
A
R

C
H

IV
E

S
 O

F
 E

N
D

O
C

R
IN

O
L

O
G

Y
 A

N
D

 M
E

T
A

B
O

L
IS

M
 –

  
6

0
(5

) 
- 

O
C

T
O

B
E

R
 2

0
1

6

OFFICIAL JOURNAL OF THE BRAZILIAN SOCIETY OF ENDOCRINOLOGY AND METABOLISM

ARCHIVES OF

AND METABOLISM
ENDOCRINOLOGY

56/7

O
u

tu
b

r
O

 2
01

2

issn 0004-2730

A
r

q
u

iv
o

s
 B

r
A

s
il

e
ir

o
s

 d
e

 e
n

d
o

c
r

in
o

l
o

g
iA

 &
 m

e
t
A

B
o

l
o

g
iA

  
- 

 V
O

l
u

m
e

 5
6

(7
) 

 -
  

O
u

t
u

b
r

O
 2

0
1

2

ISSN 2359-3997

Vol. 60 • NO 05 – October 2016



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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Transsphenoidal pituitary surgery by 
microscopic or endoscopic approach: 
the still unsolved question of superiority

Eduardo de Arnaldo S. Vellutini1

S urgery has been the main treatment of pituitary tumors since the beginning of last 
century. Pioneers like Cushing, Hirsch, and Schloffer were able to foresee the advantages 

of the transsphenoidal approaches but had to abandon them due to technical difficulties, 
specially those related to surgical field lighting. Even though this method was maintained by 
Norman Dott, in England, and Gerard Guiot, in France, it was only in the beginning of the 
sixties that Jules Hardy, in Canada, brought the surgical microscope to the operating room.

Since then, the microscopic transsphenoidal approach became the gold standard for 
the treatment of pituitary tumors. Meanwhile, in the middle of the nineties, endoscopic 
surgery had already proven its efficacy in the treatment of nasosinusal diseases and, 
thus, its use in sellar diseases became a matter of time. The wide-angle view associated 
with a light source near the surgical field brought about a large number of possibilities, 
not only for pituitary surgery but also in the whole field of skull base surgery. 

In the last years, the indications for endoscopic pituitary surgery have gradually 
overcome those for microscopic surgery. View of the surgical field, the Achilles’ heel of 
Cushing almost a hundred years ago, is the main advantage of this technique. Surely, 
surgeons must adapt to the changes in the operating room, to the use of a video 
monitor and to a two-dimensional surgical view with a different anatomic perspective. 
However, those difficulties should be faced after proper laboratory training, and it 
should be considered that learning may probably be faster for a young than for a senior 
surgeon. 

Endoscopy has also brought the rhinologist to the field of pituitary surgery, which 
can be seen as a great advantage. Results were improved, developing multidisciplinary 
cooperation, bringing about many technical innovations in the operative room, 
improving nasal functional results in patients, as well. 

There still are controversies among pituitary surgeons about the superiority of 
endoscopic techniques (1,2). In this issue of the AE&M, Bastos and cols. (3), by 
means of a meta-analysis of the literature, tried to figure out which may be the best 
indication for the patient, presenting pooled data on surgical success, outcomes, and 
complications of both techniques. They did not find a significant differences between 
endoscopic and microscopic TSS in relation to pituitary tumor resection rates and 
achievement of biochemical control of functioning pituitary adenomas, but pointed 
out that, due to the low level of evidence and small number of observations, the 
results of their meta-analysis should not be viewed as a final proof of inferiority or 
superiority of one approach in relation to the other. Nonetheless, postoperative 
complications seemed to be less frequent with the endoscopic procedure. As a matter 
of fact, such comparisons are difficult to evaluate due to different number of cases 
(larger in microscopic series), distinct eras of pituitary surgery (series from different 
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decades), and heterogeneous tumor subgroups of 
pituitary adenomas.

 Nevertheless, endoscopic pituitary surgery has 
clearly changed some paradigms. Tumors located in 
the cavernous sinus, which were previously referred 
for radiotherapy (1), and tumors with large suprasellar 
extension, which were operated by a standard 
craniotomy (4), can now be removed by endoscopic 
transnasal extended approaches with good results and 
acceptable complications.

Medical science is an ever-changing area. A 
multicenter, randomized, trial of microscopic and 
endoscopic transsphenoidal techniques may determine 
the real advantages and disadvantages of each of them. 
Meanwhile, the pituitary surgeon should choose the 
best for the patient according to his/her expertise.

Disclosure: no potential conflict of interest relevant to this article 
was reported. 
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Endoscopic versus microscopic 
transsphenoidal surgery in the 
treatment of pituitary tumors: 
systematic review and  
meta-analysis of randomized and 
non-randomized controlled trials

Rodrigo V. S. Bastos1, Carla Maria D. M. Silva1, Jose Vicente Tagliarini2,  
Marco Antonio Zanini3, Flavio R. Romero3, Cesar Luiz Boguszewski4,  
Vania dos Santos Nunes1

ABSTRACT
We conducted a systematic review and meta-analysis of randomized and non-randomized controlled 
trials that compared pure endoscopic with microscopic transsphenoidal surgery (TSS) in the 
resection of pituitary tumors. Embase, PubMed, Lilacs, and Central Cochrane were used as our data 
sources. The outcomes were total tumor resection, achievement of biochemical control of functioning 
adenomas, hospital stay and surgery complications. The randomized trials were analyzed using the 
Grading of Recommendations Assessment, Development, and Evaluation (GRADE) approach. Two 
randomized and three prospective controlled non-randomized studies were included. Two studies, 
including 68 patients, evaluated total tumor resection and the meta-analysis did not show differences 
between the groups [RR: 1.45 (95% CI: 0.87, 2.44)]. Three studies involving 65 patients analyzed the 
achievement of biochemical control and no statistical difference was found [RR: 0.94 (95% CI: 0.7, 
1.26)]. All five studies compared the frequency of postoperative complications between intervention 
and control group and meta-analysis favored for a low rate of postoperative complications in the 
endoscopic TSS group [(RR: 0.37 (95% CI: 0.16, 0.83)]. Due to the low evidence level and low number 
of observations, the results of our meta-analysis should not be viewed as a final proof of inferiority 
or superiority of one approach in relation to the other. More data including higher numbers of 
observations are needed. Arch Endocrinol Metab. 2016;60(5):411-9

Keywords
Pituitary tumor; surgical endoscopy; neurosurgical procedure; review; systematic

INTRODUCTION

T ranssphenoidal surgery (TSS) is the treatment of 
choice for most functioning and nonfunctioning 

pituitary tumors. The microscopic technique is a 
traditional and well-established procedure that has been 
successfully applied for removal of pituitary adenomas. 
Most available data about the short- and long-term 
outcomes of TSS are derived from this modality of 
surgery. In the 1990s, a distinct impulse came from the 
otorhinolaryngologists, with the use of the endoscope 
in functional endoscopic sinus surgery, disclosing 
the pathway to the sella turcica and the endoscopic 
approach for resection of pituitary tumors either alone 
or as an adjunct to the microneurosurgery. 

Microscopic TSS can be performed via sublabial 
or endonasal transeptal approach. The latter has a 
slightly smaller field of view in comparison with the 
former, but it has the advantages of being less painful 
and not requiring postoperative packing (1). In the 
endoscopic technique, a rigid endoscope is used to get 
into the sphenoid sinus and the sella turcica through 
both nostrils. Some experienced neurosurgeons and 
otorhinolaryngologists have changed to the endoscopic 
surgery, claiming that this procedure is safer, less 
invasive, and allows a wider view of the sella turcica, 
improving tumor resection rates (1). 

Studies comparing endoscopic with microscopic 
TSS have produced inconsistent results, either showing 
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no difference between them (2-4) or favoring the 
new technique (5,6). The main reasons for these 
discrepancies include comparisons of retrospective 
results of microscopic TSS versus prospective results of 
endoscopic TSS and the experience of the surgical teams 
with the different procedures. Thus, a careful analysis of 
each series reported on the literature is essential before 
asserting the superiority of one technique over the other. 

The aim of the present study was to perform a 
systematic review and meta-analysis of randomized and 
non-randomized controlled trials that compared pure 
endoscopic with microscopic TSS in the resection of 
pituitary tumors. Our hypothesis was that endoscopic 
TSS would be safer and more effective than the 
microscopic technique in the management of pituitary 
tumors in experienced hands. 

MATERIALS AND METHODS

We have included randomized, non-randomized, 
or quasi-randomized controlled trials that were 
carried out to compare endoscopic TSS (intervention 
group) with microscopic TSS (comparison group) 
involving adult patients with acromegaly, Cushing’s 
disease, nonfunctioning pituitary adenomas (NFPA), 
prolactinomas resistant to dopamine agonists or other 
pituitary-related tumors. 

The primary postoperative outcomes analyzed in 
our study included total tumor resection, achievement 
of biochemical control of functioning adenomas and 
frequency of postoperative complications, such as: 
cerebrospinal fluid (CSF) leak, temporary or permanent 
diabetes insipidus, hypopituitarism, hypothyroidism, 
hypocortisolism, sinusitis, meningitis, nasal synechiae, 
saddle nose, syndrome of inappropriate antidiuretic 
hormone secretion (SIADH), hyposmia, anosmia, 
blood loss, massive nasal bleeding, wound disruption 
and vision decline. Secondary outcomes were quality of 
life, costs, duration of postoperative hospital stay (days) 
and operative time. 

We searched the following electronic databases: 
Embase (1980–2014), PubMed (1966–2014), Lilacs 
(1982–2014) and the Cochrane Central Register of 
Controlled Trials (CENTRAL, the Cochrane Library, 
issue 2014). Ongoing clinical trials on the ClinicalTrials.
gov website, in conferences, hand-searches and 
specialists in this field were also consulted. The 
Medical Subject Heading (MeSH) terms used included 
‘‘Acromegaly’’, “Pituitary ACTH Hypersecretion”, 

‘‘Pituitary Neoplasms’’, “Hyperpituitarism”, ‘‘Endoscopic 
Transsphenoidal Surgery’’, “Microscopic Transsphenoidal 
Surgery’’. There was no language or year restriction.

Two reviewers (RVSB and JVT) independently 
screened the titles and abstracts identified by the 
literature search and the studies potentially eligible 
for inclusion in the review were selected for complete 
reading. In case of disagreements, there was a debate 
between the reviewers and a third party (VSN) before 
the final decision.

For each trial, we assigned risk of bias taking in 
consideration quality scores for random sequence 
generation, allocation concealment, blinding of 
outcomes and incomplete outcome data. We used 
the criteria described in the Cochrane Reviewers’ 
Handbook (7) to classify these scores in adequate (low 
risk of bias), unclear, and inadequate (high risk of bias). 

We performed the meta-analysis using Review 
Manager 5.3 software. For dichotomous outcomes, 
relative risk was calculated with a 95% confidence 
interval and we expressed continuous variables as 
weighted mean difference along with their 95% 
confidence intervals. Potential causes of heterogeneity 
among the studies were also analyzed. The I2 statistic 
was used to measure the proportion of statistical 
heterogeneity for each outcome. When the data were 
homogeneous, we undertook a fixed-effect analysis. 
However, in the presence of heterogeneity (I2 > 0), the 
analysis was performed in a random-effect model. The 
sensitivity analysis was also performed by excluding 
non-randomized controlled trials. 

The quality of evidence per outcome measurement 
was graded according to the guidelines of the 
GRADE (Grading of Recommendations Assessment, 
Development, and Evaluation) Working Group 
(8,9). The confidence of GRADE system decreases 
if studies have major limitations that may interfere 
on the estimates of the treatment effect (8). These 
limitations include risk of bias at each included study, 
and GRADE also considers inconsistency, indirectness, 
imprecision and publication bias of each evaluated 
outcome. Randomized studies have risk of bias when 
they failure to conceal allocation, failure to blind, loss 
to follow-up, and failure to appropriately consider 
the intention to treat principle (10). Inconsistency is 
related to heterogeneity of the results, indirectness 
compares whether the interventions are delivered to the 
adequate populations, imprecision refers to what extent 
our confidence in the estimated effect is adequate to 
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support a particular decision (confidence intervals) and 
publication bias should be suspected when available 
evidence comes from a number of small studies (11,12), 
most of which have been pharmaceutical industry 
sponsored (13,14). 

RESULTS

Our search identified 1238 references (Figure 1). 
Nineteen articles were potentially eligible for inclusion 
in our review, and from these 12 were excluded because 
they involved retrospective comparisons (2,3,5,15-23) 
and two were excluded because they were publication 
of case series (24,25). Five publications were included 
in the final analysis (4,6,26-28).

microscopic TSS; both were dedicated surgeons who 
have been operating for more than 15 years. Primary 
outcomes were complete tumor removal, mean 
operative time, blood loss, and CSF leak. All patients 
were subjected to a magnetic resonance imaging (MRI) 
three months after surgery that showed the same 
complete tumor removal rate in both groups.

Cho and Liau (6) randomized to endoscopic or 
microspic TSS 44 patients with prolactinoma who were 
operated due to intolerance to bromocriptine or visual 
deficits. The groups had similar baseline characteristics, 
the mean follow up was 3.5 years and the main outcomes 
were normal prolactin levels, normal menstrual cycle, 
no galactorrhea, visual field improvement, operative 
time, hospital stay and complications. 

In a prospective study performed in Phoenix, 
Arizona, 166 patients were assigned to one of the 
study groups according to surgeon preference: 67 to 
endoscopic (43 NFPA, 7 acromegaly, 7 prolactinomas, 
3 Cushing’s disease, 7 other) and 99 to microscopic 
TSS (57 NFPA, 13 acromegaly, 11 prolactinomas, 
7 Cushing’s disease, 11 other (Rathke’s cleft cyst, 
meningioma, pituitary cyst) (4). One surgeon 
performed all microscopic TSS and another one all 
the endoscopic TSS. The secondary outcomes were 
length of stay in the hospital (days) and complications 
(temporary or permanent diabetes insipidus, CSF leak, 
hyponatremia, cardiac dysrhythmia, respiratory failure, 
delirium tremens, heart palpitations, vision decline, and 
meningitis).

Kahilogullari and cols. (28) performed a non-
randomized controlled study comparing olfactory 
functions between 50 patients operated by endoscopic 
or microscopic TSS (44 pituitary adenomas (30 
hormone-active and 14 NFPA), 3 fibrous dysplasia, 1 
Rathke cyst, 1 chordoma, 1 hypophysitis). The Smell 
Diskettes Olfaction Test was applied before and 1 
and 6 months after the surgery to evaluate olfactory 
outcomes. The authors also studied incidence of CSF 
leak. In the endoscopic group, they observed only 
two patients with hyposmia, while in the microscopic 
group, 13 patients developed anosmia and 5 anosmia. 

Enseñat and cols. (27) performed a prospective, 
non-randomized study, to compare the TSS techniques 
in relation to the total and subtotal tumor resection, 
surgical complications and time of post-operative 
hospitalization. They included 50 patients who had 
sellar lesions with different grades of invasiveness of the 
cavernous sinus (47 pituitary adenomas, 3 Rathke cyst). 

Figure 1. Flowchart for identifying eligible studies

1 of additional records identified 
through other sources 

Conferences 0

Hand-searches 1

Specialist in the field 0

1232 of records after duplicates removed

34 of records excluded53 of records screened

 19 of full-text articles 
assessed for eligibility

 5 of studies included in 
quantitative synthesis 

(meta-analysis)

1238 of records identified through 
databases searching
PubMed 733

Embase 473

Lilacs and Central Cochrane 32

14 of full-text articles 
excluded, with reasons:   
12 retrospective comparisons 

2 case series 

Five studies included in the meta-analysis involved 
a total of 328 participants; two were randomized 
controlled trials (6,26) and three were non-randomized 
controlled trials (4,27,28). The main characteristics of 
the enrolled patients are presented in Table 1.

Jain and cols. (26) randomized 20 patients 
with pituitary adenomas (9 NFPA, 5 acromegaly, 3 
prolactinomas, 2 Cushing’s disease, 1 Nelson syndrome) 
to endoscopic or microscopic TSS. Most patients had 
macroadenoma. An endoscopic rhinologist performed 
the endoscopic TSS and a neurosurgeon performed the 
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Table 1. Main characteristics of the enrolled patients and risk of bias in the five included studies

Study/Year
Type of study

number of 
patients

Inclusion 
criteria Outcomes

Risk of Bias

Randomization
Blinding of 
outcome 

assessment
Allocation

Incomplete 
outcome 

data

Jain, 2007 Randomized

10/10

Patients with 
pituitary 
adenoma

Complete tumor resection, 
achievement of biochemical control of 
functioning adenomas, postoperative 

complications, operative time

Appropriate

(low risk)

No mentioned

(unclear)

No mentioned

(unclear)

No 

(low risk)

Enseñat, 2009 Prospective

Non-randomized

25/23

Patients with 
pituitary 
adenoma

Complete tumor restriction, 
achievement of biochemical control of 
functioning adenomas, postoperative 

complications, hospital stay

No

(high risk)

No mentioned

(unclear)

No applicable No

(low risk)

Cho, 2002 Randomized

22/22

Patient with 
prolactinoma 

and with 
intolerance to 
bromocriptin

Visual field, achievement of 
biochemical control of functioning 

adenomas, postoperative 
complications, hospital stay, operative 

time

No mentioned

(unclear)

No mentioned

(unclear)

No mentioned

(unclear)

No

(low risk)

Little, 2014 Prospective

Non-randomized

67/99

Patients with 
pituitary tumor

Hospital charges, postoperative 
complications, hospital stay,

No

(high risk)

No mentioned

(unclear)

No applicable 3 patients

(low risk)

Kahilogullari, 
2013

Prospective

Non-randomized

25/25

Patients with 
pituitary tumor

Postoperative complications No

(high risk)

No mentioned

(unclear)

No applicable No

(low risk)

The risk of bias (random sequence generation, 
allocation concealment, blinding of outcome assessment 
and incomplete outcome data) of five included studies 
are presented in Table 1.

Meta-analysis

Two studies evaluated total tumor resection (26,27); 
the meta-analysis did not show significant difference 
between the groups [RR: 1.45; (95% CI: 0.87, 
2.44)] (Figure 2). Three studies (6,26,27) analyzed 
achievement of biochemical control of functioning 
pituitary adenomas and, again, no statistical difference 
was found between the intervention and comparison 
groups [RR: 0.94; (95% CI: 0.7, 1.26)] (Figure 3A). 

Three studies assessed the duration of postoperative 
hospital stay (4,6,27), but only two mentioned standard 
deviation (SD) and could be included in the meta-

analysis (4,27). The result was heterogeneous (92% 
(I2)), with one study favoring the intervention group 
and the other one showing no difference between the 
groups [MD: -1.26 (95% CI: -4.1, 1.59)].

All five studies compared frequency of postoperative 
complications between intervention and control 
group and our meta-analysis favored for a low rate of 
postoperative complications in the endoscopic TSS 
group [(RR: 0.37; (95% CI: 0.16, 0.83)] (Figure 4A).

Only Little and cols. (4) evaluated total hospital 
charges, and there was no statistical difference between 
the groups ($74,703 ± $15,142 for microscopic surgery, 
$72,311 ± $16,576 for endoscopic surgery; p = 0.33). 
Hospital charges did not differ significantly by category, 
with the exception of higher charges for pathology in the 
microscopic surgery group ($6, 46 ± 2,605 for endoscopic 
and $8,626 ± 3,650 for microscopic, p < 0.001).

Figure 2. Meta-analysis of total tumor resection.
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A

A

B

B

Figure 3. Meta-analysis of achievement of biochemical control of functioning adenomas, A-B. A. Meta-analysis of randomized and non-randomized 
studies. B. Meta-analysis of two randomized studies

Figure 4. Meta-analysis of postoperative complications; A-B. A. Meta-analysis of randomized and non-randomized studies. B. Meta-analysis of two 
randomized studies.
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Quality of life was not evaluated in the included 
studies. The two randomized studies evaluated time 
of operation and endoscopic TSS was performed faster 
than microscopic TSS in both of them. However, 
meta-analysis could not be performed in this outcome 
because only one study indicated SD.

Quality of evidence

As shown in Table 2, the quality of evidence according 
to GRADE approach was performed only for two 
common outcomes in the two randomized studies 
(postoperative complications and achievement of 
biochemical control of functioning adenomas) (6,26). 

Despite that the randomized studies did not have lost 
of follow-up, the GRADE approach for our outcomes 
“postoperative complications” and ”achievement of 
biochemical control of functioning adenomas” was 
necessary to rate down for the risk of bias, because 
only the study by Jain and cols. (26) mentioned 
randomization process, while concealment allocation 
was not clear in neither of them. The sensitivity 
analysis of these outcomes excluding non-randomized 
controlled trials showed a RR was 0.23 (CI: 0.08-0.70) 
and 0.88 (CI: 0.64-1, 21) respectively (Figures 3B and 
4B). There was no need to rate down for inconsistency, 
as no heterogeneity at the meta-analysis results was 
observed. Similarly, it was not necessary to rate down 
for indirectness for both outcomes. Imprecision was 
rated down for “achievement of biochemical control 
of functioning adenomas”, because the 95% CI did 
not exclude a RR of 1. Concerning publications 
bias, rate down of quality was necessary due to small 
number of randomized controlled trials. Quality of 
evidence for postoperative complications was low and 
for achievement of biochemical control of functioning 
adenomas was very low.

DISCUSSION

With recent advances on endoscopic sinus surgery, the 
use of endoscope to reach the sella turcica has emerged 
as an alternative method for resection of pituitary 
tumors (29). Additionally, it has been suggested that 
the endoscopic surgery, in comparison with microscope 
approach, may be associated with more gross-total 
tumor resection, shorter hospital stay, shorter operation 
time, lower estimated blood lose, low complication rates 
and better endocrine outcomes (30). However, there is 
no clear evidence that this concept is true and available 
results from published studies are still controversial. 

Atkinson and cols. (2) published a retrospective 
comparison between these two surgical modalities. 
They found shorter anesthesia time, hospital stay 
and less blood loss with the endoscopic technique. 
However, they found no difference in postoperative 
complications or hormonal disease control. The authors 
concluded that success rate was more related to the 
surgeon experience than to the surgery technique itself.

Considering nonfunctioning pituitary adenomas 
(NFPAs), Messerer and cols. (3) published a 
retrospective study and demonstrated a greater total 
tumor resection rate with the endoscopic technique 
(74% vs 50%, p = 0.002). On the other hand, 
Cappabianca and cols. (5) conducted a comparison 
between a prospective group of patients operated with 
endoscope and a retrospective group operated with 
microscope and found no difference between them. 
However, hospital stay was shorter in the endoscopic 
group (3.1 ± 0.4 vs 6.2 ± 0.3 days, p < 0,001).

Choe and cols. (30) performed a study that 
included 17 acromegalic pacients; eight operated by 
the microscopic approach from 1997 to 2004 and 
nine by the endoscopic approach from 2004 to 2007.  

Table 2. GRADE approach for primary outcomes

Patient outcomes
Quality of assessment Summary of findings

Risk of bias Inconsistency Indirectness Imprecision Publication 
Bias

Relative effect 
(95% CI) RRR Quality

Postoperative 
complications

2 RCTs (55)

 Serius  (-1) No 
inconsistency

Direct No 

imprecision

Serius 

(-1)

RR 0.23

(0.08-0.7)

77%* ++, low quality

Achievement of 
biochemical control of 
functioning adenomas, 
2 RCTs (55)

Serius (-1) No 
inconsistency

Direct  Serious 

(-1)

Serius

 (-1)

RR 0.88

(0.64-1.21)

12%** +, very low 
quality

* In favor of interventional group. ** In favor of control group. Low quality evidence: the authors are not confident in the effect estimate and the true value may be substantially different from it. Very 
low quality evidence: the authors do not have any confidence in the estimate and it is likely that the true value is substantially different from it.
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In the endoscopic group, eight patients had full 
tumoral resection and obtained criteria for cure, while 
the same outcomes were seen in only three patients in 
the microscopic group.

Our systematic review included only prospective 
randomized and non-randomized controlled 
studies comparing the two TSS techniques, because 
retrospective studies are more likely to provide biased 
information. In addition, in almost all published 
retrospective comparisons, the microscopic surgeries 
were done chronologically before the endoscopic 
surgeries. As TSS efficiency is correlated to the surgeons’ 
ability and experience, the superiority of one specific 
technique over the other may be attributed much more 
for the accumulated time of neurosurgeon experience 
than the technique itself.   

Our primary outcome of total tumor resection was 
only possible to be evaluated in two studies (26,27). 
Jain and cols. (26) considered tumor complete excision 
by direct visualization of sella turcica (sella turcica was 
inspected for residual tumor with a 308 endoscope) 
and Enseñat and cols. (27) defined total resection by 
no visualization of tumor remnants in a MRI carried 
out three months after surgery. Although the meta-
analysis of this endpoint showed a RR of 1.45 favoring 
intervention group, with an I2 = 0% it was not possible 
to exclude RR of 1.0 (CI: 0.87-2.44) in the 95% CI. 

Achievement of biochemical control of functioning 
adenomas was evaluated in three studies (6,26-27). Cho 
and Liau (6) considered normalization of prolactin levels 
as hormonal control in patients with prolactinomas. 
Enseñat and cols. (27) used GH levels less than 1 ng/mL 
after oral glucose tolerance test with normal IGF-1 as 
criteria for cure in acromegaly, prolactin levels < 30 
mg/dL in women and < 15 mg/dL in men for cure 
in prolactinomas and normal urinary free cortisol for 
cure in Cushing’s disease. Jain and cols. (26) did not 
mention the criteria used to determine the biochemical 
control. The meta-anlysis of this endpoint showed a 
risk ratio of 0.94, favoring control group. However, the 
95% CI did not exclude a RR of 1 (0.7-1.26), even with 
sensitivity analysis excluding non-randomized studies. 
These findings demonstrated a serious imprecision, and 
based on GRADE approach, the quality of evidence 
was very low, with a substantial chance that the true 
value is considerably different from what we observed.

The safety of the two TSS approaches was evaluated 
by comparison of postoperative complications rates in 
the five studies included in our review. The analysis was 

related to all complications reported at postoperative 
time, since it was not possible to determine the risks 
for each complication separately in the studies. The 
meta-analysis showed a relative risk of 0.37 (95% 
CI: 0.16-0.83), resulting that endoscopic surgery 
reduced in 63% the chance of surgical complications 
in relation to the microscopic technique, but with an 
I2 = 50%. We have tried to solve this heterogeneity 
performing a sensitivity analysis with the exclusion of 
non-randomized controlled trials. The significance was 
maintained in favor of endoscopic group, with a RR of 
0.23 (CI: 0.08-0.70) and I2 = 0. However, applying 
GRADE approach, the quality of evidence was not high, 
due to small number of randomized studies and the 
lack of information related to process of randomization 
and concealment allocation. 

Other systematic reviews comparing endoscopic and 
microscopic TSS have been previously published (31-
35). Two (6,26) studies included in our meta-analysis 
also appear in some of the previous published systematic 
reviews (32-33), while the other three (4,27,28) are 
included only in our study. Some reports used either 
Medline or Medline and Embase electronic databases 
to retrieve published studies (33-35). In contrast 
with our review, all of them had language restriction 
(English) and predominantly included retrospective 
studies in their analysis. Moreover, most of them did 
not specify the number of reviewers who participated 
on quality assessment process, the potential causes of 
heterogeneity among the studies and the random-
effects model. In three systematic reviews, the authors 
compared the results of endoscopic TSS in a particular 
study with those of microscopic TSS performed in 
another unrelated study (31-34). 

In summary, based on prospective controlled 
studies, our review did not find a significant difference 
between endoscopic and microscopic TSS in relation 
to pituitary tumor resection rates and achievement of 
biochemical control of functioning pituitary adenomas. 
Postoperative complications seem to be less frequent 
with the endoscopic procedure. However, the quality 
of evidence for these outcomes was low or very low 
according to GRADE system. Due to this low evidence 
level and low number of observations, the results of our 
meta-analysis should not be viewed as a final proof of 
inferiority or superiority of one approach in relation to 
the other at this moment. New randomized trials with 
larger number of patients, more precise comparisons, 
and long-term outcomes, are needed.
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Experience with a third-generation 
parathyroid hormone assay 
(BIO-PTH) in the diagnosis of 
primary hyperparathyroidism 
in a Brazilian population

Teresa Cristina P. Bonanséa1, Monique Nakayama Ohe1,  
Cynthia Brandão1, Cláudia de Francischi Ferrer2, Lívia Marcela Santos1,  
Marise Lazaretti-Castro1, José Gilberto Henriques Vieira1

ABSTRACT
Objective: To evaluate the usefulness of a third-generation PTH assay in the diagnosis of primary 
hyperparathyroidism (PHPT). Subjects and methods: Forty-one PHPT patients (4 men and 37 
women) with 61.2 ± 10.9 (mean ± SD) years, were studied and had PTH levels measured with two 
different methods using the same immunochemiluminescent assay plataform (Elecsys 2010 System, 
Roche). We compared a second-generation assay (I-PTH) with a third-generation PTH assay (Bio-PTH). 
Two populations of 423 and 120 healthy adults with serum 25OHD levels above 25 ng/mL were used 
to define normal values in the I-PTH and Bio-PTH assays respectively. Results: Normal PTH values 
based in the healthy adults population were 24.2-78.0 pg/mL for the I-PTH assay and 19.9-58.5 pg/mL 
for Bio-PTH assay. In PHPT patients, PTH values ranged from 67 to 553 pg/mL (median: 168 pg/mL) 
using the I-PTH assay and from 55 to 328 pg/mL (median: 111 pg/mL) using the Bio-PTH assay. Results 
obtained with the Bio-PTH assay were significantly lower (p < 0.0001, Wilcoxon). In general I-PTH and 
Bio-PTH showed highly significant correlation (r = 0.952, p < 0.0001). Passing–Bablok analysis gave a 
regression equation of Bio PTH = 13.44 + 0.59 x intact PTH. PHPT patients had 25OHD levels ranging 
from 4 to 36 ng/mL (mean 16.2 ng/mL); 35 subjects (85.3%) had values bellow 25 ng/mL. Conclusion: 
Our results demonstrate that both second and third generation PTH methods are strongly correlated 
in PHPT patients and control subjects. Lower results with Bio-PTH tests are expected in function of the 
assay specificity determined by the amino-terminal antibody used. Arch Endocrinol Metab. 2016;60(5):420-5
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INTRODUCTION

P arathyroid hormone (PTH) is an 84-amino-acid 
peptide produced exclusively by the parathyroid 

glands with a major role in regulating serum levels of 
calcium (1). Biochemically, this peptide contains two 
main portions, one carboxyl-terminal (COOH) and 
one amino-terminal (NH2). The classic biological 
activity of PTH, mediated by its receptor (type 1 PTH 
receptor, PTHR1), is dependent on the presence of an 
intact amino-terminal sequence, including the first four 
amino acids (2,3). After PTH is synthesized, it is stored 
in vesicles and partially metabolized within the cells. In 
this process, amino-terminal fragments are degraded, 
and carboxyl-terminal fragments are secreted along 
with intact molecules (PTH 1–84). These latter forms 
are quickly metabolized in the liver and have a half-

life of fewer than 4 minutes. The carboxyl-terminal 
fragments are eliminated by glomerular filtration and 
have a longer half-life in the circulation, although 
their biological effects are not completely known 
(4,5). These fragments have an activity potentially 
independent from their binding to the PTHR1 
receptor which, according to some studies, can result 
in hypocalcemia, hypophosphatemia, and increase 
in urinary phosphorus (6). Thus, circulating forms 
of PTH are quite heterogeneous and, considering 
that immunoassays depend on sequences recognized 
by antibodies, measurement of the so-called intact 
molecule (PTH 1-84) becomes a challenge (4).

The first radioimmunoassay (RIA) for human PTH 
was described by Berson and cols. in 1963 and, since 
then, several different assays have emerged (3,7).  
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The first RIA used polyclonal antibodies generated 
against PTH from bovine or porcine parathyroid 
glands, with specificity mainly directed against the 
carboxyl-terminal region (4,8). They were also called 
first-generation assays, and their major limitation was 
interference from PTH carboxyl fragments, especially 
in patients with impaired renal function (8). These 
characteristics imposed on these assays low sensitivity 
and specificity rates, in addition to significantly different 
results obtained with these first-generation methods (3).

Immunometric assays were introduced in the late 
1980s. These second-generation assays were based 
on the binding of two distinct antibodies, one against 
the amino-terminal segment and another against the 
carboxyl-terminal portion of the PTH, simplifying the 
diagnostic process (9). However, the ability of second-
generation assays to measure the intact PTH 1–84 form 
alone has been questioned after human studies showed 
the existence of long carboxyl-terminal fragments with 
a partial deletion of the first amino acids in the amino-
terminal portion, such as the form 7–84 (10-12). Thus, 
levels of biologically active PTH could be overestimated 
when measured by second-generation assays, since 
these long fragments are recognized by these assays 
even though they do not activate the PTHR1 (12). 

Third-generation immunometric assays (Bio-
PTH) have been developed in an attempt to identify 
exclusively the biologically active PTH (1–84) form. 
An amino-terminal specific antibody directed to the 
first four amino acids is used in third-generation assays 
to restrict the measurement to active molecular forms  
(1–84), not recognizing, therefore, long carboxyl-
terminal fragments (3,9).

Primary hyperparathyroidism is the third most 
common endocrine disorder, with an asymptomatic 
presentation in most cases (13). Measurement 
of serum PTH levels is crucial in establishing the 
diagnosis of primary hyperparathyroidism, although 
the measurement may be normal or inconclusive 
in some patients (14). To make matters worse, 
primary hyperparathyroidism may also present as a 
normocalcemic disease (15). Considering these factors, 
we conducted this study to evaluate the contribution of 
a third-generation assay in improving the diagnosis of 
primary hyperparathyroidism.

SUBJECTS AND METHODS

We studied 41 patients with primary 
hyperparathyroidism, followed up at the Metabolic 

Bone Diseases Unit of a teaching hospital at Escola 
Paulista de Medicina (Unifesp). The diagnosis of 
primary hyperparathyroidism had been confirmed by 
an elevated concentration of serum calcium measured 
at least twice, and intact PTH levels above the upper 
normal limit or inappropriately high using a second-
generation assay (I-PTH, Elecsys 2010 System, Roche), 
which is the standard method used at our center. Blood 
samples were collected after an overnight fast and 
aliquots were instantly frozen at -70oC. Serum calcium, 
phosphorus, albumin, and creatinine were measured 
by standard chemistry. Serum 25-hydroxyvitamin D 
[25(OH)D] was measured by chemiluminescence 
using the Liaison® (CLIA) assay.

All subjects had biochemical data consistent with 
the disease and were symptomatic or meeting at least 
one criteria for parathyroidectomy according to gui-
delines for the management of asymptomatic primary 
hyperparathyroidism from the Fourth International 
Workshop (16). Among these subjects, 29 underwent 
subsequent parathyroidectomy until the end of the 
study. Pathological analyses of their surgical specimens 
revealed that 25 of these patients had adenomas and 
four had parathyroid hyperplasia. Creatinine clearance, 
estimated with the Cockcroft-Gault equation (17), was 
above 60 mL/min in all patients. We measured PTH 
levels in the entire cohort with a second-generation  
(I-PTH) and a third-generation assay (Bio-PTH) using 
the same blood sample. Both measurements were per-
formed in the same immunochemiluminescent assay 
platform (Elecsys 2010 System, Roche). We used in 
both assays a capture antibody specific to the carbo-
xyl-terminal section, around amino acids 37–42. Two 
distinct amino-terminal antibodies were used for each 
assay, each one binding at two different antigenic sites: 
the 26–32 portion in the I-PTH assay and the 1–6 re-
gion in the Bio-PTH assay. 

Two groups of normal adults living in the city of 
São Paulo, one with 423 individuals and another with 
120, were used as controls to estimate normal PTH 
values measured with the I-PTH and Bio-PTH assays, 
respectively. All subjects in these groups had 25(OH)
D levels above 25 ng/mL and normal calcium levels.

Statistical analysis

For statistical analyses, we used the software GraphPad 
Prism, version 5 (GraphPad Software, Inc., La Jolla, CA, 
USA) or MedCalc, version 12 (Medcalc Software bvba, 
Mariakerke, Belgium). Data are expressed as mean and 
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standard deviation (SD), and 95% confidence interval 
(CI) for normally-distributed data, or as median and 
range for non-normally distributed data. The agreement 
between assays was assessed using Passing-Bablok 
regression and Bland-Altman analysis. Correlation was 
performed using Pearson’s correlation coefficient. The 
results were considered significant when their p values 
were < 0.05.

RESULTS

The mean age of the 41 patients with primary 
hyperparathyroidism enrolled in the study was 61.2 ± 
10.9 years, and 37 were women. Serum PTH levels in 
the control group varied from 24.2–78.0 pg/mL when 
measured with the I-PTH assay and 19.9–58.5 pg/mL 
when measured with the Bio-PTH assay. The biological 
data of the patients with primary hyperparathyroidism 
are shown in Table 1. 

Table 1. Biological data of 41 patients with primary hyperparathyroidism

Variable Mean ± SD Normal range

Age (years) 61.2 ± 10.9 N/A

25-OHD (ng/mL) 16.2 ±  7.2 30-60 ng/mL

Serum calcium (mg/dL) 11.6 ± 0.9 8.6-10.2

Ionized calcium (mmol/L) 1.61 ± 0.15 1.24-1.41

Serum phosphorus (mg/dL) 2.6 ± 0.4 2.5-4.5

Serum creatinine (mg/dL) 0.9 ± 0.3 0.5-1.2

SD: standard deviation; N/A: not available; 25(OH)D: 25-hydroxyvitamin D.

In patients with primary hyperparathyroidism, the 
mean serum concentration of calcium was 11.6 ± 0.9 
mg/dL (normal range 8.6–10.2 mg/dL) and that of 
ionized calcium was 1.61 ± 0.15 mmol/L (normal 
range 1.24–1.41 mmol/L). PTH values ranged from 67 
to 553 pg/mL (median 168 pg/mL) when measured 
with the intact assay (I-PTH) and from 55 to 328 pg/
mL (median 111 pg/mL) when measured with the  
Bio-PTH assay. Levels of 25(OH)D in patients with 
primary hyperparathyroidism ranged from 4 to 36  
ng/mL (mean 16.2 ng/mL) and in 35 of the 41 
subjects (85.3%), the levels were below 25 ng/mL.

Among patients with primary hyperparathyroidism, 
serum PTH levels were elevated in 36 (87.8%) when 
measured with the I-PTH assay and in 38 (92.7%) 
when measured with the Bio-PTH assay. All subjects 
with normal PTH levels by both assays had other causes 
of hypercalcemia excluded.

Figure 1. Correlation between serum Bio-PTH versus I-PTH in patients 
with primary hyperparathyroidism.
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Figure 2. Bland-Altman plot of the ratio of PTH levels obtained with the 
I-PTH and Bio-PTH assays (I-PTH/Bio-PTH ratio) against the average PTH 
level obtained with both methods. The bias ± 2 standard deviations (SD) 
between the methods was 1.5 ± 0.27.

Regression analysis showed that I-PTH and Bio-
PTH were highly correlated (r = 0.952, p < 0.0001) 
(Figure 1). However, the Passing-Bablok analysis 
resulted in the regression equation Bio-PTH = 13.44 
+ 0.59 x intact PTH. The 95%CI of the slope did not 
include 1 (95% CI 0.55–0.66), and that of the intercept 
did not include 0 (95% CI 2.08–20.0), indicating 
the presence of a proportional and systematic error. 
A Bland-Altman plotting also demonstrated poor 
agreement between the methods, with an increasing 
difference within the higher range of measurements 
(Figure 2). 
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Final numeric values obtained with the Bio-PTH assay 
were significantly lower than those obtained with the  
I-PTH assay (p < 0.0001, Wilcoxon), although one 
patient had a lower PTH value when measured by I-PTH 
compared with the value measured with Bio-PTH.

DISCUSSION

Primary hyperparathyroidism is a common endocrine 
disease. Over the past decades, the disease has shown 
a change in presentation at diagnosis, from very 
symptomatic to oligo- or asymptomatic, even in 
developing countries (13,18). These patients, who 
present with mild primary hyperparathyroidism, are less 
likely to show abnormal laboratory findings at diagnosis, 
and present serum calcium and PTH measurements 
not as elevated as patients with overt symptoms of the 
disease (19).

The introduction of second-generation assays 
has improved the quality of PTH measurement in all 
conditions associated with changes in this hormone’s 
levels. However, with an accumulation of data in the 
past years, the use of second-generation assays has 
shown some limitations (2). Since this assay recognizes 
PTH using two different antibodies, it is supposed 
to measure only whole PTH (1–84), the form that 
is capable of binding and activating the PTHR1 
(3,9,12). Amino-terminal antibodies generally used 
in this assay target the most antigenic portion of the 
amino nucleus, which lies between amino acids 15–
26 (9). However, Amour’s and cols. were the first to 
demonstrate the existence of long PTH fragments, 
such as PTH (7–84), that may be identified by second-
generation assays since only the first amino acid in 
the molecule is missing (10). The occurrence of these 
long PTH fragments is probably frequent, mainly in 
patients with kidney diseases due to their decreased 
glomerular filtration rate. Their occurrence has also 
been described in healthy individuals and patients 
with primary hyperparathyroidism (1,9). Previous 
studies have suggested increased PTH degradation 
within the glands in the presence of hypercalcemia and, 
consequently, a higher proportion of PTH fragments 
in the circulation (8,9). However, this phenomenon 
is not clinically important in patients with primary 
hyperparathyroidism. Brossard and cols. have compared 
the response to calcium infusion in healthy individuals 
and patients with hyperparathyroidism and found no 

significant difference in levels of carboxyl-terminal 
fragments between these two groups (20).

Due to the strict identification of PTH 1–84 and 
no measurement of its fragments, the absolute value of 
PTH measured with a third-generation assay is expected 
to be lower than that with a second-generation assay 
(9). This correlates with our findings in the current 
study. The use of a specific antibody targeting the 
first amino acid of the molecule prevents fragmented 
forms from interfering in the measurement (21). The 
ratio of third- to second-generation assays for PTH 
is usually < 1 in primary hyperparathyroidism, but in 
rare cases, the serum concentration of PTH measured 
with a third-generation assay may be higher than that 
measured with a second-generation assay, yielding a 
> 1 ratio (21,22). A possible explanation is that these 
patients may produce forms of PTH molecules that 
are not detected by second-generation assays and are 
possibly recognized by third-generation ones. Amour 
and cols. recently described an amino PTH (N-PTH), 
a molecule with preservation of the four first amino 
acids, therefore, recognizable by third-generation 
assays. However, N-PTH presents changes in the 
portion between amino acids 15–20 that prevents 
its recognition by second-generation assays (10,14). 
The main hypothesis is that this N-PTH molecule 
has 84 amino acids, but its serine residue 17 may be 
phosphorylated, which modifies the binding site of 
the amino-terminal antibody used in the I-PTH assay 
(10). This situation is more likely to be found in severe 
hyperparathyroidism and parathyroid carcinomas, 
although it has already been described in seven patients 
with primary hyperparathyroidism without any clinical 
or histological signs of parathyroid carcinoma (14). 
In our cohort with primary hyperparathyroidism, one 
patient showed a higher PTH value using the Bio-PTH 
assay compared with the I-PTH.

In our cohort with primary hyperparathyroidism, 
the I-PTH and Bio-PTH assays identified elevated PTH 
levels in 87.8% and 92.7% of the patients, respectively. 
Aligned with findings by other authors, we found a high 
correlation between the two methods in these patients 
(23-25). However, the Passing-Bablok and Bland-
Altman tests showed a proportional and systematic 
difference between both methods, indicating that the 
second and third-generation PTH assays may not be 
used interchangeably.

In the literature, there are only a few studies 
evaluating third-generation PTH assays in patients with 
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primary hyperparathyroidism (8,23-25). Silverberg and 
cols. have found significantly higher sensitivity with 
third-generation assays in a population with primary 
hyperparathyroidism (8). The explanation for this 
superior diagnostic specificity may be related to the use 
of different control groups to define the normal PTH 
values for each assay, especially regarding potential 
differences in vitamin D status in these populations 
(8,14,25). Populations with different vitamin D levels 
may have been used to establish the normal range for 
each assay (14). Also, many other factors may interfere 
with PTH values in addition to vitamin D status, 
including calcium and magnesium intake, gender, age, 
and ethnicity (14,26). Although we used two different 
populations in our study to estimate the normal 
range for each assay, all controls had 25(OH)D levels 
greater than 25 ng/mL. This may explain the absence 
of differences in diagnostic sensitivity between both 
assays, which is consistent with findings also reported 
by several other authors (23-25). 

One remarkable finding in our patients with 
primary hyperparathyroidism was their low levels of 
25(OH)D (mean 16 ng/mL). Patients with primary 
hyperparathyroidism have been described as having 
vitamin D deficiency when compared with individuals 
in the normal population (27). The mechanisms 
behind this finding are not well understood, but 
one of the factors involved may be a greater PTH 
conversion of 25(OH)D to 1,25-dihydroxyvitamin D 
[1,25(OH)2D]. Furthermore, the subsequent increase 
in 1,25(OH)2D levels stimulate the inactivation of 
25(OH)D by 24-hydroxylases (27).

In conclusion, serum PTH results correlated 
well when measured with a third-generation assay 
(Bio-PTH) and a second-generation assay (I-PTH). 
We found that the use of a third-generation assay 
was not superior to that of a second-generation assay 
in the diagnosis of primary hyperparathyroidism. 
Nevertheless, the assays are different and should not be 
used interchangeably. Although we evaluated patients 
with primary hyperparathyroidism with an indication 
for surgery and high levels of serum calcium, this assay 
could be potentially helpful also in suspicious cases of 
primary hyperparathyroidism with borderline PTH 
values and mild disease. Another aspect to be explored 
in relation to the assays is their intraoperative use. Since 
the half-life of PTH 1–84 is slightly shorter than that 
of PTH fragments, the assays may help identify an early 
decrease in PTH levels (4). 

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

REFERENCES
1. Kunii IS, Vieira JGH. Circulating forms of parathyroid hormone 

detected with an immunoflurometric assay in patients with primary 
hyperparathyroidism and in hyperparathyroidism secondary to 
chronic renal failure. Braz J Med Biol Res. 2001;34(12):1547-50.

2. Vieira JGH. PTH Assays: understanding what we have and 
forecasting what we will have. J Osteoporosis. 2012;2012:523246.

3. Vieira JGH, Kunii IS, Ohe MN, Carvalho AB. Heterogeneity 
of carboxyl-terminal parathyroid hormone circulating forms 
in patients with hyperparathyroidism due to end stage renal 
disease. Arq Bras Endocrinol Metab. 2009;53(9):1074-78.

4. Vieira JGH, Kunii IS, Nishida SK. Evolution of PTH assays. Arq 
Bras Endocrinol Metab. 2006;50(4):621-27.

5. Gracitelli MEC, Vidoris AAC, Luba R, Lazaretti-Castro M. 
Paratormônio e osteoporose: encontrando o fio da meada. Bases 
fisiológicas para utilização do PTH no tratamento da osteoporose. 
Arq Bras Endocrinol Metab. 2002;46(3):215-20.

6. Nguyen-Yamamoto L, Rousseau L, Brossard JH, Lepage R, 
D’Amour P. Synthetic carboxyl-terminal fragments of parathyroid 
hormone (PTH) decrease ionized calcium concentration in rats by 
acting on a receptor different from the PTH/PTH-related peptide 
receptor. Endocrinology. 2001;142(4):1386-92.

7. Berson SA, Yalow RS, Aurbach GD, Potts J. Immunoassay of 
bovine and human parathyroid hormone. Proc Natl Acad Sci U S 
A. 1963;49(5):613-7.

8. Silverberg SJ, Gao P, Brown I, LoGerfo P, Cantor TL, Bilezikian JP. 
Clinical utility of an immunoradiometric assay for parathyroid 
hormone (1-84) in primary hyperparathyroidism. J Clin Endocrinol 
Metab. 2003;88(10):4725-30.

9. Vieira JGH, Nishida SK, Camargo MT, Obara LH, Kunii IS, 
Ohe MN, et al. Valores de paratormônio obtidos com ensaios 
imunométricos dependem da especificidade do anticorpo amino 
terminal empregado. Arq Bras Endocrinol Metab. 2004;48(4):518-
24.

10. Amour P, Brossard JH, Rousseau L, Roy L, Gao P, Cantor TL. Amino-
terminal form of parathyroid hormone (PTH) with immunologic 
similarities to hPTH(1-84) is overproduced in primary and 
secondary hyperparathyroidism. Clin Chem. 2003;49(12):2037-44.

11. Lepage R, Roy L, Brossard JH, Rousseau L, Dorais C, Lazure C, et 
al. Non (1-84) circulating parathyroid hormone (PTH) fragment 
interferes significantly with intact PTH commercial assay 
measurements in uremic samples. Clin Chem. 1998;44(4):805-9.

12. Inaba M, Nakatsuka K, Imanishi Y, Waranabe M, Mamiya Y, 
Ishimura E, et al. Technical and clinical characterization of the Bio-
PTH (1-84) immunochemiluminometric assay and comparison 
with a second- generation assay for parathyroid hormone. Clin 
Chem. 2004;50(2):285-90.

13. Ohe MN, Santos RO, Barros ER, Lage A, Kunii IS, Abrahão M, 
et al. Changes in clinical and laboratory findings at the time 
of diagnosis of primary hyperparathyroidism in a university 
hospital in São Paulo from 1985 to 2002. Braz J Med Biol Res. 
2005;38(9):1383-7.

14. Souberbielle JC, Boudou P, Cormier C. Lessons from second- 
and third-generation parathyroid hormone assays in primary 
hyperparathyroidism. J Endocrinol Invest. 2008;31:463-9.

15. Bilezikian JP, Silverberg SJ. Normocalcemic primary 
hyperparathyroidism. Arq Bras Endocrinol Metab. 2010;54(2):106-9.

16. Udelsman R, Akerstrom G, Biagini C, Duh QY, Miccoli P, Niederle 
B, et al. The surgical management of asymptomatic primary 



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

425

Third-generation PTH assay in PHPT

Arch Endocrinol Metab. 2016;60/5

hyperparathyroidism: Proceedings of the fourth international 
workshop. J Clin Endocrinol Metab. 2014;99(10):3595-606.

17. Cockcroft DW, Gault MH. Prediction of creatinine clearence from 
serum creatinine. Nephron. 1976;16(1):31-41.

18. Bandeira F, Griz L, Chaves N, Carvalho NC, Borges LM, Lazaretti-
Castro M, et al. Diagnosis and management of primary 
hyperparathyroidism – A scientific statement from department 
of bone metabolism, the Brazilian society for endocrinology and 
metabolism. Arq Bras Endocrinol Metab. 2013;57(6):406-24.

19. Oliveira UEM, Ohe MN, Santos RO, Cervantes O, Abrahão 
M, Lazzaretti-Castro M, et al. Analysis of the diagnostic 
presentation profile, parathyroidectomy indication, and bone 
and mineral density follow-up of Brazilian patients with primary 
hyperparathyroidism. Braz J Med Biol Res. 2007;40(4):519-26.

20. Brossard JH, Whitton S, Lepage R, D’Amour P. Carboxyl-terminal 
fragments of parathyroid hormone are not secreted preferentially 
in primary hyperparathyroidism as they are in other causes of 
hypercalcemia. J Clin Endocrinol Metab. 1993;77:413-9.

21. Cavalier E, Betea D, Schleck ML, Gadisseur R, Vroonen L, 
Delanaye P, et al. The third/second generation PTH assay ratio 
as a marker for parathyroid carcinoma: Evaluation using an 
automated platform. J Clin Endocrinol Metab. 2014;99(3):453-7.

22. Caron P, Maiza JC, Renaudt C, Cormier C, Barres BH, Souberbielle 
JC. High third generation/second generation PTH ratio in a 

patient with parathyroid carcinoma: clinical utility of third 
generation/second generation PTH ratio in patients with primary 
hyperparathyroidism. Clin Endocrinol (Oxf). 2009;70(4):533-8. 

23. Gao P, Scheibel S, D’Amour P, John MR, Rao SD, Schmidt-Gayk 
H, et al. Development of a novel immunoradiometric assay 
exclusively for biologically active whole parathyroid hormone 
1-84: implications for improvement of accurate assessment of 
parathyroid function. J Bone Miner Res. 2001;16(4):605-14. 

24. Carnevale V, Dionisi S, Nofroni I, Romagnoli E, Paglia F, 
Geronimo S, et al. Potential clinical utility of a new IRMA for 
parathyroid hormone in postmenopausal patients with primary 
hyperparathyroidism. Clin Chem. 2004;50(3):1-6.

25. Boudou P, Ibrahim F, Cormier C, Chabas A, Sarfati E, Souberbielle 
JC. Third- or second-generation parathyroid hormone assays: a 
remaining debate in the diagnosis of primary hyperparathyroidism. 
J Clin Endocrinol Metab. 2005;90(12):6370-2.

26. Souberbielle JC, Cormier C, Kindermans C, Gao P, Cantor T, 
Forette F, et al. Vitamin D status and redefining serum parathyroid 
hormone reference range in the elderly. J Clin Endocrinol Metab. 
2001;86(7):3086-90. 

27. Rolighed L, Rejnmark L, Sikjaer T, Heickendorff L, Vestergaard 
P, Mosekilde L, et al. Vitamin D treatment in primary 
hyperparathyroidism: A randomized placebo controlled trial. J 
Clin Endocrinol Metab. 2014;99(3):1072-80.



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

426

original article

Arch Endocrinol Metab. 2016;60/5

1 Programa de Pós-Graduação em 
Ciências da Saúde, Universidade 
Estadual de Londrina (UEL), 
Londrina, PR, Brasil 
2 Departamento de Patologia, 
Análises Clínicas e Toxicológicas, 
UEL, Londrina, PR, Brasil 
3 Secretaria de Saúde do Estado 
do Paraná, Londrina, PR, Brasil 
4 Programa de Pós-Graduação 
em Saúde Pública, UEL, 
Londrina, PR, Brasil 
5 Departamento de Ciências 
do Genoma e Medicina, 
Divisão de Genética Médica, 
Universidade de Washington, 
Seattle, Washington, EUA
6 Centro de Pesquisa de Impacto 
Estratégico, Faculdade de 
Medicina, Universidade de Deakin, 
Geelong, Victoria, Austrália
7 Departamento de 
Ciências Fisiológicas, UEL, 
Londrina, PR, Brasil 

# Michael Maes and Estefania 
Gastaldello Moreira share 
senior authorship

Correspondence to:
Estefania Gastaldello Moreira
Departamento de Ciências 
Fisiológicas, CCB, Lab. 6, 
Universidade Estadual de Londrina,
86051-980 – Londrina, PR, Brasil
egmoreira@uel.br

Received on Sept/15/2015
Accepted on Dec/16/2015

DOI: 10.1590/2359-3997000000184

Paraoxonase 1 (PON1) Q192R 
genotypes and their interaction 
with smoking strongly increase 
atherogenicity and the 
Framingham risk score

Andre de Souza-Nogueira1, Alissana Ester Camargo2, Felipe Assan Remondi3,4, 
Monica Maria Bastos Paoliello2,4, Rebecca J. Richter5, Clement E. Furlong5, 
Decio Sabbatini Barbosa1,2, Michael Maes6#, Estefania Gastaldello Moreira1,7#

ABSTRACT
Objective: Paraoxonase 1 (PON1) polymorphisms are associated with an increased susceptibility 
to cardiovascular disease. PON1 Q192R polymorphism (rs662) partially determine PON1 hydrolytic 
activity and protect against oxidation of LDL and HDL. This study aimed to delineate the association 
of PON1 status (functional 192 genotype and plasma activity levels) and atherogenicity in urbans 
residents aged 40 years or more. Materials and methods: Anthropometric data, lipid profiles, the 
atherogenic index of the plasma (AIP) and Framingham score risk were measured. Three kinetic 
assays were conducted to assay PON1 status using phenylacetate and 4-(chloromethyl)phenyl 
acetate as substrates. Results: Smoking per se did not significantly impact the AIP but the interaction 
PON1 genotype by smoking significantly increased the AIP. In subjects with the RR genotype 
smoking increased the AIP index from (estimated mean ± SEM) -0.038 ± 0.039 to 0.224 ± 0.094. The 
QR genotype increased the Framingham risk index by around 1.3 points. Smoking by RR genotype 
carriers significantly increased the Framingham risk score (17.23 ± 2.04) as compared to smoking 
(13.00 ± 1.06) and non-smoking (7.79 ± 0.70) by QQ+QR genotype carriers. The interaction RR genotype 
by smoking was a more important predictor (odds ratio = 7.90) of an increased Framingham risk score 
(> 20) than smoking per se (odds ratio = 2.73). The interaction smoking by RR genotype carriers 
significantly increased triglycerides and lowered HDL cholesterol. Conclusion: Smoking per se has 
no (AIP) or a mild (Framingham risk score) effect on atherogenicity, while the interaction smoking 
by PON1 RR genotype has a clinically highly significant impact on atherogenicity. Arch Endocrinol Metab. 
2016;60(5):426-35

Keywords
Atherogenic index; cardiovascular risk; Framingham score risk; lipid profile; paraoxonase 1; smoking

INTRODUCTION

H uman serum paraoxonase 1 enzyme (PON1; 
EC 3.1.8.1) is a glycoprotein synthesized in the 

liver and mostly bound to high density lipoproteins 
(HDL) particles in plasma. PON1 protects low density 
lipoproteins (LDL) (1) and HDL (2) from oxidation 
possibly by hydrolyzing phospholipid or cholesteryl 
ester hydroperoxides (3). Evidence for the role of PON1 
in the antioxidant property of HDL is provided by the 
findings that PON1 knockout mice are more susceptible 
to atherosclerosis when fed on a fat-rich diet (4).

PON1 is polymorphic and single nucleotides 
polymorphisms (SNP) have been described both in the 
promoter and coding regions of the PON1 gene. The 

most studied polymorphism in the coding region (rs 
662) results in an exchange of a glutamine (Q) by an 
arginine (R) at position 192 of the amino acid sequence. 
This PON1 Q192R polymorphism modulates the 
catalytic activity of PON1 but the direction of this 
change is substrate-dependent (5,6).

Different PON1 genotypes have been investigated 
as markers of susceptibility to cardiovascular disease 
(7). The PON1 Q192R polymorphism determines in 
part PON1 hydrolytic activity and therefore plays a role 
in the protection of LDL and HDL against oxidation. 
These effects are, however, heavily debated since both 
the PON1*192Q allele (8-10) and the PON1*192R 
allele (11,12) have been associated with increased risk 
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for cardiovascular disease, while there are also studies 
describing no association (13). One factor that may 
explain the contradictory results is the approach used to 
evaluate PON1. Most studies have investigated PON1 
genotype and did not include the measurement of 
PON1 plasmatic activity. Total PON1 plasmatic activity 
is negatively related to increased risk for cardiovascular 
disease (8,14-16). Therefore, the measurement of 
PON1 status, that provides a functional assignment of 
an individual’s PON1 Q192R polymorphism and their 
total total PON1 plasma activity (17) is a more reliable 
marker than genotype or plasma activity measurement 
alone (7,18).

Dyslipidemia is one of the major risk factors for 
cardiovascular disorders. Increased levels of triglycerides 
and total and LDL cholesterol are positively associated 
with cardiovascular disorders whereas high HDL levels 
have a protective effect. Different combinations of 
lipid profile parameters and other risk factors can be 
used to identify high risk individuals (19). One of these 
indexes is the atherogenic index of plasma (AIP), which 
is the relationship between log triglycerides and HDL 
cholesterol and correlates closely with LDL particle 
size (20). AIP has been considered a reliable index for 
atherosclerosis because it is known that the smaller the 
HDL-c particle, the higher the risk of esterification by 
lecithin cholesterol acyltransferase and consequently 
atherosclerosis development (20). Another index is the 
Framingham risk score, which takes into consideration 
variables such as age, sex, smoking status, lipid profile and 
hypertension to estimate a 10-year risk of a cardiovascular 
disease event (21).

Considering the controversy related to the influence 
of PON1 Q192R on lipid profile and that no study has 
examined whether this polymorphism is associated with 
the AIP and Framingham index, this study aimed to 
delineate the association of PON1 status with those 
indexes in randomly selected urban residents aged 40 
years or more.

MATERIALS AND METHODS

Subjects

This study is part of a main study on cardiovascular health 
(cross sectional, population based study) conducted 
by the Public Health Department, State University of 
Londrina, Brazil. The study participants were urban 
residents, aged 40 years or more, randomly selected 

from the city of Cambe, Parana State, Brazil. The 
study population consisted of 1180 participants (with 
standardized interviews) and 967 participants (interviews 
and blood samplings) (22). Serum samples were available 
from 700 individuals. We excluded subjects who used 
multiple antiviral (1 individual) or immunossupressant 
(4 individuals) drugs, fish oil or omega-3 (3 individuals), 
lithium (4 individuals) and allopurinol (3 individuals). 
Based on these exclusion criteria a subset of 685 
individuals was selected for this study. The study was 
approved by the local Ethics Committee on Human 
Research (CAAE: 0192.0.268.000-10). All subjects 
gave written informed consent to participate in the study.

Demographic and anthropometric data

Subjects were interviewed before blood sampling in 
order to collect socio-demographic data (sex, age, 
smoking and use of medication) and anthropometric 
variables (weight, height and waist circumference). 
Blood pressure was verified using the Omron HEM-
742INT after 10 min of rest while the subject was 
seated, and the mean of two recordings was used. 
Waist circumference was measured using a tape with 
the subject standing at the level of midway between the 
lower rib margin and the iliac crest. Body mass index 
(BMI) was calculated dividing the weight in kg by the 
height in meters squared. Subjects were divided into 
non smokers (n = 564) and current smokers (n = 121). 
The latter group comprised 109 current smokers who 
smoked daily and 12 subjects who smoked regularly but 
not daily. The mean number of cigarettes/day was 15.2 
(±10.2, standard deviation).

Laboratory measurements

After an overnight fast, blood samples were collected 
by venipuncture into tubes without anticoagulant. The 
samples were immediately centrifuged and the serum 
was aliquoted and stored at -80°C until processing. 
The lipid profile was assessed by enzymatic colorimetric 
methods in an automated clinical chemistry system 
(Dimension RXL, Siemens, USA). LDL cholesterol 
was calculated using Friedewald formula (23). LDL was 
not estimated in 9 individuals with triglyceride values 
higher than 400 mg/dL. The interassay coefficients of 
variation for all lipid markers were lower than 10%. 

PON1 status was determined through three kinetic 
assays (24). To stratify individuals in the functional 
genotypes for the PON1 Q192R polymorphism 
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(PON1192Q/Q, PON1192Q/R, PON1192R/R) the substrates 
used were phenylacetate (PA, Sigma, USA) and 
4-(chloromethyl)phenyl acetate (CMPA, Sigma, USA). 
Q allozyme presents low efficiency to metabolize 
CMPA whereas both alloforms hydrolyze PA with 
approximately the same efficiency. The reaction with 
PA is conducted under high salt condition in order 
to partially inhibit the activity of the R allozyme thus 
providing a better resolution of the three PON1192 
functional genotypes. The analysis was conducted 
in a spectrophotometer microplate reader (EnSpire, 
Perkin Elmer, USA). All assays were carried out in 
triplicate and replicates that varied by 10% or greater 
were repeated. Briefly, CMPA hydrolysis was measured 
at 280 nm for 4 min at 25ºC using 20 µL of plasma 
diluted 1:40 in dilution buffer [20 mmol/L Tris-HCl 
(pH 8.0), 1.0 mmol/L CaCl2]. PA hydrolysis under 
high salt conditions were measured at 270 nm for 4 
min at 25ºC using 20 µL of plasma diluted 1:40 in 
dilution buffer. High salt media was composed by PA 
added to 2 mol/L NaCl, 20 mmol/L Tris-HCl (pH 
8.0), 1.0 mmol/L CaCl2. The results obtained with 
these two assays were used to plot a 2-dimensional 
enzyme activity graphic that displays rates of PA 
hydrolysis under high salt conditions versus CMPA 
hydrolysis. Figure 1 shows the classification of the 
subjects from this study. A third assay that measures 
rates of PA hydrolysis at low salt concentration reveals 
plasma PON1 activity since under this assay condition, 
the PON1 Q192R polymorphism does not influence 
PON1 catalytic activity against PA (25). For this assay, 
rates of hydrolysis of PA were measured at 270 nm for 
4 min at 25ºC using 20 µL of plasma diluted 1:80 in 
dilution buffer. Only the linear initial rates of substrate 
hydrolysis were measured for all calculations.

Indexes of cardiovascular disease risk

AIP was calculated as log triglycerides/HDL cholesterol 
(20). Framingham score was calculated taking into 
consideration the algorithms sex, age, concentrations 
of total cholesterol and HDL, smoking, systolic blood 
pressure, and self-declared treatment for hypertension 
status. The obtained Framingham score was then 
converted into the Framingham absolute risk to have a 
cardiovascular disease in 10 years (26).

Statistics

We used analyses of variance to check differences in 
continuous variables between subjects allocated to 

Figure 1. Population distribution plot of hydrolysis of 4-(chloromethyl)
phenyl acetate versus phenylacetate. Each data point indicates one 
individual.

different study groups (e.g. AIP groups). If significant, the 
Tukey test was employed to check planned comparisons 
among multiple treatment means. Multivariate and 
univariate general linear model (GLM) analyses were 
used to examine the effects of explanatory variables, 
either categories or continuous variables, on the AIP or 
Framingham risk score. Pairwise comparisons among 
estimated marginal means were performed using the 
Bonferroni method. Correlations between variables 
were calculated using Pearson’s correlation coefficients. 
Analyses of contingence tables (Chi-square test) were 
used to ascertain the distribution of variables among 
study groups. We used binary logistic regression analyses 
to check the association between an increased AIP 
and Framingham risk index and explanatory variables 
including PON1 Q192R genotypes, smoking (and their 
interactions), sex, abdominal circumference, age, etc. 
We log-transformed variables when necessary in order 
to normalize data distribution. The SPSS (Windows 
version 19) was employed to analyze all data. Statistical 
significance was set at p = 0.05, two tailed.

RESULTS

PON1 status

From the 685 participants, plasma from 484 was 
available for PON1 status determination. Functional 
PON1 Q192R genotyping failed to unveil the genotype 
of 8 participants. According to their PON1 Q192R 
polymorphism, 476 participants were classified as 
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homozygous for PON1*192Q allele (186 subjects; 
39.1%); heterozygous (212 subjects; 44.5%) or 
homozygous for the PON1*192R allele (78 subjects; 
16.4%). This population is in Hardy-Weinberg 
equilibrium. Regarding PON1 activity, the data in 
Figure 1 show the large variability of this measure 
(arylesterase activity in U/mL) in each functional 
genotype: 46.9 to 377.3 for PON1 192QQ individuals, 
45.3 to 348.6 for PON1 192QR individuals and 81.29 
to 269.8 for PON1 192RR individuals. 

Socio-demographic and clinical data

Table 1 shows the socio-demographic and clinical data 
of the subjects in this study. The subjects were divided in 
three groups, those with normal AIP (< 0.11), medium 
AIP (0.11 - 0.21), and high AIP (> 0.21). There were no 
significant differences in age, PON1 Q192R genotypes, 
PON1 total activity, between the three study groups. 
There were significant more males in the high AIP group. 
BMI was significantly higher in subjects with a medium 
and high AIP as compared to those with a normal AIP. 
Waist circumference was significantly different among 
the three groups and increased from the normal, medium 
to high AIP group. All pairwise comparisons performed 
on total cholesterol, HDL cholesterol, triglyceride levels 
and AIP were significantly different between the three 
groups. The Framingham score was significantly higher 

in subjects with medium and high AIP values than in 
those with normal values. The Framingham risk index 
was significantly higher in subjects with high AIP values 
than in the two other subgroups. There were significant 
correlations between the AIP and Framingham score  
(r = 0.314, p < 0.001, n = 678) and Framingham risk  
(r = 0.277, p < 0.001, n = 678). The Framingham score 
and risk were significantly intercorrelated (r = 0.586, p 
< 0.001, n = 678). In the current smokers, there were 
no significant associations between the number of 
cigarettes smoked per day and the Framingham score, 
Framingham risk index, AIP, lipid levels, PON1 Q192R 
genotypes and PON1 total activity.

Logistic regression of odds of AIP > 0.21 versus 
lower AIP

Table 2 shows the results of a logistic regression 
analysis with individuals with an increased AIP (that is 
> 0.21) versus those with a normal or medium index as 
reference group. Automatic stepwise binary regression 
analysis showed that subjects with high AIP values were 
significantly distinguished (c2 = 66.23, df = 3, p < 0.001; 
Nagelkerke = 0.188) from those with a normal/medium 
index. Waist circumference and the interaction term 
RR genotype x smoking were positively associated with 
the high AIP group, whereas female sex was negatively 
associated. The significant interaction pattern between 

Table 1. Socio-demographic and clinical data of subjects with a normal (< 0.11), moderately increased (0.11 – 0.21) and highly increased (> 0.21) 
atherogenic index of plasma (AIP)

Variable Normal
(AIP < 0.11)

Medium
(0.11 < AIP  

< 0.21)

High
(AIP > 0.21) F or c2 df P value

Age (years) 55.0 (10.7) 55.4 (9.8) 54.8 (9.7) 0.11 2/282 0.900

Sex (female/male) 237/155 59/29 92/113*# 17.76 2 < 0.001

BMI (kg/m2) 26.5 (4.9) 29.2 (5.1)* 30.1 (4.6)* 41.00 2/675 < 0.001

Waist circumference (cm) 90.0 (12.5) 97.6 (11.5) 101.5 (10.5) 56.09 2/680 < 0.001

PON1 functional genotype – – – 5.01 4 0.286

QQ (number of subjects)

QR (number of subjects)

RR (number of subjects)

110

112

52

26

33

10

50

67

16

– – –

PON1 total activity (U/mL)a 177.5 (60.8) 185.0 (69.2) 186.2 (57.0) 1.11 2/481 0.330

Total cholesterol (mg/dL) 195.9 (35.3) 209.9 (34.2)* 222.3 (42.7)*# 34.02 2/682 < 0.001

HDL cholesterol (mg/dL) 53.6 (14.6) 43.8 (7.9)* 38.8 (9.1)*# 119.58 2/682 < 0.001

Triglycerides (mg/dL) 85.6 (28.3) 144.1 (26.8)* 281.3 (239.6)*# 592.87 2/682 < 0.001

AIP -0.168 (0.198) 0.157 (0.029)* 0.450 (0.227)*# 689.62 2/682 < 0.001

Framingham score 11.62 (4.94) 13.61 (4.57)* 14.14 (4.50)* 20.67 2/675 < 0.001

Framingham risk 5.90 (6.72) 7.41 (7.87) 10.28 (8.18)*# 23.64 2/675 < 0.001

Data are shown as mean (standard deviation). Continuous variables were analyzed by ANOVA complemented with Tukey test whereas discrete variables were analyzed by Chi-square test.
* p < 0.05 compared to Normal AIP group; # p < 0.05 compared to Medium AIP group; a PON1 total activity reflects AREase activity determined under low salt condition. BMI: body mass index;  
HDL: high density lipoprotein; AIP: atherogenic index of the plasma.
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PON1 RR genotype by smoking shows that smoking by 
RR carriers increases the odds to belong to the high AIP 
group. Entering smoking (Wald = 0.34, df = 1, p = 0.558) 
separately showed that smoking alone was not associated 
with a high AIP and that the effects of the interaction RR 
genotype x smoking remained significant (Wald = 6.18, df 
= 1, p = 0.013). 

AIP and HDL cholesterol and triglyceride levels

Table 3 shows the results of multivariate GLM analysis 
with AIP and HDL cholesterol and triglycerides levels 
as dependent variables and waist circumference, sex, 
age, plasma PON1 activity, smoking and the interaction 
term RR x smoking as explanatory variables (entered as 
factors or covariates). Multivariate tests showed that sex, 
age, waist circumference, total PON1 activity and the 
interaction RR x smoking were significantly associated 
with AIP, HDL cholesterol and triglycerides. Tests of 
between subjects’ effects showed that sex was significantly 
associated with AIP (higher in men); waist circumference 
positively with AIP and triglycerides, but negatively with 
HDL cholesterol; and the interaction RR x smoking 
positively with AIP and triglycerides, but negatively with 
HDL cholesterol. There was also a significant inverse 
correlation between age and HDL cholesterol and a 
positive between total PON1 activity and triglycerides. 
We found that 20.1% of the variance in AIP was explained 
(F = 16.67, df = 7/464, p < 0.001) by the regression 
on sex, waist circumference and the interaction between 
smoking and RR genotype. In subjects with the RR 
genotype, smoking increased the AIP index from -0.038 
± 0.039 to 0.224 ± 0.094 (estimated marginal means 
± standard error). Seventeen point three percent of the 
variance in triglycerides (F = 13.88, df = 1, p < 0.001) 
was explained by the regression on waist circumference, 
total PON1 activity and the interaction smoking x RR 
genotype. Thirteen point six percent of the variance in 
HDL cholesterol was explained by the regression on age, 
waist circumference and the interaction smoking x RR 
genotype.

We have also examined the possible intervening 
effects of the use of different medications on the 
AIP index. Table 4 shows the effects of the different 
drugs used by the participants on the AIP. Subjects 
using oral hypoglycemics, oral hypoglycemics and/
or insulin, hypolipidemics (fibrates and/or statins) 
and antihypertensives showed higher AIP values than 
subjects who did not take these medications. Forced 
entry of those 5 different medication variables in the 
multivariate GLM analysis displayed in Table 3 shows 
that after considering the effects of these 5 drugs, age 
(F = 7.28, df = 2/458, p = 0.001), sex (F = 4.86, df 
= 2/458, p = 0.008), waist circumference (F = 33.90, 
df = 2/458, p < 0.001), PON1 activity (F = 5.59, df = 
2/458, p = 0.004) and the smoking x RR interaction 
(F = 3.29, df = 4/918, p = 0.011) remained significant. 
Only use of antihypertensives (F = 4.50, df = 2/258, 
p = 0.012) was significant in this multivariate GLM 
analysis, whereas the other 4 drugs were not significant. 

Framingham risk index

Table 5 shows that a higher waist circumference, QR 
genotype and groups according to RR and smoking 
were significantly associated with the Framingham risk 
index after considering the effects of the significant 
drug variables, i.e., use of hypoglycemics, dipyrone and 
aspirin. The same table also shows the estimated marginal 
means in the genotypic groups, i.e. QR genotype and 
the groups divided according to smoking and the 
RR genotype. Thus, The QR genotype increases the 
Framingham risk index by around 1.3 points, whereas 
smoking by RR genotype carriers increases the index by 
4.2 points versus smoking QQ+QR genotype carriers 
and 9.44 points when compared to non-smoking 
QQ+QR carriers. The use of dipyrone lowered the 
index from 13.56 (±0.95) to 11.79 (±1.09), whereas 
aspirin increased the index from 11.26 (±0.94) to 14.09 
(±1.23). The use of hypoglycemics was associated with 
a higher Framingham risk index (11.29 ± 0.86 versus 
14.05 ± 1.34).

Table 2. Results of binary logistic regression analysis with subjects with increased atherogenic index of plasma (AIP ≥ 0.21) as dependent variable and 
subjects with AIP < 0.210 as reference group

Significant explanatory variables Wald Df p value Odds Ratio 95% CI

Waist circumference 43.10 1 < 0.001 1.07 1.05 – 1.09

Female sex 11.62 1 0.001 0.47 0.30 – 0.73

RR genotype x current smoking 6.13 1 0.013 4.86 1.39 – 16.99

95% CI: 95% confidence intervals (lower – upper).
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Table 3. Results of multivariate general linear model (GLM) analyses with atherogenic index of plasma (AIP), high density lipoprotein cholesterol (HDL) and 
triglycerides (TG) as dependent variables

Analyses Dependent variable(s) Explanatory variable F df P value

Multivariate AIP, HDL and TG Sex 4.44 2/463 0.012

Smoking 1.86 2/463 0.157

Age 6.35 2/463 0.002

Waist circumference 47.66 2/463 < 0.001

PON1 activity 5.94 2/463 0.003

RR x current smoking 3.61 2/928 0.006

Significant Univariate AIP Sex 4.87 1/464 0.028

Waist circumference 93.22 1/464 < 0.001

RR x current smoking 5.63 1/464 0.004

HDL Age 10.99 1/464 0.001

Waist circumference 55.74 1/464 < 0.001

RR x current smoking 5.54 1/464 0.004

TG Waist circumference 75.05 1/464 < 0.001

PON1 activity 5.22 1/464 0.023

RR x current smoking 3.89 1/464 0.021

Table 4. Differences in the atherogenic index of plasma (AIP) between subjects with and without medications

Drug No use Use F Df P

Oral hypoglycemics 0.044 (0.336)

n = 626

0.211 (0.330)

n = 59

13.37 1/683 < 0.001

Oral hypoglycemics and/or insulin 0.045 (0.336)  
n = 622

0.195 (0.334) n = 63 11.53 1/683 0.001

Antihypertensives 0.006 (0.330)

n = 430

0.147 (0.320)

n = 255

28.75 1/683 < 0.001

Statins 0.053 (0.348)

n = 614

0.109 (0.242)

n = 71

1.78 1/683 0.182

Fibrates 0.053 (0.338)

n = 672

0.324 (0.265)

n = 13

8.21 1/683 0.004

Statins and/or fibrates 0.049 (0.347)  
n = 605

0.132 (0.254) 

n = 80

4.26 1/683 0.039

Dipyrone 0.050 (0.333)

n = 528

0.086 (0.365)

n = 157

1.31 1/683 0.252

Aspirin 0.050 (0.335)

n = 614

0.131 (0.359)

n = 71

6.63 1/683 0.057

Any non-steroidal antiinflamatory 0.040 (0.334)

n = 372

0.080 (0.343)

n = 313

2.42 1/683 0.120

All results are shown as mean (standard deviation). F: results of analyses of variance with AIP as dependent variable and the different drugs as categories (use versus no use).

Table 6 shows the results of a logistic regression analysis 
with the group of subjects with a high Framingham index 
(> 20) as dependent variable and the other subjects as 
reference group. Waist circumference, the QR genotype, 
use of hypoglycemics and groups divided according 
to smoking and the RR genotype were significantly 

associated with a higher Framingham risk index (c2 = 
35.44, df = 6, p < 0.001; Nagelkerke = 0.147), whereas 
dipyrone was inversely associated (c2 = 35.44, df = 6, 
p < 0.001; Nagelkerke = 0.147). The RR genotype in 
combination with smoking resulted in a much higher 
odds ratio (i.e. 7.90) than smoking alone (i.e. 2.73).
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Table 5. Univariate general linear model (GLM) analysis with Framingham index as dependent variable

Explanatory variables F Df p value Partial ε2

Model 15.28 7/461 < 0.001 188

Waist circumference 23.61 1/461 < 0.001 49

QR genotype 4.35 1/461 0.038 0.9

RR x current smoking (3 groups) 26.45 2/461 < 0.001 10.3

Hypoglycemics 5.24 1/461 0.023 1.1

Dipyrone

Aspirin

5.99

7.20

1/461

1/461

0.015

0.008

1.3

1.5

Estimated marginal means Mean (SE)

Not QR&

QR&

--------------------------------------

Not RR + not smoking$

Not RR + current smoking$

RR + current smoking$

12.01 (0.98)

13.33 (1.03)

   -------------------    -------------------

7.79 (0.70)

13.00 (1.06)*

17.23 (2.04)*#

& Estimated marginal mean (standard error) values in QR carriers versus QQ and RR carriers.
$ Estimated marginal mean (standard error) values in smoking RR carriers versus smoking or non-smoking QQ + QR carriers.
* P < 0.05 compared to not RR + not smoking.
# P < 0.05 compared to not RR + current smoking.

Table 6. Results of binary logistic regression analysis with Framingham index > 20 as dependent variable and subjects with Framingham index < 20 as 
reference group

Significant explanatory variables Wald df p value Odds Ratio 95% CI

Waist circumference 6.82 1 0.009 1.03 1.01 – 1.06

QR genotype 5.26 1 0.022 2.79 1.16 – 6.71

Current smoking x QQ +QR genotype carriers 6.51 1 0.011 2.73 1.26 – 5.89

Current smoking x RR genotype carriers 7.53 1 0.006 7.90 1.81 – 34.60

Hypoglycemics 5.26 1 0.022 2.79 1.11 – 6.71

Dipyrone 4.97 1 0.026 0.33 0.13 – 0.88

95% CI: 95% confidence intervals (lower – upper).

DISCUSSION

To the best of our knowledge, this is the first study 
examining the association between PON1-Q192R 
polymorphism and atherogenic indexes, i.e. AIP and 
Framingham score risk, in a general population. The 
major finding of this study is that the PON1 Q192R 
polymorphism is associated with increased atherogenicity, 
i.e. the PON1-QR genotype increases the Framingham 
risk score and the interaction between smoking by  
PON1-RR carriers is associated with an increased AIP 
and Framingham score risk and by lowered HDL-
cholesterol and increased triglyceride levels.

An atherogenic lipid profile and increased incidence of 
cardiovascular disease have been described in individuals 
homozygous to the PON1*192R allele (12,27,28). 
In a study performed on non-cardiovascular patients, 
PON1-RR smokers had a more atherogenic lipid 

profile (29). The latter could be attributed to a lower 
hydrolytic activity of the PON1 R192 allozyme towards 
lipid peroxides as compared to the Q192 isoform (6). 
On the other hand, smoking induces oxidative stress and 
is a known risk factor for dyslipidemias. Therefore, the 
pro-atherogenic state observed in PON1-RR smokers 
may reflect a synergism between an increased oxidative 
stress status induced by smoking and a decreased ability 
to hydrolyze lipid peroxides, assigned by the R192 
allozyme. Moreover, the decreased HDL cholesterol 
could also have resulted from a decrease in its synthesis 
since the enzyme lecithin-cholesterol acyltransferase 
can be inactivated in the presence of higher levels of 
lipid hydroperoxides (30).

It is noteworthy that even though smoking has been 
reported to be associated with an elevated AIP (31,32), 
in the present study AIP was not affected by smoking 
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per se but rather by the interaction between smoking 
and PON1 192QR genotypes. Moreover, the impact 
of smoking on the Framingham risk index was much 
higher in PON1-RR individuals as compared to non-
smoking PON1-QQ/QR individuals. Atherogenic 
indexes are considered to be better predictors of 
increased risk to cardiovascular diseases than each 
of the lipids (HDL-cholesterol triglycerides, total 
cholesterol) separately (19,20,33). The AIP for example 
is considered an indicator of atherogenic dyslipidemia, 
i.e., the combined occurrence of high fasting blood 
concentrations of triglycerides and low levels of HDL 
particles. We found that PON1-RR smokers presented 
a clinically highly relevant increase of 9.4 points on the 
Framingham risk index as compared to non-smoking 
PON1-QQ/QR individuals and thus almost a 10% 
higher risk for having a myocardial infarction in 10 
years.

In the present study there was a positive correlation 
between PON1 plasmatic activity (arylesterase activity) 
and triglycerides but not with HDL. Regarding HDL 
cholesterol, a positive relationship was expected 
since the majority of PON1 proteins are bound to 
these particles. Roest and cols. (34) described a weak 
association between PON1 activity (determined using 
PA) and HDL. These authors offered two possible 
explanations for this lack of/weak association: a) PON1 
may be associated only with specific subspecies of HDL; 
b) the low saturation rate of HDL with PON1 (there 
is a sevenfold excess of HDL particles to bind only 
one PON1 molecule) which would explain the limited 
impact of fluctuations in HDL on PON1 concentration 
in blood. The association between PON1 and lipid 
metabolism is rather complex and the mechanisms 
underlying this association remain to be elucidated. At 
the same time that PON1, due to its protective effect on 
HDL and LDL, influences lipid metabolism and serum 
lipoproteins, lipid metabolism can also influence PON1 
activity modulating its expression (35,36). Interestingly, 
van Himbergen and cols. (37) reported a remarkably 
different association between PON1 arylesterase activity 
and lipid profile when compared familial combined 
hyperlipidemia patients with their unaffected relatives. 
In the relatives, PON1 associated with higher levels of 
apoliprotein B (apoB), HDL- and LDL-cholesterol. In 
the patients, conversely, it associated with higher levels 
of VLDL-cholesterol and triglycerides. Our results 
indicate that a positive association between PON1 
arylesterase and triglycerides may not be restricted to 

familial combined hyperlipidemia patients. Moreover, 
our results reinforce the concept that PON1 status 
determination is a better approach to investigate 
PON1 influence on lipid profile once activity reached 
significance as an explanatory variable to triglycerides 
levels whereas the interaction between PON1 Q192R 
polymorphism and smoking was one of the explanatory 
variables to AIP, Framingham score risk, triglycerides 
and HDL. Having both datasets in multivariate models 
was a step forward for meaningful interpretation of the 
results. As expected, male gender significantly predicted 
increased AIP values whereas waist circumference 
predicted increased AIP and triglycerides and decreased 
HDL. These findings reflect the higher levels of HDL 
in women and the negative impact central obesity has 
on lipid profile.

Another finding of the present study is that subjects 
who took drugs to treat cardiometabolic diseases 
presented higher AIP values. Even though statistical 
significance was observed for oral hypoglycemics, 
fibrates and antihypertensives, a similar trend could 
also be observed for statins and aspirin (Table 4). 
This finding may be reflecting the influence of 
cardiometabolic diseases on AIP and suggests that the 
use of medication does not necessarily bring AIP values 
to normal levels. For example, even though treatment 
with fibrates (20) and statins (38) decreases AIP when 
comparing pre- and post-treatment values, control 
values are not reached. Moreover, it has been described 
that in more than 70% of the patients atherogenic risk 
persists despite of the treatment with hypolipidemics 
(39). Our data also show a positive association between 
the Framingham risk index and use of aspirin and 
hypoglycemic, but a negative association with dipyrone. 
Moreover, aspirin has cardioprotective activities (40-
42). Our study, however, was not designed to examine 
the effects of drugs on the atherogenic indexes and data 
interpretation is complex since some subjects presented 
more than one cardiometabolic disease and various 
subjects were polymedicated. Most importantly is that 
after adjusting our data for drug use, AIP remained 
positively and significantly associated with PON1*192R 
allele carrier smokers.

Finally, supporting the high influence of European 
colonization in the south of Brazil, the present study 
as well as a study published in 2002 (43) describe a 
higher frequency of PON1192Q/Q and heterozygous 
than PON1192R/R among the subjects. Population-
based studies and meta-analysis have shown that 
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the PON1*192R allele is more common in African 
population, whereas Q isoform is more frequent in 
Caucasians (6).

This study has strengths and limitations that must 
be considered for the interpretation of the results. 
Firstly, considering the factors that have been described 
to influence PON1 activity (for a review, see [44]) 
limitations of our study include lack of information on 
nutrition and alcohol consumption. Secondly, this is 
a cross-sectional study and therefore we cannot assert 
causality. Strengths are that our results were adjusted 
for many potential confounders, including age, sex, 
waist circumference, smoking and use of drugs. Most 
importantly, we included the functional measure of 
PON1 total plasmatic activity for each subject within 
each PON1 Q192R phenotypic group. The large 
variability observed among individuals represent 
important differences in the individual’s rates of 
detoxification of endogenous toxic metabolites as well 
as xenobiotics.

This study shows an important interaction between 
PON1 192RR functional genotype and smoking. 
Smoking by PON1 RR carriers was associated by 
significantly increased AIP, triglyceride levels and 
a Framingham score risk and by significantly lower 
levels of HDL cholesterol. The findings provide an 
example of gene-environment interactions that increase 
cardiovascular risk. 

Acknowledgment of grant support: this work was supported 
by SETI/Fundação Araucária (PPSUS 200/210). André de 
Souza-Nogueira received a Master fellowhip from Coordenação 
de Aperfeiçoamento de Pessoal de Nível Superior (Capes). 
Estefania Gastaldello Moreira and Décio Sabbatini Barbosa are 
senior research fellows from SETI/Fundação Araucária. Michael 
Maes is supported by a Conselho Nacional de Desenvolvimento 
Científico e Tecnológico (CNPq) PVE fellowship at the Health 
Sciences Graduation Program, Londrina State University (UEL).

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

REFERENCES
1.  Mackness MI, Arrol S, Durrington PN. Paraoxonase prevents 

accumulation of lipoperoxides in low-density lipoprotein. FEBS 
Lett. 1991;286:152-4. 

2.  Aviram M, Rosenblat M, Bisgaier CL, Newton RS, Primo-Parmo 
SL, La Du BN. Paraoxonase inhibits high-density lipoprotein 
oxidation and preserves its functions. A possible peroxidative 
role for paraoxonase. J Clin Invest. 1998;101(8):1581-90. 

3.  Watson AD, Berliner JA, Hama SY, La Du BN, Faull KF, Fogelman 
AM, et al. Protective effect of high density lipoprotein associated 

paraoxonase. Inhibition of the biological activity of minimally 
oxidized low density lipoprotein. J Clin Invest. 1995;96(6):2882-91.

4.  Shih DM, Gu L, Xia YR, Navab M, Li WF, Hama S, et al. Mice 
lacking serum paraoxonase are susceptible to organophosphate 
toxicity and atherosclerosis. Nature 1998;394(6690):284-7.

5.  Li WF, Costa LG, Richter RJ, Hagen T, Shih DM, Tward A, et al. 
Catalytic efficiency determines the in-vivo efficacy of PON1 for 
detoxifying organophosphorus compounds. Pharmacogenetics 
2000;10(9):767-79. 

6.  Mackness B, Davies GK, Turkie W, Lee E, Roberts DH, Hill E, et 
al. Paraoxonase status in coronary heart disease: are activity 
and concentration more important than genotype? Arterioscler 
Thromb Vasc Biol. 2001;21(9):1451-7.

7.  Costa LG, Cole TB, Furlong CE. Paraoxonase (PON1): from 
toxicology to cardiovascular medicine. Acta Biomed. 2005;76 
Suppl 2(10):50-7. 

8.  Bhattacharyya T, Nicholls SJ, Topol EJ, Zhang R, Yang X, Schmitt D, 
et al. Relationship of paraoxonase 1 (PON1) gene polymorphisms 
and functional activity with systemic oxidative stress and 
cardiovascular risk. JAMA. 2008;299(11):1265-76. 

9.  Fujihara J, Yasuda T, Kawai Y, Morikawa N, Arakawa K, Koda Y, et 
al. First survey of the three gene polymorphisms (PON1 Q192R, 
eNOS E298D and eNOS C-786T) potentially associated with 
coronary artery spasm in African populations and comparison 
with worldwide data. Cell Biochem Funct. 2011;29(2):156-63.

10.  Regieli JJ, Jukema JW, Doevendans PA, Zwinderman AH, 
Kastelein JJ, Grobbee DE, et al. Paraoxonase variants relate to 
10-year risk in coronary artery disease: impact of a high-density 
lipoprotein-bound antioxidant in secondary prevention. J Am 
Coll Cardiol. 2009;54(14):1238-45.

11.  Voetsch B, Benke KS, Damasceno BP, Siqueira LH, Loscalzo J. 
Paraoxonase 192 Gln-->Arg polymorphism: an independent risk 
factor for nonfatal arterial ischemic stroke among young adults. 
Stroke. 2002;33(6):1459-64. 

12.  Mohamed RH, Mohamed RH, Karam RA, Abd El-Aziz TA. 
The relationship between paraoxonase1-192 polymorphism 
and activity with coronary artery disease. Clin Biochem. 
2010;43(6):553-8.

13.  Robertson KS, Hawe E, Miller GJ, Talmud PJ, Humphries SE; 
Northwick Park Heart Study II. Human paraoxonase gene cluster 
polymorphisms as predictors of coronary heart disease risk in the 
prospective Northwick Park Heart Study II. Biochim Biophys Acta. 
2003;1639(3):203-12.

14.  Yildiz A, Gur M, Yilmaz R, Demirbag R, Polat M, Selek S, et al. 
Association of paraoxonase activity and coronary blood flow. 
Atherosclerosis. 2008;197(1):257-63. 

15.  Granér M, James RW, Kahri J, Nieminen MS, Syvänne M, Taskinen 
M-R. Association of paraoxonase-1 activity and concentration 
with angiographic severity and extent of coronary artery disease. 
J Am Coll Cardiol. 2006;47(12):2429-35. 

16.  Tang WH, Hartiala J, Fan Y, Wu Y, Stewart AF, Erdmann J, et al. 
Clinical and genetic association of serum paraoxonase and 
arylesterase activities with cardiovascular risk. Arterioscler 
Thromb Vasc Biol. 2012;32(11):2803-12.

17.  Li W, Costa LG, Furlong CE. Serum paraoxonase status: a major 
factor in determining resistance to organophosphates. J Toxicol 
Environ Health. 1993;40(2-3):337-46. 

18.  Jarvik GP, Rozek LS, Brophy VH, Hatsukami TS, Richter RJ, 
Schellenberg GD, et al. Paraoxonase (PON1) phenotype is a better 
predictor of vascular disease than is PON1(192) or PON1(55) 
genotype. Arterioscler Thromb Vasc Biol. 2000;20(11):2441-7. 

19.  Bhardwaj S, Bhattacharjee J, Bhatnagar MK, Tyagi S, Delhi N. 
Atherogenic index of plasma, castelli risk index and atherogenic 



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

435

PON1 Q192R interaction with smoking increasing cardiovascular risk

Arch Endocrinol Metab. 2016;60/5

coefficient - new parameters in assessing cardiovascular risk. Int 
J Pharm Biol Sci. 2013;3(3):359-64.

20.  Dobiásová M, Frohlich J. The plasma parameter log (TG/HDL-C) 
as an atherogenic index: correlation with lipoprotein particle 
size and esterification rate in apoB-lipoprotein-depleted plasma 
(FER(HDL)). Clin Biochem. 2001;34(7):583-8. 

21.  D’Agostino RB Sr, Vasan RS, Pencina MJ, Wolf PA, Cobain M, 
Massaro JM, et al. General cardiovascular risk profile for use 
in primary care: the Framingham Heart Study. Circulation 
2008;117(6):743-53.

22.  Souza RKT De, Bortoletto MSS, Loch MR, González AD, Matsuo 
T, Cabrera MAS, et al. Prevalence of cardiovascular risk factors 
in people aged 40 years or more from the city of Cambé, PR, 
Brazil (2011): a population-based study. Epidemiol Serv Saúde. 
2013;22(3):435-44. 

23.  Friedewald WT, Levy RI, Fredrickson DS. Estimation of the 
concentration of low-density lipoprotein cholesterol in plasma, 
without use of the preparative ultracentrifuge. Clin Chem. 
1972;18(6):499-502.

24.  Richter RJ, Jarvik GP, Furlong CE. Determination of paraoxonase 
1 status without the use of toxic organophosphate substrates. 
Circ Cardiovasc Genet. 2008;1(2):147-52. 

25.  Furlong CE, Holland N, Richter RJ, Bradman A, Ho A, Eskenazi B. 
PON1 status of farmworker mothers and children as a predictor 
of organophosphate sensitivity. Pharmacogenet. Genomics. 
2006;16(3):183-90. 

26.  Sposito AC, Caramelli B, Fonseca FAH, Bertolami MC, et al. 
IV Diretriz Brasileira sobre Dislipidemias e Prevenção da 
Aterosclerose. Departamento de Aterosclerose da Sociedade 
Brasileira de Cardiologia. Arq Bras Cardiol. 2007;88(1):2-19.

27.  Gluba A, Pietrucha T, Banach M, Piotrowski G, Rysz J. The role of 
polymorphisms within paraoxonases (192 Gln/Arg in PON1 and 
311Ser/Cys in PON2) in the modulation of cardiovascular risk: a 
pilot study. Angiology. 2010;61(2):157-65. 

28.  Hassan MA, Al-Attas OS, Hussain T, Al-Daghri NM, Alokail 
MS, Mohammed AK, et al. The Q192R polymorphism of the 
paraoxonase 1 gene is a risk factor for coronary artery disease in 
Saudi subjects. Mol Cell Biochem. 2013;380(1-2):121-8.  

29.  Haj Mouhamed D, Ezzaher A, Mechri A, Neffati F, Omezzine A, 
Bouslama A, et al. Effect of cigarette smoking on paraoxonase 
1 activity according to PON1 L55M and PON1 Q192R 
gene polymorphisms. Environ. Environ Health Prev Med. 
2012;17(4):316-21.

30.  Bielicki JK, Forte TM. Evidence that lipid hydroperoxides inhibit 
plasma lecithin:cholesterol acyltransferase activity. J Lipid Res. 
1999;40(5):948-54. 

31.  Arumalla V, Vani N, Ramarao J. Dose-dependent impacts on 
the diagnostic efficacies of atherogenic lipids in adult Indian 
smokers. J Clin Diagnostic Res. 2011;5(7):1352-5.

32.  Venkatesan A, Hemalatha A, Bobby Z, Selvaraj N, Sathiyapriya V. 
Effect of smoking on lipid profile and lipid peroxidation in normal 
subjects. Indian J Physiol Pharmacol. 2006;50(3):273-8.

33.  Dobiasova M, Frohlich J. The new atherogenic plasma index 
reflects the triglyceride and HDL-cholesterol ratio, the lipoprotein 
particle size and the cholesterol esterification rate: changes 
during lipanor therapy. Vnitr Lek. 2000;46(3):152-6.

34.  Roest M, van Himbergen TM, Barendrecht AB, Peeters PH, van der 
Schouw YT, Voorbij HA. Genetic and environmental determinants 
of the PON-1 phenotype. Eur J Clin Invest. 2007;37(3):187-96.

35.  Rainwater DL, Rutherford S, Dyer TD, Rainwater ED, Cole SA, 
Vandeberg JL, et al. Determinants of variation in human serum 
paraoxonase activity. Heredity (Edinb). 2009;102(2):147-54.

36.  Turk R, Podpečan O, Mrkun J, Kosec M, Flegar-Meštrić Z, Perkov 
S, et al. Lipid mobilisation and oxidative stress as metabolic 
adaptation processes in dairy heifers during transition period. 
Anim Reprod Sci. 2013;141(3-4):109-15. 

37.  van Himbergen TM, van Tits LJ, Ter Avest E, Roest M, Voorbij HA, 
de Graaf J, et al. Paraoxonase (PON1) is associated with familial 
combined hyperlipidemia. Atherosclerosis 2008;199(1):87-94.

38.  Kucera M, Oravec S, Hirnerova E, Huckova N, Celecova Z, 
Gaspar L, et al. Effect of atorvastatin on low-density lipoprotein 
subpopulations and comparison between indicators of plasma 
atherogenicity: a pilot study. Angiology. 2014;65(9):794-9. 

39.  Rizzo M, Barylski M, Rizvi A, Montalto G, Mikhailidis D, Banach M. 
Combined dyslipidemia: should the focus be LDL cholesterol or 
atherogenic dyslipidemia? Curr Pharm Des. 2013;19(21):3858-68.

40.  Strully KW, Fowler JH, Murabito JM, Benjamin EJ, Levy D, 
Christakis NA. Aspirin use and cardiovascular events in social 
networks. Soc Sci Med. 2012;74(7):1125-9. 

41.  Dorresteijn JA, Visseren FL, Ridker PM, Paynter NP, Wassink AM, 
Buring JE, et al. Aspirin for primary prevention of vascular events 
in women: individualized prediction of treatment effects. Eur 
Heart J. 2011;32(23):2962-9.

42.  Dallmeier D, Larson MG, Vasan RS, Keaney JF Jr, Fontes JD, Meigs 
JB, et al. Metabolic syndrome and inflammatory biomarkers: a 
community-based cross-sectional study at the Framingham Heart 
Study. Diabetol Metab Syndr. 2012;4(1):28.

43.  Allebrandt KV, Souza RL, Chautard-Freire-Maia EA. Variability 
of the paraoxonase gene (PON1) in Euro- and Afro-Brazilians. 
Toxicol Appl Pharmacol. 2002;180(3):151-6.

44.  Costa LG, Giordano G, Furlong CE. Pharmacological and dietary 
modulators of paraoxonase 1 (PON1) activity and expression: the 
hunt goes on. Biochem Pharmacol. 2011;81(3):337-44.



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

436

original article

Arch Endocrinol Metab. 2016;60/5

1 Departamento de Nutrição, 
Faculdade de Saúde Pública, 
Universidade de São Paulo (FSP/
USP), São Paulo, SP, Brasil
2 Centro de Referência para a 
Prevenção e Controle de Doenças 
Associadas à Nutrição (CRNutri), 
Centro de Saúde Escola Geraldo 
de Paula Souza (CSEGPS), 
Faculdade de Saúde Pública, 
Universidade de São Paulo (FSP/
USP), São Paulo, SP, Brasil

Correspondence to:
Nágila Raquel Teixeira Damasceno
Faculdade de Saúde Pública,
Departamento de Nutrição,
Universidade de São Paulo
Av. Doutor Arnaldo, 715
01246-904 – São Paulo, SP, Brasil 
nagila@usp.br

Received on Nov/24/2014
Accepted on Nov/5/2015

DOI: 10.1590/2359-3997000000187

Association of the conicity index 
with diabetes and hypertension 
in Brazilian women
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ABSTRACT
Objective: The goal of this study was evaluate the conicity index (C index) in women and its 
association with hypertension (SAH) and diabetes mellitus (DM). Subjects and methods: This was 
a cross-sectional study, with 573 women between 20 and 59 years of age. After analysis of clinical 
and demographic characteristics, anthropometric variables were measured and used to calculate 
the C index. Plasma glucose and lipid profile were evaluated by standard methods. The analysis 
of the results was based on logistic regression and the odds ratio (OR) was calculated, which was 
used to assess the association of the variable outcome with the variable exposure using two logistic 
regression models that tested the possible influence of the C index in the chance of developing SAH 
or DM. A confidence interval of 95% was used. Results: In the crude and adjusted models, the OR 
confirmed the association of the C index with DM and SAH. Compared with women that showed C 
index p < 75, the risk of women with C index (p ≥ 75) developing DM and SAH was 1.72 and 1.75, 
respectively. Results demonstrated that the negative impact of age on these associations significantly 
raised the odds of women having DM and SAH. The high C index was also linked to low HDL-C. 
Conclusion: The C index is an important tool in estimating the risk of diabetes and hypertension in 
women. Besides, high C indexes are negatively associated with HDL-C, an important lipid marker 
related to cardiovascular risk. Arch Endocrinol Metab. 2016;60(5):436-42

Keywords
Conicity index; diabetes; hypertension; hyperglycemia

INTRODUCTION

Cardiovascular disease (CVD) is the main cause of 
early morbidity and mortality all over the world, 

significantly affecting the resources of public policy 
programs. Although CVDs are multifactorial, it is known 
that systemic arterial hypertension (SAH) and diabetes 
mellitus (DM) are, respectively, the first (13%) and the 
third (6%) cardiovascular risk factors in the worldwide 
population (1). Besides these factors, overweight and 
obesity have an important negative role, as they are, 
together, responsible for 5% of the CVDs. Following 
the global trend, in 2012, CVDs were responsible for 
33% of all deaths and 74% of the deaths caused by 
chronic non-transmissible diseases in Brazil (1).

It is know that obesity has a direct impact on 
the development of CVD, and it is an aggravating 
circumstance for risk factors such as dyslipidemias 
(DLP), SAH, and DM. According to the World Health 
Organization (WHO), increased obesity is also one of 

the main health concerns worldwide. It is estimated that, 
in all regions of the world, obesity has doubled from 
1980 to 2008 and, in 2012, it was estimated that obesity 
affected half billion people (12% of the population) (1).

Considering the role of obesity in CVD, Valdez 
proposed the Conicity Index (C Index), which was 
developed as an indicator of obesity and body fat 
distribution (2). This index considers that central 
obesity, more than generalized obesity, is associated 
with the development of CVD (3,4). 

The C index is based on the hypothesis that people 
that accumulate fat around the abdomen have a shape 
similar to a double cone (that is, two cones sharing the 
same base, one placed over the other), whereas those 
people that have less fat in the central region have the 
shape of a cylinder. Therefore, C index estimation 
uses variables such as weight, height, and abdominal 
circumference (AC). The index is calculated using the 
formula below (4,5).
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The numerator is CA in meters; 0.109 is the 
constant that results from the squared-root of the ratio 
between 4π (from the deduction of the perimeter of a 
cylinder) and mean human density (1.050 kg/m³). The 
denominator is the cylinder produced by the weight 
and height of the individual. In theory, the C index 
ranges from 1.0 (a perfect cylinder) to 1.73 (a perfect 
double cone), and values increase according to the 
accumulation of fat in the central region of the body. 
That is, the closer to 1.73, the greater the accumulation 
of abdominal fat (4,5).

Considering the negative impact of excess 
body weight in the development of CVD, several 
studies have been conducted to identify the possible 
associations between the C index and cardiovascular 
risk factors (3,6,7). In Brazil, the study by Pitanga 
and Lessa demonstrated that the C index was the 
indicator of central obesity that best discriminated high 
cardiovascular risk in males (8). Observational studies 
with adult individuals of both sexes showed that the C 
index was directly associated with total cholesterol (CT), 
triglycerides (TG), visceral fat, and inversely associated 
with high-density lipoprotein cholesterol (HDL-C) 
(9,10). Therefore, the C index is a potential clinical 
tool to be applied to the evaluation of cardiovascular 
risk in a population. Besides the association of the C 
index with a more atherogenic lipid profile, this index 
is also associated with changes in blood glucose and 
blood pressure (11). 

Although the C index is a clinical tool for the 
estimation of cardiovascular risk that is useful, low-cost, 
and easy to be applied, few Brazilian studies have used 
this indicator, mainly in the estimation of cardiovascular 
risk in women. Therefore, the objective of this study 
was to evaluate the C index in female outpatients and 
the possible association between the index and SAH 
and DM. 

SUBJECTS AND METHODS

Experimental design and sampling procedure

The study was a cross-sectional one based on a subsample 
of the study “Effectiveness of nutritional intervention 
focusing on prevention and control of diseases and non-

transmissible disorders in a basic health unit”, which was 
previously approved by the Research Ethics Committee 
of the Faculdade de Saúde Pública at Universidade 
de São Paulo (FSP-USP) (Of. COEP/168/11), and 
according to ethical requirements of Resolução CNS 
nº 466/12 and its complementary resolutions. The 
study included adult women between 20 to 59 years of 
age that were seen at the Centro de Referência para a 
Prevenção e Controle das Doenças Associadas à Nutrição 
(CRNutri), which is part of the Centro de Saúde Escola 
Geraldo de Paula Souza (CSEGPS), from FSP-USP. 
Data were collected from August 2000 to July 2014, 
and all participants signed an Informed Consent Form.

Characteristics of the sample

Sociodemographic and clinical information were 
obtained for the occurrence of SAH, DM, and DLP, as 
well as the use of drugs for SAH, DM, and DLP. The 
use of drugs was self-reported or determined by patient 
records. 

Patients were excluded from the study if they 
showed acute inflammatory diseases, uncontrolled 
diseases, psychiatric diseases, history of cardiovascular 
events, if they were pregnant or breastfeeding, or if they 
presented any disease that made it impossible to collect 
anthropometric data necessary for the evaluation of the 
nutritional status. 

Anthropometric assessment 

The techniques proposed by the Sistema de Vigilância 
Alimentar e Nutricional – Ministério da Saúde (SISVAN 
– MS) were used in the assessment of height, weight, 
and AC (12). Weight was assessed on a calibrated 
digital scale (Toledo do Brasil®, model 2096 PP/02, 
maximum weight of 200 kg and readability of 100 g); 
height was determined in meters using a stadiometer of 
maximum height 2.1 m and readability of 1 mm fixed 
to a smooth wall without a baseboard (Sanny Standard). 
Body mass index (BMI) was calculated and patients 
were classified according to the WHO standards (13). 
AC was measured with the patient in standing positive, 
with parallel feet and a relaxed abdomen. The navel was 
used as a reference, and the measure tape was placed 
parallel to the ground (12).

Biochemical assessment

Blood samples were collected by venipuncture after 12-
hour fast. Biochemical assessment of blood glucose, TC, 

0.109 
 



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

438

Conicity index in women

Arch Endocrinol Metab. 2016;60/5

LDL-C, HDL-C, and TG was carried out by means of 
commercial kits and standard methods. 

Statistical analyses

Statistical analyses were carried out in the Statistical 
Package for the Social Sciences (SPSS) version 20.0. 
For qualitative variables, χ2 was used and results 
are presented as absolute values followed by their 
respective percentage. For quantitative data, as well 
as for the determination of the tests to be used, the 
type of variable distribution was determined by 
Kolmogorov-Smirnov test (p > 0.05). Variables with 
normal distribution are presented as mean and standard 
deviation, and means were compared by Student t 
test. For the other variables, values are presented as 
medians and interquartile ranges, and Wilcoxon non-
parametric test was used. Significance level was set at 
p < 0.05. 

SAH and DM were considered as the dependent 
variables in the regression tests. SAH was a dichotomous 
variable: all participants that reported the use anti-
hypertensive drugs were classified in the category “yes”, 
and those that did not report using these drugs were 
classified in the category “no”. As for DM, it was also 
a dichotomous variable based on the reference values 
published by the guidelines of the Sociedade Brasileira 
de Diabetes (SBC, 2014) (14). Participants that showed 
fasting blood glucose ≥ 100 mg/dL were classified in 
the category “yes”, and those that presented normal 
values were classified as reference “no”. C index was 
considered an independent variable. Based for the 
results of the C index, the sample was stratified in 
percentiles, and two groups were formed: group C 

index p < 75 (first, second, and third quartile) and 
group C index p ≥ 75 (last quartile). Therefore, a 
dichotomous variable was generated in a way that the 
group C index p ≥ 75 was classified in the category 
“yes” and the group C index p < 75 was classified as 
reference “no”. The odds ratio (OR) was estimated to 
analyze the association between the outcome variable 
and the exposure variable, using two logistic regression 
models in which the possible influence of C index 
on the occurrence of SAH and DM was analyzed. In 
the multiple model, age was a co-variable. A 95% 
confidence interval was used.

RESULTS
The study analyzed 573 women with median age 49.2 
(41.4-54.6) years. The demographic, anthropometric 
and clinical characteristics are presented in Table 1. 
Median weight and BMI of the group C index p ≥ 75 
were higher than C index p < 75; the same occurred 
with the AC mean. In relation to the presence of 
chronic non-transmissible diseases 38.4% showed SAH, 
and 20% presented DLP. The frequency of DM in the 
group C index p ≥ 75 was 22.2%.

Mean C index in the overall sample was 1.32 (0.08). 
After the stratification, women in group C index p < 
75 showed mean equal to 1.29 (0.06), and in group C 
index ≥ 75 mean was 1.42 (0.04) (Graph 1).

The biochemical profile of the women in the 
present study is shown in Table 2. It may be observed 
that fasting blood glucose in the group C index p ≥ 75 
was greater than 99 (89-114) mg/dL, compared with 
C index p < 75. However, HDL-C was lower in the 
group C index ≥ 75. 

Table 1. Demographic, anthropometric, and clinical characteristics of the participants of the study, São Paulo, 2014

Variables Total
(n = 573)

C index p < 75
(n = 429)

C index p ≥ 75
(n = 144) p

Age (years) 49.2 (41.4-54.6) 48.5 (40.4-54.3) 50.9 (44.4-55.3) 0.015

Weight (kg) 72.2 (63.5-83.5) 70.1 (60.8-80.6) 78.6 (70.7-92.6) < 0.001

BMI (kg/m²) 29.3 (25.7-33.2) 28.2 (25.0-32.0) 32.0 (29.3-36.6) < 0.001

AC (cm) 98.8 (13.6) 94.5 (11.2) 111.6 (12.0) < 0.001

Diseases*

SAH (n, %) 220 (38.4) 148 (34.5) 72 (50.0) 0.001

DM (n, %) 74 (12.9) 42 (9.8) 32 (22.2) < 0.001

DLP (n, %) 115 (20) 9 (2) 106 (74) < 0.001

Results presented as means and standard deviations (parametric variables); medians and interquartile range (non-parametric variables); and absolute values (n) and frequencies (%) (qualitative 
variables). BMI: body mass index; AC: abdominal circumference; SAH: systemic arterial hypertension; DM: diabetes mellitus; DLP: dyslipidemias.
* Diseases classified based on reported occurrence and use of medical treatment.
Difference between the groups determined by Student t test for parametric variables, Mann Whitney test for non-parametric variables and χ2 test for categorical variables. Statistical significance set 
at p < 0.05.
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  Odds Ratio CI (95%)
Adjusted DM 2.87 1.74-4.73
Crude DM 1.72 1.16-2.55
Adjusted SAH 8.65 4.52-16.54
Crude SAH 1.75 1.17-2.61

Graph 1. Overall C index, C index p < 75, and p ≥ 75, São Paulo, 2014.

Table 2. Biochemical characteristics of the subjects, São Paulo, 2014

Variables Total
(n = 573)

C Index p < 75
(n = 429)

C Index p ≥ 75
(n = 144) p*

Blood glucose (mg/dL) 95 (86-107) 94 (86-104) 99 (89-114) < 0.001

TC (mg/dL) 211 (44) 211 (81-393) 209 (106-317) 0.545

LDL-C (mg/dL) 135 (39) 135 (41) 134 (36) 0.714

HDL-C (mg/dL) 46 (40-55) 47 (40-57) 44 (38-51) 0.004

TG (mg/dL) 121 (86-173) 120 (83-172) 125 (96-178) 0.117

Results presented as means and standard deviations (parametric variables), and medians and interquartile range (non-parametric variables). TC: total cholesterol; LDL-C: low-density lipoprotein 
cholesterol; HDL-C: high-density lipoprotein cholesterol; TG: triglycerides. * Difference between the groups determined by Student t test for parametric variables, and Mann Whitney test for non-
parametric variables. Statistical significance set at p < 0.05.

Crude and adjusted models showed that OR (Figu-
re 1) confirmed the association between the C index 
with DM and SAH. The chance of showing DM and 
SAH in participants of group C index p ≥ 75 was, 
respectively, 1.72 and 1.75 times greater than that of 
patients in group C index p < 75. The model adjusted 
by age showed that chances increased to 2.87 and 8.65, 
respectively, demonstrating that the influence of the C 
index in DM and SAH increased with age.

DISCUSSION

Results presented here demonstrated that the C index 
was associated with low plasma concentrations of 
HDL-C. It was also observed that women with high C 
indexes showed 72% and 75% more chance of having 

Figure 1. Crude odds ratio and odds ratio adjusted by age with respective 
confidence intervals (CI 95%), according to SAH and DM.

DM and HAS, respectively. The negative impact of age 
on these associations significantly raised the chance of 
these women having DM and HAS. 

In the study by Ghosh and cols. (15), which 
compared the association of obesity indicators and 
eating habits with metabolic risk factors for coronary 
heart disease, researchers found results similar to ours, 
where the C index was also associated with high blood 
glucose. The authors also found associations with high 
levels of TG and TC, proposing that the C index was 
the most consistent indicator in the explanation of 
metabolic variables of coronary heart disease.

In 2002, Pitanga and Lessa (16) found a prevalence 
ratio of 1.34 (1.02-1.75) between the C index and 
systolic arterial pressure (SAP) in men over 50 years 
of age, and of 2.20 (1.40-3.46) in women less than 50 
years old, after adjusting to blood glucose. Similarly, 
in our study, the C index was associated with DM and 
SAH. Together, these results suggest that the C index 
may be used as a predictor of CVD (17).

The distribution of abdominal fat is associated 
with metabolic changes and increases the risk of CVD 
and type 2 DM, and it is important to identify high-
risk individuals for CVD prevention. Anthropometric 
assessment is considered an efficient, non-invasive and 
low-cost method; however, not all anthropometric 
parameters are efficient in the evaluation of abdominal 
obesity (17).

Previous studies have demonstrated that other 
anthropometric parameters are also associated with a 
more atherogenic lipid profile. The BMI is widely used 
in population studies (7), although its ability to estimate 
body fat distribution and organ fat is controversial and 
limited (5). On the other hand, measurements such 
as waist circumference (WC) and waist-to-hip ratio 
(WHR) have been analyzed to determine their ability 
to estimate central fat, although WHR sensitivity has 
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been questioned. The C index may be a useful tool in 
the evaluation of abdominal obesity (9). 

Zhou and cols. evaluated, in more than 29000 
individuals, the association between BMI, WC, WHR, 
and the C index with arterial blood pressure. In this 
study, the authors observed that WC and WHR were 
more strongly associated with blood pressure and SAH, 
when compared with BMI. This association was more 
intense in men than in women. On the other hand, 
our study showed that women with C index ≥ p75 
presented greater chances of having SAH (18).

Afzar carried out a study in order to analyze 
the specific relationships between anthropometric 
parameters such as BMI, WC, WHR and C index with 
some types of SAH, such as sustained normotension 
(SNT), white-coat hypertension (WCHT), masked 
hypertension (MHT), and sustained hypertension 
(SHT) with patients recently diagnosed with type 
2 DM. The author demonstrated that only WC and 
WHR presented significant differences in SNT, 
WCHT, MHT, and SHT in these patients. According 
to the regression analysis in the study, only BMI was 
independently related with MHT. The C index did not 
show any differences and the author questioned if this 
index, which estimates abdominal fat and cardiovascular 
risk, was not able to identify SAH (19).

In another study that aimed at comparing the C 
index and BMI as a discriminator of hyperglycemia 
in 1,325 adults in the city Salvador-BA, the C index 
showed greater discriminatory power than BMI, with 
areas under the ROC curve equal to 0.71 (0.66-0.77) 
and 0.62 (0.57-0.67), respectively (20). Similarly, our 
study demonstrated that the chances of the participants 
of group C index p ≥ 75 presenting DM was 1.72 times 
greater than the chances of participants of group C 
index p < 75.

A study by Almeida and cols. assessed the association 
between abdominal obesity and cardiovascular risk in 
women, and showed that the C index was the indicator 
with the best performance in the discrimination of 
coronary heart disease risk (21). 

Given this scenario, Pitanga e Lessa carried out a 
study that aimed at proposing cutoff points for the C 
index. The authors concluded that the best cutoff points 
were 1.25 and 1.18 for males and females, respectively, 
based on the results of the analysis of the ROC curves 
for sensitivity and specificity of the best cutoff points 
for the C index as a discriminator of high coronary 
heart disease risk (HCR) (3). The authors concluded 

that the C index may be used to discriminate high 
cardiovascular risk, although sensitivity and specificity 
were not very high. In men, both sensitivity and 
specificity were about 75%, and the C index may 
incorrectly identify 25% of the patients with HCR, and 
25% of those with “normal” cardiovascular risk. On the 
other hand, in women, the most adequate cutoff point 
to discriminate HCR shows sensitivity of about 73% 
and specificity of about 61%. Therefore, the possibility 
of incorrect classifications is greater in those with low 
cardiovascular risks, leading to greater number of false-
positive results. Taking into account the limitations 
cited here, we opted, in our study, to stratify the sample 
starting in the 75th percentile, as only 4% of the women 
presented C index < 1.18, making it impossible to use 
the currently proposed cutoff point. 

Vidigal evaluated the ability of the anthropometric 
indicators to discriminate cardiovascular risk with high 
levels of C-reactive protein (CRP) and fibrinogen in 
130 adult men. The results of the study pointed out 
that the C index showed the greater ability to detect 
high levels of CRP and fibrinogen, which are related 
with increased cardiovascular risk, compared with the 
other anthropometric indicators, such as BMI, WC, 
and WHR (17).

In a study carried out with men and women, which 
analyzed the precision of four anthropometric indicators 
of obesity (BMI, WC, WHR, and C index) in the 
identification of SAH, it was observed that, in both 
sexes, all indicators had a satisfactory ability to detect the 
presence of SAH. The association between obesity and 
SAH was greater in women than in men, and a possible 
explanation for these results is the use of oral contraceptives 
by women, which increases the risk of SAH (22).

In a study that aimed to assess the relationship 
between the C index and SAH in 72 middle-aged 
and elderly women using the 1.18 cutoff point, the C 
index was positively correlated with SAP and diastolic 
blood pressure (DAP). Logistic regression identified 
two significant odds ratio for the increased C index, 
demonstrating that the cutoff point was efficient in 
identifying its relationship with SAH in the population 
studied (23).

In menopause, changes in the distribution of body 
fat lead to increased cardiovascular risk and metabolic 
diseases. Organ fat is highly associated with changes in 
lipid and carbohydrate metabolism (24). Our results 
show that the greater the C index, the greater the 
chance of diabetes in the women.
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In a study carried out with 169 post-menopausal 
women, WC was significantly correlated with SAP 
and DAP. On the other hand, BMI was significantly 
correlated only with SAP. The C index showed 
significant correlation with SAP. The results of our 
study showed that the chances of a woman being 
hypertensive increase with greater C indices. Besides, 
our study analyzed a sample that was larger than that 
of the study cited (24), reinforcing the validity of the 
results presented here.

Other authors observed that WC is an independent 
predictor of high metabolic risk and insulin resistance 
in Chinese, post-menopausal women (25). Hwu 
and cols. observed a stronger association between 
anthropometric indicators of obesity and cardiovascular 
risk in younger women compared with older ones. 
According to the authors, the results may be explained 
by the typical hormonal changes of menopause, more 
prevalent at this age. In menopause, women are more 
vulnerable to metabolic disorders, such as DLP, and 
they may increase the risk of coronary heart disease (26). 

Limitations 

One limitation of our study is related with the nature of 
cross-sectional studies, which are not able to determine 
temporality. We suggest that future, prospective studies 
are carried out in order to establish a causal relationship. 

Advantages of the study

The C index showed to be an important indicator of fat 
distribution, demonstrating changes in it, and enabling 
comparisons between individuals that show different body 
weights and heights. Given the results obtained here, 
it is recommended that the C index is included in the 
overall risk evaluation for DM and SAH in women. This 
index showed to be a useful clinical tool in the estimation 
of cardiovascular risk, being of low-cost and easy to be 
applied. Until now, few Brazilian studies have used this 
indicator in the estimation of cardiovascular risk, mainly 
in women, whose risk is known to increase with age. 

CONCLUSIONS 

The results of the present study showed that the chances 
of women having DM and SAH increase with the C 
index (p ≥ 75). Besides, the negative impact of age on 
these associations significantly increases the chances of 
women having DM and SAH. The C index was also 

associated with low HDL-C plasma concentrations, and 
may be an alternative to the anthropometric indicators 
of obesity associated with risk of coronary heart disease. 
The results suggest that the C index may be used as 
an indicator of central obesity and the morbidities 
associated with it. 

Acknowledgements: the authors would like to thank the financial 
support by the Fundação do Desenvolvimento Administrativo 
(Fundap – 52669/14-6 and 52594/14-4), Coordenação de 
Aperfeiçoamento de Pessoal de Nível Superior (Capes), and 
Fundação de Amparo à Pesquisa do Estado de São Paulo (Fapesp 
– 2013/14863-0).

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

REFERENCES
1. World Health Organization (WHO). World Health Statistics 2012. 

Geneve, 2012. Available at: http://www.who.int/gho/publications/
world_health_statistics/2012/en/. Access on: Oct 6, 2014.

2. Valdez R. A simple model-based index of abdominal adiposity. J 
Clin Epidemiol. 1991;44:955-56.

3. Pitanga FJG, Lessa I. Sensibilidade e especificidade do índice de 
conicidade como discriminador do risco coronariano de adultos 
em Salvador, Brasil. Rev Bras Epidemiol. 2004;7:259-69.

4. Cunha RSP da. O estabelecimento de pontos de corte no Índice 
de Conicidade, como proposta de um indicador antropométrico 
simples, para avaliação da obesidade e estimativa do risco 
coronariano elevado no Exército Brasileiro [tese]. Rio de Janeiro: 
Fundação Oswaldo Cruz. 2010 Dez. 141 p. Doutorado em Ciências 
na área de Saúde Pública.

5. Pitanga FJG, Lessa I. Associação entre indicadores 
antropométricos de obesidade e risco coronariano em adultos 
na cidade de Salvador, Bahia, Brasil. Rev Bras Epidemiol. 
2007;10:239-48.

6. Mueller WH, Meininger JC, Liehr P, Chan W, Chandlerz PSIM. 
Conicity: a new index of body fat distribution – what does it tell 
us? Am J Human Biol. 1996;8:489-96. 

7. Sant’Anna MSL, Tinôco ALA, Rosado LEFPL, Sant’Ana LFR, Brito 
ISS, Araújo LF, et al. Eficácia do índice de conicidade e da relação 
cintura/estatura em predizer o percentual de gordura corporal em 
crianças. Nutrire: Rev Soc Bras Alim Nutr J Brazilian Soc Food 
Nutr. 2010;35:67-80.

8. Pitanga FJG, Lessa I. Indicadores antropométricos de obesidade 
como instrumento de triagem para risco coronariano elevado 
em adultos na cidade de Salvador – Bahia. Arq Bras Cardiol. 
2005;85:26-31.

9. Flora MS, Mascie-Taylor CGN, Rahman M. Conicity index of 
adult bangladeshi population and their socio-demographic 
characteristics. Ibrahim Med Coll J. 2009;3:1-8.

10. Kahn HS. Choosing an index for abdominal obesity: an opportunity 
for epidemiologic clarification. J Clin Epidemiol. 1993;46:491-4.

11. Marques MP, Lyra CO, Lima SCVC, Pinheiro LGB, Azevedo PRM, 
Arrais RF, et al. Risco coronariano em adolescentes estimado pelo 
índice de Conicidade. Nutrire: Rev Soc Bras Alim Nutr J Brazilian. 
2011;36:99-109.

12. Vigilância Alimentar e Nutricional – SISVAN, Ministério da 
Saúde (Brasília – DF).  Orientações básicas para a coleta, o 



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

442

Conicity index in women

Arch Endocrinol Metab. 2016;60/5

processamento, a análise de dados e a informação em serviços 
de saúde. Available at: <http://189.28.128.100/nutricao/docs/geral/
orientacoes_basicas_sisvan.pdf>. Access on:  Set. 30, 2014.

13. World Health Organization (WHO). Obesity: preventing and 
managing the global epidemic. Report of a WHO Consulation of 
Obesity. Geneva, 1997.

14. Diretrizes da Sociedade Brasileira de Diabetes: 2013-2014/
Sociedade Brasileira de Diabetes; [organização José Egidio Paulo 
de Oliveira, Sérgio Vencio]. – São Paulo: AC Farmacêutica, 2014.

15. Ghosh A, Bose K, Das Chaudhuri AB. Association of food 
patterns, central obesity measures and metabolic risk factors for 
coronary heart disease (CHD) in middle aged Bengalee Hindu 
men, Calcutta, India. Asia Pac J Clin Nutr. 2003;12:166-71.

16. Pitanga FJG, Lessa I. Associação entre índice de conicidade e hi-

pertensão arterial sistólica em adultos na cidade de Salvador-BA. 
Rev Baiana de Educação Física. 2002;3:27-31.

17. Vidigal FC. Predictive ability of the anthropometric and body 
composition indicators for detecting changes in inflammatory 
biomarkers. Nutr Hosp. 2013;28:1639-45.

18. Zhou Z, Hu D, Chen J. Associating between obesity indices and 
blood pressure or hypertension: which index is the best? Public 
Health Nutr. 2008;12:1061-71.

19. Afzar B. The impact of different anthropometric measures on 
sustained normotension, white coat hypertension, masked 
hypertension, and sustained hypertension in patients with type 2 
diabetes. Endocrinol Metab (Seoul). 2013;28:199-206.

20. Pitanga FJG, Lessa I. Análise da sensibilidade e especificidade 
entre índice de conicidade, índice de massa corporal e 
hiperglicemia em adultos de ambos os sexos. In: Resumos do XV 
Congresso de Cardiologia do Estado da Bahia; 2003; Salvador: 
Sociedade Brasileira de Cardiologia; 2003a: p. 13. 

21. Almeida RT, Almeida MMG, Araújo TM. Obesidade abdominal 
e risco cardiovascular: desempenho de indicadores 
antropométricos em mulheres. Arq Bras Cardiol. 2009;5:375-80.

22. Silva DAS, Petroski EL, Peres MA. Accuracy and measures of 
association of anthropometric indexes of obesity to identify the 
presence of hypertension in adults: a population-based study in 
Southern Brazil. Eur J Nutr. 2013;52:237-46.

23. Schembovski Junior MA, Silva MP, Soares DS, Gasparotto GS, 
Bueno MRO, Dib LRP, et al. Índice de conicidade relacionado à 
hipertensão arterial em mulheres. Efdeportes. 2012;17:1-1.

24. Shidfar F, Alborzi F, Salehi M, Nojomi M. Association of 
waist circumference, body mass index and conicity index 
with cardiovascular risk factors in postmenopausal women. 
Cardiovasc J Afr. 2012;23:442-45.

25. Foucan L, Hanley J, Deloumeaux J, Suissa S. Body mass index 
(BMI) and waist circumference (WC) as screening tools for 
cardiovascular risk factors in Guadeloupean women. J Clin 
Epidemiol. 2002;55:990-6.

26. Hwu CM, Fuh JL, Hsiao CF, Wang SJ, Lu SR, Wei MC, et al. 
Waist circumference predicts metabolic cardiovascular risk in 
postmenopausal Chinese women. Menopause. 2003;10:73-80. 



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

443Arch Endocrinol Metab. 2016;60/5

original article

The role of oxidative stress 
in streptozotocin-induced 
diabetic nephropathy in rats

Sheila Marques Fernandes1, Priscilla Mendes Cordeiro1,2, Mirian Watanabe1, 
Cassiane Dezoti da Fonseca1, Maria de Fatima Fernandes Vattimo1

ABSTRACT 
Objective: The objective of this study was to evaluate the role of oxidative stress in an experimental 
model of streptozotocin-induced diabetic nephropathy in rats. Materials and methods: Wistar, adult, 
male rats were used in the study. Animals were divided in the following groups: Citrate (control, citrate 
buffer 0.01M, pH 4.2 was administrated intravenously - i.v - in the caudal vein), Uninephrectomy+Citrate 
(left uninephrectomy-20 days before the study), DM (streptozotocin, 65 mg/kg, i.v, on the 20th day of 
the study), Uninephrectomy+DM. Physiological parameters (water and food intake, body weight, 
blood glucose, kidney weight, and relative kidney weight); renal function (creatinine clearance), 
urine albumin (immunodiffusion method); oxidative metabolites (urinary peroxides, thiobarbituric 
acid reactive substances, and thiols in renal tissue), and kidney histology were evalua ted. Results: 
Polyphagia, polydipsia, hyperglycemia, and reduced body weight were observed in diabetic rats. Renal 
function was reduced in diabetic groups (creatinine clearance, p < 0.05). Uninephrectomy potentiated 
urine albumin and increased kidney weight and relative kidney weight in diabetic animals (p < 0.05). 
Urinary peroxides and thiobarbituric acid reactive substances were increased, and the reduction in thiol 
levels demonstrated endogenous substrate consumption in diabetic groups (p < 0.05). The histological 
analysis revealed moderate lesions of diabetic nephropathy. Conclusion: This study confirms 
lipid peroxidation and intense consumption of the antioxidant defense system in diabetic rats. The 
association of hyperglycemia and uninephrectomy resulted in additional renal injury, demonstrating 
that the model is adequate for the study of diabetic nephropathy. Arch Endocrinol Metab. 2016;60(5):443-9
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INTRODUCTION

A n estimation by the World Health Organization 
considers that by 2030, approximately 366 million 

people will be diagnosed as carriers of diabetes mellitus 
(DM) all over the world, with an increase in mortality 
and morbidity rates due to complications of the disease 
(1). Microvascular changes are the main consequence of 
chronic hyperglycemia and lead to an imbalance in cell 
metabolism, with progressive lesions in several organs, 
such as kidneys, eyes, nerves, liver, and the vascular, 
immunological and gastrointestinal systems (2,3).

Diabetic nephropathy is a progressive disease that 
involves several mechanisms, with changes in glomerular 
hemodynamics, causing renal lesions, oxidative 
stress, inflammatory response, and fibrosis. Chronic 
hyperglycemia lead to glomerular hyperfiltration by 
means of vasodilation of the afferent arteriole in relation 
to the efferent arteriole, leading to increased hydrostatic 
pressure and greater passage of fluids through the 

glomerulus (2,3). Glomerular dysfunction is observed as 
microalbuminuria caused by changes in renal structure, 
such as thickening of the basal membrane, podocyte 
lesions, expansion of the mesangial matrix, which evolve 
to glomerular sclerosis and tubulointerstitial fibrosis 
associated with reduced glomerular filtration rates 
(GFR) (3,4).

The cumulative results of these transformations are 
caused by excess production of reactive oxygen species 
(ROS) mediated by chronic hyperglycemia. ROS 
generation in diabetic kidneys is caused by enzymatic 
and non-enzymatic systems that include glucose auto-
oxidation, Fenton reaction catalyzed by unbound 
iron, and consumption of the endogenous antioxidant 
reserve. ROS include free radicals, such as superoxide 
anion (O2∙-) and hydroxyl radical (OH∙-), and non-
radicals such as hydrogen peroxide (H2O2). Production 
of reactive nitrogen species, such as nitric oxide radicals 
(NO) is also important (5). 
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Development of complications related with diabetes 
takes place with ROS production, mainly O2.-, which 
induces cell dysfunction and oxidative lesion by means 
of protein denaturation, lipid peroxidation, and damage 
to mitochondrial DNA (5,6). These changes in renal 
cells, including glomerular endothelial cells, mesangial 
cells, and renal epithelial cells, lead to changes in ATP 
synthesis, intracellular calcium imbalance, and changes 
in cell membrane permeability that contribute to cell 
death by apoptosis or necrosis (5,7). 

Recent studies demonstrated that quantification 
of new plasmatic and urinary markers may contribute 
to early diagnosis of the development of diabetic 
nephropathy. Among these markers, the most important 
ones nowadays are: transforming growth factor β, 
vascular endothelial growth factor, and protein kinase 
C, as well as ROS (4,7).

Given the still uncertain scenario showing the 
participation of redox mechanisms as determinant in 
chronic hyperglycemia lesions, knowledge on mediators, 
and physiopathological processes responsive to therapeutic 
maneuvers, such as antioxidant supplementation 
associated with intense glycemic control, will contribute 
considerably with reducing microvascular complications 
in diabetic patients. In general, these progresses will 
provide scientific and clinical bases to reduce morbidity 
and mortality in this population. Therefore, the objective 
of this study was to demonstrate the role of oxidative 
stress in an experimental model of streptozotocin-
induced diabetic nephropathy in rats. 

MATERIALS AND METHODS

Protocol

This is a descriptive, experimental, quantitative study 
in vivo carried out in the Laboratório Experimental 
de Modelo Animais da Escola de Enfermagem at 
Universidade de São Paulo (LEMA – EEUSP). 

All procedures carried out in this study complied 
with the Ethical Principles for the Use of Experimental 
Animals determined by the Colégio Brasileiro de 
Experimentação Animal – COBEA – and were approved 
by the Ethics Committee on Animal Experimentation 
of the university – CEEA (060/2012). 

Twenty-four Wistar, adult, male rats were used. They 
weighted from 250 to 300 grams and were divi ded into 
the following groups: Citrate (Control): citrate buffer 
0.01M pH 4.2, by intravenous route in the caudal 

vein (i.v.); Uninephrectomy + Citrate (Nx+Citrato): 
left uninephrectomy before the study (20 days) and 
administration of citrate buffer; DM: DM induction by 
means of the administration of streptozotocin (STZ) 
diluted in citrate buffer 0.01M, pH 4.2, 65 mg/kg, i.v.; 
Uninephrectomy + DM (Nx+DM): animals subjected to 
Nx and STZ administration.

After 48 hours of DM induction, blood glucose 
was determined using the Advantage kit (Advantage – 
Roche®, Brazil). Animals with blood glucose above 250 
mg/dL were selected for the diabetic group. After that, 
body weight and blood glucose were assessed every 
week for 12 weeks (85 days). Animals were treated 
with 0.5-2 U of insulin NPH (Lilly, Brazil), daily, to 
maintain blood glucose between 300-500 mg/dL.

Collection of biological samples

At the end of the protocol (85 days), animals were 
placed in individual metabolic cages for 24-hour urine 
collection to evaluate renal function and oxidative 
metabolites. After that, animals were anesthetized by 
intraperitoneal (i.p.) route with Thiopentax® (Cristália, 
Brazil) (sodium thiopental: 40-50  mg/kg) for blood 
collection by means of a puncture in the abdominal 
aorta and later evaluation of renal function. 

The right kidney was removed and prepared for 
histological sections stained with hematoxylin-eosin. 
Another aliquot was immediately cooled and stored at 
-80ºC for later quantification of antioxidant enzymes. 
At the end of the study, animals were euthanized using 
the ethical guidelines for handling of experimental 
animals mentioned above. 

Renal function/albuminuria/oxidative metabolites 
and renal histology

Renal function was evaluated by means of creatinine 
clearance. The colorimetric method by Jaffé was used 
to determine serum and urinary creatinine results. 
Creatinine clearance was calculated using the formula: 
creatinine clearance = urinary creatinine x urine flow in 
24 hours/serum creatinine (8,9).

Albuminuria was assessed by means of radial 
immunodiffusion based on antibody reaction and 
precipitation using rabbit anti-rat albumin against 
albumin in the urine samples. Two standard curves were 
drawn, one for high and the other for low antibody 
concentration (10). 

Oxidative metabolites were assessed by means of 
the quantification of urinary peroxide, thiobarbituric 
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acid reactive substances (TBARS), and renal tissue thiols. 
Assessment of urinary peroxides was carried out by 
the FOX-2 method (ferrous ion xylenol orange assay), 
which oxidizes Fe2+ ions producing a purplish-blue 
complex (α = 4.3 x 104 M-1 cm-1) (11,12). Urinary 
TBARS assessment enables the identification of the 
final products of the lipid peroxidation cascade that 
react with thiobarbituric acid in organic fluids (α = 1.56 
x 105 M-1 cm-1) (13). Renal tissue thiols were evaluated 
by means of the reaction with 2,2’-dinitro5-5’dithio- 
benzoic acid, DTNB (α = 13.6 x 103 M-1 cm-1) (14,15).

Quantification of tubulointerstitial lesions was 
carried out using a scale raging from 0 to 4, as follows: 
0 = normal tissue; 0.5 = small, focal areas of alteration; 
1 = 5-25% of the cortex area affected; 2 = 25-50% of 
the cortex area affected; 3 = 50-75% of the cortex area 
affected; and 4 =  more than 75% of the cortex area 
affected (16). Slides were observed in an Axioskop 40 
optical microscope (Carl Zeiss, Jena, Germany).

Statistical analyses

Results are presented as means ± standard deviation. 
Statistical analyses of the results were carried out using 
the analysis of variance (ANOVA), followed by Tukey 
test for multiple comparisons in Graph-Pad Prism 
version-3 for Windows®. Significance level was set at p 
< 0.05. 

RESULTS

Physiological parameters

Table 1 shows that diabetic animals presented a 
significant increase in the intake of water (polydipsia) 
and feed (polyphagia) (p < 0.05). Nx showed significant 
increase in kidney weight when compared with 
animals that were not subjected to nephrectomy (p < 
0.05); and the kidney/animal weight ration showed 
a significant difference between the nephrectomy 
group and the DM one (p < 0.05). When compared 
with the control group, diabetic animals presented 
significant differences, throughout the 12 weeks, in 
the variables weight (Figure 1A) and blood glucose 
(Figure 1B) (p < 0.05).

Renal function

Table 2 shows increased urine flow in diabetic animals 
(polyuria). These animals also showed a reduction in 

urinary creatinine and significant increase in serum 
creatinine (p < 0.05), with reduced glomerular filtration 
rates evidenced by creatinine clearance (p < 0.05). 

Table 1. General physiological parameters

Groups Control 
(6)

Nx+Citrate 
(6)

DM 
(6)

Nx+DM 
(6)

Water intake/ 
24h (mL)

23 ± 5 24 ± 6 116 ± 34#* 113 ± 35 #*

Feed intake/ 
24h (g)

14 ± 5 13 ± 5 26 ± 4#* 25 ± 8 #*

Kidney weight 
(g)

1.4 ± 0.1 2.6 ± 0.5# 1.5 ± 0.1* 3.0 ± 0.4#&

Kidney 
weight/animal 
weight (x100) 

0.28 ± 0.02 0.52 ± 0.13# 0.42 ± 0.05# 0.78 ± 0.07#*& 

# p < 0.05 vs. Control; * p < 0.05 vs. Nx+Citrate; & p < 0.05 vs. DM.

Figure 1. Body weight and blood sugar. # p < 0.05 vs. Control; * p < 0.05 
vs. Nx+Citrate.
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Albuminuria

Albuminuria (Figure 2) was significantly greater in dia-
betic animals that underwent nephrectomy (p < 0.05).

Table 2. Overall renal function

Groups Control 
(6)

Nx+Citrate 
(6)

DM 
(6)

Nx+DM 
(6)

Urine flow 
(mL/min)

0.01 ± 0.02 0.01 ± 0.02 0.04 ± 0.03 0.06 ± 0.01

Urine 
creatinine 
(mg/dL)

52.8 ± 14.1 69.2 ± 7.6 20.4 ± 14.6#* 12.2 ± 2.7#*&

Serum 
creatinine 
(mg/dL)

0.22 ± 0.04 0.29 ± 0.04 0.55 ± 0.18#* 0.64 ± 0.05#*

Clcr/100 g 
(mL/min)

0.54 ± 0.14 0.51 ± 0.08 0.33 ± 0.09#* 0.32 ± 0.05#*

Clcr: creatinine clearance. # p < 0.05 vs. Control; * p < 0.05 vs. Nx+Citrate; & p < 0.05 vs. DM.

Figure 2. Albuminuria. # p < 0.05 vs. Control; * p < 0,05 vs. Nx+Citrate; 
& p < 0,05 vs DM.

Oxidative metabolites

The oxidative profile in the DM experimental model 
is shown in Figure 3. Increased urinary peroxides 
(Figure 3A) in the diabetic groups followed the increasing 
trend observed in TBARS (Figure 3B) (p < 0.05). The 
level of renal tissue thiols (Figure 3C) was inversely 
proportional, and showed the use of the antioxidant 
endogenous reserve in the group that showed the most 
aggressive lesion, the Nx+DM group (p < 0.05). 

Renal histology

Figure 4 shows the histological slides for the different 
groups. The Control group (A), Nx+Citrate (B), and 
DM (C) did not show histological changes. The Nx+DM 
(D) group showed discreet, segmental, and focal 
changes, such as tubulointerstitial fibrosis, evidenced by 
mesangial expansion, deposits of extracellular matrix, 
and tubulointerstitial damage (p < 0.05).

Figure 3. Oxidative profile. Urinary Peroxides (A), Urinary TBARS (B), and 
Renal Tissue Thiols (C). # p < 0.05 vs. Control; * p < 0.05 vs. Nx+Citrate; 
& p < 0.05 vs. DM. 

Figure 4. Histological sections and tubulointerstitial changes (400X 
magnification): Control (A); Nx+Citrate (B); DM (C) and Nx+DM (D). # p < 
0.05 vs. Control.
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DISCUSSION

Experimental induction of DM in Wistar rats by 
streptozotocin infusion led to classical signs of the 
disease, such as polydipsia, polyphagia, hyperglycemia, 
and weight loss. This finding demonstrates that 
maintenance of the hyperglycemic status favored the 
development of diabetic nephropathy evidenced by 
reduced creatinine clearance, albuminuria, and intense 
ROS release with reduction in the antioxidant reserve 
and focal changes in renal histology. 

The first step in the study was the reproduction 
of the diabetes experimental model. The model was 
based on the administration of streptozotocin, a 
chemotherapeutic agent that degenerates pancreatic 
β cells, affecting insulin production. Chronic 
hyperglycemia, which is characteristic of this disease, 
ensued (17). It is known that chronic hyperglycemia 
favors energy imbalances with intense lipolysis, which 
was illustrated in this study by increased feed intake and 
progressive weight loss in the animals (17,18). 

In vivo reproduction of early diabetic nephropathy 
by streptozotocin contributed with the hemodynamic 
changes induced by glomerular hyperfiltration and 
evidenced by physiological parameters observed, such as 
polydipsia, polyuria, and reduced GFR. The devastating 
effect of systemic hyperglycemia on glomerular filtration 
makes endothelial cells unable to modulate glucose 
transport through the plasma membrane, leading 
to excessive accumulation of intracellular glucose. 
The high levels of intracellular glucose stimulate the 
synthesis of cytokines, such as transforming growth 
factor β and vascular endothelial growth factor. These 
factors are involved in microvascular endothelial lesions, 
increasing glomerular permeability to macromolecules 
and add to the changes in glomerular hemodynamics 
mediated by vasodilating prostanoids and NO, which 
intensify vasodilation of the afferent arteriole in relation 
to the efferent one. Arteriolar imbalance leads to the 
final picture of glomerular hyperfiltration (3,7,19). 

Changes related to glomerular dysfunction are 
represented by a persistent increase in hydrostatic 
intraglomerular pressure that forces the passage of 
fluids through the capillaries with loss of albumin 
into the ultrafiltrate (19,20). Glomerular dysfunction 
is characterized by synthesis and catabolism of several 
molecules, such as collagen IV and proteoglycans, 
which are responsible for the thickening of the basal 
glomerular membrane and changes in the negative 
charge of the podocytes, with subsequent loss of 

protein in the urine and glomerulosclerosis with 
reduced GFR (20,21). Additionally, animals that were 
subjected to nephrectomy confirmed the characteristics 
of renal lesions related to microvascular complications 
of diabetic nephropathy, which were evidenced by the 
increased kidney weight and relative weight (kidney 
weight/body weight). The persistent high glucose 
concentration in the glomerular region changes the 
structure of the basal membrane and promotes the 
expansion of the extracellular matrix in the mesangial 
area, which induces hyperplasia and hypertrophy of the 
tubular area (21).

In clinical practice, microalbuminuria is an indicator 
of glomerular filtration failure, which is identified 10 to 
20 years after the onset of chronic hyperglycemia. Va-
lues of microalbuminuria that are considered predictive 
of the development of end-stage renal disease (ESRD) 
range from 30 to 300 mg/day (22). In this study, 
increased albuminuria in diabetic animals that underwent 
left nephrectomy intensified the progression of renal 
disease in the streptozotocin-induced DM model in 
rats. Diabetic nephropathy is defined by increased 
urinary excretion of albumin and reduced renal function 
(elevation in the concentration of plasma creatinine and 
reduced GFR), and in clinical practice, many times, it 
is necessary to determine renal replacement therapies, 
such as dialysis or kidney transplant (3,22). Diabetic 
nephropathy is the most common cause of ESRD in the 
USA, Japan, and Europe (1). In Brazil, the incidence of 
diabetic nephropathy reaches 31% in adult patients (23). 

Chronic hyperglycemia is considered the most 
important factor in the generation of intracellular ROS. 
Diabetes complications are directly related with the 
inability of some cells to maintain intracellular glucose 
homeostasis, leading to the transport of large amounts 
of glucose to the inside of glomerular endothelium, 
mesangial and tubular epithelium cells, and intensifying 
glycolysis and excessive ROS production (5,6). The 
production of O2∙- is the start of an oxidative lesion 
cascade mediated by H2O2, unbound iron, and 
generation of new free radicals, such as OH∙- and 
peroxynitrite (ONOO-), which damage lipids, proteins, 
and nucleic acids (5,24). 

The role of ROS in the experimental model of 
diabetic nephropathy was confirmed by the increased 
le vels of urinary peroxides and TBARS in diabetic 
animals. H2O2 are highly capable of penetrating 
biological membranes and, once they are formed in 
excess, they induce the release of OH.- and urinary 
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TBARS, which are a direct quantification of lipid 
peroxidation catalyzed by unbound iron (6,24). The 
mitochondrial region is particularly susceptible to ROS-
mediated lesions, showing dysfunctional ATP synthesis, 
unbalanced levels of intracellular calcium, and changes 
in mitochondrial permeability, which predispose the 
cell to necrosis and apoptosis (25).

As a response to excess ROS, several antioxidant 
systems are activated, including free radical scavengers 
and enzymatic systems. The enzymes glutathione 
peroxidase, catalase and other antioxidant enzymes 
catalyze the conversion of H2O2 into water (5,6). 
Hyperglycemia determines an imbalance in the 
consumption of antioxidant enzymes, which are 
predominantly represented by the enzymes superoxide 
dismutase, glutathione peroxidase, and catalase (5). 
Diabetic animals that underwent nephrectomy showed 
reduction in the levels of thiols, which indirectly 
represent the activity of the antioxidant enzyme. Some 
studies confirm the involvement of ROS in the lesion 
mechanism of diabetic nephropathy. An in vivo study 
with mesangial cells subjected to high concentrations 
of glucose demonstrated important generation of 
ROS (26). The administration of D-Saccharic acid 1,4 
Lactone (DSL), an antioxidant found in citrus fruits 
and some vegetables, reduced ROS levels in rats with 
streptozotocin-induced diabetes (27).

The oxidative lesion caused by the increased 
generation of ROS and low level of antioxidant 
mediators has a fundamental role in the development 
of microvascular complications in renal diabetic disease. 
In this pathological scenario, renal tissue is damaged by 
excess intracellular glucose, which adds to the intense 
oxidation that induces cell lesion (2). Therefore, renal 
tissue of diabetic animals subjected to nephrectomy 
demonstrated slight, segmental and focal tubulointerstitial 
changes. In diabetic nephropathy, cells accumulate 
glycogen and collagen fibers in the mesangial region 
and in the basal membrane showing glomerulosclerosis, 
tubulointerstitial fibrosis, mesangial expansion, deposits 
of extracellular matrix, and tubulointerstitial changes 
(28,29). Therefore, this study reproduced the synergism 
found in the physiopathology of diabetic nephropathy 
by means of hemodynamic and oxidative mechanisms 
associated with histological changes. 

In summary, the study enabled the understanding of 
the DM physiopathological scenario and microvascular 
complications of diabetic nephropathy by evaluating 
traditional renal function parameters and, mainly, by the 

perspective of oxidative stress. The study also confirmed 
that the occurrence of lipid peroxidation, probably 
associated with the intense consumption of antioxidant 
endogenous substrate in diabetic animals, may be main 
route for the lesions induced by high concentrations 
of intracellular glucose. The association between the 
DM model and the functional vulnerability status 
determined by uninephrectomy exactly reproduced 
the onset of classical diabetic nephropathy, with all its 
known clinical manifestations, and confirmed that this 
experimental model may employed in the investigation 
of possible lesions involved in this important 21st 
century disease. 
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2013/26560-2.
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Evolution to permanent or 
transient conditions in children 
with positive neonatal TSH 
screening tests in Sergipe, Brazil

Diana M. Matos1, Roberto J. R. Ramalho1, Bruno M. Carvalho1,  
Maria Augusta C. T. Almeida1, Luciana F. D. Passos1,  
Talmay T. S. Vasconcelos1, Enaldo V. Melo1, Carla R. P. Oliveira1,  
Elenilde G. Santos1, Karla F. Resende1, Manuel H. Aguiar-Oliveira1

ABSTRACT
Objectives: To assess the evolution to permanent or transient conditions in children with positive 
neonatal TSH tests in Sergipe, Brazil, from 2004 to 2010. Subjects and methods: Out of 193,794 
screened newborns, 713 presented a neonatal TSH level higher than the local cutoff (5.2 µU/mL). From 
the confirmatory serum TSH values, the children were diagnosed with initial congenital hypothyroidism 
(CH) or suspect CH. From the evolution, they were classified as permanent CH, hyperthyrotropinemia, 
or transient TSH elevation. The mean incidence of each final condition was calculated for the total 
period of time. Results: The initial diagnosis included 37 CH (18.1%) and 167 suspect CH (81.9%) 
cases. The final diagnosis included 46 cases of permanent CH (22.5%), 56 of hyperthyrotropinemia 
(27.5%), and 102 of transient TSH elevation (50.0%). Out of the 37 cases of initial CH, 23 (62.2%) had 
permanent CH, nine (24.3%) had hyperthyrotropinemia, and five (13.5%) had transient TSH elevation. 
Out of the 167 suspect CH cases, 23 (13.8%) had permanent CH, 47 (28.1%) had hyperthyrotropinemia 
and 97 (58.1%) had transient TSH elevation. The mean incidence after the follow up was 1:4,166 for 
permanent CH, 1:3,448 for hyperthyrotropinemia, and 1:1,887 for transient TSH elevation. Eighty-six 
percent of the children with an initial diagnosis of CH and 41.9% with suspect CH had a permanent 
condition (CH or hyperthyrotropinemia). Conclusions: The follow-up of children with an initial 
diagnosis of CH or suspect CH is necessary to determine whether the disorder is permanent because 
predicting the evolution of the condition is difficult. Arch Endocrinol Metab. 2016;60(5):450-6
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INTRODUCTION

Hypothyroidism is a clinical condition resulting 
from a decreased production or inadequate action 

of thyroid hormones (TH). Congenital hypothyroidism 
(CH) is often primary and diagnosed by an increase in 
serum thyroid stimulating hormone (TSH) associated 
with reduced thyroxine (T4). CH may be permanent 
or transient. Permanent CH results from the abnormal 
development of the thyroid gland (dysgenesis) or 
from a failure in hormone production by the thyroid 
(dyshormonogenesis). Transient CH, defined as 
remission before introduction or after withdrawal of 
l-thyroxine, is more common in premature newborns and 
is mostly caused by the transplacental passage of maternal 
TSH receptor blocking antibodies, maternal exposure to 
antithyroid drugs, iodine deficiency or excess (1,2).

Hyperthyrotropinemia is defined by high levels 
of TSH with normal T4 and, during the neonatal 
period, is caused mainly by the late maturation of the 
hypothalamic-pituitary axis, the presence of antithyroid 
antibodies, changes in thyroid morphology, and mild 
defects of thyroperoxidase or TSH receptor genes 
(3). While transient CH often remits within 4 to 6 
weeks of life, the distinction between transient and 
permanent hyperthyrotropinemia generally requires a 
longer observation (2). When the distinction between 
transient CH and transient hyperthyrotropinemia 
is not possible, the use of the term “transient TSH 
elevation” is preferable. In this study, we defined 
hyperthyrotropinemia as a permanent condition 
(persistent hyperthyrotropinemia).
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Treatment of transient CH and hyperthyrotro-
pinemia is still controversial (1), but some authors 
have reported that it may have beneficial effects on full 
brain function of the affected children (4,5). If these 
children are treated, a definitive diagnosis should be 
sought after three years of age (2).

Before neonatal screening programs (NSP), the 
incidence of CH was estimated to be between 1:7,000 
and 1:10,000 (6). With NSP, the incidence in the United 
States rose from 1:3,985 in 1987 to 1:2,273 in 2002 
(7). However, there is wide variation in the incidence of 
CH worldwide. In Europe, a mean incidence of 1:2,709 
has been reported, ranging from 1:1,333 in Greece to 
1:13,886 in Estonia (8). Several factors may influence 
the incidence of CH including ethnicity, environmental 
factors, prematurity, the TSH cutoff points, and the 
different concepts and methodologies adopted by the 
programs (2,9-11).

The Brazilian Health Ministry Policy established in 
2001 the University Hospital of the Federal University 
of Sergipe (HU-UFS) as the unique entity to perform 
the NSP in the State of Sergipe, which is mandatory in 
the public health care system (11,12). Since 2004, the 
cutoff value of TSH used in the Neonatal Screening 
Program in Sergipe (NSP-SE) is 5.2 µU/mL (11),  
which is less than the suggested 10 µU/mL in the 
manual of technical standards and operational routines 
of the National Neonatal Screening Program (NNSP) 
(13) but in line with a global trend to reduce the 
neonatal cutoff values (14).

Every year, hundreds of millions of CH screenings 
are performed around the world. With neonatal TSH 
cutoff reduction (less than 10 µU/mL), the false-
positive rate has doubled, creating anxiety for families 
and program costs. The evolution to permanent and 
transient CH is controversial, and data on the evolution 
of these children are needed (15).

The objectives of this study were to assess the 
evolution to permanent or transient conditions in 
children with positive neonatal TSH screening tests in NSP-
SE and to estimate the mean incidence of permanent 
CH, hyperthyrotropinemia and transient TSH elevation 
from 2004 to 2010 in the state of Sergipe.

SUBJECTS AND METHODS

An analytical retrospective study was performed based 
on data from NSP-SE children with a positive neonatal 
TSH screening test from January 2004 to December 
2010. The inclusion criteria were neonatal TSH more 

than 5.2 µU/mL (11) and confirmatory serum TSH 
more than 4.2 µU/mL. The exclusion criteria were the 
absence of files at the University Hospital outpatient 
facility and loss of follow-up before establishing a 
final diagnosis. The normal reference values of our 
laboratory were serum TSH less than or equal to 4.2 
µU/mL, free T4 greater than or equal to 0.79 ng/dL, 
and total T4 greater than or equal to 7.2 µg/dL. For 
the initial diagnosis, we used only the TSH values. For 
the final diagnosis, we used TSH and free or total T4.

The children were classified according to the 
newborn TSH levels measured by fluoroimmunoassay 
Auto-DELFIA (Perkin-Elmer Life Sciences, Turku, 
Finland) as:

• Normal: neonatal TSH less than or equal to 5.2 
µU/mL;

• Positive neonatal TSH: values greater than 5.2 
µU/mL.

All of the serum confirmatory TSH assays were 
performed in the same laboratory (fluoroimmunoassay). 
The intra-assay and inter-assay variation coefficients 
were 5.2% and 8.4%, respectively. According to the 
serum TSH, the children were initially classified as:

• Normal (false-positive): serum TSH level lower 
or equal to 4.2 µU/mL;

• Initial CH: serum TSH level greater than 10 
µU/mL;

• Suspect CH: serum TSH level greater than 4.2 
µU/mL and less than or equal to 10 µU/mL.

The criteria for the final diagnosis were:
• Permanent CH: serum TSH level greater than 

10 µU/mL, independent of the T4 levels or 
current use of thyroxine; or without thyroxine 
use, a serum TSH level between 4.2 µU/mL and 
10 µU/mL, but with low free and/or total T4;

• Hyperthyrotropinemia: children without 
thyroxine use with a serum TSH level between 
4.2 µU/mL and 10 µU/mL, with normal free 
T4 and total T4;

• Transient TSH elevation: initial CH or suspect 
CH children, which normalized in the follow 
up without thyroxine treatment (serum TSH 
level less than or equal to 4.2 µU/mL, free 
T4 greater than or equal to 0.79 ng/dL, and 
total T4 greater than or equal to 7.2 µg/dL). 
We used the term transient TSH elevation 
instead of transient CH because we included in 
this category both initial CH and suspect CH 
children that normalized.
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Out of 251,817 newborns from 2004 to 2010, 
193,794 newborns were screened by NSP-SE (76.96%); 
713 exhibited a positive neonatal TSH test (0.368%). 
Out of these, 317 (44.5%) presented with increased 
confirmatory serum TSH levels. Their records were 
sought in the outpatient clinic of the HU-UFS to 
evaluate the follow-up and final diagnosis. The children 
whose medical records were missing or lost follow-up 
before completing the final diagnosis were excluded from 
the study. Two hundred and four children were eligible 
(28.6% of positive tests), with their initial and final 
diagnosis (Figure 1). Most of the children were born at 
term (84.8%) and were male (56.9%). Out of 204 children, 
eight were preterm (two with permanent CH, two with 
transient TSH and four with hyperthyrotropinemia). 
The IRB Committee of the Federal University of Sergipe 
approved the research project.

Statistical analysis was performed using IBM SPSS 
(Statistical Package for the Social Sciences), version 
21.0. TSH, and the ages of children at the events of 
NSP-SE were expressed as the median (interquartile 
range) without normal distribution. The minimum 
and maximum values are also shown. The categorical 
variables are summarized as simple frequency and 
percentage. The mean incidence of each final condition, 
after the following, was calculated by WinPepi version 
4.0 by dividing the number of affected children 

with one of the three conditions for the number of 
children screened during the period. We did not know 
the number of initial CH from the private service to 
calculate the true incidence in Sergipe. The estimated 
sensitivity and specificity was calculated by the 
percentage and confidence interval (CI). The accepted 
level of significance was less than 0.05.

RESULTS

Out of the 204 children, the initial CH diagnosis 
accounted for 18.1% (n = 37) and suspect CH 
accounted for 81.9% (n = 167). At the time of the final 
diagnosis, the permanent CH rate was 22.5% (n = 46), 
hyperthyrotropinemia was 27.5% (n = 56), and transient 
TSH elevation was 50.0% (n = 102). Permanent conditions 
together (permanent CH and hyperthyrotropinemia) 
corresponded to half of the children, and the other half 
corresponded to transient TSH elevation.

Out of 37 children diagnosed with initial CH, on 
follow up, 23 (62.2%) had permanent CH, 9 (24.3%) 
progressed as hyperthyrotropinemia, and five (13.5%) 
had only transient TSH elevation. Among 167 children 
with a suspect CH initial diagnosis, 23 (13.8%) had 
a final diagnosis as permanent CH, 47 (28.1%) were 
diagnosed with hyperthyrotropinemia, and 97 (58.1%) 
had transient TSH elevation (Figure 2). The frequency 
of permanent CH was higher in the group with initial 
CH than in that with suspect CH (p < 0.001), but 23 
children in the latter group had permanent CH.

a TSH > 10 µU/ml. 
b TSH > 4.2 µU/ml and ≤ 10 µU/ml.

Figure 1. Flow chart of the sample selection of children screened by  
NSP-SE from 2004 to 2010, which included 204 children for the analysis.

Neonatal TSH from 2004 to 2010
n = 193,794

< 5.2 µU/ml
n = 193,081 Normal

Without medical
records n = 41

Lost follow-up before �nal
diagnosis n = 72

(13 Initial 
CH +59 Suspect CH)

With medical records
n = 276 (38.7%)

TSH ≤ 4.2 µU/ml
n = 396 (55.6%)

Normal
(False-positive)

TSH > 4.2 µU/ml
n = 317 (44.4%)

(56 Initial CHa + 261
Suspect CHb)

Children with �nal diagnosis
completed n = 204 (28.6%)

(37 Initial CH + 167 Suspect CH)

Excluded Convocation: Serum TSH

> 5.2 µU/ml
n = 713 (100%)

Initial CH

Transient TSH elevation Hyperthyrotropinemia Permanent CH

100%

90%

80%

70%

60%

50%

40%

30%
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10%
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Figure 2. Final diagnoses of 37 initial CH and 167 suspect CH cases in 
204 children with a completed final diagnosis screened by NSP-SE from 
2004 to 2010. 
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The median (interquartile range) of neonatal TSH 
was 6.51 (2.58) µU/mL, ranging from 5.24 to 230 
µU/mL. In our sample, 172 children had neonatal 
TSH between 5.21 and 10 µU/mL. Among them, 
transient TSH elevation had a higher frequency than 
hyperthyrotropinemia or permanent CH (54.7%, 
29.6% and 15.7%, respectively). Thirty-two children 
had a neonatal TSH level above 10 µU/mL. Among 
these children, permanent CH was present in a 
higher frequency than transient TSH elevation or 
hyperthyrotropinemia (59.4%, 25.0% and 15.6%, 
respectively), (Table 1). The frequency of permanent 
CH was higher in the group with an initial neonatal 
TSH above 10 µU/mL than between 5.21 and 10 
µU/mL (p < 0.001), but 27 children in the last group 
had permanent CH (Table 1).

Table 1. Final diagnosis for the neonatal TSH range of 204 children 
screened by NSP-SE from 2004 to 2010

Final diagnosis
Neonatal TSH

5.21 a 10.00 µU/mL
n (%)

Neonatal TSH
> 10.00 µU/mL

n (%)

Permanent CH 27 (15.7) 19 (59.4)

Hyperthyrotropinemia 51 (29.6) 5 (15.6)

Transient TSH elevation 94 (54.7) 8 (25.0)

Total 172 (100.0) 32 (100.0)

Table 2. Final diagnosis for two confirmatory serum TSH ranges of 204 
children screened by NSP-SE from 2004 to 2010

Final diagnosis
Serum TSH

4.21 a 10.00 µU/mL
n (%)

Serum TSH
> 10.00 µU/mL

n (%)

Permanent CH 23 (13.8) 23 (62.2)

Hyperthyrotropinemia 47 (28.1) 9 (24.3)

Transient TSH elevation 97 (58.1) 5 (13.5)

Total 167 (100.0) 37 (100.0)

The median (interquartile range) of confirmatory 
serum TSH was 5.85 (3.38) µU/mL, ranging from 
4.21 to 743 µU/mL. In our sample, 167 children 
had a serum confirmatory TSH level between 
4.21 and 10 µU/mL. Among these children, the 
transient TSH elevation had a higher frequency than 
hyperthyrotropinemia or permanent CH (58.1%, 
28.1% and 13.8%, respectively). Thirty-seven children 
had a serum confirmatory TSH level above 10 µU/
mL. Among these children, permanent CH presented 
with a higher frequency than hyperthyrotropinemia 
or transient TSH elevation (62.2%, 24.3% and 13.5%, 
respectively), (Table 2).

Table 3. Final diagnosis for three confirmatory serum TSH ranges of 204 
children screened by NSP-SE from 2004 to 2010

Final diagnoses

Serum TSH
4.21 a 

6.00 µU/mL
n (%)

Serum TSH
6.01 a 

10.00 µU/mL
n (%)

Serum TSH
> 10.00 µU/mL

n (%)

Permanent CH 7 (6.6) 16 (26.2) 23 (62.2)

Hyperthyrotropinemia 30 (28.3) 17 (27.9) 9 (24.3)

Transient TSH 
elevation

69 (65.1)
28 (45.9) 5 (13.5)

Total 106 (100.0) 61 (100.0) 37 (100.0)

In Table 3, we correlate the final diagnosis with the 
first serum TSH range (confirmatory TSH), subdividing 
it into two groups which was: between 4.21 and 6 µU/
mL and between 6.01 and 10 µU/mL. We found that 
seven children (6.6%) who had permanent CH in the 
evolution presented the first serum TSH between 4.21 
and 6 µU/mL, corresponding to 15.2% of permanent 
CH cases.

Table 4. Initial classification and final diagnosis of 204 children screened 
by NSP-SE from 2004 to 2010

Initial 
classification

Permanent condition (CH or 
hyperthyrotropinemia)

Transient TSH 
elevation Total

Initial CH 32 5 37

Suspect CH 70 97 167

Total 102 102 204

The sensitivity was 84.21% and specificity was 57.83%.

Table 4 shows the initial categories (initial CH or 
suspect CH) corresponding to permanent condition 
diagnoses (CH and hyperthyrotropinemia or transient 
TSH elevation). The estimated sensitivity was 84.21% 
(CI 69.58% to 92.56%) and specificity was 57.83% (CI 
50.23% to 65.08%).

The mean time of follow-up was 1072 days. 
Permanent conditions together (permanent CH and 
hyperthyrotropinemia) had a mean time of follow-up of 
1571 days. Permanent CH had a mean time of follow- 
up of 2030 days, hyperthyrotropinemia of 1195 days 
and transient TSH elevation of 584 days.

The median (interquartile range) time of neonatal 
TSH collection was 5 (4) days of life, arrival to the 
laboratory was 8 (9) days, obtaining the results of 
neonatal TSH was 11 (13) days, the serum confirmatory 
TSH collection was 48 (25) days of life and the first 
consultation was 60 (34) days of life (minimum of 22 
and maximum of 257).
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From 2004 to 2010, the mean incidence of initial 
CH was 1:3,461 and the final diagnosis was 1:4,166 
for permanent CH; 1:3,448 for hyperthyrotropinemia; 
and 1:1,887 for transient TSH elevation.

DISCUSSION

In this neonatal screening program, the follow-up 
of children with an abnormal confirmatory TSH test 
revealed that half had a final diagnosis of permanent 
condition (22.5% of permanent CH and 27.5% of 
hyperthyrotropinemia). Most of the children with 
an initial diagnosis of CH (86.5%) and 41.9% with 
suspect CH have a permanent condition (CH or 
hyperthyrotropinemia). We observed a higher frequency 
of progression to permanent CH in children with an 
initial CH diagnosis and a higher frequency of transient 
TSH elevation in children with an initial suspect CH 
diagnosis. Nevertheless, 13.8% of the suspect CH 
children had permanent CH, thereby justifying the 
follow-up of all children with an abnormal test.

Our rate of evolution to a permanent condition 
(86.5%) in the children diagnosed with initial CH 
is similar to that of the state of Michigan (USA), in  
which 75% of the diagnosed children progressed to 
permanent CH (16). In Paris, an analysis of 79 children 
with milder cases of CH and in-situ thyroid with less 
strict diagnostic criteria than ours (transient CH, TSH 
less than 6 µU/mL after cessation of treatment for at 
least 4 weeks and permanent CH, TSH greater than 7 
µU/mL) revealed permanent CH in 62% and transient 
CH in 38% of the children (17). Another study in 
the Italian Lombardy region examined the follow-up 
of 84 children with CH and in-situ thyroid after the 
suspension of l-thyroxine after three years, and found 
that 34.5% of the children had permanent CH, 27.4% 
had hyperthyrotropinemia (TSH 5 to 10 µU/mL) 
and 38.1% had transient CH (18). Thus, the follow-
up of children is necessary to characterize a permanent 
disorder, considering the suboptimal specificity of 
the screening test. Therefore, the prediction of the 
evolution of these children is difficult, even for those 
with in-situ thyroid.

During recent years, the concern for false-negative 
screening has been raised in Brazilian NSP, with 
different neonatal TSH cutoffs (19,20). In our sample, 
over half of the children with permanent CH and most 
of the hyperthyrotropinemia cases were diagnosed with 
neonatal TSH between 5.2 and 10 µU/mL. A neonatal 

TSH cutoff of 10 µU/mL would have missed 78 cases 
that resulted in a permanent condition (27 cases of CH 
and 51 of hyperthyrotropinemia). In Greece, with the 
reduction of the neonatal TSH cutoff from 20 to 10 
µU/mL, there was an increase of 28% in the number of 
treated children but a tenfold increase of false-positive 
rates; however, the majority of children (88.7%) showed 
permanent CH, indicating that the increased incidence 
of CH after reducing the cutoff point was not due 
to transient TSH elevation (21). On the other hand, 
when the serum confirmatory TSH was analyzed, we 
found that half of the children with permanent CH and 
most with hyperthyrotropinemia were diagnosed with 
confirmatory serum TSH levels between 4.2 and 10 
µU/mL. The cutoff of confirmatory serum TSH of 10 
µU/mL would imply a loss of 70 cases of permanent 
conditions (23 CH and 47 hyperthyrotropinemia). 
We also found that 15.2% of the children with serum 
TSH levels between 4.2 and 6 µU/mL would not have 
been diagnosed if the TSH cutoff point was 6 µU/mL, 
according to the national recommendation (22).

Corbetta and cols., 2009, decreased the neonatal TSH 
cutoff from 20 µU/mL to 12 µU/mL (1999 to 2002) 
and 10 µU/mL (2003 to 2005) and observed that 45% 
of the children with CH would have been missed with 
the previous cutoff, and 78% had permanent thyroid 
dysfunction (14). Korada and cols., 2010, decreased the 
limit for the TSH cutoff from 20 µU/mL to 6 µU/mL 
and observed that, in 67 children with TSH between 
6.1 and 10 µU/mL, 4 continued to display TSH levels 
greater than 6 µU/mL (23). In the Brazilian state of 
Santa Catarina, the recommended cutoff point is 6 
µU/mL because, at 10 µU/mL, some CH cases can 
be missed (20). A study conducted in Rio de Janeiro, 
Brazil, found a significant number of cases of permanent 
CH screened with neonatal TSH levels between 4.5 and 
10 µU/mL (62.6% with confirmatory TSH > 10 µU/
mL), recommending a neonatal TSH cutoff value of 4.5 
µU/mL to prevent missed cases despite the inevitable 
necessity of more confirmatory tests (24).

Thyroid hormones are essential for the normal 
maturation of neurons, and the second and third weeks 
of life are crucial for the treatment of hypothyroidism 
to minimize the time when the brain is exposed 
to hypothyroxinemia, prevent severe neurological 
damage, and to result in in normal or near normal 
functioning in children with CH (14,15,25). In our 
program, the median age at the time of neonatal TSH 
collection was five days, later than the recommended 
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ideal time of up to four days (1,13). Thus, because the 
concentration of neonatal TSH decreases with age until 
it stabilizes at between 11 and 15 days of life, the cutoff 
point should be adapted to the reality of time collection 
in each population (11). Altitude (Sergipe does not 
have high mountains) and the hot weather in Sergipe 
[mean annual temperature between 25 and 26°C(26)] 
seem not to significantly reduce the neonatal TSH 
measurements in this Brazilian northeastern state 
(unpublished data); however, delayed collection and 
measurement issues are not the only reasons for a 
reduction in the neonatal TSH cutoff. Ethnic factors, 
as discussed later, seem to be the most plausible reason 
for this global trend of reduction, independent of the 
collection and testing time or cutoff levels (27).

A secondary purpose of this work was to establish 
the mean incidence of each of the final diagnoses during 
the seventh year of this study. The mean incidence of 
permanent CH was 1:4,166, hyperthyrotropinemia 
was 1:3,448, and transient TSH elevation was 1:1,887. 
A group in Italy found an incidence of 1:1,446 of 
confirmed CH cases using a cutoff of 10 to 12 µU/mL 
between 1999 and 2005 (14). In addition to the global 
trend to reduce the cutoff point in neonatal screening, 
thereby including hyperthyrotropinemia and transient 
TSH elevation, another factor related to the higher 
incidence of CH is ethnic composition. Hispanics and 
Asians are reported to have the highest CH incidences 
(1:1,600 and 1:2,380, respectively) (9). Sixty percent 
of the population of northeastern Brazil is of European 
origin (28), and Sergipe is one of the regions where 
the Portuguese began the colonization of Brazil. The 
Iberian descent may have caused an increased incidence 
of CH. Accordingly, the lower neonatal TSH cutoff by 
six NBS programs around the word, when TSH cutoff 
was lowered from a range of 20-25 µU/mL to 6-10 µU/
mL (whole blood), reportedly doubled the incidence of 
CH, increasing from 1:3,500 to 1:1,714 (9).

The analysis of the chronology of events in our 
NSP reveals a longer than ideal time lapse between 
the results of neonatal TSH analysis and collection of 
the confirmatory test (the median was 48 days old, as 
previously reported) (11). An increase in the speed of 
the recall process to bring our median age of diagnosis 
(presently 60 days) to the recommended age of 14 days 
of life is imperative (1,13). 

All of 317 children with an abnormal confirmatory 
TSH value should have been enrolled in the outpatient 
follow-up, but 12.9% of them did not have identified 

file records. In addition, the rate of follow-up loss 
before completing the final diagnosis was 22.6%. 
If we take into account loss of follow-up in general, 
including cases with a completed final diagnosis, this 
figure rises to 38.0%, similar to two different reports 
(44.7% and 38.0%) from the USA. These problems 
are linked to financial constraints and other barriers 
(16,29). In addition, few screening programs follow-
up routinely detected cases beyond the diagnosis. Such 
data demonstrate the need to monitor the follow-up 
of children as performed in diseases with compulsory 
notification.

The limitations of our study include the quality of 
the file data and the difficulty of comparison with other 
studies with different methodologies, concepts (CH, 
hyperthyrotropinemia and transient TSH elevation), 
and cutoff values of TSH for both the screening and 
confirmation of CH.

In conclusion, children with an initial diagnosis 
of CH evolve mostly to permanent conditions, while 
suspect CH cases are more likely to be diagnosed with 
transient TSH elevation. Because it is difficult to predict 
which of the positive cases will evolve to a permanent 
abnormality, close monitoring of all the cases with an 
initial diagnosis of CH or suspect CH is mandatory.
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Low-level laser therapy associated 
to a resistance training protocol 
on bone tissue in diabetic rats

Tatiane Lopes Patrocínio-Silva¹, André Moreira Fogaça de Souza2, Raul Loppi 
Goulart2, Carolina Fuirini Pegorari2, Jussan Rodrigues Oliveira2, Kelly Rossetti 
Fernandes2, Angela Maria Paiva Magri2, Rosa Maria Rodrigues Pereira3, 
Daniel Araki Ribeiro2, Márcia Regina Nagaoka2, Ana Claudia Muniz Rennó2

ABSTRACT
Objective: The present study aimed to evaluate the in vivo response of a resistance training and 
low-level laser therapy (LLLT) on tibias and femurs of rats with diabetes mellitus (DM). Materials 
and methods: Forty male Wistar rats were randomly distributed into four experimental groups: 
control group (CG), diabetic group (DG), diabetic trained group (TG) and diabetic trained and 
laser irradiated group (TLG). DM was induced by streptozotocin (STZ) and after two weeks laser 
and resistance training started, performed for 24 sessions, during eight weeks. At the end of the 
experiment, animals were euthanized and tibias and femurs were removed for analysis. Histological, 
histomorphometrical, immunohistochemistry and mechanical analyses were performed.  Results: 
Trained groups, with or without laser irradiation, showed increased cortical area, bone density 
and  biomechanical properties.  The  immunohistochemical analysis  revealed that TG and TLG 
demonstrated an increased RUNX2 expression.  RANK-L immunoexpression was similar for all 
experimental groups. Conclusion: In conclusion, it can be suggested that the resistance exercise 
program stimulated bone metabolism, culminating in increased cortical tibial area, bone mineral 
content, bone mineral density and biomechanical properties. Furthermore, the association of physical 
exercises and LLLT produced higher values for bone mineral content and stiffness. Consequently, 
these data highlight the potential of physical exercise in the management of bone loss due to DM and 
the possible extra osteogenic stimulus offered by lasertherapy. Further long-term studies should be 
carried out to provide additional information. Arch Endocrinol Metab. 2016;60(5):457-64
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INTRODUCTION

D iabetes mellitus (DM) is a chronic disease 
characterized by hyperglycemia resulting from 

deficits of insulin secretion, insulin action, or both (1). It 
affects 6 to 8% of the population worldwide and it leads 
to a variety of complications that includes nephropathy, 
retinopathy and cardiovascular disease (2).

In addition, many authors reported changes in bone 
metabolism, with a decreased osteoblast activity and 
increased osteoclast proliferation, resulting in lower 
bone mineral density (BMD) (3). Miazgowski and 
Czekalski (4) demonstrated that diabetic patients had 
significantly lower BMD and an increased incidence 
rate of osteopenia and osteoporosis. Consequently, due 
to the lower BMD bone fractures are found to have 
an increased incidence in the presence of both types of 
diabetes (5). Moreover, lower biomechanical resistance, 

deficiency in bone mineralization after a fracture and 
decreased bone calcium and phosphate content were 
observed in induced diabetic animals (6).

Since DM has become one of the most important 
health problems, it is important to develop effective 
treatments able to stimulate bone formation. One of 
the most promising treatments to manage bone loss 
in the clinical situation of DM is physical exercise 
programs (7).

Physical exercises acts trough a mechanical loading 
via weight bearing and induces temporary bone 
deformation, which provide an adequate stimulus to 
activate bone formation and increase BMD (8). Some 
studies have showed that physical exercises can manage 
bone mass loss in DM patients (9). Gomes and cols. 
(10) observed that physical training increased the serum 
IGF-1 level in the diabetic trained rats and increased 
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tibial length, total area and bone mineral content in 
these animals compared to control.

Similarly, some attention has been given to 
the effect of low-level laser irradiation (LLLT) on 
biological tissues, including bone. Studies have showed 
that LLLT is able to modulate cell metabolism and 
stimulate mitochondrial respiration, particularly in the 
production of molecular oxygen and ATP synthesis 
(11-13). These effects produce an increase in DNA, 
RNA and cell cycle regulatory protein synthesis, which 
stimulate cell proliferation (11,14).

In bone, LLLT has a stimulatory effect and can 
increase cell proliferation and accelerating fracture 
consolidation (15). Moreover, LLLT has stimulatory 
effects on bone mass in osteoporotic and diabetic rats 
(12,15). Bayat and cols. (12) observed that a He-Ne 
laser (632.8 nm, 10 mW) produced a significantly 
improvement in the tibias biomechanical properties 
and greater bone lamella meshwork in diabetic rats. 

Although the encouraging data on the use of 
physical exercises and LLLT in bone tissue, the effects 
of both therapies, used in association, in diabetic rats 
have not been investigated yet. Before both therapies 
can be used with confidence as a therapeutic modality 
in bone tissue in the presence of DM, it is necessary to 
investigate the effects and dose-response characteristics 
of these treatments in vivo in studies to determine its 
safety and efficacy. In view of the aforementioned, it was 
hypothesized that laser irradiation could optimize the 
stimulatory effect of exercises in bone tissue in diabetic 
rats, increasing bone mass and bone biomechanical 
properties. Consequently, the present study aimed to 
evaluate the in vivo response of a resistance training and 
LLLT on tibias and femurs of induced DM rats. To 
this end, Wistar rats were distributed into four different 
groups named (control group, diabetic group, diabetic 
trained group and diabetic trained and laser irradiated 
group) and the bone response was evaluated by means 
of a histological analysis, immunohistochemistry, 
densitometry and biomechanical analysis. 

MATERIALS AND METHODS

Experimental design 

Forty male Wistar rats (aged 8 weeks and weighing 290 
± 6.8 g) were used in this study. They were maintained 
under controlled temperature (22 ± 2oC), light-dark 
periods of 12 hours and with free access to water and 

commercial diet. All animal handling and procedures 
were strictly conducted according to the Guiding 
Principles for the Care and Use of Laboratory Animals. 
This study was approved by the Ethical Committee of 
the Federal University of São Paulo (2010/145). 

Rats were randomly distributed into four groups (n 
= 10 each group): control group (CG), diabetic group 
(DG), diabetic trained group (TG) and diabetic trained 
and laser irradiated group (TLG).

Induction of DM and body mass evaluation

DM was induced using a single dose of intravenous 
injection of pancreatic β-cell toxin STZ (Sigma-Aldrich 
Corp.®, St. Louis, MO, USA) (60 mg/kg of body 
weight) dissolved in sterile citrate buffer into the penile 
vein (16). 

Rats of CG received an injection of citrate buffer. 
Two weeks after the procedure, glucose level was 
measure and DM was defined as blood glucose 
concentration greater than 300 mg/dL in a blood 
sample (Accutrend® Plus, Roche-Diagnostics GmbH, 
Mannheim, Germany) (17). To determine the level of 
blood glucose, animals were immobilized manually and 
a small cut was made on the tail to obtained 25 ul of 
blood. These procedures were repeated once a week 
throughout the study. Furthermore, the body mass 
was monitored weekly by a weighing-machine (Kern® 
440-21A; Balingen-Frommern German). In addition, 
initial body mass (IBM) (considered as the body mass 
14 days after the induction of DM) and final body mass 
(FBM) were considered as to determine the maximal 
load supported by each animal during the physical test 
in the beginning and in the end of the experiment.

Resistance training protocol and determination of 
the maximal load

The resistance protocol was consisted of a climbing 
exercise using a training support ladder apparatus (1.1 
x 0.18 m, 2 cm grid, 80° inclination) with a housing 
chamber (20 x 20 x 20 cm) at the top of the ladder. 
The size of the ladder induced the animals to perform 
eight to twelve dynamic movements per climb. The 
load apparatus was secured to the tail by wrapping the 
proximal portion of the tail with a self-adhesive foam 
strip. A Velcro strap was wrapped around the foam strip 
and fastened. If necessary, a stimulus with tweezers was 
applied to the animal’s tail to initiate movement (3). 
The training started with 2 familiarization sessions with 
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24 hours between them, without any weight attached 
to the tail of the animals. These sections had the aim of 
teaching the rat to climb the ladder and were consisted 
of 3 consecutive climbings to the top, with an interval 
of 60 seconds of resting. 

One day after this familiarization, the test to 
determine the maximal load supported by each animal 
was performed. This consisted of four to eight ladder 
climbs while carrying progressively heavier loads. For 
the initial climb, the load carried was 75% of the animal’s 
body mass. After this, an additional 30 g weight was 
added, until a load was reached with which the rat 
could not climb the entire length of the ladder. Failure 
was determined when the animal could not progress 
up the ladder after three successive stimuli to the tail. 
The highest load successfully carried the entire length 
of the ladder was considered the rat’s maximal carrying 
capacity for that training session. The next training 
session consisted of four ladder climbs with 50%, 75%, 
90%, and 100% of the rat’s previous maximal carrying 
capacity, determined in the previous session. During 
subsequent ladder climbs, an additional 30 g load 
was added until a new maximal carrying capacity was 
determined. The test to determine the maximal load was 
repeated after the 8 week-resistance training protocol. 
The resistance training protocol was performed three 
times per week for eight weeks. The animals performed 
8 – 10 movements during each session of training.

Low-level laser irradiation

Laser treatment was performed 3 times per week, for 
24 sessions, with an interval of 24 h between sessions. 
A low-energy Ga-Al-As laser (Photon lase III, DMC 
Equipment, São Carlos, SP, Brazil), 808 nm, 100 mW, 
continuous wavelength, 0.028 cm2, 3.57 W/cm2, 
33 s, 120 J/cm2, 3.3 J were used. The irradiation was 
performed after the resistance exercise protocol, at one 
point in the middle region of both tibias and femurs, 
through the punctual contact technique. Twenty four 
hours after the last treatment session, rats were euthanized 
by CO2 inhalation and bones were removed for analysis. 

Histological procedures

Histology was performed in the left tibias of animals. 
After the harvesting, specimens were fixated in 10% 
formaline for 1 day, decalcified in 4% EDTA (Merck) and 
embedded in paraffin blocks. Thin sections (5 µm) were 
prepared perpendicular to the medial-lateral drilling 

axis of samples using a microtome (Leica Microsystems 
SP 1600, Nussloch, Germany). At least, three sections 
of each specimen were stained with hematoxylin and 
eosin (H.E stain, Merck) (15).

Histomorphometrical evaluation

Histomorphometry of the total area (TTA) and cortical 
area (CTA) were performed using a light microscope 
(Leica Microsystems AG, Wetzlar, Germany), at a 
magnification of 2.5 x, equipped with a digital camera 
(AxioCam HRc, Carl Zeiss, Germany) and a computer-
based image analysis techniques (Leica® Qwin Pro-
image analysis system, Wetzlar, Germany) (18). Two 
experienced observers (TLPS and DAR) performed the 
evaluation in a blinded manner.

Immunohistochemistry

Paraffin was removed with xylene from serial sections of 
4 μm and the sections were rehydrated in graded ethanol, 
then pretreated in a microwave with 0.01 M citric acid 
buffer (pH 6) for three cycles of 5 min each at 850W for 
antigen retrieval. The material was pre-incubated with 
0.3% hydrogen peroxide in phosphate-buffered saline 
(PBS) solution for 5 min for inactivation of endogenous 
peroxidase and then blocked with 5% normal goat serum 
in PBS solution for 10 min. The specimens were then 
incubated with anti-RUNX2 and anti-RANK monoclonal 
primary antibody (Santa Cruz Biotechnology, USA) at 
a concentration of 1:100. Incubation was carried out 
overnight at 4°C within the refrigerator. The sections 
were then incubated with biotin conjugated secondary 
antibody anti-rabbit IgG (Vector Laboratories, 
Burlingame, CA, USA) at a concentration of 1:200 in 
PBS for 1 h. The sections were washed twice with PBS 
followed by the application of performed avidin biotin 
complex conjugated to peroxidase (Vector Laboratories) 
for 45 min. The bound complexes were visualized by the 
application of a 0.05% solution of 3-3’-diaminobenzidine 
solution and counterstained with Harris hematoxylin. 
For control studies of the antibodies, the serial sections 
were treated with rabbit IgG (Vector Laboratories) at a 
concentration of 1:200 in place of the primary antibody. 
Additionally, internal positive controls were performed 
with each staining bath (19).

Mechanical test

Biomechanical properties of the right tibias were 
determined by a three-point bending test in an 
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Instron® Universal Testing Machine (USA, 4444 
model, 1 kN load cell). Tibias were placed on a 3.8 
cm-long metal device, which provides a 1.8-cm-distant 
double support on the bone diaphysis. The load cell 
was perpendicularly positioned at the middle point of 
the bone. A 5 N pre-load was applied in order to avoid 
specimen sliding. Finally, the bending force was applied 
at a constant deformation rate of 0.5 cm/min until 
fracture occurred. From the load-deformation curve, 
the maximum strength (kN), toughness (J), resilience 
(J), stiffness (N/mm) and fracture force (kN) were 
obtained (12).

Densitometry 

To measure bone mineral content (BMC) and bone 
mineral density (BMD) of the right femur, densitometry 
analysis was carried out by using a densitometer (DEXA 
Hologic Inc Discovery model-Belford, MA, USA) and 
specific software for small animals (20).

Statistical analysis

All variables were organized into mean and standard 
deviation. The distribution of all variables was tested 
for normality by using Shapiro–Wilk’s W test. For the 
variable manifesting a normal distribution, comparisons 
among the groups were made via one-way analysis of 
variance (ANOVA), complemented by Tukey post-
hoc analysis. STATISTICA version 7.0 (data analysis 
software system – StatSoft Inc.) was used to carry out 
statistics analysis. Values of p ≤ 0.05 were considered 
statistically significant.

RESULTS

General observation of the experimental animals

From the 48 animals available for this study, two animals 
were lost due to a respiratory depression induced by 
the anesthesia before the procedure to induce DM. 
In addition, six animals were lost after the surgical 
procedure of DM induction. The other animals rapidly 
returned to their normal diet and no post-operative 
complications were observed. 

Sample characterization 

The FBM was higher in the CG (331.1 ± 28.9 g) 
compared to the diabetic animals (p < 0.0001 for 
DG (191.4 ± 8.8 g), TG (246.0 ± 29.7 g) and TLG 

(255.2 ± 32.6 g)). No other difference was found in 
the IBM (Table 1). Furthermore, TG (246.0 ± 29.7 
g) and TLG (255.2 ± 32.6 g) demonstrated a higher 
FBM when compared to DG (191.4 ± 8.8 g) (p = 
0.0008 and p < 0.0001, respectively) (Table 1). The 
level of blood glucose was significantly lower in the CG 
(256.1 ± 49.3 mg/dL – IGL; 272.0 ± 14.3 mg/dL – 
FGL) compared to all the diabetic groups, both at the 
beginning (p = 0.0003, p < 0.0001 and p < 0.0007 for 
DG (393.2 ± 51.0 mg/dL), TG (415.5 ± 79.2 mg/
dL) and TLG (379.2 ± 74.8 mg/dL), respectively) and 
the end of the experiment (p < 0.0001, < 0.0001 and 
0.0005 for DG (509.3 ± 56.3 mg/dL), TG (396.4 
± 54.6 mg/dL) and TLG (377.4 ± 55.4 mg/dL), 
respectively). Furthermore, final glucose level (FGL) 
of the TG (396.4 ± 54.6 mg/dL) and TLG (377.4 
± 55.4 mg/dL) was significantly lower compared 
to DG (509.3 ± 56.3 mg/dL) (p = 0.0002 and p < 
0.0001, respectively) (Table 1). No other difference 
was observed on glucose levels.

Table 1. Results of body mass and glucose levels

Variables IBM (g) FBM (g) IGL (mg/dL) FGL (mg/dL)

CG 305.0 ± 
31.7

331.1 ± 
28.9

256.1 ± 
49.3

272.0 ± 
14.3

DG 278.7 ± 
32.8

191.4 ± 
8.8a

393.2 ± 
51.0d

509.3 ± 
56.3a

TG 269.4 ± 
22.4

246.0 ± 
29.7a,b

415.5 ± 
79.2a

396.4 ± 
54.6a,g

TLG 267.9 ± 
31.9

255.2 ± 
32.6a,c

379.2 ± 
74.8e

377.4 ± 
55.4c,f

CG: control group; DG: diabetic group; TG: diabetic trained group; TLG: diabetic trained and 
laser irradiated group; IBM: initial body mass; FBM: final body mass; IGL: initial glucose level; 
FGL: final glucose level. a vs. CG, p < 0.0001; b vs. DG, p = 0.0008; c vs. DG, p < 0.0001; d vs. 
CG, p = 0.0003; e vs. CG, p = 0.0007; f vs. CG, p = 0.0005; g vs DG, p = 0.0002.

Histomorphometrical evaluation

Figure 1 shows the data related to the morphometric 
analysis, TTA of the CG (178573 ± 4990.15 µm²) was 
higher compared to the other groups (p = 0.0001,  
p < 0.001 and p < 0.001 for DG (132274 ± 10412.75 
µm²), TG (110519 ± 5164.64 µm²) and TLG (118428 
± 5706.23 µm²)). No other difference was found. 
Furthermore, CG (87883 ± 2483.12 µm²) showed 
higher values of CTA than DG (46104 ± 957.48 
µm²), TG (60697 ± 2094.97 µm²) and TLG (64064 
± 1895.96 µm²) (p < 0.0001 for DG, TG and TLG). 
Moreover, trained groups, with or without laser 
irradiation, showed higher values for this variable 
compared to diabetic control animals (Figure 1).
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Immunohistochemistry

RUNX2 immunoexpression was detected in the 
cytoplasm of bone cells. In the CG, a high expression was 
detected (Figure 2A). However, in the diabetic control 
animals, a decreased RUNX2 immunoexpression was 
noticed when compared to CG (Figure 2B). Trained 
groups, with and without laser irradiation presented 
higher RUNX2 immunoexpression compared to DG 
(Figure 2C and D). 

DG (0.055 ± 0.001 kN) and TLG (0.060 ± 0.004 kN) 
compared to CG (0.073 ± 0.004 kN) (p = 0.0035 and p 
= 0.0353, respectively). Mean values of toughness were 
significantly lower in all diabetic groups (DG (0.049 
± 0.008 J), TG (0.051 ± 0.008 J) and TLG (0.052 ± 
0.003 J)) compared with the CG (0.079 ± 0.007 J)  
(p = 0.0174, p = 0.0277 and p = 0.0292, respectively). 
The CG (0.028 ± 0.004 J) revealed a significant increase 
compared to TLG (0.018 ± 0.001 J) (p = 0.0328) for 
resilience. Stiffness and fracture force were higher in 
CG (stiffness: 161.863 ± 1.798 N/mm; fracture force: 
0.054 ± 0.001 kN)) compared to DG (stiffness: 138.675 
± 0.944 N/mm; fracture force: 0.030 ± 0.001 kN) 
(stiffness: p = 0.0217 and fracture force: p = 0.0011).

250000

200000

150000

100000

µm
2

50000

0

TTA CTA

CG
DG
TG
TLG

*

*

*

#

Figure 1. Mean and standard deviation of the histomorphometrical 
evaluation.

TTA: total tibial area; CTA: cortical tibial area; CG: control group; DG: 
diabetic group; TG: diabetic trained group; TLG: diabetic trained and laser 
irradiated group. # p = 0.0001, * p < 0.0001.

Figure 2. RUNX2 immunoexpression. (A) Control group; (B) Diabetic 
group; (C) Diabetic trained group and (D) Diabetic trained and laser 
irradiated group. Scale bar 100 µm.

RANK-L immunoexpression was weakly detected 
in bone cells, without remarkable differences between 
groups (Figure 3).

Biomechanical analysis

Table 2 shows the values of the biomechanical 
properties. Maximum strength was significantly lower in 

Figure 3. RANK-L immunoexpression in rat tibia. (A) Control group; (B) 
Diabetic group; (C) Diabetic trained group and (D) Diabetic trained and 
laser irradiated group. Scale bar 100 µm.

Table 2. Results of the biomechanichal analysis

Maximum Toughness Resilience Stiffness Fracture

strength 
(kN)

(J) (J) (N/mm) force (kN)

CG 0.073 ± 
0.004

0.079 ± 
0.007

0.028 ± 
0.004

161.863 ± 
1.798

0.054 ± 
0.001

DG 0.055 ± 
0.001a

0.049 ± 
0.008c

0.024 ± 
0.002

138.675 ± 
0.944g

0.030 ± 
0.001h

TG 0.062 ± 
0.003

0.051 ± 
0.008d

0.022 ± 
0.002

142.944 ± 
7.268

0.043 ± 
0.004

TLG 0.060 ± 
0.004b

0.052 ± 
0.003e

0.018 ± 
0.001f

154.607 ± 
5.801

0.042 ± 
0.005

CG: control group; DG: diabetic group; TG: diabetic trained group; TLG: diabetic trained and laser 
irradiated group. a vs. CG, p = 0.0035; b vs. CG, p = 0.0353; c vs. CG, p = 0.0174; d vs. CG,  
p = 0.0277; e vs. CG, p = 0.0292; f vs. CG, p = 0.0328; g vs. CG, p = 0.0217; h vs. CG,  
p = 0.0011.

Bone densitometry

The densitometric analysis demonstrated that CG and 
diabetic trained groups (with or without laser) showed 
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a higher BMC compared to DG (p = 0.0005, 0.0204, 
< 0.0001 for CG, TG and TLG) (Figure 4). Moreover, 
BMC of TLG was higher compared to TG (p = 0.0263) 
(Figure 4). Figure 5 shows that BMD of DG was signifi-
cantly lower compared to the other groups (p = 0.0061, 
0.0023 and 0.0006 for CG, TG and TGL, respectively).

the decrease in bone density and increase in fracture 
incidence (8). In recent years, the identification of 
effective treatment strategies is the key to minimizing 
all the alterations related to DM, including resistance 
physical exercises (8,21). Bone tissue responds to 
external forces and it is able to adapt to endure loading 
conditions (22). Over time, this process leads to an 
increase in bone density and biomechanical properties 
in normal and pathological bone conditions, such 
as osteoporosis and DM (15,23). Moreover, many 
authors evidenced the osteogenic potential of LLLT 
(12,13,15). It is well established that, laser light is able 
of interacting with bone tissue, modulating bone cell 
biochemical reactions and stimulating mitochondrial 
respiration. The modifications in cell metabolism lead 
a higher production of molecular oxygen and ATP 
synthesis. Furthermore, evidences suggest that LLLT 
increases migration, and differentiation of bone cells to 
the site of the irradiation, culminating in the increase 
of extracellular matrix secretion and mineralization 
(11,14,24). These biological modifications may 
produce an increase in BMD may constitute an extra 
stimulus to bone formation (15).

The morphometric analysis revealed that diabetic 
animals showed a significantly decrease in total area 
and cortical area. It is well known that type 1 diabetes 
appears to revert active osteoblasts into inactive bone-
lining cells and decrease proliferation of preosteoblastic 
cells (25). As a result, DM is marked by a significant 
decrease in bone formation, which is responsible by the 
lower bone area and bone length (25). Furthermore, in 
the present study, the resistance training (both treated 
and non-treated) was able of increasing cortical area 
in diabetic animals. These results corroborate those of 
Gomes and cols. (10) who observed that a swimming 
training increased the tibial length, total area and BMC 
in diabetic rats. Interestingly, the association of physical 
exercise and LLLT did not produce an additional 
effect on morphological aspects of bone. 

RUNX2 is essential to osteoblast differentiation 
and osteogenesis and regulates the expression of 
many extracellular matrix protein genes during bone 
cell differentiation (26). In the presence of DM, 
an impaired osteoblast function is observed, with a 
decrease in RUNX2 expression (5). The results of the 
present study demonstrated that the resistance training 
had an osteogenic potential, stimulating the expression 
of this immunomarker. However, LLLT was not able of 
improving RUNX2 expression in the trained animals. It 

Figure 4. Bone densitometry.

BMC: bone mineral content; CG: control group; DG: diabetic group; TG: 
diabetic trained group; TLG: diabetic trained and laser irradiated group.  
& p = 0.0005, @ p = 0.0204, * p < 0.0001, ** p = 0.0263. 

Figure 5. Bone densitometry.

BMD: bone mineral density; CG: control group; DG: diabetic group;  
TG: diabetic trained group; TLG: diabetic trained and laser irradiated 
group. @@ p = 0.0061, && p = 0.0023, ## p = 0.0006.
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DISCUSSION

This study aimed to evaluate the in vivo bone tissue 
response of a resistance training, associated or not with 
LLLT in diabetic rats. The main findings showed that 
both trained groups demonstrated a higher cortical 
area, higher RUNX2 immunoexpression and increased 
fracture force, BMC and BMD compared to diabetic 
control. Furthermore, it seems that LLLT was able of 
increasing stiffness and BMD in the trained animals. 

A considerable body of evidences demonstrated 
dysfunctions in bone tissue related to DM, with 
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is unclear at this stage why these results have occurred 
however it may be hypothesized that the focal intensity 
and energy output of the laser light during the 6 week-
exercise protocol were not sufficient to stimulate the 
expression of RUNX2. 

In the same way, RANK-L is a member of the tumor 
necrosis factor (TNF) cytokine family, which is a ligand 
for receptor activator of the nuclear factor κ-β (RANK) 
and osteoprotegerin (OPG). It works as a key factor for 
osteoclast differentiation and activation (19,22). Our 
imunohistochemical analysis demonstrated similar fin-
dings of RANK-L immunolabeling of all experimental 
groups. These findings suggest that the DM did not 
have any influence in the monocyte-macrophage line-
age, including macrophages and osteoclasts, having a 
normal function in the process of bone turnover.

Three-bending test showed that DM induced a 
decrease of bone biomechanical properties. Many 
studies have demonstrated that diabetic bones 
present lower mainly because of dysfunction in bone 
cell formation, leading to a lower bone mechanical 
strength (27). Furthermore, higher values of fracture 
force were observed in both trained groups and higher 
values of stiffness were observed in TLG. There is a 
lack in the literature investigating the effects of physical 
exercise programs in bone biomechanical properties. It 
is proposed that the resistance training, with high loa-
ds increases bone remodeling and bone biomechanical 
properties in pathological conditions (28). These sta-
tements corroborate with our findings, which suggest 
that exercise and the association of both treatments 
were able of producing a tendency of improving bone 
strength. 

DM significantly reduced densitometric values and 
the resistance exercise protocol was effective to increase 
BMD and BMC. Zhang and cols. (27) have demonstrated 
a decreased femoral BMD in diabetic animals compared 
to normal animals. Additionally, Mathey and cols. (29) 
observed that a treadmill exercises protocol, increased 
BMD in obese diabetic rats. Interestingly, BMD of 
the irradiated trained animals was increased compared 
to TG. This approach is new in the literature and the 
results are difficult to discuss. It can be suggested that 
osteoblasts cells in TLG were more active and they were 
able of synthesizing a higher amount of bone mass 
(independent of the number of cells). 

The osteogenic potential of LLLT has been 
demonstrated by many studies (13,15). However, the 
existence of window specificity at certain wavelengths 

and energy dosages also is well known (12,13,15). It 
means that a proper energy needs to be offered to the 
tissue in order to determine physiological modifications 
and consequently, stimulatory effects to the tissue (18). 
These indicate that, although some of the positive 
effects of the association of physical exercise and LLLT 
on bone, the application of laser, used with different 
parameters on the experimental conditions of this 
study should be investigated. Moreover, as this study 
was limited to relatively short-term evaluation of the 
effects of physical exercise and only one laser fluency, 
information on the long-term performance of these 
therapies and higher amount of laser energy remain to 
be provided.

In conclusion, it can be suggested that the resistance 
exercise program stimulated bone metabolism, 
culminating in increased cortical tibial area, bone mineral 
content, bone mineral density and biomechanical 
properties. Furthermore, the association of physical 
exercises and LLLT favored raise of the bone mineral 
content and stiffness. Consequently, these data highlight 
the potential of physical exercise in the management of 
bone loss due to DM and the possible extra osteogenic 
stimulus offered by lasertherapy.

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

REFERENCES
1. Einhorn TA, Boskey AL, Gundberg CM, Vigorita VJ, Devlin 

VJ, Beyer MM. The mineral and properties of bone in chronic 
experimental diabetes. J Orthop Res. 1988;6(3):317-23.

2. Mathiassen B, Nielsen S, Johansen JS, Hartwell D, Ditzel J, 
Rødbro P, et al. Long-term bone loss in insulin-dependent 
diabetic patients with microvascular complications. J Diabet 
Complications. 1990;4(4):145-9.

3. Hornberger TA Jr, Farrar RP. Physiological hypertrophy of the FHL 
muscle following 8 weeks of progressive resistance exercise in 
the rat. Can J Appl Physiol. 2004;29(1):16-31.

4. Miazgowski T, Czekalski S. A 2-year follow-up study on bone 
mineral density and markers of bone turnover in patients with 
long-standing insulin-dependent diabetes mellitus. Osteoporos 
Int. 1998;8(5):399-403.

5. Wongdee K, Charoenphandhu N. Osteoporosis in diabetes 
mellitus: possible cellular and molecular mechanisms. World J 
Diabetes. 2011;2(3):41-8.

6. Botushanov NP, Orbetzova MM. Bone mineral density and 
fracture risk in patients with type 1 and type 2 diabetes mellitus. 
Folia Med. (Plovdiv). 2009;51(4):12-7.

7. Daly R, Petit M. Optimizing bone mass and strength: the role 
of physical activity and nutrition during growth. J Sports Med. 
2007;51:33-9.

8. Wood RJ, O’Neill EC. Resistance training in type II diabetes mellitus: 
impact on areas of metabolic dysfunction in skeletal muscle and 
potential impact on bone. J Nutr Metab. 2012;2012:268197.



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

464

Laser therapy diabetic rats

Arch Endocrinol Metab. 2016;60/5

9. Ferraresi C, Oliveira TB, Zafalon LO, Reiff RBM, Baldissera V, 
Perez SEA, et al. Effects of low level laser therapy (808 nm) 
on physical strength training in humans. Lasers Med Sci. 
2011;26(3):349-58.

10. Gomes RJ, Mello MAR, Caetano FH, Sibuya CY, Anaruma CA, 
Rogatto GP, et al. Effects of swimming training on bone mass 
and the GH/IGF-1 axis in diabetic rats. Growth Horm IGF Res. 
2006;16(5-6):326-31.

11. Karu T. Mitochondrial mechanisms of photobiomodulation in 
context of new data about multiple roles of ATP. Photomed Laser 
Surg. 2010;28(2):159-60.

12. Bayat M, Abdi S, Javadieh F, Mohsenifar Z, Rashid MR. The effects 
of low-level laser therapy on bone in diabetic and nondiabetic 
rats. Photomed Laser Surg. 2009;27(5):703-8.

13. Bossini PS, Rennó AC, Ribeiro DA, Fangel R, Ribeiro AC, Fangel 
R, et al. Low level laser therapy (830 nm) improves bone repair in 
osteoporotic rats: similar outcomes at two different dosages. Exp 
Gerontol. 2012;47(2):136-42.

14. Stein A, Benayahu D, Maltz L, Oron U. Low-level laser irradiation 
promotes proliferation and differentiation of human osteoblasts 
in vitro. Photomed Laser Surg. 2005;23(2):161-6.

15. Renno AC, Moura FM, Santos NS, Tirico RP, Bossini PS, Parizotto 
NA. Effects of 830-nm laser light on preventing bone loss after 
ovariectomy. Photomed Laser Surg. 2006;24(5):642-5.

16. Chen H, Brahmbhatt S, Gupta A, Sharma AC. Duration of 
streptozotocin-induced diabetes differentially affects p38-
mitogen-activated protein kinase (MAPK) phosphorylation in 
renal and vascular dysfunction. Cardiovas Diabetol. 2005;4(1):3.

17. Kim JH, Lee DE, Choi SH, Cha JH, Bak EJ, Yoo YJ. Diabetic 
characteristics and alveolar bone loss in streptozotocin- and 
streptozotocin-nicotinamide-treated rats with periodontitis. J 
Periodontal Res. 2014;49(6):792-800.

18. Medalha CC, Amorim BO, Ferreira JM, Oliveira P, Pereira RMR, Tim 
C, et al. Comparison of the effects of electrical field stimulation 
and low-level laser therapy on bone loss in spinal cord-injured 
rats. Photomed Laser Surg. 2010;28(5):669-74.

19. Anandarajah AP. Role of RANKL in bone diseases. Trends 
Endocrinol Metab. 2009;20(2):88-94.

20. Lozano D, Fernández-de-Castro L, Portal-Núñez S, López-
Herradón A, Dapía S, Gómez-Barrena E, et al. The C-terminal 
fragment of parathyroid hormone-related peptide promotes 
bone formation in diabetic mice with low-turnover osteopaenia. 
Br J Pharmacol. 2011;162(6):1424-38.

21. Gorman E, Chudyk AM, Madden KM, Maureen CA. Bone health 
and type 2 diabetes mellitus: a systematic review. Physiother 
Can. 2011;63(1):8-20.

22. Turner CH, Robling AG. Exercises for improving bone strength. Br 
J Sports Med. 2005;39(4):188-9.

23. Belotto MF, Magdalon J, Rodrigues HG, Vinolo MAR, Curi R, 
Pithon-Curi TC, et al. Moderate exercise improves leucocyte 
function and decreases inflammation diabetes. Clin Exp Immunol. 
2010;162(2):237-43.

24. Ginani F, Soares DM, Barreto MP, Barboza CA. Effect of low-
level laser therapy on mesenchymal stem cell proliferation: a 
systematic review. Lasers Med Sci. 2015;30(8):2189-94.

25. Verhaeghe J, Thomsen JS, Van Bree R, Van Herck E, Bouillon R, 
Mosekilde L. Effects of exercise and disuse on bone remodeling, 
bone mass, and biomechanical competence in spontaneously 
diabetic female rats. Bone. 2000;27(2):249-56.

26. Komori T. Requisite roles of Runx2 and Cbfb in skeletal 
development. J Bone Miner Metab. 2003;21(4):193-7.

27. Zhang X, Fei Y, Zhan M, Wei D, Li M, Ding W, et al. Reversal of 
osteoporotic changes of mineral composition in femurs of 
diabetic rats by insulin. Biol Trace Elem Res. 2008;121(3):233-42.

28. Shiguemoto GE, Prestes J, Leite RD, Pereira GB, Pontes 
CLS, D’Ávila FV, et al. Effects of resistance training on matrix 
metalloproteinase-2 activity and biomechanical and physical 
properties of bone in ovarectomized and intact rats. Scand. J Med 
Sci. Sports. 2012;22(5):607-17.

29. Mathey J, Horcajada-Molteni MN, Chanteranne B, Picherit C, Puel 
C, Lebecque P, et al. Bone mass in obese diabetic Zucker rats: 
influence of treadmill running. Calcif Tissue Int. 2002;70(4):305-11.



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

465Arch Endocrinol Metab. 2016;60/5

original article

1 Ataturk Training and Research 
Hospital, Department 
of Endocrinology and 
Metabolism, Ankara, Turkey 
2 Yıldırım Beyazıt University, 
Department of Pathology, 
Ankara, Turkey 
3 Yıldırım Beyazıt University, 
Department of General 
Surgery, Ankara, Turkey 
4 Ataturk Training and Research 
Hospital, Department of Nuclear 
Medicine, Ankara, Turkey 
5 Yıldırım Beyazıt University, 
Department of Endocrinology 
and Metabolism, Ankara, Turkey 

Correspondence to:
Cafer Kaya
Ataturk Training and
Research Hospital
06800 – Ankara, Turkey
caferky1905@mynet.com 

Received on Nov/1/2014
Accepted on Dec/18/2015

DOI: 10.1590/2359-3997000000207

Hypocalcemia development in 
patients operated for primary 
hyperparathyroidism: Can it be 
predicted preoperatively?
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Mehmet Kılıç3, Şeyda Türkölmez4, Reyhan Ersoy5, Bekir Çakır5

ABSTRACT
Objective: Primary hyperparathyroidism (PHP) is a common endocrine disease, and its most 
effective treatment is surgery. Postoperative hypocalcemia is a morbidity of parathyroid surgeries, 
and it may extend hospitalization durations. The purpose of this study is to determine the 
predictive factors related to the development of hypocalcemia and hungry bone syndrome (HBS) 
in patients who underwent parathyroidectomy for PHP. Materials and methods: Laboratory data 
comprising parathyroid hormone (PTH), calcium, phosphate, 25-OHD, albumin, magnesium, alkaline 
phosphatase (ALP), blood urea nitrogen (BUN), and thyroid stimulating hormone (TSH) of the patients 
were recorded preoperatively, on the 1st and 4th days postoperatively, and in the 6th postoperative 
month, and their neck ultrasound (US) and bone densitometry data were also recorded. Results: 
Hypocalcemia was seen in 63 patients (38.4%) on the 1st day after parathyroidectomy. Ten patients 
(6.1%) had permanent hypocalcemia in the 6th month after surgery. Out of the patients who underwent 
parathyroidectomy for PHP, 22 (13.4%) had HBS. The incidence of postoperative hypocalcemia was 
higher in patients who underwent parathyroidectomy for PHP, who had parathyroid hyperplasia, and 
who had osteoporosis. Preoperative PTH, ALP, and BUN values were higher in those patients who 
developed HBS. Furthermore, HBS was more common in patients who had osteoporosis, who had 
parathyroid hyperplasia, and who underwent thyroidectomy simultaneously with parathyroidectomy. 
Conclusions: As a result, patients who have the risk factors for development of hypocalcemia and 
HBS should be monitored more attentively during the perioperative period. Arch Endocrinol Metab. 
2016;60(5):465-71

Keywords
Primary hyperparathyroidism; postoperative hypocalcemia; hungry bone syndrome

INTRODUCTION 

Primary hyperparathyroidism is a common endocrine 
disease, and more than 80% of patients have solitary 

adenomas, which cause long-term and excess secretion 
of parathyroid hormone (PTH) (1,2). Its prevalence 
increases with old age, and it is more common in 
women (3). Parathyroidectomy is the only definitive 
treatment that can normalize calcium and PTH levels 
(4). Hypocalcemia is a common complication that 
occurs after parathyroidectomy (5,6). Temporary 
postoperative hypocalcemia has been reported to have 
a prevalence of 0-35%, while permanent hypocalcemia 
has been reported to have a prevalence of 0-3.8% 
in the medical literature (7). Carpopedal spasms, 
perioral paresthesia, tingling extremities, Chvostek 
sign and Trousseau sign can be seen as associated 
with neuromuscular irritability (8). While it usually 

exhibits minor symptoms, less frequently, it may also 
cause cardiac arrhythmias, myocardial dysfunction, and 
pulmonary edemas (5).

The reasons for development of postoperative 
hypocalcemia are multifactorial. It is associated with 
excision or biopsy of more than two parathyroid glands, 
accompanying thyroid surgery, history of previous neck 
surgery, inadvertent gland removal, hemodilution, 
temporary vascular compromise of the remaining 
parathyroid tissue, and long-term hypocalcemia 
suppression of non-adenomatous parathyroid tissue 
(3,9,10). One of the reasons for postoperative 
hypercalcemic is hungry bone syndrome (HBS). This 
syndrome may occur in patients who develop increased 
bone resorption during the preoperative phase. PTH 
stimulus is abruptly removed after parathyroidectomy, 
and hence, excess osteoclastic activity stops, but 
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osteoblastic activity continues, and excess calcium and 
phosphorus pass into the bones (8).

Many experienced physicians recommend 1 to 
3 days of hospital stay for the patient’s safety due 
to fear of untreated hypocalcemia and tetany (11). 
Airway obstruction and recurrent nerve damage are 
rare. Postoperative hypocalcemia is the only reason 
that physicians keep patients in the hospital for more 
than 24 hours after surgery (3). The purpose of this 
study is to establish the predictive factors in patients 
who develop postoperative hypocalcemia and HBS 
after they undergo parathyroidectomy for primary 
hyperparathyroidism.

MATERIALS AND METHODS

One hundred and sixty-four patients, who underwent 
parathyroidectomy for primary hyperparathyroidism 
at the Ankara Ataturk Training and Research 
Hospital between 2004 and 2014, were included 
in the study. Those who had secondary and tertiary 
hyperparathyroidism, and who had relapses and 
recurrences, were not included in the study. Laboratory 
data comprising PTH, calcium, phosphate, 25-OHD, 
albumin, magnesium, alkaline phosphatase (ALP), blood 
urea nitrogen (BUN), and thyroid stimulating hormone 
(TSH) of the patients were recorded preoperatively 
on the 1st and 4th days postoperatively and in the 6th 
postoperative month, and their neck ultrasounds 
and bone densitometry data were also recorded. The 
normal ranges of the laboratory parameters were 
established as follows: PTH: 15 – 65 pg/mL, Ca: 8.6 
– 10 mg/dL, phosphorus: 2.5 – 4.5 mg/dL, albumin: 
3.5 – 5.2 g/dL, magnesium: 1.6 – 2.6 mg/dL, ALP: 
34 – 105 IU/L, BUN: 10 – 48.5 mg/dL, TSH: 0.27 –  
4.2 IU/mL, fT3: 2 – 4.4 pg/mL, fT4: 0.9 – 1.7 ng/dL, 
25-OHD: 30 – 100 ng/mL. There is a passionate 
discussion about the normal range of the serum levels 
of 25-OHD. We accepted the normal range of values   
accepted by the Endocrine Society. In our study, while 
vitamin D deficiency was considered to be lower than 
20 ng/mL, insufficiency was considered to be in the 
range of 21–29 ng/mL. Their calcium levels were 
calculated with the corrected calcium formula based on 
their albumin levels before and after parathyroidectomy 
(Corrected Ca (mg/dL) = [0.8 × (normal albumin – 
patient’s albumin)] + serum Ca level). Postoperative 
serum calcium levels below the normal range were 
defined as biochemical hypocalcemia (≤ 8.5 mg/dL).

The patients who had hypocalcemia and 
hypophosphatemia (≤ 8.5 mg/dL and < 2.5 mg/dL, 
respectively) on the 4th postoperative day were considered 
to have HBS. All blood samples were collected after 
overnight fasting. Parathyroid volume was calculated 
using the ellipsoid model formula (length × width × 
height × 0.52). Four-gland parathyroid explorations 
were performed on all the patients. The surgeries 
were performed by the same surgical unit. The 
same surgical procedure was performed on those 
who had parathyroid hyperplasia. None of the cases 
had recurrence throughout their follow-ups. No 
parathyroid carcinomas were encountered in our set of 
patients. Thyroidectomy was performed on patients for 
multinodular goiter, Graves’ disease, toxic multinodular 
goiter, and goiter with compression symptoms.

PTH, TSH, fT3, and fT4 were measured using 
Roche Cobas Elecsys 601, and Ca, phosphorus, albumin, 
magnesium, alkaline phosphatase, and BUN were 
measured using Roche Cobas colorimetric 501, and 
25-OHD was measured using LC-MS Shimadzu API 
3200.

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

34/2014. The approval of the medical ethics committee 
was obtained. The requirement for patient informed 
consent was waived.

The data obtained from this study were analyzed 
using the SPSS 20 package program. In addition to the 
frequency and percentage representations of the data, 
Chi-square dependency test was used for assessment 
of association of categorical data, and Student’s t-test 
and Mann-Whitney U-test were used for two-group 
comparisons. Significance level was taken as 0.05, 
p < 0.05 was considered an existence of a significant 
difference, and p > 0.05 was considered an absence of a 
significant difference.

RESULTS

Out of the 164 patients included in the study, 23 (14%) 
were male, and 141 (86%) were female. Hypocalcemia 
was seen in 63 patients (38.4%) on the 1st day after 
parathyroidectomy. Ten patients (6.1%) had permanent 
hypocalcemia in the 6th month after surgery. While 
no significant difference was found with regards to 
demographics, early hypocalcemia was more common 
in females (p < 0.05). Solitary adenomas were identified 
in 147 operations, double adenomas were identified 
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in 7 operations, and 10 patients had hyperplasia. 
While there was no significant difference with regard 
to parathyroid volume and development of early 
hypocalcemia, parathyroid volumes of the patients who 
developed permanent hypocalcemia were significantly 
higher (p < 0.05). Hypocalcemia was more common in 
patients with parathyroid hyperplasia (80%, p < 0.05). 

Simultaneous thyroid operations were performed 
on 89 patients (54.3%): 21 of them were subtotal, and 
68 were total thyroidectomies. Thyroid carcinoma was 
detected in 3 of the patients who underwent thyroid 
surgery (3/89, 3.4%). All 3 cases were papillary thyroid 
carcinoma, and all were treated with radioactive iodine. 
Early hypocalcemia was more common in patients who 
underwent total thyroidectomy compared to those 
who underwent subtotal thyroidectomy and those who 
did not undergo thyroid surgery (p < 0.05). Statistical 
evaluation could not be performed for concomitant 
thyroid surgery with regards to permanent hypocalcemia 
because of the small number of patients. This situation 
did not affect the development of hypocalcemia in 
patients who had a history of neck surgery (n = 7) either. 

There was no statistically significant difference 
between preoperative PTH, calcium, phosphorus, 

magnesium, albumin, BUN, TSH, and vitamin D levels 
and development of early and permanent hypocalcemia 
(Tables 1 and 2). Nineteen of the patients who 
developed early hypocalcemia had osteoporosis, and 30 
of them had osteopenia. Early hypocalcemia was more 
common in patients with osteoporosis compared to 
those with normal BMD (bone mineral density) and 
those with osteopenia (p < 0.05). 

During the surgery, the day of the surgery, and the 
hospitalization period, the patients were monitored 
closely according to water balance and renal disorders. 
No kidney disorder was developed in any patients 
during follow-up periods.

Out of the patients who underwent parathyroi-
dectomy for primary hyperparathyroidism (PHP), 22 
(13.4%) had HBS. Out of the patients who developed 
HBS, 3 were male, 19 were female, and their average 
age was 55.7 ± 8.9 years. There was no significant 
difference between the patients with HBS and those 
without HBS with regards to age and gender (p > 
0.05). Parathyroid volume (mean parathyroid volume 
1.56 ± 1.26 mL) calculated with preoperative neck 
ultrasound was significantly higher in patients with 

Table 1. Laboratory characteristics of patients who developed hypocalcemia on postoperative day 1 

    n Mean ± SD p

TSH (IU/mL) Hypocalcemia 63 1.96 ± 1.63
0.157

Normocalcemia 101 2.83 ± 4.65

fT3 (pg/mL) Hypocalcemia 63 3.11 ± 0.95
0.841

Normocalcemia 101 3.09 ± 0.70

fT4 (ng/dL) Hypocalcemia 63 1.36 ± 0.82
0.801

Normocalcemia 101 1.33 ± 0.51

Preoperative calcium (mg/dL) Hypocalcemia 63 11.20 ± 0.56
0.351

Normocalcemia 101 11.28 ± 0.57

Preoperative 25-OHD (ng/mL) Hypocalcemia 63 3.11 ± 0.95
0.167

Normocalcemia 101 18.26 ± 11.43

Preoperative BUN (mg/dL) Hypocalcemia 63 25.79 ± 6.7
0.431

Normocalcemia 101 26.73 ± 7.74

Preoperative PTH (pg/mL) Hypocalcemia 63 232.55 ± 133.76
0.089

Normocalcemia 101 202.12 ± 93.41

Preoperative phosphorus (mg/dL) Hypocalcemia 63 2.94 ± 0.61
0.088

Normocalcemia 101 2.78 ± 0.59

Preoperative magnesium (mg/dL) Hypocalcemia 55 1.89 ± 0.21
0.494

Normocalcemia 89 1.92 ± 0.20

Preoperative ALP (IU/L) Hypocalcemia 56 139.59 ± 63.26
0.068

Normocalcemia 93 123.71 ± 42.02

Preoperative albumin (g/dL) Hypocalcemia 63 4.28 ± 0.40
0.629

Normocalcemia 101 4.31 ± 0.37

Normocalcemia was determined as between 8.6 and 10.4 and hypocalcemia as ≤ 8.5 mg/dL.
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Table 2. Laboratory characteristics of patients who developed permanent hypocalcemia by postoperative month 6 

    n Mean  ± SD p

TSH (IU/mL) Hypocalcemia 10 1.53 ± 0.78
0.423

Normocalcemia 154 2.56 ± 3.91

fT3 (pg/mL) Hypocalcemia 10 3.10 ± 0.78
0.881

Normocalcemia 154 3.10 ± 0.80

fT4 (ng/dL) Hypocalcemia 10 1.20 ± 0.18
0.847

Normocalcemia 154 1.35 ± 0.66

Preoperative calcium (mg/dL) Hypocalcemia 10 11.33 ± 0.69
0.986

Normocalcemia 154 11.24 ± 0.56

Preoperative 25-OHD (ng/mL) Hypocalcemia 10 15.25 ± 7.29
0.973

Normocalcemia 154 17.40 ± 11.86

Preoperative  BUN (mg/dL) Hypocalcemia 10 26.50 ± 7.37
0.682

Normocalcemia 154 26.36 ± 7.37

Preoperative PTH (pg/mL) Hypocalcemia 10 269.87 ± 14.57
0.236

Normocalcemia 154 210.17 ± 108.19

Preoperative phosphorus (mg/dL) Hypocalcemia 10 3.13 ± 0.62
0.144

Normocalcemia 154 2.82 ± 0.59

Preoperative magnesium (mg/dL) Hypocalcemia 10 1.87 ± 0.12
0.577

Normocalcemia 134 1.91 ± 0.21

Preoperative ALP (IU/L) Hypocalcemia 10 164.40 ± 83.83
0.109

Normocalcemia 139 127.18 ± 47.79

Preoperative albumin (g/dL) Hypocalcemia 10 4.17 ± 0.44
0.389

Normocalcemia 154 4.30 ± 0.37

Table 3. Hypocalcemia and HBS characteristics caused by having a simultaneous thyroid operation

Thyroid operation

pNo operation Subtotal op Total op Total

n % n % n % n %

Day 1 calcium Hypocalcemia 23 30.7 6 28.6 34 50.0 63 38.4
0.036*

Normocalcemia 52 69.3 15 71.4 34 50.0 101 61.6

Month 6 calcium Hypocalcemia 2 2.7 1 4.8 7 10.3 10 6.1
**

Normocalcemia 73 97.3 20 95.2 61 89.7 154 93.9

HBS Negative 70 93.3 19 90.5 53 77.9 142 86.6
0.022*

Positive 5 6.7 2 9.5 15 22.1 22 13.4

* Values of Day 1 hypocalcemia and HBS positivity rates are observed to be significantly higher in the total thyroid operation group compared to the subtotal and no thyroid operation groups  
(p < 0.05).
** Statistical evaluation could not be made due to insufficient number of patients.

HBS (p < 0.05). Furthermore, HBS was more common 
in the existence of parathyroid hyperplasia compared 
to parathyroid adenoma (40%, p < 0.05). While there 
was no increase in the risk of HBS in patients who 
underwent simultaneous thyroid surgery or subtotal 
thyroidectomy, HBS was more common in those who 
underwent total thyroidectomy (Table 3). 

Additionally, preoperative PTH, ALP, and BUN 
levels were higher in patients who developed HBS. 
HBS was more common in those with osteoporosis 
compared to those with osteopenia (p < 0.05). History 
of previous neck surgery did not affect development of 
HBS. There was no significant difference with regards 
to the other biochemical markers considered (Table 4). 
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Table 4. Laboratory characteristics of patients who did and did not develop HBS

  n Mean p

TSH (IU/mL) HBS  (+) 22 2.3 ± 1.8
0.851

HBS  (-) 142 2.5 ± 4.0

fT3 (pg/mL) HBS  (+) 22 3.0 ± 0.6
0.306

HBS  (-) 142 3.1 ± 0.8

fT4 (ng/dL) HBS  (+) 22 1.3 ± 0.3
0.186

HBS  (-) 142 1.3 ± 0.7

Preoperative calcium (mg/dL) HBS  (+) 22 11.4 ± 0.5
0.332

HBS  (-) 142 11.2 ± 0.6

Preoperative 25-OHD (ng/mL) HBS  (+) 22 15.6 ± 11.5
0.437

HBS  (-) 142 17.5 ± 11.7

Preoperative  BUN (mg/dL) HBS  (+) 22 29.8 ± 6.7
0.011*

HBS  (-) 142 25.8 ± 7.3

Preoperative PTH (pg/mL) HBS  (+) 22 279.8 ± 123.3
0.002*

HBS  (-) 142 203.6 ± 106.1

Preoperative phosphorus (mg/dL) HBS  (+) 22 2.8 ± 0.7
0.794

HBS  (-) 142 2.8 ± 0.6

Preoperative magnesium (mg/dL) HBS  (+) 22 1.9 ± 0.1
0.127

HBS  (-) 122 1.9 ± 0.2

Preoperative ALP (IU/L) HBS  (+) 22 161.9 ± 78.2
0.016*

HBS  (-) 127 124.1 ± 43.3

Preoperative albumin (g/dL) HBS  (+) 22 4.2 ± 0.4
0.168

HBS  (-) 142 4.3 ± 0.4

HBS (+): with hungry bone syndrome; HBS (-): without hungry bone syndrome.
* p < 0.05.

DISCUSSION

The clinical features of PHP mainly occur when excess 
PTH directly and indirectly affects the skeleton, kidneys, 
and bowels. Hypercalcemia develops with mobilization 
of calcium and phosphorus from the bones, increased 
absorption of calcium from the intestines, and renal 
tubular reabsorption of calcium (9).

In PHP, there is excess secretion of parathyroid 
hormone from one or more parathyroid glands (12). 
Solitary gland adenoma is the most common cause (75-
85%), and while a small part of it consists of multigland 
adenomas, parathyroid carcinoma is rare (1%). PHP can 
only be cured by surgically removing the parathyroid 
adenoma or adenomas, and success rate in the literature 
is around 95-98% (13,14). In our study, the most 
common cause of hyperparathyroidism was created 
by solitary parathyroid while a double adenoma and 
hyperplasia of parathyroid were less present (147/164, 
7/164, 10/164, respectively). There weren’t any 
parathyroid carcinoma cases in our study.

Postoperative hypocalcemia is one of the important 
and potentially dangerous complications of 
parathyroidectomy and has multifactorial pathogenesis. 
Its main mechanism is possibly insufficient parathyroid 
function due to slow or delayed functional recovery of 
the remaining parathyroid tissue after removal of the 
hyper-functional adenoma. Symptomatic hypocalcemia 
plays an important role in postponement of discharge 
from hospital; for this reason, some surgeons support 
the idea that prophylactic postoperative calcium and/or 
vitamin D supplementation should be given to ensure 
that the patient can be discharged earlier (7).

Various studies have analyzed biochemical and 
physical markers that may show the increased risk 
of developing postoperative hypocalcemia. Early 
identification of these risk factors in PHP patients may 
ensure early identification and treatment of potential 
postoperative hypocalcemia, and may also ensure that 
serious sequels are avoided. Various predictors for 
hypocalcemia that develops after parathyroidectomy 
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have been investigated, but the evidence is usually 
controversial (5).

Mittendorf and cols. have established the percentage 
of postoperative hypocalcemia after parathyroidectomy 
in PHP patients as 42%. They have associated this with 
identification of all parathyroid glands and routine 
bilateral neck exploration. They have established that 
subtotal parathyroidectomy should be performed on 
patients who have parathyroid hyperplasia as the only 
factor in predicting postoperative hypocalcemia. They 
have not found any of the laboratory values or other 
clinical factors to be predictive of development of 
postoperative hypocalcemia (15).

Nasiri and cols. have found a correlation between 
preoperative calcium, PTH and ALP, and a decrease in 
postoperative calcium levels in a study that included 80 
patients who underwent surgery for solitary parathyroid 
adenoma (16).

Kald and Mollerup have established that excision 
or incision biopsy of more than 2 parathyroid glands, 
concomitant parathyroidectomy and thyroid surgery, 
preoperative serum parathyroid hormone level higher 
than 25 pmol/l, or history of neck-area surgery are 
risk factors for development of serious postoperative 
hypocalcemia (3).

Crea and cols. have established that a decrease of 
more than 85% in intra-operative PTH is the only 
predictive and reliable factor in predicting serious 
postoperative hypocalcemia (7).

In our study, the incidence of early postoperative 
hypocalcemia was higher in patients who had 
parathyroid hyperplasia and who had osteoporosis. We 
have not established a correlation between preoperative 
PTH, ALP and calcium levels, and postoperative 
hypocalcemia. Patients with hyperplasia will usually 
require the identification, mobilization, and removal of 
3 glands, with the other biopsied. These patients should 
be more carefully assessed with regard to hypocalcemia 
symptoms compared to adenomas (11).

Post-parathyroidectomy hypocalcemia can also 
develop because of hungry bone syndrome. Studies 
have shown that HBS is seen in approximately 12% of 
patients who undergo surgery for PHP (17). HBS ratio 
in patients with parathyroidectomy was 13.4% in our 
study. HBS is a complication of parathyroid surgery in 
which the correction of PHP is associated with rapid 
bone remineralization after surgery, causing profound 
and prolonged hypocalcemia which is exacerbated with 

suppressed PTH and associated with hypophosphatemia 
and hypomagnesemia (8). 

Postoperative hypocalcemia develops in 90% of 
patients who have osteitis fibrosa cystic and serious 
osteoporosis. This is probably due to active storage of 
calcium and phosphorus in brown tumors and severely 
osteoporotic bones (9). Literature data related to 
HBS are quite limited, and unfortunately, we are not 
adequately familiar with the prognostic factors for 
development of potential HBS. The current information 
in the literature is based on the observations of small 
patient populations or a number of anecdotal individual 
cases (18). Various risk factors have been suggested 
with regard to the development of HBS. Some studies 
have established that PTH, ALP, and serum calcium 
are higher in development of HBS (8). Brasier and 
cols. have conducted studies on 198 patients who 
underwent surgery for PHP, and have found high levels 
of preoperative serum calcium, PTH, ALP, BUN, large 
parathyroid adenomas, and old age as risk factors for 
development of HBS (19,20).

In our study, preoperative PTH, ALP, and BUN va-
lues were higher in the patients who developed HBS. 
Furthermore, HBS was significantly more common in 
patients who had osteoporosis, who had parathyroid 
hyperplasia, and who underwent thyroidectomy 
simultaneously with parathyroidectomy. 

Together with the common usage of US 
and scintigraphy, concomitant thyroid diseases 
were reported more often in the evaluation of 
the PHPT patients’ preoperative consultations. 
Hyperparathyroidism and thyroid disorder, 
togetherness were known in ratios up to 54% in the 
literature (21). Thyroidectomy (subtotal or total) was 
performed on 89 patients (54.4%) for various reasons 
(multinodular goiter, Grave’ disease) in our series. 
Both HBS and early hypocalcemia were investigated 
more often in patients with total thyroidectomy. 

Serum ALP levels can serve as a marker of bone 
remineralization (22). Preoperative serum ALP levels 
reflect bone turnover situations and thus reflect the 
degree of osteoclastic activity and bone resorption (8). 
In HBS, elevated BUN can develop due to old age of 
patients, and the effects of hypercalcemia on renal blood 
flow and renal tubular function (19).

Treatment of HBS targets correction of anomalies 
such as hypocalcemia, hypomagnesemia and 
hypophosphatemia. Prevention of HBS has not been 
fully established. Some investigators have suggested that 
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administration of bisphosphonates to PHP patients can 
prevent the development of HBS (23). Bisphosphonates 
have potent inhibitory effects on osteoclastic bone 
resorption, and are commonly used in the treatment of 
osteoporosis and hypercalcemia (20,24).

Vitamin D plays a critical role in the metabolism of 
calcium. PTH stimulates the conversion of 25-OHD 
into its active metabolite 1.25-dihydroxy-vitamin 
D3, and this may cause reduced levels of 25-OHD in 
PHP patients (4). It is accepted that reduced vitamin 
D increases the risk of postoperative hypocalcemia 
and development of HBS. Although vitamin D 
supplementation is usually recommended to normalize 
the 25-OHD level, there are no sufficient data showing 
that this can contribute to prevention of HBS (8).

Thanks to early diagnosis and suitable treatment of 
hyperparathyroidism before development of significant 
bone disease, the prevalence of post-parathyroidectomy 
HBS has been decreasing in recent years.

Consequently, in our study, the prevalence of 
postoperative hypocalcemia was significantly higher 
in patients who underwent parathyroidectomy for 
PHP, who had parathyroid hyperplasia, and who had 
osteoporosis. Preoperative PTH, ALP, and BUN 
values were significantly higher in the patients who 
developed HBS. Furthermore, HBS was more common 
in patients who had osteoporosis, who had parathyroid 
hyperplasia, and who underwent thyroidectomy 
simultaneously with parathyroidectomy. There was no 
significant relationship between development of early 
hypocalcemia and HBS, and vitamin D level. Larger, 
prospective, and randomized studies are needed to shed 
light on these controversial issues.

Disclosure: no potential conflict of interest relevant to this article 
was reported.
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ABSTRACT 
Objective: The aim of the present study was to describe the epidemiologic data, histological type, 
treatment and follow-up of the 811 patients treated for thyroid cancer in Instituto do Câncer do Estado 
de São Paulo (ICESP) over 5 years. Materials and methods: Retrospective analyses of electronic 
chart information. Results: There were 679 cases (83.7%) of papillary thyroid cancer, 61 (7.5%) of 
follicular carcinoma, 54 (6.7%) of medullary carcinoma, 11 (1.4%) of poorly differentiated carcinoma 
and 6 of anaplastic carcinoma (0.7%). The majority of patients were female (82.2%), and the mean age 
was 50.5 ± 15 years. Two hundred forty-two patients had disease persistence or recurrence. At the last 
follow-up, 629 (77.6%) patients were alive and disease free, 141 (17.4%) were alive with disease, and 
41 (5.1%) were deceased, with 37 deaths related to thyroid cancer. Conclusion: This study was able to 
outline the profile, disease type and evolution of patients treated for thyroid cancer at a single tertiary 
hospital. Arch Endocrinol Metab. 2016;60(5):472-8

Keywords
Thyroid diseases; thyroid neoplasms; epidemiology; prognosis

INTRODUCTION

T hyroid cancer (TC) is not one of the most prevalent 
cancers in the population, but its incidence has 

been increasing continuously, primarily because of 
papillary thyroid cancer (PTC). The increase in TC 
diagnosis is explained in part by the improvement of 
diagnostic techniques, the wide use of ultrasound and 
fine-needle aspiration cytology and better pathological 
analyses. Although the increase has primarily been of 
small lesions, there has also been an increase in nodules 
over 2 cm, which shows us that there has been a real 
increase in TC incidence and not just better screening (1).

The estimated risk for thyroid cancer in the Brazilian 
population in 2014 was 1.15 cases per 100,000 men 
and 7.91 cases per 100,000 women. In São Paulo, the 
incidence of new cases per year was 1,000 patients, and 
15,955 new cases were diagnosed from 1997-2008. 
From 1997-2000 and from 2005-2008, the incidence 
increased 5.2% per year and was highest among females 
below age 50 years. PTC was the main histologic 
type related to the incidence increase, and there was a 
decrease in other histological types (2).

Disease progression and mortality are extremely 
variable in TC, depending on the histologic type. 
Differentiated thyroid cancer (DTC; follicular and 
papillary types) is usually an indolent disease that 
with adequate treatment has a very good prognosis. 
The literature reports that less than 5% of patients die 
from the disease within 10 years. However, poorly 
differentiated and anaplastic carcinomas have a very 
poor prognosis, with a mean survival of less than 6 
months in the anaplastic cases (1,2).

The aim of this study was to describe the 
epidemiology, pathology characteristics, treatment and 
follow-up of patients treated for TC at a single tertiary 
hospital in São Paulo, Brazil.

MATERIALS AND METHODS

The charts of the patients treated for TC in Instituto 
do Câncer do Estado de São Paulo (ICESP) from May 
2009 to January 2014 were reviewed. The study was 
approved by the IRB under the number 228/14.

ICESP is a tertiary oncologic hospital that opened in 
2009. It is maintained by the government of the State of 
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São Paulo, and it is a hospital linked to the University of 
São Paulo Medical School. The Head and Neck Surgery 
Department began its activities in the institution in May 
2009 and since then has been progressively increasing 
the number of clinic appointments, surgeries and 
medical staff (attending and residents).

Between May 2009 and January 2014, 811 patients 
were surgically treated for TC in ICESP. Patients 
included those who were receiving initial treatment and 
those who had recurrent/persistent disease and were 
referred from another institution.

In cases of well and moderately differentiated thyroid 
carcinomas, the surgical procedure of choice was total 
thyroidectomy. Neck dissection was only performed 
in cases of confirmed cervical metastases (clinical 
or radiological) in patients with well-differentiated 
carcinomas, and was performed electively in patients 
with medullary carcinoma (central neck compartment). 
There were some cases in which adjacent lymph nodes 
were resected with the thyroid and that gave us an 
“N” stage even if a formal central neck dissection was 
not performed. While surgical procedures are well 
established for well-differentiated and moderately 
differentiated thyroid carcinomas, it is not so with poorly 
differentiated or undifferentiated ones. Most of these 
cases had their histological diagnosis confirmed after total 
thyroidectomy, or in an attempt to do so. In such cases, 
we opted for the resection of as much tumor as possible 
prior to the indication of complementary therapies. 

The variables sex, age at diagnosis, weight and 
height, lab tests related to thyroid metabolism, surgical 
procedure, pathologic findings – TNM system (3), 
other treatments and follow-up were analyzed.

Although it is an institutional policy always to 
analyze pathological specimens from other institutions, 
there was some data loss related to the pathological 
findings of previous surgeries, previous radioiodine 
treatment and dosage and other chart information 
that was not available. Moreover, because the hospital 
was founded in 2009, we do not have long follow-up 
period with our patients.

Excluded from the study were patients who were 
treated with nonsurgical options and patients with 
thyroidectomies performed for suspicious nodules that 
did not confirm malignancy. 

During follow-up, patients had medical 
appointments with the endocrinology and head 
and neck surgery teams at maximal intervals of 6 
months. Patients with differentiated thyroid cancer 

were submitted to TSH suppression based on the risk 
stratification and TNM classification. 

Data were gathered and analyzed using Microsoft 
Excel® software (Microsoft Corporation®, Redmond, WA, 
USA). Graphs and Kaplan-Meier curves were performed 
using SPSS® 17.0 software (SPSS® Inc; Ilinois, USA).

RESULTS 

Among the 811 patients surgically treated for TC, 667 
(82.2%) were female, and 144 were male. The age of 
diagnosis for the women varied from 8-87 years, with a 
mean of 50 ± 15 years, and the body mass index (BMI) 
varied from 16.3-57.0, with a mean of 28.7 kg/m2. 
The age of diagnosis for male patients varied from 16-
84 years, with a mean of 52.4 ± 15.6 years. The mean 
BMI was 27.2 kg/m2 (16.5-46.8 kg/m2).

One hundred eighty-two patients (22.4%) received 
initial treatment elsewhere and were referred to ICESP 
due to persistence or recurrence. 

The majority of patients were submitted to total 
thyroidectomy (552), 110 were submitted to total 
thyroidectomy and central neck dissection, and 122 
were submitted to total thyroidectomy with central 
and lateral neck dissection. Twenty-seven cases were 
considered inoperable.

As for the histological type, the absolute majority 
was PTC (679 cases, representing 83.7%), followed by 
follicular carcinoma in 61 patients (7.5%), medullary 
carcinoma in 54 patients (6.7%), poorly differentiated 
thyroid cancer in 11 patients (1.4%) and anaplastic 
carcinoma in six patients (0.7%). 

Forty-three patients could not be correctly staged 
in the TNM system but it was noted a predominance 
of early stage disease (stages I and II) for DTC patients 
and a higher incidence of advanced disease (stage IV) 
for individuals with poorly differentiated and anaplastic 
carcinoma (Figure 1). Table 1 shows pathological 
staging related to sex, age, pathological findings and 
disease progression for TC patients. It also presents 
data related to recurrence, distant metastasis and status 
at the last follow-up.

Multifocal disease was identified in 301 patients 
(37.1%). Among the PTC cases, 41.8% were multifocal, 
and for other types multifocal disease was found in 11.5% 
of follicular carcinomas, and in 18.5% of medullary 
carcinoma patients. We did not analyze the subtypes of 
the medullary carcinomas (sporadic, familial or related 
to syndromes) due the few number of cases.



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

474

Thyroid cancer in a Brazilian hospital

Arch Endocrinol Metab. 2016;60/5

Table 1. Descriptive data of patients included in the study stratified by histological type of primary tumor

p Stage N (%)
Age range 

(years)

Mean 
age 

(year)
Female sex

Mean 
diameter 

(cm)
Iodotherapy

Cervical 
recurrence

Distant 
metastasis

Disease 
persistence

Alive
(disease free)

Alive
(with 

disease)
Death

Papillary carcinoma (N = 679)

pT1a N0 205 (30.2%) 20-82 52.7 184 (89.8%) 0.5 28 (13.66%) 7 (3.4%) 0 (0.0%) 0 (0.0%) 203 (99.0%) 2 (0.8%) 0 (0.0%)

pT1b N0 88 (13.0%) 20-78 49.6 75 (85.2%) 1.4 57 (64.77%) 10 (11.4%) 3 (3.4%) 0 (0.0%) 83 (94.3%) 3 (3.4%) 2 (2.27%)

pT1a N1a 8 (1.2%) 21-48 34.6 6 (75.0%) 0.5 5 (62.5%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 8 (100.0%) 0 (0.0%) 0 (0.0%)

pT1a N1b 6 (0.9%) 26-68 47.0 5 (83.3%) 0.8 6 (100.0%) 2 (33.3%) 0 (0.0%) 0 (0.0%) 6 (100.0%) 0 (0.0%) 0 (0.0%)

pT1b N1a 10 (1.5%) 20-71 42.5 8 (80.0%) 1.5 9 (90.0%) 1 (10.0%) 0 (0.0%) 0 (0.0%) 10 (100.0%) 0 (0.0%) 0 (0.0%)

pT1b N1b 9 (1.3%) 21-50 37.3 6 (66.7%) 1.5 9 (100.0%) 0 (0.0%) 1 (11.1%) 0 (0.0%) 8 (88.9%) 0 (0.0%) 1 (11.11%)

pT2 N0 48 (7.1%) 22-84 48.8 42 (87.5%) 2.8 40 (83.33%) 4 (8.3%) 1 (2.1%) 0 (0.0%) 47 (97.9%) 1 (2.1%) 0 (0.0%)

pT2 N1a 7 (1.0%) 14-87 39.7 4 (57.1%) 2.3 7 (100.0%) 3 (42.9%) 0 (0.0%) 0 (0.0%) 5 (71.4%) 2 (28.6%) 0 (0.0%)

pT2 N1b 5 (0.7%) 22-72 50.2 3 (60.0%) 2.5 4 (57.14%) 1 (20.0%) 1 (20.0%) 0 (0.0%) 5 (100.0%) 0 (0.0%) 0 (0.0%)

pT3 N0 141 (20.8%) 18-87 51.9 121 (85.8%) 2.3 122 (86.52%) 10 (7.1%) 6 (4.3%) 0 (0.0%) 132 (93.6%) 7 (5.0%) 1 (0.71%)

pT3 N1a 37 (5.4%) 19-80 46.8 34 (91.9%) 2.3 37 (100.0%) 12 (32.4%) 4 (10.8%) 0 (0.0%) 30 (81.1%) 4 (10.8%) 3 (8.11%)

pT3 N1b 39 (5.7%) 20-73 46.4 33 (84.6%) 3.0 36 (92.30%) 11 (28.2%) 5 (12.8%) 1 (2.6%) 27 (69.2%) 11 (28.2%) 1 (2.57%)

pT4aN0 7 (1.0%) 22-81 50.3 4 (57.1%) 6.7 7 (100.0%) 1 (14.3%) 3 (42.9%) 0 (0.0%) 6 (85.7%) 1 (14.3%) 0 (0.0%)

pT4a N1a 8 (1.2%) 44-65 58.0 5 (62.5%) 5.0 8 (100.0%) 1 (12.5%) 3 (37.5%) 3 (37.5%) 3 (37.5%) 4 (50.0%) 1 (12.5%)

pT4a N1b 14 (2.1%) 13-69 42.3 8 (57.1%) 4.5 12 (85.71%) 9 (64.3%) 4 (28.6%) 3 (21.4%) 6 (42.9%) 6 (42.9%) 2 (14.28%)

pT4b N0 3 (0.4%) 43, 54, 73 56.7 2 (66.7%) 9.8 2 (66.67%) 3 (100.0%) 2 (66.7%) 3 (100.0%) 0 (0.0%) 2 (66.7%) 1 (33.33%)

pT4b N1a 2 (0.3%) 4, 64 52.5 1 (50.0%) 8.0 0 (0.0%) 0 (0.0%) 1 (50.0%) 2 (100.0%) 0 (0.0%) 1 (50.0%) 1 (50.0%)

pT4b N1b 2 (0.3%) 50, 70 60.0 0 (0.0%) 5.0 1 (50.0%) 0 (0.0%) 2 (100.0%) 2 (100.0%) 0 (0.0%) 1 (50.0%) 1 (50.0%)

Missing stage 40 (5.9%) 19-78 47.7 31 (77.5%) - 27 (67.50%) 12 (30.0%) 14 (2.1%) 5 (12.5%) 15 (37.5%) 22 (55.0%) 3 (7.50%)

Total 679 (83.72%) 20-84 48.2 572 (84.24%) 3.4 419 (61.71%) 87 (12.81%) 50 (7.36%) 19 (2.80%) 594 (87.48%) 67 (9.87%) 16 (2.36%)

Follicular carcinoma (N = 61)

pT1 N0 10 (16.4%) 31-82 58.0 9 (90.0%) 1.4 5 (50.0%) 1 (10.0%) 3 (30.0%) 0 (0.0%) 7 (70%) 2 (20%) 1 (10%)

pT1 N1a 1 (1.6%) 38 38.0 1 (100.0%) 1.5 1 (100.0%) 1 (100.0%) 1 (100.0%) 0 (0.0%) 0 (0.0%) 1 (100.0%) 0 (0.0%)

pT2 N0 13 (21.3%) 19-75 48.8 11 (84.6%) 2.5 10 (76.9%) 0 (0.0%) 2 (15.4%) 1 (76.9%) 11 (84.6%) 2 (15.4%) 0 (0.0%)

pT3 N0 12 (19.7%) 32-81 60.5 10 (83.3%) 4.2 12 (100.0%) 2 (16.7%) 5 (41.7%) 0 (0.0%) 7 (58.3%) 4 (33.3%) 1 (8.3%)

pT3 N1a 2 (3.3%) 70-73 71.5 2 (100.0%) 7.3 1 (50.0%) 1 (50.0%) 2 (100.0%) 0 (0.0%) 0 (0.0%) 1 (50.0%) 1 (50.0%)

pT3 N1b 1 (1.6%) 76 76.0 0 (0.0%) 10.5 1 (100.0%) 1 (100.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 1 (100.0%) 0 (0.0%)

pT4 N0 2 (3.3%) 61, 75 68.0 1 (50.0%) 6.1 2 (100.0%) 0 (0.0%) 1 (50.0%) 0 (0.0%) 1 (50.0%) 1 (50.0%) 0 (0.0%)

pT4 N1 2 (3.3%) 39, 69 54.0 2 (100.0%) 2.4 2 (100.0%) 1 (50.0%) 1 (50.0%) 0 (0.0%) 0 (0.0%) 1 (50.0%) 1 (50.0%)

Missing stage 18 (29.5%) 39-84 64.4 12 (66.7%) - 9 (50.0%) 5 (27.8%) 11 (61.1%) 4 (22.2%) 3 (16.7%) 12 (66.7%) 2 (11.1%)

Total 61 (7.52%) 19-84 59.9 48 (78.69%) 4.5 43 (70.49%) 12 (19.67%) 26 (42.62%) 6 (9.83%) 29 (47.54%) 25 (40.98%) 7 (11.47%)

Medulary carcinoma (N = 54)

pT1 N0 2 (3.7%) 37, 52 44.5 2 (100.0%) 0.6 0 (0.0%) 1 (50.0%) 0 (0.0%) 0 (0.0%) 1 (50.0%) 1 (50.0%) 0 (0.0%)

pT1 N1b 5 (9.3%) 16-66 37.4 2 (40.0%) 1.1 2 (40.0%) 2 (40.0%) 3 (60.0%) 4 (80.0%) 1 (20.0%) 3 (60.0%) 1 (20.0%)

pT2 N0 3 (5.6%) 47, 56, 66 56.3 3 (100.0%) 3.4 1 (33.3%) 0 (0.0%) 1 (33.3%) 0 (0.0%) 2 (66.7%) 1 (33.3%) 0 (0.0%)

pT2 N1b 4 (7.4%) 13-61 31.8 4 (100.0%) 3.5 2 (50.0%) 2 (50.0%) 2 (50.0%) 3 (75.0%) 0 (0.0%) 4 (100.0%) 0 (0.0%)

pT3 N1b 10 (18.5%) 8-72 53.8 4 (40.0%) 4.0 5 (50.0%) 0 (0.0%) 8 (80.0%) 10 (100.0%) 0 (0.0%) 9 (90.0%) 1 (10.0%)

pT4a N1b 11 (20.4%) 21-72 42.3 5 (45.5%) 4.5 6 (54.5%) 0 (0.0%) 9 (81.8%) 11 (100.0%) 0 (0.0%) 9 (81.8%) 2 (18.2%)

Missing stage 19 (35.2%) 14-78 41.1 11 (57.9%) - 11 (57.9%) 6 (31.6%) 14 (73.7%) 12 (63.2%) 0 (0.0%) 16 (84.2%) 3 (15.8%)

Total 54 (6.66%) 8-78 43.9 31 (57.40%) 2.9 27 (50.00%) 11 (20.37%) 37 (68.52%) 40 (68.96%) 4 (7.41%) 43 (79.63%) 7 (11.86%)

Poorly differentiated carcinoma (N = 11)

pT2 N0 1 (9.1%) 72 72.0 1 (100.0%) 2.5 0 (0.0%) 1 (100.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 1 (100.0%)

pT2 N1 1 (9.1%) 44 44.0 1 (100.0%) 3.0 1 (100.0%) 1 (100.0%) 1 (100.0%) 1 (100.0%) 0 (0.0%) 0 (0.0%) 1 (100.0%)

pT3 N0 2 (18.2%) 63, 67 65.0 0 (0.0%) 8.4 2 (100.0%) 0 (0.0%) 1 (50.0%) 1 (50.0%) 0 (0.0%) 0 (0.0%) 1 (50.0%)

p T4a N1b 5 (45.5%) 49, 84 60.6 3 (60.0%) 8.7 3 (60.0%) 0 (0.0%) 1 (20.0%) 5 (100.0%) 0 (0.0%) 4 (80.0%) 1 (20.0%)
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Figure 1. Bar graph demonstrating the frequency of each histological 
type of thyroid carcinoma according to the stage. The rates for papillary, 
follicular, medullary, poorly differentiated and anaplastic carcinoma were, 
respectively: 48.0%, 44.6%, 28.6%, 0.0% and 0.0% for stage I; 7.3%, 
21.4%, 6.1%, 10.0% and 0.0% for stage II; 29.2%, 25.0%, 0.0%, 30.0% 
and 0.0% for stage III; 14.4%, 7.1%, 63.3%, 50.0% and 25.0% for stage 
IVa; and 1.1%, 1.8%, 2.0%, 10.0% and 75.0% for stage IVb/IVc.

p Stage N (%)
Age range 

(years)

Mean 
age 

(year)
Female sex

Mean 
diameter 

(cm)
Iodotherapy

Cervical 
recurrence

Distant 
metastasis

Disease 
persistence

Alive
(disease free)

Alive
(with 

disease)
Death

pT4b 1 (9.1%) 72 72.0 1 (100.0%) 6.0 1 (100.0%) 0 (0.0%) 1 (100.0%) 1 (100.0%) 0 (0.0%) 0 (0.0%) 1 (100.0%)

Missing stage 1 (9.1%) 44 44.0 1 (100.0%) - 1 (100.0%) 1 (100.0%) 1 (100.0%) 1 (100.0%) 0 (0.0%) 1 (100.0%) 0 (0.0%)

Total 11 (1.36%) 44-84 59.6 7 (63.64%) 5.7 8 (72.72%) 3 (27.27%) 5 (45.45%) 9 (81.82%) 1 (9.09%) 5 (45.45%) 4 (36.36%)

Anaplastic carcinoma (N = 6)

IV B 2 (33.3%) 66, 74 70.0 1 (50.0%) - 0 (0.0%) 0 (0.0%) 0 (0.0%) 2 (100.0%) 0 (0.0%) 0 (0.0%) 2 (100.0%)

IV C 4 (66.7%) 44-72 57.8 1 (25%) - 3 (75.0%) - 4 (100.0%) 4 (100.0%) 0 (0.0%) 2 (50.0%) 2 (50.0%)

Total 6 (0.74%) 44-74 63.0 2 (33.33%) - 3 (50.00%) 0 (0.00%) 66.67% 6 (100.00%) 0.00% 33.33% 66.67%

Thirty-three patients had simultaneously of their TC 
second primary malignancies. The most common was 
breast cancer in 10 patients, followed by colon cancer 
in 9 patients. Other malignancies diagnosed were 
lymphomas, lung cancer, prostate cancer, endometrial 
cancer and melanoma.

Of the DTC patients, 247 (33.4%) had nodal 
metastasis at presentation, and 44.1% were alive and 
disease free at the last follow-up. 

One hundred sixty-five patients were diagnosed with 
recurrent disease, 74 of whom had distant metastasis. 
Among the patients with distant metastasis, four were 
alive and disease free at the last follow-up, 54 were alive 
with the disease, and 16 had died from the TC. In the 

group of patients who had recurrent disease but did not 
have distant metastasis (91 patients), 63 were alive and 
disease free, 24 were alive with disease, and four were 
deceased (one from an unrelated cause and the others 
from the disease).

Distant metastasis was diagnosed in 125 cases, 92 
after the initial surgical treatment. The lung was the 
most frequent location, seen in 56 patients; 22 had 
lung and bone metastasis; 19 had only bone metastasis; 
13 had lung, liver and bone disease; and three had liver 
and bone metastasis or only liver metastasis. Thirty 
of these patients were treated with radioiodine, 13 
received target therapy or chemotherapy, and four 
received external radiation. 

Anaplastic thyroid cancer was diagnosed in six 
patients, all with persistent disease. Four died from 
the TC between one and 14 months, with a mean of 6 
months. Two were alive at the end of this study, having 
follow-ups of 6 and 13 months. 

Persistence or recurrence was seen in 242 cases 
(29.8%). The mean age at diagnosis among these 
patients was 50.6 years, similar to that of the entire 
group. One hundred forty-two patients had PTC, 34 had 
follicular carcinomas, 50 had medullary carcinomas, and 
16 had poorly differentiated or anaplastic carcinomas. 
Some data related to staging were not available, but 11 
patients had nodal metastasis at diagnosis. 

At the last follow-up, 629 (77,6%) patients were 
alive and disease free, 141 (17.4%) were alive with 
disease, and 41 were deceased, 37 due to causes 
related to the TC. Kaplan-Meier curves (Figure 2) 
identified lower cumulative overall survival for poorly 
differentiated and anaplastic carcinoma in comparison 
with other histological types, and also a progressive 
decrease in disease-free survival in 10-year period for 
papillary, follicular, medullary, poorly differentiated 
and anaplastic carcinoma.
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Figure 2. Kaplan-Meier curves demonstrating the overall survival and disease-free survival for each type of thyroid carcinoma. For overall survival the 
cumulative rate was of 60.3%, 53.2%, 81.3%, 53.0% and 0.0% for, respectively, papillary, follicular, medullary, poorly differentiated and anaplastic 
carcinoma. Considering disease-free survival, the cumulative rate was 52.4%, 17.6%, 25.5%, 18.2% and 0.0% for, respectively, papillary, follicular, 
medullary, poorly differentiated and anaplastic carcinoma.

DISCUSSION

We analyzed a considerable sample of patients who 
had thyroid carcinomas and underwent some type of 
surgical treatment. However, when we stratified our 
patients by histological tumor types and stages, some 
groups become small and insufficient for comparisons 
with statistical relevance. Although most patients had 
differentiated carcinomas of the thyroid, we also had 
cases of medullary carcinomas, poorly differentiated and 
anaplastic carcinomas, and malignancies with widely 
varying biological behaviors, which made it challenging 
to analyze them as a single disease entity. Therefore, 
we prefer to maintain a purely descriptive analysis to 
outline an epidemiological profile of these patients.

An analysis of differentiated tumors shows a 
predominance of female patients, particularly for 
papillary carcinoma. We have a ratio of 4.4 women 
for every man affected by differentiated neoplasms, 
following the proportion observed in the city of São 
Paulo. The same tendency is observed in cases of 
anaplastic/poorly differentiated carcinomas, with 
a ratio of 1.8 women for each affected man. Among 
patients affected by medullary carcinoma, the ratio 
of 1.3 women for every man is less than previously 
reported (4).

In an epidemiological study conducted in São Paulo 
in 2008, it was found that 2.5% of adults with TC were 

lean (BMI < 18.5 kg/m2), 49.9% had a normal weight 
(BMI 18.5 to 24.9 kg/m2), 34.3% were overweight 
(BMI 25 to 29.9 kg/m2), and 13.2% were obese (BMI 
greater than or equal to 30 kg/m2) (5). Although 
the average age of our sample was 50.5 years, it was 
composed of individuals whose diagnoses were made 
between ages 8 and 87 years, and the mean BMI was 
not homogeneous among the different age groups in 
the population, making difficult this analysis. The rate 
of lean patients was calculated to be 2.3%; 30.1% were 
eutrophic, and 67.6% were overweight and obese. 
The growth rates of overweight and obesity in the 
population has been associated with increased incidence 
of different cancers, including thyroid (5,6). Parallel 
curves of growth were observed in these two situations. 
Preliminary studies, however, could not associate high 
levels of body mass with medullary carcinoma (6).

Although the survey was conducted in a public 
hospital that usually treats individuals affected by 
advanced disease, a considerable percentage of our 
patients had early-stage disease, classified as pT1 (303 
differentiated carcinomas staged as pT1N0, 205 of 
which were papillary carcinomas). Many carcinomas 
were characterized as incidentalomas, following the 
current trend (7,8). However, the outcome was not 
always favorable in these patients and included associated 
deaths, as shown in Table 1. Two women diagnosed 
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with papillary carcinoma pT1bN0 at ages 61 and 65 
years died, one due to distant metastasis diagnosed 23 
months after the initial diagnosis and the other due 
to the local recurrence diagnosed 84 months after the 
thyroidectomy. Both had focal capsular invasion and 
underwent radioiodine therapy and external radiation 
therapy as complementary treatments. 

Four women and one man aged 20 to 56 years 
were alive and with disease after receiving treatment for 
papillary thyroid carcinomas pT1N0. Three had distant 
metastases (one with distant metastasis and local disease 
and one with unresectable disease). The follow-up 
periods ranged from 39 to 105 months (66 months on 
average), and recurrences were diagnosed an average of 
30 months after primary treatment.

Among all patients who had papillary carcinoma and 
were staged as pT1, the recurrence rate was estimated 
at approximately 6.5%, similar to that reported by other 
authors (9). We observed, in turn, a cure rate greater 
than 99% in patients with papillary microcarcinomas  
(≤ 1 cm in diameter), with no evidence of regional 
disease at diagnosis, as reported in the literature (10). 
However, papillary carcinomas staged from pT3N1a 
(112 patients) were associated with deaths in 8.9% of 
patients (10 deaths), and 26.8% (30) of the individuals 
were alive and with disease at the end of follow-up. The 
average age of these patients was 56.7 years at diagnosis, 
higher than the average age of 45.4 years among 
those staged as pT1N0/N1, pT2N0/N1, pT3N0. 
Associations with older age (1,11), multifocality (7,10), 
and the presence of lymph node metastases (7,12) 

with advanced stages and prognosis were reported in 
differentiated thyroid carcinoma. Of the 68 patients 
who had differentiated carcinoma and developed 
distant metastases (9.2%), 46 were age 50 years or older 
at the diagnosis of their primary tumors, three of whom 
were less than 20 years old (mean 55.2 years).

The patients with follicular carcinoma followed 
the trend described in the literature (12) regarding an 
older age at diagnosis, compared to papillary carcinoma. 
However, approximately 52% of these patients had 
cancers at stage pT2N0 or upper, as those who had  
papillary carcinomas, contradicting reported findings 
that associated initial diagnosis with advanced stage (12).

Among the 35 patients who could be properly 
staged, those with medullary carcinoma had, at 
diagnosis, an 85% rate of cervical lymph node 
metastases. Studies reported rates from 50-80% (13). 
Among patients with primary tumors staged as pT1, 

this rate was estimated at 64.3%. No patient in this 
group was submitted to prophylactic thyroidectomy 
because of familial disease. All had thyroid cancer 
diagnosed by imaging studies. The persistence rates 
were higher than recurrences diagnosed 6 months 
after normalization of serum calcitonin titles, and only 
three patients who had cervical lymph node metastases 
diagnosed during surgery evolved without biochemical 
evidence of disease (positive rates of serum calcitonin) 
at the end of follow-up, which was also expected (14).

Most cases of poorly differentiated thyroid cancer 
treated at ICESP are not eligible for surgical treatment 
at the time of their presentation. This series included 
only the ones that were submitted to some kind of 
surgical treatment and therefore cannot represent all 
poorly differentiated thyroid cancer. So we could not 
attempt to establish prognostic and outcome data. 
Amongst the eleven poorly differentiated cases, we had 
a persistence of disease after surgery above 80%, and 
mortality of 35%. Of the four patients that died from 
the disease, three had distant metastasis. Reports on this 
specific topic are not very frequent and there is some 
inconsistency in the inclusion of anaplastic carcinoma 
in the same analysis of poorly differentiated, making it 
hard to establish really reliable data (15).

In the six patients with anaplastic carcinomas, 
we observed the highest average age at diagnosis by 
histologic type (63 years) and the highest mortality rates 
(66.7%), as also observed by other authors (16,17). It 
is important to note that the two patients still alive were 
followed up with at 6 and 13 months and will likely 
evolve with the same outcome. The aggressiveness 
of this cancer, often associated with poor prognosis 
surgical and non-resectability, is well known (16,17). 
Three patients in this group also had some form of 
non-surgical cancer treatment but without success. 
The poorly differentiated carcinoma is considered an 
intermediate step between differentiated carcinomas 
and anaplastic, and despite its aggressiveness, therapeutic 
control rates are better as also observed (17).

Excluding patients who received their diagnoses 
previously at other hospitals, our patients were followed 
for an insufficient period of time for prognostic 
comparison, however the Kaplan-Meier curves 
demonstrated visually this fact. The final status “alive 
without disease” should be interpreted with caution 
due to the relatively short follow-up time. However, 
our study documented well the cases with distant 
metastases, recurrence and active disease. 
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The proportions observed regarding the 
histological types are compatible with those described 
for thyroid carcinoma (16,18,19). We reported 
91% of differentiated tumors (83.7% of papillary 
carcinomas) in contrast with the rate of 72% reported 
in an epidemiological study of patients from São Paulo 
(18). However, our sample should not be considered a 
representation of the population.

In a descriptive study, we traced a broad profile 
of individuals admitted to our service for surgical 
treatments for TC. The observed endpoints follow 
known standards of prognosis for each histological type 
analyzed. Our plans include continuous updates.

Disclosure: no potential conflict of interest relevant to this article 
was reported.
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Experience with pegvisomant 
treatment in acromegaly in a 
single Brazilian tertiary reference 
center: efficacy, safety and 
predictors of response 

Leandro Kasuki1,2,3, Evelyn de Oliveira Machado1, Liana Lumi Ogino2, Maria 
Caroline Alves Coelho1,4,5, Cintia Marques dos Santos Silva1, Luiz Eduardo 
Armondi Wildemberg1,2, Carlos Henrique Azeredo Lima2, Mônica R. Gadelha1,2

ABSTRACT
Objective: To describe the safety and efficacy of pegvisomant therapy and the predictors of treatment 
response in acromegaly patients at a single tertiary reference center in Brazil. Materials and 
methods: We retrospectively reviewed the clinical, hormonal and radiological data of acromegaly 
patients treated with pegvisomant in our center. We also evaluated the presence of the d3 isoform of 
the growth hormone receptor (d3GHR). Results: Twenty-seven patients were included (17 women). 
Pegvisomant was used in combination with octreotide LAR in 20 patients (74%), in combination with 
cabergoline in one (4%) and as monotherapy in six (22%). IGF-I normalization was achieved in 23 
patients (85%). Mild and transitory elevation of liver enzymes was observed in two patients (7.4%), 
tumor growth in one (3.4%) and lipodystrophy in two (7.4%). One patient stopped the drug due to 
headaches. The GHR isoforms were evaluated in 14 patients, and the presence of at least one d3GHR 
allele was observed in 43% of them, but it was not a predictor of treatment response. Only pre-
treatment IGF-I level was a predictor of treatment response. Conclusion: Pegvisomant treatment was 
highly effective and safe in our series of Brazilian patients. A better chance of disease control can be 
expected in those with lower pre-pegvisomant IGF-I levels. Arch Endocrinol Metab. 2016;60(5):479-85

Keywords
Acromegaly; pegvisomant; growth hormone isoform

INTRODUCTION

A cromegaly is a rare disease resulting from 
hypersecretion of growth hormone (GH) and as 

a consequence of insulin like growth factor-I (IGF-I), 
which in most cases is caused by a GH-secreting 
pituitary adenoma (1). Uncontrolled acromegaly is 
associated with increased morbidity and mortality 
(2,3). Surgery is the primary treatment in most cases, 
but approximately half of the patients will not be cured 
by the surgical procedure and therefore will need 
adjuvant medical therapy (4,5). 

Three drug classes are currently available for 
acromegaly therapy: somatostatin analogues (SA), 
dopamine agonists (DA) and GH receptor (GHR) 

antagonists (4,6). Somatostatin analogues are 
considered the first option of medical treatment in 
the majority of patients, but prospective randomized 
studies show control rates of 20-40% for patients 
with first-generation SA (4,7-11). Pasireotide LAR, a 
next-generation SA (not yet approved for acromegaly 
treatment in Brazil), allows disease control in a higher 
percentage of patients and is effective in approximately 
15% of those patients not controlled by first-generation 
SA with the dose of 40 mg and in 20% of the patients 
with the dose of 60 mg (12,13). The efficacy of 
cabergoline as monotherapy has not been evaluated 
in prospective studies, but normalization of IGF-I was 
reported in 34% of the patients in a meta-analysis of 
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the literature, but can be as low as 10% in more recent 
studies, therefore, it is reserved for those patients with 
mildly elevated GH and IGF-I levels (4,14-16). The 
efficacy of other DA, like bromocriptine, is probably 
lower than that of cabergoline (4). These two drug 
classes (SA and DA) act on somatotropinoma through 
binding to its receptors (17,18). 

Pegvisomant is the only drug in the GHR antagonist 
class and acts by binding to the GHR without 
triggering its intracellular pathways (19). It can be used 
in monotherapy or in combination therapy with SA, in 
this case with greater efficacy. Normalization of IGF-I 
levels was achieved in more than 90% of the patients 
in the initial clinical trials and in 63.2% of the patients 
in the last update report of the Acrostudy (20-22). 
Therefore, it is the most effective drug in controlling 
IGF-I levels in acromegaly. 

There are no robust predictors of the response to 
pegvisomant treatment, although pre-treatment GH 
and IGF-I levels, gender, body mass index, fat mass, 
presence of type 2 diabetes mellitus (DM), age and 
previous radiotherapy can influence the chance of 
disease control (23,24). Additionally, some studies 
evaluated the GHR polymorphisms as a possible cause 
of a lower response to the drug, with conflicting results 
regarding whether patients who present the exon-3 
deleted GHR (d3GHR) had a better response to 
pegvisomant (25-28). 

Although an important tool for the management 
of acromegaly, pegvisomant treatment has never been 
described in a Brazilian multiethnic population, likely 
due to the limited availability of the drug in Brazil, 
considering that the treatment is not reimbursed by the 
Brazilian government. Therefore, the aim of this study 
was to describe the safety and efficacy of pegvisomant 
therapy and predictors of the treatment response in 
acromegaly patients at a single tertiary reference center 
in Brazil.

MATERIALS AND METHODS

Study population

We retrospectively reviewed the databank of acromegaly 
patients treated at the endocrinology outpatient clinic 
of the Hospital Universitário Clementino Fraga Filho 
(HUCFF), Universidade Federal do Rio de Janeiro 
(UFRJ) and selected those who were treated with 
pegvisomant for at least three months. 

The diagnosis of acromegaly was made according 
to clinical and laboratory features, including increased 
serum IGF-I levels, according to the age and lack of 
GH suppression to less than 1.0 µg/L during the 
75 g oral glucose tolerance test (4). Sellar magnetic 
resonance imaging revealed a pituitary adenoma in all 
of the patients. 

Clinical, hormonal, radiological and treatment data

We collected the following data: age, sex, GH and 
IGF-I levels and tumor size at diagnosis and at the 
beginning of pegvisomant treatment, previous surgery 
and/or radiotherapy, previous acromegaly treatment, 
concomitant acromegaly treatment, duration of 
pegvisomant treatment and maximal pegvisomant dose. 

Safety data

We reviewed data of the MRI and liver enzymes before 
and during pegvisomant treatment. We also reviewed 
the possible other side effects related to the drug such 
as lipodystrophy. 

Treatment protocol

For all patients who are treated with pegvisomant in 
the endocrinology outpatient clinic of HUCFF/UFRJ, 
a pituitary MRI is obtained immediately before the 
beginning of the treatment, and GH and IGF-I levels, 
liver enzymes (alanine aminotransferase and aspartate 
aminotransferase) and glucose levels are measured. 
Pegvisomant is started at a dose of 10 mg/day, and the 
dose is increased by 5 mg in consecutive increments 
every month of treatment until normal age-matched 
IGF-I levels are obtained (4). Somatostatin analogues 
are maintained if there is a biochemical (at least 20% of 
GH and/or IGF-I reduction) and/or tumor response 
(tumor stabilization or reduction > 20%) with the drug. 
In the absence of a response to SA, pegvisomant is 
started as a monotherapy. The dosage of the previous 
SA treatment is not changed when combination therapy 
with pegvisomant is initiated. In those patients with 
concomitant SA treatment and good control with low 
dose pegvisomant (10 mg/day), a weekly dose of 60 mg 
is implemented with a subsequent reduction to the 
minimal weekly dose, which is sufficient to maintain the 
IGF-I levels in the mid-range of the normal reference 
for appropriate age. For safety reasons, liver enzymes 
are measured monthly for the first six months and 
then each three months for six months and biannually 
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thereafter. The pituitary MRI is repeated after six 
months of treatment and then annually. Efficacy was 
evaluated considering the last visit IGF-I level. 

Hormone assays

Plasma GH levels were measured by a chemiluminescence 
assay kit (IMMULITE 2000; DPC – Diagnostic 
Products Corp., Inc., Los Angeles, CA, USA). The 
inter- and intra-assay coefficients of variation (CV) were 
6.0 and 5.8%, respectively. The International Reference 
Preparation (IRP) for GH was 98/574. The plasma 
IGF-I levels were measured by a chemiluminescence 
assay kit (IMMULITE 2000; DPC). The inter- and 
intra-assay CV were 6.6 and 3.6%, respectively (29). 
The IRP for IGF-I was 87/518. The IGF-I level was 
expressed as a percentage of the ULNR. 

Growth hormone receptor genotyping

The DNA was extracted from blood leukocytes with 
the Gentra Puregene Blood Kit (Qiagen, Valencia, CA, 
USA) according to the manufacturer’s protocol, and 
genotyping of GHR polymorphisms was conducted as 
follows:

A polymerase chain reaction (PCR) was 
performed with the following primers: one sense (G1: 
5’-TGTGCTGGTCTGTTGGTCTG-3’) and two 
antisenses (G2: 5’-AGTCGTTCCTGGGACAGAGA-3’ 
and G3: 5’-CCTGGATTAACACTTTGCAGACTC-3’) 
[GenBank: AF 155912]. Briefly, the PCR was 
conducted in a 25 μL reaction mix using Hotstar Taq 
DNA polymerase (Qiagen) with denaturation at 94 °C 
for 5 min, followed by 35 cycles of 94 °C for 30 sec, 
60 °C for 30 sec, and 72 °C for 90 sec, and a final 
extension phase at 72 °C for 7 min. Then, the reaction 
products were run with ethidium bromide-stained 2% 
agarose gel electrophoresis. A full-length GHR allele 
(flGHR) was shown by the presence of two bands of 
approximately 935 bp. In the presence of the genomic 
deletion of exon 3 (d3GHR), a 532-bp band was 
formed.

Statistical analysis

The statistical analyses were performed using SPSS 
version 20.0 for MacOS (SPSS Inc., Chicago, IL). 
For the descriptive analysis, categorical variables were 
expressed as the percentage and frequency, and the 
numerical variables were expressed as the mean ± DP 
or median (min – max) according to the distribution 

of the sample. The difference between the IGF-I levels 
before and after pegvisomant therapy was evaluated 
by the Wilcoxon test. The Spearman test was used 
for correlations. A p-value < 0.05 was considered 
statistically significant.

RESULTS

Characterization of the study population

Clinical, biochemical and previous treatment 
characteristics

A total of 27 patients [17 women (63%)] were enrolled 
in the study. The mean age at diagnosis was 41.3 ± 16.7 
years. Twenty-one patients (78%) were submitted to 
surgery and 11 to radiotherapy (41%). A macroadenoma 
was observed during diagnosis in 25 patients (93%). 
Median GH and IGF-I levels during diagnosis were 
14.2 µg/L (3.4 – 252.0) and 295% ULNR (157 – 
671), respectively. Twelve patients (44%) presented 
diabetes mellitus before pegvisomant treatment. 

Octreotide LAR treatment was attempted before 
pegvisomant in 26 patients (96%). It was the primary 
therapy in 6 patients: two patients presented high 
surgical risk and four patients presented tumors that 
were mainly located in the cavernous sinus. The 
maximal dose was 30 mg every 28 days in 16 patients 
and 40 mg every 28 days in 10 patients. The association 
of cabergoline to octreotide LAR treatment was also 
attempted in 21 of the 27 patients (78%). 

Pegvisomant treatment 

Efficacy

The median GH and IGF-I levels before pegvisomant 
treatment were 3.7 µg/L (0.8 – 209.0) and 212% 
ULNR (132 – 637), respectively. Pegvisomant was 
used in combination with octreotide LAR in 20 
patients (74%) and in combination with cabergoline 
in one patient (4%). The dose of octreotide LAR was 
20 mg in one patient and 30 mg in the remaining 
19 patients during combination therapy. The dose of 
cabergoline was 3.0 mg/week in the only patient who 
used cabergoline in association with pegvisomant. In 
six patients, pegvisomant was used as single treatment. 
The median treatment duration was 15 months (3 – 
69 months), and the median pegvisomant dose was 10 
mg/day [6 (40 mg/week) – 30 mg/day]. 
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Acromegaly control (normalization of IGF-I) was 
obtained in 23 patients (85%). The normalization 
of IGF-I was obtained in five out of six patients in 
monotherapy (83%) and in 18 out of 21 patients (86%) 
in combination therapy. In three patients, a transition 
to a weekly dose of PEG was possible (ranging from 
40 – 70 mg/week) with maintenance of normal IGF-I 
levels. The median IGF-I levels after treatment were 
76% ULNR (47 – 308). The IGF-I levels presented a 
median reduction of 66% (0 – 82) from pre-treatment 
values. The median dose of pegvisomant was 10 
mg/day (6 – 20 mg/day) in the controlled patients, 
whereas it was 22.5 mg/day (10 – 30 mg/day) in the 
uncontrolled patients. 

Predictors of response

There was no difference in the age (at diagnosis or at 
the moment of pegvisomant initiation), sex, frequency 
of previous radiotherapy or GH or IGF-I levels at 
diagnosis between patients who were controlled and 
those who were not after pegvisomant treatment (Table 1). 

The median GH level before pegvisomant treatment 
was 2.8 µg/L (0.7 – 17.3) in those patients controlled 
after treatment, whereas it was 6.5 µg/L (2.6 – 209.0) 
in non-controlled patients, although the difference did 
not reach statistical significance (p = 0.095). The pre-
treatment median IGF-I levels were lower in those patients 
controlled after pegvisomant treatment than in those not 
controlled after treatment [208% ULNR (132 – 390) vs. 
559% ULNR (214 – 637), p = 0.004] (Table 1).  

There was no correlation between the age at 
diagnosis, pre-treatment GH or IGF-I levels with the 
percentage of IGF-I reduction after treatment. 

Growth hormone receptor polymorphisms were 
studied in 14 patients. The flGHR was observed in both 

Table 1. Comparison of clinical, biochemical and treatment characteristics between patients controlled or not during pegvisomant treatment

Variable Controlled Not controlled p-value

Age at diagnosis (years) 36 (20 – 75) 41 (28 – 82) 0.576

Age at the moment of PEG initiation 47 (24 – 84) 49 (36 – 86) 0.705

Female sex (%) 39 25 1.000

Previous radiotherapy (%) 43 25 0.624

GH levels at diagnosis (μg/L) 10.6 (3.4 – 198.0) 35.2 (15.8 – 252.0) 0.145

IGF-I levels at diagnosis (%ULNR) 300 (157 – 671) 295 (182 – 322) 0.635

GH levels pre-PEG (μg/L) 2.8 (0.7 – 17.3) 6.5 (2.6 – 209.0) 0.095

IGF-I levels pre-PEG (%ULNR) 208 (132 – 390) 559 (214 – 637) 0.004

% ULNR: percentage of the upper limit of normal range.

alleles in eight patients (57%). Two patients (14%) were 
homozygous and four patients (29%) was heterozygous 
for the d3GHR allele. There was no difference in age, 
GH or IGF-I levels before pegvisomant treatment 
or in the percentage of IGF-I reduction between 
homozygous flGHR patients and those who were not. 
Additionally, there was no difference in the frequency 
of IGF-I normalization between patients homozygous 
for the flGHR and those who were not. 

Safety

Tumor enlargement was observed in one patient 
(3.7%), but tumor growth continued despite 
withdrawal of pegvisomant (Figure 1). This was a 
young patient with an aggressive tumor since diagnosis 
(the tumor presented a Ki-67 labeling index of 4.0% 
and a p53 of 6.0%). The patient was submitted to 
surgery and treated with octreotide LAR 30 mg 
every 4 weeks before pegvisomant treatment. She was 
then treated with a combination therapy (octreotide 
LAR + pegvisomant), and after tumor enlargement, 
pegvisomant was withdrawn, but the tumor continued 
to grow. The patient was submitted to another surgery 
and radiotherapy with IGF-I normalization. 

Elevated liver enzymes were observed in two 
patients (7.4%) but were mild (1.5 and 2.3x the 
ULNR), transient (two and five months) and reverted 
despite pegvisomant maintenance. Both patients were 
in combination treatment with pegvisomant and 
octreotide LAR. No patient presented liver failure or 
required drug withdrawal due to hepatic side effects. 

Lipohypertrophy was observed in two patients 
(7.4%); both were non-controlled with pegvisomant 
therapy and reversed after reeducation regarding the 
importance of the rotation of the drug injection sites. 



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

483

Pegvisomant treatment in Brazilian acromegaly patients

Arch Endocrinol Metab. 2016;60/5

One patient presented a headache that was 
possibly related to the drug, as it ceased when the 
drug was stopped and recurred when pegvisomant 
was reintroduced, which led to the suspension of 
the treatment. This patient was being treated with 
pegvisomant as monotherapy and was the only patient 
in whom the drug was withdrawn due to a drug-related 
side effect.  

No other drug-related side effects were observed. 

DISCUSSION

We demonstrated that pegvisomant treatment is 
effective and safe for the first time in a cohort of Brazilian 
acromegaly patients to accompany descriptions in 
other populations. Additionally, we explored possible 
predictors of the treatment response, and only pre-
treatment IGF-I levels were predictive of disease control 
with pegvisomant. 

Acromegaly is associated with enhanced mortality 
and a high morbidity when normalization of GH and 
IGF-I levels is not achieved (2). Although surgery and 
tumor-directed drugs (SA and DA) permit disease 
control in the majority of patients, there are some cases 

Figure 1. Sellar magnetic resonance imaging (T1 weighted after 
gadolinium enhancement) showing the growth of a residual tumor located 
mainly in the right cavernous sinus during pegvisomant treatment, that 
was sustained after drug withdrawal: (A) at diagnosis; (B) before 
pegvisomant treatment; (C) during pegvisomant treatment; (D) six months 
after pegvisomant withdrawal.

that require additional treatments (4,30). In our series, 
the majority of patients (78%) were submitted to surgery, 
and all but one patient was treated with first-generation 
SA, with association with cabergoline tried in 78%. No 
patient received pasireotide LAR. Radiotherapy was 
administered to 41% of the patients. However, despite 
all of these treatments, they maintained elevated GH 
and IGF-I levels. 

Pegvisomant is highly effective in normalizing IGF-I 
levels, even in patients resistant to other treatments 
(30), and this was confirmed in our series with a high 
percentage (85%) of disease control. Our results are 
closer to the data reported in the initial clinical trials 
with pegvisomant monotherapy and those from series 
of other tertiary centers than to the data reported in 
the last update of the Acrostudy (20-22,31,32). One 
of the possible reasons for a lower control rate in the 
Acrostudy is the clinical inertia (22). As the databank 
accepts inclusions from many centers, there are probably 
some centers with less experience in treating acromegaly 
and therefore in adjusting treatment to attain the goals 
of disease control. Because we are a tertiary reference 
center, drug escalation and the pursuit to obtain disease 
control is probably more intensive (22). Another 
possible explanation is the higher number of patients 
treated with a combination of pegvisomant and SA 
(74%) than that observed in the Acrostudy (37%), as 
the reported control rates with combination therapy 
can be as high as 97% in other studies (33,34). It is also 
important to highlight that in the Acrostudy, IGF-I 
normalization was recorded on annual bases, therefore 
it can provide lower control rates than studies assessing 
normalization of IGF-I at the last patient visit or at any 
time during follow-up.  

The safety profile of the drug in our patients 
was also similar to what is reported the literature 
(22) with only mild elevations of liver enzymes and 
lipohypertrophy. Only one patient presented tumor 
growth during treatment, but this patient harbored an 
aggressive tumor that continued to grow after the drug 
was withdrawn. There were no cases of serious adverse 
effects that required suspension of the drug. 

There are few studies in the literature addressing 
predictors of response to pegvisomant treatment 
(23,24). One of the possible predictors is the presence 
of the d3GHR isoform of the GHR. Two initial 
studies, including 19 and 44 patients, described that 
in the presence of the d3GHR isoform, a lower dose 
of pegvisomant and a shorter treatment was necessary 
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to obtain normalization of IGF-I levels. However, 
Filopanti and cols. (27) in a larger multicenter study 
(111 patients) did not find a difference in the response 
rates to pegvisomant treatment between those patients 
presenting d3GHR or the flGHR. Additionally, Franck 
and cols. (28) recently described no difference in 
the response rates during combination therapy with 
pegvisomant and SA in patients presenting the different 
isoforms of GHR. Our results are in accordance with 
these larger studies in the literature; we also found no 
difference in the treatment response rates. 

The only predictor of response in our series was 
the pre-pegvisomant IGF-I level. Although pre-
pegvisomant GH levels were lower in those patients 
controlled after pegvisomant treatment than in the non-
controlled patients, the difference was not statistically 
significant (p = 0.095). As we mentioned, we also did 
not find a difference in the control rate in the presence 
of the d3GHR isoform. However, considering the 
number of patients in our series, a type II error cannot 
be excluded. 

In conclusion, treatment with pegvisomant was 
highly effective and safe in our series of Brazilian 
patients as previously reported in other populations. 
A better chance of disease control can be expected in 
those with lower pre-pegvisomant IGF-I levels, and no 
difference was observed in the presence or absence of 
the d3GHR isoform. 

Disclosure: MRG has received unrestricted research grants and 
speaker fees from Novartis, Ipsen and Pfizer and has participated 
on advisory boards of Novartis and Ipsen. The other authors have 
nothing to disclose.
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Age related endocrine patterns 
observed in polycystic ovary 
syndrome patients vs. ovulatory 
controls: descriptive data from a 
university based infertility center

Batool Hossein Rashidi1, Mansoureh Gorginzadeh1, 
Soroush Aalipour1, Eric Scott Sills2,3

ABSTRACT
Objective: To compare serum anti-Müllerian hormone (AMH) and other endocrine parameters between 
patients diagnosed with polycystic ovary syndrome (PCOS) and age-matched ovulatory women. 
Materials and methods: AMH, DHEAS, FSH, LH, PRL, TSH and total testosterone (TT) were prospectively 
measured in oligo-ovulatory PCOS patients (n = 595) and in ovulatory non-PCOS women (n = 157) 
referred to a tertiary infertility center. Mean BMI was similar across the two study populations and there 
were no smokers in the sample. Patients in both groups were further classified into three categories by 
age: < 25 yrs, 25-34 yrs, and ≥ 35 yrs. Selected clinical and demographic characteristics were tabulated 
for each group. Results: Serum AMH was significantly higher among PCOS patients compared to non-
PCOS controls in the non-stratified sample (7.54 ± 5.8 vs. 2.49 ± 2.0 ng/mL, respectively; p < 0.0001), 
while serum FSH, DHEAS, TSH and prolactin were similar for both groups (p > 0.05). As expected, mean 
(total) testosterone levels were notably different between PCOS vs. non-PCOS controls (0.84 ± 0.76 
vs. 0.43 ± 0.38 ng/mL, respectively; p < 0.001), and mean AMH level was significantly lower in the 
oldest age category (> 35 yrs) compared to both younger control groups (p < 0.0001). Both DHEAS and 
total testosterone decreased with age among PCOS patients, although mean serum DHEAS for women 
age > 35 yrs was significantly lower than DHEAS measured in younger women with PCOS (p < 0.02). 
For PCOS patients, AMH remained relatively stable irrespective of age. Conclusion: Although AMH 
can serve as a satisfactory marker of ovarian reserve, for PCOS patients the expected decline in AMH 
associated with reproductive aging appears attenuated despite ovarian senescence. In contrast, mean 
DHEAS levels were markedly lower among older PCOS women (> 35 yrs) compared to younger PCOS 
patients. Arch Endocrinol Metab. 2016;60(5):486-91
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INTRODUCTION

Since the introduction of anti-Müllerian hormone 
(AMH) as a method of estimating ovarian reserve, 

its measurement in the setting of the advanced 
reproductive technologies has received considerable 
attention. As a proxy marker for ovarian granulosa cell 
activity (or antral follicle count), serum AMH has also 
proven useful in prediction of poor responders and 
ovarian hyperstimulation syndrome (OHSS) in IVF 
cycles (1,2). The association between AMH and the 
pathogenesis of polycystic ovary syndrome (PCOS) 
dates from 1997, when AMH was first measured in 
serum and follicular fluid of women with PCOS and 
tubal factor infertility undergoing IVF (3). Given the 

multicystic ovarian stroma commonly present in PCOS, 
it is not surprising that relatively higher serum AMH 
levels in PCOS patients compared to age- and weight-
matched ovulatory (i.e., non-PCOS) controls have been 
observed, suggesting its potential use as a diagnostic tool 
for PCOS. Accordingly, several threshold AMH values 
for PCOS (based on measurements among varied age 
and ethnic groups) have been proposed. Of note, serum 
AMH has been considered as a substitute for antral 
follicle count as articulated by the Rotterdam diagnostic 
criteria for PCOS (4-12) although this has not been 
widely used perhaps due to the lack of a universally 
standardized AMH serum assay (13).

Serum AMH measurements may help differentiate 
between polycystic ovary morphology (PCOM) and 
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PCOS; it has been suggested that PCOM (once regarded 
as a normal variant of ovarian morphology) actually 
represents a precursor to the full manifestation of PCOS 
(14). As phenotypic features and endocrine profiles of 
PCOS patients can change over time (15), the classic 
pattern of hyperandrogenism and oligo-ovulation may 
not necessarily be present in older patients. Accordingly, 
the Rotterdam criteria may not be suited for all women 
with PCOS and the application of an age adjusted 
criteria would be useful (16). The current investigation 
reports on serum AMH levels and other endocrine 
parameters observed among PCOS women referred for 
reproductive endocrinology evaluation at our center, 
and contrasts these findings with normal ovulatory 
(non-PCOS) patients evaluated at the same institution. 

MATERIALS AND METHODS  
This prospective, observational matched-cohort study 
assessed all referrals to the reproductive endocrinology 
clinic of the Vali-e-Asr Research Center in Tehran, Iran 
between March 2014 and April 2015. Approval from the 
Tehran University of Medical Sciences human subjects 
research panel was obtained before study launch, and all 
participants provided written informed consent at entry. 
To enroll patients in the PCOS group, the Rotterdam 
criteria (16) were used to screen for affected women. 
Patients with a diagnosis of cancer (gynecologic or 
non-gynecologic), psychiatric illness, neurologic 
disease, diabetes, chronic pelvic pain, endometriosis 
or a debilitating medical condition were excluded. 
Women greater than age fifty were also not included 
in this analysis. Basic demographic characteristics 
were retrieved from our medical records database and 
tabulated with each patient’s test results for serum FSH, 
LH, PRL, AMH, DHEAS, TSH, testosterone, as well 
as hemoglobin and hematocrit. Hormone and peptide 
levels were determined by standard radioimmunoassay 
in accordance with manufacturer guidelines (Abbott 
Laboratories S.A.; Dubai, UAE). For this investigation, 
a total of 752 subjects were evaluated from a single 
institution during the 14 month study interval and 
were further classified into three categories by age: < 25 
yrs, 25-34 yrs, and ≥ 35 yrs. 

Statistical analysis

Data were analyzed using student’s t-test, Chi-square, 
or one-way ANOVA as appropriate. Threshold 
values for AMH and LH as predictors of PCOS were 
determined from a receiver operating characteristic 

(ROC) curve. Correlation and logistic regression 
analyses were performed to assess associations between 
clinical and demographic parameters.

RESULTS

During the 14 month study interval, a total of 
3,512 unique patient encounters were registered 
at our institution; patients meeting standard PCOS 
criteria accounted for 595 of these visits (16.9%) 
and all volunteered for study enrollment. Clinical 
and demographic data from these individuals were 
compared with findings from healthy, ovulatory (non-
PCOS) controls evaluated during the same interval (n = 
157). Patient age distribution for those who enrolled in 
this study is presented in Figure 1. Mean ± SD age for 
PCOS patients was significantly lower than for control 
patients during the study period (26.9 ± 4.6 vs. 29.9 
± 5.9 yrs; p = 0.12), although mean BMI was similar 
in the two groups (p > 0.05). Perhaps not surprisingly 
given this age difference, mean ± SD AMH level was 
7.54 ± 5.78 ng/mL for women with PCOS and was 
2.49 ± 4.45 ng/mL among non-PCOS controls (p < 
0.001). A summary of values measured for all study 
parameters for patients in both groups is given in Table 1.

Using these data, ROC curves were developed to 
evaluate the diagnostic capacity of AMH for PCOS as a 
function of age (Figure 2). In our population the AUC 
of AMH levels was 0.826 (95% CI = 0.780-0.872) and 
the optimal AMH threshold (diagnostic cut-off) level 
was determined to be 3.77 ng/mL, yielding 72.8% 
sensitivity and 78.4% specificity. Indeed, serum AMH 
had higher sensitivity and specificity for the diagnosis of 
PCOS compared to serum LH. Of note, we observed 
a significant correlation between serum AMH and LH 
measurements in the non-PCOS group (Figure 3). 

Figure 1. Number and percent distribution of study patients (PCOS, dark 
grey; non-PCOS, light grey) by age classification (CI 95%) encountered 
during the 14 month research interval.
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Table 1. Summary of clinical features and laboratory data for 752 women enrolled during the 14-month study interval

PCOS non-PCOS P1

n 595 157

Age (yrs) 26.94 ± 4.57 29.96 ± 5.91 < 0.001b

BMI (kg/m2) 22.27 ± 4.91 25.83 ± 4.45 0.118

Infertility duration (yrs) 4.62 ± 3.58 5.92 ± 4.86 0.002

Cycle duration (d) 45.74 ± 22.55 31.55 ± 7.61 < 0.001

AMH (ng/mL) 7.54 ± 5.78 2.49 ± 1.96 < 0.001

FSH (IU/L) 6.00 ± 3.14 6.29 ± 3.28 0.236

LH (IU/L) 9.03 ± 6.91 4.41 ± 2.67 < 0.001

DHEAS (μg/dL) 139.69 ± 87.8 117.56 ± 82.9 0.581

Testosterone – total (ng/mL) 0.84 ± 0.76 0.43 ± 0.37 < 0.001

Prolactin (ng/mL) 14.75 ± 11.79 15.25 ± 11.4 0.803

TSH (IU/L) 2.48 ± 1.72 2.16 ± 1.54 0.082

Hemoglobin (g/dL) 13.13 ± 1.21 12.92 ± 1.0 0.053

Hematocrit (%) 39.71 ± 3.16 39.39 ± 2.75 0.310

All data reported as mean ± SD. 1 by Student’s t-test.

Figure 2. Receiver operating characteristic (ROC) curves for serum AMH (dark grey) and LH (light grey) calculated from levels measured in a referred 
population of infertility patients stratified by age, where Y axis = sensitivity, X axis = specificity.
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Figure 3. Correlation analysis for serum AMH and LH levels measured during a 14-month study period among study patients (n = 752). For PCOS and 
control patients, R2 linear = 0.011 and 0.069, respectively (by Pearson’s r ).

40.00

30.00

20.00

10.00

.00

.00 10.00 20.00 30.00 40.00 .00 5.00 10.00

LH

15.00 20.00

10.00

8.00

6.00

4.00

2.00

.00

LH

AM
H

LH

PCOS
r = 0.104; p = 0.19

PCOS
r =  0.263; p =  0.001



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

489

Endocrine variations in PCOS

Arch Endocrinol Metab. 2016;60/5

Serum AMH levels for both patient groups were next 
stratified into three levels, < 2 ng/mL, between 2-5 ng/mL, 
and > 5 ng/mL, and evaluated. This classification revealed 
that most patients in the PCOS group had the highest 
serum AMH measurements, and patients in the control 
group (non-PCOS) had the lowest. Patients were further 
partitioned into three age categories (< 25, 25-34, ≥ 35 
yrs) and Figure 4 summarizes this distribution.

While serum AMH levels varied inversely with patient 
age, this downward trend was significant only among non-
PCOS patients in our sample (Figure 5). Mean serum 
AMH level for patients age ≥ 35 yrs in the non-PCOS 
group was significantly lower than for those younger 
than age 25 yrs (p < 0.001) and those between age 25-35 
yrs (p = 0.002). Moreover, a significant linear correlation 
was observed between serum AMH and age among non-
PCOS control patients (r = -0.303; p < 0.001). There 
was also a significant difference between mean serum 
total testosterone levels for women in the PCOS group 
and the non-PCOS group (0.84 ± 0.76 vs. 0.43 ± 0.38 

ng/mL, respectively; p < 0.001). The difference was 
not significant for serum DHEAS, however (p = 0.581). 
For PCOS women, mean serum levels for both DHEAS 
and total testosterone declined with age, although the 
difference between age groups was not significant for total 
testosterone (p = 0.316). Mean serum DHEAS level for 
women age > 35 was significantly lower than for among 
those < 25 yrs and those between age 25-35 yrs (p = 
0.003 and 0.02, respectively). For non-PCOS (control) 
patients, mean total testosterone tended to decrease with 
age, although this reduction was not significant between 
any two age categories (p = 0.155). There were also no 
important differences in DHEAS levels when any two 
age groups were compared (p = 0.322). Thus despite the 
apparent downward trends, the observed values for these 
two androgens did not change significantly with aging. 
While we noted a significant correlation between serum 
testosterone level and hemoglobin concentrations in the 
non-PCOS group, this correlation was not significant for 
the PCOS group. 

Figure 4. Serum AMH levels prospectively measured in patients with PCOS (n = 595) and non-PCOS controls (n = 157) stratified by age during a 14 
month clinical study period (CI 95%).

Figure 5. Age-related changes in serum AMH (ng/mL) as measured prospectively in infertility patients (n = 752) attending for assessment during a 14 
month study period. While longitudinal declines in AMH were measured in both populations, this change was significant only in the non-PCOS control group.
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To evaluate the relation between BMI and AMH, 
we categorized study subjects into two groups: those 
with BMI < 25 kg/m2 and those with BMI ≥ 25 
kg/m2. Mean serum concentrations of serum AMH 
along with total testosterone and DHEAS were not 
significantly different for these two BMI classes in 
the PCOS group (p > 0.70). Likewise, there was no 
significant correlation between serum AMH and BMI 
in this group (r = -0.125; p = 0.123). However, for 
study subjects in the non-PCOS group, BMI > 25 
was associated with significantly higher serum total 
testosterone (0.49 ± 0.46 vs. 0.34 ± 0.22 ng/mL; p 
= 0.039). This association was not observed for serum 
DHEAS or AMH in our study population.

DISCUSSION

This investigation aimed to provide additional data 
on PCOS and contribute an improved understanding 
to the process of how serum AMH changes with 
increasing age in PCOS. Such an effort would seem 
relevant as AMH has been suggested as a marker 
useful in the diagnosis of PCOS (14). Although 
PCOS is the most common hormonal disorder among 
reproductive age women (17), is the leading cause 
for anovulatory/oligoovulatory infertility (18), and 
has the potential for serious long-term health effects 
(19,20), there remains no universal agreement on how 
the condition is diagnosed (21). Thus, clarification of 
serum AMH and its longitudinal patterns could assist 
clinicians in the evaluation of patients suspected of 
having PCOS. Indeed, thus far there has been no place 
for the possible impact of age in the current diagnostic 
criteria for PCOS. This circumstance prevails even 
though the clinical and biochemical presentations of 
PCOS are known to change over time, as patient age 
increases (15).

Considering the relatively high prevalence of PCOS 
in south-East Asian populations (22) coupled with the 
increased incidence of infertility patients of advanced 
maternal age (15), the central objective of this research 
was to report on observed variations in AMH levels 
as a function of aging, both in PCOS and non-PCOS 
patients. Our findings offer additional support for a 
significant inverse correlation between AMH and age in 
healthy, ovulatory women, expected as ovarian reserve 
diminishes with the process of normal reproductive 
aging (1,2). However, the fact that this decrease was not 
observed among women with PCOS represents a novel 

finding. In other words, mean levels of serum AMH 
did not significantly diminish even as reproductive 
aging progressed. This observation was in contrast 
to DHEAS levels, which did significantly decrease in 
older patients. Consequently, as proposed previously 
(15) serum AMH might provide improved diagnostic 
accuracy compared to traditional Rotterdam criteria. 
Our data suggests this may be particularly useful for 
older (i.e., > 35 yrs) PCOS women, as this approach 
could offer superior capacity compared to standard 
serum total testosterone and DHEAS measurements 
(15,16). 

One of the challenges of prospective clinical research 
investigation is the inability to control for specific 
demographic and clinical features of the patients 
who present during the study interval. At our facility, 
the mean age of the PCOS patients was significantly 
different than the age of the control (non-PCOS) 
group, which represents a limitation of our study. 
However, this issue was addressed by the partitioning 
of these two patient groups into three standard age 
classes, and permitted the development of a serum 
AMH threshold level useful in assessing PCOS in this 
referral population in Iran. This study could have been 
strengthened by a more detailed tabulation of each 
PCOS patient’s clinical presentation with respect to the 
Rotterdam criteria, although this was beyond the scope 
of our investigation.

Our results, based on observations from > 750 
infertile women referred to a tertiary infertility 
unit here, show how serum AMH could be a useful 
parameter in the diagnosis of PCOS. Of note, the 
proposed diagnostic “breakpoint” value for AMH at 
3.77 ng/mL calculated from our clinical population is 
intermediate to those reported earlier by Sahmay and 
cols. (3.8 ng/mL) and Wiweko and cols. (4.45 ng/mL) 
(4,5). In contrast with results published by Kriseman 
and cols. (23), BMI was not significantly associated 
with serum AMH levels in our PCOS population. One 
possible explanation for this finding is that our PCOS 
patients were younger and leaner compared to other 
PCOS populations, or perhaps the impact of age exerts 
a greater effect than does BMI on AMH. While this 
evaluation explores some of the constellation of possible 
ramifying factors which influence serum AMH, more 
studies on large and diverse populations will be needed. 

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



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

491

Endocrine variations in PCOS

Arch Endocrinol Metab. 2016;60/5

REFERENCES 
1. Seifer DB, MacLaughlin DT. Mullerian inhibiting substance is an 

ovarian growth factor of emerging clinical significance. Fertil 
Steril. 2007;88(3):539-46.

2. De vet A, Laven JS, De Jong FH, Themmen AP, Fauser BC. 
Antimullerian hormone serum levels: a putative marker for 
ovarian ageing. Fertil Steril. 2002;77:357-62.

3. Fallat ME, Siow Y, Marra M, Cook C, Carillo A. Mullerian inhibiting 
substance in follicular fluid and serum: a comparison of patients 
with tubal factor infertility, polycystic ovary syndrome, and 
endometriosis. Fertil Steril. 1997;67:962-5.

4. Sahmay S, Aydin Y, Oncul M, Sentark LM. Diagnosis of polycystic 
ovary syndrome: AMH in combination with clinical symptoms. J 
Assist Reprod Genet. 2014;31:213-220.

5. Wiweko B, Maidarti M, Priangga MD, Shafira N, Fernando D, 
Sumapraja K, et al. Anti-mullerian hormone as a diagnostic 
and prognostic tool for PCOS patients. J Assist Reprod Genet. 
2014;31(10):1311-6.

6. Hwang YI, Sung NY, Koo HS, Cha SH, Park CW, Kim JY, et al. Can 
high serum anti-Müllerian hormone levels predict the phenotypes 
of polycystic ovary syndrome (PCOS) and metabolic disturbances 
in PCOS patients? Clin Exp Reprod Med. 2013;40(3):135-40.

7. Chun S. Serum luteinizing hormone level and luteinizing 
hormone/follicle stimulating hormone ratio but not serum anti-
Müllerian hormone level is related to ovarian volume in Korean 
women with polycystic ovary syndrome. Clin Exp Reprod Med. 
2014;41(2):86-91.

8. Bhide P, Dilgil M, Gudi A, Shah A, Akwaa C, Homburg R. Each 
small antral follicle in ovaries of women with polycystic ovary 
syndrome produces more anti-müllerian hormone than its 
counterpart in a normal ovary: an observational cross-sectional 
study. Fertil Steril. 2015;103(2):537-41.

9. Leonhardt H, Hellström M, Gull B, Lind AK, Nilsson L, Janson 
PO, et al. Ovarian morphology assessed by magnetic resonance 
imaging in women with and without polycystic ovary syndrome 
and associations with anti-müllerian hormone, free testosterone, 
and glucose disposal rate. Fertil Steril. 2014;101(6):1747-56.

10. Alebis5 MŠ, Stojanovic% N, Duhamel A, Dewailly D. The phenotypic 
diversity in per-follicle anti-Müllerian hormone production in 
polycystic ovary syndrome. Hum Reprod. 2015;30(8):1927-33. 

11. Casadei L, Madrigale A, Puca F, Manicuti C, Emidi E, Piccione E, 
et al. The role of serum anti-Müllerian hormone (AMH) in the 
hormonal diagnosis of polycystic ovary syndrome. Gynecol 
Endocrinol. 2013;29(6):545-50.

12. Dewailly D, Alebis5 MŠ, Duhamel A, Stojanovic% N. Using cluster 
analysis to identify a homogeneous subpopulation of women 

with polycystic ovarian morphology in a population of non-
hyperandrogenic women with regular menstrual cycles. Hum 
Reprod. 2014;29(11):2536-43.

13. Marron KD, Sills ES, Cummins PL, Harrity C, Walsh DJ, Walsh 
APH. Impact of pre-mixing AMH serum samples with standard 
assay buffer: ovarian reserve estimations and implications for 
clinical IVF providers. J Reprod Endocrinol Infertil. 2016;2:10.

14. Homburg R, Ray A, Bhide P, Gudi A, Shah A, Timms P, et al. The 
relationship of serum anti-Mullerian hormone with polycystic 
ovarian morphology and polycystic ovary syndrome: a 
prospective cohort study. Hum Reprod. 2013;28(4):1077-83.

15. Kushnir VA, Halevy N, Barad DH, Albertini DF, Gleicher N. Relative 
importance of AMH and androgen changes with aging among 
non-obese women with polycystic ovary syndrome. J Ovarian 
Res. 2015;8(1):45.

16. Lauritsen MP, Bentzen JG, Pinborg A, Loft A, Forman JL, Thuesen 
LL, et al. The prevalence of polycystic ovary syndrome in a 
normal population according to the Rotterdam criteria versus 
revised criteria including anti-Mullerian hormone. Hum Reprod. 
2014;29(4):791-801.

17. Cronin L, Guyatt G, Griffith L, Wong E, Azziz R, Futterweit W, et 
al. Development of a health related quality of life questionnaire 
for women with polycystic ovary syndrome (PCOS). J Clin 
Endocrinol Metab. 1998;83(6):1976-87.

18. Hull MGR. Epidemiology of infertility and polycystic ovarian 
disease: endocrinological and demographic studies. Gynecol 
Endocrinol. 1987;1(3):235-45.

19. Solomon CG, Hu FB, Willett WC, et al. History of irregular 
menstrual cycles and risk for coronary heart disease [abstract 
#107920]. 73rd Annual Scientific Session, American Heart 
Association, 1999.

20. Kelly CJ, Connell JM, Cameron IT, Gould GW, Lyell H. The long 
term health consequences of polycystic ovary syndrome. BJOG. 
2000;107:1327-38.

21. Sills ES, Perloe M, Tucker MJ, Kaplan CR, Genton MG, Schattman 
GL. Diagnostic and treatment characteristics of polycystic ovary 
syndrome: descriptive measurements of patient perception and 
awareness from 657 confidential self-reports. BMC Womens 
Health. 2001;1(1):3.

22. Bhide P, Gudi A, Shah A, Homburg R. Serum anti-Mullerian 
hormone levels across different ethnic groups: a cross-sectional 
study. BJOG. 2015;122(12):1625-9.

23. Kriseman M, Mills C, Kovanci E, Sangi-Haghpeykar H, Gibbons W. 
Anti-mullerian hormone levels are inversely associated with body 
mass index (BMI) in women with polycystic ovary syndrome. J 
Assist Reprod Genet. 2015;32(9):1313-6.



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

492

original article

Arch Endocrinol Metab. 2016;60/5

1 Department of Head and 
Neck Surgery, Zhejiang Cancer 
Hospital, 38 Guangji Road, 
Hangzhou, 310022, China

Correspondence to:
MingHua Ge
Department of Head and Neck 
Surgery, Zhejiang Cancer Hospital,  
38 Guangji Road, Hangzhou,  
310022, China
gemh@zjcc.org.cn

Received on Jan/4/2016
Accepted on Aug/10/2016

DOI: 10.1590/2359-3997000000218

Risk factors analyses for lateral 
lymph node metastases in 
papillary thyroid carcinomas: a 
retrospective study of 356 patients
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JiaFeng Wang1, ChuanMing Zheng1

ABSTRACT
Objective: The aim of this study was to investigate the incidence and risk factors for lateral lymph 
node metastasis (LLNM) in patients with papillary thyroid carcinoma (PTC). Subjects and methods: 
356 patients diagnosed with PTC who underwent total thyroidectomy and central lymph node dis-
section and lateral lymph node dissection between January 2005 and December 2011 were enrolled. 
The relation between LLNM and clinicopathological features such as gender, age, tumor size, tumor 
spread, psammoma bodies, tumor multifocality, extrathyroidal extension (ETE), unilateral or bilateral 
disease, tumor primary location and central lymph node metastases (CLNM) was analyzed. Results: 
The rate of LLNM was 75.0%. In the univariate analysis, it was significantly associated with age, 
tumor size, tumor spread, extrathyroidal extension, primary tumor location and central lymph node 
metastasis (p < 0.05). In contrast, in the multivariate analysis, it was significantly associated with pri-
mary tumor location, central lymph node metastasis (p < 0.05) and tumor size > 1.5 cm with p = 0.05 
but was unrelated to the other factors. Conclusion: Patients with PTC, with the primary tumor located 
in the upper part of the lobe and positive central compartment lymph node metastasis with a tumor 
size > 1.5 cm diameter are more likely to have LLNM. Therefore, more meticulous evaluations includ-
ing the lateral lymph nodes should be performed before surgery. Arch Endocrinol Metab. 2016;60(5):492-9

Keywords
Papillary thyroid carcinoma; lateral lymph node metastasis; central lymph node metastasis; extrathyroidal extension; risk 
factors

INTRODUCTION

T he incidence of thyroid carcinoma is increasing by 
4% per year. Papillary thyroid carcinoma (PTC) 

accounts for approximately 80% of all thyroid cancers 
and 1% of all human malignancies (1). It is the most likely 
of all thyroid malignancies to metastasize to the cervical 
lymph nodes, with 18%-90% of patients developing 
metastasis to the cervical region, and it is associated 
with a higher rate of locoregional recurrence and 
distance metastasis (2-4). Despite the high metastasis 
rate, PTC still has an excellent prognosis as an indolent 
disease (5). Growing evidence suggests that lymph 
node metastasis adversely affects survival, particularly 
in older patients with large tumors and extrathyroidal 
extensions (6). In addition, the risk of regional recurrence 
is higher in patients with cervical lymph node metastasis, 
especially in those with more than 10 involved nodes 
and extracapsular extensions (7).

Generally, the cervical lymph node metastasis 
of PTC was found to occur first in the central 
compartment (level VI) and then spread to the lateral 
compartment of the neck (8). New evidence from 
a large-scale nested case-controlled study suggests 
that patients with lymph node metastasis experience 
a higher mortality, and incomplete surgical excision 
is an important reason for the increased mortality in 
patients with stage I PTC (6). Therefore, in spite of the 
controversy over treatment, current guidelines propose 
prophylactic ipsilateral central compartment dissection 
for patients with PTC (9).

Prophylactic lateral neck dissection is not generally 
recommended (9). There is a general consensus that 
if there is any certain evidence for lateral lymph node 
metastasis in the preoperative evaluation for PTC based 
on physical examination findings, imaging, cytology, 
or intraoperative assessment, then a therapeutic lateral 
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neck dissection should be performed (9). However, the 
extent of therapeutic lateral neck dissection remains 
controversial. Overall, there is no evidence to prove 
which approach is most appropriate for the management 
of lateral compartment lymph node metastasis, 
although most specialists believe that “berry-picking” 
should be avoided for the initial therapeutic lateral neck 
dissection, and a compartment-oriented en-bloc lateral 
neck dissection should be advocated (9,10).

The aim of this study was to investigate the incidence 
and risk factors of lateral lymph node metastasis in PTC 
with preoperative suspicious cN+. We retrospectively 
reviewed clinical data from patients in our hospital 
treated with a systematic, therapeutic lateral neck 
dissection. 

SUBJECTS AND METHODS

We retrospectively reviewed the clinical records of 356 
patients with PTC who underwent total thyroidectomy 
and central lymph node dissection and lateral lymph 
node dissection if the preoperative evaluation suggested 
lateral node metastasis. The enrolled patients were 
treated between January 2005 and December 2011 
and received the first treatment in the Department of 
Head and Neck Surgery, Zhejiang Cancer Hospital. All 
the patients were diagnosed with PTC with LLNM by 
general pathological examination in the Department 
of Pathology, Zhejiang Cancer Hospital. Patients with 
other types of thyroid malignancy or with tumors in the 
isthmus were excluded. Patients with a history of neck 
surgery for other diseases or radiation exposure were 
excluded. 

All procedures and studies involving human 
participants were in accordance with the ethical 
standards of the institutional and/or national research 
committee and the 1964 Helsinki Declaration and its 
later amendments or comparable ethical standards. This 
study was approved by the Institutional Review Board 
of Zhejiang Cancer Hospital (No. IRB-2015-245), and 
for this type of study, formal consent is not required.

All the patients underwent physical examination 
(PE), thyroid gland and neck lymph node ultrasonic 
examination (US), and neck and thorax contracted 
computer tomography (CT). Fine needle aspiration 
cytology was not systematically performed in our 
hospital at time of the study. The criteria for metastasis 

requiring US were as follows: round shape (long/
short ratio < 2), micro-calcification, cystic change, 
hyperechogenicity and heterogeneous inner structure 
(11). The criteria for CT were as follows: enhancement, 
heterogeneous, cystic or necrotic change and round 
shape. The size criteria for both US and CT were based 
on an upper limit of 15 mm for the nodal diameter 
of the normal long axis in cases of jugulodigastric and 
submandibular nodes and 10 mm for all other cervical 
nodes except for level VI (12). 

The initial surgical procedure was either a bilateral 
procedure (near-total or total thyroidectomy) or a 
unilateral procedure (lobectomy) plus bilateral or 
ipsilateral central compartment dissection according to 
the ATA guidelines (9). Lateral lymph node dissection 
was performed if the patients satisfied at least one 
of the selection criteria, for example if there was a 
positive or suspicious radiographic finding in the lateral 
lymph nodes and multiple metastatic lateral lymph 
nodes were identified from the frozen biopsy. In this 
study, all patients underwent therapeutic lateral neck 
dissection that included levels II to V (13); level I was 
dissected only if there were radiography, cytopathology, 
or intraoperative findings suggestive of metastatic 
cancer, and no patient in this study underwent a level 
I dissection. 

The clinical data were retrospectively analyzed 
with respect to gender, age, tumor size, tumor spread, 
presence of psammoma bodies, tumor multifocality, 
extrathyroidal extension (ETE), primary tumor 
location, central lymph node metastases, and lateral 
lymph node metastases. When multiple lesions were 
found in the specimen, the largest tumor or the most 
suspicious dominant nodule was analyzed. 

Statistical analysis

Statistics analysis was performed using Statistical 
Package for Social Sciences (SPSS, Inc., Chicago, IL, 
USA). Univariate analysis was performed using the chi-
square test and Fisher’s exact test for categorical data. 
Non-parametric data with continuous variables were 
compared by the Mann–Whitney U test. Multivariate 
logistic regression analysis was performed to assess 
independent associations of LLNM with all factors 
found to be significant by univariate analysis, with 
adjustment for various established clinicopathological 
features. The results are presented as ORs with 95% 
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confidence intervals and P values. Any P value less than 
0.05 was considered statistically significant.

RESULTS

In this study, 356 patients were enrolled. Among all 
patients, 278 patients were diagnosed with unilateral 
PTC and 78 patients with bilateral PTC. There were 
89 males and 267 females with a male: female ratio of 
1: 3. The age of the patients ranged from 12 to 85 
years with a median age of 44.80 years. The tumor 
diameters ranged from 0.1 cm to 6.0 cm with a 
median diameter of 1.5 cm (Table 1). In this study, 
344 patients underwent total thyroidectomy with 
bilateral or ipsilateral central compartment dissection 
plus ipsilateral lateral lymph node dissection, and 12 
patients underwent total thyroidectomy with bilateral 
central compartment dissection plus bilateral lateral 
lymph node dissection.

The clinicopathological features of the 356 
patients enrolled in this study are shown in 
Table 1. Approximately, 75.0% (267/356) of patients 
demonstrated LLNM. Twelve patients underwent 
bilateral neck dissection in one operation, and 10 
patients had bilateral lateral lymph node metastasis. 
There were 247 patients with CLNM (69.4%). 
In the LLNM positive group, 45 (16.9% within 
LLNM) patients were without CLNM and had skip 
metastasis.

In the univariate analysis, LLNM was significantly 
associated with age, tumor size, tumor spread, ETE, 
primary tumor location and central lymph node 
metastasis (p < 0.05), and no significant association 
was found between LLNM and gender, presence of 
psammoma bodies, multifocality, and unilateral or 
bilateral lesions (p > 0.05) (Table 2). 

In this study, the clinicopathological features of 
age, size and primary tumor location, were divided 
into categories as follows: Age ≤ 45 vs. > 45 years, 
tumor size ≤ 1.5 cm vs. > 1.5 cm, and tumor location 
superior versus elsewhere. With these categories, the 
patients were regrouped for further binary logistic 
regression analysis. The LLNM rate was higher for 
patients with age ≤ 45 y, larger tumor size, ETE, 
superior tumor location and positive CLNM. However, 
in the multivariate analysis, LLNM were significantly 
associated with primary tumor location, central lymph 
node metastasis (p < 0.05) and tumor size > 1.5 cm, 
with p = 0.05 (Table 3). 

Table 1. Patient demographics and tumor characteristics of 356 enrolled 
patients

Characteristics Number of patients Percentage (%)

Gender

Female 267 75.00

Male 89 25.00

Age (y)

≤ 25 30 8.43

25-35 74 20.79

35-45 102 28.65

45-55 86 24.16

55-65 43 12.08

> 65 21 5.90

Age (45y)

≤ 45y 206 57.87

> 45y 150 42.13

Size (cm)

≤ 0.5 37 10.39

0.5-1 83 23.31

1-1.5 69 19.38

1.5-2 54 15.17

> 2 113 31.74

Size (1.5 cm)

≤ 1.5 189 53.09

> 1.5 167 46.91

Tumor spread

Absent 283 79.49

Present 73 20.51

Psammoma bodies

Absent 343 96.35

Present 13 3.65

Multifocality

1 303 85.11

> 2 53 14.89

ETE

Absent 244 68.54

Present 112 31.46

Unilateral or bilateral

Unilateral 278 78.09

Bilateral 78 21.91

Primary location

Superior 128 35.96

Middle 125 35.11

Inferior 58 16.29

Whole 45 12.64

Location superior

Superior 128 35.96

Rest 228 64.04

CLNM

Absent 109 30.62

Present 247 69.38

LLNM

Absent 89 25.00

Present 267 75.00

ETE: extrathyroid extension; CLNM: central lymph node metastases; LLNM: lateral lymph node 
metastasis.
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Table 2. Relationship between clinical and histological features of lateral 
lymph node metastasis (univariate analysis result)

Characteristics LLNM 
negative

LLNM 
positive

Percentage 
(%) Total p

Gender

Female 70 197 73.78 267
0.359

Male 19 70 78.65 89

Age (y)

≤ 25 2 28 93.33 30

0.002*

25-35 15 59 79.73 74

35-45 25 77 75.49 102

45-55 25 61 70.93 86

55-65 13 30 69.77 43

> 65 9 12 57.14 21

Age (45y)

≤ 45y 42 164 79.61 206
0.019*

> 45y 47 103 68.67 150

Size (cm)

≤ 0.5 20 17 45.95 37

0.000*

0.5-1 27 56 67.47 83

1-1.5 16 53 76.81 69

1.5-2 11 43 79.63 54

> 2 15 98 86.73 113

Size (1.5 cm)

≤ 1.5 63 126 66.67 189
0.000*

> 1.5 26 141 84.43 167

Tumor spread

Absent 81 202 71.38 283
0.003*

Present 8 65 89.04 73

Psammoma bodies

Absent 87 256 74.64 343
0.422

Present 2 11 84.62 13

Multifocality

1 77 226 74.59 303
0.668

> 2 12 41 77.36 53

ETE

Absent 76 168 68.85 244
0.000*

Present 13 99 88.39 112

Unilateral or bilateral

Unilateral 71 207 74.46 278
0.657

Bilateral 18 60 76.92 78

Primary location

Superior 9 119 92.97 128

0.001*
Middle 42 83 66.40 125

Inferior 33 25 43.10 58

Whole 5 40 88.89 45

Location superior

Superior 9 119 92.97 128
0.000*

Rest 80 148 64.91 228

CLNM

Absent 64 45 41.28 109
0.000*

Present 25 222 89.88 247

* Symbol for p < 0.05 in the univariate analysis. ETE: extrathyroid extension; CLNM: central 
lymph node metastases; LLNM: lateral lymph node metastasis.

Table 3. Multivariate logistic regression analysis for the identification of 
predictive factors for lateral lymph node metastasis

Predictive factors OR
95% CI OR

p
Lower Upper

Size (≤ 1.5 cm versus > 1.5 cm) 2.062 1.000 4.249 0.050

Location (superior versus rest) 0.079 0.033 0.188 0.000

CLNM (absent versus present) 12.391 6.315 24.312 0.000

Only predictive factors from the multivariate logistic regression model. OR: odds ratio;  
CI: confidence interval.

DISCUSSION

PTC is the major histopathology type of thyroid 
carcinoma and originates from thyroid follicular cells. 
Generally, it has a favorable long-term outcome, with 
a 10-year survival rate higher than 97% as an indolent 
disease (14). However, this type of cancer frequently 
metastasizes to lymph nodes (2-4). The pattern of 
lymphatic spread from the thyroid is relatively consistent, 
and the spread of lymph node metastasis in PTC takes 
place in a stepwise fashion. Cervical lymph node 
metastasis in PTC involves the central compartment 
first, followed by the ipsilateral lateral compartment 
and then the contralateral lateral compartment and the 
mediastinal lymph node (8), and recurrence is most 
likely to occur in the cervical lymph nodes (15). A study 
of the Surveillance, Epidemiology, and End Results 
database (SEER) found, among 9904 patients with 
PTC, that LNM was one of the significant predictive 
factors for poor outcome on multivariate analysis 
(9,16,17). Therefore, special attention should be paid 
to PTC patients with LNM, and the preoperative 
detection of LNM is important for reducing recurrence 
and improving prognosis (18,19). 

The ATA guidelines advocate compartment-
oriented en-bloc lateral neck dissection in patients 
with clinical LLNM, but offer no recommendation 
concerning which nodal levels should be dissected (9). 
A formal modified radical neck dissection including 
levels I, II, III, IV and V is usually not necessary in 
PTC patients with lateral compartment lymph node 
metastases because of the rarity of metastatic nodes 
at level I. Several authors have reported that PTC 
metastasis is generally present at levels II through V 
in lateral compartment neck metastasis, with level III 
or IV nodes consistently the most frequently involved, 
and comprehensive neck dissection including levels II 
to V is necessary for complete clearance of lateral neck 
metastasis (3). Level I dissection was excluded in the 
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routine procedure; we performed level I dissection 
only with clinically apparent lymph nodes in level I, for 
example with a cytopathologically positive node, and 
because no patient had level I positive cytopathology, 
no patient underwent level I dissection. In this study, 
all the patients underwent a formal modified radical 
neck dissection including levels II (IIa and IIb), III, IV 
and V (Va and Vb) (13).

The cervical lymph node was involved in 
approximately 18%-90% of patients with PTC (2-4,6). 
The central compartment lymph node is the most 
common site of metastasis in PTC, and most patients 
with lateral compartment lymph node metastasis also 
have central compartment lymph node metastasis (20). 
However, 69.4% of patients in this study had CLNM, 
and 75% of patients had LLNM, which is consistent 
with results of previous studies, and 45 patients had skip 
metastasis (16.9% and 12.6% within the LLNM positive 
group and among all patients, respectively). In this 
study, all of the patients were suspiciously cN+, which 
included radiographic, cytopathologic, or intraoperative 
findings suggestive of metastases, so therapeutic lateral 
neck dissection was performed, which could explain 
why the metastasis rate of the lateral compartment 
was higher than that of the central compartment. 
In this study, 25% of patients did not have LLNM. 
All the patients underwent PE, US and contrast CT 
examination preoperatively, but fine needle aspiration 
examination was not systematically performed in our 
hospital at time of the study. When a palpable lateral 
lymph node is considered a metastatic lymph node, 
the false positive and false negative rate are both in the 
range of 20%-30% (21). Using US as a preoperative 
diagnostic tool for determining lateral lymph node 
status, the false positive rate becomes 1.9% and the 
false negative rate becomes 2.9% (22). However, US 
is overly operator-dependent and cannot be reviewed 
by one radiologist retrospectively. There are many US 
operators with different diagnostic experience and 
different US-clinical pathologic coincidence rates in our 
institute. In Kim’s report (23), the overall sensitivity, 
specificity, accuracy, positive predictive value, and 
negative predictive values for CT were 62%, 93%, 81%, 
84%, and 80%, respectively. When US was combined 
with CT, these values were 66%, 88%, 79%,77%, and 
81%, respectively. Therefore, the US/CT combination 
was superior to US alone in detection of metastatic 
lymph nodes in lateral neck levels, as suggested by 
other studies (23). In this research, if there were any 

suspicious radiographic findings (CT or US), the neck 
dissection could be conducted with or without a fine 
needle aspiration examination; 54 patients underwent 
FNA examination of lateral lymph nodes (15.2%), and 
50 patients had a positive result and demonstrated 
LLNM in the final pathological examination (18.7%). 
Only 4 patients had an FNA examination with a 
uncertain result such as dysplasia or blood components 
in the non-LLNM group (4.5%), which could explain 
why 25% of patients did not have LLNM. A lateral 
neck dissection was unnecessary for those patients. 
Therefore, an exhaustive evaluation of the lateral lymph 
nodes might be necessary prior to surgery, and some 
aggressive treatment could be avoided.

The frequency of skip metastasis in PTC is 
approximately 2%-38% (24,25). In our study, the skip 
metastasis rate was similar to that of previous studies. 
Because lymph nodes in the lateral compartment of the 
neck can have metastasis even without central cervical 
lymph node involvement, the presence of lateral 
compartment lymph node metastasis should be fully 
examined by ultrasonography or radiography before 
surgery even if patients are found to have no central 
cervical lymph node metastasis during follow-up.

In this study, the positive central compartment 
lymph node metastasis group had a higher risk of lateral 
lymph node metastasis than did the negative group (p = 
0.000, OR = 12.391, 95% CI 6.315-24.312, Table 3), 
which is in agreement with the results of most previous 
studies (26,27). The presence of CLNM warrants 
greater attention in LLN following thyroidectomy and 
CLN dissection. LLNM is associated with high rates 
of recurrence and distant metastasis and should be 
managed more aggressively when it is suspicious (28). 
Therefore, given the higher risk of LLN involvement, 
lateral compartment dissection might be considered a 
choice for these CLNM positive patients or for those 
with no less than 2 CLNM (29). In addition, if a 
lateral dissection is not performed for these patients, 
special inspection of the LLNs may be recommended 
during follow-up, and radioiodine may also be needed. 
Therefore, for those pathologically proven CLNM-
negative PTC patients, a “wait and see” policy for LLN 
is probably adequate. 

The upper part of the thyroid lobe (upper location) 
was an independent predictive factor for lateral LNM  
(p = 0.000, OR = 0.079, 95% CI 0.033-0.188, Table 3), 
which was similar to the results of other reports (27). 
This result may be explained by the hypothesis that 
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the carcinoma cells from the upper region are more 
likely to be transported to the lateral lymph nodes 
by lymphatic flow along the superior thyroid artery 
(30,31). Therefore, if the primary tumor is located 
in the upper part of the thyroid lobe, more careful 
assessment should be performed before surgery. 

Tumor size was an important prognostic feature 
of lateral lymph node metastasis (4,26). In this study, 
in the univariate analyses (Table 2), the rate of LNM 
increased obviously with the increase of the primary 
tumor size in a certain range, and the LNM rate 
was significantly higher in the group with Φ > 1.5 
cm compared to those with Φ ≤ 1.5 cm (𝑃 < 0.000, 
Table 2), indicating that the primary tumor size is a 
significant factor associated with lateral compartment 
lymph node metastasis. However, the multivariate 
analyses did not show a strong association between the 
primary tumor size and lateral compartment lymph 
node metastasis, with p = 0.05. It may be difficult to 
use this numerical result in clinical practice. At same 
time, even if the size were small, more invasive cancers 
tend to have more lymph node metastasis. Since all of 
these tumor characteristics can be confirmed in the 
pathological diagnosis only after surgery, it may be 
quite difficult to know these data before the surgery 
procedure. Therefore, careful preoperative evaluation 
must be performed to confirm the presence of lateral 
cervical lymph node metastasis and to decide on the 
extent of the surgery.

It has been shown in several studies that males 
were more susceptible to PTC. Glattre and Kravdal 
considered that there was a significant correlation 
between the incidence of PTC and the estrogen level in 
women, whereas male patients were more vulnerable to 
unhealthy lifestyles and harmful environmental factors, 
such as smoking and drinking (32). In our study, in 
the univariate and multivariate analyses, there was no 
significant difference in the rate of LLNM between 
males and females (p > 0.05, Tables 2 and 3). Many 
staging or prognosis rating systems list age as one of 
the predictive factors of PTC prognosis (33). Our study 
shows a similar result; in the univariate analysis, the rate 
of LLNM metastasis in the age group ≤ 45 years was 
significantly higher than in the age group > 45 years 
(𝑃 < 0.01) (Table 2), and the age group ≤ 25 years had 
93.33% LLNM, suggesting that PTC patients younger 
than 45 years may be more susceptible to LLNM. 
However, in the multivariate analysis, there was no 
association between age and LLNM. 

In Ito’s report, massive extrathyroid extension 
was recognized as an independent prognostic factor 
for relapse-free survival (P = 0.0003), and minimal 
extension was not (34,35). Massive extrathyroidal 
extension has been reported as an important risk factor 
for CLNM and LLNM, and it has a negative effect on 
survival rate. In this study, the LLNM rate significantly 
increased with extrathyroidal extension in the univariate 
analysis (p = 0.000, Table 2). However, in multivariate 
analysis, extrathyroidal extension as a risk factor did 
not demonstrate a significant association with the 
LLNM rate (p = 0.094, Table 3), perhaps because the 
extrathyroid extension was not massive enough. 

Multifocality and bilaterality of the tumor was 
not significantly associated with lateral lymph node 
metastasis in the univariate and multivariate analysis in 
this study. In Lin’s report, it is important to distinguish 
between two types of multifocal tumors: multifocal-
independent primary tumors and tumors with an 
intrathyroid metastases-like tumor spread in the 
thyroid gland; the latter was frequently associated with 
lateral lymph node metastases (36). In the univariate 
analysis, tumor spread was significantly associated 
with LLNM, with p = 0.003 (Table 2), but not in 
the multivariate analysis (p = 0.105, Table 3). This 
difference was possibly caused by the study limitations 
of an inadequately large sample size and a single-center 
research design.

There were several potential limitations to this 
study. Lee suggested that the number of positive central 
lymph nodes is significantly associated with tumor size, 
and patients with ≥ 3 positive central lymph nodes are 
more likely to have extrathyroidal extension (28). Our 
study only investigated lateral lymph node metastasis; 
we did not provide data on other clinicopathological 
features or long-term follow-up results, such as 
disease recurrence, postoperative radioiodine studies, 
thyroglobulin levels, thyroid stimulating hormone 
levels, and disease-free survival. We are currently 
collecting full clinicopathological data and long-term 
follow-up results for a consecutive report that could be 
used to improve clinical practice.

In conclusion, patients with PTC, with the primary 
tumor located in the upper part of the thyroid lobe, 
with positive central compartment lymph node 
metastasis and with tumor size > 1.5 cm in diameter, are 
more likely to have lateral lymph node metastasis, and 
careful preoperative evaluation should be performed 
before surgery. The other clinicopathological features, 
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such as age, tumor spread, and ETE, demonstrated 
significant differences in the univariate analysis, but not 
in the multivariate analysis, perhaps due to the small 
sample size and single-center limitations. Therefore, 
larger multicenter and long-term follow-up studies are 
needed to better answer questions regarding the impact 
of these metastases on prognosis and survival.
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Long-term follow-up of a female with 
congenital adrenal hyperplasia due 
to P450-oxidoreductase deficiency
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SUMMARY
P450 oxidoreductase deficiency (PORD) is a variant of congenital adrenal hyperplasia that is caused 
by POR gene mutations. The POR gene encodes a flavor protein that transfers electrons from 
nicotinamide adenine dinucleotide phosphate (NADPH) to all microsomal cytochrome P450 type II 
(including 21-hydroxylase, 17α-hydroxylase 17,20 lyase and aromatase), which is fundamental for their 
enzymatic activity. POR mutations cause variable impairments in steroidogenic enzyme activities that 
result in wide phenotypic variability ranging from 46,XX or 46,XY disorders of sexual differentiation, 
glucocorticoid deficiency, with or without skeletal malformations similar to Antley-Bixler syndrome to 
asymptomatic newborns diagnosed during neonatal screening test. Little is known about the PORD 
long-term evolution. We described a 46,XX patient with mild atypical genitalia associated with severe 
bone malformation, who was diagnosed after 13 years due to sexual infantilism. She developed 
large ovarian cysts and late onset adrenal insufficiency during follow-up, both of each regressed after 
hormone replacement therapies. We also described a late surgical approach for the correction of facial 
hypoplasia in a POR patient. Arch Endocrinol Metab. 2016;60(5):500-4

INTRODUCTION

C ongenital adrenal hyperplasia (CAH) comprises 
a group of autosomal recessive diseases that 

affect the synthesis of cortisol. Most CAH result from 
mutations in a single gene, which encodes a single 
steroidogenic enzyme. A new CAH variant due to 
mutations in the gene encoding the protein P450 
oxidoreductase (POR), which is an electron donor 
to all the microsomal P450 enzymes type II, was first 
described in 2004 (1,2).

P450 oxidoreductase deficiency (PORD) 
causes partial and combined impairment of the key 
enzymes involved in steroidogenesis: P450c17(17α-
hydroxylase/17,20 lyase), P450c21 (21-hydroxylase) 
and P450aro (aromatase). However, each enzyme may 
be differently compromised in a same patient (3,4). This 
variability in enzymatic impairments produces a wide 
phenotypic spectrum of clinical manifestations ranging 
from atypical genitalia in both sexes, adrenocortical 

insufficiency associated or not to bone malformations, to 
laboratory abnormalities in the neonatal screening test 
of asymptomatic newborns (1,4-8). A late onset form 
has also been reported in 46,XX patients with primary 
amenorrhea and polycystic ovarian morphology (1).

The ambiguous genitalia in both sexes is quite 
peculiar in PORD. Boys usually have incomplete 
external genitalia virilization due to impairment of 
17,20 lyase activity, which decreases the testicular 
synthesis of androgens. In contrast, girls often have 
prenatal external genitalia virilization without postnatal 
hyperandrogenism. There are two hypotheses to 
justify this virilization in females. First, decreased 
placental P450c19 activity, which jeopardizes the 
conversion of fetal androgen precursors to estrogens. 
However, the 17,20-lyase activity is often impaired, 
which compromises the synthesis of fetal androgenic 
precursors by the classical pathway. Consequently, the 
most accepted hypothesis is the androgen production 



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

501

Management of P450 oxidoreductase deficiency

Arch Endocrinol Metab. 2016;60/5

by an alternative pathway during fetal life, called the 
“backdoor pathway”, in which enzymes, such as 
SRD5A1 and AKR1C, convert 17OH-progesterone to 
dihydrotestosterone (DHT) (2,6,9).

It is expected that patients of both sexes will develop 
a collapse in the production of sex steroids during 
follow up because of the commitment impairments of 
P450c17 activity and P450c19 in women. However, 
there is only one report in the literature that describes 
the long-term evolution of seven patients who developed 
hypergonadotropic hypogonadism. In females, there 
were incomplete pubertal development and large 
ovarian cysts prone to spontaneous rupture (10). 

Patients with PORD may also exhibit bone defects 
that are characteristics of Antley-Bixler syndrome because 
of the impairment of enzymes involved in the sterol 
synthesis pathway, such as lanosterol 14a-demethylase 
(CYP51A1), and enzymes involved in retinoic acid 
metabolism (CYP26) (11). Bone defects such as 
craniosynostosis, midface hypoplasia, radiohumeral and/
or radio-ulnar synostosis, camptodactyly, and femoral 
steels were described (12). These skeletal malformations 
are observed in variable combinations and intensities, and 
sometimes they were only identified during development

Due to rarity of the disease and the data scarcity, we 
report one case of a 46,XX patient with mild atypical 
genitalia associated with severe bone malformations, 
highlighting the different approaches to medical 
treatment during puberty and the surgical management 
of midface hypoplasia.

CASE REPORT
The patient was the second child born to 
consanguineous parents, natives of Juazeiro, Bahia, 
in Northeastern Brazil. The mother reported the 
development of acne and increased voice timbre during 
her first pregnancy, which progressed to fetal death in 
the eighth month of an unknown etiological factor. 
Morphological ultrasonography was not performed 
during first pregnancy. The mother developed similar 
hyperandrogenic signs in her second pregnancy.

The patient was born to term (birthweight of 
2700g and height of 47cm), and atypical genitalia was 
not observed at birth, only the presence of severe bone 
abnormalities in the face and upper limbs. Postnatal 
adaptation passed well, and there were no reports of 
neonatal dehydration.

The patient developed pubarche at 11 years old 
and thelarche at approximately 11.5 years old. She was 

referred to our department when she was approximately 
13 years old for investigation of primary amenorrhea 
and bone malformations.

Physical examination revealed a height of 154 cm 
(SD 0), target height was 160.8 cm, sitting height 
of 79 cm (SD 0), weight 29.6 kg (SD -1,63), blood 
pressure of 112 x 78 mmHg, breasts Tanner II, pubic 
hair Tanner III, clitoromegaly 2 cm, and a posterior 
fusion of major labia (Prader II). Microbrachycephaly, 
midface hypoplasia, proptosis, depressed nasal bridge, 
pear-shaped nose, dysplastic and protruding ears, 
severe elbow restriction and limited upper limb motion, 
arachnodactylyin hands, shortening of the 4th and 
5th toes were also observed. The patient had normal 
cognition and school performance.

Complementary exams revealed: skeletal survey 
with radio-humeral synostosis, carpal bone fusion, bone 
age (BA) of 10 years old, shortening of the 4th and 5th 
metatarsus, scoliosis, exostosis in clavicles; 3D cranial 
CT scan showed pansynostosis; normal echocardiogram 
and abdominal ultrasound with mild right pyelectasia.

The initial hormonal investigation found moderately 
increased serum 17OHP levels and markedly increased 
progesterone levels at baseline and after an ACTH-
stimulation test (250 mcg i.v.). Basal serum cortisol 
levels were normal, but an impaired response was 
observed in the ACTH-stimulation test. Serum 
androgen levels (androstenedione, testosterone and 
DHEA) were low at baseline and in the ACTH test. 
The precursors 17OH-progesterone and progesterone 
were moderately and very elevated (Table 1). Basal 
FSH was 12,7 UI/L (normal range Tanner II until 
3.9 UI/L, immunofluorimetric assay), LH was 19,2 
UI/L (normal range for Tanner II until 1,2 UI/L, 
immunofluorimetric assay) and estradiol was 17 pg/mL 
(pubertal value > 22 pg/mL, fluorimmunoassay), 
consistent with hypergonadotropic hypogonadism. 

Table 1. Basal and ACTH-stimulated adrenal steroid levels

Time (min) RV -60 0 60

Progesterone (ng/mL) 0,4-1,1 25.2 16.5 71.1

17OHP (ng/mL) 0-1,1 20.7 9.7 32.4

Androstenedione (ng/mL) 0-2,2 1.0 0.7 0.8

DHEA (ng/mL) < 1 1 1.1

Cortisol (µg/dL) 6,7-22,6 12.6 8.4 11.6

Testosterone (ng/dL) < 12-48 < 12

Progesterone and testosterone were measured by fluoroimmunoassay, 17OH-progesterone by 
radioimmunoassay (17OHP) and androstenedione, cortisol by chemiluminescence.
RV: reference values for the female follicular phase.
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DNA samples were extracted from peripheral blood 
and submitted to PCR amplification of POR exonic 
regions and direct sequencing. The p.A287P mutation 
was identified in a homozygous state in the patient and 
heterozygosis in her parents. Multiplex Dependent 
Probe Amplification-ligands (MLPA) did not identify 
changes in the POR gene copy number. 

Pelvic ultrasound revealed an infantile uterus 
and bilateral polycystic ovaries, with the largest cyst 
measuring 2.8 cm in the right ovary. Full right ovarian 
volume was 17.5 mL, and left ovarian volume was 
5.3 mL. Conjugated estrogens (0.3 mg/day) were 
introduced due to the absence of menarche at age 
14, and menarche occurred when she was 14.5 years 
old. The next ultrasound image revealed a complete 
regression of ovarian cysts. The conjugated equine 
estrogens were replaced with combined treatment 
with estradiol valerate (2 mg) and levonorgestrel 
(medications available with our Public Health System). 
Breast development improved during the last year of 
follow-up, and she is presenting regular menstrual 
cycles under estrogenic replacement therapy. Low bone 
mineral density (BMD) was also observed: total femur 
0.634 g/cm² (Z -2.8), femoral neck of 0.617 g/cm²  
(Z -2.1) and L1-L4 of 0.676 g/cm² (Z -2.4).

At 15 years old, she underwent plastic surgery to 
correct the severe maxillary hypoplasia using external 
facial distraction osteogenesis. First, she was submitted 
to facial advancement with a Le Fort III osteotomy and 
mobilization of the midface forward until correction of 
class III malocclusion; this was a gradual advancement 
with the RED (rigid external device from KLS 
Martin). In a second procedure tissue expander was 
used, followed by acrylic molded implant to improve 
the projection of frontal area. The last procedure 
for refinements was rhinoplasty to adjust the facial 
harmony (Figure 2). The patient received the stress 
glucocorticoid dose at each procedure.

The patient received glucocorticoid stress dose in the 
first facial surgery for 5 days. After the glucocorticoid 
withdrawal, she developed severe chronic fatigue and 
drowsiness that improved with the reintroduction 
of glucocorticoid therapy (dexamethasone solution  
0.1 mg/day).

DISCUSSION

There has been a growing increase in descriptions of 
patients with P450-oxidoreductase deficiency since its 

Figure 1. Skeletal abnormalities in 46,XX patient  with POR deficiency.

(A) Shortening of the 4th and 5th metatarsus; (B) arachnodactyly and 
carpal bone fusion; (C) Severe elbow restriction with radio-humeral 
synostosis.

Figure 2. Facial characteristics before (A,B,C) and after (D,E,F) surgery: 
Le Fort III advancement.

first reports in 2004, and this disorder is characterized 
by wide phenotypic variability. However, few reports 
emphasize the clinical manifestations in correlation 
with genotypes and outcomes during puberty and 
adulthood. We describe the manifestations of our case 
and previous reports.

Our patient carried the p.A287P mutation in 
homozygosis, which is the most frequent mutation in 
Caucasians, and it is observed in approximately 43% 
of nonrelated alleles (8). Our case, and other 46,XX 
patients who are homozygous for this mutation, 
presented with external genitalia virilization, in contrast 
to 46,XY patients who exhibit normal external genitalia. 
On the other hand, the most common mutation in 
the Japanese population, the p.R457H mutation, 
is associated with a higher prevalence of atypical 
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genitalia in both 46,XX than 46,XY patients (100% 
versus 44%, respectively) (13). The degree of external 
genitalia virilization is moderate in most 46,XX PORD 
patients, which is differently than the 21-hydroxylase 
deficiency. However, 46,XX cases presenting with 
severe virilization (Prader scores IV and V) including 
wrong sex assignment have also been described (7,14).

Our patient presented late onset glucocorticoid 
deficiency. Basal serum cortisol levels were normal, 
but impaired cortisol secretion was observed after 
ACTH-stimulation. The adrenal insufficiency 
documented by cosyntropin was found in almost 
all patients in large cohorts, of those 50% needed 
permanent hydrocortisone (8,13). This phenotype 
is due to impairment of P450c17 activity with a 
concomitant deficiency of P450c21. Consequently, 
these patients may present with moderately increased 
basal 17-hydroxyprogesterone (17OHP) levels, 
but these levels are not as high as the classical form 
of 21-hydroxylase deficiency. This increase may be 
confused with the diagnosis of 21-hydroxylase deficiency 
in some situations. P450c17 deficiency is consistent 
with increased 21-deoxycortisol secretion, which 
protects against the development of adrenocortical 
insufficiency in the first years of life in most cases. 
Notably, high blood pressure due to increased DOCA 
and impairment of 17α-hydroxylase was reported (1).

There are few data on puberty development 
(10,13,15). Our case presented partial pubertal 
development at age of 14, which was similar to the 
previous series of seven PORD patients, in which five 
female patients presented pubertal delay and large 
ovarian cysts were observed in all of them (10). The 
insufficient pubertal development and amenorrhea 
is mainly explained by P450c17 impairment. In our 
cohort of 46,XX patients with P450c17 deficiency, 
primary amenorrhea (70%), lack of breast development 
(50%) and sparse or absence of pubic hair (100%) 
were the most prevalent findings. Spontaneous breast 
development until Tanner IV was a very rare finding 
(16). One hypothesis for the prevalence of ovarian 
cysts includes the increased LH stimulation due to 
primary hypogonadism; which is not supported by the 
description of a patient with amenorrhea, ovarian cysts 
and inactivating mutations of the LH receptor gene 
(17). Another hypothesis may be the negative impact 
of PORD on the synthesis and metabolism of steroids 
involved in oocyte maturation. The CYP51A1 requires 
the transfer of electrons by the POR for its catalytic 

activity, which promotes the conversion of lanosterol 
to meiosis-activating sterols. Follicular fluid meiosis-
activating sterols are essential to promote resumption 
of oocyte meiosis during puberty and support oocyte 
maturation (18,19). The treatment with estrogen/
progestin replacement was efficient to promote cysts 
regression and to avoid new cysts formation, probably 
through decreased LH stimulus, confirming previous 
study (10). In addition, the estrogen/progestin 
replacement was crucial to keep regular menstrual cycle 
and improve bone mass. 

The bone malformation phenotype presents 
the highest variability in PORD patients. Our case 
presented pancraniosynostosis, maxillary hypoplasia, 
depressed nasal bridge, bilateral elbow synostosis, 
femoral bowing and camptodactyly in hands and feet 
consistent with severe phenotype based on PORD 
malformation score (8). However, the six patients 
report by Krone and cols. homozygous for p.A287P 
had mild to moderate malformations (8). Patients with 
more severe bone malformation phenotype harbored at 
least one null mutation in one allele, but in our patient 
this was not confirmed; and the genetic factors involved 
in these variations in bone phenotype are not known. 
The ideal age for correction of midface hypoplasia and 
craniosynostosis to allow adequate brain development 
is between 6 months to 1 year old (20); even though 
in this particular patient surgical procedures were late, 
they correct morphologic abnormalities of face, orbit 
and jaw. Notably, the patient had great facial cosmetic 
result with improvement of sociability and relationships 
with peers.

The PORD phenotype is not restricted to the 
patient. Hyperandrogenic manifestations in mothers 
are described during pregnancies of PORD fetuses and 
range from acne to hirsutism until virilization signs 
appear, such as a deepening of the voice, which was 
observed in the mother of our patient. However, there 
is no data in the literature on the frequency of maternal 
manifestations and their correlation with specific POR 
mutations. A single multicenter study of 20 pregnant 
women found that the presence of maternal virilization 
and severe bone defects detected by fetal ultrasound 
may be the fundamental characteristics of fetuses 
with PORD (7). We speculated that the mother’s 
hyperandrogenic manifestations at the first pregnancy 
may have been reflective of PORD, since the risk for an 
affected child for this couple is 25%.



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

504

Management of P450 oxidoreductase deficiency

Arch Endocrinol Metab. 2016;60/5

In conclusion, PORD is a rare disease with significant 
phenotypic variability that affects multiple systems. We 
described the second PORD case in our population 
(14), and provided a warning of this diagnostic 
possibility in patients with genital ambiguity and low 
serum androgen levels. We stressed the importance of 
continuous monitoring for glucocorticoid deficiency, 
the need for hormone replacement therapy with sex 
steroids at puberty and the benefit of the late surgical 
approach in facial hypoplasia. 
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mL/min/1,73 m2 ou ClCr <60 mL/min pelo Cockcroft-Gault), inclusive secundária a condições como choque, IAM e septicemia; acidose metabólica aguda ou crônica, incluindo cetoacidose diabética, com ou sem coma, que deve ser tratada com insulina; história de reação de hipersensibilidade grave à  substância ativa ou a 
qualquer um dos excipientes; disfunção hepática. Cuidados e Advertências: acidose láctica (metformina plasmática > 5 µg/mL - maior risco em idosos, disfunção renal, doença hepática, insuficiência cardíaca congestiva, hipoxemia, desidratação, sepse, ingestão excessiva de álcool e uso de contraste intravascular), disfunção 
renal, disfunção hepática, ingestão excessiva de álcool, cetoacidose (maior risco em disfunções pancreáticas como DM1, pancreatite, cirurgia pancreática, redução da dose de insulina, redução da ingestão calórica, infecções, cirurgias, doenças concomitante e abuso de álcool), níveis de vitamina B12 (risco de redução em 
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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