluded the prospective 
study, stayed more than 6 

months with TSH >  
2 reassessment with CP 
test and WHOQOL-OLD 

questionnaire 

N = 9

Patients with TSH ≥ 1

N = 75

1 patient did not 
concluded the prospective 
phase (stopped the drug) 

and 2 moved to  
another city

A B

Figure 1. Flowchart of study participants. (A) Thyroid Status at baseline/Stratification by ranges of TSH. (B) Prospective phase (group of intervention). 

An active search was conducted for healthy elderly (≥ 65 year old) people of both sexes. * Missed the consultant or did not agree to realize the CPTE, or 
did not have  laboratory exams. CP = Cardio pulmonary test; WHOQOL-OLD = World Health Organization Quality of Life for Older Persons questionnaire.

Table 2. WHOQOL-OLD – Comparisons of Total Global Score and transformed facet scores (0–100%) between groups and its correlations with baseline 
serum TSH and FT4

Scores in WHOQOL-OLD according to serum  
TSH ranges

Correlations with 
TSH

Correlations with 
FT4

TSH < 1.0 μIU / mL
(n = 14)

TSH ≥ 1.0 μIU / mL
(n = 75) P* r** p*** r** p***

Total Global score 97.20 ± 11.92 (97.00) 90.72 ± 11.95 (91.50) 0.844 0.009 0.468 -0.053 0.330

Facet I Sensory abilities 77.56 ± 18.27 (75.0) 78.04 ± 17.89 (81.25) 0.844 0.009 0.468 -0.052 0.332

Facet II Autonomy 70.31 ± 16.88 (71.87) 63.35 ± 16.83 (62.50) 0.178 -0.009 0.466 -0.014 0.445

Facet III Past, present and future activities 73.95 ± 21.62 (75.00) 70.46 ± 15.67 (68.75) 0.242 -0.100 0.181 0.024 0.421

Facet IV Social participation 69.79 ± 18.80 (68.75) 67.97 ± 19.73 (68.75) 0.899 -0.012 0.455 -0.088 0.230

Facet V Death and dying 77.60 ± 22.68 (84.37) 72.04 ± 26.77 (81.25) 0.500 0.015 0.444 -0.017 0.442

Facet VI Intimacy 74.47 ± 26.84 (81.25) 65.83 ± 21.35 (75.00) 0.131 -0.088 0.211 -0.007 0.475

* Mann–Whitney U-test. ** r, Spearman (correlation with TSH), *** p value of correlation with TSH. Data are presented as mean ± standard deviation (median). TSH, thyroid stimulating, 
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Table 3. TCEP – Comparisons of cardiopulmonary variables at exercise peak between groups and its correlations with serum TSH and FT4

 
Cardiopulmonary variables at exercise peak according to TSH range Correlations 

with TSH
Correlations 

with FT4

TOTAL
N = 89

TSH < 1.0 μIU/mL
N = 14

TSH ≥ 1.0 μIU/mL
N = 75 p* r** p*** r** p***

Velocity (km/h) 3.96 ± 1.35 (4.80) 4.21 ± 1.87 (4.50) 3.91 ±1.25 (4.80) 0.616 -0.434 0.160 0.001 0.496

Grade (%) 11.03 ± 6.55 (12.00) 11.21 ± 7.77 (11.50) 11.00 ± 6.36 (12.00) 0.887 0.218 0.075 0.035 0.383

Total duration (min) 12:03 ± 3:34 (12:58) 11:49 ± 3:53 (13:44) 12:06 ± 3:32 (12:58) 0.744 0.088 0.385 -0.047 0.342

HR (bpm) 132.9 ± 21.60 (133.0) 130.8 ± 24.51 (132.0) 132.4 ± 21.19 (134.0) 0.735 -0.435 0.386 -0.080 0.245

SBP (mmHg) 188.6 ± 24.36 (180.0) 180.7± 22.68 (170.0) 190.1 ± 24.52 (186.0) 0.132 -0.293 0.106 -0.053 0.325

DBP (mmHg) 87.25 ±14.04 (90.00) 85.71 ± 10.16 (85.00) 87.54 ± 14.68 (90.00) 0.683 -0.249 0.230 0.051 0.332

Borg 14.58 ± 3.55 (15.00) 15.14 ± 2.87 (15.00) 14.48 ± 3.67 (15.00) 0.740 -0.086 0.440 0.036 0.440

VE (L/min) 30.86 ± 11.72 (28.30) 35.93 ± 15.80 (34.80) 29.92 ± 10.66 (28.30) 0.161 -0.311 0.397 -0.311 0.397
 
O

2
 (mL·kg-1·min-1) 19.26 ± 5.73 (19.26) 20.03 ± 7.36 (19.02) 19.11 ± 5.42 (18.38) 0.778 -0.278 0.477 0.081 0.244

 
CO

2 
(mL·kg-1·min-1 ) 17.50 ± 6.40 (16.61) 18.74 ± 8.75 (18.12) 17.26 ± 5.91 (16.43) 0.744 -0.223 0.252 0.018 0.439

R 0.89 ± 0.10 (0.90) 0.91 ± 0.10 (0.91) 0.89 ± 0.11 (0.88) 0.286 -0.001 0.439 -0.015 0.447

Pulse of O
2
 (ml/b) 9.88 ± 3.95 (9.20) 11.26 ± 3.83 (10.90) 9.62 ± 3.94 (8.90) 0.124 -0.304 0.474 0.140 0.114

* Mann-Whitney U-test ** r, Spearman (correlation with TSH), *** p value of correlation with TSH. Results are shown as the mean ± SD (median). N, number; SD, standard deviation; BMI, body mass 
index; HR, heart rate; SBP, systolic blood pressure; DBP, diastolic blood pressure; TSH, thyroid stimulating hormone; FT4, free thyroxine; O

2
, oxygen; CO

2
, carbon dioxide; 

 
E, pulmonary minute 

ventilation; 
 
O

2
, relative oxygen uptake; 

 
CO

2
, relative carbon dioxide production and R, gas exchange ratio (R = 

 
O

2
/
 
CO

2
).

Table 4. Paired analysis evaluating the impact of methimazole intervention in clinical variables, WHOQOL-OLD and TCEP

Before MMZ (baseline)
N = 9

After MMZ  
(post-intervention)

n = 9
p * IC  (95%)

Age (years) 71.20 ± 5.51 (71.00) 71.88 ± 5.37 (72.00) 0.655 NE#

Female, n (%) 6 (66.70%) 6 (66.70%) NE#

Weight (Kg) 68.58 ± 12.80 (66.00) 67.36 ± 15.27 (61.00) 0.401 -4.3/+1.9

BMI (Kg/m2) 27.92 ± 4.10 (26.10) 27.54 ± 5.07 (24.90) 0.515 -1.4/+0.7

TSH (μIU/mL) 0.75 ± 0.11 (0,74) 2.54 ± 1.36 (2.50) 0.018 +0.51/+3.04

FT4 (ng/dL) 1.22 ± 0.21 (1.13) 0.94 ± 0.08 (1.00) 0.043 -0.20/-0.20

Variables of WHOQOL-OLD

Total Global Score# 97.20 ± 11.92 (97.00) 97.11 ± 12.61 (96.00) 0.779 -3.2 /+5.9

Transformed facet scores (0–100%)

Facet I Sensory abilities 78.04 ± 17.89 (81.25) 81.94 ± 15.76 (81.25) 0.301 -10.6/+26.3

Facet II Autonomy 73.12 ± 14.74 (71.87) 65.97 ± 13.66 (68.75) 0.356 -20.6/+9.6

Facet III Past, present and future activities 76.87 ± 20.20 (75.00) 72.22 ± 26.90 (81.25) 0.395 -11.5/+5.2

Facet IV Social participation 73.12 ± 17.44 (71.87) 70.83 ± 24.60 (8125) 0.446 -8.9 /+18.3

Facet V Death and dying 80.00 ± 22.00 (84.37) 80.55 ± 22.19 (87.50) 0.916 -19.2 /+12.9

Facet VI Intimacy 76.87 ± 25.00 (81.25) 85.41 ± 20.49 (93.75) 0.223 -8.6 /+24.2

Variable of cardiopulmonary exercise testing

Velocity (Km/h) 4.15 ± 1.91 (4.20) 4.13 ± 1.93 (3.90) 0.655 -0.1/+0.06

Grade (%) 10.22 ± 8.96 (5.50) 12.66 ± 7.89 (15.00) 0.150 -0.98/+5.86

HR_peak (bpm) 128.22 ± 21.20 (131.0) 124.33 ± 21.78 (123.0) 0.514  -11.9/+4.1

SBP peak (mmHg) 183.33 ± 25.00 (180.0) 178.44 ± 16.93 (180.0) 0.262 -11.2/+2.3 

DBP peak (mmHg) 85.55 ± 11.30 (90.00) 81.11 ± 15.36 (80.00) 0.157  -14.5/+4.6

Borg peak 15.44 ± 3.28 (15.00) 14.80 ± 3.45 (16.00) 0.669 -3.9/+4.8
 
E (L/min) 34.71 ± 19.28 (27.20) 31.18 ± 14.81 (24.60) 0.374 -10.7/+3.7

 
O

2
 (mL·kg-1·min-1) 19.57 ± 8.86 (18.44) 19.61 ± 8.70 (16.49) 0.859- 0.26/+0.14

 
CO

2
  (mL·kg-1·min-1) 18.95 ± 10.40 (17.01) 18.32 ± 9.50 (13.93) 0.767 -0.39/+0.20 

R_ peak 0.94 ± 0.07 (0.94) 0.93 ± 0.15 (0.94) 0.515 -0.16/+0.09

Pulse of O
2
 (ml/b) 10.16 ± 3.64 (9.80) 10.50 ± 2.82 (9.70) 0.575 -1.16/+1.83

* Mann–Whitney U-test and Spearman’s test. Data are presented as mean ± SD (median). N, number; SD, standard deviation; MMZ, methimazole; BMI, body mass index; HR, heart rate; SBP, systolic 
blood pressure; DBP, diastolic blood pressure; TSH, thyroid-stimulating hormone; FT4, free thyroxine; O

2
, oxygen; CO

2
, carbon dioxide; 

 
E, pulmonary minute ventilation; 

 
O

2
, relative oxygen uptake;  

CO
2
,
 
relative carbon dioxide production; R, gas exchange ratio (R = 

 
O

2
/
 
CO

2
). # Not evaluated.
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Figure 2. Comparative analysis before vs. after methimazole (MMI) intervention study (n = 9). O
2
, oxygen; CO

2
, carbon dioxide; 

 
O

2
, relative oxygen 

uptake; 
 
CO

2
, relative carbon dioxide production; R, gas exchange ratio (R = 

 
O

2
/

 
CO

2
).

The absence of significant variations in CPET with 
intervention was maintained after sensitivity analyses 
that were performed to simulate scenarios in which all 
patients lost to follow up showed either the best or the 
worst results in CPET variations. In these analyses, we 
assumed the consumption of O2 as the main outcome 
measure of the CPET. Considering the best result as an 
improvement of 61% in the  O2 measurement, the pai-
red analyses showed that the variation through time in 
the twelve participants did not reach statistical signifi-
cance (p = 0.239). Moreover, no significant results were 
observed for the worst scenario, namely, a decrease in 
the  O2 measurement of 39% (p = 0.158). 

DISCUSSION

This is the first study to assess the effect of antithyroid 
drug use in order to increase serum TSH level to the 
upper normal range in elderly subjects with initial TSH 
levels < 1.0 μIU/mL and also, the first to make the 
cross-sectional analysis, considering the outcome in 
respiratory effort. The results did not corroborate the 
hypothesis that lower serum TSH levels, within the 
normal reference range, has negative impact on QOL 
or cardiopulmonary capacity during exercise in healthy 
elderly people. Furthermore, the intervention inten-
ding to increase serum TSH to the upper normal range 

did not generate significant changes in the evaluated 
outcomes. 

Few studies have evaluated exercise performance in 
thyroid dysfunctions (17,21,31-36) and the minority 
applied ergospirometry to quantify cardiopulmonary 
capacity during exercise (17,21,31,32,35,36). Most 
of these studies have important limitations, like the 
restricted sectional design (17,34,35) and, even in a 
prospective way, the absence of a control group like the 
present one (33). The inclusion of subclinical and overt 
hypo or hyperthyroidism in the same sample is also re-
ported by some studies (33). Concerning to subclinical 
hyperthyroidism, Vigário and cols. demonstrated that 
low levels of TSH is associated with impaired functional 
and hemodynamic responses during exercise and its re-
covery evaluating 29 women on TSH-suppressive the-
rapy for thyroid carcinoma (16). Portella and cols. in a 
sectional controlled study with young and middle-aged 
female patients did not shown impaired exercise per-
formance, using a treadmill cardiopulmonary test, in 
exogenous subclinical hyperthyroidism (34). Recently, 
it was demonstrated that TSH-suppressive therapy with 
levothyroxine (L-T4) can cause symptoms of hyper-
thyroidism, modifications in myocardial structure, and 
altered cardiopulmonary function during physical acti-
vity (17). Furthermore it was demonstrated that adjust-
ment of the L-T4 dose to increase slightly serum TSH, 
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might reverse some cardiovascular parameters and im-
prove thyrotoxic symptoms in this small sample (17). 

Currently, the interesting about the impact of lower 
levels of serum TSH, even in the normal range, in the 
elderly has increasing (11-13). The hypothesis is rela-
ted to possible inclusion of misdiagnosed subjects with 
subclinical hyperthyroidism in this subgroup, however 
other hypothesis should be elucidated. Furthermore, it 
has been demonstrated that serum TSH levels bellow 
1.0 mUI/L, even in the reference range, may have 
negative outcomes in elderly subjects, concerning to 
depressive symptoms, cognition and hip fracture risk 
(11-13). By the possible correspondence with adverse 
effects related to subclinical hyperthyroidism, the study 
of TSH range next those low abnormal values seems to 
be justified. The cut-off applied (< 1.0 mUI/L) in the 
present study is in accordance with the reported adver-
se effects described in recent cohorts of elderly subjects 
with those serum TSH levels (11-13). 

Since it was previously demonstrated that subclini-
cal hyperthyroidism is associated with worse QOL and 
fatigue (20), our primary hypothesis was based on fact 
that those patients, in the lower TSH reference range, 
would behave as subclinical hyperthyroidism, once the 
curve of normality of TSH for elderly is dropped to the 
right. Also, the hypothesis is justified by previous de-
monstration of worse outcomes in elderly with serum 
TSH in the normal range when compared with those 
with minimal elevations of serum TSH (9,10).

Similarly to us, Eskelinen and cols. (37) demonstra-
ted no association between thyroid function and self- 
related health, life satisfaction, or most symptoms in a 
thyroid disease–free elderly population. 

The relationships between thyroid hormones and 
cognitive and health-related QOL impairment, howe-
ver, remain controversial. Possible links at the molecular 
level between cognition and thyroid failure should be 
investigated further. Patients with thyroid autoimmune 
diseases report reduced health-related QOL, regardless 
of thyroid dysfunction (19).

In the present study, we recognize that, in the first 
phase, the cross-sectional design does not allow conclu-
sions about causality inference, and it can be considered 
an important weakness of the study. Furthermore, one 
important limitation, regarding the prospective phase 
of the study, was the absence of a control group with 
elderly patients in the lowest level of serum TSH, but 
without intervention throughout the time. It is not 
known if methimazole therapy might blunt a possible 

decline in the studied parameters throughout the time 
in this specific population. By this way, we may not con-
clude that methimazole had truly no impact on CPET 
and QOL of elderly with low levels of serum TSH. It 
would be more appropriated to compare the effect of 
this therapy with “no treatment” throughout the time. 
Despite this question, there is consensus that is very 
difficulty to compose a control group of elderly sub-
jects, completely health, and with serum TSH < 1,0 
μIU/mL. So, the small sample size is justified by the 
rigorous inclusion/exclusion criteria but might reduce 
the power of the study. In the other hand, the very 
strict criteria for inclusion in the study generate uni-
form groups, which also could minimize the absence of 
adjustment of results for any potential confounders in 
the small sample size.

We believed that the follow-up time of six months 
after target therapy (medium time of 11 months on 
methimazol use) would be another limitation suscep-
tible to criticism. The short follow-up time could be 
not enough and might be one of the reasons for the ab-
sence of significant changes throughout the time. Spe-
cially as considering the hypothesis that methimazole 
therapy might have held a worsening of outcomes in 
the intervention group, and similarly, the observational 
group would have been worsen through the time. In 
that case, the limited time might be rather insufficient 
to show such differences. Despite these considerations, 
other interventional studies that evaluated cardiopul-
monary parameters showed significant differences also 
in few months (21,32). Even after six months of inter-
vention, the changes on TSH levels, impacted on heart 
rate, cardiopulmonary parameters, QOL (32), muscle 
mass or fatigue (21). 

Another limitation of the present study was the 
number of dropouts and the small number of partici-
pants concluding the intervention phase. It is a com-
mon limitation concerning studies evaluating exercise 
performance (38), specially including elderly subjects. 
These factors are also justified by the involvement of a 
selected group of elderly patients who had also to re-
peat exercise performance and by the difficult of having 
so health old people with TSH in this low-normal re-
ference range, without thyroid disease, to receive in-
vestigational intervention with methimazole, since only 
just less than 11% of elderly over 70 years old has TSH 
between 0.5 – 1.0 mIU/L (39). 

 It is important to emphasize that the patients who 
dropped out of the intervention study did not do so 
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because of adverse events. In fact, side effects were not 
reported by any patient throughout the study, although 
it is expected that adverse events may occur in up to 
13% of patients using anti-thyroid drug (40) Further-
more, the sensitivity analysis permitted us to simulate a 
scenario in which all patients lost to follow-up would 
have shown a null variation, and even in such a con-
dition, we still detected no differences in CPET after 
methimazole treatment.

The absence of association between serum TSH 
and CPET parameters or QOL may also be justified 
by the particularity of enrolled subjects in the study, 
which were completely healthy. Those criteria were 
not applied by the different studies that found worse 
outcomes in those patients with lower levels of serum 
TSH, even in the normal range (9-13). Additionally to 
the hypothesis of inclusion of misdiagnosed subclinical 
hyperthyroid patients in this subgroup (9-13), we may 
argue if possible conditions associated with worse ou-
tcomes are more frequent in those patients with lower 
serum TSH and contribute to the finds. Comorbidities 
and drugs should be included in those conditions, since 
it is known that some drugs, like metformin and dopa-
mine, may blunt the rise of serum TSH (7). 

We emphasize that there is no evidence to prescribe 
methimazole intending to reduce potential non-specific 
symptoms (i.e., fatigue, sensory disabilities, loss of au-
tonomy) in elderly people with low-normal TSH levels. 
This approach should be performed only for investiga-
tional purpose, intending to test a hypothesis with ra-
tional basis, and, is justified by the demonstration of as-
sociations between worse outcomes in the elderly with 
serum TSH bellow 1.0 mIU/L in recent studies (11-
13). At this time, we may not recommend the use of 
methimazole for patients with lower-normal TSH value 
but we suggest that it should be better investigated by 
other studies. Furthermore, it is universally accept that 
endogenous subclinical hyperthyroidism in older indi-
viduals may benefit from treatment with methimazole 
to prevent atrial fibrillation and osteoporosis (14,15), 
even with serum TSH > 0.1-0.4 mIU/L. The aim of 
the present study was to assess whether there would be 
any change in outcomes, by treating similar patients, 
with serum TSH slightly next above this range.

Our speculation about possible harm effect on QOL 
or cardiopulmonary capacity associated with lower nor-
mal TSH levels in health elderly was not confirmed. We 
found no differences in cardiopulmonary capacity of 
individuals with different TSH levels within the normal 

range and no changes in these parameters after methi-
mazole treatment. In the future, more studies, espe-
cially with a controlled manner, must be carried out to 
address this question.
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Design of an allele-specific PCR assay 
to genotype the rs12255372 SNP in 
a pilot study of association between 
common TCF7L2 polymorphisms and 
type 2 diabetes in Venezuelans
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ABSTRACT
Objective: The global burden of diabetes mellitus will impact strongly American countries in the 
coming decades. Type 2 diabetes mellitus (T2DM) is a multifactorial disease and the basis for its gene-
tic susceptibility remains not fully understood. Different population studies have demonstrated that 
variants of the TCF7L2 gene are strongly associated with an increased risk of T2DM. Moreover, insti-
tutions or countries with limited budget to conduct genetic research need cost effective methods for 
detecting DNA variants. Subjects and methods: We standardized a rapid and simple allele-specific 
PCR method for genotyping the rs12255372 single nucleotide polymorphism (SNP) in a pilot study 
exploring the association of three TCF7L2 polymorphisms (rs7903146, rs12255372 and DG10S478) 
with T2DM in 70 patients and 73 controls from Venezuela. Results: The performance of the designed 
allele-specific PCR reaction for rs12255372 genotyping was reliable and accurate. Patients carrying 
the TCF7L2 rs7903146 T allele (CT + TT genotypes) and heterozygous CT genotype had a significantly 
higher risk for T2DM (OR = 2.9 and 2.3, respectively). Although rs12255372 and DG10S478 risk alleles 
predominated in T2DM group no statistical significance was found. Conclusions: We developed a 
novel allele-specific PCR method for easier and rapid detection of rs12255372 polymorphism without 
the use of expensive instrumentation and reagents. Our study in a relatively small sample of the 
Venezuelan population replicated the association of the rs7903146 SNP with T2DM. Further studies 
with larger sample size and more biochemical data should be conducted to explore the genetic basis 
of T2DM susceptibility in Venezuela. Arch Endocrinol Metab. 2016;60(3):246-51
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Type 2 diabetes mellitus; TCF7L2; allele-specific PCR; gene polymorphism; Venezuela

INTRODUCTION

D iabetes mellitus is an endocrine disorder charac-
terized by dysregulation of insulin production, 

insulin sensitivity, and glucose control. Diabetes is ge-
nerally classified in type 1 diabetes mellitus (T1DM), 
which consists of an autoimmune etiology, and T2DM, 
which includes a heterogeneous group of metabolic di-
sorders characterized by the inability of pancreatic beta 
cells to increase insulin secretion in order to compen-
sate for insulin resistance (1). T2DM patients are typi-
cally diagnosed in adulthood and usually after the age 
of 40. T2DM is the most common form of diabetes, 
accounting for 90% of cases in the world (1). The bur-
den of T2DM is growing worldwide with near 80% of 
patients living in low- and middle-income countries (2).  

By 2035 the number of people with diabetes in South 
and Central America will increase by 60% (2). Moreo-
ver, in Venezuela, T2DM was ranked as the fifth lea-
ding cause of mortality in 2011 (3). 

The development of T2DM results from interaction 
between environmental factors and a robust genetic 
component (4). These environmental factors, inclu-
ding obesity, sedentary lifestyle, small or large birth 
weight and stress (5), do not influence everyone in 
the same way, which highlights the role that genetic 
susceptibility plays in the etiology and manifestation of 
T2DM. Multiple T2DM risk genes were initially iden-
tified using candidate gene and linkage-based studies, 
and more recently by genome-wide association studies 
(GWAS) (reviewed at 6,7). 
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TCF7L2 (transcription factor 7-like 2) is among the 
highly replicated genes showing robust association with 
T2DM (8,9). The TCF7L2 gene spans 215.9 kb on 
chromosome 10q25.3, and its product is a high-mobi-
lity box-containing transcription factor involved in the 
Wnt signaling pathway (10). Wnt pathway activity plays 
an important role for lipid and glucose metabolism, 
pancreatic islets proliferation, regeneration and func-
tion, and for production of the insulinotropic hormone 
glucagon-like peptide 1 (GLP-1) (11-13). Therefore, 
alteration in this pathway could cause the reduction of 
GLP-1 secretion, then affecting insulin secretion, and 
subsequently, among other effects, impairing blood 
glucose homeostasis. 

After the initial report on the association of a 
common microsatellite within intron 3 of TCF7L2 
(DG10S478) with T2DM (14), successive replication 
studies conducted in populations of different ethnic ori-
gin confirmed the strong association between a number 
of TCF7L2 polymorphisms, especially rs7903146 and 
rs12255372, and T2DM (15-22). Moreover, among 
Latin American countries there are only reports on the 
association of TCF7L2 polymorphisms and T2DM from 
Colombia (23), Brazil (24-28) and Mexico (9,29-32). 
Latin American populations are characterized by high 
socioeconomic and genetic heterogeneity with varying 
degrees of ancestral population proportions from coun-
try to country, thus more studies are needed exploring 
the basis of T2DM susceptibility from these mixed po-
pulations. 

Most commonly used methods for detecting DNA 
polymorphisms are restriction enzyme digestion based. 
However, they generally require 2 days to complete en-
tire procedure. Sequencing or real-time PCR systems are 
the alternative, but they are costly. Therefore, we used 
PCR assays for rapid and simple genotyping in a pilot stu-
dy to explore the role of TCF7L2 gene polymorphisms 
(rs7903146, rs12255372 and DG10S478) in conferring 
susceptibility to T2DM in the Venezuelan population. 
For this purpose, we designed an allelic-specific PCR re-
action for genotyping the rs12255372 (G/T) SNP, thus 
providing a simple, reproducible and low-cost assay. 

SUBJECTS AND METHODS 

Subjects

The patient population consists of 70 subjects with 
T2DM (31 men and 39 women), while the control 

group included 73 non-diabetic subjects (25 men and 
48 women) randomly selected from the general popu-
lation. We collected all blood samples at the Hospital 
Antonio María Pineda (HAMP), Barquisimeto, Vene-
zuela.

Patient group consisted of subjects with diagnosis of 
Diabetes (defined according to the American Diabetes 
Association criteria) made at least two years before en-
tering the study, who were on drug treatment for the 
disease. Subjects who met inclusion criteria were en-
rolled into the control group: age at examination over 
40 years, absence of family history of diabetes in the 
previous two generations and fasting plasma glucose of 
less than 110 mg/dL (6.1 mmol/l). Anthropometric 
measurements including weight, height, and waist cir-
cumference (WC) were obtained using standardized te-
chniques. The body mass index (BMI) was calculated as 
the weight in kilograms divided by the square of height 
in meters (kg/m2).

The study was approved by the Bioethics Com-
mittee of the School of Health Sciences, Universidad 
Centroccidental Lisandro Alvarado (UCLA), and per-
formed in accordance with the Declaration of Helsinki. 
Informed consent was obtained from each patient be-
fore participation in the study. 

Genotyping

Peripheral blood samples of patient and control groups 
were collected in EDTA-anticoagulated tubes, and 
then DNA was extracted using Wizard® Genomic 
DNA Purification kit (Promega). DNA concentration 
was checked by UV absorption at 260 and 280 nm. 
All amplification reactions were carried out on a Gene-
Amp® PCR System 9700 (Applied Biosystems) thermo 
cycler. Specific PCR reactions were conducted in a final 
volume of 25 µl containing 1X Green GoTaq® Flexi 
Buffer, 0.2 mM dNTPs, 1.5 mM MgCl2, 1.25 U of 
GoTaq DNA Polymerase (Promega) and 20-50 ng of 
genomic DNA.

Primers used in PCR reactions carried out in this 
work are shown in table 1. We designed an allele-speci-
fic PCR reaction for genotyping the rs12255372 SNP. 
For this reaction we designed two doubly mismatched 
reverse primers with mismatches in their last 3’ nucle-
otide and at the third nucleotide from the 3’ end such 
that allow to specifically amplify one of the two variants 
(G/T) of the rs12255372 polymorphism. Briefly, for 
each sample, two PCR reactions were run in parallel, 
combining a common forward primer (CFw) and one 
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of the two reverse primers in order to detect the presen-
ce of the polymorphic base (Rev_G and Rev_T). The 
observation of a 160-bp band in PCR reaction G or 
T indicated the presence of the respective allele. PCR 
reactions contained 0.3 µM of each primer and the 
cycling conditions were as follows: initial denaturation 
for 3 min at 95 °C; followed by 35 cycles of 20 s at 
95 °C, 30 s at 60 °C, and 30 s at 72 °C; then a final 
extension for 5 min at 72 °C. PCR products were elec-
trophoresed on 3% agarose gels.

We conducted the rs7903146 genotype assays by an 
allele-specific PCR reaction using primers and cycling 
conditions previously reported by Dutra and cols. (33). 
We used primers described by Grant and cols. (14) at 
an annealing temperature of 62 °C to amplify microsa-
tellite DG10S478, then the PCR products were sepa-
rated by electrophoresis on a 3% w/v agarose gel for 
allele detection using the nomenclature proposed by 
these authors: allele 0 (384-bp) is the smallest and all 
the other are included in a composite allele which is 
referred to as allele X.

We used the Kodak 1D Molecular Imaging Softwa-
re (Eastman Kodak, Rochester, NY) for image analysis 
of ethidium bromide-stained agarose gels and for allelic 
assignment of the PCR products and restrictions frag-
ments.

Statistical analysis

Genotype frequencies were examined for deviations 
from their corresponding Hardy-Weinberg equilibrium 
using Arlequin ver. 2.000 software. SPSS software, ver-
sion 14.0, was used for the rest of statistical analyses. 
Mean age of cases and controls, fasting plasma glucose, 
BMI and WC were compared by t test. The significance 
of the differences in the distribution of the polymor-
phisms was calculated using the χ2 or Fisher’s exact test. 
Association between genotypes and T2D was tested by 

logistic regression. A P value of < 0.05 was considered 
to be significant.

RESULTS

Table 2 shows clinical and biochemical characteristics of 
the study subjects. Comparison between groups showed 
that the fasting plasma glucose levels were significantly 
higher in the diabetic subjects, while mean age, BMI 
and WC were similar in both groups (P > 0.05). The ge-
notypic distribution in both the control and the T2DM 
groups was in Hardy-Weinberg equilibrium.

We were able to genotype all the samples inclu-
ded in the study with the performed PCR reactions. 
We used the PCR-RFLP protocol described by Bodhi-
ni and cols. (18) to demonstrate the accuracy of our 
allele-specific PCR reaction for the genotype discrimi-
nation of rs12255372 polymorphism. As expected, the 
combination of the two reverse primers with a single 
forward primer in separated reactions, allowed the spe-
cific amplification of each one of the alleles (G/T) of 
the rs12255372 polymorphism (Figure 1). 

Table 3 shows allele and genotype frequencies of 
the TCF7L2 polymorphisms. The presence of the 
TCF7L2 rs7903146 T allele (CT + TT genotypes) and 
heterozygous CT genotype was associated with higher 
diabetes risk (OR = 2.9 and 2.3, respectively). The dis-
tribution of rs12255372 and DG10S478 polymorphis-
ms showed no significant difference between the two 
groups, despite the homozygote genotypes and the 
carriers for the mutant alleles (T for rs12255372 and X 
for DG10S478) predominated in T2DM patients (Ta-
ble 3). None of the polymorphisms showed significant 
correlation with fasting plasma glucose, BMI or WC in 
either the control or the diabetic subjects. Moreover, 
haplotypes constructed using the three polymorphisms 
were not significantly associated with T2DM risk.

Table 1. Primers used in this work for TCF7L2 polymorphisms genotyping

Polimorfism Primer Sequence (5’ → 3’) Detection Origin

rs7903146 C/T rs7903146 C: GAACAATTAGAGAGCTAAGCACTTTTTAGAAAC

rs7903146 T: GAACAATTAGAGAGCTAAGCACTTTTTAGAGAT

rs7903146 R: AGATGAAATGTAGCAGTGAAGTGC

Allele-specific PCR Dutra and cols. (33)

rs12255372 G/T CFw: CTGGAAACTAAGGCGTGAGGGA

Rev_G: CAGAGGCCTGAGTAATTATCAGAATATGATC
Rev_T: CAGAGGCCTGAGTAATTATCAGAATATGCTA

Allele-specific PCR This work

DG10S478 STR Fw: TTCAGGCCATTGGTGTTGTA

Rev: AAAGTTCCCACCATCCCACT

PCR Grant and cols. (14)

Bold underlined bases indicate a mismatch for increasing PCR specificity. Nucleotides at 3’ end (indicated as bold cursive case) are specific for each one of the rs12255372 alleles (G/T).
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Table 2. Characteristics of the normal and diabetic study subjects

Controls
n = 73

T2D cases
n = 70 P value

Age (years) 50.8 ± 8.5.5 53.9 ± 10.5 0.055

WC (cm) 91.8 ± 12.6 91.9 ± 10.9 0.740

BMI (kg/m2) 27.0 ± 4.9 26.8 ± 4.8 0.867

Fasting plasma glucose (mg/dL) 97.0 ± 7.7 179.7 ± 87.1 0.000

Table 3. Genotype distribution of the TCF7L2 rs7903146, rs12255372 and DG10S478 polymorphisms in controls and T2DM patients from Venezuela

Marker
Controls
n = 73

T2D cases
n = 70 P value OR (%95 CI)

n (%) n (%)

rs7903146

CC 46 (63.0) 26 (37.1) 0.002 0.3 (0.18–0.68)

CT 22 (30.1) 35 (50.0) 0.015 2.3 (1.17–4.60)

TT 5 (6.8) 9 (12.9) 0.227 2.0 (0.64–6.32)

TT + CT 27 (37.0) 44 (62.9) 0.002 2.9 (1.46–5.69)

rs12255372

GG 46 (63.0) 33 (47.1) 0.056 0.5 (0.27–1.02)

GT 24 (32.9) 29 (41.4) 0.290 1.4 (0.73–2.86)

TT 3 (4.1) 8 (11.4) 0.101  3.0 (0.77–11.85)

TT + GT 27 (37.0) 37 (52.9) 0.056 1.9 (0.98–3.73)

DG10S478

0/0 47 (64.4) 39 (55.7) 0.290 0.7 (0.34–1.36)

0/X 23 (31.5) 24 (34.3) 0.724 1.1 (0.56–2.28)

X/X 3 (4.2) 7 (10.0) 0.174  2.6 (0.63–10.31)

X/X + 0/X 26 (35.6) 31 (44.3) 0.290 1.4 (0.73–2.81)

Figure 1. Genotyping of the TCF7L2 rs12255372 (G/T) polymorphism by 
an allele-specific PCR assay. For each sample, two PCR reactions were 
performed, each including a common forward primer and rs12255372 G 
(reaction G) or rs12255372 T (reaction T) reverse primer, according to the 
allele to be amplified. A 160-bp DNA fragment indicated the presence of 
the allele, while amplification failure indicated the absence of the allele in 
the sample. In a 3% w/v agarose gel, MW indicates molecular size 
standard, G and T indicate the product from reaction G and reaction T, 
respectively, amplified from selected DNA sample of each possible 
genotypes (GG, GT and TT) and H

2
O (negative control).

DISCUSSION

According to the Global Burden of Disease report, the 
prevalence of T2DM will have an increasing and the 
highest impact on the health systems and society in Lat-

in America countries (34). Moreover, years of potential 
life lost rates due to diabetes among adults are more 
concentrated in Oceania, Latin America, North Africa, 
and the Middle East (35). Therefore, among other ef-
forts necessary for the prevention and treatment of dia-
betes in Latin American countries, identifying of spe-
cific genetic markers and/or validates those examined 
in multiple ethnicities for better prediction of T2DM 
risk for our mixed populations is essential.

Grant and cols. (14), when reported the associa-
tion of the STR DG10S478 of TCF7L2 with T2DM 
in white patients from several populations, found that 
the rs12255372 and rs7903146 SNPs were in strong 
linkage disequilibrium with the microsatellite and sho-
wing similarly robust associations with disease. These 
and other authors have recommended that these two 
SNPs should be genotyped in all attempts at replica-
tion (14,36). Moreover, numerous studies and meta-
-analyses examining various ethnic groups demonstra-
ted an association between TCF7L2 SNPs and T2DM 
and, although with some inconsistent results, the two 
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most highly correlated are rs7903146 and rs12255372 
(36-38).

Herein, we observed that subjects harboring 
CT genotype and carriers of the allele T of TCF7L2 
rs7903146 SNP had a higher T2DM risk (OR = 2.9 
and 2.3, respectively). Similarly, this polymorphism was 
found associated with diabetes in several works carried 
out in admixed populations from other Latin Ameri-
can countries (9,23-25,28,29,31,32). However, Barros 
and cols. (27) failed to find an association of this variant 
with T2DM in northeastern populations from Brazil; 
while, Parra and cols. (30) also reported no association 
between the rs7903146 SNPs and T2DM in a replicate 
case-control study conducted in Mexico City. 

In our study, although the frequency of known risk 
alleles of rs12255372 and DG10S478 polymorphisms 
was higher in T2DM patients, the association with di-
sease was not strong. Similarly, Furgeri and cols. (26) 
and Barros and cols. (27) did not find association of the 
TCF7L2 rs12255372 SNP with T2DM in Brazilian po-
pulations. Moreover, Franco and cols. (39) found that 
TCF7L2 rs7903146 and rs12255372 variants did not 
make major contributions to the incidence of glucose 
tolerance abnormalities in Japanese-Brazilians, a popu-
lation with a high prevalence of T2DM. Finally, recent 
large meta-analyses confirmed that the rs12255372 
SNP is significantly associated with susceptibility to 
T2DM in the global population, although in some eth-
nic populations, no significant associations were found 
(36,38,40).

Although the precise role of TCF7L2 with regard 
to T2DM risk is still under investigation, evidence sug-
gests that TCF7L2 gene variants may affect the suscep-
tibility to T2DM by indirectly altering GLP-1 levels, 
whose gene is transcriptionally regulated by this trans-
cription factor (11). T allele of the rs7903146 SNP is 
associated with enhanced expression of TCF7L2 in hu-
man islets, as well as with impaired insulin secretion, 
incretin effects, and enhanced rate of hepatic glucose 
production (41,42). Moreover, Gaulton and cols. (43) 
suggested that the rs7903146 SNP affects T2DM sus-
ceptibility by altering cis regulation and local chromatin 
structure in islet cells.

Genetic analysis in developing countries can often 
be limited by lack of funding and expertise. Therefore, 
we also standardized a reliable and time-efficient allele-
-specific PCR method for genotyping the rs12255372 
SNP. Although, a typical PCR-RFLP assay is compa-
rable in cost, it requires additional steps of incubation 

and electrophoresis. Moreover, this method does not 
require sequence analysis of PCR products or the costly 
and time consuming high-tech genotyping protocols 
used in previous TCF7L2 association studies. Finally, 
we consider necessary to recommend for the allele-spe-
cific PCR assays used for genotyping the rs12255372 
(this work) and rs7903146 (33) SNPs, that users must 
optimize the PCR conditions, especially template star-
ting amount and the number of cycles. 

In summary, the designed method will enable rese-
archers to carry out genetic polymorphism studies for 
rs12255372 risk factor associated with diverse disea-
ses without the use of expensive instrumentation and 
reagents. Our results replicated the association of the 
rs7903146 polymorphism of TCF7L2 gene with T2DM 
in the Venezuelan population. Although the genotypic 
and allelic frequencies for the TCF7L2 rs12255372 and 
DG10S478 polymorphisms did not differ significantly 
between the patients and controls, the predominance 
of genotypes carrying mutant alleles in T2DM subjects 
cannot be dismissed. Further studies with larger sample 
size and biochemical data for glucose tolerance and me-
asurements on insulin secretion should be conducted in 
Venezuelan population to confirm the putative role of 
this gene in insulin secretion. 
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Calcium intake: good for the  
bones but bad for the heart?  
An analysis of clinical studies

Guilherme Alcantara Cunha Lima1,2, Priscilla Damião Araújo Lima2,3,  
Maria da Glória Costa Reis Monteiro de Barros3,4, Lívia Paiva Vardiero3,  
Elisa Fernandes de Melo3, Francisco de Paula Paranhos-Neto1, 
Miguel Madeira1,5, Maria Lucia Fleiuss de Farias1

ABSTRACT
The proper dietary calcium intake and calcium supplementation, when indicated, are important fac-
tors in the acquisition of peak bone mass during youth and in the prevention of fractures in old age. In 
addition to its deposition in bone, calcium confers an increase in its resistance and exhibits important 
activities in different enzymatic pathways in the body (e.g., neural, hormonal, muscle-related and 
blood clotting pathways). Thus, calcium supplementation can directly or indirectly affect important 
functions in the body, such as the control of blood pressure, plasma glucose, body weight, lipid 
profile and endothelial function. Since one publication reported increased cardiovascular risk due to 
calcium supplementation, many researchers have studied whether this risk actually exists; the results 
are conflicting, and the involved mechanisms are uncertain. However, studies that have evaluated the 
influence of the  consumption of foods rich in calcium have reported no increase in the cardiovascular 
risk, which suggests that nutritional intake should be prioritized as a method for supplementation and
that the use of calcium supplements should be reserved for patients who truly need supplementation 
and are unable to achieve the recommended daily nutritional intake of calcium. Arch Endocrinol Metab. 
2016;60(3):252-63

Keywords
Calcium supplementation; dietary calcium; osteoporosis; cardiovascular safety; cardiovascular mortality

INTRODUCTION

C alcium plays an important role in the human 
body. Calcium mediates nervous excitability, 

muscle contractility, hormone secretion and blood clot-
ting. Bones are the major calcium reservoir in the hu-
man body and holding 99% of the total bodily calcium. 
Calcium storage in the form of hydroxyapatite crys-
tals provides rigidity to bones and minimizes the risk 
of fractures (1). Calcium is known to play important 
roles in the prevention and treatment of osteoporosis 
(2). However, the close relationships of calcium with 
myocardial contraction, nerve conduction, hormonal 
modulation and blood clotting may result in increased 
cardiovascular risk (3) (Figure 1). 

Indeed, patients with hypercalcemia exhibit increa-
sed mortality due to cardiac and vascular complications 
(4-6). Recent studies have evaluated the effects of me-
dicinal calcium supplementation on cardiovascular risk 
and produced conflicting results (6-24) that have led to 

CALCIUM

Neuronal  
transmission

Bone/Teeth  
resistance

Cardiac contractility  
and conduction

Hormonal  
secretion

Coagulation  
system

Contraction of smooth 
and striated muscles

In addition to confer resistance to bones and teeth, calcium plays an important role in 
several regulatory pathways in the body. It acts by modifying the activity of cellular 
receptors, in signal transduction and as a cofactor in various enzyme systems, thus 
modulating the secretion of hormones, such as insulin, mediating contractility of striated 
and smooth muscle, neuronal transmission and cardiac conduction besides being 
required in the intrinsic, extrinsic and common pathways of the coagulation system. The 
maintenance of serum calcium levels is required for the proper functioning of organism.

Figure 1. Calcium functions in the body.
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concerns about the safety of calcium supplementation 
and its role in the treatment of osteoporosis (25). 

Studies that have evaluated the intake of calcium 
food sources have reported neutral or protective effects 
on major cardiovascular outcomes, such as atherosclero-
sis (26-28), blood pressure (29), diabetes (30,31) and 
body weight (32)  and the risks of infarction (15,24), 
stroke (21,23,24) and cardiovascular mortality (6,7,24). 
Moreover, such food sources result in the minimization 
of the risk of nephrolithiasis (33), which is known to be 
increased by medicinal calcium supplementation (34), 
and these food sources can provide other nutrients, such 
as proteins, which are useful in maintaining bone mass 
in adults (35,36) and can minimize the risks of malnutri-
tion and sarcopenia, which are indirectly related to bone 
quality and the risk of fractures (37). Thus, calcium in-
take from dietary sources should be a priority, and su-
pplements should be reserved for patients who are at a 
real risk of osteoporotic fractures and who cannot achie-
ve their daily nutritional needs. Drug overdoses must 
be avoided because transient hypercalcemia might be 
associated with increased cardiovascular risk (25,35,38).

The current review aims to analyze the importance 
of calcium in bone integrity and to discuss the main 
studies that have evaluated the cardiovascular safety of 
calcium supplementation.

MATERIAL AND METHODS

During the periodo between 07/15/2015 and 
09/18/2015, we reviewed all studies published from 1990 
and 2015 on this subject in the PubMed and Capes portal 
databases. The following terms were searched: calcium 
supplementation and bone health, calcium supplemen-
tation and fractures, calcium supplementation and mor-
tality, calcium supplementation and cardiovascular risk, 
calcium supplementation and hypertension, calcium 
supplementation and diabetes, calcium supplemen-
tation and obesity, and calcium supplementation and 
nephrolithiasis. Only studies published in English were 
considered. Among all of the pre-selected publications, 
we prioritized systematic reviews, meta-analyses, rando-
mized controlled trials (RCT), longitudinal studies and 
recent publications.

Calcium and bone health

Osteoporosis is characterized by decreased bone mass 
and microarchitectural deterioration that results in an 
increased risk of fracture (39). Although this disease is 

primarily diagnosed in the elderly, osteoporosis preven-
tion should begin in childhood and adolescence via the 
adoption of behaviors that are aimed at the proper ac-
quisition of peak bone mass and the prevention of bone 
mass loss, such as engaging in physical activity, refraining 
from smoking and consuming alcohol, increasing sun ex-
posure, and the consumption of calcium-rich foods (40). 

Studies that have evaluated the influences of eating 
foods rich in calcium during childhood and adolescence 
on bone health have been conducted. A recent double-
blind RCT evaluated 220 teens after two years of low, 
medium or high calcium intake levels (through fortified 
milk) and found an increase in the bone mass of the 
female adolescents who ingested more calcium (41). 
Women who drink less milk during childhood and 
adolescence exhibit lower bone mass and an increased 
risk of fracture as adults (42).

The intake of calcium and its correlations with bone 
mineral density (BMD) and fractures in adults have also 
been assessed. Recently, Kim and cols. (43) evaluated 
7,260 men and women aged ≥ 50 years and found that 
calcium intakes < 400 mg/day were correlated with 
lower BMD in the lumbar spine, lower femoral cortical 
thicknesses (in both genders) and lower BMD in the fe-
moral neck (only in women). In contrast, intakes grea-
ter than 1,200 mg/day were positively correlated with 
BMD in the lumbar spine and femoral neck (only in 
men). Elderly people with higher milk or milk and yo-
gurt intakes at baseline have been found to be a lower 
risk of hip fractures when assessed 10 years later (44). A 
reduced risk of fractures (30%) in subjects with higher 
nutritional calcium intakes was also recently described 
by Khan and cols. (24). Moreover, Key and cols. (45) 
reported an increased fracture risk in women with daily 
calcium intakes below 525 mg/day.

The effectiveness of isolated calcium supplementa-
tion in the prevention of osteoporotic fractures remains 
controversial. A meta-analysis involving 170,991 women 
and 68,606 men found that isolated calcium intake was 
not associated with a reduced fracture risk (46). Shea and 
cols. (47) evaluated the results from 1,806 participants 
and found that despite a BMD increase, isolated calcium 
supplementation did not reduce the risk of non-verte-
bral fractures. Similarly, the RECORD study evaluated 
the efficacies of supplementations with calcium, vita-
min D or both in the elderly in the secondary preven-
tion of low-impact fractures and concluded that none 
of these methods was effective in reducing the risk (48). 
However, Tang and cols. (49) published a meta-analy-
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sis that included 29 RCT and concluded that combined 
supplementation resulted in a reduction in the risk of 
fractures in patients aged 50 years or more. Another stu-
dy reported a reduced risk of osteoporotic fractures and 
improvements in parameters related to bone density in 
women who consumed more than 80% of their calcium 
supplements per year over five years, which suggests that 
adherence to treatment is critical for the effectiveness of 
therapy (50). Low patient compliance with supplemen-
tation regimens due either to poor treatment adherence 
or gastrointestinal symptoms associated with calcium su-
pplements may be one of the important determinants of 
these conflicting results (18,47-49).

Another factor that should be considered is that the 
intake of foods rich in calcium is not sufficient to meet 
the recommended dietary allowance  (RDA) for most 
of the population. A chronic negative calcium balance 
may result in the stimulation of bone demineralization 
and negatively influence treatment efficacy. Heaney and 
cols. (51) reanalyzed six large studies and found that 
the calcium intakes of 85% of the participants were be-
low the RDA. In our country, Pinheiro and cols. (52) 
reported the same problem and emphasized that the 
participants consumed only one-third of the daily cal-
cium recommendation on average.

Combined calcium and vitamin D supplementation 
is classically recommended for the treatment of osteopo-
rosis. Vitamin D deficiency may adversely affect bone 
mass by promoting reduced gastrointestinal calcium 
absorption and potentially promoting the hypersecre-
tion of PTH, which stimulates bone resorption to res-
tore the ionized calcium levels in the extracellular fluid 
(53). The ability to increase intestinal calcium absorption 
protects both youth and adults from bone demineraliza-
tion. However, this ability becomes restricted in elderly 
people who need to use their body calcium to maintain 
homeostasis, which increases their risk of osteoporosis 
(40,54). Additionally, elderly individuals have lower le-
vels of 7-dehydrocholesterol in their skin and are there-
fore less able to synthesize vitamin D from sun exposure, 
which may aggravate calcium imbalances and result in 
secondary hyperparathyroidism (55). Thus, inadequate 
vitamin D status can exacerbate the detrimental effects 
of low calcium intake, and vitamin D is therefore essen-
tial for the intestinal absorption of this ion at a level that 
is adequate to enable bone remodeling (35).

Kim and cols. (43) only observed a correlation be-
tween low calcium intake and reduced BMD in a sub-
group with concomitant vitamin D deficiency, which 

reinforces the importance of vitamin D in conferring 
the benefits of calcium to the bones. Additionally, vi-
tamin D supplementation leads to improved muscle 
strength, especially in the elderly (56), and reduces the 
risk of falls, which constitutes an additional factor in 
the prevention of osteoporotic fractures (57). Indeed, 
studies that have analyzed combined supplementation 
have observed the preservation of BMD, reductions of 
serum PTH and bone resorption markers (58), and re-
ductions in the risk of fractures (2,49,59).

Calcium and vitamin D supplementation should 
not be generalized applied because individuals with low 
fracture risks need to be considered. Studies that have 
evaluated the effectiveness of indiscriminate treatment 
with calcium and vitamin D have failed to observe be-
nefits regarding the risk of fractures because the indivi-
duals included in these studies exhibited very low risks 
of fractures and thus did not benefit from supplemen-
tation (34). Accordingly, the authors of a Cochrane review 
found that despite small increases in the BMD of healthy 
children, calcium supplementation was not able to re-
duce the risk of fractures, and these authors concluded 
that routine supplementation should not be recommen-
ded (60). Verbrugge and cols. (25) advocated calcium 
and vitamin D supplementation only for patients with 
documented risks of fractures, such as elderly patients, 
institutionalized patients, patients with diagnoses of os-
teoporosis and chronic glucocorticoid users. Furthermo-
re, excessive supplementation above the RDA (Table 1) 
(61) should be avoided because it increases the risk of 
adverse effects and confers no additional benefit (25,35).

Table 1. Daily recommended calcium intake (Source: International Osteo-
porosis Foundation 2014 – Ref. 61)

Age/Gender Calcium (mg/day)

Children/Adolescents

      0-6 months old 200

      6-12 months old 260

      1-3 years old 700

      4-8 years old 1,000

      9-18 years old 1,300

Female

      Pregnancy/lactation (14-18 years old) 1,300

      19-50 years old 1,000

      Pregnancy/lactation (19-50 years old) 1,000

      Postmenopausal or ≥ 51 years old 1,200

Male

      19-70 years old 1,000

      ≥ 71 years old 1,200
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Table 2. Relationships between calcium supplementation and cardiovascular outcomes

Authors Year Number of 
participants Characteristics of participants Study design Results

Bostick and cols. (7) 1999 34,486 55-69 years

Post-menopausal women

without previous ischemic heart disease 
(IHD)

Prospective cohort study

Follow-up 8 years

No correlation between 
calcium supplementation and 
IHD death

Hsia and cols. (8) 2007 36,282 50-79 years

Post-menopausal women

WHI participants

Prospective RCT study

Follow-up 7 years

No correlation between 
calcium/vitamin D 
supplementation and MI/
stroke 

Bolland and cols. (9) 2008 1,471 Post-menopausal women Prospective RCT study

Follow-up 5 years

Positive trends between 
calcium supplementation and 
MI/stroke

Pentti and cols. (10) 2009 10,555 52-62 years

Women

without CHD at baseline

Prospective cohort study

Follow-up 7 years

Positive correlation between 
calcium/vitamin D 
supplementation and CHD 
(24%) 

Bolland and  
cols. (11)

2010 20,072 Double-bind RCT studies 

> 40 years 

Calcium supplements

Meta-analysis (15 RCT studies) Positive correlation between 
calcium supplementation and 
MI (27%) 

No correlation between 
calcium supplementation and 
stroke/sudden death/ MI + 
stroke + sudden death

Bolland and  
cols. (12)

2011 28,072 RCT studies 

Calcium or calcium/vitamin D 
supplements 

Meta-analysis (9 RCT studies) Positive correlation between 
calcium/vitamin D 
supplementation and MI 
(24%)/MI + stroke (15%)

Lewis and cols. (13) 2011 1,460 75 ± 2.7 years

Women with preexisting atherosclerotic 
vascular disease

Prospective double-bind RCT study

Follow-up 4,5 years

No correlation between 
calcium supplementation and 
atherosclerosis/general 
mortality

Avenell and cols. (14) 2012 5,292 ≥ 70 years (women: 85%)

Previous osteoporotic fracture 

Prospective RCT study

Follow-up 24-68 months

No correlation between 
calcium calcium/vitamin D 
supplementation and general 
mortality

No correlation between 
calcium or calcium/vitamin D 
supplementation and vascular 
disease mortality

Li and cols. (15) 2012 23,980 35-64 years (women: 54%)

Without major CVD events

Prospective cohort study

Follow-up 11 years

Positive correlation between 
calcium supplementation and 
MI (86%)

No correlation between 
calcium supplementation and 
stroke/general mortality 

Rejnmark and  
cols. (16)

2012 70,528 Vitamin D or calcium/vitamin D 
supplements

Women (86,8%)

Median age: 70 years

Meta-analysis (8 RCT studies) Negative correlation between 
calcium supplementation and 
general mortality (9%)

Calcium and cardiovascular risk 

Given the frequent use of calcium supplementation for 
the prevention and treatment of osteoporosis in many 
patients, the safety profile of calcium supplementation 
and its potential interactions with other metabolic path-

ways that are related to the cardiovascular system have 
been tested in several studies (6-24) (Tables 2 and 3). 
Major concerns have been expressed following reports 
in some studies of increased cardiovascular risks associa-
ted with calcium supplementation (10-12,15,19).
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Authors Year Number of 
participants Characteristics of participants Study design Results

Langsetmo and  
cols. (17)

2013 9,033 ≥ 25 years (women: 69.6%)

Non-missing Calcium/Vitamin D intakes

Prospective cohort study

Follow-up 10 years

Negative correlation between 
calcium supplementation + 
dietary calcium and general 
mortality (22%), independently 
of vitamin D intake

Prentice and  
cols. (18)

2013 46,892 50-79 years

Post-menopausal women

WHI participants

Prospective RCT study

Follow-up 7 years

No correlation between 
calcium/vitamin D 
supplementation and MI/
stroke/CVD death/general 
mortality

Van Hemelrijck and 
cols. (6)

2013 20,024 ≥ 17 years (women: 52,5%)

without history of heart disease

NHANES III participants

Prospective cohort study No correlation between 
calcium supplementation and 
CVD death 

Xiao and cols. (19) 2013 388,229 50-71 years (Women: 43,5%)

NIH participants

Prospective cohort study

Follow-up 12 years

Positive correlation between 
calcium supplementation and 
CVD death in men (20%)

No correlation between 
calcium supplementation and 
stroke in women

No correlation between 
calcium supplementation and 
CVD death/stroke in women

Paik and cols. (20) 2014 74,285 30-55 years 

Women without history of CVD or 
cancer 

Prospective cohort study

Follow-up 24 years

Negative correlation between 
calcium supplementation + 
CVD (18%)/MI (29%) in 
women 

No correlation between 
calcium supplementation and 
stroke

RCT: randomized placebo-controlled trial.

Bolland and cols. (9) evaluated 1,471 postmeno-
pausal women over 5 years and observed trends toward 
increased risks of myocardial infarction (MI) and stroke 
in the group that received calcium citrate. It is worth 
emphasizing that calcium supplementation was not ad-
ministered with vitamin D in this study. The studied 
groups received high calcium doses (1,000 mg/day) 
that exceeded the RDA when the subjects’ average die-
tary calcium intakes were included (860 mg/day; Table 1). 
The same group of researchers then performed a meta-
-analysis of 16 studies that evaluated the cardiovascular 
outcomes of patients who received ≥ 500 mg/day of 
calcium and observed an increased risk of MI (31%); 
however, the risks of although stroke, sudden death, 
and MI + stroke + sudden death did not differ between 
the groups (11). This meta-analysis only evaluated stu-
dies with isolated calcium supplementation, which has 
resulted in criticisms of the design of this study. Bolland 
and cols. (12) subsequently published a new meta-analy-
sis of 12 RCT (29,277 participants) that included the 

randomly selected subgroup of the WHI study that did 
not take calcium supplements and concluded that com-
bined calcium and vitamin D supplementation increa-
sed the risks of MI and MI + stroke.

Other important studies have also reported increa-
sed MI risks in adult men and women (15) and an in-
creased risk of death due to cardiovascular diseases in 
men (10,19) (Table 2). It is important to highlight that 
most of these studies were not designed to evaluate 
cardiovascular risk as a primary endpoint. The primary 
outcomes of these studies were the effects of calcium 
and/or vitamin D supplementation on fracture risk and 
not cardiovascular risk. Furthermore, the lack of stan-
dard criteria for the diagnosis of cardiovascular com-
plications may have resulted in the under- or overesti-
mation of the actual prevalences of these complications 
and thus resulted in possible bias in the results (25). 

In contrast, other studies have failed to find an asso-
ciation between calcium supplementation and the risk 
of cardiovascular complications (6-8,13,14,16-18,20) 
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Table 3. Relationships between dietary calcium and cardiovascular outcomes 

Authors Year Number of 
participants Characteristics of participants Study design Results

Bostick and cols. (7) 1999 34,486 55-69 years

Women post-menopausal

without previous IHD

Prospective cohort study

Follow-up 8 years

Negative correlation between 
dietary calcium and CVD 
death (37%)

Iso and cols. (21) 1999 85,764 34-59 years

Women

NHS participants

Prospective cohort study

Follow-up 14 years

Negative correlation between 
dietary calcium and stroke 
(31%) in women

Li and cols. (15) 2012 23,980 35-64 years (women: 54%)

without major CVD events

Prospective cohort study

Follow-up 11 years

Negative correlation between 
dietary calcium and MI (31%)

No correlation between dietary 
calcium and stroke/CVD death

Langsetmo and  
cols. (17)

2013 9,033 ≥ 25 years (Women: 69,6%)

Non-missing CaVit D intakes

Prospective cohort study

Follow-up 10 years

Trends to negative correlation 
between dietary calcium and 
general mortality

Larsson and  
cols. (22)

2013 9,095 History of stroke Meta-analysis (11 RCT studies) Negative correlation between 
dietary calcium and stroke 
(22%) 

Levitan and cols. (23) 2013 3,340 50-79 years

Post-menopausal women

WHI participants

Heart failure hospitalization

Prospective cohort study

Follow-up 4-6 years

No correlation between dietary 
calcium and CVD death 

Van Hemelrijck and 
cols. (6)

2013 20,024 ≥ 17 years (women: 52,5%)

without history of heart disease

NHANES III participants

Prospective cohort study No correlation between dietary 
calcium and CVD death 

Xiao and cols. (19) 2013 388,229 50-71 years (Women: 43,5%)

NIH participants

Prospective cohort study

Follow-up 12 years

No correlation between dietary 
calcium and CVD death/stroke 

Khan and cols. (24) 2015 34,468 40-69 years (women: 60,3%)

Without CVD, cancer and diabetes 
previous

Prospective cohort study

Follow-up 12 ± 1,5 years

Negative correlation between 
dietary calcium and all-cause 
mortality (14%)/non-fatal CVD 
(16%)/stroke (31%) 

(Table 2). The initial assessments of the WHI parti-
cipants revealed that medicinal calcium supplementa-
tion did not increase the risks of MI or stroke even in 
the subgroup with higher dietary calcium intake (8). 
However, separate subgroup analyses were not perfor-
med in this study; thus, individuals who did and did not 
use calcium supplements at the time of randomization 
were analyzed together, contrary to Bolland and cols. 
analysis (12), that includes only WHI patients who had 
no previous use of calcium supplements.

The WHI study participant data were re-evaluated 
after the publication of the study by Bolland and cols. 
(12) with a focus on whether the women participants 
were or were not using calcium supplements at the 
time of WHI enrollment, and no associations of calcium 
supplementation with increased risks of MI, stroke, 
coronary heart disease or death were observed in any of 
the subgroups (18). In an analysis of 20,024 National 
Health and Nutrition Examination Survey III (NHANES 
III) participants, no increase in cardiovascular diseases 

(CVD) mortality secondary to dietary or medicinal 
calcium intake was observed, although the risk of death 
from CVD was higher among patients with underlying 
hypercalcemia (6). A meta-analysis involving 8 RCT 
encompassing 70,528 participants with a mean age of 70 
years concluded that calcium/vitamin D supplementation 
was associated with a 9% reduction in the risk of death 
from all causes (16). A recently published study analyzed 
74,245 women over 24 years and found that calcium 
supplementation exhibited protective effects against 
cardiovascular and coronary heart diseases (CHD) and 
a neutral effect on stroke (20).

The influence of dietary calcium intake on cardiovas-
cular outcomes has also been evaluated (6,7,15,17,19,21-
24) (Table 3). A subgroup that ingested > 1,425 mg/
day of calcium on average exhibited a reduction in the 
risk of CVD mortality of 33% compared with a subgroup 
with a calcium intake < 696 mg/day (7). Negative cor-
relations of dietary calcium intake with MI (15,24) and 
stroke (21,23,24) risks have also described. Levitan and 
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cols. (23) assessed the subgroup of WHI participants 
who were hospitalized due to heart failure over a period 
of 4.6 years (3,340 patients) and concluded that dietary 
calcium intake was not correlated with the risk of death. 
In a recent publication, Khan and cols. (24) demonstra-
ted that the group with the highest dietary calcium intake 
(median of 1,348 mg/day) presented good cardiovas-
cular safety profiles (a 14% reduction in mortality from 
all causes, a 16% reduction in non-fatal CVD and a 31% 
reduction in stroke) compared with the group with the 
lowest dietary calcium intake (median of 473 mg/day).

Calcium and cardiovascular risk: assumptions

The relationship between calcium supplementation 
and CVD risk and the manners in which calcium might 
protect or damage the cardiovascular system (62)  re-
main  inconclusive. The main hypothesis is that the 
sudden elevation of serum calcium levels after supple-
mentation may result in increased vascular resistance 
and calcification as well as cardiac arrhythmias (3,9). 
Increased serum calcium levels have been observed 
60-90 minutes after medicinal supplementation (63). 
However, Burt and cols. (64) evaluated endothelial 
function and myocardial perfusion parameters before 
and 3 hours after supplementation with 1,000 mg of 
calcium citrate and concluded that despite the elevated 
calcium levels, arterial constriction decreased, and my-
ocardial perfusion increased; these results are suggesti-
ve of the cardioprotective effects of calcium. Slinin and 
cols. (4) reported a higher incidence of cardiovascular 
events among patients with hypercalcemia but failed to 
demonstrate that calcium intake was associated with in-
creased baseline calcium levels in these patients.

Vitamin D insufficiency/deficiency is another pos-
sibility because it is highly prevalent among the elder-
ly (i.e., the group with the greatest need for calcium 
supplementation) and has been consistently related to 
increased cardiovascular risk (65). Most studies have 
not assessed the levels of 25-OH vitamin D at baseline 
and after supplementation, which hinders their inter-
pretations. However, because vitamin D insufficien-
cy/deficiency is a highly prevalent disorder in several 
regions of the world across different age groups and 
socioeconomic classes (66), it is unlikely that a higher 
incidence of vitamin D deficiency in the intervention 
group compared with the placebo could account for 
this difference in cardiovascular risk (16).

Calcium supplementation does not seem to influen-
ce the emergence or worsening of hyperparathyroi-

dism, which is a condition that is also associated with 
cardiovascular risk. A recent study found that calcium 
supplementation reduced the number of new cases 
of primary hyperparathyroidism among women (67). 
Another study found that calcium and vitamin D su-
pplementation for 8 weeks reduced PTH serum levels 
by 17% (68). Calcium supplementation in patients with 
primary HPT resulted in reduced serum PTH levels in 
17 of the 24 studied cases (69).

Calcium and endothelial function

Despite the higher prevalence of atherosclerotic pla-
ques in the carotid arteries of patients with higher 
serum calcium levels (70), Lewis and cols. (71) fou-
nd no increases in the risk of atherosclerotic plaques 
or carotid intima-media thicknesses in elderly women 
who received calcium supplementation for 3 years. 
The same group of researchers conducted a doub-
le-blind five-year RCT and found that calcium su-
pplementation at 1,200 mg/day did not increase the 
mortality risk or the rate of hospital admissions due 
to atherosclerotic vascular disease (13). Another stu-
dy found that the calcium coronary scores did not 
differ between women who underwent calcium and 
vitamin D supplementation for 7 years and a control 
group (72). Kim and cols. (73) also failed to observe 
an increased risk of calcification of the coronary arte-
ries in patients with higher nutritional calcium inta-
kes. Neither medicinal supplementation nor dietary 
calcium intake increased the risk of calcification in 
the coronary and carotid arteries or abdominal aorta 
of diabetic patients (26). Ivey and cols. (27) found 
that the intake of dairy products did not increase 
participants’ intima-media thickness. Additionally, 
yogurt intake was associated with a reduction in the 
thicknesses of these layers. Hyperhomocysteinemia 
(a marker of cardiovascular events in patients with 
atherosclerosis) is correlated with lower daily calcium 
intake (28), and not the reverse.

Calcium and blood pressure

The effect of calcium supplementation on blood pres-
sure has also been evaluated (29,68,74-76). Wang 
and cols. (29) found a negative correlation between 
blood pressure and dietary calcium intake but found 
no correlation in a group that received supplementa-
tion. Pfeifer and cols. (68) found reductions in both 
systolic and diastolic blood pressures in patients re-
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ceiving calcium (1,200 mg/day) and vitamin D (800 
IU/day) supplementation. Another study examined 
1,471 postmenopausal women and found a small de-
crease in diastolic blood pressure after 6 months of 
calcium supplementation that was not sustained after 
30 months (74). The same author found no statisti-
cally significant differences between the blood pressu-
res men who received calcium supplementation and 
men who received placebo treatment for 2 years (75). 
Another study also reported elevated systolic blood 
pressure related to calcium supplementation, al-
though this finding was not clinically significant (76).

Calcium and diabetes mellitus

Studies have demonstrated beneficial or neutral effects 
of calcium dietary intake and medicinal supplementa-
tion on the development of diabetes (30,31,77,78). 
A meta-analysis involving 264,268 participants and 
11,225 reported cases did not find a correlation bet-
ween dietary calcium intake and diabetes (30). Tong 
and cols. (31) performed another meta-analysis and 
found an inverse correlation between the intake of 
dairy products and the development of diabetes. An 
analysis that assessed the role of medicines containing 
calcium in the risk of diabetes that was performed on 
the WHI study participants who received calcium and 
vitamin D supplementation for 7 years revealed no sig-
nificant difference in newly diagnosed cases of diabetes 
compared with the control group (77). Calcium citrate 
and vitamin D supplementation for 3 years in patients 
with impaired fasting glucose has been found to result 
in attenuations of hyperglycemia and insulin resistance 
compared with placebo (78). Improvements in insu-
lin sensitivity have also been reported in diabetic and 
hypertensive patients after 8 weeks of medicinal calcium 
supplementation compared with placebo (79).

Calcium and body weight

The effect of calcium supplementation on body weight 
seems uncertain. One study found neutral effects of 
calcium supplementation on weight (74). An analysis 
of five clinical trials involving 780 women reported a 
beneficial effect of calcium supplementation on body 
weight (80). Similarly, Shahar and cols. (32) repor-
ted a body weight reduction in a group with greater 
dietary calcium intake. Three systematic reviews have 
assessed the role of calcium supplementation on body 
weight. Onakpoya and cols. (81) found small but sig-

nificant reductions in weight among overweight and 
obese individuals; however, the other two studies fai-
led to confirm any correlation of dietary or calcium 
supplements with body weight (82,83). 

Calcium and lipids

Reid and cols. (84) randomized 223 postmenopausal 
women to receive  1,000 mg/day of calcium citrate 
or placebo. These authors reported a 7% increase in 
high-density lipoprotein (HDL) levels at 12 months 
after the initiation of supplementation. Another study 
conducted by Reid reported no significant changes 
in lipids in men who received placebo or elemental 
calcium supplementation (600 to 1,200 mg/day) for 
2 years (75). A decrease in triglyceride level following 
calcium supplementation has also been reported (76). 
In contrast, no significant change was observed in the 
serum lipids of 193 patients who were subjected to 
calcium supplementation (85).

Dietary calcium supplementation versus medicinal 
calcium supplementation

As previously described, the studies that have assessed 
the effects of supplementary calcium on cardiovascular 
mortality have produced contradictory results (6-24). 
The results related to the intake of calcium-rich foods 
(e.g., milk, cheese, and yogurt) have demonstrated re-
duced mortality due to CVD (6,7,24) and reduced risks 
of MI (15,24)  and stroke (21,23,24). These studies 
have also demonstrated neutral or beneficial profiles for 
factors such as atherosclerosis (26-28), blood pressure 
(29), plasma glucose (30,31) and body weight (32).

Additionally, the risk of nephrolithiasis, which is 
known to be elevated in patients taking calcium su-
pplements (57), is minimized in patients who ingest 
calcium through dietary sources (33) because dietary 
calcium binds to oxalate inside the digestive tract to 
form a poorly absorbed complex, which reduces hype-
roxaluria (which is responsible for the formation of 
most kidney stones). This effect does not seem to occur 
with the use of calcium supplements (86). Low-calcium 
food intake also increases the risk of nephrolithiasis be-
cause it facilitates the intestinal absorption of oxalate 
and consequently increases its renal clearance (86). Ne-
gative calcium balance leads to PTH secretion, which 
increases urinary calcium by stimulating bone resorp-
tion and may thus be an additional factor that triggers 
nephrolithiasis in these patients (87,88). 
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The effectiveness of supplementation still depends 
on the compliance of patients, which has been descri-
bed as low among users of calcium supplements. Ad-
ditionally, adverse gastrointestinal effects may limit 
adherence and are less common with dietary calcium 
nutrients (18,47-50).

Another benefit of dietary rather than medicinal 
supplementation is the minimization of the transient 
hypercalcemia that has been described in patients taking 
calcium supplements (63) and has been suggested to be 
the hypothetical cause of increased the cardiovascular 
risk in these patients (3,9).

In conclusion, several studies have demonstrated 
the efficacies of calcium supplementation alone or in 
combination with vitamin D supplementation in the 
development and maintenance of bone mass, osteopo-
rosis treatment and the reduction of the risk of fractu-
res. The intake of nutrients rich in calcium is a priority 
because such intake has the same benefits as medicinal 
supplementation in terms of bone health and provides 
other additional important nutrients, such as proteins, 
while minimizing the risk of side effects (e.g., nephro-
lithiasis and gastrointestinal intolerance) and low adhe-
rence to drug treatment. Thus, supplementation shou-
ld be restricted to individuals who are unable to achieve 
the recommended daily nutritional intake.

Some authors have evaluated the risk-benefit ratio 
of calcium supplementation and suggested a possible 
increase  in cardiovascular risk, which contrasts with 
other studies that have described neutral or even pro-
tective effects regarding cardiovascular complications. 
These hypotheses have not been conclusively proven 
or disproven, and the different study designs and pri-
mary outcomes prevent us from reaching conclusions. 
Calcium supplementation has been demonstrated to be 
safe with in terms of atherosclerosis, blood pressure, 
diabetes, body weight and dyslipidemia, and these fac-
tors are known to be correlated with the risk of car-
diovascular complications. However, studies that have 
assessed the cardiovascular risk associated with the nu-
tritional intake of calcium-rich foods have proven the 
safety of this approach; therefore, nutritional calcium 
intake should be prioritized.

Prescribing calcium and vitamin D supplementa-
tion only to those individuals who will benefit from 
such treatment, promoting the intake of calcium-rich 
foods,  restricting supplementation to people who do 
not achieve the recommended daily requirements, and 
avoiding excessive supplementation by following the 

suggested recommendations (i.e., a maximum of 1,500 
mg/day of calcium) are all useful practices for osteopo-
rosis prevention and treatment and do not seem to in-
crease the risk of cardiovascular complications.

Further studies aimed at assessing the risk-benefit 
ratios of calcium supplementation in different popula-
tions are needed to define calcium’s true relationship 
with cardiovascular outcomes.

Disclosure: no potential conflict of interest relevant to this article 
was reported.
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Gender differences in insulin and 
C-peptide concentrations at birth 
using cord blood collection 

Mohammad Shafi Kuchay1, Rattan P. Kudyar2, Anil Gupta2, 
Kamal Kishor Pandita2, Mohammad Ashraf Ganie3

ABSTRACT
Objective: To study gender differences in insulin and C-peptide concentrations at birth using cord 
blood collection. Subjects and methods: This study was conducted in a maternity hospital, in Jam-
mu province of Jammu and Kashmir, India. All women with pregnancy who were hospitalized for 
delivery were followed. All pregnant ladies who had no medical condition affecting insulin levels, as 
per history and routine antenatal blood testing, were included in the study. The test for cord plasma 
insulin and C-peptide was done in 60 (30 males) full-term (≥ 37 completed weeks) normal delivery 
babies within 4 hours of the collection of samples using the electro-chemiluminescence immunoas-
say (ECLIA) on Roche elecsys module immunoassay analyzer. Weight of the babies was taken imme-
diately after birth using digital scales. Results: Cord plasma insulin and C-peptide measured in EDTA 
were compared between boys and girls and also related to birth weight. Girls were lighter (2,830 ± 
37 vs. 3,236 ± 46 g; p = < 0.001) but had higher cord insulin (16.48 ± 4.88 vs. 10.53 ± 4.04 µU/mL; p = 
< 0.001), and C-peptide (2.47 ± 0.66 vs. 0.834 ± 0.26 ng/mL; p = < 0.001) concentrations than newborn 
boys. Conclusion: Female newborn babies have higher cord plasma insulin and C-peptide concentra-
tions than male newborns, despite being smaller, suggesting intrinsic insulin resistance in girls. Arch 
Endocrinol Metab. 2016;60(3):264-6

Keywords
Insulin resistance; cord plasma insulin; cord plasma C-peptide; newborn babies

INTRODUCTION

A number of studies suggest that girls are more in-
sulin resistant than boys. This has been shown by 

using intravenous glucose tolerance tests, fasting insu-
lin measurements and euglycemic clamps in children 
from age 5 years through late childhood, puberty and 
adolescence. Euglycemic clamp studies of 357 normal 
children (10-14 years of age) demonstrated significant 
differences in insulin resistance between boys and girls 

(1). Lindsay and cols. observed a gender difference in 
cord blood insulin, proinsulin and 32-33 split proinsu-
lin levels. Concentrations of insulin propeptides were 
higher in female than male offspring (2). A study of 
307 children (5 years of age) was unable to explain 
gender differences by looking at differences in anthro-
pometry and physical activity. They observed that girls 
at five are intrinsically more insulin resistant than boys 
(3). Ehtisham and cols. studied the ethnic differences 
in insulin resistance and body composition in United 
Kingdom adolescents. They found that type 2 diabetes 
mellitus (T2DM) is increasingly recognized in child-

hood, occurring more frequently in the South Asians 

and in girls (4). All the above studies measured sur-
rogate markers of insulin resistance in childhood and 
demonstrated gender differences in insulin resistance. 
It has been argued that this gender difference in in-
sulin resistance may be due to differences in the en-
vironment and physical activity in childhood. Shields 
and cols. were the first to measure cord blood insulin 
and insulin-like molecules, thereby eliminating the ef-
fect of environment and physical activity on insulin re-
sistance. They demonstrated that cord blood insulin, 
total proinsulin and intact proinsulin concentrations 
were higher in girls despite being lighter than boys, in-
dicating intrinsic insulin resistance (5). The differences 
in cord blood insulin and C-peptide levels have not 
been studied in Indian newborns. Jammu and Kashmir 
has an ethnic population with relatively similar genetics 
and environment. Therefore, this study was designed 
to demonstrate the differences in cord plasma insulin 
and C-peptide levels in normal newborn Indian babies, 
born of normal parents. 
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SUBJECTS AND METHODS 

This study was conducted in a maternity hospital in 
Jammu province of Jammu and Kashmir, India. All 
women with pregnancy who got admitted for delivery 
were considered for inclusion in the study. Women with 
pregnancy who had no history of T2DM, hypertension, 
smoking, obesity, liver diseases or other chronic disea-
ses were followed till delivery. Exclusion of study sub-
jects was done on the basis of history, anthropometry, 
and review of investigations done during the antenatal 
period. All pregnant subjects had liver function tests, 
renal function tests, complete blood counts, oral gluco-
se tolerance test, ultrasonography for fetal well-being, 
tests for human immunodeficiency virus (HIV 1 and 
2), hepatitis B (HbsAg) and hepatitis C (anti-HCV) 
done as routine in antenatal care clinic. Only newborn 
subjects whose parents were non-diabetic, non-obese; 
who had no liver disease or other conditions related to 
insulin resistance syndrome were included in the study. 
All the babies born by normal vaginal delivery and who 
had normal birth weight (≥ 2500 g to < 4000 g) were 
included in the study.

Informed consent was obtained from all the parents 
of the newborns; the study was approved by institutio-
nal ethics committee and was carried out in accordance 
with the principles of the Declaration of Helsinki.

A 5-mL sample of cord blood of sixty babies born 
by normal vaginal delivery was collected immediately 
following delivery of the placenta. This was transferred 
to potassium EDTA tubes. The samples were centrifu-
ged and the plasma separated. The test for cord plasma 
insulin and C-peptide was done within 4 hours of the 
collection of samples using the electro-chemilumines-
cence immunoassay (ECLIA) on Roche elecsys module 
immunoassay analyzer. Weight of the babies was taken 
immediately after birth using digital scales.

The Statistical Package for Social Sciences (SPSS) 
version 21.0 was utilized to analyze the results. The 
independent student t was used to analyze the sample 
divided into two groups related to male and female ba-
bies. p-values < 0.05 were considered statistically sig-
nificant. Fifty percent (n = 30) of the sample was male 
and fifty percent (n = 30) was female.

RESULTS

Cord plasma from girls had higher concentrations of 
insulin (16.48 ± 4.88 vs. 10.53 ± 4.04 µU/mL; p = < 

0.001), and C-peptide (2.47 ± 0.66 vs. 0.834 ± 0.26 
ng/mL; p = < 0.001) than that of boys. Girls were 
lighter (2,830 ± 37 vs. 3,236 ± 46 g; p = < 0.001) than 
boys (Table 1). Gestational age had no correlation with 
weight of babies (r = -0.038, p = 0.077) or with insulin 
levels (r = -0.154, p = 0.240) or with C-peptide levels (r 
= -0.081, p = 0.537). Weight of babies was correlated 
with both insulin levels (r = 0.557, p = < 0.001) as well 
as C-peptide levels (r = 0.855, p = < 0.001) (Table 2).

Table 1. Comparison of gestational age, weight, cord plasma insulin and 
C-peptide between boys and girls (mean ± SD)

Parameters
(units)

Boys
(Mean ± SD)

Girls
(Mean ± SD) p value

Gestational age (weeks) 39.27 ± 1.68 39.00 ± 1.68 0.541

Weight (g) 3236 ± 46 2830 ± 37 < 0.001*

Insulin (µU/mL) 10.53 ± 4.04 16.48 ± 4.88 < 0.001*

C-Peptide (ng/mL) 0.83 ± 0.26 2.47 ± 0.66 < 0.001*

* p value < 0.05 statistically significant.

Table 2. Correlation between study parameters

Parameters Correlation
Coefficient#(r) p value

Gestational age vs. weight of babies -0.038 0.0772

Gestational age vs. C-peptide levels -0.081 0.537

Gestational age vs. insulin levels -0.0154 0.240

Weight (babies) vs. insulin levels 0.557 < 0.001*

Weight (babies) vs. C-peptide levels 0.855 < 0.001*

# Pearson correlation coefficient; * p value < 0.05 statistically significant.

DISCUSSION

This study provides data showing that normal newborn 
girls have higher insulin and C-peptide concentrations 
in cord plasma than newborn boys despite weighing less 
at birth. As insulin is a principal growth factor in utero 

(6,7), the higher insulin coupled with reduced growth 
in newborn girls suggests that girls are more insulin 
resistant in utero. Research has suggested that in chil-
dhood, girls are more insulin resistant than boys with 
higher insulin concentrations and have more adipose 
tissue at 5 years of age. Authors suggest that these dif-
ferences could not be explained by other known deter-
minants of insulin concentrations (3). Our finding that 
insulin and C-peptide in cord blood are higher in girls 
is consistent with an intrinsic difference between the 
sexes, which is unlikely to be determined by environ-
mental factors. Our results also demonstrate that this 
phenotype of higher insulin resistance in girls is present 
right from birth. 
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As girls are born smaller (lighter and shorter) (3), 
with greater skinfold thickness (8), and in the presen-
ce of higher insulin concentrations than boys, they are 
intrinsically more insulin resistant because the increase 
in cord plasma insulin is not associated with augmen-
ted growth. Similar difference was seen between Indian 
and United Kingdom babies, where Indian babies were 
smaller with more adipose tissue and had higher plas-
ma insulin concentrations (8). North American youth 
(10-19 years) with T2DM were obese and had a family 
history of T2DM, and were more likely to be girls than 
boys (9). Sex-linked genes may account for the intrinsic 

gender difference observed. These genes may have an 
important impact on the development of insulin resis-
tance and the disorders associated with it, like T2DM 
and metabolic syndrome. This may also help to explain 
the occurrence of sex-linked polycystic ovary syndrome 
and female preponderance of T2DM in children (2,9). 
Much research is need in this area to identify genes res-
ponsible for gender differences in insulin resistance. 

The strength of our study is uniform ethnic study co-
hort. Another strength is inclusion of only normal preg-
nant ladies, who had no previously known medical con-
dition or detected during antenatal period, in this study. 
Furthermore, we included only babies who had no de-
tected medical condition intranatally or postnatally, so 
as to exclude any influence on insulin levels. One of the 
limitations of our study is the measurement of plasma 
insulin and C-peptide levels as markers of insulin resis-
tance, which are only surrogate markers of insulin resis-
tance. Another limitation is the lack of information on 
the C-peptide levels or other measurements that could 
suggest insulin resistance in the mothers of these babies. 

CONCLUSION

This study provides evidence from cord plasma insulin 
and C-peptide measurements that girls are intrinsically 

more insulin resistant than boys at birth. As insulin re-
sistance is one of the pathophysiology for many com-
mon disorders including T2DM and polycystic ovary 
syndrome, much research is needed in this area to look 
for the genetic cause(s) of insulin resistance in newborn 
female babies.
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ABSTRACT
Although it is a rare condition, the accurate diagnosis and treatment of Cushing’s disease is important 
due to its higher morbidity and mortality compared to the general population, which is attributed to 
cardiovascular diseases, diabetes mellitus and infections. Screening for hypercortisolism is recom-
mended for patients who present multiple and progressive clinical signs and symptoms, especially 
those who are considered to be more specific to Cushing’s syndrome, abnormal findings relative to 
age (e.g., spinal osteoporosis and high blood pressure in young patients), weight gain associated 
with reduced growth rate in the pediatric population and for those with adrenal incidentalomas. 
Routine screening is not recommended for other groups of patients, such as those with obesity or 
diabetes mellitus. Magnetic resonance imaging (MRI) of the pituitary, the corticotropin-releasing hor-
mone (CRH) test and the high-dose dexamethasone suppression test are the main tests for the differ-
ential diagnosis of ACTH-dependent Cushing’s syndrome. Bilateral and simultaneous petrosal sinus 
sampling is the gold standard method and is performed when the triad of initial tests is inconclusive, 
doubtful or conflicting. The aim of this article is to provide information on the early detection and 
establishment of a proper diagnosis of Cushing’s disease, recommending follow-up of these patients 
at experienced referral centers. Arch Endocrinol Metab. 2016;60(3):267-86

Keywords
Cushing’s disease; Cushing’s syndrome; diagnosis

INTRODUCTION

E ndogenous Cushing’s syndrome can be defined as a condition resulting from 
prolonged and inappropriate exposure to excessive amounts of cortisol, partial 

loss of the normal counter-regulation of the hypothalamic-pituitary-adrenal axis and 
loss of circadian rhythm in cortisol secretion (1). 

Cushing’s disease (CD) is a rare clinical condition that is due to ACTH-producing 
pituitary adenoma, and it is the most common etiology of endogenous Cushing’s 
syndrome after 6 yrs of age (~70%) (2).

CD has an estimated incidence of 2-3 cases per 1.000.000 inhabitants/year and a 
prevalence of approximately 40 cases per 1.000.000 inhabitants (3), occurring mainly 
in women (3-8: 1) (3,4). It can affect individuals at any age, but it is most prevalent 
in the second and third decades of life and is mostly (~80-90%) caused by pituitary 
tumors with a diameter less than 10 mm (microadenomas) (5-7). 

ACTH-secreting pituitary adenomas are sporadic tumors in the vast majority of 
cases, but they can rarely be part of genetic conditions such as multiple endocrine 
neoplasia type 1 (NEM1), multiple endocrine neoplasia type 4 (NEM4) and fami-
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lial isolated pituitary adenoma (FIPA) (8). Other less 
common etiologies of endogenous Cushing’s syndro-
me include ectopic ACTH secretion (EAS ~10%), adre-
nal adenomas and carcinomas and, more rarely, adrenal 
primary macronodular adrenal hyperplasia (PMAH) or 
primary pigmented nodular adrenal disease (PPNAD) 
(Table 1). In children under 5 years of age, adrenal cau-
ses (ACTH-independent: adrenal adenoma and carci-
noma) are the most common, whereas bilateral adrenal 
hyperplasia due to McCune-Albright syndrome is the 
most common cause in the first year of life. CD is the 
most prevalent etiology (75%) in patients older than 7 
years (2). 

culty in identifying patients with a subtler clinical pic-
ture, which delays the diagnosis of Cushing’s syndrome 
and its etiology. Some studies have shown that this time 
can vary from 2-5 years from the initial consultation 
to the end of investigation (9,22-25), and the longer 
exposure to hypercortisolism has been proved to be an 
independent factor associated with higher mortality in 
patients with Cushing’s syndrome (17). 

Thus, to improve the prognosis of patients with 
Cushing’s syndrome and to enhance the reversibility of 
comorbidities, an early recognition of the disease and 
the reversal of hypercortisolism to eucortisolism are 
essential. Eventually, very severe hypercortisolism may 
present as a medical emergency with very high morta-
lity if not promptly treated. The diagnosis of these pa-
tients must be made expeditiously, and treatment must 
be started immediately (1).

The aim of this article is to provide information 
on the early detection and establishment of a proper 
diagnosis of CD. We recommend monitoring these 
patients in centers with experienced multidisciplinary 
teams (endocrinologists, neurosurgeons, radiologists, 
radio-interventionists) to establish the diagnosis, to 
indicate the best treatment and to conduct follow-ups 
of these patients.

DIAGNOSIS OF ENDOGENOUS CUSHING’S SYNDROME

Who should we investigate for Cushing’s 
syndrome? 

The classic clinical features of Cushing’s syndrome con-
sist of weight gain causing overweight or obesity with 
an abdominal and truncal distribution, fatigue, mens-
trual abnormalities such as oligomenorrhea or ame-
norrhea, reduced libido and/or erectile dysfunction, 
decreased growth rate associated with weight gain in 
children, and psychiatric disturbances including depres-
sion, decreased concentration and memory, irritability 
and insomnia. 

Physical examinations can show a wide variability of 
features related to Cushing’s syndrome, ranging from 
subtle to overt features. In patients who present with 
overt Cushing’s syndrome, we can observe pletho-
ric round face (“moon face”), dorsal hump (“buffalo 
hump”), filled supraclavicular fossa, skin atrophy, acne, 
hirsutism, hair loss, and peripheral edema. In children, 
a short stature, abnormal virilization, pubertal delay or 
pseudo precocious puberty may be observed. Moreo-
ver, there are common comorbidities in clinical prac-

Table 1. Etiologies of endogenous Cushing’s syndrome

Cushing’s syndrome etiology* Prevalence**

ACTH-dependent Cushing’s syndrome 80%

Cushing’s disease 70%

Ectopic ACTH syndrome 10%

Ectopic CRH secretion < 1%

Carcinoma corticotropic Rare

Ectopic CRH/ACTH secretion Rare

ACTH-independent Cushing’s syndrome 20%

Adrenal adenoma 10%

Adrenal carcinoma 5%

Primary macronodular adrenal hyperplasia (PMAH) < 2%

Primary pigmented nodular adrenocortical disease (PPNAD) < 2%

McCune-Albright syndrome Rare

Ectopic cortisol secretion Rare

Cortisol hypersensitivity Rare

* References: 4,49,117,182; ** Prevalence in adult patients. 

Patients with Cushing’s syndrome have a higher 
mortality than the general population (9-21), mainly 
due to the development of cardiovascular disease (is-
chemic heart disease and cerebrovascular disease), dia-
betes mellitus (secondary to hypercortisolism) and in-
fections (due to the state of immunosuppression). 

A meta-analysis showed a standardized mortality 
ratio (SMR) of 2.22 (1.45-3.41; confidence interval 
95%) (15), which varied between studies from 0.98 
(0.44-2.18) (10) to 4.80 (2.79 to 8.27) (15). Howe-
ver, when analyzing the mortality rate in relation to the 
remission of Cushing’s syndrome, there was a higher 
mortality rate in patients with persistent disease compa-
red to those in clinical remission: 5.50 (2.69-11.26) vs. 
1.20 (0.45-3.18), respectively (15). 

Another factor that contributes to the onset and 
progression of the associated comorbidities is the diffi-
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tice, such as hypertension, diabetes mellitus, nephro-
lithiasis, osteopenia or osteoporosis, hypokalemia, and 
unusual fungal infections. However, all of these signs, 
symptoms and morbidities are non-specific, as they 
may be present in metabolic syndrome, severe diabetes 
mellitus, polycystic ovary syndrome, grade III obesi-
ty, depression and chronic alcoholism (26). Thus, it is 
important to look for more specific signs of Cushing’s 
syndrome, such as facial plethora, proximal muscle 
weakness, large (> 1 cm) and reddish/violet skin striae 
and spontaneous ecchymosis in patients presenting 
weight gain (27,28) (Table 2). 

such as small cell lung carcinoma, may have an atypical 
clinical presentation, with a predomination of con-
sumptive state (35%), higher frequency of hypokalemia 
(> 70%), hyperpigmentation, osteopenia/osteoporosis 
and metabolic disorders, such as glucose intolerance 
(29). 

Thus, it is recommended to investigate Cushing’s 
syndrome in patients who have multiple and progressive 
signs and symptoms, especially those considered more 
specific, such as the presence of spinal osteoporosis and 
hypertension, weight gain in children coupled with a 
reduction in growth, and the finding of adrenal inci-
dentalomas. Routine investigation is not otherwise re-
commended for other groups of patients, such as those 
with isolated obesity or hirsutism (27,30,31) (Table 3). 

Table 2. Prevalence of symptoms, signs and morbidities of Cushing’s 
syndrome 

Symptoms, signs and morbidities* Prevalence %

Weight gain or obesity/abdominal obesity 95

Facial plethora 90

Facial fullness 90

Decreased libido/erectile dysfunction 90

Thin skin 85

Menstrual abnormalities/amenorrhea 80

Decreasing growth velocity** 70-80

Arterial hypertension 75

Hirsutism 75

Depression/emotional lability 70

Dyslipidemia 70

Striae (especially if red or purple and more than 10 mm wide) 70-90

Dorsocervical fat pad/supraclavicular fullness 50-70

Easy bruising 65

Impaired glucose-tolerance/diabetes mellitus 60

Proximal myopathy/weakness 60

Osteopenia or osteoporosis/fracture 50

Kidney stones 50

Exophthalmos 45

Polyuria  30

Headache 20-50

Back pain 20-50

Peripheral edema 20-50

Unusual infections/fungal infections 20-50

Hypokalemia 10-70

Acne < 20

Alopecia/female balding < 20

Hyperpigmentation 10

* References: 1,27,49,119,183,184; ** Prevalence in pediatric patients (184).

In contrast, patients suffering from Cushing’s syn-
drome due to EAS, particularly those with malignancies 

Table 3. Recommendations for Cushing’s syndrome screening

Cushing’s syndrome screening*

Presence of multiple and progressive features, especially those more specific 
to Cushing’s**

Unusual features for age (vertebral osteoporosis, arterial hypertension)

Pediatric patients with decreasing growth velocity/short stature and weight 
gain

Adrenal incidentaloma

We do not recommend widespread screening for Cushing’s syndrome in other 
clinical situations (e.g., obesity, diabetes mellitus, hirsutism) without the 
presence of more specific features of hypercortisolism 

* References: 27,30,31; ** Easy bruising, facial plethora, proximal myopathy/weakness, striae 
(especially if red or purple and more than 1 cm wide).

However, several studies have been devoted to in-
vestigating hypercortisolism in groups of patients con-
sidered at risk or in whom the prevalence of Cushing’s 
syndrome may be greater than expected. The at-risk 
conditions often highlighted are secondary hyperten-
sion, in which the prevalence of Cushing’s syndrome 
has been reported to be approximately 0.5-1% of ca-
ses, adrenal incidentalomas (6-9%) and unexplained os-
teoporosis with vertebral fracture (11%) (32,33). 

However, the most studied risk condition is diabe-
tes mellitus, which was found to have a prevalence of 
0.8% (0-3.3%) in a group of 2,381 diabetic patients 
from 12 studies (34-45). Striking Cushing’s features 
have not been described in diabetic patients with an 
HbA1c between 8.4-12.2% associated with hyperten-
sion and overweight/obesity (BMI between 25.4-
34.5 kg/m2). Additionally, other factors such as the 
lack of knowledge of the natural history of this “oc-
cult” Cushing’s syndrome and questions regarding the 
best therapeutic strategy (identification and treatment 
of Cushing’s syndrome vs. treatment of diabetes melli-
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tus) preclude a recommendation for routine screening 
of Cushing’s syndrome in patients with diabetes melli-
tus (46).

Finally, although there is no indication of the need 
to screen for Cushing’s syndrome in either overweight 
or obesity patients without other suggestive features 
(27-30), one study showed a prevalence of 0.8% of 
Cushing’s syndrome in 783 obese preoperative patients 
undergoing bariatric surgery (47). Interestingly, obese 
patients usually show a normal circadian rhythm of sa-
livary cortisol (48). 

First-line tests 

After clinical suspicion and thorough exhaustive 
exclusion of exogenous sources of glucocorticoids 
of any kind, such as oral, injected, topical or inhaled 
steroids, the diagnosis of Cushing’s syndrome has 
two sequential steps. The first step consists of tests to 
confirm hypercortisolism associated with loss of normal 
circadian rhythm of cortisol secretion and the relative 
autonomy of cortisol production, independent of the 
etiology of Cushing’s syndrome. It is noteworthy that 
at least two distinct methods must be abnormal to 
diagnose Cushing’s syndrome. Altered findings from 
only one method may be present in cases of pseudo-
Cushing’s. 

In a subsequent step, which is usually performed 
at referral centers, the establishment of the differen-
tial diagnosis of ACTH-dependent or independent 
Cushing’s syndrome should be conducted (49). 

The diagnosis of Cushing’s syndrome is very much 
dependent on cortisol tests, which vary substantially 
depending on the utilized assay. Therefore, clinicians 
involved in this diagnosis should be aware of their ins-
titutional assays before adhering to the strict cut-offs 
suggested by the literature.

Low-dose dexamethasone suppression test 

The low-dose dexamethasone suppression test 
(LDT) constitutes one of the main methods used for 
screening, and it evaluates for a lack of negative feedback 
of cortisol on the hypothalamic-pituitary-adrenal axis. 
This test should be performed after an overnight 
oral intake (between 11:00 pm and 12:00 am) of  
1 mg dexamethasone, and blood collection for 
measurement of serum cortisol should occur in the 
subsequent morning between 8:00 am and 9:00 am. 
Cortisol values above 1.8 μg/dL (50 nmol/L) are 
considered abnormal, with a sensitivity higher than 
95% and an 80% specificity (27) (Table 4). 

Previously, the cutoff value was higher than 5 μg/dL 
(140 nmol/L), which is still currently used by some au-
thors in some specific clinical situations (e.g., adrenal inci-
dentalomas). However, although this criterion increases 
the specificity of the method (50), the present approach 
is more adequate and sensitive because it is known that 
18% of patients with Cushing’s syndrome have sup-
pressed values below 5 μg/dL, and up to 8% of patients 
with Cushing’s syndrome have suppressed serum cortisol 
below 1.8 μg/dL with 1 mg dexamethasone (51). 

Table 4. Laboratory methods for Cushing’s syndrome diagnosis

Method Reference value Sensitivity % Specificity %

First-line methods

Low-dose dexamethasone suppression test - 1 mg overnight (serum cortisol) (27) > 1.8 µg/dL > 95 80

Longer low-dose dexamethasone suppression test - 2 mg/day for 48 h – 0.5 mg 6/6 h (serum 
cortisol) (68)*

> 1.8 µg/dL 92-100 92-100

Late night salivary cortisol (µg/dL or ng/dL or mmol/L) (56) > 2X ULNR 88-100 82-100

Urinary free cortisol 24 h (µg/24 h) (68) > 3-4X ULNR 90-98 45-95

Other methods (second-line)

Late-night serum cortisol (patient awake) (78) > 7.5 µg/dL 96 100

Ovine CRH after longer low-dose dexamethasone suppression test (serum cortisol) (81-84) > 1.4 µg/dL (15’) < 100 < 100

Human CRH test (plasma ACTH, pg/mL; serum cortisol, µg/dL) (86) Peak > 54 pg/mL 
and > 12 µg/dL 

(baseline) 

91.3 98.2

Desmopressin test (plasma ACTH, pg/mL; serum cortisol, µg/dL) (90) ∆ > 18 pg/mL and > 
12 µg/dL (baseline)

86.6-100 92.8

∆: delta: peak less baseline value; ULNR: upper limit of normal range; * Meta-analysis showed a similar or lower accuracy than that of the low-dose dexamethasone suppression test (1 mg overnight) 
(54); serum cortisol: μg/dL; to nmol/L, multiply by 27.59; ACTH: pg/mL; to pmol/L, multiply by 0.2202; urinary cortisol: μg/24 h; to nmol/24 h, multiply by 2.759.
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False positives can occur in states of hyperactiva-
tion of the hypothalamic-pituitary adrenal axis (pseu-
do-Cushing’s state, such as depression and alcoholism) 
and in conditions increasing cortisol-binding globulin 
(CBG) such as estrogen treatment, which accounts for 
up to 50% of the false positives and requires interrup-
tion for at least 6 weeks before the test. Other false 
positive results may occur due to pregnancy, mitotane 
use, malabsorption of medication or conditions that 
increase the metabolism of dexamethasone due to acti-
vation of the enzyme CYP3A4 (phenytoin, phenobar-
bital, rifampin, carbamazepine, pioglitazone, topirama-
te etc.) (Table 5). False negatives can occur in “mild” 
Cushing’s syndrome and with the use of drugs that re-
duce the action of the enzyme CYP3A4 (fluoxetine, ci-
metidine, itraconazole, ritonavir, diltiazem, and amio-
darone, among others). Moreover, even drugs that are 
not traditionally known for changes in the metabolism 
of dexamethasone may do so as a result of an interac-
tion with other drugs. A complete list of medications 
can be found on the following site: http://medicine.
iupui.edu/flockhart/table.htm. 

Likewise, a recent study assessing the influence of 
the use of several concomitant medications on oCRH 
stimulation after longer low-dose dexamethasone sup-
pression tests confirmed a low accuracy of the method 
in patients receiving those medications (52). 

As a result, serum dexamethasone concentrations 
(1 mg overnight: > 140-220 ng/mL) (27,30) that are 
measured at the same time as serum cortisol can rule 
out possible confounding factors, increasing the reli-
ability of the method. However, the measurement of 
dexamethasone is rarely available in our country. 

There is no evidence that the use of higher doses of 
overnight dexamethasone (1.5 or 2 mg) increases the 
accuracy of the method. Furthermore, the same pro-
cedure used in the adult population has been applied 
to pediatric populations, with the only change being a 
dose adjustment (15-20 µg/kg) for patients weighing 
less than 40 kg (2,53). 

Alternatively, some authors prefer a low-dose dexa-
methasone test using fractionated doses rather than  
1 mg overnight to increase the specificity of the meth-
od in states of hyperactivation of the hypothalamic-pi-
tuitary-adrenal axis, such as depression, alcoholism or 
even uncontrolled diabetes mellitus. In such cases, 0.5 
mg of dexamethasone is administered every 6 hours for 
two days (8 doses), most commonly beginning with the 
first dose on the first day at 9:00 am and the last dose 

Table 5. Drugs that may interfere with the evaluation of dexamethasone 
suppression tests

Drugs that accelerate dexamethasone metabolism – induction of CYP 
3A4 – potential false positive LDT

Carbamazepine

Ethosuximide

Phenytoin

Phenobarbital 

Pioglitazone

Primidone

Rifampicin 

Rifapentine

Drugs that impair dexamethasone metabolism – inhibition of CYP 3A4 
– potential false negative LDT

Amiodarone

Aprepitant/fosaprepitant

Cimetidine

Ciprofloxacin/norfloxacin

Diltiazem

Fluoxetine

Itraconazole/fluconazole

Ritonavir/indinavir/nelfinavir

LDT: low-dose dexamethasone suppression test. Reference: 27. More complete data available 
on the following site: http://medicine.iupui.edu/flockhart/table.htm.

occurring at 3:00 am on the last day (6 hours before 
blood collection at 9:00 am) or with the first dose at 
lunch (12:00 pm) on the first day and the last dose at 
6:00 am on the last day (two hours before cortisol col-
lection). Conceived by Liddle in the 1960s and using 
cortisol metabolite in the urine (17OHCS), the same 
criterion of a serum cortisol response > 1.8 µg/dL is 
currently adopted. The non-fractionated 1 mg test is 
preferable to the 48-h fractionated one because the 
latter is labor intensive and more error-prone and has 
shown a diagnostic accuracy slightly lower than that of 
the overnight test in an important meta-analysis (54). 

Thus, rather than choosing the form of dexametha-
sone administration, it is important to emphasize that 
at this stage of diagnosis, a greater sensitivity of the me-
thods should be prioritized and, especially in cases of 
mild Cushing’s, the complementarity and agreement 
of different methods will confirm the diagnosis, as just 
one abnormal result does not confirm the diagnosis of 
the syndrome. 

Late-night salivary cortisol 

Late-night salivary cortisol is an important method 
in the diagnostic evaluation of Cushing’s syndrome.  
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It should be ordered whenever available, especially in 
centers with an established methodology and cutoff 
values that have been   studied in different populations 
(normal, obese/pseudo-Cushing’s and Cushing’s syn-
drome), with a sensitivity of 88-100% and specificity of 
82-100% (55,56) for adults, and of 95.2 and 100%, res-
pectively, for children (53). 

 An above normal value on this test reflects the 
lack of a normal circadian rhythm of cortisol secretion, 
which is considered one of the first events to occur in 
Cushing’s syndrome. Therefore, some authors have ad-
vocated using this test as a first method of screening 
(33,56-58). 

In a study of 11 cases of mild Cushing’s that had a 
difficult diagnosis, the measurement of late-night sali-
vary cortisol proved to be persistently altered in most 
patients, while most of the urinary cortisol samples re-
mained within the normal range (59). Another recent 
study found a higher diagnostic accuracy of nocturnal 
salivary cortisol when compared to urinary cortisol in 
52 patients with Cushing’s syndrome (60). 

Salivary cortisol is an analysis method that assesses 
free cortisol, in dynamic equilibrium with serum 
cortisol, reflecting a percentage of total serum cortisol 
(65%), and it is not influenced by saliva flow (61). 
There are several advantages of this method, such as 
the non-invasiveness of its collection and the sample 
stability at room temperature (either one week at room 
temperature or a few weeks if refrigerated). 

Salivary cortisol can be collected in two ways: pas-
sive collection (best for small children) or through a 
commercial collector (Salivette®) between 11:00 pm 
and 12:00 am. It is recommended to collect at least two 
samples on consecutive or alternate days (62). Salivary 
cortisol concentrations are commonly determined by 
radioimmunoassay, ELISA, and automated electroche-
miluminescence (62,63); more recently, liquid chro-
matography/mass spectrometry has also been utilized 
(30,64-66). 

It must be emphasized that a significant conversion 
of cortisol to cortisone occurs in the salivary glands by 
the action of 11β-hydroxysteroid dehydrogenase II en-
zyme (11β-HSD2), leading to a higher concentration 
of cortisone than cortisol in the saliva. This fact could 
explain the finding of the same (92%) or even lower 
(74.5%) sensitivity with equal specificity (90-92%) 
of salivary cortisol by liquid chromatography/mass 
spectrometry (LC-MS/MS) in diagnosing Cushing’s 
syndrome (64-65) compared with the sensitivity and 

specificity of conventional immunoassays using anticor-
tisol antibodies, showing cross-reactivity with cortisone 
(55,67). The use of LC-MS/MS can be particularly 
useful in cases of saliva contamination with synthetic 
steroids (67). 

Because different studies have used different cutoff 
values   with different methods, there is no cutoff value 
for salivary cortisol that can be widely recommended, 
unlike the interpretation of serum cortisol after low-do-
se dexamethasone. Late-night salivary cortisol values   
more than twice the upper limit have been found to 
increase the specificity of the method in diagnosing 
hypercortisolism (67). A review found a mean late-ni-
ght salivary cortisol level of 250 ± 104 ng/dL (130-
415 ng/dL) in patients with Cushing’s syndrome (68). 

As with any method, false negatives and most es-
pecially false positives can occur in individuals with an 
altered sleep-wake cycle, psychiatric disorders, uncon-
trolled diabetes mellitus, and oral/gum disease (blood 
contamination) and in the elderly (27,37,55); addi-
tionally, extremely high results can be due to conta-
mination with corticosteroids in skin creams (57). In 
addition, it is recommended not to smoke 24 h before 
collection due to glycyrrhizic acid (derived from lico-
rice), which inhibits the 11β-HSD2 salivary enzyme. 

Finally, there have been studies on using morning 
salivary cortisol levels after an overnight ingestion of  
1 mg dexamethasone rather than a traditional serum 
cortisol test (37,69,70). Given the ease, convenience 
and noninvasive method of its collection, this may be 
an alternative to initial screening as it easily compri-
ses two screening methods (late-night salivary cortisol 
from the previous night and subsequent salivary corti-
sol after dexamethasone suppression). However, to im-
plement a method of salivary cortisol after dexametha-
sone suppression, the cross-reactivity of dexamethasone 
and salivary cortisol should be first ruled out for the 
chosen assay.

24-h urinary cortisol

The measurement of free cortisol in 24-h urine samples 
(24-h UFC) as well as serum cortisol suppression tests 
after low-dose dexamethasone are the traditional diag-
nostic methods used for the diagnosis and monitoring 
of patients with Cushing’s syndrome. The 24-h UFC 
measurement reflects the integrated daily production of 
cortisol, which is almost always elevated in hypercorti-
solism. 
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At least two samples of 24-h UFC, consecutive or 
alternate, must be requested to exclude false negatives 
due to variations in cortisol secretion, and 24-h UFC 
should always be evaluated together with a 24-h creati-
nine ratio to confirm the adequacy of the sample. 

One study found at least one normal sample of 24-h 
UFC out of four samples in 11% of patients with hyper-
cortisolism (71), and other recent studies have shown 
a variation of 31-52% in urinary cortisol concentrations 
in 3-4 samples obtained from the same patients at diag-
nosis (60,72). Each sample must be collected for 24 h, 
discarding the first urine sample and including the first 
urine of the morning the subsequent day. The sample 
must be kept refrigerated until it is delivered to the 
laboratory. 

False positives can occur in states of pseudo-
Cushing’s, such as depression, alcoholism, obesity, 
pregnancy, and polyuria (example: patients with dia-
betes insipidus), by the interference of certain drugs 
(carbamazepine, fenofibrate, digoxin, some synthetic 
corticosteroids) and other substances that inhibit the 
11β-HSD2 enzyme (licorice, carbenoxolone). How-
ever, in these cases, the 24-h UFC concentrations are 
usually less than 1.5-2 times above the upper limit 
of the method. False negatives may occur in patients 
with renal insufficiency (creatinine clearance less than  
60 mL/minute), mainly due to an inadequate collec-
tion of urine (27). 

In addition, slightly elevated or normal samples also 
occur in mild Cushing’s syndrome, adrenal incidentalo-
mas, cyclic Cushing’s syndrome and ACTH-secreting 
macroadenomas. Currently, considering the data from 
the three first-line methods, urinary cortisol has been 
less valued than the others as a screening test for the di-
agnosis of Cushing’s syndrome (67,73). Likely, a slight 
increase in cortisol production in the circadian nadir 
may not be detected as an increase in 24-h UFC. Nev-
ertheless, it remains an important method when used in 
combination with other diagnostic methods, although 
it is especially valued and more specific when the ob-
served result is 3-4 times greater than the upper limit 
of the method. 

It is noteworthy to mention that the same reference 
values for adults can be used in children over 45 kg, 
with a sensitivity of approximately 89% (74,75). 

In general, 24-h UFC does not experience inter-
ference from conditions that increase corticosteroid-
binding globulin (CBG). There are several methods 
used to measure 24-h UFC, in particular immunoas-

says with upper limits of approximately 90-120 µg/24 h.  
Recently, and similarly to other steroids, more specific 
methods have been used, such as high performance liq-
uid chromatography (HPLC) and mass spectrometry, 
with upper limits typically ranging from approximately 
40 to 60 µg/24 h. One study showed differences in the 
value of 24-h UFC in relation to gender, with slightly 
higher values in women (76), while other studies have 
found the opposite (77). 

Additional tests or second-line tests

Second-line tests are indicated when diagnostic uncer-
tainty persists after the completion of first-line tests. 
This is particularly true for cases of mild Cushing’s syn-
drome in which the complementarity and correlation of 
different methods is necessary for a confirmed diagnosis 
of hypercortisolism (54).

Late-night serum cortisol 

Although it is an older method and has the same ra-
tionale as the nocturnal salivary cortisol test, late-night 
serum cortisol is considered a second-line examination 
because it requires the hospitalization of the patient for 
sample collection at least 48 hours after admission, bet-
ween 11:00 pm and 12:00 am. 

Several studies have analyzed this method, but with 
different control groups, different collection methods 
(patient asleep or awake) and with different cutoff val-
ues. The most commonly used cutoff value in the lit-
erature originates from a 1998 study indicating that a 
cortisol value higher than 7.5 µg/dL is suggestive of 
Cushing’s syndrome (patient at rest, but awake) with 
96% sensitivity and 100% specificity (78). 

A previous study performed collection in sleeping 
patients (with previously installed venous access) 
and found a cortisol value higher than 1.8 µg/dL as 
suggestive of Cushing’s syndrome with 100% sensitivity 
(79). However, because collection is not always easy in 
a sleeping patient and the cutoff was very low, other 
studies have not replicated these data with enough 
specificity (80). Due to the increased availability and 
the advantages of late-night salivary cortisol over late-
night serum cortisol, the latter is currently seldom used. 

Alternatively, and with the same goal, serum cortisol 
at 4:00 pm has also been analyzed. However, there is 
a substantial overlap in cortisol values between patients 
with or without Cushing’s syndrome, preventing an ac-
curate interpretation of the serum cortisol collected at 
this time point. 
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Ovine CRH stimulation after longer low-dose 
dexamethasone suppression test

Also known as the Yanovski test, the ovine CRH test 
was published in 1993 (81). It is still considered by 
some authors as the best method for the differential 
diagnosis between Cushing’s syndrome and states of 
pseudo-Cushing’s. It is performed with 0.5 mg dexa-
methasone suppression for two days (8 doses) with the 
last dose at 6:00 am. Then, after two hours, there is 
an IV infusion of 1 µg/kg or 100 µg of ovine CRH 
(oCRH). A serum cortisol value higher than 1.4 µg/dL 
(absolute value) after 15 minutes is considered positive 
and suggestive of Cushing’s syndrome. In the original 
publication, this method showed 100% accuracy, an ex-
ceptional result, although this has not been reproduced 
by others (52,82-84). Furthermore, due to the high 
cost and unavailability of ovine CRH, its use is currently 
limited. Therefore, we do not recommend this poorly 
characterized, expensive and complex test.

Human CRH test

Traditionally used for the differential diagnosis of 
ACTH-dependent Cushing’s syndrome (85), the hu-
man CRH (hCRH) test was studied in 2009 to differen-
tiate Cushing’s syndrome from states of pseudo-Cush-
ing’s (86). Using statistical analysis to obtain maximum 
accuracy, the best criterion found has been a serum cor-
tisol value higher than 12 µg/dL at baseline (absolute 
value, mean time -15 and 0 min) and peak ACTH high-
er than 54 pg/mL (absolute value) after a 100 µg IV 
infusion of hCRH, with a sensitivity of 91.3% and speci-
ficity of 98.2% for CD, which was better than both first-
line methods and nocturnal serum cortisol. Howe ver, 
as with oCRH, due to the high cost and unavailability 
of the product in Brazil, its use is still currently limited.

Desmopressin test

Desmopressin has been used for the differential diag-
nosis of ACTH-dependent Cushing’s syndrome since 
1993 (87). Moreover, it has also been studied with the 
aim of differentiating Cushing’s syndrome from states 
of pseudo-Cushing’s (88). 

However, as of 2000, the desmopressin test (10 µg 
IV) showed no significant accuracy in ruling out pseu-
do-Cushing’s states due to a frequent response (> 50%) 
in normal subjects when using percentage increases in 
both ACTH and cortisol as the response criteria (89). 
In 2007, a study showed equal accuracy between the 

desmopressin and Yanovski test, but it used the criteria 
of an ACTH ∆ > 27 pg/mL after desmopressin (84 vs. 
85%, respectively) (50). 

Similar to the hCRH test previously reported (86), 
the same group published a new reassessment of the 
desmopressin test after an intensive statistical analysis 
in 2010, finding new response criteria: serum cortisol 
higher than 12 µg/dL at baseline (mean between -15 
and 0 min) and an ACTH increase of > 18 pg/mL 
(peak until 30 min minus the baseline value). Using this 
criteria, a sensitivity of 86.6-100% and a specificity of 
92.8% was found, higher than that of the previous cri-
teria of ∆ > 27 pg/mL and again better than the use of 
increase-percentage values in both ACTH and cortisol. 
Importantly, this study provided a differential diagnosis 
of mild Cushing’s syndrome vs. pseudo-Cushing’s, pro-
viding an advantage when compared to first-line me-
thods and the late-night serum cortisol test (90). 

In 2011, one study compared the hCRH with the 
desmopressin test using the new criteria and verified 
the identical and excellent performance of both tests in 
the differential diagnosis of ACTH-dependent Cush-
ing’s syndrome and states of pseudo-Cushing’s, with 
a 96.6% sensitivity and 100% specificity for both tests 
(91), results even better than both first-line methods 
and nocturnal serum cortisol. 

Finally, a recent study in patients with CD (n = 68) 
and patients with pseudo-Cushing’s (n = 56) demon-
strated by ROC curves the use of a peak ACTH value of 
71.8 pg/mL after desmopressin, showing a 94.6% spec-
ificity, 90.8% sensitivity, 89.8% negative predictive value 
(NPV) and 95.3% positive predictive value (PPV) for 
the diagnosis of CD. In the same study, an increase of 
ACTH equal to or greater than 37 pg/mL after desmo-
pressin showed 88% sensitivity, 96.4% specificity, 87% 
NPV and 95.3% PPV also for the diagnosis of CD (92). 

Therefore, the desmopressin test seems to be a 
good method for the differential diagnosis of ACTH-
dependent Cushing’s syndrome and states of pseudo-
Cushing’s. Due to the greater availability and lower 
cost of desmopressin, it should be further studied. 

Special situations 

Pregnancy

The diagnosis of Cushing’s syndrome, though rarely 
concomitant with pregnancy (93,94), presents unique 
difficulties. Adrenal adenoma is the most common etio-
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logy, accounting for 46% of Cushing’s syndrome cases 
in pregnancy (93,94). It is also occasionally a cause of 
pseudo-Cushing’s (95,96). 

False positive results commonly occur with low-dose 
dexamethasone suppression tests in pregnancy due to a 
secondary CBG increase related to estrogen levels during 
pregnancy as well as the attenuation of axis suppression 
in pregnancy (93,94). Regarding 24-h UFC, although 
not influenced by CBG increase, an important physio-
logical increase in urinary cortisol concentrations in the 
second and third trimesters has been shown, which can 
reach up to three times the upper limit of the method 
(97). Thus, only concentrations higher than 3-4 times 
the upper limit of the method can be useful for diagnosis. 

Typically, the circadian rhythm of cortisol secretion 
is maintained during gestation and should theoretically 
be explored for diagnosis. However, there are no speci-
fic studies that define cutoff values for late-night serum 
cortisol during pregnancy, and there are only two stu-
dies that assess late-night salivary cortisol with a small 
group of pregnant women (98,99). Therefore, studies 
are needed to validate this method in pregnant women. 
There are also no specific data on the use of CRH or 
desmopressin in this population. 

Epilepsy

In the subgroup of individuals with epilepsy, the best 
methods are late-night salivary/serum cortisol and 
24-h UFC. Cortisol suppression tests with low-dose 
dexamethasone should be avoided due to an interfe-
rence with dexamethasone metabolism by antiepileptic 
medications such as phenytoin, phenobarbital and car-
bamazepine, among others. In addition, carbamazepi-
ne metabolites can cause false positives results in 24-h 
UFC when analyzed by HPLC. One way to improve 
this accuracy is a concomitant dosage of serum dexa-
methasone, which should be higher than 140-220 ng/dL 
after 1 mg overnight intake (27,30), although its avai-
lability is limited.

Renal insufficiency

Traditionally, 24-h UFC should not be used for patients 
with renal insufficiency due to their decreased renal ex-
cretion with a reduced creatinine clearance of less than 
60 ml/min. In this subgroup of patients, late-night sali-
vary cortisol or late-night serum cortisol should be used 
instead (100). A low-dose dexamethasone suppression 
test can be used with the same cutoff value of 1.8 µg/dL. 

However, with progressed reduction in creatinine clear-
ance, there is a decreased excretion of dexamethasone, 
which may then lead to false negative results. 

Cyclical Cushing’s syndrome

The assessment of cyclical Cushing’s syndrome is a ma-
jor diagnostic and therapeutic challenge. This challenge 
is in part due to its low frequency, at approximately 15% 
of cases (101), but is also due to a great variability in the 
duration and interval between cycles, which can vary 
from days to years (101,102). Importantly, diagnostic 
and etiological research should only be carried out in 
the presence of active hypercortisolism because tests 
are negative during the inactive phase of the disease. 
Because of this variability, several cortisol samples are 
usually necessary (24-h UFC or nocturnal salivary cor-
tisol) to characterize the cycle, and late-night salivary 
cortisol is, therefore, the most practical (103). 

The low-dose dexamethasone suppression test is 
not considered the best method, as it can have false 
negative results when performed in between cycles. 

Recently, the utility of capillary (hair) cortisol has 
been evaluated with the goal of establishing a tempo-
ral characterization of the cortisol secretion in cyclic 
Cushing’s syndrome (104). 

Adrenal incidentaloma

The screening of Cushing’s syndrome is formally in-
dicated in the subgroup of patients with adrenal in-
cidentaloma because 5.3-9.2% of the patients present 
subclinical Cushing’s syndrome (105,106). The recom-
mended initial examination is a low-dose dexametha-
sone suppression test, using a cutoff of 1.8 µg/dL to 
optimize the sensitivity of the method (27). Other val-
ues, such as 5 µg/dL (107,108) or 3 µg/dL in an over-
night 3 mg test, increase the specificity of the method 
but reduce its sensitivity (109). 

As an alternative, late-night salivary cortisol can be 
used, but it has shown less sensitivity when compared 
to the low-dose dexamethasone suppression test in this 
subgroup of patients (57,110-113). Finally, with re-
gard to first-line methods, 24-h UFC is the method 
with the highest number of false negative results, as it 
is diagnostic only when the disease is overt. Other test 
results may be useful, such as measurements of ACTH 
and DHEAS, which may be suppressed in these cases, 
as well as an attenuated response of ACTH and cortisol 
in the CRH test (27). 
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Figure 1 shows a flowchart for the diagnosis of 
Cushing’s syndrome.

DIFFERENTIAL DIAGNOSIS OF ACTH-DEPENDENT 
CUSHING’S SYNDROME

After a laboratorial confirmation of endogenous 
Cushing’s syndrome, the subsequent diagnostic approa-
ch is to classify the syndrome according to the plas-
ma ACTH levels: ACTH-dependent (ACTH higher 
than 20 pg/mL: CD vs. EAS) or ACTH-independent 
(ACTH less than 10 pg/mL: adenomas, carcinomas, or 
adrenal hyperplasia) Cushing’s syndrome. Due to the 
non-regular secretion of ACTH, it is recommended to 
perform at least two measurements on different days to 
confirm the condition (49,114). ACTH values   in the 
range of 10-20 pg/mL are considered indeterminate, 
and new samples must be ordered. 

Due to the scope of this recommendation manus-
cript, we will only address the differential diagnosis be-
tween CD and EAS. 

Cushing’s syndrome supposed
- Exclude exogenous glucocorticoid source

Perform ≥ 1 first line method
- LDT - 1 mg overnight

- Late-night salivary cortisol (≥ 2 samples)
- UFC (≥ 2 samples)

LOW ABNORMAL OR DOUBTFUL exams
- Cushing’s syndrome NOT CONFIRMED/SUSPECTED
- Repeat first line methods and/or consider additional methods:

- Desmopressin test
- Late-night serum cortisol
- oCRH-LLDT test
- hCRH test

Cushing’s syndrome DOUBTFUL
- Monitoring, review and treatment of morbidities

Cushing’s syndrome CONFIRMED
- Measure ACTH (≥ 1 Sample)

NORMAL exams
- Cushing’s syndrome EXCLUDED
- Consider cyclic: monitoring and review if necessary

VERY ABNORMAL exams
- Cushing’s syndrome CONFIRMED
- Measure ACTH (≥ 1 Sample)

LDT: low-dose dexamethasone suppression test with 1 mg overnight; UFC: urinary free cortisol; oCRH: ovine; hCRH: human CRH; LLDT: longer low-dose dexamethasone suppression 
test (2 mg/day for 48 h).

Figure 1. Flowchart of Cushing’s syndrome diagnosis.

CD represents 86-93% of the cases of ACTH-de-
pendent Cushing’s syndrome (115-117). Because of 
the high pretest probability of a CD diagnosis, 90% 
in women and 70% in men, diagnostic methods must 
ideally show an accuracy higher than 80-90%. 

Many methods are used for this purpose, although 
a triad is usually initially chosen: magnetic resonance 
imaging (MRI) of the pituitary, a CRH test, and a 
high-dose dexamethasone suppression test (HDDST). 
Whenever these three methods are not conclusive, 
bilateral and simultaneous inferior petrosal sinus sampling 
(BIPSS) remains the gold standard procedure for the 
differential diagnosis of CD and EAS (49,114,118-123).

Pituitary MRI

Pituitary MRI is usually the first exam to be ordered 
and remains the most important in defining the need 
for BIPSS. Due to the diagnostic difficulties and the 
necessity of sensitive methods, computerized tomo-
graphy of the pituitary is not currently indicated, and 
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a full cranium/brain MRI is considered not ideal for 
providing slices that are thin enough and focused to the 
sellar region. 

CD is caused by pituitary microadenomas (less than 
10 mm) in 80-90% of such cases (5-7). 

Conventional MRI spin echoes can present pitfalls 
such as artifacts (e.g., hyposignals of the pituitary pa-
renchyma adjacent to the bony septum insertion of the 
sphenoid sinus in the sella floor) and the possibility of 
contrast uptake in the pituitary tumor. Therefore, the 
sensitivity of the conventional MRI spin echo is 50-60% 
(124), even for procedures using dynamic MRI. 

In cases in which an expansive pituitary macroade-
noma (greater than 10 mm) is found, the diagnosis of 
CD is virtually confirmed. This presumed confirmation 
is important because this subset of patients may have a 
poorer response to a CRH test (125) and less suppres-
sion in the HDDST (5,7,125,126). 

Currently, a maximum diameter of more than 6 mm 
is suggestive of CD etiology (22,49,118,121,123), es-
pecially for patients who respond to a CRH test and 
present cortisol suppression in the HDDST. 

Other secondary findings from the MRI, although 
nonspecific, may also be helpful in diagnosing a 
microadenoma, such as deviations from the pituitary 
stalk, commonly to the opposite side of an expansive 
lesion, bulging of sella turcica or upper contours of the 
pituitary parenchyma, hyperintensity in the T2-weighted 
sequence by small intra-tumor cystic degeneration, and 
adjacent invasion of a cavernous sinus. 

Thus, a patient with concordant tests suggestive of 
CD, a pituitary image slightly smaller than 6 mm that 
is also coupled with the above-mentioned suggestive 
MRI findings, is usually sufficient to establish the diag-
nosis of a central source of ACTH. Finally, for those 
who have lesions smaller than 10 mm with or without 
secondary findings on the MRI but who show negative 
or inconclusive results on dynamic testing of ACTH 
and cortisol, BIPSS is recommended to establish or ne-
gate the diagnosis of CD. 

To increase the pituitary MRI accuracy, other te-
chniques have been sought for diagnostic improvement: 
spoiled gradient recalled acquisition (SPGR), which in-
creases sensitivity through thinner slices (1 mm) and 
provides a more focused image resulting in a better soft 
tissue definition (124,127-129), has been tested, al-
though it also increases the amount of artifacts and fal-
se positives. Additionally, 3-Tesla MRI (130-132) and 
other techniques have also been studied. More studies 

and a greater availability of these methods are needed 
to confirm their contribution to the diagnosis of CD. 

CRH test 

A CRH test is the best non-invasive dynamic test to 
differentiate CD from EAS. First identified in the 1980s 
(133), it has been extensively studied in this context. 
Most cases of CD respond significantly to CRH (86-
93%) (1), whereas EAS patients respond in 5.5-8.2% of 
cases (115,134). The enhanced responses to CRH in 
CD are as much due to deranged feedback as they are 
to an over-expression of CRH receptors.

The test is performed using ovine CRH (oCRH) 
or human CRH (hCRH). OCRH is the most studied 
peptide, as it has a more powerful and prolonged sti-
mulus. Most commonly, a positive response is defined 
as an increase compared to baseline values (peak minus 
baseline) that is higher than 20% for cortisol and higher 
than 35% for ACTH with oCRH (135). For evalua-
tions using hCRH, a positive response is considered for 
increases greater than 14% for cortisol and greater than 
105% for ACTH (85,86). 

The study that defined the cutoff values for the 
hCRH test (higher than 14% for cortisol and higher 
than 105% for ACTH)   found a 70% and 85% sensitivity 
for ACTH and cortisol, respectively, and 100% specific-
ity for each hormone (85). 

The test is performed with an IV infusion of 1 µg/kg 
or 100 µg of ovine or human CRH without prior dexa-
methasone suppression. The rationale for the test is 
based on the overexpression of the CRH receptor sub-
type 1 (CRHR1) in corticotropic tumors when com-
pared to both normal pituitary tissue (136,137) and 
tumors causing EAS (138). As mentioned previously, 
due to the high cost and unavailability of CRH, the 
routine use of this method is limited.

High-dose dexamethasone suppression test 

Of the initial triad, the HDDST is advantageous due to 
its availability and cost. However, it is the most questio-
ned method in the literature due to its limited accuracy 
in differentiating between CD and EAS (49,139). 

The rationale behind this method is the preservation 
of negative feedback at higher doses of glucocorticos-
teroids in patients with corticotropic tumors. However, 
25-30% of patients with EAS can also show the same 
pattern of cortisol suppression, leading to false positive 
results (116,140). 
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The HDDST is an old method (> 50 years) and 
was initially designed to measure cortisol metabolites 
in 24-h urine (17-OHCS) (141). Currently, it is 
performed through the measurement of serum cortisol 
between 8:00 am and 9:00 am before and after a high-
dose (8 mg) oral night intake of dexamethasone and is 
considered suggestive of CD when a reduction of more 
than 50% is observed compared to the baseline value. 

In brief, it can be performed with two protocols: 2 mg 
of dexamethasone every 6 hours for two days (8 doses – 
the classic method) or a simplified method with intake of 
a single 8 mg overnight dose. The sensitivity and specifi-
city of this method varies greatly due to the different pro-
tocols of dexamethasone administration used and to the 
different modes of cortisol analysis (urinary or serum). 

To increase the specificity of the method, a more 
stringent criterion has been proposed for CD diag-
nosis, namely a greater than 80% cortisol suppression 
(140,142). Using this criterion and the single intake 
of 8 mg overnight, one study showed 100% specificity 

in a small group (n = 7) of patients with EAS, in which 
28.6% of the patients suppressed cortisol at a level high-
er than 50%. However, in this same study, only 56% of 
the 39 patients with CD showed greater than 80% sup-
pression, for a total accuracy of only 63% (140). 

Finally, there has been an attempt to combine CRH 
response and the HDDST to increase the specificity of 
CD diagnoses. However, even the combination of the 
methods and the use of the most appropriate cutoff val-
ues   has not provided enough accuracy to preclude the 
need for BIPSS in several cases. 

Bilateral and simultaneous inferior petrosal sinus 
sampling 

This method remains the gold standard for the differen-
tial diagnosis of ACTH-dependent Cushing’s syndrome 
with an accuracy of approximately 90-98% (143-145). 

Bilateral and simultaneous inferior petrosal sinus sam-
pling is indicated in cases where the triad of initial tests 
is inconclusive or discordant (49,118-123) (Figure 2). 

Cushing’s syndrome CONFIRMED
- Measure plasma ACTH (≥ 1 sample)

ACTH < 10 pg/mL
ACTH-independent Cushing’s

BIPSS

Imaging and laboratorial methods
negative, conflicting or doubtful

CT/MRI abdomen/adrenal
- Adrenal etiologies:

- Adenoma
- Carcinoma
- PMAH
- PPNAD

ECTOPIC ACTH SYNDROME*
- Anatomic imaging methods: USG/CT/MRI
- Functional imaging methods: OctreoScan®/PET-CT

Sellar MRI
- Lesion with > 6 mm of diameter
CRH test (ovine or human)
HDDST
- Consider cutoff of > 80% for Fs supression

ACTH 10-20 pg/mL
- Repeat ACTH
- Consider CRH test

ACTH > 20 pg/mL
ACTH-dependent Cushing’s

CUSHING’S DISEASE*

HDDST: high-dose dexamethasone suppression test (8 mg overnight); CT: computed tomography; MRI: magnetic resonance imaging; PMAH: primary 
macronodular adrenal hyperplasia; PPNAD: primary pigmented nodular adenocortical disease; BIPSS: bilateral and simultaneous petrosal sinus sampling; 
USG: ultrasound; PET-CT: positron emission tomography-computed tomography; * Even before the definition of Cushing’s disease or EAS, anatomical 
images of the neck/chest/abdomen/pelvis are commonly obtained to contribute to the identification of the ACTH-producing source. 

Figure 2. Flowchart for differential diagnosis of ACTH-dependent Cushing’s syndrome 
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False negatives can occur in approximately 5-10% 
of cases due to technical difficulties, anatomical varia-
tions such as plexiform presentation, unresponsiveness 
to secretagogues or use of drugs that modulate ACTH 
secretion. One study reported that false negatives only 
occurred in cases where the ACTH peak was lower than 
400 pg/mL (145). 

Fortunately, false positives are rare and can occur in 
cases of EAS during periods of normocortisolism (cy-
clical Cushing’s syndrome or use of medical therapy for 
Cushing’s) or in the rare case of ectopic CRH secretion 
(146). 

This procedure should therefore be carried out in 
the presence of endogenous active hypercortisolism. 
Consequently, it is necessary to collect 24-h UFC and/
or nocturnal salivary cortisol in the evening of the test 
or in the preceding days to validate the procedure. 

As it is an invasive procedure with potential side 
effects, the procedure should be performed in referral 
centers with highly skilled professionals. 

Fortunately, the rate of serious complications such as 
cerebral vascular injury, deep venous thrombosis, pul-
monary embolism, subarachnoid hemorrhage or cranial 
nerve paralysis has been very low or absent in many stu-
dies (147-150). The most common complications in-
clude bruising at the venipuncture site in 3-4% of the 
cases (147). Usually, a 5000 IU IV heparin infusion is 
recommended after the start of venous puncture (151). 

The procedure is performed under stimula-
tion of oCRH (145,152), hCRH or desmopressin 
(144,153,154) at the same doses as those used for dy-
namic secretion tests. Samples are taken at 0, 3, 5 and 
10 minutes after the stimulus, and the peak is usually 
3 to 5 min after stimulus. The central to peripheral 
ACTH ratio, or the “central gradient”, that is suggesti-
ve of CD etiology is defined as a ratio greater than 2 at 
baseline levels and/or higher than 3 at the peak. 

Lateralization is defined as an interpetrosal gradient 
higher than 1.4 (152). However, lateralization is surgi-
cally confirmed in only approximately 60-80% of cases 
(1,155-157). 

Furthermore, it is important to note that due to a 
high pretest probability of CD diagnosis, it is recom-
mended to consider the possibility of a false negative 
result in cases without a central ACTH gradient. 

Several aspects have to be observed during the pro-
cedure to ensure a reliable collection, including the 
following: successful catheterization, as confirmed by 
visualization of the intercavernous sinuses and contra-

lateral petrosal sinus after contrast infusion; observa-
tion of anomalies or asymmetries in the petrosal sinus 
drainage (123,146,158); and proper processing of the 
samples collected by storage in previously chilled plastic 
tubes with EDTA and immediate placement in an ice 
bath after collection. 

Finally, recent studies have verified the prolactin 
values in BIPSS that can be used to correct for pos-
sible false negative gradients (51,123,159,160). The 
values are initially obtained by calculating the central 
to peripheral prolactin gradient ipsilateral to the largest 
gradient of ACTH (baseline), which should be higher 
than 1.8. When the prolactin values are less than 1.8, an 
unreliable collection of the inferior petrosal sinus shou-
ld be considered. Subsequently, a ratio of the ACTH 
and ipsilateral prolactin gradients with cutoff values hi-
gher than 0.8 in one study (51) and higher than 1.3 in 
another (123) have been suggested as indicative of a 
CD diagnosis. 

Additionally, a recent study showed the utility of 
prolactin in improving tumor location by using the 
ratio of the interpetrosal gradient of ACTH and the 
interpetrosal gradient of prolactin (161). However, un-
like the evaluation of prolactin in BIPSS, the role of 
prolactin evaluation in improving tumor location is still 
in its infancy, and further studies are thus needed to 
support its use.

Desmopressin test

The desmopressin test has been used for the differen-
tial diagnosis of ACTH-dependent Cushing’s syndro-
me since 1993 (87). Subsequently, several studies have 
shown a response in the majority of patients with CD 
(~80%) (1). However, patients with EAS eventually also 
show a response, varying from 27-38% (1,116). 

Desmopressin acts on both the AVPR1B (V3 or 
V1b) (137,162,163) and the AVPR2 (V2) (162,164) 
vasopressin receptors, which have been documented to 
be overexpressed in corticotropic tumors when com-
pared to both normal pituitary tissue and tumors caus-
ing EAS (138,163,165,166). 

The test is performed in the same way as that used 
to differentiate between Cushing’s syndrome and pseu-
do-Cushing’s (10 µg IV). An increase in cortisol higher 
than 20% and in ACTH higher than 35% compared to 
baseline for both measures is considered predictive of 
CD, similar to the oCRH test in the differential diag-
nosis between CD and EAS (135).  
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However, due to the frequently observed response 
in patients with EAS, the desmopressin test should not 
be routinely performed to differentiate between the 
diagnoses of CD and EAS and should therefore be re-
served to distinguish between Cushing’s syndrome and 
pseudo-Cushing’s or as a secretagogue in the BIPSS 
procedure. 

Other tests

Other laboratory findings may be helpful in establish-
ing a diagnosis of CD or EAS, although not conclusive-
ly: hypokalemia, present in 70% of EAS vs. 10% of CD 
patients due to cortisol mineralocorticoid activity in 
conditions of enzyme 11β-HSD2 saturation; extreme-
ly high plasma ACTH concentrations (> 400 to 500 
pg/mL; > 88 to 110 pmol/L) in EAS; positive tumor 
markers in EAS (examples: calcitonin, gastrin, chromo-
granin, βhCG, alpha-fetoprotein, CEA, CA 19-9, CA 
125) (1,167); and measurement of pro-opiomelano-
cortin (POMC) and/or ACTH precursors (168,169), 
which are commonly present in patients with EAS de-
spite the poor availability of these measures.

Diagnosis of EAS and search for ACTH-producing 
source

The diagnosis of EAS can be made by identifying the 
ACTH-producing source through surgical documen-
tation of the lesion with a positive immunohistoche-
mistry for ACTH, clinical and laboratory remission of 
Cushing’s syndrome after excision of the suspected le-
sion, or the absence of a center to peripheral ACTH 
gradient in a reliable BIPSS (not suggestive of a false 
negative result). 

An ectopic source of ACTH can be first recog-
nized by imaging studies (“overt”) or recognized 
in follow-up with repeated imaging methods (“co-
vert”), although it may also remain occult (8-27%) 
(115,116,134,170,171). 

The most common causes of EAS are intrathora-
cic (83%) (170), and bronchial/pulmonary carcinoid 
tumors are currently the most common etiologies 
(115,116,134,171). 

Thus, despite the stepwise diagnostic approach su-
ggested in this manuscript, thoracic and abdominal 

imaging (CT or MRI) are commonly performed, as an 
evident suspicious lesion may prevent the need for a 
BIPSS procedure in a patient without visible pituitary 
imaging in MRI. 

Finally, the search for a peripheral ACTH-producing 
source by imaging exams is indicated after a negative 
BIPSS for central gradient. The most common imag-
ing methods are ultrasonography (USG), CT and MRI. 
These should be requested for the thoracic region (CT 
or MRI), abdomen/pelvis (CT or MRI), and cervical 
region (USG). 

 Somatostatin receptor scintigraphy with Indium 
(111In-DTPA-octreotide, OctreoScan®) is an important 
functional complementary method (172), although 
its sensitivity is not higher than that of plain images 
(170,173,174), mainly due to the typically small size of 
bronchial carcinoid tumors (175). 

PET-FDG (18F 2-deoxy-D-glucose), a test often 
used in oncology, may eventually be requested to lo-
calize ACTH-secreting tumors. Although some case 
reports have shown its usefulness (176,177), larger de-
tailed studies have shown that it has no advantage over 
anatomical tests (170,178), probably due to the low 
metabolic activity of carcinoid tumors. 

New forms of PET such as 18F-DOPA-PET, scintig-
raphy with somatostatin analogues with new radionu-
clides such as Gallium (68Ga) (179,180), and improve-
ments in imaging techniques per se may increase the 
accuracy of functional imaging exams. 

Regarding the follow-up of patients with occult 
EAS with tumors that have not been localized, after 
proper treatment for hypercortisolism, they should 
be submitted at least once a year to new anatomical 
imaging of the cervical and thoracic/abdominal/pel-
vic regions, with special consideration to the chest, as a 
ACTH-producing source may appear many years after 
the onset of symptoms, with bronchial carcinoid being 
the most common cause (181).

Table 6 summarizes the methods for establishing a 
differential diagnosis of ACTH-dependent Cushing’s 
syndrome, and Figure 2 shows a flowchart of this diffe-
rential diagnosis approach.

Disclosure: no potential conflict of interest relevant to this article 
was reported.
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Table 6. Methods for the differential diagnosis of ACTH-dependent Cushing’s syndrome  

Method Reference value Sensitivity 
%

Specificity 
%

Accuracy 
%

Sellar MRI (spin echo) - 50-60 - -

Ovine CRH test (% increase) (1,115,134) ACTH > 35% and Fs > 20% 86-93 92-94 -

Human CRH test (% increase) (85) ACTH > 105% and Fs > 14% 70 and 85 100 -

High-dose dexamethasone suppression test (8 mg overnight) (1) > 50% 65-100 65-100 -

High-dose dexamethasone suppression test (8 mg overnight) (140) > 80% 56 100 63

Bilateral and simultaneous petrosal sinus sampling (central to periphery ACTH gradient) 
(143,144)

Baseline ≥ 2 and/or peak ≥ 3 90-95 ~100 90-94

Other methods Comments

Desmopressin test (increase of ACTH > 35% and Fs > 20%) Low accuracy; should not be used routinely

K (hypokalemia) 70% EAS vs. 10% Cushing’s disease

Plasma ACTH Very high concentrations of ACTH (> 400-500 pg/mL) are suggestive of 
EAS

Tumor markers (calcitonin, gastrin, chromogranin, βhCG, alfa-fetoprotein, CEA, CA 19-9, 
CA125)

They can be measured (serum) or expressed (tissue) in up to 70% of EAS 
cases

POMC and/or ACTH precursors Not available; does not guide the etiologic diagnosis of EAS 

Fs: serum cortisol; EAS: ectopic ACTH syndrome; POMC: pro-opiomelanocortin.
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Radio-contrast agent-induced 
hyperthyroidism: case report 
and review of the literature

Ioannis Iakovou1, Apostolos Zapandiotis2, Vassileios Mpalaris1,  
Dimitrios G. Goulis2

SUMMARY
A 66 year-old woman with a history of a euthyroid multinodular goiter underwent a head and neck 
computed tomography (CT) scan (total iodine load of 35 g) in order to evaluate the extent of retroster-
nal expansion. Less than 24 h after the iodine-based contrast media (ICM) administration, she pre-
sented with symptoms and laboratory findings typical of thyrotoxicosis. She was treated successfully 
with antithyroid medications. This is the shortest time reported in the literature and it is of clinical 
importance, as it may have an impact to the recommendations given by the attending physician. 
Given the fact that a large number of ICM examinations are performed in everyday practice, physi-
cians should be aware of this possible thyroid-specific effect. Prophylactic drugs could be considered 
in high-risk populations, such as administration of perchlorate and a thionamide class drug to elderly 
patients with suppressed TSH and/or palpable goiter, started the day before and continued for two 
weeks after ICM administration. Arch Endocrinol Metab. 2016;60(3):287-9

INTRODUCTION

R adiographic, water-soluble, iodine-based contrast 
media (ICM) solutions contain small amounts of 

free iodide, which may cause thyrotoxic crisis in patients 
with Graves’ disease or multinodular goiter and thy-
roid autonomy, especially if they are elderly and living 
in areas of iodine-deficiency (1). A recent review, sum-
marizing the mechanisms of iodine-induced hypothy-
roidism and hyperthyroidism (2), identified ICM as an 
increasingly common source of supraphysiologic iodine 
exposure. Another review article recognized thyroid 
dysfunction as an important adverse outcome of ICM 
(3), suggesting that screening of the presence of risk 
factors before the use of ICM allow for early recogni-
tion of adverse reactions and prompt treatment. Finally, 
a recent study (4) discussed in detail the prevalence and 
types of ICM-induced thyroid dysfunction, indicating 
the populations that are at higher risk and summarizing 
the necessary prophylaxis and possible treatment. 

The aim of this case report was to illustrate the clini-
cal significance of ICM-induced thyrotoxicosis and to 
suggest prophylactic measures in patients at risk.

CASE REPORT

We present the case of a 66 year-old woman with a 
history of euthyroid multinodular goiter, submerging 
to the upper mediastinum. Serum thyroid stimulating 
hormone (TSH), free thyroxine (fT4) and free triio-
dothyronine (fT3) concentrations were normal at 1.8 
mU/mL, 11.6 pg/mL and 2.9 pg/mL, respectively, 
with marginally positive thyroid autoantibodies [anti-
bodies against thyroid peroxidase (anti-TPO) 75 U/
mL, antibodies against thyroglobulin (anti-Tg) 120 
U/mL, whereas antibodies against TSH receptor (anti-
TSHR) were not measured]. Pre-operatively, a head 
and neck computed tomography (CT) scan followed 
the 99mTc scintigraphy (uptake 2.4%), in order to evalu-
ate the extent of goiter’s expansion and its anatomical 
limits (Figure 1). A volume of 100 mL of 350 mg I/mL 
contrast agent was administered intravenously giving a 
total iodine load of 35 g. Blood tests and 99mTc-scin-
tigraphy were performed one week before the CT scan 
took place. Less than 24 h after the CT, the patient 
complained of cardiovascular symptoms (tachycardia, 
increased blood pressure), sweat and tremor, suggestive 
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of thyrotoxicosis. Laboratory findings were suggestive of 
hyperthyroidism (TSH 0.01 mU/mL, fT4 29.6 pg/mL, 
fT3 6.9 pg/mL, anti-TPO 215 U/mL, anti-Tg 360 U/
mL). This ICM-induced thyrotoxicosis was improved 
clinically by conservative treatment with β-adrenergic 
blocking agent and thiamazole. Clinical improvement 
was achieved, specifically regulation of arterial pressure 
and tachycardia. Hormonal status improvement is not 
available as follow-up was not complete.

The prevalence ICM-induced thyroid disease has not 
been assessed accurately (6), varying widely from 0.05% 
to 5% (4), and being greater among patients with pre-
existing thyroid disease. The odds ratio (OR) for devel-
oping hyperthyroidism has been estimated to 1.98 [95% 
confidence interval (CI) 1.08 - 3.06] (6). Risk factor for 
the pathogenesis of this phenomenon is every condition 
with thyroid autonomy, such as Graves’ disease or, as 
in our case, multinodular goiter (7,8). The presence of 
autonomous thyroid function is supposed to permit the 
synthesis and release of excess quantities of thyroid hor-
mones. Clinical manifestations cannot be differentiated 
from other forms of thyrotoxicosis. Thyroid dysfunction 
may be subclinical or overt. The timing of onset may be 
up to 12 weeks after ICM administration.

Little is known about the short-term effects on thy-
roid function of supramaximal doses of iodine in euthy-
roid patients. It has been suggested (9) that the appli-
cation of high amounts of ICM might induce transient 
subclinical hypothyroidism within the first week, even 
in patients with no apparent thyroid abnormality. Pa-
tients with basal TSH concentrations above 2 μU/mL 
are at high risk (9). In our case, there was an extremely 
short time interval (< 24 h) between ICM administra-
tion and onset of symptoms. According to our knowl-
edge, this is the shortest time reported in the literature 
and it is of clinical importance, as it may have an impact 
to the recommendations given by the attending phy-
sician: the patient has to be informed that signs and 
symptoms of hyperthyroidism may occur any time dur-
ing the 12 weeks following ICM administration.

Prevention of iodine-induced thyrotoxicosis in high-
risk patients is important, as treatment with thyrostatic 
drugs is hindered by the high iodide concentrations and 
complications are more frequent than in other forms 
of thyrotoxicosis (1). In cases of established hyperthy-
roidism, administration of ICM is contra-indicated. To 
reduce the incidence of iodine-induced thyrotoxicosis, 
it has been suggested that prophylactic drugs could 
be administered, starting well before the examination. 
Administration of perchlorate and a thionamide class 
drug to elderly patients with suppressed TSH and/or 
palpable goiter has been recommended, started the day 
before and continued for two weeks after ICM adminis-
tration. The following regimen has been suggested: 
thiamazole 30 mg once daily, starting the day before 
the exam (or directly prior to exam, in case of emer-
gency) that has to be continued for 14 days (1). We 
believe that universal prophylactic treatment should not 

Figure 1. Pre-operative 99mTc scintigraphy (uptake 2.4%).

DISCUSSION

Normally, iodine overload is accompanied by an au-
to-regulatory mechanism of inhibition of iodine orga-
nification in the thyroid gland, permitting regulation 
of hormone synthesis and secretion, in the presence of 
excessive amounts of iodine (Wolff – Chaikoff effect). 
Recommencement of normal organification, described 
as “escape phenomenon”, is assumed to occur a week 
to 10 days later, as a result of low inorganic iodine con-
centration, secondary to the down-regulation of so-
dium-iodide symporter (NIS) (5). In individuals with 
impaired auto-regulation, exposure to supraphysiologi-
cal concentrations of iodine may lead to iodine-induced 
hyperthyroidism (Jod – Basedow phenomenon) (4). A 
dose of ICM used in a typical imaging procedure has a 
volume between 100 and 200 mL and contains about 
13,500 μg of iodide and 15 – 60 g of bound iodine that 
may be liberated as free iodide. This is actually an acute 
iodide load of 90 to several hundred thousand times the 
recommended daily intake of iodide (150 μg).
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be administered, especially in elderly patients; neverthe-
less, these patients need to be followed carefully.

Given the fact that a really large number of ICM 
examinations are performed in everyday practice, the 
uncommonly adverse events of iodide overload will 
consequence a considerable number of patients being 
affected. Thus, physicians should be aware of this pos-
sible thyroid-specific effect (4).

Disclosure: no potential conflict of interest relevant to this article 
was reported.
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Anti-thyroid drug-induced 
lupus: a case report and 
review of the literature
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ABSTRACT
We report a case of drug-induced lupus (DIL) on a Chinese woman caused by methimazole (MMI). 
This report discusses DIL associated with MMI and briefly reviewed the literature concerning to anti-
thyroid DIL. Arch Endocrinol Metab. 2016;60(3):290-3
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INTRODUCTION

G raves’ disease is the most common cause of hy-
perthyroidism in women of reproductive age. In 

China, anti-thyroid medication is often the preferred 
choice for treatment. It is known that, antineutrophil 
cytoplasmic antibody (ANCA)-associated vasculitis has 
become increasingly common in patients who have 
been treated with anti-thyroid medications. However, 
cases of anti-thyroid DIL are rare. The current diag-
nostic criteria for DIL as are follows: 1) adequate and 
sustained exposure to a specific drug, 2) one or more 
symptoms consistent with lupus, 3) no prior history of 
lupus, and 4) resolution of symptoms on cessation of 
the suspected precipitating drug (1).

This report describes a 26-year-old woman with 
fever, hypersensitivity, and polyarthritis under MMI 
therapy, and reviewed the findings of a DIL literature 
search. 

CASE REPORT

A 26-year-old Chinese woman with a 2-day history of 
pharyngalgia, fever, and 3-day joint pain presented to 
the First Affiliated Hospital of Cheng Du medical col-
lege in Feb 20th, 2012. Her medical history included 
a 1-month history of thyrotoxicosis and medications 
as MMI (20 mg orally per day). There were systemic 
multiple migratory joint pain, redness, swelling and ge-

neralized muscle pain, especially on the shoulder, neck, 
and wrist joints.

Physical examination told pharyngeal hyperemia, 
grade-I thyroid enlargement, joint symptoms (red-
ness, swelling, skin temperature increase) and symp-
tomatic dermatographism. The details were shown on 
table 1. She considered diagnosis were tonsillitis and 
thyrotoxicosis. MMI was discontinued and the pa-
tient was treated with antibiotics. Although no prior 
history of drug allergy, she was allergic to cephalos-
porin, penicillin and levofloxacin at that time. For 
this reason, we chose azithromycin as an antibiotic 
agent to treat tonsillitis, and administered a non-ste-
roidal anti-inflammatory drug (NSAID, ibuprofen) 
as an analgesic treatment. However, body tempera-
ture continued to fluctuate between 37 and 39°C. 
Five days after admission, we proposed treatment 
with prednisone, but she was transferred to the Chi-
nese People’s Liberation Army General Hospital of 
Chengdu Military Region. The spectra of antinuclear 
antibodies (ANA) and autoimmune antibodies shown 
in table 1 was then examined again and diagnosed as 
systemic lupus erythematous (SLE). The prescription 
was prednisone 60 mg orally per day (q.d.) with ra-
dioactive iodine-131.

On May 27th, 2012, the patient presented again with 
a 1-day history of fever, diarrhea and perspiration. The 
patient had 39.2°C body temperature, 160 beats/min 
heart rate, and 105/65 mmHg blood pressure. She was 
sweating heavily accompanying with clammy skin. The 
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patient’s stool tested positive for white blood cells with 
3-5 pus cells/hpf upon laboratory examination after 
admission (Table 1). Her thyroid-stimulating hormone 
(TSH) level was 0.01 µIU/ml, and triiodothyronine 
(FT3) and free thyroxine (FT4) levels were slightly ele-
vated. We considered the situation as pre-thyroid cri-
sis or enteritis. She was treated with propylthiouracil 
(PTU) 200 mg three times a day (t.i.d.), propranolol 
20 mg every 6 hour (q.6.h.), and continued predniso-
ne 60 mg q.d. We also adopted other emergency such 
as levofloxacin (no allergy again) and reducing body 
temperature. Both temperature and heart rate reduced 
significantly after 2 days of treatment. Duck salmonella 
was found in stool culture and ANA spectrum was ne-
gative. We then considered a diagnosis of hyperthyroi-
dism and enteritis. She was discharged 1 week later and 
advised to stop taking PTU. She visited the West China 
Hospital Sichuan University for follow-up after 40 days 
of with prednisone 60 mg q.d. treatment (Table 1) and 
ANA spectrum result was negative. Subsequently, her 
prednisone dosage was gradually reduced and withdra-
wn 3 years later without discomfort. She was finally 
diagnosed as DIL and hyperthyroidism.

DISCUSSION

Since Hoffmann and cols., first reported DIL in 1945, 
more than 70 related drugs had been reported inclu-
ding chlorpromazine, hydralazine, isoniazid, methyl-
dopa, penicillamine, procainamide, and quinidine, etc. 

Table 1. Related index examination after admission

February 20, 2012
In the First Affiliated 
Hospital of Cheng Du 

medical college

February 25, 2012
In the Chinese people’s 

Liberation
Army General Hospital of 
Chengdu Military Region

April 17, 
2012

In the First Affiliated 
Hospital of Cheng Du 

medical college

May 27,
2012

In West China Hospital, 
Sichuan University

ESR 50 mm/h 55 mm/h 70 mm/h 10 mm/h

ANA (< 1:20) 1:320 1:320 — —

Anti-Sm — + — —

Anti-ds-DNA — — — —

ANCA — — — —

C3, C4 levels Normal Normal Normal Normal

Albuminuria Normal Normal Normal Normal

Blood routine WBC 13.55 × 109/L, N: 80.3% Normal WBC 29.84 × 109/L, N: 85.4% Normal

Temperature 38.5°C 37-39°C 39.2°C Normal

Antithyroid drugs MMI, 20 mg, qd radioactive Iodine-131 PTU, 200 mg, tid —

Prednisone — 60 mg, qd 60 mg, qd —

Arthralgia + + — —

Anti-thyroid drugs MMI and PTU were also associated 
with DIL (2-6). Zhang and Wang (7) had a study on 
229 cases related to DIL from 1975 to 2009 in Chi-
na and found 42 drugs involved (Table 2). DIL differs 
from SLE on treatment and prognosis, so it is very im-
portant to differentiate them. Generally speaking, DIL 
case resulted in less renal dysfunction (26.7%) (8), but 
the pathological changes were analogous to SLE pa-
tients. Wang and cols. (9) reported a case of MMI-in-
duced DIL, where focal segmental glomerulosclerosis 
was observed. Patients with DIL were tested negative 
for the anti-dsDNA/anti-Sm antibodies, and the com-
plements remained unaffected, whereas in SLE, those 
antibodies was present and the complements decreased 
(Table 2) (10-12). In addition, a positive ANA test is 
required for the diagnosis of DIL (13). 

Both MMI and PTU could be the cause of DIL, and 
the former’s rate is higher than the latter. The mecha-
nism by which anti-thyroid drugs trigger DIL could be 
associated with drug-mediated changes to the structure 
of the DNA-histone complex. The changes lead to the 
histone not being readily hydrolyzed, causing it to re-
tain immunogenicity or expose new epitopes (14,15). 
Many drugs are metabolized into cytotoxic metabolites 
that lead to cell death and abnormal chromatin degra-
dation. This could induce an autoimmune response 
against histone-DNA complexes in susceptible indivi-
duals. Simultaneously, these metabolites may possibly 
interact with myeloperoxidase to produce ANCA (16). 
Many patients who are treated with anti-thyroid drugs 
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have abnormal autoimmunity and test negative for 
ANA and ANCA. Therefore, these drugs may also cau-
se an autoimmune disorder, although the underlying 
mechanism is still unclear. The patient in this situation 
should cease medication when the related symptoms 
turned up. Iodine-131 treatment was recommended 
under the circumstance.

However, the current diagnosis criterion of SLE 
firstly recommended by the classification of American 
association of Rheumatology in 1997 (17) was used to 
diagnose the case and we considered SLE evidence is 
still insufficient. Throughout the whole treatment, the 
case conforms to the diagnosis of DIL. The patient in 
the case had a MMI medication and typical joint symp-
toms one month later which was accord with the litera-
ture description. Pertinent literature told that DIL was 
generally observed from 2 weeks to 3.2 years after ex-
posure to a specific drug (3,18). We promptly disconti-
nued MMI therapy and administered non-steroidal an-
ti-inflammatory drugs. The symptoms of DIL usually 
disappeared several weeks or months after cessation of 
the drug. Non-steroidal anti-inflammatory drugs were 
ineffective, so hormones were required until remission.

The patient was misdiagnosed with SLE at the se-
cond hospital she visited because of the presence of 
anti-Sm and arthritis. However, anti-Sm, a symbolized 
antibody of SLE, was vacant along the whole treat-
ment. Based on this criterion and multiple inspection 
results of anti-Sm, there was still insufficient evidence 
to diagnose the patient with DIL (the second positive 
anti-Sm was an apparent laboratory error.) Subsequen-
tly, her prednisone dosage was gradually reduced and 
withdrawn 3 years later without discomfort. Immuni-
zation indicators were normal, and therefore, a diagno-
sis of DIL was established.

Table 2. Comparison the percentage of positive between Drug-induced 
lupus (DIL) and systemic lupus erythematous (SLE) in laboratory tests

DIL SLE

ESR < 50% 80%

Anemia < 30% 80%

Leukopenia < 10% 65%

Thrombocytopenia < 10% 30%

Albuminuria < 30% 90%

Hypocomplementemia < 10% 80%

Rheumatoid factor 30% 50%

ANA 90% 95%

Anti-Smith antibody 0 50%

Anti-dsDNA antibody 0 40%

The patient with 1 month history of iodine-131 
medication presented to the hospital at second time. 
PTU was adopted due to pre-thyroid crisis because 
of symptoms as fever, diarrhea, rapid heart rate (160 
beats/min) in admission. Stool/pus cell testing was 
conducted then, we considered as enteritis whose ma-
nifestations resembled pre-thyroid crisis (fever, diar-
rhea, and dehydration induced rapid heartbeat). Her 
situation was relieved when anti-inflammatory therapy 
had been conducted. Pertaining to PTU could be the 
reason for DIL, anti-thyroid drug was canceled when 
patient’s situation was under control. Iodine-131 treat-
ment became the better option if the hyperthyroidism 
symptoms continued in follow-up. 

In summary, it is very important to differentiate 
DIL and SLE. The case with SLE symptoms should 
be diagnosed carefully when the patient had a history 
of specific medication. And the immediate cessation of 
drug was crucial if DIL was considered.

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

REFERENCES
1. Borchers AT, Keen CL, Gershwin ME. Drug-induced lupus. Ann N 

Y Acad Sci. 2007;1108:166-82.

2. Bonaci-Nikolic B, Nikolic MM, Andrejevic S, Zoric S, Bukilica M. 
Antineutrophil cytoplasmic antibody (ANCA)-associated autoim-
mune diseases induced by antithyroid drugs: comparison with 
idiopathic ANCA vasculitides. Arthritis Res Ther. 2005;7:R1072-81.

3. Sontheimer RD, Henderson CL, Grau RH. Drug-induced subacute 
cutaneous lupus erythematosus: a paradigm for bedside-to-
bench patient-oriented translational clinical investigation. Arch 
Dermatol Res. 2009;301:65-70.

4. Seo JY, Byun HJ, Cho KH, Lee EB. Methimazole-induced bullous 
systemic lupus erythematosus: a case report. J Korean Med Sci. 
2012;27:818-21.

5. Miyakawa M, Sato K, Sato Y, Tsushima T, Shizume K, Inoue T. 
[Presentation of a case of Graves’ disease with neutropenia and 
splenomegaly: propylthiouracil-induced autoimmune neutrope-
nia and review of the literature on the drug-induced lupus-like 
syndrome. Nihon Naika Gakkai Zasshi. 1984;73:538-45. (Article in 
Japanese)

6. Sakata S, Nakamura S, Nagai K, Komaki T, Kawade M, Niwa T, et 
al. Two cases of systemic lupus erythematosus associated with 
hyperthyroidism. Jpn J Med. 1987;26:373-6.

7. Zhang YC, Wang Q. 229 cases of drug-induced lupus literature 
analysis [J] Tianjin Pharmacy. 2010;5:26-8. (Article in Chinese)

8. Martin Marco A, Boquet Estruch D. [Syndrome of arthritis by anti-
thyroid drugs]. Med Clin (Barc). 2003;120:436-7. (Article in Spanish)

9. Wang LC, Tsai WY, Yang YH, Chiang BL. Methimazole-induced lu-
pus erythematosus: a case report. J Microbiol Immunol Infect. 
2003;36:278-81.

10. Bernstein RM, Hobbs RN. Antibodies to the histones: different 
patterns of response in idiopathic SLE and drug-induced lupus. 
Protides Biol Fluids. 1985:321-3.



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

293

Anti-thyroid drug-induced lupus

Arch Endocrinol Metab. 2016;60/3

11. Rubin R L. Drug-induced lupus. Toxicology. 2005;209:135-47.

12. Teodorescu M, Ustiyan V, Russo K, Rubin RL. Binding to histone 
of an anomalous IgG from patients with SLE and drug-induced 
lupus. Clin Immunol. 2004;11:145-53.

13. Vasoo S. Drug-induced lupus: an update. Lupus. 2006;15:757-61.

14. Gao Y, Zhao MH, Guo XH, Xin G, Gao Y, Wang H. The prevalence 
and target antigens of antithyroid drugs induced antineutrophil 
cytoplasmic antibodies (ANCA) in Chinese patients with hyper-
thyroidism. Endocr Res. 2004;30:205-13.

15. Yamada A, Sato K, Hara M, Tochimoto A, Takagi S, Hizuka N, et 
al. Propylthiouraci-l induced lupus-like syndrome developing in 

a Graves’ patient with a sibling with systemic lupus erythemato-
sus. Intern Med. 2002;41:1204-8.

16. Cambridge G, Wallace H, Bernstein RM, Leaker B. Autoantibodies 
to myeloperoxidase in idiopathic and drug-induced systemic lupus 
erythematosus and vasculitis. Br J Rheumatol. 1994;33:109-14.

17. Hochberg MC. Updating the American College of Rheumatology 
revised criteria for the classification of systemic lupus erythema-
tosus. Arthritis Rheum. 1997;40:1725.

18. Srivastava M, Rencic A, Diglio G, Santana H, Bonitz P, Watson R, 
et al. Drug-induced, Ro/SSA-positive cutaneous lupus erythema-
tosus. Arch Dermatol. 2003;139:45-9.



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

294

Memorial  

Arch Endocrinol Metab. 2016;60/3

Prof. Clementino Fraga Filho

Marcello D. Bronstein1

Faleceu recentemente o Professor Clementino Fraga Filho, grande figura da me-
dicina brasileira, meu mestre e de tantos outros colegas. Adicionalmente, tendo sido 
o segundo Editor-Chefe dos “Arquivos Brasileiros de Endocrinologia e Metabologia”, é 
mais do que justo homenageá-lo com um Memorial no agora “Archives of Endocrino-
logy and Metabolism”. Para tanto, convidei a Professora Alice Reis Rosa, uma das suas 
mais próximas colaboradoras.
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Professor  Clementino Fraga Filho, an important figure in Brazilian medicine, died 
recently. He was my professor and taught many other of our colleagues. Besides, as 
he was the second Editor-in-Chief of the Arquivos Brasileiros de Endocrinologia e Me-
tabologia, now Archives of Endocrinology and Metabolism, it is more than fair to pay a 
tribute to him with a memorial in the journal. In order to do that, I invited professor 
Alice Reis Rosa, one of his closest collaborators.



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

295

Memorial  

Arch Endocrinol Metab. 2016;60/3

Memorial 
Prof. Clementino Fraga Filho

Alice Reis Rosa1

Correspondence to:
Alice Reis Rosa
Rua Botucatu, 572, cj. 83
04023-062 – São Paulo, SP, Brasil
arosa2711@gmail.com

Received on Mai/26/2016
Accepted on Mai/26/2016

DOI: 10.1590/2359-3997000000175

1 Professora adjunta, Departamento 
de Clínica Médica, Faculdade 
de Medicina, Universidade 
Federal do Rio de Janeiro (UFRJ), 
Rio de Janeiro, RJ, Brasil.

R
au

l L
op

es

B orn in Salvador, in 1917, he came to Rio de Janeiro when he was 4 as his father, 
a doctor and a university professor, was elected federal congressman, and concen-

trated his initiatives on Healthcare and Education. 
The father figure and the important professors that frequented his home, such as 

Carlos Chagas and Fernando de Magalhães, were essential in his choice to become a 
doctor. He graduated at Faculdade de Medicina da Praia Vermelha in 1939. He was 
awarded a Prize for having the highest grades during the undergraduate course. He 
was chosen to be the speaker at the graduation ceremony. 

He remained in the University, beginning his practice in Santa Casa da Miseri-
córdia as an assistant for the 2nd Unit of Internal Medicine, presided by his father. He 
revered his father and considered him his mentor. He was fully dedicated to studying 
and started to prepare to be a professor early in life. He became associate professor at 
27, and full professor at 38. 

He inherited from his father the inclination to medicine and teaching, but he also 
had skills to be an administrator and a leader, visible in the Internal Medicine Unit 
of Santa Casa, which he started in 1957. He chose a highly valuable team that, in no 
time, became the Unit respected in the country. 

In 1966, he was elected vice-dean of the University. He was dean for 13 months, 
as dean Raymundo Moniz de Aragão became Minister of Education, but later on 
resigned from his position. In an emotional speech that was vehemently applauded, 
Clementino Fraga Filho refused the indication of the University Council to become 

Clementino Fraga Filho in
his office at age 90
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the official dean. The dedication which is required in 
this position would prevent him from seeing patients 
and teaching.

His period as dean occurred during the time of the 
military government and also of the Reforma Uni-
versitária, to which he contributed markedly. As he 
was informed that his position would be revoked, he 
continued to defend the institution and to be open 
to student manifestations. His four-hour conversation 
with students led by Vladimir Palmeira, in 1968 in the  
Teatro de Arena of Federal University of Rio de Janeiro 
(UFRJ), made history. 

His successful experience in Internal Medicine Unit 
of Santa Casa, which cannot be separated from his de-
dication to the University and his leadership, is the ori-
gin of the unanimous indication to direct the School of 
Medicine, in 1974, and, at the same time, to conduct 
the special commission for the creation of the Universi-
ty Hospital, a historical wish of the faculty and students 
of the School. 

The Hospital was founded in 1978, after exhausti-
vely overcoming dogmatic, political, and bureaucratic 
obstacles, besides the lack of financial and human re-
sources. Some days before the foundation of the Hospi-
tal, he wrote in his diary, which became public in 2008. 
“We are in the final phase of the first important task: the 
establishment of the Hospital. Few people can assess the size 
of this mission, given its multiplicity and diversity, the 
countless problems that appear each and every day. There 
was a moment when I asked the assistants to bring me the 
problems on predetermined days, as wholesale, once pro-
blems every day and every hour were impossible to face. 
As this important moment comes closer, the greater the 
number of people involved, the more numerous the perso-
nal problems, and the small and large arguments, the de-
mands, the lack of understanding grew. Basic issues which 
had already been solved, started to be questioned again, in 
a useless and tiresome attempt”. 

To finish this job, he became the first Director of 
the Hospital. He was recognized by the University 
Council, and as proposed by Professor Anna Maria de 
Castro, the hospital received his name. He stayed in 
UFRJ until 1985, and was not able to end his career 
together with his students and patients, as he wished.

He was never away from clinical practice, convinced 
that teaching and practicing would improve the qua-
lity of both occupations. His coherence with Internal 
Medicine should be emphasized: as a faculty member, 
he taught Internal Medicine; as director of the School 

of Medicine, he promoted curricular changes that va-
lued this practice; as Hospital Director, he gave priority 
to the structure of general services; in the Associação 
Brasileira de Educação Médica (ABEM), he always de-
fended the education of the clinical practitioner; in his 
private office, he was a clinical practitioner. 

On his consistent path, his professional dignity and 
loyalty to his alma mater should be emphasized. To his 
alma mater, he devoted his time and expertise, in spi-
te of opportunities in public administration that were 
available to him and would make him more visible. 
He accepted to be included in the Medical Education 
Commission of the MEC, the National Health Coun-
cil, and the Conselho Consultivo de Administração da 
Saúde Previdenciária (CONASP), besides being pre-
sident of ABEM. Such positions have allowed him to 
enlarge the action for the benefit of medical education 
and health services. 

He was brave enough to show the problems in me-
dical education caused by inaptitude, omission, or au-
thority involvement in education. 

Professor Fraga was an enthusiastic practitioner. He 
was welcoming, respectful, and compassionate with 
his patients in Santa Casa and in his private practice. 
He was a role model in bedside teaching. He was gen-
tle when approaching and leaving his patients, as he 
thanked them, comforted them, and lifted their spirits. 
He regretted not having chosen for his Service the wor-
ds of Apostle Paul: “I urge you to live a life worthy of 
the calling you have received: be completely humble and 
gentle”.

When he was 90, he collected memories of his long 
path in two books – Evocações and Memórias de um 
médico humanista. In these books, he showed the final 
balance of a life dedicated to clinical practice and to the 
School of Medicine of UFRJ, of which the Hospital, 
according to him, was an extension and the main ins-
trument for the effectiveness their missions.

He worked in his private practice until the moment 
that his disease allowed it. It was not easy for him to 
accept to be far away. When asked about the current 
problems in the doctor-patient relationship, he said: “I 
am away from the practice for 6 years now, and for me, 
today, the problem is that I miss my patients”. He would 
get emotional when remembering this practice. Similar 
to Paul Milliez, French doctor and professor, he felt he 
had a debt with his patients: “Giving myself to them gives 
me the impression that I am useful”. 
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He left the example of moral elegance in the dise-
ase that imposed so many restrictions on him: it took 
him away from social contacts, and prevented him from 
reading and writing. He was a polite man, and even 
in his isolation, he continued to be loving and gentle 
with those that took care of him. He showed no visible 

bitterness, did not complain, but several times said he 
was tired of the days that were too long due to lack 
of activity. The days were always the same. Slowly, he 
spoke less and less. He passed away on May 11th, having 
respected his calling. He fulfilled his destiny in the 98 
years that were given to him. 
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N ascido em Salvador, em 1917, chegou ao Rio de Janeiro aos 4 anos de idade, em 
razão da transferência de sua família, quando o pai, médico e professor univer-

sitário, se elegeu deputado federal, que concentrou suas iniciativas nas áreas da Saúde 
e da Educação. 

Seguindo o costume da época, sua instrução primária esteve a cargo de professora 
particular, que o preparou para o curso secundário no Colégio Santo Inácio. A figura 
do pai e o convívio com mestres ilustres que frequentavam sua casa, a exemplo de 
Carlos Chagas e Fernando de Magalhães, foram decisivos para a escolha da carreira. 
Formou-se na Faculdade de Medicina da Praia Vermelha, em 1939. Recebeu o Prêmio 
concedido ao aluno distinto pelas notas mais altas no decorrer da graduação. Foi o 
Orador na solenidade de colação de grau. 

Manteve-se na Faculdade, iniciando a atividade profissional na Santa Casa da Mi-
sericórdia, como Assistente da 2ª Cadeira de Clínica Médica, regida por seu pai, que 
reverenciava como o mestre de todas as horas. Notadamente estudioso, cedo começou 
a preparar-se para a carreira do magistério. Conquistou a docência-livre aos 27 anos 
e, a cátedra, aos 38. O alto desempenho nos concursos acadêmicos permaneceu na 
memória de muitos que os testemunharam. 

Do pai, herdou a inclinação para a Medicina e o Magistério, mas demonstrou ha-
bilidades de administrador e líder, refletidas no Serviço de Clínica Médica, que inau-
gurou em 1957, na Santa Casa. Soube escolher uma equipe valorosa, que, em pouco 
tempo, tornou respeitada no País a 1ª Cadeira de Clínica Médica. Os que nela per-

Clementino Fraga Filho, em 
seu consultório, aos 90 anos
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maneceram tiveram seu desenvolvimento favorecido e, 
ainda hoje, sobressaem no exercício da profissão egres-
sos daquele ambiente.  

Em 1966, foi eleito Vice-Reitor. Esteve no exercí-
cio da Reitoria num total de treze meses, em razão do 
afastamento do Reitor Raymundo Moniz de Aragão, 
feito Ministro da Educação e Cultura, e, mais tarde, 
em virtude da sua renúncia. Em discurso emocionado, 
aclamado a seu fim, recusou a indicação consensual do 
Conselho Universitário para assumir a direção da Uni-
versidade. A dedicação exclusiva exigida pelo cargo im-
pediria a continuidade das atividades docente e clínica, 
para as quais se preparara. 

Sua passagem pela Reitoria coincidiu com a Refor-
ma Universitária, à qual deu marcante contribuição, e a 
vigência do regime militar. Informado das intenções de 
sua cassação, manteve, com equilíbrio, a intransigência 
na defesa da instituição e a tolerância com as manifesta-
ções estudantis. Passou à história o diálogo, por quatro 
horas, com os alunos reunidos sob a liderança de Vladi-
mir Palmeira, em 1968, no Teatro de Arena da Univer-
sidade Federal do Rio de Janeiro (UFRJ).   

A vitoriosa experiência no Serviço de Clínica Médi-
ca, indissociável do devotamento à Universidade e da 
capacidade de liderança, estará na origem da indicação 
unânime da Congregação da Faculdade de Medicina, 
em 1974, para dirigi-la e, paralelamente, conduzir os 
trabalhos da comissão especial para a implantação do 
Hospital Universitário, aspiração histórica dos corpos 
docente e discente da Faculdade. 

Inaugurou o Hospital em 1978, depois do trabalho 
à exaustão para superar os obstáculos de natureza dou-
trinária, política e burocrática, além da escassez dos re-
cursos financeiros e de pessoal. Dias antes da abertura, 
escreveu em seu caderno de anotações, tornado público 
em 2008: “Estamos em fase final da primeira grande 
tarefa: a da implantação. Muito pouca gente poderá 
avaliar o que tem sido o trabalho, por sua multiplicida-
de e diversidade, pelos inúmeros problemas que surgem a 
cada dia. Houve um momento em que pedi aos auxiliares 
que os trouxessem por atacado, em dias predeterminados, 
porque já era quase impossível suportá-los no varejo de 
cada dia e cada hora. À medida que se aproxima o gran-
de momento, em que maior número de pessoas começa a 
participar, crescem os problemas de ordem pessoal, os pe-
quenos e maiores desentendimentos, as reivindicações, as 
incompreensões. Conceitos básicos, já firmados, voltam a 
ser contestados, numa tentativa inútil, mas desgastante”.

Foi seu primeiro Diretor, como a consolidar a tare-
fa. Mereceu justo reconhecimento do Conselho maior 
da Universidade, que, por proposta da Professora Anna 
Maria de Castro, decidiu apor seu nome a sua mais im-
portante realização. Serviu à UFRJ até 1985, sem tor-
nar real a genuína aspiração de concluir a carreira na 
convivência com alunos e pacientes.

Em nenhum momento se afastou da prática médica, 
convencido de que o exercício paralelo das atividades 
de ensino e da clínica aprimora a qualidade de ambas. 
Ressalte-se sua coerência em relação à Clínica Médica. 
Foi professor de Clínica; como Diretor da Faculdade, 
promoveu as reformas curriculares que a valorizaram; 
na Direção do Hospital, deu prioridade à estrutura de 
serviços gerais; na Associação Brasileira de Educação 
Médica (ABEM), argumentou em favor da formação 
do clínico; no consultório, sempre fez Clínica Médica. 

Em seu consistente itinerário, sobressaem a digni-
dade profissional e a fidelidade à Casa de sua formação. 
A ela, consagrou sua atividade, apesar dos acenos para 
ocupar cargos de maior visibilidade na administração 
pública. Aceitou sua inclusão, sucessivamente, na Co-
missão de Ensino Médico do MEC, no Conselho Na-
cional de Saúde e no Conselho Consultivo de Adminis-
tração da Saúde Previdenciária (CONASP), assim como 
exerceu a Presidência da ABEM. 

Tais posições lhe permitiram ampliar a ação em be-
nefício do preparo dos médicos e da prestação de servi-
ços em saúde. Teve a coragem de apontar os descami-
nhos do ensino da Medicina, pela omissão, inépcia, ou 
cumplicidade das autoridades da área da educação. 

Exerceu a Medicina com sincero entusiasmo. Aco-
lhedor, respeitoso, compassivo com os doentes, na San-
ta Casa, como na clínica privada. Foi exemplar na mo-
dalidade de ensino à beira do leito. Distinguia-se pelo 
modo gentil de aproximar-se dos doentes e deles des-
pedir-se, porque não lhes faltava com o agradecimento, 
o gesto de conforto, a palavra de ânimo. Lamentava 
não ter escolhido, como inscrição para seu Serviço, as 
palavras do Apóstolo Paulo: “Eu vos exorto a caminhar 
de acordo com a vocação que recebestes, com toda a humil-
dade e mansidão”.  

Aos 90 anos, reuniu lembranças da longa trajetó-
ria, em duas publicações – Evocações e Memórias de um 
médico humanista. Nelas, o balanço final de uma vida 
dedicada à clínica e à Faculdade de Medicina da UFRJ, 
da qual o Hospital Universitário, a seu juízo, era exten-
são e instrumento principal para a efetividade de suas 
missões.   
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Trabalhou em seu consultório até o limite fixado 
pela doença. Não lhe foi fácil aceitar o afastamento. 
Indagado por Maurício Tostes sobre os problemas  
atuais na relação médico-paciente, respondeu: “Afasta-
do há seis anos do exercício da clínica, o problema para 
mim, hoje, é a falta do paciente”. Comovia-se com as 
lembranças da prática clínica. À semelhança de Paul 
Milliez, médico e professor francês, sentia-se devedor 
de seus clientes: “Dar-me a eles me permitiu dar a mim 
mesmo a impressão de ter sido útil”. 

Legou o exemplo da elegância moral na doença que 
lhe impôs tantas restrições. Afastou-o do convívio social, 
impediu-lhe a leitura e a escrita. Homem cordato, em seu 
isolamento conservou-se afável e não descuidou do trato 
cortês com os que dele se ocupavam. Sem amargura visível, 
sem queixumes, manifestou por vezes o cansaço dos dias 
tornados longos pela inatividade. Dia após dia, a mesma 
vida se repetia. Vagarosamente, se foi silenciando. Ausen-
tou-se na madrugada de 11 de maio. Realizou sua vocação. 
Cumpriu o destino que lhe cabia cumprir em 98 anos. 
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so will delay the processing of your manuscript. 
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ther periodical-either professional or lay. 
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successfully complete the peer-review process and are recommended for publication 
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gends. Word count must be shown on the title page, along with the number of figu-
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in detail in the “Manuscript Preparation” section. 

Original Articles 

The 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 electro-
nically). It represents a substantial body of laboratory or clinical work. In general, 
Original Articles should not exceed 3,600 words in the main text, include more than 
six figures and tables, or more than 35 references. 

Review Articles 
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issues within the field of clinical endocrinology. All reviews are submitted upon in-
vitation and are subject to peer review. Articles in this category are requested by the 
Editors to authors with proven expertise in the field. Authors considering the sub-
mission of uninvited reviews should contact the editors in advance to determine 
whether the topic that they propose is of current potential interest to the Journal. 
Review articles should be no longer than 4,000 words in the main text, include no 
more than four figures and tables, and no more than 60 references. The author 
should mention the source and/or request authorization for use of previously publi-
shed figures or tables.

Consensus Statements 

Consensus Statements related to the endocrine and metabolic health standards 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 criticism, and will be published only if they meet the usu-
al editorial standards of the Journal. Consensus Statements should typically be no 
longer than 3,600 words in the main text, include no more than six figures and ta-
bles, and no more than 60 references. 

Brief Report 

The Brief Report consists of new data of sufficient importance to warrant immediate 
publication. It is a succinct description of focused study with important, but very 
straightforward, negative or confirmatory results. Brevity and clarity are always li-
kely to enhance the chance of a manuscript being accepted for publication. A maxi-
mum 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) are acceptable for Brief Re-
ports. 

Case Report 

A Case Report is a brief communication presenting collected or single case reports 
of clinical or scientific significance. These reports should be concise and focused on 
the issue to be discussed. They should address observations of patients or families 
that add substantially to the knowledge of the etiology, pathogenesis, and delinea-
tion of the natural history or management of the condition described. Case Reports 

should be 2,000 words or less, with no more than four figures and tables, and no 
more than 30 references. 
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cal contributions, preferentially together with a review of the literature, will be con-
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Letters to the Editor 
Letters to the Editor may be submitted in response to manuscript that has been pu-
blished in the Journal. Letters should be short commentaries related to specific 
points of agreement or disagreement with the published manuscript. Letters are not 
intended for the 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 should 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 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. Submit-

ted papers must be complete, including the title page, abstract, figures, and ta-
bles. 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 the evaluation of the manuscript for publication in 

AE&M, and any information relevant to the manuscript. Elsewhere on the sub-
mission 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 suppor-

ting the writing of the paper. 
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Title Page 
The title page must contain the following information: 
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2.  Full names, departments, institutions, city, and country of all co-authors.
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ding author. 
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Structured Abstracts 
All Original Articles, Brief Reports, Reviews, Case Reports should be submitted 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 written for general journal 
readership. The abstract format should include four sections that reflect the section 
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Materials and Methods 
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Authorship 
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pacientes susceptíveis), procedimentos cirúrgicos, alterações no estado clínico, medicações concomitantes que afetem a função renal ou a hemodinâmica ou a eliminação da metformina, administração de meio de contraste intravascular iodado (aumento do risco de insuficiência renal aguda), estados de hipóxia (choque, ICC, 
IAM, insuficiência renal pré-renal), mau controle glicêmico secundário a febre, trauma, infecção ou cirurgias, pacientes sob risco de depleção de volume intravascular (idosos, uso de diuréticos), uso concomitante com medicamentos que causam hipoglicemia (insulina e sufonilureias), sepse urinária e pielonefrite, uso geriátrico, 
gravidez, lactação, uso pediátrico, câncer de bexiga ativo. Categoria de risco na gravidez: C. Interações medicamentosas:  com dapagliflozina (sem alterações clínicas relevantes, sem necessidade de ajuste de dose): bumetanida, sinvastatina, rifampicina, ácido mefenâmico; com metformina: medicamentos catiônicos 
(cimetidina), glibenclamida, furosemida, nifedipino; outros medicamentos hiperglicemiantes (tiazidas e outros diuréticos, corticosteroides, fenotiazinas, produtos da tireoide, estrógenos, contraceptivos orais, fenitoína, ácido nicotínico, simpatomiméticos, medicamentos bloqueadores do canal de cálcio e isoniazida). Interferência 
com teste do 1,5-anidroglucitol (1,5.AG). Reações adversas: infecção genital, infecção do trato urinário, poliúria, dorsalgia, cefaleia, hipoglicemia, desidratação, hipovolemia ou hipotensão, diarreia, náuseas, vômitos, redução dos níveis séricos de vitamina B
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, aumento do hematócrito.  Posologia: deve ser individualizada 

com base no regime atual do paciente, desde que não exceda a dose máxima recomendada de 10 mg de dapagliflozina e de 2000 mg de cloridrato de metformina de liberação prolongada. XigDuo XR® deve, de modo geral, ser administrado uma vez ao dia com a refeição da noite.  Apresentações: XigDuo XR® comprimidos 
revestidos de liberação prolongada de: 5 mg/1000 mg em embalagens com 14 e 60 comprimidos; 10 mg/500 mg em embalagens com 14 comprimidos e 10 mg/1000 mg em embalagens com 14 e 30 comprimidos. USO ADULTO. USO ORAL. VENDA SOB PRESCRIÇÃO MÉDICA. SE PERSISTIREM OS SINTOMAS, 
O MÉDICO DEVERÁ SER CONSULTADO. Para mais informações, consulte a bula completa do produto. www.astrazeneca.com.br.  Reg. MS – 1.0180.0407 (XIG005_min).

CONTRAINDICAÇÃO: doença renal ou disfunção renal moderada a grave. INTERAÇÃO MEDICAMENTOSA: cimetidina.
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*Quando comparada a metformina IR isolada ou associada a glipizida ou dapagliflozina isolada ou metformina XR isolada.
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