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Diagnosis and management 
of Paget’s disease of bone
Diagnóstico e tratamento da doença de Paget óssea

Luiz Griz1, Daniele Fontan1, Patricia Mesquita1, Marise Lazaretti-Castro2,  
Victoria Zeghbi Cochenski Borba3, João Lindolfo Cunha Borges4, 
Thyciara Fontenele1, Juliana Maia1, Francisco Bandeira1

ABSTRACT
Objective: To conduct a literature review on the diagnosis and management of Paget’s disease 
of bone. Materials and methods: This scientific statement was generated by a request from the 
Brazilian Medical Association (AMB) to the Brazilian Society of Endocrinology and Metabolism 
(SBEM) as part of its Clinical Practice Guidelines program. Articles were identified by searching 
in PubMed and Cochrane databases as well as abstracts presented at the Endocrine Socie-
ty, Brazilian Society for Endocrinology Annual Meetings and the American Society for Bone 
and Mineral Research Annual Meeting during the last 5 years. Grading quality of evidence and 
strength of recommendation were adapted from the first report of the Oxford Centre for Evi-
dence-based Medicine. All grades of recommendation, including “D”, are based on scientific evi-
dence. The differences between A, B, C and D, are due exclusively to the methods employed in 
generating evidence. Conclusion: We present a scientific statement on Paget’s disease of bone 
providing the level of evidence and the degree of recommendation regarding causes, clinical 
presentation as well as surgical and medical treatment. Arq Bras Endocrinol Metab. 2014;58(6):587-99

Keywords
Paget’s disease of bone; diagnosis; treatment

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

2014;58(6):587-99

Descritores
Doença de Paget óssea; diagnóstico; tratamento
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INTRODUCTION

Paget’s disease of bone is a metabolic bone disease 
characterized by very high rates of bone remodeling 

which lead to bone expansion, trabecular disorganization 
with a consequent decreases in strength and quality (1).  
It has avariable geographic distribution worldwide, 
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being most commonly encountered in white Euro
peans, and those of European descent over 55 years of 
age (2,3). In Brazil, a prevalence study in a city originally 
colonized by Europeans identified rates comparable to 
those encountered in southern Europe (3). The etiology 
of the disease remains controversial, but genetic factors 
are involved as well as environmental factors (1,4). The 
diagnosis is made primarily by characteristic radiological 
findings and the most common complications are pa
thologic fractures, bone deformities and osteoarthrosis. 

MATERIALS AND METHODS

This scientific statement was generated by a request from 
the Brazilian Medical Association (AMB) to the Brazilian 
Society for Endocrinology as part of its Clinical Practice 
Guidelines program. Through the Brazilian Society for 
Endocrinology’s Department of Bone Metabolism, a task 
force was established. A draft of this report was submitted 
for comment to the membership of the Brazilian Medical 
Association and Brazilian Society of Endocrinology. This 
report represents the completion of this process.

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

A: More consistent experimental or observational 
trials.

B: Less consistent experimental or observational 
trials.

C: Case reports (noncontrolled trials).
D: Opinion without critical evaluation, based on 

consensus, physiological studies or animal mo
dels.

Articles were identified by searching in PubMed and 
Cochrane databases, as well as abstracts presented at 
the Endocrine Society, American Society for Bone and 
Brazilian Society for Endocrinology Annual Meetings 
during the last 5 years. References are listed numeri
cally in order of appearance in the text, followed by the 
levels of evidence. 

EPIDEMIOLOGY

The highest prevalence of Paget’s disease of bone is 
found in England, the United States, Australia and 
New Zealand, mainly among patients older than 55 
years (4). In other locations, such as Asia, it is a rare 
disorder (6,7) (C4), as it is in Scandinavia (4) and most 
of Latin America (8) (C4).

PDB has been linked to white ancestry in European 
and other countries, being less common in people who 
are not of European origin. A study published in 2006 
on reported cases of Paget’s disease in Latin America 
over the past 30 years showed that a total of 1,149 
cases of Paget’s disease had been previously published 
in Latin America, more than half of them in Argentina 
and Brazil (9) (C4).

One report from Italy showed a 0.74% radiographic 
prevalence (n = 8 of 1,068 patients evaluated) of pelvic 
PDB in rural regions of Calabria, located in the sou
thern part of the Italian peninsula, with a male: female 
ratio of 5:3 and a mean age of 71.6 ± 13.1 years (10) 
(C4). The region of Campania, also in southern Italy, 
was shown to be an area with a high prevalence of Pa
get’s disease (11) (C4).

PDB rarely appears before the age of 40, but its 
prevalence tends to double every decade starting at the 
age of 50, rising to approximately 10% after ninth de
cade (12).

Seitz and cols. retrospectively evaluated the bone 
biopsies and medical records of 754 patients historically 
proven to have PDB and found the peak incidence to 
occur between the ages of 70 and 80 years (13) (B3b).

A study from Spain evaluated 4,528 radiographs, in
cluding all those of the lumbar vertebrae, pelvis, sacrum 
and femoral head in 13 centers studied, reporting a 1% 
incidence of PDB (95% CI: 0.7 to 1.3) in subjects over 
55 years age and an estimated prevalence ranging from 
1.1% (95% CI: 0.8 to 1.4) to 1.6% (95% CI: 1.1 to 2.1), 
with pelvic involvement reported in 6090% of patients 
considered to have PDB. The prevalence was slightly 
higher in men than in women and significantly greater 

Table 1. Grades of recommendation and strength scientific evidence

A 1 A Systematic review of randomized controlled trials

Systematic reviews of prospective cohort studies

1 B Individual RCT with narrow confidence interval

Prospective cohort studies

B 2 A Systematic review of retrospective cohort studies

2 B RCT with > 20% dropout

Retrospective cohort studies

3 A Systematic review of case-control studies

3 B Individual case-control studies

C 4 Case series

D 5 Expert opinion

RCT: randomized controlled trials.

Diagnosis and management of Paget’s disease of bone
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in individuals over 75 years of age. A considerable geo
graphical variation in the prevalence was observed (p = 
0.004) in Spain, with 73% of the patients unaware of their 
disease when the radiographs were taken (14) (B3b).

One study, from the US, found a diagnosis of PDB 
in 236 residents of Olmsted County, Minnesota, with 
a mean age of 69.9 years at diagnosis, 55% of those af
fected being men (15) (C4).

Paget’s disease of bone is extremely rare in Asia 
(16), especially in Korea (17), and among ethnic Chi
nese (18) (C4). It is also very rare in Japan. A review 
of the literature was carried out of all cases reported 
in Japan from January 1990 to December 2002. Most 
cases (72.1%) were reported by the Department of Or
thopedic Surgery and a prevalence of 2.8 cases per mil
lion capita was detected, confirming the rareness of the 
disease in Japanese (19) (B3b).

There is little information available on the existence 
of the PDB in the Arab world. A recent study reported 
four cases of Arab patients with PDB, with variable pre
sentations, characterizing the existence of the disease in 
the country studied (20) (C4).

A number of studies have reported an unexplained 
downward trend in the prevalence of PDB, some postu
lating that the disease will become increasingly rare in the 
future (21,22) (B3b). A review of approximately 2,000 
pelvic radiographs, estimated the prevalence of the disease 
in individuals of European descent, over 55 years of age, 
in two New Zealand cities (Dunedin and Auckland). The 
prevalence rate increased with age (p = 0.022), being hi
gher in men (p = 0.014), but showing no significant gen
der difference in either of the two cities. The Dunedin data 
was compared to that of another study in the year 1983 in 
the same city, with the prevalence now being roughly half 
the previous level (p = 0.012). In Auckland, the prevalence 
of an isolated raised plasma alkaline phosphatase level (> 
150 U/L, normal range < 120 U/L) was estimated in 
over 80,000 blood samples processed at a community lab
oratory. The prevalence of “biochemical Paget’s disease”, 
as measured, was very similar to that seen in a radiographic 
study of the same city involving subjects under 80 years of 
age, but not for dose over 80 (23) (B3b).

There are also reports, as in an Australian study, of 
a decrease in incidence and severity of the disease in 
newly diagnosed cases, but for unknown reasons (24), 
with more cases of monostotic disease, whose incidence 
has doubled in the last 30 years. Some reports suggest 
that these findings are more evident in women, as in a 
study conducted in England (25) (B3b).

The prevalence of PDB in Italy was assessed based 
on radiography, scintigraphy, and biochemical data 
from two Italian cities, Siena (central Italy) and Turin 
(northern Italy). At the end of the radiological survey, 
16 of 1,778 cases of pelvic PDB (8 men and 8 women) 
were observed in Siena, and 41 of 6,609 cases (27 men 
and 14 women) in Turin. Disease prevalence was 0.89% 
in Siena, and 0.62% in Turin. Since pelvic involvement 
is normally described in 60 to 90% of the patients with 
PDB, the overall estimated prevalence ranged from 1.0 
to 1.5% in Siena, and 0.7 to 1% in Turin. No decrease 
in the prevalence of PDB was evident after comparison 
of prevalence rates during different time periods. Bio
chemical analyses showed that 296 of 7,449 subjects 
had elevated levels of alkaline phosphatase and normal 
liver enzymes, 87 of whom had a confirmed diagno
sis of PDB. The estimated biochemical prevalence was 
1.5%. The scintigraphy study showed an estimated 
prevalence of PDB in 194 of 7,906 cases (2.4%), which 
was significantly higher than radiological and bioche
mical estimates. This study suggests that PDB in Italy 
has an estimated prevalence of at least 1%, comparable 
to what has been observed in the United States, and 
some European countries, but lower than that reported 
in Great Britain and New Zealand. No secular trend 
indicating decreased prevalence of PDB was observed 
in this study (26) (B3b).

Figure 1 illustrates the extensive geographical varia
tion in prevalence of PDB worldwide.

Figure 1. Worldwide prevalence studies of Paget’s disease of bone. 

Prevalence studies.

Case series: 145.

Data from references 3,14,21,24,26-33.

EPIDEMIOLOGY OF PDB IN BRAZIL

Epidemiological data on Paget’s disease of bone in Brazil 
are scarce. There are case reports from Rio de Janeiro, 
published in 2000, of PDB involving the maxilla (34) 

Diagnosis and management of Paget’s disease of bone
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(C4) and in 2002 a case series from Recife retrospectively 
analyzed the characteristics of 89 cases (35) (C4). 

The colonization of Pernambuco was strongly influ
enced by immigrants from Portugal and Holland, many 
of whom were Jews. In Recife, the occupation by the 
Dutch and Jews continued after the initial colonization 
by the Portuguese for political and administrative rea
sons, which may explain the high frequency of PDB in 
the state of Pernambuco (8,36) (C4).

Bandeira and cols. reported an analysis of 108 cases 
diagnosed in two centers in Recife between 1984 and 
2005 and found that about 90% of the patients were 
of European ancestry. The mean age at diagnosis was 
66.2 years; 49.1% were men; the polyostotic form of the 
disease was the most common; lightcolored eyes were 
observed in 22.2% of the patients (data on Brazilian 
general population is not available); 23.1% of the pa
tients were shown to have a family history of PDB. The 
most affected skeletal locations in this study were the 
pelvis, lumbar vertebrae, femur and cranium. It was also 
found that zoledronate was the most effective drug in 
reducing alkaline phosphatase in these patients (8) (C4).

A Brazilian study about the epidemiology of PDB 
in Brazil evaluated patients aged 45 years or older at
tending the Osteoporosis Center of the Department of 
Endocrinology and Diabetes of Pernambuco between 
January of 2006, and December of 2009. The agere
lated period of prevalence and incidence density were 
both calculated, separately for men and women for each 
year. A total of 7,752 patients were evaluated, 53 of 
whom had PDB. The mean age of patients was 69.53 ± 
8.51 years. The overall prevalence of PDB was 6.8 per 
1,000 patients (p = 0.013, 95% CI 5.1 to 8.9), and the 
incidence density of PDB was 50.3 per 10,000 person
years (p = 0.026 95% CI 35.8 to 68.8). The prevalence 
and incidence both increased in both sexes during this 
period. These data shows that both the prevalence and 
incidence of PDB in Recife are comparable to the cor
responding rates in southern Europe (3) (B3b).

A case series from the city of Florianopolis, retro
spectively evaluated data from patients enrolled in 6 
centers between 1995 and 2009. A total of 134 pa
tients with PDB were identified, with a mean age at 
diagnosis of 63.2 + / 10.5 years, of whom 67.2% were 
women and 91.1% white. A positive family history was 
observed in only 8.2% of patients. Polyostotic disease 
was found in 75.0%, bone pain in 77.9%, and bone 
deformities in 15.9%. Higher levels of alkaline phos
phatase showed a significant association with both the 

Diagnosis and management of Paget’s disease of bone

Figure 2. Sites of bone involvement in 108 cases of polyostotic Paget's 
disease of bone (PDB).

Data from reference 8.

polyostotic form of the disease and involvement of the 
cranium. The pelvic bones were the most frequently 
affected (53.7%). Treatment with zoledronic acid pro
duced the best results, with only 2.9% of the patients 
failing to show anadequate response (37) (C4).

ETIOLOGY 

The etiology of the disease remains controversial, with 
evidence that genetic along with environmental factors 
are involved. SQSTM1 (sequestosome 1 encoder) is the 
most important gene that has been associated with the 
disease up to now (38) (B3b).

Various loci of susceptibility have been linked to the 
disease, including SQSTM1 and TNFRSF11A (encoder 
of the RANK) on chromosome 18q2122.SQSTM1, 
also known as p62 or sequestosome 1, located on 
chromosome 5q35, which is a signaling protein that 
appears to be involved in the pathogenic mechanisms 
that increase the activity of osteoclasts. Random muta
tions (P392L) of this gene were detected in over 30% 
of PDB family members. The role of SQSTM1/p62 has 
yet to be fully elucidated. There is evidence that mu
tations may reduce the ability to sequester cytoplasm 
proteins, altering nuclear factor kB (NFkB), resulting 
in increased osteoclastogenesis (4). The action of os
teoprotegerine (OPG) on the RANK receptor has also 
been described. The inhibitory effect of the OPG in 
the RANK/RANKL system suggests that mutations 
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causing function loss in the TNFRSF11B gene, encod
ing the OPG, could also lead to an activating effect in 
the signalization of NFkB (39) (C4) and there are also 
evidence that TNFRSF11A gene allelic variants interact 
with SQSTM1 mutations to cause the severity of the 
disorder (40) (B3b).

Not only genetic causes have been proposed as the 
etiology of PDB, biological hybridization studies (in 
situ), along with immunohistochemistry, have also 
suggested the possibility of infection of the osteoclasts 
by a virus, mainly paramyxovirus, as being the cause 
of PDB (4) and a study published in 2010 suggested 
that measles virus nucleocapsid gene expression and the 
SQSTM1 mutation both contribute to the increased os
teoclast activity in PDB (41) (B3b) (42) (C4).

A French study found that half of PDB familial forms 
carried a SQSTM1 mutation (43) (B3b). Other loci that 
predispose to PDB were recently identified by genomic 
association studies that have identified variants at seven 
loci predisposing to the disease. These alone increase 
the risk of PDB from 1.3 to 1.7 times, but they have 
combined effects that affect about 86% of the PDB at
risk population with negative SQST1 (42) (C4).

Recent studies also suggest that proinflammatory 
cytokines are involved in the pathophysiology of Paget’s 
disease of bone. A recent control case study evaluated 
the genomic DNA for functionally active polymor
phism of the genes of proinflammatory cytokines 
(interleukin1α, interleukin1 β, interleukin 6), and tu
mor necrosis factor α, involving 144 PDB patients and 
115 healthy controls. The frequency of genotypes and 
alleles of the polymorphisms examined demonstrated 
practically identical results in both cases and controls. 
Regarding proinflammatory genes, patients with PDB 
genotype C/C gene of interleukin 6 (IL6) showed 
significantly (p < 0.001) greater hearing loss and pri
mary hyperparathyroidism. There were no significant 
differences in the other clinical features. This study 
does not support the hypothesis that the proinflam
matory genes examined represent an important genetic 
risk factor for PDB. However, data suggests a role for 
the IL6 gene in modifying the clinical characteristics of 
the disease (44) (B3b).

A study from New Zealand evaluated the rela
tionship between family history, phenotype, and the 
state of SQSTM1 mutation in patients with a family 
history, and/or severe phenotype of PDB. The sever
ity of the phenotype was significantly associated with 
the SQSTM1 mutation status, but not with family his

tory (p < 0.005). SQSTM1 mutations were found in 
10.5% of the patients with early onset, and/or severe 
disease, but without a family history of the disorder 
(38) (B3b).

An earlier study of genomic association had al
ready identified variants in loci CSF1, OPTN and 
TNFRSF11A, as risk factors for Paget’s disease of bone, 
and an extension of this study identified three new loci 
and recently confirmed these associations with PDB 
in 2,215 affected individuals (cases), and 4,370 con
trols from seven independent population groups. The 
new associations were with rs5742915 within PML 
on 15q24, rs10498635 within RIN3 on 14q32 and 
rs4294134 within NUP205 in 7q33 and also confirms 
the association of TM7SF4 with PDB. These seven loci 
account for the familial risk for PDB in approximately 
13% of cases (45) (B3b).

There are studies investigating the relationship 
between genetic polymorphisms and sporadic PDB, 
with the aim of identifying polymorphisms represent
ing susceptibility to the disease. A recent study in
vestigated the association between polymorphisms in 
three candidate genes and the functional development 
of PDB, TNFSF11 (activator receptor of the nuclear 
factor Kb ligand, RANKL), VCP (valosinacontaining 
protein), and IL6 (interleukin6), in 196 patients 
with sporadic PDB, and 212 Belgian control subjects, 
and revealed that VCP SNP (rs565070) was associated 
with PDB in this population study (p = 0.5). Through 
the use of genetic testing in the study, no association 
linking TNFSF11 or IL6 with PDB was confirmed. 
More data are therefore needed because when the 
VCP data is combined with data from other regions, 
involving susceptible genes in previous studies (i.e. the 
TNFRS11A, CSF1, OPTN and TM7SF4 genes), the 
independent effect of each gene region was confirmed 
and the accumulated population attributable risk was 
72.7% (46) (B3b).

Recent studies of genomic association (GWAS) 
confirm the role of the RANK gene in PDB, and also 
indicate the involvement of chromosomal regions that 
harbor the CSF1 and OPTN genes with PDB. A study 
in the Belgian and Dutch populations that attempted 
to replicate these findings also found an association 
between these genes and PDB, being most significant 
in the region of CSF1, followed by the OPTN and 
TNFRSF11A genes. A significant association was also 
discovered with a polymorphism in the chromosomal 
region of the TM7SF4 gene that encodes the DC

Diagnosis and management of Paget’s disease of bone
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STAMP, which had no significance in association with 
the genomic GWAS, but because of its effect on osteo
clasts, can be considered a strong candidate gene. The 
cumulative risk attributable to these four loci calculated 
for the two populations studied was shown to be ap
proximately 67%, indicating that the major part of the 
genetic risk for PDB comes from genetic variants close 
to these four genes (47) (B2b).

Patients with PDB without mutation of the 
SQSTM1 gene seem to be susceptible to genetic poly
morphisms in regions of the genes CaSR, ESR1,  
TNFRSF11B (OPG), TNFRSF11A (RANK), CSF1 
(M-CSF), OPTN, TM7SF4 (DC-STAMP) VCP, 
NUP205, RIN3, PML, and GOLGA6A, resulting in an 
increased risk for developing PDB. The nature of these 
genes suggests that the regulation of osteoclastogenesis 
has a key role in the pathogenesis of PDB. Moreover, 
the involvement of SQSTM1 and VCP in autophagy 
and the formation of protein aggregates suggest that 
the disruption of these processes may represent a risk 
factor (48,49).

There are also reports of a high prevalence of vita
min D deficiency in patients with PDB. One possibly 
reason for this is that osteoclast precursors have a high 
responsiveness and sensitivity to 1.25 (OH) 2D3, re
sulting in increased expression of coactivators of vita
min D receptors (VDR) in PDB (50) (C4).

In recent years there has been significant progress 
in the study of the epidemiology of PDB. However, 
we still lack a combined evaluation of genetic and envi
ronmental factors to enable us to fully understand their 
interaction with the etiology of the disease (D5).

CLINICAL MANIFESTATIONS 

Most patients with Paget’s disease of bone (PDB) are 
asymptomatic (51), having been incidentally diagnosed 
through findings from imaging or because of high se
rum levels of alkaline phosphatase (52) (C4).

The clinical spectrum of PDB is highly variable and 
depends on the sites affected, the type and magnitude 
of the complications, and the metabolic activity (53). 
Although the disease may affect any part of the skeletal 
structure, the pelvis, spine, cranium and long bones are 
the most often affected (15,54) (C4).

Bone pain is the most common symptom. In two 
recently published studies pain was found to be pres
ent in 4045% of the patients. It is usually deep, pre
cisely located and persists when the patient is at rest, 

constant, exacerbated both at night and by weight 
overload. It may occur suddenly as a result of pagetic 
injury, or more frequently, from complications caused 
by the breakdown of bone structure, leading to condi
tions such as degenerative arthritis, nerve compression 
or sarcomatous degeneration (a rare occurrence present 
in only 1% of cases) (15,55) (C4).

Bone deformities are the second most common mani
festation with a prevalence ranging from 12 to 36%. They 
occur most commonly in the femur and tibia, causing 
bending, which is characteristically anterolateral in the fe
mur and anterior in the tibia. These deformities can lead 
to changes in gait and mechanical stress, increasing the 
likelihood of joint degeneration. Involvement of the cra
nium begins with circumscribed osteoporosis, followed 
years later by increases in volume, regions of sclerosis, an 
enlarged diploe and frontal bossing (15,55) (C4).

We suggest evaluation for PDB in all individuals 
over 50 years of age who present an unexplained eleva
tion of serum alkaline phosphatase, as well as bone pain 
or deformities (C).

LABORATORY AND IMAGING PROCEDURES

PDB is associated with increased bone turnover, indi
cated by the elevation of biochemical markers for bone 
formation and resorption. This occurs because a high 
correlation between formation and resorption is main
tained with PDB. The increase in these markers is pro
portional to the intensity, size, and number of lesions, 
and may be more pronounced in cases involving the 
cranium. Serum alkaline phosphatase, a bone formation 
marker, has been used for the diagnosis and monitoring 
of patients affected by the disease. However, none of 
the biochemical markers of bone remodeling are enti
rely specific to bone alone. Serum alkaline phosphatase 
has a sensitivity of 78%, and a specificity of almost 100%. 
However it may be normal in up to 20% of patients with 
monostotic disease (4,56,57). In a study by Bandeira 
and cols. serum alkaline phosphatase was shown to be 
elevated in 92% of the cases. The mean increase was sig
nificantly more pronounced in patients with the polyos
totic form than in those with monostotic form of the 
disease (5.9 ± 2.8 vs. 2.2 ± 1.9 times the ULN) (58).

Osteocalcin, considered a specific marker for bone 
formation, was of limited value, whether for the diag
nosis (normal in 40% of cases) of PDB or for the fol
lowup. Among the new markers of bone resorption, 
NTX and CTXβ have been shown to have the great

Diagnosis and management of Paget’s disease of bone
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est diagnostic accuracy (59). Recent data has demon
strated a significant reduction in CTX after use of oral 
ibandronate. After six months of treatment, the mean 
decrease in CTX was 65.24 ± 9.28%, with reductions 
greater than 80% in seven of the patients. One patient 
with normal sCTX showed a reduction of 97.5% by the 
end of the treatment (60) (B2b). As with betaCTX, 
there was evidence of a greater reduction in the ratio of 
urinary αCtelopeptide of type 1 collagen tocreatinine 
(mg/nmol of creatinine) with the infusion of zoledron
ic acid, when compared to risedronate (61) (B3b).

Serum calcium and phosphorus levels are normal in 
most patients. Hypercalcemia and hypercalciuria may 
occur in the case of immobilization or fracture. The 
finding of hypercalcemia normally points to a second
ary disorder such as hyperparathyroidism.

Bone scintigraphy followed by radiography of the 
affected areas determines the extent of involvement of 
the bone in Paget’s disease. Sites of increased uptake 
occur as a result of the high rate of bone formation 
and blood flow. As a more sensitive method, bone scan 
with Tc 99MDP can be positive even before the lytic 
changes seen on plain radiography. For this reason, 
about 1015% of lesions detected by scintigraphy ap
pear normal on plain radiographs. Comparing results 
from both methods, bone scintigraphy and radiography 
show alterations 56 to 86% of the time, with 223% of 
the cases showing alterations only in the scintigrams, 
and 1120% only in the radiographs. The late stages of 
the disease may show a normal uptake of the radiophar
maceuticals, owing to the declinein metabolic activity 
and alterations in the findings of plain radiography. The 
characteristic findings of plain radiography are hyperos
tosis, osteosclerosis and bone expansion. CT and MRI 
provide little additional information when dealing with 
uncomplicated cases of the disease. They can be useful 
when complications associated with PDB are suspected, 
such as fractures or sarcomatous degeneration of page
tic bone. Due to the excellent resolution, MRI is the 
method of choice for the staging of sarcomatous de
generation (62). It can also be useful in the evaluation 
of neurological complications, such as compression of 
spinal nerve roots and cranial nerves (6265) (C4).

COMPLICATIONS 

Clinical manifestations of the disease are usually related 
to the presence of complications, which can be classi
fied according to the particular system involved: ske

letal (bone pain, osteoarthrosis, fractures, deformities 
and hypercalcemia), cardiovascular (high output heart 
failure, vascular calcifications, and valvular stenosis), 
neurological (deafness, increased intracranial pressure, 
and cranial nerve dysfunction), metabolic (hyperurice
mia, hypercalciuria, hypercalcemia and nephrolithiasis) 
and neoplastic (osteosarcoma and giant cell tumors) 
(6668) (D5).

Osteoarthritis is a common complication, most of
ten affecting the knee and hip joints, resulting in the 
modification of bone biomechanics that causes bone 
and cartilage degeneration. Rheumatoid arthritis and 
its variants, as well as arthropathy from crystal deposi
tion, have also been associated with the disease (69) 
(D5). Deformities and fractures are the result of ab
normal bone formation, and associated with high 
morbidity due to the high incidence of associated pain 
(70) (D5). The involvement of cranial bones can cause 
neurological complications such as hearing loss (either 
neurosensorial or conductive), headache, dizziness, and 
more rarely, vascular dementia and hydrocephalus. In
volvement of the jaw bones may lead to periodontal 
disease and dental malocclusion (66,67) (D5).

Malignant transformation of pagetic bone involv
ing osteosarcoma or giant cell tumor is rare, occurring 
in less than 1% of cases. It classically affects individuals 
with the polyostotic form of the disease, and manifests 
itself accompanied by an increase in bone pain, swell
ing, and more rarely, pathologic fracture (7174) (D5).

Hypercalcemia is often associated with prolonged 
immobilization or dehydration. Cardiovascular chan
ges, although described, are rarely evident in clinical 
practice (75) (D5). Because PDB is a chronic disease, 
and diagnosed belatedly, it is important to be aware of 
the signs and symptoms that indicate the need for fur
ther radiological investigation.

TREATMENT

Pharmacological treatment seeks to promote pain relief 
and reduce the rate of bone remodeling. Restoration 
of typical bone turnover normalizes the rate of bone 
deposition, reducing bone vascularization, and slowing 
progression of the disease.

Symptomatic patients (with secondary symptoms 
of metabolically active disease) should be treated. The 
most common symptom is bone pain at a pagetic site. 
The exact cause of pain in these patients may be diffi
cult to determine, and the initiation of drug therapy in 
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these cases is usually indicated by a concomitant eleva
tion of serum alkaline phosphatase (7678) (D5).

The asymptomatic form of the disease is often de
tected by imaging studies, motivated by suspicion of 
other diseases, or by observation of persistently elevat
ed levels of serum alkaline phosphatase. Therapeutic 
decisions involving affected patients should take into 
account the location of the disease in sites that are 
susceptible to complications, such as the cranium and 
spine, in addition to abnormally high alkaline phos
phatase levels (two to four times above the upper limit 
considered normal), and the presence of comorbidi
ties (79).

Other indications for treatment of asymptomatic 
patients include planned surgery at an active pagetic 
site in order to reduce the risk of bleeding (including 
blood loss during surgery), along with the rare possi
bility of developing hypercalcemia associated with the 
immobilization of patients with the polyostotic form of 
the disease (76) (D5).

We suggest the initiation of pharmacological treat
ment for all symptomatic patients, for preoperative as
ymptomatic patients requiring bone surgery, those with 
hypercalcemia, and cases involving locations liable to 
present complications (C).

PHARMACOLOGICAL TREATMENT MODALITIES

Several treatment modalities have been employed in an 
effort to care for patients with Paget’s disease. They 
involve agents that target osteoclasts, the primary cells 
responsible for the disease, and that act by suppressing 
bone resorption within days or weeks. Most researchers 
conclude that these drugs are best considered as tools 
for helping to control the disease, rather than being a 
definitive therapy (80) (A1b).

The first therapy used for Paget’s disease (in the 1970s) 
involved salmon calcitonin, followed later by human cal
citonin. The medication acts directly on calcitonin recep
tors located on the osteoclasts. Owing to its short dura
tion of action, partial response, and acquired resistance, it 
is used only in those with intolerance to bisphosphonates 
(81) (D5). Although radiological improvement has been 
reported during treatment, recurrence is common after 
the medication is discontinued. Side effects are common, 
including flushing, nausea and vomiting (22) (D5).

The efficacy of parenteral salmon calcitonin was 
evaluated in a trial involving 85 patients. Alkaline phos
phatase levels and urinary hydroxyproline excretion de

creased by approximately 50% after the first few months 
of therapy. However, in 22 of the 85 patients, despite 
the continued treatment, these parameters returned to 
pretreatment levels. Nineteen patients were considered 
treatmentresistant, presenting elevated amounts of an
tibodies to calcitonin (82) (B2b). The usual initial dose 
is 50 to 100 units per day (as tolerated), and the main
tenance dose is normally 50 units daily, or 50 to 100 
units every three days. The intranasal formulation, easy 
to administer, can be as effective as parenteral therapy, 
but has not yet been approved in the United States for 
this specific purpose (83,84) (D5).

Currently, the most widely used agents for treating 
the disease are the bisphosphonates, a broad class of 
medications that work by blocking osteoclastic bone 
resorption. Nitrogenous bisphosphonates (alendro
nate, risedronate, pamidronate, and zoledronic acid) 
are the drugs of choice (60,79) (A1b).

The first bisphosphonate used for the treatment of 
Paget’s disease (in 1971) was the etidronate form, a 
nonnitrogenous bisphosphonate. The recommended 
dosage is 5 mg/kg per day (mean dose 400 mg/day) 
for six months. In general, patients with very active 
forms of the disease experience moderate clinical and 
biochemical improvement, followed by rapid relapse 
after stopping the medication. In addition, there is a 
tendency to become resistant to the medication after 
repeated courses of therapy (85) (D5).

Clodronate has greater potency than etidronate, 
and does not lead to mineralization defects. It should 
be administered intravenously at dose levels of 300 mg 
daily for 5 days. However, it is generally less effective 
than pamidronate (86) (B2b).

In the nonnitrogenous class of bisphosphonates, 
tiludronate is recommended in doses of 400 mg/day for 
3 months, normalizing alkaline phosphatase in 35% of pa
tients. It is more effective than etidronate, and does not 
cause bone demineralization. In a randomized, placebo
controlled trial, 149 patients used tiludronate at doses of 
400 and 800 mg/day for three months, presenting a sig
nificant reduction in bone markers and pain (87) (A1b).

Alendronate is used at dose levels of 40 mg daily 
for six months. It is generally a welltolerated drug, ef
fective in normalizing serum alkaline phosphatase. It 
should not be used in patients with creatinine clearance 
below 35 ml/min (88) (A1b).

In a study involving 89 patients with active disease, 
a group treated with 40 mg of alendronate daily for six 
months showed a significantly greater reduction in alka
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line phosphatase (79% vs. 44%), and urinary deoxypyrid
inoline (75% vs. 51%) than a group treated with 400 mg 
of etidronate (p < 0.001 in both cases). Alendronate was 
well tolerated, and had a safety profile similar to that of 
etidronate (89) (A1b). In an open trial lasting two years, 
72 patients with Paget’s disease were assigned to receive 
either 60 mg of pamidronate every 3 months or 40 mg 
of alendronate daily for 3 months. The study concluded 
that alendronate and pamidronate have similar efficacy 
in achieving biochemical remission (90) (A1b).

Risedronate is used in 30mg doses daily for two 
months, but should not be administered to patients 
with a creatinine clearance of less than 30 ml/min. In an 
American multicenter study, 62 patients received risedro
nate, 30 mg daily for 2 months, and 61 patients received 
etidronate, 400 mg daily for 6 months. Serum levels of 
alkaline phosphatase were controlled in 73% of the pa
tients treated with risedronate, compared with 15% of the 
patients who received etidronate (P < 0.001). The aver
age time for normalization was 91 days for the patients 
treated with risedronate, and 360 days for the patients 
treated with etidronate (P < 0.001). Relapse rates were 
3% in the risedronate group and 15% in the etidronate 
group (P < 0.05). Pain reduction was statistically signifi
cant in the risedronate group, but not in the etidronate 
group. Both drugs were well tolerated (91) (A1b).

Pamidronate is well tolerated and can be used with a 
clearance above 30 ml/min. It is administered intrave
nously in 30 mg doses daily for three days. One drawback 
to its use is the development of resistance, which may 
influence the effectiveness of retreatment (92) (A1b). It 
may lead to a fall in serum alkaline phosphatase by 70% 
and about 6080% will normalize it. The response is bet
ter in patients with higher values at baseline (93). 

Ibandronate has been used safely and effectively in 
treating Paget’s disease with 2 mg intravenous doses 
(94) (B2b). Recent data from a series of cases shows 
a significant reduction in the levels of sCTX, and in 
the algic aspect following oral use of ibandronate with 
150 mg doses per month for six months. After six 
months of treatment, there was a mean reduction in 
sCTX of 65.24 ± 28.9%, and reduction of more than 
80% in 58.3% of the patients studied. One patient with 
normal sCTX showed a reduction of 97.5% at the end 
of the treatment period. The mean reduction in alka
line phosphatase was 49.21 ± 37.9%, with all patients 
presenting normal levels after the treatment. There 
was a significant clinical response in all patients, with a 
marked improvement in bone pain (60) (C4).

Zoledronic acid is the most potent bisphosphonate 
approved for use in cases of Paget’s disease. Adminis
tered in a single intravenous dose of 5 mg, it is not 
recommended for patients with a clearance below 35 
ml/min. Sustained remissions are achieved in most pa
tients, lasting up to two years (61) (A1b). This finding 
was confirmed when the study was extended for 6.5 
years (95). Zoledronic acid can lead to a more rapid and 
prolonged remission during the treatment of Paget’s 
disease when compared to risedronate. When evaluated 
for six months, using a single 5 mg infusion adminis
tered over 15 minutes, the effective response being 
considered normalization of alkaline phosphatase (or a 
decrease of at least 75%), it resulted in a 96% reduction 
in alkaline phosphatase, compared with a 74.3% reduc
tion with risedronate when administered in daily 30 mg 
doses for 3 months. Normalization of alkaline phos
phatase levels was more frequently achieved in patients 
treated with the zoledronic acid (88.6% vs. 57.9%) than 
in with those receiving risedronate (96) (A1b).

We indicate the use of nitrogenated bisphosphonates 
(alendronate, risedronate, pamidronate, and zoledronic 
acid) for the treatment of Paget’s disease, emphasizing 
that zoledronic acid is the most potent bisphosphonate 
for use with this disease. (C)

MONITORING DISEASE ACTIVITY

Alkaline phosphatase, being a marker for bone remo
deling, is commonly used as a parameter for measuring 
the biochemical response to treatment with bisphos
phonates. Normalization of the alkaline phosphatase 
level is associated with biochemical remission, histolo
gical evidence of normal bone turnover, and its eleva
ted level is related to the increase in disease activity. The 
measurement of alkaline phosphatase levels should be 
conducted after the first three to six months of treat
ment, in order to evaluate the initial response, followed 
by two annual measurements as a marker of bone acti
vity (92) (D5).

Tiludronate, a weak bisphosphonate is available in 
some countries, mainly to treat monostotic disease. In 
a clinical trial involving twentyone patients with PDB 
receiving 400 mg of tiludronate daily for three months, 
treatment response was observed six months after dis
continuation of therapy, while the relapse of the disea
se, when present, was observed one year after the end 
of treatment (97) (B2b).

Diagnosis and management of Paget’s disease of bone
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In a case series study, significant reductions in the 
levels of alkaline phosphatase and serum CTX were 
demonstrated after six months of treatment with orally 
administered ibandronate at dosages of 150 mg per 
month for six months. After 6 months of treatment, 
the mean reduction in CTX was 65.24 ± 28.9%, de
ceasing more than 80% in 7 patients. One patient with 
normal CTX showed a reduction of 97.5% at the end 
of the treatment period. The average reduction in alka
line phosphatase was 49.21 ± 37.9%, with all patients 
presenting normal levels after the treatment, suggesting 
that the followup of patients with PDB should also 
include CTX levels (60) (B2b).

Remission is considered to have been achieved 
when normal levels of alkaline phosphatase are attained, 
and partial remission when there is a decrease in levels 
greater than 75% after three to six months of treatment. 
Treatment should be resumed when alkaline phospha
tase levels begin to rise again (when treatment involves 
normalization), or when there is a 25% increase com
pared to posttreatment levels (98) (D5).

We suggest the measurement of serum alkaline 
phosphatase after three and six months from the start 
of treatment in order to monitor the initial response, 
followed by biannual measurements of markers indicat
ing disease activity (B).

NATURAL HISTORY OF PDB

Several clinical guidelines cast doubt on the belief that 
the treatment of Paget’s disease alters the history of 
disease complications. Results from the PRISM study 
showed that most treatment approaches have limited 
impact on quality of life, pain and hearing loss, and hi
ghlighted the need for further studies to examine whe
ther the effects of bisphosphonates on bone remodeling 
can actually translate into a clinical improvement and 
lower risk of complications in the individuals affected 
(99) (B2b). On the other hand the followup was too 
short to show the expected beneficial effects on chro
nic complications of the disease. Longterm studies are 
therefore needed in order to assess the impact of treat
ment on the natural history and progression of PDB.

CONCLUSIONS

Paget’s disease of bone has a variable geographic distri
bution worldwide, being most commonly encountered 
in white Europeans, and those of European descent over 

55 years of age. In Brazil, a prevalence study in a city 
originally colonized by Europeans identified rates com
parable to those encountered in southern Europe. The 
etiology of the disease still remains controversial, with 
evidence that genetic factors are involved, particularly 
those relates to SQTM1 and genetic polymorphisms in 
sections of the following genes: CaSR, ESR1, TNFRS-
F11B (OPG), TNFRSF11A (RANK), CSF1 (M-CSF), 
OPTN, TM7SF4 (DC-STAMP), VCP, NUP205, RIN3, 
PML and GOLGA6A (1,4). Environmental factors, 
along with viral and proinflammatory cytokines may 
also be involved. The clinical presentation is quite ex
tensive, with bone pain, fractures, skeletal deformities 
and secondary arthrosis comprising part of the pictu
re. The diagnosis is made primarily by characteristic 
radiological findings and high alkaline phosphatase. 
The most common complications include pathologic 
fractures, bone deformities and osteoarthrosis. Malig
nant transformation of pagetic bone is rare. Treatment 
should be recommended for all symptomatic or asymp
tomatic patients, during the preoperative phase of bone 
surgery, or when hypercalcemia or support bones are 
involved. Nitrogen contained bisphosphonates are the 
medications of choice, with zoledronic acid being the 
most potent bisphosphonate approved for pharmaco
logical treatment. Newer compounds such as deno
sumab, a monoclonal antibody against RANKL may 
show promises for the treatment of PDB, although data 
are still lacking. Serial measurements of serum alkaline 
phosphatase should be used to monitor disease activity, 
combined with clinical monitoring of the patient.

Disclosure: no potential conflict of interest relevant to this article 
was reported.
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Obesity, insulin resistance and 
comorbidities – Mechanisms 
of association 
Obesidade, resistência à insulina e comorbidades – 
Mecanismos de associação 

Ana Valeria B. Castro1, Cathryn M. Kolka2, Stella P. Kim2, Richard N. Bergman2

ABSTRACT
Overall excess of fat, usually defined by the body mass index, is associated with metabolic (e.g. 
glucose intolerance, type 2 diabetes mellitus (T2DM), dyslipidemia) and non-metabolic disor-
ders (e.g. neoplasias, polycystic ovary syndrome, non-alcoholic fat liver disease, glomerulopa-
thy, bone fragility etc.). However, more than its total amount, the distribution of adipose tissue 
throughout the body is a better predictor of the risk to the development of those disorders. Fat 
accumulation in the abdominal area and in non-adipose tissue (ectopic fat), for example, is 
associated with increased risk to develop metabolic and non-metabolic derangements. On the 
other hand, observations suggest that individuals who present peripheral adiposity, characte-
rized by large hip and thigh circumferences, have better glucose tolerance, reduced incidence 
of T2DM and of metabolic syndrome. Insulin resistance (IR) is one of the main culprits in the 
association between obesity, particularly visceral, and metabolic as well as non-metabolic dise-
ases. In this review we will highlight the current pathophysiological and molecular mechanisms 
possibly involved in the link between increased VAT, ectopic fat, IR and comorbidities. We will 
also provide some insights in the identification of these abnormalities. Arq Bras Endocrinol Metab. 

2014;58(6):600-9
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RESUMO 
Excesso de gordura, geralmente definido pelo índice de massa corporal, está associado a dis-
túrbios metabólicos (p. ex., intolerância à glicose, diabetes melito tipo 2 (DM2), dislipidemia) 
e não metabólicos (p. ex., neoplasias, síndrome dos ovários policísticos, esteatose hepática 
não alcoólica, glomerulopatia, fragilidade óssea etc.). No entanto, mais do que sua quantidade 
total, a forma da distribuição corporal de tecido adiposo constitui-se em um melhor indicador 
de risco para o desenvolvimento de tais doenças. O acúmulo de gordura na região abdominal 
e em tecido não adiposo (gordura ectópica), por exemplo, está associado ao aumento de risco 
para distúrbios metabólicos e não metabólicos. Por outro lado, observações sugerem que os 
indivíduos que apresentam adiposidade periférica, caracterizada por aumento das circunfe-
rências dos quadris e da coxas, têm melhor tolerância à glicose, redução das incidências de 
DM2 e da síndrome metabólica. Uma das alterações subjacentes na relação entre a obesidade, 
particularmente a visceral, e os distúrbios citados é a resistência à insulina. Nesta revisão, enfa-
tizaremos os mecanismos fisiopatológicos e moleculares possivelmente implicados na ligação 
entre o aumento das gorduras visceral e ectópica, IR e comorbidades. Também mencionaremos 
os métodos diagnósticos mais frequentemente usados na identificação dessas anormalidades. 
Arq Bras Endocrinol Metab. 2014;58(6):600-9
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INTRODUCTION

O verall excess of fat, usually defined by the body 
mass index (BMI), has long been recognized 

as a risk factor for metabolic related diseases, such as 
cardiovascular diseases (CVD), type 2 diabetes mellitus 
(T2DM), bone fragility as well as nonmetabolic de
rangements such as nonalcoholic fat liver disease, neo
plasias, polycystic ovary syndrome, glomerulopathy, 
among others (16). However, several observations 
underscored that, more than the excess of fat itself, the 
distribution of fat, especially in the central regions of 
the body (also referred to as visceral, omental or intra
abdominal fat) plays an important role in these asso
ciations (2,79). Conversely, peripheral adiposity, cha
racterized by large hips and thighs circumferences, has 
been associated with a better metabolic profile (10,11). 

The advance in imaging methods allowed not solely 
to confirm those previous anthropometricbased obser
vations but to attempt discriminating which component 
of the abdominal fat were more predictive of the afore
mentioned comorbidities (1215). Those studies showed 
that although subcutaneous adipose tissue (SAT) is an 
important determinant of metabolic risk, visceral adipose 
tissue (VAT) could be a stronger player (14,16). 

The link between obesity and the development of 
IR has been well documented. In AfricanAmericans, 
for example, it has been observed that both increased 
abdominal SAT and VAT are strongly correlated with 
insulin resistance (16). Other studies, however, have 
shown that individuals with central obesity have higher 
incidence of insulin resistance than those with subcu
taneous obesity (14,15). In fact, some authors believe 
that insulin resistance (IR) is the main culprit in the as
sociation between visceral obesity and metabolic as well 
as nonmetabolic diseases (17).

Moreover, it has also been shown that the presence 
of fat in ectopic sites such as liver, muscle, pancreas, 
kidney etc. either alone or in association with increased 
visceral fat, was also an independent determinant of the 
development of IR and associated comorbidities (3,6). 

Factors that contribute to the preferential accumu
lation of fat in certain body regions as well to the devel
opment of insulin resistance involve modifiable (physi
cal activity levels, nutritional surplus, hormonal status) 
and nonmodifiable factors (age, gender, genetic pre
disposition and ethnic background) (1,12). 

The exact role that adipose tissue, and particulari
ties in its distribution, may play in the pathogenesis of 

IR has not yet been fully elucidated. In this review, we 
will highlight the current mechanisms believed to be in
volved in the link between increased VAT, ectopic fat, IR 
and associated comorbidities. We will also provide some 
insights in the identification of these abnormalities. 

ADIPOSE TISSUE DISTRIBUTION ABNORMALITIES – 
CLINICAL RELEVANCE 

Clinical observations show that disregarding the BMI, 
either normalweight or obese individuals may present 
a healthy or an unhealthy metabolic profile. Accordingly 
to both BMI and metabolic profile, individuals may be 
classified in the following phenotypes: 1) lean and heal
thy, 2) lean and unhealthy (also known as thin outside, 
fat inside or metabolically obese but normal weight), 
3) obese and unhealthy and 4) obese and healthy (also 
coined as metabolically healthy obese or insulinsensitive 
obese) (9,1820). Some of the main features that dis
tinguish metabolically healthy or unhealthy phenotypes 
include increased VAT, ectopic fat deposition and insulin 
resistance in the latter phenotype, which impose on them 
a higher risk for metabolic and nonmetabolic comorbi
dities than their metabolically healthy counterparts (21). 

Lipodystrophic patients who present partial or total 
loss of SAT (acquired or inherited) and more VAT and 
ectopic fat accumulation are also more insulinresistant 
and more prone to metabolic and nonmetabolic co
morbidities (22,23). On the other hand, other group 
comprising patients with predominant subcutaneous 
fat accumulation, frequently extensive and deforming 
(multiple symmetric lipomatosis, lipedema and Der
cum’s disease) usually present a metabolically healthier 
profile (21,24,25). These clinical situations corrobo
rate the possibility of a protective role of accumulation 
of fat in SAT for a healthier metabolic profile, in oppose 
to the accumulation of fat in VAT or in ectopic sites. 

ADIPOSE TISSUE – AN OVERVIEW

There are two main types of adipose tissue in our body, 
white adipose tissue (WAT) and brown adipose tissue 
(BAT) that may coexist throughout the adipose tissue 
sites (1,2629) (Figure 1). Besides its fat storage role, 
WAT is considered the largest endocrine in the body 
(30) and exerts autocrine, paracrine and endocrine 
functions (e.g. brain, muscle, liver, vessels, kidney, bone 
etc.) (4,30). BAT is essential to dissipate energy throu
gh the regulation of thermogenesis in response to food 

Obesity, insulin resistance, comorbidity
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intake and cold, sympathetic activation, hormones such 
as irisin, released by the muscle etc. (31,32). 

INSULIN RESISTANCE – AN OVERVIEW

Detailed description of insulin action is out of the scope 
of this review and has been reviewed elsewhere (34,35).

Insulin resistance is characterized by the impair
ment of insulin action. Classically, the insulinresistant 
state is defined by the impairment of glucose uptake in 
muscle and the increment of endogenous glucose pro
duction by the liver resulting in hyperglycemia, both in 
fasting and postprandial states. However, in a broader 
sense, the insulin resistant state is also characterized by 
the impairment of insulin action on lipid metabolism 
(e.g. increment of lipolysis in adipocytes) or on pro
tein metabolism (e.g. impairment of protein synthesis 
in muscle, predisposing to sarcopenia). Also, IR affects 
the function of other organs such as vessels (leading to 
vasoconstriction/hypertension); brain (resulting in in
creased caloric intake); pancreas (decreased in betacell 
mass and in glucose sensing); bone (possibly decreasing 
bone mass and strength) among others effects (4,33). 

Notably, the cellular mitogenic effect of insulin is 
preserved in insulin resistant states leading to cell growth 
(e.g. acantosis nigricans, predisposition to cancer). More
over, the insulin may bind to other receptors such as the 
IGF1 receptor in the cartilage (promoting acromega
loid features), or in the theca cell in the ovary (leading to 
excessive androgen production and secretion, hirsutism 
and polycystic ovary syndrome) (1,4,36,37).

The mechanisms involved in the etiopathogenesis of 
insulin resistance related to obesity encompass prere
ceptor, receptor and postreceptor defects characterized, 
for example, by decreased access of insulin to muscle 
secondary to FFA excess (prereceptor), insulin recep
tor downregulation secondary to hyperinsulinemia 
(receptor) and inhibition of the intracellular cascades 
by several adiposityrelated factors (e.g. increased FFA, 
impaired adipokines and/or cytokines secretion) (post 
receptor) (36). All these aspects are discussed further 
and are depicted in figure 2.

CENTRAL OBESITY, INSULIN RESISTANCE 
AND COMORBIDITIES – MECHANISMS OF 
ASSOCIATION

Pathophysiological mechanisms (Figure 2)

It is uncertain how obesity results in insulin resistance; 
however, several factors have been implicated as playing 
a pivotal role, as described in the following sections and 
depicted in figure 2.

Figure 1. Classification of fat and distribution of white adipose 
tissue (WAT) and brown adipose tissue (BAT) – (A) WAT is classified in 
subcutaneous adipose tissue (SAT) and internal adipose tissue. SAT is further 
subdivided in superficial and deep adipose tissue. Internal adipose tissue is 
comprised by intrathoracic (e.g. pericardial) and visceral adipose tissue 
(VAT). The latter is further compartmentalized in intraperitoneal fat (greater 
omentum and mesenteric) and extraperitoneal fat (pre and retroperitoneal). 
(B) BAT is found along vessels (aorta, carotid, coronary arteries etc.), neck, 
interscapular and supraclavicular regions, axilla, abdominal wall, inguinal 
fossa and muscle (not shown). (A – adapted from Cook A. and Cowan C., 
Adipose (2009)- doi/10.3824/stembook.1.40.1, B – adapted from Awada R, 
Parimisetty A, Lefebvre d’Hellencourt C (2013)- doi/10.5772/5367). 
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Adipose tissue has two important features: capacity 
to expand and plasticity. Expandability reflects the abil
ity of adipose tissue to store lipid, either by the increase 
of adipocyte size (hypertrophy) and/or by the differ
entiation or adipogenesis (hyperplasia) of preexisting 
adipocytes. As obesity progresses, hypertrophy occurs 
and reaches a plateau (as observed in massively obese 
patients). Then, the presence of large adipocytes may 
recruit new cells triggering adipocytes hyperplasia. One 
of the characteristic of VAT is its lower proliferation 
rate and differentiation capacity which leads to growth 
mainly by hypertrophy, which renders impaired adipo
cyte functions. On the other hand, SAT (mainly lower 
body) grows mainly by hyperplasia; however when adi
pogenesis is limited, hypertrophic dysfunctional adipo
cytes will take place. Whenever the capacity to expand 
of both compartments is surpassed, lipid spills over to 
ectopic sites (nonadipose tissues) (1,33). 

In relation to its plasticity, it has been suggested 
that human WAT is also able to transdifferentiate into 
brown adipose tissue and viceversa accordingly to the 
condition to which the fat is exposed (28,31). For in
stance, during cold exposure, some WAT may be trans
formed into brown adipose tissue in order to increase 
heat production; on the other hand, exposure to an 
obesogenic diet, BAT is transdifferentiated into WAT 
enabling greater energy storage (31). 

Obesity, insulin resistance, comorbidity
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Dysfunctional adipose tissue

Adipocytes and adipose tissue are key players in the 
pathogenesis of insulin resistance associated with obe
sity. Hypertrophic dysfunctional adipocytes, mainly 
encountered in VAT and upper body SAT, are highly 
lipolytic resulting in enhanced free fatty acids (FFA) re
lease as well as in impaired secretion of adipokines (in

creased leptin and resistin, decreased adiponectin etc.) 
into the circulation. 

Two main hypotheses, not mutually exclusive, ex
plain how elevated FFA may be associated with central 
obesity and IR: the portal hypothesis and the spillover 
(or ectopic fat) hypothesis. Accordingly to the portal 
theory an increase in central abdominal fat tissue leads to 
an elevation of the delivery of FFA to the liver through 

Figure 2. Summary of the pathophysiological mechanisms associated with the development of insulin resistance associated with obesity 
and comorbidities – Hormonal status (e.g. menopause), aging, gender, genetic susceptibility and ethnic background interact with lifestyle factors to 
predispose to the increase of VAT/ectopic fat and the development of IR. Energy surplus secondary to nutritional factors (e.g. high energy food intake) 
associated with low physical activity levels lead to an increase in SAT/VAT. When the capacity of these tissues to expand becomes saturated (obesity) or 
limited (lipodystrophy), lipids spill over to non-adipose tissue sites (ectopic fat deposition). Fat growth by hypertrophy generates dysfunctional adipocytes 
that are more resistant to insulin’s antilipolytic effect and present impaired secretion of cytokines/adipokines (e.g. decreased adiponectin, increased 
TNFalpha and IL-6). Consequently, FFA and cytokines are released into the circulation. The surplus of FFA to the cells is oxidized, stored (lipids droplets) 
or metabolized into toxic derivatives (DAG and ceramides). These toxic derivatives lead to insulin resistance, impair cell function (lipotoxicity) or lead to 
apoptosis (lipoapoptosis). In the pancreas these toxic effects lead to decreased number and impaired capacity of β-cells to secrete insulin, predisposing 
to the development of type 2 diabetes mellitus; in the liver it leads to non-alcoholic steatohepatitis and subsequently to cirrhosis; in the muscle, to 
sarcopenia; in the kidney to glomerulopathy etc. Cell dysfunction and death elicit macrophage infiltration, and local and systemic inflammation. In addition, 
the secretion of inflammatory molecules into the circulation also impairs intracellular insulin signaling. The consequent insulin resistance increases 
endogenous glucose production by the liver and decreases glucose utilization by peripheral tissues (e.g. muscle). Consequently, glycemia rises and 
promotes increase in insulin secretion by the pancreas. In addition, hepatic insulin clearance is impaired contributing to hyperinsulinemia, which promotes 
down regulation of insulin receptor. Among several effects, hyperinsulinemia promotes cell growth (e.g. acanthosis nigricans, neoplasias) and leads to 
endothelial dysfunction (increased vasoconstriction).

SAT: subcutaneous adipose tissue; VAT: visceral adipose tissue; BAT: brown adipose tissue; FFA: free fatty acids; mj-macrophage; TG: triglycerides; SNS: 
sympathetic nervous system; DM: type 2 diabetes mellitus; DAG: diacylglycerol; NAFLD: non-alcoholic fatty liver disease; PCOS: polycystic ovary syndrome; 
HBP: high blood pressure.
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its portal vein drainage; consequently, hepatic insulin re
sistance issues, thereby driving glucose production up
ward (38). Recently, some authors suggest that, at least 
as much as the elevation of portal FFA, inflammatory 
cytokines, released by visceral fat into the portal vein 
also cause hepatic (as well as systemic) IR (39). 

Accordingly to the “spillover hypothesis”, in face 
of positive energy balance, a reduced or limited ability 
of adipose tissue to expand (especially the peripheral 
subcutaneous compartment) would lead to a spillover 
of FFA to the visceral fat compartment and to nonad
ipose tissues (e.g. liver, muscle, pancreas, kidney, bone) 
(4,6,40). Consequent to the limited ability of nonadi
pose tissue to oxidize and/or to store FFA, ectopic ac
cumulation of FFA and/or its metabolic active deriva
tives would lead to IR as well as cell lipotoxicity and 
apoptosis compromising the function of the involved 
organs (40).

Moreover, hypertrophic adipocytes may lead to lo
cal hypoxia driving endoplasmic reticulum (ER) stress, 
adipocyte death and macrophage infiltration. The latter 
event increases the secretion of inflammatory cytokines, 
such TNFα and interleukin (IL)6 and monocytes 
chemoattractant protein (MCP)1 which lead to local 
and systemic low grade inflammation (1,12) and the 
consequent impairment of insulin signaling.

Decreased insulin clearance/hyperinsulinemia

Insulin blood levels result from a balance between insu
lin production by the pancreas and its clearance main
ly by the liver as well other sites (kidney, muscle and 
adipose tissue) (41,42). Insulin clearance occurs by the 
uptake and the degradation of insulin in many tissues. 
In the liver, insulin uptake is mainly receptormediated. 
Both uptake and degradation are regulated by many 
factors, including increased FFA that inhibits those 
processes (36). 

In the obesity state, hyperinsulinemia ensues both 
due to increased production of insulin induced by the 
excess of fattyacid and glucose as well as by the de
crease of insulin clearance by the liver (and possibly 
kidney and other sites) (36). Hyperinsulinemic states, 
promote downregulation of insulin receptors leading 
to a decrease of insulin removal from circulation. Hy
perinsulinemia also promotes insulin resistance due to 
a negative feedback loop that inhibits IRS1/2 (36).

Decreased insulin clearance is also mediated by im
pairments of CEACAM1 expression, a key regulator of 
hepatic insulin clearance that is ubiquitously present 

in the body. In dietinduced obese dogs, it has been 
demonstrated that prospective changes in CEACAM1 
tracks alterations in insulin clearance (43). 

Recently, the results from a large cohort study in 
dogs, emphasized the importance of insulin clearance 
as the primary determinant of insulin sensitivity under 
baseline, overnightfasted conditions (41). The authors 
proposed that insulin clearance impairment could be 
the primary defect leading to insulin resistance.

Abnormalities in the hypothalamus-pituitary-
adrenal-fat axis

Similarities between metabolic derangements and in
sulin resistance associated with glucocorticoid excess 
states and obesity are well known. However, the me
chanisms involved in these similarities are still a matter 
of debate (1,44).

Excess of cortisol, as seen in Cushing syndrome 
and chronic stress, is associated with the development 
of abdominal obesity, insulin resistance and metabolic 
disorders. Conversely, abdominally obese subjects may 
also present abnormalities of hypothalamuspituitary
adrenal axis such as abnormal diurnal variation of cor
tisol, lack of meal response to cortisol etc. In addition, 
it has been also shown that visceral fat is more sensitive 
to the action of cortisol (44).

On the other hand, besides the effect of the sys
temic cortisol on the adipocytes, it has been shown that 
visceral fat also produces cortisol. The paracrine action 
of cortisol in the adipocyte may interfere with several 
aspect of adipose tissue by increasing adipogenesis, al
tering adipocyte metabolism (e.g. increasing or decreas
ing lipolysis), impairing adipokines secretion besides 
promoting IR (1,44).

Sympathetic nervous system (SNS) overdrive

High levels of circulating catecholamines lead to insulin 
resistance (45). One of the outcomes of increased adre
nergic outflow is increased lipolysis which promotes 
excessive influx of FFA to the cells. Obesity, especially 
visceral, is associated with increased SNS activity.

Activation of SNS has also been implicated in the 
transdifferentiation of WAT into BAT. Absence of ca
techolaminergic receptors has been associated with de
creased BAT activity and development of obesity (31).

Moreover, the SNS controls the intensity of the im
mune response. Reciprocally, the immune system con
trols the thermogenic effect of SNS via cytokines (46).

Obesity, insulin resistance, comorbidity



Co
py

rig
ht

©
 A

BE
&

M
 to

do
s o

s d
ire

ito
s r

es
er

va
do

s.

605Arq Bras Endocrinol Metab. 2014;58/6

Decreased brown or beige adipocytes

Activity of BAT is negatively correlated with age and 
BMI. In human, it has been shown that coldinduced 
activity of BAT is reduced with age, and that ucp1 ex
pression is decreased in the subcutaneous WAT in obe
se and diabetic patients (27,29). It has been shown that 
the decrease of BAT is associated with insulin resistance 
and hyperglycemia in older mice. However, the role of 
BAT in the pathogenesis of IR in humans is still spe
culative.

Molecular mechanisms (Figure 3)

The following molecular mechanisms, summarized in 
figure 3, have been implicated in the development of 
IR associated with obesity:

Lipotoxicity/lipoapoptosis

Lipotoxicity is a morphological and functional impairment 
of nonadipose tissue caused by toxic reactions seconda
ry to intracellular accumulation of lipids and their deri
vatives that may lead to cell death (lipoapoptosis) (47).  

Figure 3. Summary of the main putative molecular mechanisms involved in the development of insulin resistance associated with 
obesity in a hypothetical cell (e.g. hepatocyte, myocyte, adipocyte) – Insulin resistance associated with obesity, especially central, occurs due to 
pre-receptor, receptor and/or post-receptor impairments, mainly secondary to elevated FFA, hyperinsulinemia and increased cytokines. Insulin access to 
the interstitial space (pre-receptor impairment) may be induced by the excess of FFA and their metabolites as well by endothelial dysfunction secondary 
to increased circulating insulin. Hyperinsulinemia, secondary to the decrease of FFA-induced insulin clearance and the increase of insulin secretion, 
causes downregulation of insulin receptors (receptor impairment). In addition, insulin receptor downstream signaling (post-receptor impairment) is 
inhibited by FFA and cytokines. Increased intracellular FFA also contribute to excessive production of ATP, oxidative stress and mitochondrial dysfunction, 
production of reactive oxidative species, endoplasmic reticulum stress and lipid storage and accumulation of non-oxidative toxic derivatives (dyacylgycerol 
and ceramide). The aforementioned factors also activate inflammation pathways. Independently of the upstream or downstream level of the insulin 
receptor impairment, insulin resistance occurs by the inhibition of the phosphorylation of the insulin receptor substrates (IRS-1 or 2) and the subsequent 
inhibition of PI3K pathway, responsible for metabolic effects. Consequently to this inhibition occurs 1) decrease in the activation of GLUT-4 which impairs 
glucose uptake; 2) increase of glucose production by the liver (either by inhibiting glucogenesis and/or promoting glycogenolysis) and 3) increase of de 
novo lipogenesis, storage of lipid (lipid droplets) and toxic derivatives. On the other hand, the insulin receptor substrate, Shc, is spared from inhibition by 
FFA or cytokines and is stimulated by hyperinsulinemia. Consequently, MAPK pathway (mitogenic) is activated leading to anti-apoptotic and proliferation 
effects, culminating with tissue growth. Metabolic and non-metabolic consequences of IR and ectopic accumulation of fat are: hyperglycemia, 
hypertriglyceridemia, acanthosis nigricans, neoplasias, steatosis, cell growth or apoptosis or cell dysfunction.

FFA: free fatty acids; IRS: insulin receptor substrates; MAPK: mitogen-activated protein kinase; PI3K: phosphoinositide 3-kinase; DAG: dyacylgycerol; ROS: 
reactive oxidative species; ERS: endoplasmic reticulum stress, AN: acanthosis nigricans. 
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Physiologically, when supplied to the cells, FFA is utili
zed to produce structural lipids and is disposed by mi
tochondrial oxidation (resulting in the production of 
ATP and heat), and/or by storage as triglyceridefilled 
(lipid) droplets and it (47,48). During FFA surplus sta
tes, the limited ability of nonadipose tissue to oxidize 
fat, promotes excessive βoxidation of lipids leading to 
mitochondrial dysfunction as well as excessive accumu
lation of lipid droplets. Moreover, the limited capacity 
of nonadipose tissue to store fat activates nonoxidative 
pathways of FFA metabolism resulting in the accumu
lation of FFAderivatives such as dyacylglycerol (DAG) 
and ceramides (47,49). Besides its local production, cir
culating DAG may also contribute to lipotoxicity (26). 

FFA per se and the intracellular accumulation of 
some species of DAG leads to the impairment of insulin 
action directly by inhibition of downstream pathways 
of insulin signaling (47,49). Accumulation of ceramide, 
a proapoptotic lipid, leads to cell death. Accordingly 
to the respective tissue, ceramide may ultimately con
tribute to sarcopenia, heart failure, βcell mass decline, 
cirrhosis, glomerulopathy etc. (6,47).

Although the ectopic deposition of FFA within the 
tissue or the cell (lipid droplets) is of major importance 
when considering the links between obesity, dyslipide
mia, insulin resistance and comorbidities, some authors 
suggest that the ectopic lipid droplet accumulation it
self is not harmful to the cell, but it is rather a marker 
of excessive fuel availability (47). They argue that the 
toxic FFAderivative accumulation, originated from 
nonoxidative metabolism of excessive intracellular lip
ids, may actually be the actual culprit linking fat distri
bution abnormalities, insulin resistance and associated 
disorders. 

Endoplasmic reticulum stress (ERS) 

In the presence of several stimuli, such as excess of li
pids and glucose (as well as nutrient deprivation) and 
hypoxia, the ability of endoplasmic reticulum (ER) to 
fold proteins becomes impaired. This results in the ac
cumulation of misfolded or unfolded proteins that eli
cits ERS. The aim of ERS is to stop translation of the 
misfolded protein and activate molecular processes to 
fold them, preventing any further ER stress. When this 
aim is not achieved ERS elicits reactive oxygen species 
(ROS) accumulation, inflammatory response, cellular 
metabolic dysfunction and apoptosis. In target tissues 
for example, ERS may culminate with insulin and leptin 
resistance and decreased insulin secretion (49).

Decreased fat oxidation capacity 

Adipose tissue is a key player in controlling oxidative 
capacity of other organs, such as muscle, through the 
production and secretion of adipokines, such as leptin, 
adiponectin and TNFα (47,49). It has been suggested 
that subjects that have an increased muscle capacity 
to oxidize FFA are less susceptible to obesity. On the 
other hand, it has been shown that reduction of the 
capacity of skeletal muscle to oxidize FFA is associated 
with insulin resistance (50). 

Sarcopenia associated with aging and lack of exercise 
is one factor leading to decreased FFA oxidative capacity 
and fat accumulation (18,50). On the other hand, the 
increment of oxidative capacity by physical activity or 
pharmacological intervention (metformin, glitazones, 
leptin) also improves insulin sensitivity (42,51).

Mitochondrial dysfunction 

Human and experimental studies have suggested that 
mitochondrial dysfunction is involved in the pathoge
nesis of insulin resistance and ectopic accumulation of 
fat (26). However, the direction of the relationship is 
still unclear; it may be cause or consequence of insulin 
resistance (6,36). 

Excessive supply of substrate to the cell may over
whelm the capacity of the mitochondria to oxidize nu
trients, diverting the substrate to de novo lipogenesis 
and predisposing to the production of ROS (26). The 
surplus of lipids to liver, muscle, and brown fat over 
activates mitochondrial function to enhance energy dis
posal, promoting the production of high levels of ATP. 
As a protective mechanism against excessive ATP levels, 
intracellular energy accumulation ultimately leads to the 
inhibition of insulininduced glucose uptake response 
in those tissues (49). A reduction of mitochondrial ca
pacity of fat oxidation may also accelerate deposition of 
ectopic fat and their deleterious metabolites ultimately 
resulting in inhibition of insulin signaling (26,36,52). 

Oxidative stress

Reactive oxygen species are required for normal cell func
tion. Normally, the production of ROS is quenched by 
endogenous antioxidant mechanisms, present in the pero
xisomes, preventing its deleterious consequences (49,52).

However, mitochondrial dysfunction, inflammation 
and glycation, among other mechanisms, lead to the 
accumulation of ROS that overcomes the endogenous 
antioxidant capacity. As a result of ROS accumulation, 

Obesity, insulin resistance, comorbidity
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increased lipid peroxidation and protein misfolding 
(leading to endoplasmic reticulum stress) occur, ulti
mately leading to DNA and cellular damage and/or 
metabolic dysfunction (1).

FAT DISTRIBUTION ASSESSMENT
It has become evident that assessments of total, regio
nal and ectopic adiposity are important for predicting 
cardiometabolic risk, for identifying the fat distribu
tion phenotype as well as for obesity treatment follow 
up. Several publications have discussed in details the 
methods used to assess body composition (13,53,54). 
Here we briefly cite current and most commonly used 
methodology to assess fat distribution. 

Clinical methods such as BMI and body adiposity 
index (BAI) make possible to estimate total body fat 
but not regional adiposity (55); waist circumference 
(WC), waist to hip ratio (WHR) and sagittal abdomi
nal diameter and bioimpedance may predict or estimate 
abdominal fat, but do not distinguish between SAT and 
VAT (1,12). Some authors propose that the “hypertri
glyceridemic waist” that combines WC and trygliceri
demia values could also predict visceral obesity. They 
showed that, in large studies, patients presenting values 
of both parameters above the cutoff references were 
more prone to metabolic risk and coronary disease (1). 

Computadorized tomography and MRI are current
ly the recommended methods to directly assess SAT, 
VAT and ectopic fat deposition. Magnetic resonance 
spectroscopy is the gold standard to evaluate ectopic 
fat deposition and positron emission computerized to
mography (PET/CT) is currently the gold standard to 
evaluate BAT. The validation to assess BAT by MRI is 
also under way (13). However, there is still no consen
sus of optimal cutoffs of fat measurements in those 
sites for predicting cardiometabolic risk. 

Dual energy Xray absorptiometry (DXA) and 
plethys mography precisely assess both total and region
al adiposity, and indirectly estimate visceral fat. Ultra
sound is suitable to estimate SAT and VAT, however 
due to the variability and subjectivity of the measure
ments of intraabdominal adiposity it is not currently 
recommended for VAT estimation (13,54). 

INSULIN SENSITIVITY ASSESSMENT
Taking into account that insulin resistance is an im
portant link between adiposity and comorbidities, its 
assess ment becomes useful. 

Severe insulin resistance, as seen in lipodystrophic 
syndromes, may be recognized in clinical grounds by 
phenotypical features at birth such as hypertrichosis, se
vere acanthosis nigricans, pseudoacromegalia or elflike 
facies. However, the clinical recognition of milder insu
lin resistance may be more challenging and may require 
quantitative assessment (36).

Currently, the majority of the quantitative methods 
to assess insulin sensitivity are restricted to research set
tings. The ones considered reference techniques (eu
glycemic hyperinsulinemic clampEGC and frequent
sampling intravenous glucose tolerance test) pose 
important limitations to their use in clinical practice 
for they are costly, time consuming and/or technically 
demanding. Moreover, the gold standard method to 
assess IR, the EGC, is not fully “physiological” (56). 

More feasible, costeffective and convenient alter
natives to the reference methods have been proposed 
and, potentially could be used in routine clinical re
search (56). They are fasting or OGTTderived indi
ces from insulin alone or along with glucose measure
ments (e.g. HOMAIR, QUICKI etc.), fasting levels of 
SHBG, IGFBP1, ratio leptin:adiponectin among others 
(57,58). However, some limitations of the aforemen
tioned indices are biological and analytical variability, 
interference of medications and dependency on glucose 
tolerance degree levels. Moreover, they lack validated 
cutoffs values for different populations and conditions. 
Therefore, their application is not currently recom
mended in clinical practice.

Some authors proposed decision rules, validated by 
EGC, to define individuals with insulin resistance. They 
showed that BMI, WC, HOMAIR, fasting plasma in
sulin and LDL cholesterol are strong predictors of IR. 
Using three different combinations of those clinical and 
laboratory measurements they were able to identify in
sulinresistant individuals (mainly Caucasians and nor
malweight subjects) (59). However, the use of these 
decision rules in other clinical settings is still unknown.

Detailed description of methods to assess insulin 
sensitivity has been extensively described elsewhere 
(56,60).

CONCLUSION

Body fat distribution, more than the total amount of 
fat, is relevant to assess the risk of developing metabolic 
and nonmetabolic morbidities associated with insulin 
resistant individuals.

Obesity, insulin resistance, comorbidity
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Considerable advancements in understanding the 
links binding the obesity, fat distribution abnormali
ties, insulin resistance and comorbidities have been 
achieved. Nonetheless, determination of validated, fea
sible and costeffective tools to assess fat distribution 
and insulin sensitivity as well as safe and efficient tar
geted pharmacological interventions tackling the puta
tive mechanisms involve in this link are still warranted.

Disclosure: no potential conflict of interest relevant to this article 
was reported. 
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Resistência à insulina e componentes 
da síndrome metabólica, análise por 
sexo e por fase da adolescência
Insulin resistance and components of metabolic syndrome, 
analysis by gender and stage of adolescence

Eliane Rodrigues de Faria1, Franciane Rocha de Faria2, Sylvia do Carmo 
Castro Franceschini3, Maria do Carmo Gouveia Peluzio3, Luciana 
Ferreira da Rocha Sant’Ana3, Juliana Farias de Novaes3, Sônia Machado 
Rocha Ribeiro3, Andréia Queiroz Ribeiro3, Silvia Eloiza Priore3

RESUMO
Objetivo: Analisar a influência dos componentes da síndrome metabólica na resistência à in-
sulina, por sexo e fase da adolescência. Sujeitos e métodos: Avaliaram-se dados bioquímicos, 
clínico, de estilo de vida e composição corporal de 800 adolescentes de 10 a 19 anos, de ambos 
os sexos, de Viçosa-MG/Brasil, divididos em fases: inicial (10 a 13 anos), intermediária (14 a 
16 anos) e final (17 a 19 anos). Resultados: 10,3 e 3,4% apresentavam, respectivamente, resis-
tência à insulina e síndrome metabólica. Na fase inicial, observaram-se maior prevalência de 
dislipidemia e na intermediária, de hiperuricemia e excesso de gordura corporal. O sexo femi-
nino apresentou maior prevalência de dislipidemia, excesso de gordura corporal e resistência à 
insulina e o masculino, maior prevalência de HDL baixo, hiperuricemia e pressão arterial altera-
da. Os da fase inicial apresentaram maiores valores de colesterol total, LDL, HDL, triglicerídeos, 
glicemia de jejum e relação cintura/quadril, ficaram menos tempo sentados e realizavam maior 
número de refeições (p < 0,05) em relação às outras fases. O modelo final, ajustado por sexo, foi 
diferente para cada fase da adolescência. Conclusões: A resistência à insulina está associada 
à inadequação na composição corporal, nos níveis bioquímicos e no estilo de vida, sendo os 
fatores associados diferentes em cada fase da adolescência. Arq Bras Endocrinol Metab. 2014;58(6):610-8

Descritores
Resistência à insulina; composição corporal; adolescente; síndrome X metabólica

ABSTRACT
Objective: To analyze the influence of metabolic syndrome components in insulin resistance, 
by gender and adolescence phase. Subjects and methods: We evaluated biochemical, clinical, 
lifestyle and body composition data of 800 adolescents from 10 to 19 years old, from both 
genders, from Viçosa, MG/Brasil, and there was the division by stage: early (10 to 13 years), 
intermediate (14 to 16 years) and late (17 to 19 years). Results: 10.3 and 3.4% had, respectively, 
insulin resistance and metabolic syndrome. In the initial phase there was a higher prevalence 
of dyslipidemia and intermediate hyperuricemia and excess body fat. Females had a higher 
prevalence of dyslipidemia, excess body fat and insulin resistance and higher male prevalence 
of low HDL, hyperuricemia and blood pressure changes. Those from the initial phase had higher 
levels of total cholesterol, LDL, HDL, triglycerides, fasting glucose and waist/hip ratio, stayed 
less time sitting and had more meals (p < 0.05) in relation to other phases. The final model, ad-
justed for gender, was different for each phase of adolescence. Conclusions: Insulin resistance 
is associated with inadequate body composition, in biochemical levels and lifestyle, being the 
factors associated different in each phase of adolescence.  Arq Bras Endocrinol Metab. 2014;58(6):610-8
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INTRODUÇÃO 

A Organização Mundial da Saúde define a adoles
cência como o período que vai de 10 a 19 anos e 

envolve transformações físicas, psíquicas e sociais, que 
podem se manifestar de formas e em períodos diferen
tes para cada indivíduo (1). A adolescência pode ser 
dividida em três fases: inicial (10 a 13 anos), interme
diária (14 a 16/17 anos) e final (17/18 a 19 anos) (1).

Portanto, a adolescência corresponde a uma ampla 
faixa etária, com diferenças importantes entre elas, prin
cipalmente na composição corporal e no perfil bioquí
mico. Na fase inicial, ocorrem o estirão de crescimento 
e o surgimento das características sexuais secundárias, 
com maior deposição de gordura corporal e, consequen
temente, maior alteração nos níveis lipídicos, e nas de
mais fases atingese o pico máximo de crescimento. No 
decorrer da adolescência, a composição corporal do or
ganismo é alterada, bem como as diferenças entre gêne
ros, em que os meninos apresentam maior proporção de 
massa livre de gordura e as meninas, maior quantidade 
de massa de gordura, devido às modificações nos níveis 
de estrogênio e testosterona durante a puberdade (1).  

A adolescência é um dos períodos críticos da vida 
para o início ou a persistência da obesidade e suas com
plicações, como a resistência à insulina, que está entre 
as principais desordens metabólicas (2), podendo se 
manter por toda a vida (3). 

A resistência à insulina pode ser definida como res
posta diminuída às ações biológicas da insulina, anor
malidade que ocorre principalmente em razão de ação 
inadequada da insulina nos tecidos periféricos, como te
cido adiposo, muscular e hepático (4). Está associada ao 
excesso de gordura corporal e alterações metabólicas, 
como diabetes, dislipidemias, hipertensão arterial, que, 
em conjunto, constituem a síndrome metabólica (5). 

Vários métodos para a avaliação da sensibilidade à 
insulina têm sido propostos (6), sendo o HOMAIR 
(Homeostasis Model Assessment – Insulin Resistance ou 
Índice do Modelo de Avaliação da Homeostase da Re
sistência à Insulina) proposto por Matthews e cols. (7) 
como alternativa simples e de baixo custo às técnicas 
mais sofisticadas, mostrando boa correlação com o pa
drãoouro clamp euglicêmico, possibilitando o uso em 
estudos populacionais e na prática clínica. 

Entre os fatores associados à resistência à insulina, 
destacase excesso de peso e/ou de gordura corporal, 
localizado principalmente na região abdominal, seden
tarismo, hábitos alimentares inadequados, sexo e idade 

(5). Poucos estudos avaliando os fatores associados à 

resistência à insulina entre as fases da adolescência são 
encontrados (8), sendo que na literatura brasileira não 
há nenhum que compare as três fases e o sexo.

Dessa forma, objetivouse analisar a influência dos 
componentes da síndrome metabólica na resistência à 
insulina, por sexo e fase da adolescência. 

SUJEITOS E MÉTODOS

Casuística

Estudo transversal, realizado com 800 adolescentes, de 
ambos os sexos, de 10 a 19 anos selecionados em todas 
as escolas públicas e privadas, das áreas urbanas e rurais 
de Viçosa, MG, totalizando 23 escolas com estudan
tes na faixa etária de interesse. Consideraramse como 
critérios de exclusão: apresentar doenças crônicas; uso 
regular de medicamentos que alterassem a pressão arte
rial, os níveis sanguíneos lipídicos e/ou glicídicos; uso 
contínuo de diuréticos/laxantes, marcapasso ou próte
se e, no caso do sexo feminino, uso de anticoncepcional 
há menos de 2 meses e ter ficado ou estar grávida. 

O tamanho amostral foi calculado por meio do pro
grama Epi Info 6,04 a partir de fórmula específica para 
estudos transversais, considerandose população infini
ta, prevalência esperada de 50% (visto o estudo conside
rar como desfecho múltiplos fatores de risco cardiovas
culares) e variabilidade aceitável de 5%, totalizando 663 
adolescentes, com 99% de nível de confiança. A este 
se acrescentaram 10% para recuperar possíveis perdas e 
10% para controle de fatores de confusão, chegando a 
796 adolescentes. 

Entre todos os que atenderam os critérios de inclu
são e que devolveram o termo assinado, o sorteio foi 
realizado, respeitandose a proporcionalidade do núme
ro de alunos que cada escola possuía em cada faixa etária. 

O projeto foi aprovado pelo Comitê de Ética em Pes-
quisa com Seres Humanos da Universidade Federal de 
Viçosa (Of. Ref. n° 0140/2010). A participação foi volun-
tária após esclarecimento verbal e assinatura do termo de 
consentimento livre e esclarecido, pelos adolescentes e 
responsáveis.

Métodos

O peso foi obtido em balança digital, eletrônica, com 
capacidade máxima de 136 kg e subdivisão em 100 g e 
a estatura por estadiômetro, com extensão de 2 m e es
cala de 0,1 cm, sendo aferidos conforme o preconizado 
por Jelliffe (9).

Resistência à insulina na adolescência
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O estado nutricional, pelo índice de massa corpo
ral (IMC)/idade, bem como os pontos de corte e a 
referência antropométrica foram os preconizados pela 
World Health Organization (10). Adolescentes com 
sobrepeso e com obesidade foram classificados como 
excesso de peso (> percentil 85) (11). 

Os perímetros da cintura (ponto médio entre a mar
gem inferior da última costela e a crista ilíaca, no plano 
horizontal) (12) e do quadril foram aferidos com fita 
métrica, flexível e inelástica, dividida em centímetros e 
subdividida em milímetros, sendo as medidas realizadas 
em duplicata, por um único avaliador e se utilizou a 
média. Calcularamse a relação cintura/quadril (RCQ) 
e a relação cintura/estatura (RCE).

Utilizouse aparelho de bioimpedância elétrica ver
tical de oito eletrodos táteis (In Body 230) para avaliar 
percentual de gordura corporal, massa de gordura (kg) 
e massa livre de gordura (kg). O percentual de gordura 
corporal foi classificado segundo Lohman (13). A ava
liação foi realizada entre 7h e 8h30’ da manhã, respei
tandose protocolo específico para o teste (11). 

A pressão arterial foi aferida com monitor de pressão 
sanguínea de inflação automática e a avaliação da pres
são sistólica e diastólica foi realizada conforme preconi
zado pela Sociedade Brasileira de Cardiologia, utilizan
do para tal o percentil de estatura do adolescente (14).

Coletouse sangue dos voluntários após jejum de 
12 horas, para análise de ácido úrico, glicemia, insulina 
e lipídios séricos, como colesterol total, triglicerídeos, 
HDL (high density lipoprotein – lipoproteína de alta 
densidade), LDL (low density lipoprotein – lipoproteína 
de baixa densidade) e VLDL (very low density lipopro-
tein – lipoproteína de muito baixa densidade).

Para dislipidemias e hiperinsulinemia os pontos de 
corte foram os preconizados pela Sociedade Brasileira 
de Cardiologia (15) e, para glicemia de jejum alterada, 
a American Diabetes Association (16): ≥ 100 mg/dL. A 
resistência à insulina foi determinada por meio da fór
mula do HOMAIR = [(insulina de jejum (µU/mL) x 
glicemia de jejum [mmol/L])/22,5 ≥ 3,16] (17). 

Para avaliação do ácido úrico, perímetro da cintu
ra e do quadril e relação cintura/estatura e cintura/
quadril, optouse por utilizar o percentil 90 da própria 
população, segundo fase da adolescência (18), uma vez 
que não existem pontos de corte validados para ado
lescentes.

Para classificação da síndrome metabólica, utilizou
se critério proposto pela International Diabetes Fede-
ration – IDF (19): perímetro da cintura ≥ percentil 90 

(18) mais duas alterações: triglicerídeos ≥ 100 mg/dL 

(15); HDL < 45mg/dL (15); glicemia de jejum altera
da ≥ 100 mg/dL (16); pressão arterial ≥ percentil 90 
para estatura e sexo (14).

Os adolescentes responderam a Questionário de Fre
quência de Consumo Alimentar (QFCA), de estilo de 
vida (tabagismo, história familiar e hábitos alimentares) 
e de atividade física (Questionário Internacional de Ati
vidade Física – IPAQ), validado para adolescentes (20). 

Software’s e análise estatística

O banco de dados foi duplamente digitado e, após veri
ficação da consistência dos dados, realizaramse as aná
lises nos softwares SPSS for Windows 13.0 e Stata 11.0. 
Os testes utilizados foram Correlação de Pearson, Tes
te t de Student ou de MannWhitney, KruskalWallis 
complementado pelo teste de comparação de Dunn’s. 
O teste do QuiQuadrado ou Exato de Fischer foi uti
lizado para avaliar associação entre a prevalência de al
terações metabólicas, por sexo e fase da adolescência. O 
nível de rejeição da hipótese de nulidade para todos os 
testes foi de 5%.

Utilizaramse modelos de regressão logística sim
ples e múltipla para avaliar associação entre a resistência 
à insulina (variável dependente) e variáveis explicativas 
(de estilo de vida, composição corporal e bioquímicas). 
As variáveis com p ≤ 0,20 e com plausibilidade bioló
gica na regressão logística simples foram selecionadas 
para o modelo múltiplo, que foi construído utilizando
se o critério forward. A significância de cada variável foi 
avaliada pelo teste de Wald, retirandose do modelo as 
variáveis não significativas. O ajuste do modelo múlti
plo foi avaliado pelo Teste da Verossimilhança e pelo 
Teste de Hosmer & Lemeshow (avalia a consistência do 
ajuste do modelo, considerandose bom ajuste quando 
p > 0,05) a cada inclusão de uma nova variável no mo
delo e para verificar o ajuste do modelo final, além do 
poder de predição do modelo. Avaliaramse também a 
multicolinearidade e a interação entre as variáveis inde
pendentes. A força de associação foi avaliada pelo cálcu
lo da odds ratio (OR) com intervalo de confiança (IC) 
95%. Elaborouse um modelo de risco para cada fase da 
adolescência, ajustado por sexo.

RESULTADOS

Avaliaramse 800 adolescentes de 10 a 19 anos, com 
média de 14,71 ± 2,95 e mediana de 14,87 anos (10,02 
– 19,99). 

Resistência à insulina na adolescência
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A tabela 1 apresenta a distribuição da amostra e a pre
valência de alterações, entre sexo e fase da adolescência, 
sendo que os da fase inicial apresentaram maior preva
lência de inadequação do colesterol total e LDL e os da 
intermediária, maior prevalência de ácido úrico elevado  
(≥ percentil 90) e excesso de gordura corporal (p < 
0,05). Em relação ao sexo, os adolescentes do feminino 
tiveram maiores inadequações de colesterol total, trigli
cerídeos, de excesso de gordura corporal, de resistência 
à insulina e de insulina alterada (p < 0,05). Nos do mas
culino constatouse maior prevalência de baixo HDL e 
de elevado ácido úrico e de pressão arterial (p < 0,05).

Observaramse, na fase inicial, maiores valores de 
colesterol total, LDL, HDL, triglicerídeos, VLDL, 
glicemia de jejum e relação cintura/quadril e menores 
para ácido úrico, peso, altura, perímetro da cintura, pe
rímetro do quadril, massa de gordura e livre de gordu
ra, pressão sistólica e diastólica, bem como ficavam me
nos tempo parados durante a semana e fim de semana e 
realizavam maior número de refeições (p < 0,05). Para 
insulina e HOMAIR, observaramse maiores valores 
na fase intermediária, em relação às fases inicial e final 
(p < 0,05) (dados não apresentados em tabelas).

Ao se comparar as variáveis de composição corporal 
e bioquímicas, entre os grupos com e sem resistência 
à insulina, de acordo com o sexo, observouse que o 
grupo com resistência à insulina apresentou valores su

periores da maioria das variáveis antropométricas e bio
químicas, para ambos os sexos (p < 0,005) (dados não 
apresentados em tabelas).

A partir da regressão logística simples, as variáveis 
que entraram no modelo final foram selecionadas, em 
cada fase da adolescência, conforme demonstrado na 
tabela 2. Os indivíduos do sexo feminino e aqueles que 
apresentaram inadequação de triglicerídeos, colesterol 
total, LDL, os com sobrepeso/obesidade, excesso de 
gordura corporal, perímetro da cintura, do quadril e 
das relações cintura/quadril e cintura/estatura ≥ p90 
apresentavam mais chance de ter resistência à insulina, 
na amostra total (p < 0,05), com comportamentos dife
rentes nas fases da adolescência. 

Em relação às variáveis antropométricas, encontrou
se multicolinearidade entre RCE, RCQ, perímetro da 
cintura e do quadril, optandose pela utilização do pe
rímetro da cintura e do quadril isoladamente, apresen
tando melhor ajuste do modelo, ao incluir essas variá
veis. Além disso, optouse pela utilização das variáveis 
contínuas HDL, ácido úrico e pressão arterial sistólica 
e diastólica, uma vez que se mantiveram no modelo fi
nal e, quando categorizadas, não se observou o mesmo 
comportamento.

Para resistência à insulina, o modelo final, ajustado 
por sexo, foi diferente para cada fase da adolescência, des
tacando o alto poder de predição do modelo (maior que 

Tabela 1. Prevalência de inadequações de acordo com sexo e as fases da adolescência. Viçosa, MG/Brasil

Alterações Amostra total
% (n)

Sexo % (n) Fases da adolescência % (n)

Feminino Masculino Inicial Intermediária Final

Amostra 100,0 (800) 51,8 (414) 48,2 (386) 42,0 (336) 28,6 (229) 29,4 (235)

Colesterol total (≥ 150 mg/dL) 58,6 (469) 65,7 (272)* 51,0 (197)* 67,3 (226)a 52,8 (121)b 51,9 (122)b

Triglicerídeos (≥ 100 mg/dL) 14,8 (118) 17,6 (73)** 11,7 (45)** 17,0 (57)a 14,0 (32)a 12,3 (29)a

HDL (< 45 mg/dL) 34,4 (275) 28,3 (117)** 40,9 (158)** 31,8 (107)a 35,8 (82)a 36,6 (86)a

LDL (≥ 100 mg/dL) 33,6 (269) 36,2 (150) 30,8 (119) 42,9 (144)a 24,5 (56)b 29,4 (69)b

Insulina de jejum (≥ 15 µU/mL) 10,0 (80) 12,6 (52)* 7,3 (28)* 11,01 (37)a 10,5 (24a 8,1 (19)a

Resistência à insulina (≥ 3,16) 10,3 (82) 12,8 (53)* 7,5 (29)* 11,6 (39)a 11,4 (26)a 7,2 (17)a

Glicemia de jejum (≥ 100 mg/dL) 0,75 (6) 0,72 (3) 0,78 (3) 1,2 (4)a 0,44 (1)a 0,43 (1)a

Pressão arterial (≥ p90)1 2,9 (23) 1,7 (7)* 4,1 (16)* 3,0 (10)a 3,5 (8)a 2,1 (5)a

Ácido úrico ≥ p90 10,1 (81) 3,4 (14)* 17,4 (67)* 3,6 (12)a 15,3 (35)b 14,5 (34)b

Excesso de gordura corporal2 43,0 (344) 55,8 (231)* 29,3 (113)* 39,3 (132)a 49,8 (114)b 41,7 (98)a,b

Excesso de peso3 21,3 (170) 20,5 (85) 22,0 (85) 25,0 (84)a 18,8 (43)a 18,3 (43)a

Síndrome metabólica4 3,4 (27) 2,9 (12) 3,9 (15) 4,2 (14)a 3,1 (7)a 2,6 (6)a

Teste do Qui-Quadrado ou Teste Exato de Fischer; * p < 0,05; ** p < 0,001 (diferença por sexo). 
1 10 a 17 anos: pressão arterial ≥ percentil 90 para idade, sexo e percentil de estatura; 18 – 19 anos: pressão arterial ≥ 130/85 mmHg; 2 ≥ 20% sexo masculino e ≥ 25% sexo feminino; 3 Excesso 
de peso = sobrepeso ou obesidade (≥ percentil 85); 4 Perímetro da cintura > p90 mais duas alterações: triglicerídeos ≥ 100 mg/dL; HDL < 45 mg/dL; glicemia de jejum alterada ≥ 100 mg/dL; 
pressão arterial ≥ percentil 90 para estatura e sexo.
Letras diferentes indicam diferenças entre os grupos (p < 0,05).

Resistência à insulina na adolescência
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80%), independente da fase. O modelo considerando a 
amostra total, além de ser ajustado por sexo, também foi 
ajustado de acordo com a fase da adolescência (Tabela 3).

DISCUSSÃO

Este estudo encontrou alta prevalência de alterações, 
como excesso de peso e/ou de gordura corporal, dis

lipidemias, alterações no metabolismo glicídico e na 
pressão arterial, independente do sexo e fase da ado
lescência (Tabela 1), semelhante a outros estudos 
(11,18,2123), o que é preocupante, uma vez que essas 
alterações podem levar a prejuízos na saúde atual e fu
tura do adolescente (3). 

O diagnóstico da resistência à insulina é de relevân
cia na avaliação da presença de alterações metabólicas, 

Tabela 2. Associação das variáveis de composição corporal, bioquímicas, de estilo de vida e clínica com a resistência à insulina nas três fases da 
adolescência. Viçosa/MG, Brasil

Variável Amostra total
OR (IC 95%)

Fase inicial
OR (IC 95%)

Fase intermediária
OR (IC 95%)

Fase final
OR (IC 95%)

Sexo

Masculino

Feminino

1

1,81 (1,12 - 2,91)

1

3,31 (1,59 - 6,91)

1

1,04 (0,45 - 2,37)

1

1,33 (0,49 - 3,61)

Ácido úrico (mg/dL)* 1,52 (1,24 - 1,87) 2,38 (1,64 - 3,44) 1,17 (0,80 - 1,7) 1,65 (1,08 - 2,54)

Colesterol total

Normal

Alterado

1

1,78 (1,11 - 2,83)

1

1,11 (0,56 - 2,17)

1

3,29 (1,39 - 7,74)

1

2,18 (0,79 - 6,01)

HDL (mg/dL)* 0,95 (0,93 - 0,97) 0,93 (0,89 - 0,96) 0,97 (0,93 - 1,004) 0,97 (0,93 - 1,02)

LDL 

Normal

Alterado

1

2,3 (1,42 - 3,73)

1

1,58 (0,79 - 3,17)

1

3,16 (1,24 - 8,04)

1

3,66 (1,3 - 10,27)

Triglicerídeos

Normal

Alterado

1

4,89 (2,46 - 9,7)

1

3,84 (1,47 - 10,04)

1

5,09 (1,38 - 18,78)

1

7,57 (1,71 - 33,52)

IMC

Sem excesso de peso

Sobrepeso

Obesidade

Excesso de peso

1

3,78 (2,13 - 6,7)

17,7 (9,19 - 34,11)

6,5 (4,0 - 10,5)

1

3,01 (1,29 - 6,98)

10,37 (4,23 - 25,39)

4,9 (2,5 - 9,8)

1

5,04 (1,87 - 13,64)

14,5 (4,06 - 51,83)

7,0 (2,9 - 16,3)

1

4,13 (1,1 - 15,51)

108,5 (18,49 - 636,54)

10,7 (3,7 - 30,8)

Gordura corporal

Normal

Alterado

1

6,01 (3,45 - 10,5)

1

6,37 (2,91 - 13,93)

1

3,45 (1,06 - 11,23)

1

26,54 (3,45 - 203,83)

Perímetro da cintura

< percentil 90

≥ percentil 90

1

7,71 (4,52 - 13,13)

1

9,9 (3,8 - 25,7)

1

7,30 (2,85 - 18,71)

1

11,55 (4,02 - 33,16)

Perímetro do quadril

< percentil 90

≥ percentil 90

1

5,6 (3,26 - 9,6)

1

18,9 (5,38 - 66,4)

1

5,72 (2,29 - 14,28)

1

5,36 (1,92 - 14,95)

Relação cintura/estatura

< percentil 90

≥ percentil 90

1

8,21 (4,90 - 13,76)

1

6,4 (2,9 - 13,8)

1

6,84 (2,69 - 17,39)

1

18,04 (6,05 - 53,74)

Relação cintura/quadril

< percentil 90

≥ percentil 90

1

3,84 (2,2 - 6,75)

1

3,10 (1,5 - 6,5)

1

3,18 (0,78 - 12,83)

1

10,87 (2,72 - 43,37)

Pressão sistólica (mmHg)* 1,04 (1,02 - 1,06) 1,07 (1,03 - 1,1) 1,06 (1,01 - 1,1) 1,02 (0,97 - 1,08)

Pressão diastólica (mmHg)* 1,04 (1,01 - 1,08) 1,09 (1,03 - 1,14) 0,99 (0,94 - 1,05) 1,06 (0,99 - 1,13)

Tempo sentado fds (minuto)* 1,002 (1,001 - 1,003) 1,02 (1,01 - 1,04) 1,002 (0,99 - 1,004) 1,002 (0,99 - 1,01)

Tempo sentado sem (minuto)* 1,001 (1.001 - 1.003) 1,01 (0,99 - 1,04) 1,002 (0,99 - 1,003) 1,004 (1,001 - 1,01)

* Ácido úrico, HDL, pressão sistólica e diastólica, tempo sentado sem (média diária tempo sentado segunda a sexta); tempo sentado fds (média tempo sentado sábado e domingo) entraram no 
modelo como variável contínua; excesso de peso = sobrepeso/obesidade; odds ratio (OR); intervalo de confiança (IC). 
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incluindo a síndrome metabólica. O HOMAIR tem 
sido amplamente utilizado (11,1718), principalmente 
em estudos populacionais, por ser um método rápido, 
validado, de fácil aplicação e de menor custo (6). Estu
do realizado por Keskin e cols. (17), comparando índi
ces de resistência à insulina em adolescentes, observou 
que o HOMAIR é o método mais sensível e específico 
para avaliar sensibilidade insulínica. 

O critério de diagnóstico da síndrome metabólica 
específico para adolescentes da International Diabetes 
Federation (19) não considera a resistência à insulina 
como componente da síndrome, o que pode levar ao 
subdiagnóstico dessa nesse grupo etário, uma vez que 
a alteração nos níveis de insulina já antecede a glicemia 
de jejum alterada.

Sabese que a resistência à insulina envolve a inte
ração de múltiplos fatores, incluindo genéticos, sexo, 
idade, sedentarismo, hábitos alimentares inadequados, 
tabagismo, etilismo, excesso de peso e/ou de gordura 
corporal e presença de alterações como dislipidemias, 
diabetes, hipertensão (24,25). AlIsa e cols. (8), em es
tudo com adolescentes do Kuwait, apresentaram que o 
HOMAIR é maior nos com excesso de peso, conside
rando idade, sexo, dieta e atividade física, semelhante 
ao encontrado neste trabalho.

Houve diferença no comportamento das variáveis 
relacionadas à resistência à insulina, de acordo com 

o sexo. Estudo realizado por Kim e cols. (24), com 
2.972 adolescentes coreanos de 10 a 18 anos, apre
sentou que, no sexo feminino, os maiores quartis de 
HOMAIR aumentaram a chance de apresentar sín
drome metabólica, perímetro da cintura aumentado e 
aumento dos níveis lipídicos, porém não se observam 
as mesmas associações no sexo masculino e, diferen
temente do presente estudo, não se encontra diferen
ça na prevalência da resistência à insulina por sexo. 
Estudos com adolescentes apresentam resultados 
contrários ao presente estudo, uma vez que o sexo 
masculino apresenta a maior prevalência de resistência 
à insulina (26) e os maiores valores do índice HOMA 
IR (8).

Diferentes fatores associados à resistência à insulina 
foram encontrados neste estudo, em relação às três fa
ses da adolescência (Tabela 3). Para todas as fases, en
controuse, entre o modelo final, uma alteração lipídica 
e da composição corporal. Em estudo com 774 adoles
centes do Kuwait, comparando as três fases da adoles
cência, observouse que o índice HOMAIR foi maior 
nos adolescentes da fase inicial (8), ao contrário deste 
estudo que observou maiores valores nos adolescentes 
da fase intermediária. Já Ella e cols. (26), em estudo 
com 4.250 adolescentes de 10 a 18 anos, encontraram 
maior prevalência de resistência à insulina nos adoles
centes com 15 a 18 anos.

Tabela 3. Modelo final de risco para a resistência à insulina, ajustado por sexo, nas três fases da adolescência. Viçosa, MG/Brasil  

Fatores
Amostra total Fase inicial Fase intermediária Fase final

OR (IC 95%) p OR (IC 95%) p OR (IC 95%) p OR (IC 95%) p

Ácido úrico (mg/dL) 1,54 (1,18 - 2,0) 0,01 1,91 (1,2 - 3,0) 0,006 - - - -

HDL (mg/dL) - - 0,93 (0,89 - 0,98) 0,005 - - - -

Hipertrigliceridemia 2,84 (1,28 - 6,3) 0,01 - - - - 7,8 (1,47 - 41,26) 0,016

Hipercolesterolemia - - - - 4,22 (1,54 - 11,52) 0,005 - -

Pressão arterial 
sistólica (mmHg) - - - - 1,05 (1,005 - 1,1) 0,03 - -

Excesso de gordura 
corporal 3,08 (1,66 - 5,71) < 0,0001 3,28 (1,3 - 7,85) 0,008 - - - -

Sobrepeso - - - - 4,8 (1,7 - 13,58) 0,003 - -

Obesidade 5,69 (2,79 - 11,6) < 0,0001 - - 8,29 (2,07 - 33,11) 0,003 - -

Perímetro do quadril  
(≥ p90) - - 8,26 (1,73 - 39,4) 0,008 - - 10,33 (3,26 - 32,66) < 0,0001

Tempo parado semana 
(min) - - - - - - 1,04 (1,001 - 1,002) 0,018

Ajuste do modelo

p = 0,51

Poder de predição = 89,4%

p = 0,99

Poder de predição = 89,0%

p = 0,86

Poder de predição = 90,4%

p = 0,63

Poder de predição = 92,8%

Ajuste dos modelos: Teste de Hosmer & Lemesher (p > 0,05).

*Ácido úrico, HDL, pressão sistólica e diastólica, tempo sentado sem (média diária tempo sentado segunda a sexta); tempo sentado fds (média tempo sentado sábado e domingo) entraram no 
modelo como variável contínua; excesso de peso = sobrepeso/obesidade; odds ratio (OR); intervalo de confiança (IC); tempo sentado semana = média diária tempo sentado segunda a sexta.
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Ressaltase, ainda, a elevada prevalência de dislipi
demias, com comportamento diferente entre os sexos 
e fases da adolescência, principalmente de hipercoles
terolemia, com maior frequência nos adolescentes da 
fase inicial (Tabela 1). Estudo realizado por Chaves e 
cols. (27) com 120 adolescentes de 10 a 13 anos de 
Viçosa, MG/Brasil, apresentou 21,6% com excesso de 
peso, 17,5% com excesso de gordura corporal, 54,2% 
com inadequação de colesterol total, 26,7% de LDL 
elevado, 25,8% de HDL baixo e 20% de hipertriglice
ridemia. 

A maior prevalência da hipercolesterolemia na fase 
inicial da adolescência, provavelmente, é devido ao 
processo de maturação sexual, sendo que as concen
trações de colesterol total são maiores nos prépúberes 
do que nos púberes, em decorrência da concentração 
dos hormônios sexuais e do maior acúmulo de gor
dura corporal, como já foi relatado por outros estu
dos (28,29). No entanto, a diminuição nos níveis de 
colesterol total relacionada com a puberdade é co
nhecida por ocorrer mais tarde em meninos do que 
em meninas, e as mudanças seriam mais importantes 
para os meninos depois de 13 anos. Por outro lado, 
a diferença de gênero nas mudanças associadas com a 
puberdade pode ser devido a alterações específicas do 
sexo nas frações do colesterol (29), como demonstra
do neste estudo, em que o sexo masculino apresenta 
maior prevalência de baixo HDL e o sexo feminino, 
maior prevalência de LDL aumentado.

A Sociedade Brasileira de Cardiologia (15) destaca 
que o perfil lipídico dos adolescentes é diferente en
tre os sexos, decorrente da maturação sexual, sofrendo 
variações durante a fase de crescimento e desenvolvi
mento, com diferenças segundo idade, pela atuação dos 
hormônios sexuais nesta fase. Nas meninas, observase 
aumento progressivo do HDL a partir dos 10 anos, 
sendo este superior ao dos meninos no final da ado
lescência. Também o LDL e o colesterol total elevam
se progressivamente a partir dos 14 aos 15 anos nas 
meninas, sendo superiores aos dos meninos por volta 
dos 17 aos 18 anos. Talvez a menarca seja importante 
no desencadeamento desse fenômeno. Nos meninos, 
a maturação sexual acarreta diminuição progressiva do 
colesterol total, LDL e HDL em função da evolução 
dos estágios puberais de Tanner.

Além dos níveis lipídicos, ressaltase o ácido úri
co como componente importante da resistência à 
insulina na amostra total e já na fase inicial da ado
lescência. Observouse, ainda, maior prevalência de 

hiperuricemia no sexo masculino, e nas fases inter
mediárias e finais. Elevações nas concentrações séricas 
de ácido úrico são comumente vistas em associação 
com obesidade central, intolerância à glicose, disli
pidemia, resistência à insulina e hipertensão arterial, 
podendo esta alteração já estar presente em idades 
precoces (30). Além disso, as diferenças por sexo nos 
níveis de ácido úrico em adultos são bem conhecidas, 
sendo que os homens apresentam níveis mais altos de 
ácido úrico do que as mulheres, podendo isso estar 
associado ao hormônio estrogênio que aumenta a ex
creção de ácido úrico (31). Porém, em adolescentes, 
são poucos os estudos que avaliam as diferenças em 
relação aos níveis de ácido úrico por sexo, não tendo 
sido encontrado nenhum estudo avaliando esses ní
veis por fase da adolescência. Portanto, a maior pre
valência de ácido úrico elevado no sexo masculino e 
nas fases intermediária e final provavelmente se deve 
aos diferentes estágios de maturação sexual em que se 
encontram devido aos menores níveis de estrogênio 
nesses adolescentes (31,32). 

No presente estudo, o tempo parado durante a se
mana foi um dos fatores de risco que esteve associa
do à resistência à insulina na fase final da adolescência, 
enquanto adolescentes da fase inicial realizavam maior 
número de refeições ao longo do dia e ficavam menos 
tempo parados. Adolescentes da fase inicial geralmente 
sofrem mais influência da família, realizando a maio
ria das refeições em casa e praticando atividades como 
jogar futebol e brincar na rua, que são características 
dessa faixa etária (27,33).

Em todos os modelos finais, independente da fase 
da adolescência, esteve presente pelo menos uma va
riável relacionada ao excesso de peso e/ou de gordura 
corporal, evidenciando que a composição corporal teve 
melhor associação com a resistência à insulina que as 
variáveis bioquímicas.

Destacase o perímetro do quadril, mantendose 
como fator de risco para resistência à insulina na fase 
inicial e final, sendo que quem possui gordura acumu
lada na região do quadril tem mais chance de apresen
tar resistência à insulina, com aumento da produção 
de substâncias do tecido adiposo visceral, como ácidos 
graxos livres (que levarão às dislipidemias) e citocinas 
(como as TNFα) (34). 

Esses resultados são sustentados por estudos que 
demonstram a relação entre variáveis associadas ao ex
cesso de peso e/ou de gordura corporal e a resistên
cia à insulina e síndrome metabólica, em adolescentes 
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(11,18). Portanto, o nível de resistência à insulina deve 
ser monitorado principalmente em adolescentes com 
excesso de peso e/ou de gordura corporal, pois parece 
que, quanto maiores os níveis de HOMAIR, maior a 
frequência de fatores de risco cardiovascular (11), justi
ficando a inclusão da resistência à insulina como com
ponente da síndrome metabólica.

Devese ter em conta, entretanto, a limitação do 
trabalho referente ao ponto de corte utilizado para o 
indicador HOMAIR em estudos científicos, pois não 
existe um ponto de corte estabelecido internacional
mente que possa ser utilizado em comparações de es
tudos. Ressaltase ainda que este é um estudo inédito, 
uma vez que se avaliam as diferenças em relação aos 
fatores de risco para resistência à insulina nas três fases 
da adolescência, e os demais estudos na literatura ape
nas avaliam as fases separadamente, não sendo possível 
avaliar as diferenças entre elas.

Em conclusão, medidas de avaliação da composição 
corporal, níveis de ácido úrico, de lipídios e sedenta
rismo estiveram associados à resistência à insulina, que 
se diferenciaram de acordo com a fase da adolescência. 
Por isso a importância de se considerar as fases separa
damente na avaliação do estado de saúde do adolescen
te, utilizando precocemente os níveis plasmáticos de in
sulina para se avaliar a presença de risco cardiovascular.

Assim, é importante a adoção de medidas que per
mitam o diagnóstico e prevenção precoce da resistência 
à insulina e dos fatores de risco associados. Destacase a 
adolescência como momento oportuno para colocar em 
prática essas medidas, a fim de que tenham impacto po
sitivo no futuro, uma vez que esse grupo se torna rele
vante e estratégico em termos de saúde pública, na pro
moção de saúde e prevenção de doenças na vida adulta. 
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Evaluation of parathyroid function 
and mineral metabolism in 
psychiatric patients using lithium salts
Avaliação da função paratireoidiana e metabolismo mineral 
em pacientes psiquiátricos usuários de sais de lítio

Thiago Costa de Oliveira1, Ivo Alves de Campos Neto1, Manuel 
Hermínio de Aguiar-Oliveira1, Francisco de Assis Pereira1

ABSTRACT
Objective: To evaluate parathyroid function and mineral metabolism in psychiatric patients 
users of lithium salts. Materials and methods: We measured the serum levels of calcium, io-
nized calcium, inorganic phosphorus, alkaline phosphatase, albumin, parathyroid hormone 
(PTH), urea, creatinine, 25-hydroxy-vitamin D and lithium of 35 patients diagnosed with bipolar 
disorder in use of lithium carbonate (LC) for at least one year (Lithium Group – LG) and 35 
healthy subjects (Control Group – CG). Results: The LG and CG were matched by sex and age. 
There was only statistic difference in relation to the levels of PTH and ionized calcium, with p 
< 0.004 and p < 0.03, respectively. Secondary form of hyperparathyroidism (HPT) was found in 
eight (22.8%) LG patients and in none of the CG. There was no correlation between lithemia, 
usage time and dosage of LC. Conclusion: Our data demonstrate that lithium may create an 
imbalance in the parathyroid axis, characterized by elevated levels of PTH.  Arq Bras Endocrinol Metab. 

2014;58(6):619-24
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RESUMO
Objetivo: Avaliar a função paratireoidiana e o metabolismo mineral em pacientes psiquiátricos 
usuários de sais de lítio. Materiais e métodos: Foram avaliados os níveis séricos de cálcio to-
tal, cálcio iônico, fósforo inorgânico, fosfatase alcalina, albumina, paratormônio (PTH), ureia, 
creatinina, 25-hidroxivitamina D e lítio de 35 pacientes diagnosticados com transtorno afetivo 
bipolar usuários de carbonato de lítio (CL) há pelo menos um ano (Grupo Lítio – GL) e 35 indi-
víduos saudáveis (Grupo Controle – GC). Resultados: O GL e o GC foram pareados por sexo e 
idade. Somente se observou diferença estatística em relação aos níveis de PTH e cálcio iônico, 
com p < 0,004 e p < 0,03, respectivamente. Hiperparatireoidismo secundário foi encontrado em 
oito (22.8%) pacientes do GL e em nenhum do GC. No GL, não houve correlação entre litemia, 
tempo de uso e posologia do CL. Conclusão: Nossos dados demonstram que o lítio pode susci-
tar um desequilíbrio no eixo paratireoideano, caracterizado por níveis elevados de PTH. Arq Bras 
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INTRODUCTION

About six decades, lithium salts were introduced as 
medical treatment due to their ability to modulate 

and stabilize mood in psychiatric patients with affective 
disorders (1,2). The use of lithium (Li) is the most effec
tive longterm therapy for affective disorders, such as bi

polar affective disorder (BAD), as it protects users against 
humor fluctuations reducing manic and depressive phases 
in this illness and, consequently, reduces mortality and 
the risk of suicide (35). Despite recent advances in phar
macological treatment of psychiatric disorders in Brazil, 
Li remains as an effective and low cost alternative drug, 
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being provided free of charges by the National Health 
System in the form of Lithium Carbonate (LC) (6,7).

Li has a very narrow therapeutic window, being 
clinically effective with plasma concentrations of 0.6
1.5 mEq/L (equivalent to 6001,500 mg of LC) and 
producing many toxic effects when above these values, 
thus justifying the importance of quarterly to semian
nual monitoring of the serum levels of patients using 
Li (811).

When serum concentrations are much higher than 
those recommended, one can develop Li intoxica
tion, a situation favored by certain risk factors, such as 
higher age, overdose, chronic renal failure, nephrotic 
syndrome, cirrhosis, heart failure, diabetes insipidus in
duced by Li therapy and the use of antiinflammatory 
drugs, angiotensinconverting enzyme inhibitors and 
thiazide diuretics (12,13).

Chronic use of Li can lead to a mild hyperparathy
roidism (HPT), which is usually reversible after the dis
continuation of the therapy (10). In the parathyroid 
glands, Li acts by inhibiting the cAMP second messen
ger system, which triggers a compensatory mechanism 
that results in the elevation of PTH, thus increasing the 
plasma levels of calcium (1,10).

Many in vivo studies have shown that Li interferes 
with the dynamics of PTH secretion by increasing the 
sensitivity threshold of the parathyroid calcium recep
tor and inhibiting renal calcium excretion (14). By 
shifting the PTH/calcium curve for the right, higher 
serum calcium levels are necessary to inhibit the secre
tion of PTH, thereby raising the levels of this hormone 
and calcium (10,12,15). The changes in the body re
sulting from HPT induced by Li may be the same as 
classically originated by primary hyperparathyroidism 
(PHP), even though it is known that the vast majority 
of cases evolve with few clinical signs of the mineral me
tabolism imbalance, except for kidney stone formation, 
which is the most frequent situation found (16,17).

In Li users who have been using it for at least 10 
years, the prevalence of HPT was observed in approxi
mately 1015%, being higher in women (4:1), with the 
occurrence of both hyperplasia and adenomas of the 
parathyroid glands (18,19). In confirming diagnoses 
of lithiumassociated hyperparathyroidism, therapeutic 
decisions should be individualized, taking as an initial 
choice suspension of Li in symptomatic patients. In per
sistence of symptoms, parathyroidectomy is required 
with recommended bilateral neck exploration, in order 
to minimize the risk of disease recurrence (20,21).

The aim of this study was to evaluate parathyroid 
function and mineral metabolism in psychiatric patients 
using lithium salts, confirming the need for better con
trol of these parameters in clinical practice.

MATERIALS AND METHODS

This is a crosssectional, descriptive study, with a quanti
tative approach and convenience sampling of 35 patients 
diagnosed with BAD, current using LC as treatment and 
with clinical followup in the following psychiatry public 
services in the city of Aracaju (SE): University Hospital 
of the Federal University of Sergipe (HUUFS), Fran
cisco Fonseca Health Center (CSFF) and Jael Patrício 
de Lima Psychosocial Care Center III (CAPSIII). The 
research project was submitted for review and approval 
to the University Hospital Research Ethics Committee 
of the Federal University of Sergipe, and received the 
CAEE number 09436112.4.0000.5546. The Informed 
Consent term was signed after all participants had re
ceived detailed and specific information related to the 
purposes and methods of this study.

The study included two groups: control group 
(CG), composed of 35 healthy individuals, and the 
Lithium Group (LG), comprising 35 patients under 
treatment with LC, matched for age and sex. The inclu
sion criterion for the LG was the continued use of LC 
for at least one year. Exclusion criteria for both groups 
were age (under 18); cancer, parathyroid and/or thy
roid dysfunction, chronic renal failure and nephrotic 
syndrome, pregnancy, use of drugs that interfere with 
the metabolism of calcium (thiazide diuretics, inhibi
tors of angiotensin converting enzyme, antiinflam
matory drugs and calcium supplementation), and the 
refuse to participate in the study.

Information about patients were obtained during 
the period between December 2012 and May 2013, 
from the analysis of charts and the fill out of a ques
tionnaire containing the name, gender, age, skin color, 
weight, height, body mass index (BMI), marital status, 
education, profession, county of origin, psychiatric di
agnosis that motivated the use of lithium as treatment, 
associated pathologies (including current medications 
and treatments performed), daily dose and duration of 
use of LC and other medications. Initially, the selected 
patients underwent an interview to complete the study 
questionnaire and then they were asked to go to the 
laboratory of clinical analysis from HUUFS and were 
told to fast 1012 hours for blood test.

Parathyroid function and lithium salts
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The laboratory parameters studied were: PTH, by 
the chemiluminescence method (reference value: 11
67 pg/mL) – Immulite 2000 Siemens Healthcare 
Diag nostics Inc., USA; total calcium, by the calori
metric method (reference value: 8.811.0 mg/dL); 
ionized calcium, by the fluorimetry method (reference 
value: 4.65.4 mg/dL); inorganic phosphorus, by the 
phosphomolybdate method (reference value: 2.54.5 
mg/dL); albumin, by the bromocresol green method 
(reference value: 3.55.0 g/dL); alkaline phosphatase, 
kinetic method (reference value: 27100 U/L); cre
atinine, enzymatic method (reference value: 0.71.2 
mg/dL); urea, calorimetric method (reference value: 
1545 mg/dL) – Vitros 5.1 FS, Johnson & Johnson 
Company, Canada; 25hydroxyvitamin D, chemilumi
nescence method (normal: 3040 ng/mL) – Architect 
i1000 SR, Abbott Diagnostics, USA; and lithium, by 
the ion selective electrode method (reference value: 
0.61.2 mEq/L) – 9180 Electrolyte Analyzer, Roche 
Diagnostics, Germany.

For statistical analysis of the obtained results, we 
used the GraphPad Prism, version 12.0 for Windows 
2012 (San Diego, CA, USA). Numerical variables 
were described as mean and standard deviation. Ei
ther the chisquare test or Fisher’s exact test was 
used to evaluate categorical variables. We used Stu
dent’s t test for continuous variables analysis, if they 
had normality characteristics, and otherwise, a non
parametric MannWhitney test was applied. We used 
the Person’s coefficient of variation for parametric 
variables and Spearman to correlate nonparametric 
variables. The level of significance for rejecting the 
null hypothesis was 5% (p < 0,05).

RESULTS

Of the 41 patients interviewed to be included in the 
LG, 35 were eligible for the study. Four patients were 
excluded because of lack of continuous use of the drug 
and two for refusing to participate in the research.

The control group was composed of 21 women 
(60%) and 14 men (40%), whereas 22 women (62.8%) 
and 13 men (37.2%) comprised the LG. The mean 
chronological age was 47.5 ± 11.7 years (ranging 
from 25 to 66) in CG and 45.9 ± 12.2 years (ranging 
from 26 to 65) in LG. The serum Li level found in 
the LG patients was 0.56 ± 0.2 mEq/L (ranging from 
0.19 to 0.92 mEq/L). The skin color, weight, height, 
BMI of participants, the treatment duration and the 

Table 1. Clinical and demographic data of the Control Group (CG) and the 
Lithium Group (LG)

Variables CG
(n = 35)

LG
(n = 35) p value

Skin color (W : NW) 16 : 19 18 : 17 0.95

Weight in kg (X ± SD) 64.7 ± 12.3 64,6 ± 12,93 0.97

Height in m (X ± SD) 1.56 ± 0.08 1,57 ± 0,05 0.34

BMI in kg/m2 (X ± SD) 26.7 ± 4.9 27,0 ± 4,8 0.46

Use time in years (X ± SD) NR 6,1 ± 4,2 NR

Current dosage in mg/day (X ± SD) NR 702.9 ± 266.8 NR

W: white, NW: not white, NR: not rated.

Table 2. Laboratory data of the Control Group (CG) and the Lithium Group 
(LG)

Variables CG
(X ± SD)

LG
(X ± SD) p value

Total calcium (mg/dL) 8.7 ± 0.4 9.0 ± 0.8 < 0.1

Inorganic phosphorus (mg/dL) 3.8 ± 0.4 3.7 ± 0.6 0.5

Albumin (mg/dL) 4.4 ± 0.4 4.4 ± 0.5 0.7

Alkaline phosphatase (U/L) 66.1 ± 21.0 76.1 ± 28.1 < 0.1

Urea (mg/dL) 29.4 ± 5.5 26.7 ± 8.0 < 0.09

Creatinine (mg/dL) 0.7 ± 0.2 0.7 ± 0.2 0.9

25-hidroxy vitamin D (ng/mL) 41.1 ± 7.0 40.7 ± 32.4 < 0.06

Parathyroid function and lithium salts

LC current dosage are presented in table 1. Neither 
there was correlation between vitamin D levels and 
weight nor between vitamin D levels and BMI. 

The serum level of urea and creatinine, renal 
function markers, showed no statistical difference 
among the studied groups, the same occurring with 
the blood levels of albumin, total calcium, alkaline 
phosphatase, inorganic phosphorus, 25hydroxyvita
min D and lithium, parameters presented in table 2.

The plasma concentrations of both PTH and ion
ized calcium in LG were higher than in the CG, pre
senting statistical difference: PTH (Figure 1)  CG = 
49.2 ± 11.0 pg/dL versus 54.9 ± 24.2 pg/dL (p < 
0.004) for LG; ionized calcium (Figure 2)  CG = 4.2 
± 0.4 mg/dL versus LG = 4.4 ± 0.4 mg/dL (p < 0.03).

The elevation of PTH serum levels features HPT, 
a clinical condition found in eight patients (22.8%) 
of the LG and in none in the CG. Despite higher le
vels of PTH, these patients had serum calcium with
in the normal range. No correlations were identified 
between the serum Li level, usage time and dosage 
of LC as well as between levels of vitamin D, weight 
and BMI. There were not correlations of calcium 
and PTH as well as vitamin D and PTH. 
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Among patients in the LG, it was noted that nine 
patients had systemic hypertension and six had dia-
betes mellitus. These patients had these diagnoses 
prior to the use of LC. Of the eight participants who 
had high levels of PTH, four had at least one of these 
comorbidities.

DISCUSSION

The HPT is a clinical syndrome characterized by ex
cessive function of the parathyroid glands, resulting in 
persistent PTH hypersecretion and its consequences in 
the body. It can be associated with elevated serum cal
cium levels or within the normal range (22). The PHP 
has a prevalence of approximately 1% in the adult po
pulation, with equal distribution between the genders, 
doubling after the age of 55, being, in this age group, 
two to three times more common in women than in 
men (23).

Currently, the signs and symptoms of PHP are 
becoming rarer, with 8085% of patients being 
asymp tomatic. In this medical condition, PTH levels 

are slightly increased and calcium level, when high, is 
usually only up to 1.0 mg/dL above the upper nor
mal limit. Hypophosphatemia, found in the classic 
form of PHP, is uncommon in patients with asymp
tomatic disease (24). At the diagnosis of PHP, the 
main cause of hypercalcemia in patients with nor
mal renal function, it is essential to observe the level 
of calcium in association with PTH levels, as there 
are situations in which, despite the normocalcemia, 
there is hormone elevation, as found in normocal
cemic PHP, a nonindolent condition, similar to an 
initial PHP (25).

The literature is unison in saying that, by de
creasing the calcium sensitivity in the parathyroid, 
Li disrupts the boneparathyroid endocrine axis 
and triggers disorders in calcium homeostasis. This 
could lead to a classic PHP and even to a normocal
cemic HPT or hypercalcemia without PTH elevation 
(9,26,27). Both in vitro studies and in vivo studies 
in healthy volunteers demonstrated direct action of 
lithium on parathyroid cells in releasing intact PTH 
(28). Lithium can shift the set point of calciumsens
ing receptors (CaSR) in parathyroid cells, leading 
onto excess release of PTH (28,29). In this work, we 
observed serum PTH elevated in 22.8% of patients 
using LC, confirming a disbalance in the physiology 
of the parathyroid glands caused by Li. According 
to data reported in most large series, the ratio for 
HPT in Li users between females and males is 4:1 
(18,30,31). In our study, the ratio found was of 3 
women for 1 man.

Despite the elevation of PTH in some patients in 
the LG, the levels of total calcium and ionized cal
cium of these patients remained within the normal 
range. In LG, it was noted, however, that the mean 
plasma concentrations of ionized calcium was higher 
compared with the CG (Figure 2). This finding is in 
agreement with several literature reports and it may 
be explained by the fact that the ionized calcium is 
more sensitive than the total calcium for detection 
of hypercalcemia in patients treated with Li (32,33).

According to the data obtained from the medical 
records, all patients in the LG stayed euthymic for 
more than six months, despite the fact that only 16 
(45.7%) were with Li levels within the therapeutic 
range. Of the eight LG patients who presented in
creased PTH, five had normal Li serum levels and 
the others had Li levels below the expected. This 
suggests that the HPT induced by Li was not re

Figure 1. Plasma concentration of parathyroid hormone (PTH) of the 
control group (CG) and the Lithium Group (LG).
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Figure 2. Plasma concentration of ionized calcium of the control group 
(CG) and the Lithium Group (LG).
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lated to the values   of Li in the blood, fact that could 
be, possibly, explained by an intrinsic property of 
the drug responsible for the imbalance of the para
thyroid endocrine axis and not being related to the 
given dose or its serum levels. This condition is in 
agreement with the explanation proposed by some 
studies, which say that the HPT induced by Li has 
no relation to the given therapeutic dose, but ra
ther with the presence of the medication in the body 
(34,35). The duration of the treatment increases the 
incidence of this clinical condition due to the cumu
lative power that Li has on the body (19,36).

Lithium, an inhibitor of glycogen synthase kinase 
3 (GSK3), is widely used for the treatment of mood 
disorders. Lithium treatment significantly increased re
nal GSK3 phosphorylation, enhanced serum ADH and 
FGF23 concentrations, downregulated renal Klotho 
expression, stimulated renal calcium and phosphate 
excretion, and decreased serum 1,25(OH)2D3 and 
phosphate concentrations (37). Since Li is not bound 
to serum proteins, it is freely filtered by the kidneys 
and its elimination depends on the glomerular filtration 
rate. Consequently, Li blood levels and undesirable ef
fects caused by Li are directly related to renal function 
(9,10). The participants of this study were assessed by 
measurements of blood urea and creatinine, which were 
within normal limits. Such fact excluded the possibility 
that the HPT, found in some patients, would have been 
induced by renal failure (secondary HPT).

Regarding the levels of phosphorus, alkaline phos
phatase and 25hydroxyvitamin D, there was no statis
tical difference compared to the CG. This result can 
be related to the presence of normocalcemic HPT, in 
which laboratory abnormalities are restricted to chang
es in PTH levels. These data are similar to those found 
by Khoury and cols. (33). 

In our study, half of the patients with high PTH 
had either hypertension or diabetes mellitus. According 
to the literature, only diabetes mellitus has a positive 
relation with the use of lithium salts, since Li has an 
inhibitor effect on the insulin secretion induced by glu
cose due to mechanisms related to the influx of calcium 
in pancreatic beta cells (3,10). There was no correla
tion between the use of LC and development of these 
comorbidities in patients of LG, since such diagnoses 
were made prior to initiation of treatment with Li.

Limitations of this study were the nonevaluation 
of bone turnover markers, urinary calcium levels, bone 
mineral density and the lack of an ultrasound evalu

ation of the kidneys and urinary tract of the patients 
studied in both groups. Although, Zamani and cols. 
found that patients on maintenance therapy with lithi
um had higher bone mineral density in both the lumbar 
spine and the proximal femur and lower serum total 
alkaline phosphatase (ALP) and Ctelopeptide (CTX) 
and osteocalcin than normal controls. The lower serum 
osteocalcin, CTX and ALP suggest decreased bone 
remodeling contrary to what is seen in primary hyper
parathyroidism, which is associated with accelerated 
skeletal turnover and increased osteocalcin and markers 
of bone resorption (38).

Guidelines recommendations for treatment with Li 
in patients with BAD do not mention monitoring of 
parathyroid function, what appears to be an important 
omission in the followup of these individuals due to 
the high absolute risk of developing mild, reversible 
hyperparathyroid state (15,38,39). Thus, our data sug
gest that the use of lithium salts, as an alternative ther
apy in psychiatric patients suffering from BAD, must 
be accompanied by periodic assessments of mineral 
metabolism in an attempt at early detection of possible 
imbalances in parathyroid endocrine axis, considering 
that 22.8% of patients using Li had elevated serum lev
els of PTH.

Disclosure: no potential conflict of interest relevant to this article 
was reported. 
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Screening of celiac disease in 
patients with autoimmune thyroid 
disease from Southern Brazil
Pesquisa de doença celíaca em pacientes com 
doença autoimune de tireoide do sul do Brasil

Laila M. Teixeira1, Renato Nisihara2,3, Shirley Ramos da Rosa Utiyama3, Ricardo 
S. de Bem4, Cristina Marcatto1, Michelli Bertolazo3, Gisah A. de Carvalho1

ABSTRACT
Objective: The objective of this study was to determine the prevalence of celiac disease (CD) in 
adults with autoimmune thyroid disease (ATD) from the endocrinology outpatient setting in a 
university hospital in Southern Brazil. Subjects and methods: From the years 2007 to 2011, 254 
patients with ATD were enrolled consecutively, Grave’s disease was diagnosed in 143 (56.3%) and 
Hashimoto’s thyroiditis in 111 (43.7%) of them. All patients answered a questionnaire related to 
symptoms that could be associated with CD and serum samples to screen for IgA anti-endomysial 
(EmA-IgA) were collected. EmA-IgA-positive patients were offered upper gastrointestinal endos-
copy and biopsy of duodenum. Results: A total of 254 patients were included; 222 (87.4%) female, 
mean age 45.4 ± 13.43 years (18 to 79 years). EmA-IgA was positive in seven patients (2.7%) and 
five done endoscopy with biopsy. Of these, three diagnosis of CD was confirmed (1.2%). All the 
three patients with CD had higher EmA-IgA titration, were female and had Hashimoto’s thyroidi-
tis. Like other patients with ATD, CD patients had nonspecific gastrointestinal symptoms, such as 
heartburn and gastric distention. In our study, one in each 85 patients confirmed the diagnosis of 
CD. Conclusion: We found a prevalence of 1.2% (1:85) of confirmed CD among Brazilian patients 
with ATD. Although some IgA-EmA positive patients had Graves’ disease and one was male, all 
three patients with confirmed CD were female and had Hashimoto’s thyroiditis. Arq Bras Endocrinol 

Metab. 2014;58(6):625-9
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Celiac disease; Hashimoto's disease; Graves' disease

RESUMO
Objetivo: O objetivo do presente estudo foi determinar a prevalência de doença celíaca (DC) em 
adultos com doenças autoimunes de tireoide (DAT) que foram atendidos em um serviço de en-
docrinologia de um hospital universitário do sul do Brasil. Sujeitos e métodos: Entre os anos 
de 2007 a 2011, 254 pacientes com DAT foram consecutivamente incluídos, sendo 143 (56,3%) 
desses diagnosticados com doença de Graves e 111 (43,7%) com doença de Hashimoto. Todos os 
pacientes responderam a um questionário relatando sintomas que poderiam ser associados com 
DC, e amostras de soro para a pesquisa de anticorpo antiendomisial (EmA-IgA) foram coletadas. 
Os pacientes com sorologia positiva foram encaminhados para endoscopia gastrointestinal com 
biópsia duodenal. Resultados: No total, 254 pacientes foram incluídos, sendo 222 (87,4%) mulhe-
res com média de idade 45,4 ± 13,43 anos (18 a 79 anos). EmA-IgA foi positivo em sete (2,7%) pa-
cientes e cinco fizeram endoscopia com biópsia. Desses, três (1,2%) tiveram o diagnóstico de DC 
confirmada. Todos os três pacientes com DC apresentaram altos títulos de EmA-IgA, eram mulhe-
res e tinham doença de Hashimoto. Assim como outras pacientes com DAT, os pacientes celíacos 
tinham sintomas gastrointestinais inespecíficos, como queimação e distensão gástrica. Em nosso 
estudo, um em cada 85 pacientes com DAT tiveram o diagnóstico de DC confirmado. Conclusão: 
Em nosso estudo, foi observada prevalência de 1,2% (1:85) de DC confirmada entre os pacientes 
com DAT, sendo todas mulheres e com doença de Hashimoto. Arq Bras Endocrinol Metab. 2014;58(6):625-9
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INTRODUCTION 

T he most common autoimmune thyroid diseases 
(ATDs) are Hashimoto’s thyroiditis and Graves’ 

disease (1). The incidence of Hashimoto’s thyroiditis 
is approximately 3.5 cases per 1,000 people per year in 
women and 0.8 per 1,000 (2) in men, with a prevalence 
of 2% to 3% of the population (3). Graves’ disease has 
1% to 2% of prevalence in women and 0.1% to 0.2% in 
men (2). The association of thyroid autoimmune disea
se with other autoimmune disorders has been demons
trated previously (46). There is an increased prevalen
ce of hypothyroidism and subclinical hypothyroidism 
in patients with celiac disease (CD), 19.2% and 21.2%, 
respectively, as described in Brazilian CD patients (7). 

CD is an immunemediated enteropathy that de
velops in genetically susceptible individuals in response 
to the ingestion of wheat gluten and related proteins 
found in barley and rye. CD is known to occur with a 
higher prevalence in individuals with certain syndromes 
and autoimmune disorders, such as Down syndrome, 
Turner syndrome, type 1 diabetes mellitus, and ATD 
(5,8,9). Originally, this affection was thought to almost 
exclusively affect white Europeans, and it is known cur
rently to be distributed worldwide (10). The prevalence 
of CD in the Brazilian general population, specifically 
of Curitiba (Southern region), an area with predomi
nantly European ancestry, is 1:417 (11). In patients 
with inadequate control of ATD, using high doses of 
levothyroxine, CD must be evaluated (12). CD can 
manifest with typical symptoms, such as growth failure, 
loss of weight, diarrhea, and deficiency of various nutri
ents, and with atypical symptoms, such as osteoporosis 
and infertility. However, a majority of patients suffer 
from subtle, if any, symptoms (13). Untreated CD is 
associated with other complications, the most severe 
being malignant lymphoma or cancer of the small in
testine (14). 

The objective of this study was to determine the 
prevalence of CD in adults with ATD from the endo
crinology outpatient setting in a university hospital in 
Southern Brazil.

SUBJECTS AND METHODS

This is a crosssectional study carried out from the years 
2007 to 2011, including 254 patients previously diag
nosed with ATD which were enrolled consecutively. The 
patients were recruited from the adult endocrinology 
service at the Clinics Hospital of the Federal University 

of Paraná. All patients signed a written consent approved 
by the ethics committee of the hospital (Approval date: 
July 2, 2007; approval number of the ethics committee: 
1458.123/200706; CAAE: 0132.0.208.00007). All 
patients included had clear evidence of an ATD, inclu
ding Hashimoto’s and Graves’ diseases, diagnosed after 
clinical suspicion. The diagnosis of Hashimoto’s thyroi
ditis was confirmed with high TSH (thyroid stimula
ting hormone) levels and low free T4 levels, associated 
with the presence of positive thyroid antibodies, anti
thyroglobulin (AntiTG), or antithyroide peroxidase 
antibodies (AntiTPOs). Some patients also presented 
with heterogeneous echotexture on ultrasound. The 
diagnosis of Grave’s disease was made with suppressed 
TSH levels, high free T4, associated with ophthalmo
pathy, or positivity of thyroidstimulating hormone re
ceptor antibodies (TRABs), or high iodine uptake on 
scintigraphy. For all patients charts were reviewed for 
demographic and clinical profile. Also a questionnaire 
was taken regarding the presence or absence of com
mon gastrointestinal symptoms (abdominal pain, dis
tension, heartburn, diarrhea, and constipation).

Serum samples to screen for IgA antiendomysial 
(IgAEmA) were collected, separated, aliquoted and im
mediately stored at 80°C until use. All subjects were 
screened for IgAEmA according to Volta and cols. (15), 
using indirect immunofluorescence with cryostatic sec
tions of human umbilical cord as substrate, with initial 
dilution 1/2.5. Secondary antihuman IgA conjugate 
antibodies (GMK, Porto Alegre, Brazil) were used in the 
reactions. Positive samples were tittered up to the end 
point; positive and negative controls were used for each 
bath. This test was used due its high sensitivity (95%) 
and specificity (100%) for the diagnosis of CD (15). 

The IgAEmApositive patients were clinically re
evaluated and submitted to upper endoscopy and bi
opsy of duodenum segments to confirm the diagno
sis of CD. Fragments were fixed in formol, drenched 
in paraffin, and stained using the hematoxylineosin 
technique. Crypt hyperplasia and villous atrophy were 
classified as partial (PVA) or total (TVA), according to 
Marsh (16). In Marsh 0 there are normal villi and nor
mal hyperplasia; Marsh 1 shows epithelial cells being 
infiltrated by lymphocytes; Marsh 2 shows increased 
lymphocytes and hyperplastic crypts; Marsh 3 has the 
same changes of Marsh 2 but with villi atrophy (partial: 
3a, subtotal: 3b, total atrophy: 3c); Marsh 4 has villi 
atrophy and shrunken cryps. Marsh 3b, 3c and 4 are 
specific for the diagnosis of CD. 

Celiac disease and thyroiditis
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As control group, blood samples from 100 healthy 
volunteers not related to the patients were used. All of 
them were students or hospital workers, with no diges
tive or extradigestive symptoms, nor thyroid disease, 
coming from the same geographic area (93% female, 
7% male, mean age of 42 years, range 19 to 81 years). 
All had IgAEmA negative results. 

Data were collected in frequency and contingency 
tables, and statistical analyses were performed with 
Graph Pad Prism 4.0 (GraphPad Software Inc., La 
Jolla, USA), using Chisquare and Fisher’s tests when 
indicated. The significance level was set at 0.05. 

RESULTS

The clinical and demographic characteristics of the stu
died groups are shown in table 1. 

IgAEmA was positive in seven patients (7/254, 
2.7%). Four of them had Hashimoto’s thyroiditis 
(4/111), and 3 had Graves’ disease (3/143), with no 
significant difference between groups (p = 0.49). The 
IgAEmA titers varied from 1:2.5 to 1:40. Among the 
seven IgAEmA positive patients, five were submitted 
to endoscopy with biopsy. One refused the exam, and 
one could not have a biopsy because of thrombocyto
penia (platelet count less than 150.000 platelets per mi
croliter). Between the five patients submitted to endos
copy, three had the diagnosis of CD confirmed (3/254, 
1.2%). All the three patients with CD had higher IgA
EmA titers (1:10, 1:20, and 1:40), were female, and 
had Hashimoto’s thyroiditis. 

Among the two IgAEmA positive patients without 
confirmed CD in biopsy, one had normal biopsy, and 
the other had the aspect of atrophic gastritis in endos
copy. In the latter patient, the biopsy of the altered area 
in the stomach showed autoimmune gastritis. Both had 
low serum titers of IgAEmA (1:2.5), as demonstrated 
in table 2. 

In relation to gastrointestinal symptoms, an in
creased prevalence of abdominal distention in Graves’ 
disease (75/143) and of heartburn in Hashimoto’s 
thyroiditis (55/111) was observed. None of the pa
tients diagnosed with CD or with IgAEmA positive 
had a history of diarrhea and like other patients with 
ATD, these patients had nonspecific gastrointestinal 
symptoms, such as heartburn and gastric distention 
(Table 2). 

Table 1. Clinical and demographic profile of patients with autoimmune 
thyroid diseases (ATD) 

Total
Hashimoto’s 

disease 
(n = 111)

Grave’s 
disease 

(n = 143)

Healthy 
control 

(n = 100)

Male 32 (12.6%) 7 25 7

Female 222 (87.4%) 104 118 93

Mean age

Range

45.4 ± 13.43 

(18-79 years)

45.9 ± 13.42

(18-75 years)

44.9 ± 13.47 
(18-79 years)

42 ± 15.62 

(19-81 years)

Table 2. Clinical and demographical findings in patients positive to antiendomysial antibodies

Case Diagnosis Age Gender EmA-IgA Symptoms Other AID Endoscopy/Biopsy*

1 Hashimoto’s disease 33 F 1:20 Heartburn No Celiac disease 

Marsh IIIb

2 Grave’s disease 59 F 1:2.5 Abdominal pain and distention, 
articular pain, anemia

Vitiligo Biopsy not possible due to 
plaquetopenia

3 Hashimoto’s disease 64 M 1:2.5 Abdominal pain and distention, 
heartburn, constipation, 

articular pain 

Psoriasis Normal

4 Grave’s disease 79 F 1:2.5 Anemia, depression No Autoimmune gastritis

5 Hashimoto’s disease 19 F 1:40 Abdominal pain and distention, 
heartburn, constipation

No Celiac disease

Marsh IV

6 Hashimoto’s disease 43 F 1:10 Abdominal pain and distention, 
heartburn, articular pain

No Celiac disease

Marsh IIIb

7 Grave’s disease 32 F 1:2.5 No symptoms No Refused endoscopy

EmA-IgA: antiendomisial antibodies; AID: autoimmune disease.
* Marsh Classification.

Celiac disease and thyroiditis

Most patients were female (87.4%), with mean age 
at the time of the inclusion of 45.4 ± 13.43 years (18 to 
79 years). Grave’s disease was diagnosed in 143 (56.3%) 
and Hashimoto’s thyroiditis in 111 (43.7%) patients. 
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DISCUSSION

In the present study, the screening done detected a pre
valence of 1:36 (7/254) IgAEmA positive tests among 
patients with autoimmune thyroid disease (ATD), and 
one in each 85 patients (3/254) confirmed the diag
nosis of CD by endoscopy and biopsy, compared with 
1:417 people in the general population in Southern 
Brazil (11). 

Our hospital is a tertiary hospital and treats more 
complex diseases. Therefore, despite the higher preva
lence of Hashimoto thyroiditis in the general popula
tion in comparison with Graves’ disease, our sample 
had even more Graves’ than Hashimoto’s disease 
(56.3% versus 43.7%, respectively).

The importance of screening for autoimmune thy
roid diseases in patients with celiac disease and for other 
autoimmune disorders, independent of age of diagnosis 
of CD, had already been demonstrated. Fiftytwo pa
tients with celiac disease in the same area of our study, 
in Southern Brazil, were studied for thyroid disorders. 
Kotze and cols., demonstrated an increased prevalence 
of hypothyroidism (19.2%) and subclinical hypothy
roidism (21.2%) in CD patients, even on glutenfree 
diet (GFD) (7). 

Sattar and cols. (4) showed a higher prevalence of 
CD in patients with ATD: 4.6% of subjects with ATD 
had positive IgAEmA, and the occurrence of biopsy
confirmed CD was 2.3%. However, this study included 
patients with Down syndrome and type1 diabetes. CD 
is associated with Down and Turner syndromes and 
other conditions that have autoimmune features, such as 
type1 diabetes mellitus (17,18). When Sattar and cols., 
excluded patients with type1 diabetes and Down syn
drome, there was no higher prevalence of CD compared 
with the general population. Nisihara and cols., investi
gated children with Down syndrome from the same area 
of Brazil and showed a high prevalence of confirmed CD 
(5.6%) (18). Our sample with ATD patients had a higher 
prevalence of IgAEmA than the control group and a 
higher prevalence of CD than the general population, 
and there were no cases of type1 diabetes and Turner or 
Down syndrome among the evaluated individuals. 

Mehrdad and cols. (19), did not show a higher 
prevalence of CD in patients with hypothyroidism in an 
Iranian population, although their data disagree with 
those of various other authors (5,6,20). 

The literature shows that the absorption of levothy
roxine (T4) can be impaired with CD and that GFD 
can improve hypothyroidism and reduce levothyroxine 

dosage. The therapeutic dosage of T4 can increase up 
to 50% in untreated CD patients. This fact can be ex
plained by mucosal damage or presence of undigested 
food and a net increase of water in the intestinal lumen. 
Partial recovery of mucosal structure may be sufficient 
to improve T4 absorption (21,22). In this context, one 
patient of our study with confirmed diagnosis of CD, 
which has been treated by the gastroenterology service 
of our hospital, had a reduction in the dosage of levo
thyroxine from 175 to 125 mcg, with a better control 
of the hypothyroidism, approximately one year after 
the initiation of a GFD. 

CD should be suspected by general physicians and 
endocrinologists in patients with osteoporosis, infertil
ity, or other autoimmune disorders (14). In the present 
study, patients with ATD and concomitant CD did not 
have typical symptoms, which include chronic diarrhea, 
loss of weight, or anemia, and this can occur in a high 
percentage of cases (22). Our patients had most com
monly gastric distention and heartburn that represent 
gastrointestinal symptoms seen in the general popula
tion. However, regardless of symptoms, untreated CD 
is associated with malignant lymphoma or cancer of the 
small intestine (14) and, therefore, should always be con
sidered in patients at risk, including patients with ATD. 

Compared with our former study (7) in patients 
from the same geographic area, we found that ATD 
patients are less commonly affected with CD than CD 
patients with ATD.

This study presents some limitations as impossibil
ity of duodenal biopsy in all patients IgAEmA posi
tive and lack of data on bone densitometry. Also, the 
authors had some difficulties in the patient’s followup 
due to lack of data when this patient was attended in 
the gastroenterology service. 

In conclusion, we found a prevalence of 1.2% (1:85) 
of confirmed CD among Brazilian patients with ATD. 
Although some IgAEmA positive patients had Graves’ 
disease and one was male, all three patients with con
firmed CD were female and had Hashimoto’s thyroiditis. 

Source of funding: none.

Disclosure: no potential conflict of interest relevant to this article 
was reported.
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Hydrochloride pioglitazone protects 
diabetic rats against podocyte 
injury through preserving glomerular 
podocalyxin expression
O cloridrato de pioglitazona protege ratos diabéticos 
contra a injúria aos podócitos por meio da preservação 
da expressão de podocalixina glomerular

Yan Xing1, Shandong Ye1, Yumi Chen2, Wen Hu3, Yan Chen4

ABSTRACT
Objective: We sought to test the effect of different dosages of pioglitazone (PIO) on the glo-
merular expression of podocalyxin and urinary sediment podocalyxin excretion and to explore 
the potential renoprotective mechanism. Materials and methods: Type 1 diabetes induced with 
streptozotocin (65 mg/kg) in 36 male Sprague-Dawley rats were randomly allocated to be treated 
with vehicle or 10, 20, 30 mg/kg/d PIO respectively for 8 weeks. Eight rats were enrolled in the 
normal control group. Results: At 8th week, rats were sacrificed for the observation of kidney 
injury through electron microscope. Glomerular podocalyxin production including mRNA and 
protein were determined by RT-PCR and immunohistochemistry respectively. Levels of urinary 
albumin excretion and urinary sediment podocalyxin, kidney injury index were all significantly 
increased, whereas expression of glomerular podocalyxin protein and mRNA were decreased 
significantly in diabetic rats compared to normal control. Dosages-dependent analysis revealed 
that protective effect of PIO ameliorated the physiopathological changes and reached a peak at 
dosage of 20 mg/kg/d. Conclusion: PIO could alleviate diabetic kidney injury in a dose-dependent 
pattern and the role may be associated with restraining urinary sediment podocalyxin excretion 
and preserving the glomerular podocalyxin expression. Arq Bras Endocrinol Metab. 2014;58(6):630-9
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RESUMO
Objetivo: Buscamos testar os efeitos de diferentes doses de pioglitazona (PIO) sobre a expressão 
glomerular de podocalixina e sobre a excreção de podocalixina em células do sedimento urinário, 
além de explorar o potencial mecanismo de proteção renal. Materiais e métodos: O diabetes tipo 
1 foi induzido em 36 ratos Sprague-Dawley machos com estreptozotocina (65 mg/kg). Os animais 
foram tratados apenas com o veículo, ou com 10, 20, 30 mg/kg/d de PIO por 8 semanas. Oito ratos 
foram colocados no grupo controle. Resultados: Na oitava semana, os ratos foram sacrificados 
para se observar a lesão renal em microscopia eletrônica. A produção de podocalixina glomerular, 
incluindo mRNA e proteína, foi determinada por RT-PCR e imuno-histoquímica, respectivamente. 
Os níveis urinários de albumina e podocalixina nas células do sedimento urinário e o índice de 
lesão renal estavam todos significativamente aumentados, enquanto a expressão glomerular da 
proteína podocalixina e do mRNA estava significativamente diminuída em ratos diabéticos com-
parados com o controle normal. A análise dos efeitos dose-dependentes revelou que o efeito 
protetor da PIO melhorou as mudanças fisiopatológicas e atingiu um pico na dose de 20 mg/kg/
dia. Conclusão: A PIO pode melhorar a injúria renal de forma dose-dependente e este papel pode 
estar associado com a prevenção da excreção de podocalixina nas células do sedimento urinário e 
com a preservação da expressão glomerular de podocalixina. Arq Bras Endocrinol Metab. 2014;58(6):630-9
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INTRODUCTION

D iabetic chronic kidney disease (DCKD), a major 
cause of endstage renal failure in many countries, 

is characterized by decreased glomerular filtration rate, 
proteinuria, mesangial proliferation, tubulointerstitial 
fibrosis and podocytopathies etc. (1,2). Numerous stu
dies have increasingly pointed to podocyte, terminally 
differentiated cell in the glomerular as a key target of 
diabetic kidney disease onset and progression (1,3). As 
early as 1996, it was demonstrated that podocyte loss 
occurred owing to lack of proliferation, which leaded 
to denudation of the glomerular basement membrane 
(GBM) and finally resulted in segmental glomerulos
clerosis after adhesion with Bowman capsule (4). Al
ternatively, podocyte could be shed in the urine (5,6). 
To detect earlier functional abnormalities in podocyte, 
several recent reports have focused on the expression of 
podocyteassociated proteins (7,8). 

Podocalyxin is a sialomucin most closely related to 
CD34 and endoglycan. It is expressed by kidney podo
cyte, hematopoietic progenitors, vascular endothelia, 
and a subset of neurons. Null mice for podocalyxin 
have immature glomeruli with their slit diaphragms re
placed by tight and adherent junctions. They die soon 
after birth due to failure of podocyte to develop foot 
processes (9). Podocalyxin is indispensable for normal 
kidney development. Aberrant expression of podoca
lyxin participates in podocyterelated renal diseases, in
cluding DCKD (10).

It is necessary to evaluate oral glucoselowering 
agents not only for their value in achieving glycemic 
control but also for their impact on longterm compli
cation of diabetes. Thiazolidinediones (TZDs), such as 
pioglitazone (PIO), are ligand for the nuclear receptor 
peroxisome proliferatoractivated receptor (PPARγ). 
They are widely used for diabetes therapy as insulin
sensitizing agents. Recent studies have demonstrated 
that TZDs could reduce albuminuria in patients with 
type 2 diabetics and diabetic animals (11,12). The pro
tective effect may be partly related to its effect in alle
viating podocyte injury. In the present study, we want 
to explore whether PIO could alleviate podocyte injury 
in diabetic rats by preserving glomerular podocalyxin 
expression beyond the glycemic control. So we decided 
to develop type 1 diabetes instead of type 2 diabetes 
animal model. Streptozotocininduced T1DM mod
els, which is hallmarked by destruction of pancreatic 
β cells and irreversible insulin deficiency. Based on the 

changes, TZDs could not exert its hypoglycemic effect 
in the animal model.

Moreover, we aimed to investigate whether PIO 
could alleviate renal injury in diabetic rats by prevent
ing the downregulation of podocyteassociated protein 
podocalyxin in a dosedependent manner.

MATERIALS AND METHODS

Animals and husbandry

Crl: CD (SD) rats (n = 50; 8 weeks old with weight 
of 195 ± 20 g) were purchased from the Experimental 
Animal Center of Anhui Medical University (Hefei, 
China), which certified them to be free of mycoplas
ma, adventitious viruses, respiratory and enteric bac
teria, and ecto and endoparasites. This health status 
was monitored by use of a sentinel program and could 
be maintained throughout the experiments. The rats 
were kept in groups of five or six in clear polypropy
lene cages (51 × 41 × 22 cm) on hardwood bedding 
and acclimated for 7 d before initiation of the study. 
Rats received tap water and rodent chow (TROPHIC 
Animal Feed Hightech Co., Ltd, China) ad libitum. 
Throughout the experiment the animals were kept 
under artificial conditions of light (14 h/10 h light 
cycle, light on at 7 a.m.), temperature (23 ± 1°C) and 
humidity (65 ± 10%). Procedures involving animals 
and their care were performed in accordance with the 
Animal Care and Use Committee of Anhui Medical 
University. All efforts were made to minimize animal 
suffering. Streptozotocininduced diabetes (Type 1) 
model is well established for investigating diabetes 
mellitus (13). After an overnight fasting, 8 rats were 
chose randomly to receive citrate buffer intraperito
neal injection as normal control group, and type 1 
diabetic model was induced by a single intraperitoneal 
injection of streptozotocin (SigmaAldrich, St Louis, 
MO, USA, freshly dissolved in 0.1 M citrate buffer, 
pH 4.3) at a large dose of 65 mg/kg of body wei
ght to the remaining 42 rats. Seventytwo hours later, 
peripheral blood was harvested from vena caudalis to 
evaluate the blood glucose level. Animals were consi
dered to be type 1 diabetic rats if they had periphe
ral blood glucose concentrations of 16.7 mmol/L or 
greater in addition to polyuria and other diabetic fea
tures. Six rats died of diabetic ketoacidosis within the 
48 hours. Four rats died of tail infection throughout 
the research. 

Diabetic chronic kidney disease and podocyte injury
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Experiment grouping design

After one week of diabetic model establishment, the li
ving 32 diabetic rats were randomly divided into four 
subgroups as group DM, DR1, DR2 and DR3 (n = 8 
for each). 

Grouping was exhibited as follows: (1) group NC: 
normal control rats gavaged with vehicle alone; (2) 
group DM: STZtreated rats gavaged with vehicle 
alone; (35) three PIOtreatment groups (group DR1, 
DR2, DR3): STZinduced diabetic rats gavaged with 
PIO at dose of 10 mg/kg (group DR1), 20 mg/kg 
(group DR2) and 30 mg/kg (group DR3) body weight 
once daily respectively. 

Parameters for further research 

Hydrochloride PIO (Jiangsu Hengrui Medicine Co., 
Ltd, Lianyungang, China) was crushed into powder 
and dissolved in 0.9% physiological saline before intra
gastric administration. The day the drug administration 
started was defined as week 0. 10 ml of urine samples 
were collected at the 8th week with metabolic cages and 
preserved at 70ºC to test urinary albumin (UALB), 
urinary creatinine and urinary sediment podocalyx
in. Peripheral blood glucose was tested 23 times per 
week. To prevent death induced by emergency such as 
diabetic ketoacidosis, all the rats with peripheral blood 
glucose more than 33.3 mmol/L were injected sc with 
0.5 unit insulin glargine 23 times per week accord
ing the blood sugar level to keep the blood sugar levels 
range between 20 to 30 mmol/L. Following 8 weeks 
observation, all animals were anaesthetized (after 14h 
of starvation) by intraperitoneal injection of chloral hy
drate (300 mg/kg body weight), then blood sample 
was collected for measuring hemoglobin A1c (HbA1c), 
lipid profile, BUN, serum creatinine. The kidneys were 
immediately enucleated and weighed separately, then 
divided into two parts for pathological and immunohis
tochemical analysis and mRNA extraction.

We have used chloral hydrate to anesthetize rat for 
a few years. If chloral hydrate caused significant respira
tory depression in rat we would expect to have a high 
rate of overdose. But according to our experience, we 
found the opposite to be true. We have not observed 
pain behavior during the process of anesthesia, such 
as vocalization or movement in response to incision. 
Although chloral hydrate has been implicated in caus
ing peritonitis and/or adynamic ileus in rodents, lesser 
concentrations (5% in our experiment) could minimize 
or eliminate this adverse effect. Finally, some reports 

demonstrated that there is uncompensated metabolic 
acidosis, hypotension, bradycardia and hypothermia 
during the process of anesthesia. In our experiment, 
physiologic measurements during operation: Heart rate 
(HR, beats/min), respiratory rate (RR, breaths/min) 
and rectal temperature (T, °C) were monitored in each 
mouse per group. We have not found any abnormality 
in the research.

Statement of ethics

The study protocol was approved by the Ethics Com
mittee of Anhui Medical University, Medical Institution 
Animal Care and Research Advisory Committee (He
fei, China). These animals were maintained according 
to the guidelines established in “Guide for the care and 
use of laboratory animals” prepared by the Committee 
on Care and Use of Laboratory Animals of the Institute 
of Laboratory Animal Resources Commission on Life 
Sciences, National Research Council, USA (1985).

Laboratory assay

Peripheral blood glucose was tested by AccuChek Ac
tive System (Roche Diagnostics GmbH, Germany). 
UALB was measured by radioimmunoassay using a 
commercially available RIA kit (Northern Biotechno
logy Research Institute, Beijing, China). The intra and 
interassay coefficients of variability were < 7% and 8%, 
respectively, and the sensitivity is 0.5 µg/mL. Creatine 
both in urine and serum were detected by picric kinetic 
analysis (Rongsheng, Shanghai, China). Urinary albu
min level was expressed as UALB to urinary creatinine 
ratio (mg/g, UACR). BUN was analyzed by urease 
method (Rongsheng, Shanghai, China). Creatinine 
clearance rate was calculated and normalized for body 
weight. Affinity chromatography was used to measu
re HbA1c (Primus, USA). Levels of lipid profile were 
analyzed with an automatic biochemistry analyzer (HI
TACHI 7600020, HITACHI Ltd. Tokyo, Japan), in
cluding total cholesterol (TC), highdensity lipoprotein 
cholesterol (HDLc), lowdensity lipoprotein choleste
rol (LDLc), and triglyceride (TG). All the parameters 
mentioned above were completed in Endocrinological 
Laboratory of Anhui Provincial Hospital.

ELISA to serially measure urinary sediment 
podocalyxin

The quantification of urinary sediment podocalyxin 
was performed as reported previously by Kanno and 

Diabetic chronic kidney disease and podocyte injury
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cols. (14). Podocalyxin ELISA system (Quantikine kit 
for Rat, podocalyxin Immunoassay, R&D Systems, and 
Minneapolis, MN, USA) was utilized according to the 
manufacturer’s instructions. The intra and interassay 
coefficient of variability was < 9% and 11%, respectively. 
Each sample was measured in duplicate. Urinary sedi
ment podocalyxin level was expressed as the ratio of 
urinary sediment podocalyxin concentration to urinary 
creatinine concentration (µg/g, UPCR).

Histopathological changes in experimental animals

Part of renal cortex was fixed in 2.5% glutaraldehyde, 
and then 1% osmic acid, dehydrated, and embedded 
in Epoxy resin. Ultrathin sections were prepared and 
stained with lead citrate for transmission electron mi
croscopy (JEM 1200EX, Jeol, Tokyo, Japan). Five mi
crographs at a magnification of 20,000 were randomly 
selected from each specimen at different views. The to
tal length of glomerular basement membrane (GBM) 
and the fused foot processes (FP) were measured as X 
and Y. Foot process fusion ratio (FPFR) was expres
sed as Y/X. GBM was divided into several parts with 
1 cm as minimum unit and the thickness of each part 
was measured under the electron microscope. A sum 
of GBM thickness was calculated as A and the quantity 
of all parts was calculated as B. The average width of 
GBM (GBMW) was expressed as A/B. All the para
meters were measured by the Image Pro Plus image 
analysis system (version 6.0, Media Cybernetics, Silver 
Spring, MD). Each slide was assessed by a pathologist 
blinded to the experimental conditions.

Immunohistochemistry for quantification of 
podocalyxin per glomerulus cross-section

Paraffinembedded tissues were cut into 4 μm sections. 
After deparaffinization and dehydration in an ethanol 
series, antigen retrieval was performed by heating in a 
microwave oven (750 W for 5 min × 5 times in citrate 
buffer). After cooling, endogenous peroxidase activity 
was inhibited by incubation in 3% hydrogen peroxide 
(H2O2) in methanol for 10 min, followed by three wa
shings in PBS (pH 7.2) for 15 min. Nonspecific protein 
binding was blocked with 20% normal goat serum in 
TBS (50 mM TrisHCl/150 mL NaCl, pH 7.6, Beijing 
ZhongShan Biotechological Ltd., P.R. China) at room 
temperature for 10 min. After blotting up the serum 
with filter paper, the sections were then incubated over
night with a polyclonal rabbit antibody directed against 

Podocalyxin (Beijing Biosynthesis Biotechnology Co., 
LTD) dissolved in PBS in a 1:200 dilution at 4°C in a 
refrigerator followed next day by three rinses in PBS 
(pH 7.2) for a total of 9 min. Then staining was execu
ted by ElivisionTM plus twostep system, then rinsed 3 
times in PBS and stained twice, first in a fresh mixture 
of diaminobenzidine (DAB) for 10 min (25 mg DAB 
+ 50 ml TBS and 0.15 ml 30% H2O2), and then in he
matoxylin for 23 min. After that, they were washed in 
distilled water for 10 min, dehydrated in ethanol, and 
coverslips were applied. Slides lacking primary antibody 
were used as controls. Image Pro Plus (IPP) is one of 
the digital image analysis systems engineered to quan
tify immunohistochemistry staining levels, which has 
been used in several studies to assess the immunohisto
chemistry expression. Briefly, 10 digital images at 1360 
× 1024 pixel resolution at 400 × magnification were 
captured by the Micropublisher 5.0 (Qimaging, Cana
da) coupled to an Olympus BX41 microscope (Olym
pus). The podocalyxinpositive cell would be expected 
to show yellowish brown staining of the cytoplasm (po
docalyxin positive) under the microscope, whereas the 
negative cells should not be stained (podocalyxin nega
tive). The optical density was calibrated and the area of 
interest was set through: hue, 0B30; saturation, 0B255; 
intensity, 0B255. And then the images were converted 
to gray scale images, and the values were counted. A se
ries of 10 random images on several sections was taken 
for each immunostained parameter to obtain a mean 
value for statistical comparison. Immunohistochemical 
parameters assessed in that area detected include mean 
stained area, mean intensity of stain, and mean integra
ted optical density (mean IOD). Mean integral calculus 
of the mean stained area times the intensity of stain in 
each pixel in the glomerular indicates the total amount 
of staining material in that glomerular (mean IOD). 

Semiquantitative analysis of the glomerular 
podocalyxin mRNA expression

Outer cortex was minced in 3 to 4 mm fragments, 
and then was homogenized in 1 mL of Trizol reagent 
(Invitrogen, Carlsbad, CA, USA) per 50 mg of tissue 
using power homogenizer. RNA extraction was perfor
med according to the protocol recommended by the 
manufacturer. The amount of RNA was estimated by 
spectrophotometry at 260 nm, and then 0.3 μg of the 
total RNA was used to make the firststrand cDNA 
with a kit (PrimeScript RT master mix, Takara bio
technology (Dalian) Co., Ltd.). 5 μL of cDNA were 

Diabetic chronic kidney disease and podocyte injury
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used as templates for amplification of podocalyxin and 
GAPDH. The primers were 5’GCA GGG CTT TGA 
ACC TCT TG3’ (forward primer) and 5’GCT CTG 
TGA CAC TCG GAT TT3’ (reverse primer) for po
docalyxin, generating a 343 bp fragment; 5’AGA TCC 
ACA ACG GAT ACA TT3’ (forward primer) and 5’
TCC CTC AAG ATT GTC AGC AA3’ (reverse pri
mer) for housekeeping gene glyceraldehyde3phos
phate dehydrogenase(GAPDH). The PCR conditions 
included predenaturation at 94°C for 5 minute and 
38 cycles of denaturation at 95°C for 45s, annealing 
at 60.9°C (podocalyxin) or 59°C (GAPDH) for 30 s 
and extension at 72°C for 1 min, and a final extension 
at 72°C for 7 minute. The amplified products were 
subjected to 1.5% agarose gel electrophoresis and the 
bands were captured followed by analysis of the opti
cal density (Biosens 805, Shanghai BioTech Co., Ltd). 
The expression of podocalyxin mRNA was normalized 
by that of GAPDH.

Statistical analysis

Data were expressed as the means ± SD and were 
analyzed by Statistical Package for the Social Sciences 
13.0 (SPSS 13.0 for Windows, SPSS 13 Inc, Chicago, 
Illinois, USA). Some nonnormally distributed varia
bles including urinary albumin, urinary sediment podo
calyxin have to be compared with parametric tests after 
logtransformation. The measurement data of multiple 
groups were compared with oneway ANOVA, the 
comparison between two groups was performed with 

(LSD) TTest, and a value of P < 0.05 was considered 
significant. Correlations analysis was assessed by linear 
dependence relation. Differences were considered sig
nificant at P values < 0.05. 

RESULTS

Blood glucose, HbA1c, SCr, BUN, Ccr in experimental 
animals

The various biochemical results for each group were 
presented in table 1. Compared with group NC, blood 
glucose, HbA1c, BUN, SCr and creatinine clearance 
rate (Ccr) at the 8th week were elevated significantly 
in diabetic rats (including group DM, DR1, DR2 and 
DR3). PIO treatment significantly reduced BUN in 
comparison with that in group DM, whereas there was 
no apparent difference in BUN among group DR1, 
DR2 and DR3.

Effect of PIO on plasma lipids

As shown in table 1, reduced HDLc, raised TG and 
LDLc were exhibited in four diabetic groups as com
pared with group NC at the 8th week. Following 8 
weeks therapy, PIO treatment groups showed no dra
matic changes in LDLc levels, whereas HDLc levels 
were significantly increased compared with group DM. 
Moreover, HDLc level was higher in group DR2 and 
DR3 than that of group DR1. Significant reduction (P 
< 0.05) in TG was found in PIO groups when com

Table 1. Comparison of the levels of BG, HbA1C, SCr, BUN, TG, TC, HDL-c and LDL-c among five groups at the 8th weeka 

Parameters
Group

NC (n = 8) DM (n = 8) DR1 (n = 8) DR2 (n = 8) DR3 (n = 8)

BG (mmol/L) 4.00 ± 0.77 21.76 ± 1.57Δ 22.26 ± 2.02Δ 21.96 ± 2.10Δ 21.83 ± 1.89Δ

HbA1c (%) 3.80 ± 0.57 11.07 ± 1.55Δ 10.55 ± 1.24Δ 10.54 ± 1.43Δ 10.49 ± 1.10Δ

SCr (μmol/L) 55.10 ± 8.04 106.50 ± 16.20Δ 93.18 ± 13.06Δ 93.67 ± 17.28Δ 98.30 ± 13.64Δ

BUN (mmol/L) 2.96 ± 0.49 10.01 ± 1.52Δ 8.12 ± 1.02Δ 7.80 ± 1.28Δ 7.16 ± 0.88Δ

Ccr (ml/min/100 g) 0.42 ± 0.16 0.68 ± 0.21Δ 0.64 ± 0.27Δ 0.61 ± 0.24Δ 0.63 ± 0.17Δ

TG (mmol/L) 1.11 ± 0.21 1.74 ± 0.24Δ 1.43 ± 0.35ΔΔ 1.43 ± 0.10ΔΔ 1.41 ± 0.39ΔΔ

TC (mmol/L) 1.25 ± 0.27 1.57 ± 0.35 1.55 ± 0.29 1.53 ± 0.39 1.48 ± 0.35

HDL-c (mmol/L) 1.24 ± 0.22 0.71 ± 0.11Δ 0.85 ± 0.14Δ 0.93 ± 0.23Δ 0.93 ± 0.27Δ

LDL-c (mmol/L) 0.73 ± 0.12 1.28 ± 0.23Δ 1.12 ± 0.25Δ 1.16 ± 0.17Δ 1.09 ± 0.18Δ

a Data were shown as mean ± standard deviation.

Abbreviations: group NC: normal rats gavaged with vehicle alone; group DM: STZ-treated rats gavaged with vehicle alone; Group DR1: diabetic rats gavaged with PIO at dose of 10 mg/kg; Group 
DR2: diabetic rats gavaged with PIO at dose of 20 mg/kg; Group DR3: diabetic rats gavaged with PIO at dose of 30 mg/kg.

Δ P < 0.01, Δ Δ P < 0.05 vs. group NC. 

 P < 0.01,  P < 0.05 vs. group DM. 

Diabetic chronic kidney disease and podocyte injury
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paring with group DM, but no significant difference 
in TG was found among three PIO treatment groups. 

Comparison of UPCR and UACR levels before and 
after treatment 

The changes of UPCR and UACR levels were presen
ted in figure 1. At the baseline, UPCR and UACR in 
three PIO groups and group DM were similar to those 
in group NC. As shown in table 2, UACR showed an 
approximately 3.9fold increment and UPCR exhibited 
5.6fold increment in group DM at 8 weeks, as compa
red with those of the baseline level.

At the 8th week, UACR in three PIO groups and 
UPCR in group DR2 and DR3 were decreased when 
compared with group DM (P < 0.05), whereas UPCR 
in group DR1 was slightly lower than that of group 
DM (P > 0.05). Moreover, UACR and UPCR in group 
DR2 and DR3 were lower than those in group DR1 
(P < 0.05). In addition, no dramatic changes of UPCR 
and UACR levels in group NC were observed through
out the study. 

Figure 1. The changes of UPCR and UACR levels before and after 8 weeks of treatment.

KI: kidney weight/body weight ratio; for definitions of DM, DR1, DR2 and DR3, see table 1.
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Table 2. Comparison of the levels of UPCR, UACR, KI, GBMW and FDFR among five groups at the 8th weeka

Parameters
Group

NC (n = 8) DM (n = 8) DR1 (n = 8) DR2 (n = 8) DR3 (n = 8)

UACR (mg/g) 35.05 ± 6.75 138.51 ± 18.87Δ 107.53 ± 18.36Δ 89.04 ± 16.12Δ 89.93 ± 16.46Δ

UPCR (µg/g) 1.46 ± 0.39 9.50 ± 1.67Δ 8.62 ± 1.46Δ 7.01 ± 1.07Δ 7.33 ± 2.40Δ

KI (×10-3) 3.07 ± 0.43 6.11 ± 0.62Δ 5.29 ± 0.73Δ 4.74 ± 0.36Δ 4.72 ± 0.36Δ

GBMW (nm) 101.79 ± 15.70 294.07 ± 29.31Δ 210.43 ± 16.83Δ 132.03 ± 17.98ΔΔ 129.66 ± 18.3ΔΔ

FPFR (%) 0.03 ± 0.02 0.87 ± 0.04Δ 0.73 ± 0.04Δ 0.51 ± 0.05Δ 0.47 ± 0.04Δ

a Data were shown as mean ± standard deviation.

For definitions of DM, DR1, DR2 and DR3, see table 1.

Δ P < 0.01. ΔΔ P < 0.05 vs. group NC.  P < 0.01 vs. group DM.  P < 0.05 vs. group DR1.

Histopathologic changes in experimental animals

As shown in table 2, the kidney weight/body weight 
ratios (KI), a marker for the development of diabetic 
nephropathy, were almost doubled in group DM com
pared to group NC at the 8th week, while restored by 
PIO administration. More importantly, the decrement 
of KI was significantly greater in group DR2 and DR3 
than that in group DR1. 

As shown in table 2 and figure 2, the width of 
glomerular basement membrane (GBMW) and ultra
structure of the podocyte as well as mesangial region 
in group NC were normal and foot process fusion rate 
(FPFR) was nearly 0.03%. However, the FPFR reached 
approximately 87% in group DM. Figure 1 shows that 
both the foot process effacement and thickening of 
GBM were also observed in group DM. Meanwhile, 
some foot processes were completely ruined, even van
ished and the architecture of GBM became ambigu
ous. However, through PIO treatment, both FPFR 
and glomerular GBMW in three dose groups were 
reduced. More importantly, the declining amplitudes 

Diabetic chronic kidney disease and podocyte injury
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of the parameters mentioned above were significantly 
greater in group DR2 and DR3 compared with group 
DR1 (Figure 2). 

Immunohistochemical detection of podocalyxin in 
the glomeruli

As illustrated in figure 2, podocalyxin protein was de
tected within the visceral surface of the Bowman’s cap
sule, in the podocyte, with a membranous pattern of 
staining in normal control samples, which was decrea
sed significantly in streptozotocininduced diabetic rats, 
especially in group DM. The comparisons of glome
rular podocalyxin protein expression representative by 
integral optical density (IOD) among the five groups at 

8th week were presented. As seen here, glomerular po
docalyxin expressions in all treatment groups were dra
matically increased after 8week PIO administration, 
and this was more prominent in group DR2 and DR3 
in comparison with group DR1 (Figure 3). 

Expression of glomerular podocalyxin mRNA 
determined by RT-PCR

Figure 3 shows that level of glomerular podocalyxin 
mRNA expression in group NC was significantly hi
gher than that in group DM. PIO administration for 8  
weeks significantly upregulated the glomerular podo
calyxin mRNA, whereas there was no dramatic diffe
rence among group DR1, DR2 and DR3 (Figure 4).

Figure 2. The representative renal tissues pathology in the experimental groups observed by electron microscope (uranium staining, ×20000).

Figure 3. The podocalyxin-positive cell would be expected to show yellowish brown staining of the cytoplasm (podocalyxin positive) under the microscope, 
whereas the negative cells should not be stained (podocalyxin negative).

* P < 0.01 vs. group NC. Δ P < 0.01.  P < 0.05 vs. group DM.  P < 0.05 vs. group DR1. 

Figure 4. Comparison of glomerular mRNA expression. The expected lengths of PCR products are 343 base pairs (bp) for Podocalyxin and 308 bp for 
glyceraldehyde-3-phosphate dehydrogenase (GAPDH). The values were expressed as mean ± standard deviation.
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Related analysis

As shown in figure 4, significant positive correlation 
between UPCR and UACR (r = 0.86, P < 0.01) was 
detected.

DISCUSSION

Destruction of the podocyte included foot process effa
cement, apoptosis and detachment from the glomerular 
basement membrane. Podocalyxin is initially identified 
in glomeruli and known as podocalyxinlike protein 1 
(PODXL or PCLP1). It is the most abundant heavily 
charged sialomucin expressed by podocyte, whose ex
pression and distribution has been correlated with po
docyte development (15,16). 

Through interactions with several intracellular pro
teins and at least one extracellular ligand, podocalyxin 
regulates both adhesion and cell morphology (17). 
Hara and cols. (18), reported that the amount of uri
nary sediment podocalyxin excretion apparently indi
cated the degree of the podocyte injury in glomerular 
diseases. The present study showed that UPCR was 
much more prominent and related positively to the 
UACR (which is one of the earliest clinical manifesta
tion of diabetic nephropathy) after 9 weeks of strep
tozotocin administration, which provides a basis for 
an involvement of podocalyxin in the occurrence and 
development of proteinuria, consistent with previous 
reports (14). UACR, UPCR, FPFR, glomerular base
ment membrane width (GBMT) and KI were all eleva
ted in diabetic rats compared with group NC, whereas 
the expressions of glomerular podocalyxin protein and 
mRNA were significantly decreased. Reduced glo
merular podocalyxin expression might contribute to 
expansion of effacement of foot process, considering 
the normal function of podocalyxin as an antiadhesion 
molecule. Thus, we speculate that downregulation of 
glomerular podocalyxin expression leads to an increase 
in podocyte' adhesion between them and to the GBM 
as well, thus aggravating proteinuria and then resulting 
in diabetic glomerular sclerosis. 

A single large dose of streptozotocininduced rat 
model of type1 diabetes mellitus was used in the pres
ent study (19,20). By virtue of direct toxic effects of 
streptozotocin, as in human type 1 diabetes, immune 
destruction plays a role in inducing insulinopenic dia
betes. As a result of immunemediating insulitis and β 
cell death, hence PIO was unable to enhance insulin 
sensitivity in type 1 diabetic rodent model. Our find

ings showed that no difference in blood glucose and 
HbA1c were observed between PIO treated groups 
and group DM, which provided further support for 
the view that TZDs have definite renoprotection be
yond its hypoglycemic effect, consistent with previous 
reports (21,22). Yoshioka and cols., reported firstly a 
possible renoprotective action of TZDs by an animal 
experiment with troglitazone more than 10 years ago 
(23), in which the compound remarkably reduced the 
urinary protein excretion in obese Zucker rats. In the 
present study, we showed that 8week PIO treatment 
resulted in a significant reduction in UACR, UPCR, 
KI and pathological injury indices (representative by 
GBMW and FPFR). In addition, the parameters men
tioned above in group DR2 and DR3 were lower than 
those in group DR1, whereas no significant differences 
were found between DR2 and DR3 group. Further
more, downregulation in expression of glomerular 
podocalyxin protein and mRNA in group DM have 
been reversed in all the PIOtreated groups. It was no
table that effect of 20 mg/kg/d and 30 mg/kg/d PIO 
was superior to that of 10 mg/kg/d PIO in preser
ving the expression of glomerular podocalyxin protein. 
No significant difference was observed between DR2 
and DR3, which suggested that the effect of PIO in 
preserving glomerular podocalyxin protein expression 
was dependent on difference on its dosages. Functional 
PPARγ receptors have been identified in tubular seg
ments and podocyte (24), which suggested that TZDs 
could alleviate podocyte injury through directly activat
ing the specific receptors. In the present animal experi
ment, PIO at dose of 10 mg/kg was unable to produce 
significant change in urinary sediment podocalyxin ex
cretion compared with group DM, whereas the ability 
of preserving glomerular podocalyxin expression was 
dramatic. Multiple factors including local renal hemo
dynamic and inflammation may have influences on glo
merular podocalyxin protein expression. Inevitably, dif
ferent sensitivity based on different methods couldn’t 
be ignored. These differences remain to be corrobo
rated by extending the experiment period and amplify 
the samples in future. 

A meta analysis published in 2010 on the use of 
TZDs in diabetes found that this therapy was associated 
with a substantial reduction in urinary protein excre
tion which was related with its roles of reducing reac
tive oxygen species (25), NFkB activation and MCP1 
expression, interfering ERK1/2 pathway and blocking 
RAASinducing podocyte apoptosis in the early phase 

Diabetic chronic kidney disease and podocyte injury
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of diabetic nephropathy (2629). TZDs are a class of 
powerful insulin sensitizer prescribed for the treatment 
of type 2 diabetics and produce a favorable lipid pro
file (30,31). We also found that PIOtreatment groups 
exhibited effects in regulating lipid profiles, including 
a decrease in TG and LDLc and an increase in HDL
c. Interestingly, data from our studies illustrated that 
plasma HDLc was dosedependently increased with 
PIO therapy at the 8th week. Much more samples and 
longer experiment period are needed to confirm this 
phenomenon. 

A potential role for TZDs as therapeutic strategy 
in podocyte related diseases is warranted in multiple 
stu dies (24,32). From our findings, PIO had definite 
podocyte protection by alleviating podocyte injury dur
ing the 8week treatment periods. The mechanisms re
main unclear. Several of them by which pioglitazone 
protect against DCKD have been proposed as the fol
lowing ways. PPARγ agonist rosiglitazone suppressed 
modulator of HGinduced signaling that acts through 
PKCζ but not AMPK and regulated VEGF and col
lagen IV expression by mesangial cells (33). Toblli 
and cols., reported that PIO at low dose given for 45 
months reduced proteinuria and ameliorated renal 
damage and fibrosis mainly through antioxidant (34). 
Study by Makino and cols. revealed that gene expres
sions of podocyte structurerelated genes as well as that 
of oxidative stress and lipid metabolism were restored 
concomitant with attenuation of albuminuria by PIO 
treatment (35). Previous study proved that pioglitazone 
could suppress high glucoseinduced phosphorylation 
of p44/42 mitogenactivated protein kinase and re
duce Bcl2 and p27 (Kip1) protein levels in type 2 dia
betes (36). Additionally, thiazolidinediones were found 
to modulate the glucocorticoid pathway and to exert 
direct protective effects on podocytes, similar to glu
cocorticoids (37). Apart from glucoselowering action, 
pioglitazone ameliorates DCKD via cell cycledepen
dent mechanisms. Miyata and Dan, disclosed that PIO 
reduced the renal accumulation of advanced glycation 
end products (AGEs) (38). Furthermore, our previous 
work both in animal and human studies have shown a 
direct renoprotective effect of TZDs by its antiinflam
matory mechanism, which maybe also contribute to its 
effects against kidney injury indirectly (39,40). 

In conclusion, our findings suggested that PIO 
could dosedependently alleviate podocyte injury, 
which maybe related partially to effects in inhibiting the 
downregulation of glomerular podocalyxin expression 

and decreasing urinary sediment podocalyxin excre
tion in streptozotocininduced diabetic rats. However, 
more studies are necessary to elucidate the exact inte
grated mechanisms of the podocyte protection of PIO. 
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Lack of association between 
polymorphisms in the UBASH3A 
gene and autoimmune thyroid 
disease: a case control study 
Falta de associação entre polimorfismos do gene UBASH3A 
e doença tiroidiana autoimune: estudo caso controle

TianTian Cai1, Xuan Wang1, Fatuma-Said Muhali1, RongHua Song1, 
XiaoHong Shi2, WenJuan Jiang2, Ling Xiao2, DanFeng Li2, JinAn Zhang2

ABSTRACT 
Objective: The aim of this study was to investigate UBASH3A gene variation association with 
autoimmune thyroid disease and clinical features in a Chinese Han population. Subjects and 
methods: A total of 667 AITD patients (417 GD and 250 HT) and 301 healthy controls were ge-
notyped for two single nucleotide polymorphisms (SNPs) rs11203203, rs3788013 of UBASH3A 
gene, utilizing the Matrix Assisted Laser Desorption Ionization-Time of Flight Mass Spectrome-
ter (MALDI-TOF-MS) Platform. Results: Between the control group and AITD, GD and HT group, 
no statistically significant difference was observed in the genotypic and allelic frequencies of 
the two SNPs. There was no significant difference in allelic frequencies of the two SNPs be-
tween GD with and without ophthalmopathy. There was no significant difference in haplotype 
distributions between the control group and AITD, GD or HT group. Conclusion: Rs11203203 
and rs3788013 in UBASH3A gene may not be associated with AITD patients in Chinese Han 
population. Arq Bras Endocrinol Metab. 2014;58(6):640-5

Keywords
Autoimmune thyroid disease (AITD); Graves’ disease (GD); Hashimoto’s thyroiditis (HT); ubiquitin associated and SH3 domain 
containing A (UBASH3A); single nucleotide polymorphism (SNP)

RESUMO 
Objetivo: O objetivo deste estudo foi investigar a variação no gene UBASH3A com a doença 
tiroidiana autoimune e características clínicas na população chinesa Han. Sujeitos e métodos: 
Um total de 667 pacientes com DTAI (417 com DG e 250 com TH) e 301 controles saudáveis foi 
genotipado para dois polimorfismos de nucleotídeo simples (SNPs) rs11203203, rs3788013 do 
gene UBASH3A, usando-se a plataforma MALDI-TOF-MS (Ionização/Dessorção de Matriz Assis-
tida por Laser – Tempo de Voo/Espectrômetro de Massa). Resultados: Não foram observadas 
diferenças significativas entre as frequências genotípicas e alélicas dos dois SNPs nos grupos 
controle e DTAI, DG e TH. Não houve diferenças significativas entre as frequências alélicas dos 
dois SNPs em pacientes com DG com ou sem olftalmopatia. Não houve diferenças significati-
vas nas distribuições de haplótipos no grupo controle e nos grupos DTAI, DG e TH. Conclusão: 
Os SNPs rs11203203 e rs3788013 do gene UBASH3A podem não estar associados a pacientes 
com DTAI na população chinesa Han. Arq Bras Endocrinol Metab. 2014;58(6):640-5
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INTRODUCTION

A utoimmune thyroid disease (AITD) is one group 
of organspecific autoimmune disease encompas

sing Graves’ disease (GD) and Hashimoto’s thyroiditis 
(HT), which affects between 2%4% of women and up 
to 1% of men (1). Hitherto, the etiology of AITD re
mains largely unknown, but environmental factors and 
genetic predisposition are believed to be involved in it 
(2). AITD usually occurs after a series of genetic and 
environmental factors. It has long been established that 
major genetic predisposition to this disease is main
ly contributed by variation of several classic immune
related genes, particularly genes of human leukocyte 
antigen (HLA) (3,4), cytotoxic Tlymphocyteassocia
ted antigen4 (CTLA-4) (5,6), CD40 (7), and protein 
tyrosine phosphatase22 (PTPN22) (8,9). In addition, 
other thyroidspecific genes are also reported to be asso
ciated with AITD, such as the genes of thyroid stimula
ting hormone receptor (TSHR) (10,11) and thyroglo
bulin (Tg) (12,13). Currently, genomewide association 
(GWA) studies have had a dramatic impact on suscepti
bility locus discovery, leading to more novel regions of 
the genome emerging as AITD susceptibility loci.

The gene UBASH3A encodes one of two family 
members which belong to the Tcell ubiquitin ligand 
(TULA) family. UBASH3A is a potent regulator of 
cellular functions and is expressed predominantly in 
Tcells, having a suppressing effect on TCR signaling 
and activation (14). Lack of TULA proteins resulted 
in hyperreactivity of T cells (15). Recently, more stu
dies have reported that it is the newly uncovered gene 
associated with various autoimmune diseases (1619). 
In present study, we performed a casecontrol study of 
AITD in a Chinese Han population, attempting to find 
the potential association of rs11203203 and rs3788013 
in the UBASH3A gene with GD and HT.

MATERIALS AND METHODS

Patients and controls

Our study investigated 667 AITD patients, including 
417 GD patients and 250 HT patients. All patients were 
diagnosed according to both clinical and biochemical 
evidences, and the one with other autoimmune and ge
netic diseases was ruled out. The diagnostic criteria for 
GD were mainly determined by 1) clinical manifesta
tion and laboratory biochemical proof of hyperthyroi
dism; 2) the presence of diffuse goiter; 3) the presence 

of thyroidassociated ophthalmopathy (TAO); 4) the 
presence of pretibial myxedema; 5) the positive circula
ting TRAb or TPOAb. HT was defined on the basis of 
enlarged thyroid, and the high level of either TPOAb 
or TgAb, with or without clinical and biochemical hy
pothyroidism. For the suspicious cases of HT, diagno
ses were confirmed by fine needle aspiration biopsies 
(FNAC). Presence of AITD family history was defined 
as the subjects’ firstdegree relatives including parents, 
children and siblings or seconddegree relatives such as 
grandparents, uncles and aunts who had AITD occur
rence. Another 301 healthy individuals were enrolled 
as a control group, and the one with thyroid diseases 
or other autoimmune diseases was excluded from this 
category. Besides, negative TPOAb necessitates for 
control individual screening. All the subjects were un
related Chinese Han people and enrolled with infor
med consent from the First Affiliated Hospital of Xi’an 
Jiaotong University. The research project was approved 
by the Ethics Committee of the hospital.

Genomic DNA extraction and genotyping

2 ml peripheral venous blood from the subjects was 
obtained by venipuncture and collected in an EDTA 
tube. Genomic DNA was extracted by standard proce
dure using RelaxGene Blood DNA System (TIANGEN 
BIOTECH, BEIJING, China). SNP genotype informa
tion was downloaded from the HapMap CHB popula
tion (corresponding to samples with Beijing of China 
ancestry). Genotyping rs11203203 and rs3788013 was 
performed using Matrix Assisted Laser Desorption Io
nizationTime of Flight Mass Spectrometer (MALDI
TOFMS) Platform from Sequenom (San Diego, CA, 
USA) in collaboration with Shanghai Benegene Biote
chnologies CO. LTD (Shanghai, China).

Statistical analysis

The clinical data were expressed as M ± SD. The diffe
rence of genotypic and allelic frequencies distributions 
was analyzed by χ2 test or Fisher’s exact test. Hardy
Weinberg equilibrium (HWE) test, haplotype fre
quency calculation and linkage disequilibrium (LD) 
test were performed using HaploView 4.2. All statis
tical analyses were performed using the software SPSS 
version 18.0 and a P value less than 0.05 was consi
dered statistically significant. The odds ratio (OR) was 
calculated from genotypic and allelic frequencies with 
95% confidence interval (CI).

Association of UBASH3A gene with AITD
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RESULTS

Clinical data analysis

Our study investigated 667 AITD patients, including 
417 GD patients (29.74% male and 70.26% female, 
aged 5  73, mean age 34.48 ± 13.95) and 250 HT 
patients (15.60% male and 84.40% female, aged 4  77, 
mean age 31.9 ± 13.10). In GD patients, the avera
ge onset of age is 32.31 ± 14.07, 98 individuals had 
ophthalmopathy and 72 had family history (23.5% 
and 17.27%, respectively). In HT patients, the avera
ge onset of age was 30.29 ± 13.05, 6 individuals had 
ophthalmopathy and 54 had family history (2.40% and 
21.60%, respectively). 

Allele and genotyping results

Both of the two SNPs in control group were in HWE 
(P > 0.05). The distributions of allelic, genotypic fre
quencies and casecontrol association analysis are  
shown in table 1 and table 2. For rs11203203, the 
frequency of minor allele A was higher in AITD and 
GD group (5.93% and 6.25%, respectively) than that 
in control group (5.72%), while the frequency in HT 
group (5.40%) was somehow lower than that of con
trol group. Likewise, for rs3788013, the frequency of 
minor allele A was also higher in AITD and GD group 
(33.88% and 34.53%, respectively) than that of con
trol group (33.00%), while frequency in HT (32.80%) 
was lower than that in control group. However, the 
differences of these allele frequencies between cases 
and controls were not found statistically significant. 
The frequency of variant genotype AA of rs11203203 
was higher in all the patients (0.60% in AITD, 0.48% 
in GD, and 0.80% in HT) than that in control group 
(0.34%). However, when wildtype homozygote GG 
was used as the reference, no statistically significant 
risk was observed for AITD, GD and HT of variant 
genotype AA, AG and the combination (AG+AA). The 
frequency of variant genotype AA of rs3788013 was 
only higher in AITD and GD group (11.24% in AITD, 
12.47% in GD) than that in control group (11.00%). 
When wildtype homozygote CC was used as the refe
rence, no statistically significant risk was observed for 
AITD, GD and HT of variant genotype AA, AC and 
the combination (AC+AA).

Given that Tcell induced immunity plays an impor
tant role in the pathogenesis of GO (20), we further 
investigated the two SNPs for association with the sub

set of GD patients that had ophthalmopathy. Table 3 
shows allele distributions and casecontrol association 
analysis in ophthalmopathy/nonophthalmopathy pa
tients and controls. For rs11203203, the frequencies 
of allele A were higher in GD patients with and wi
thout ophthalmopathy (7.14% and 5.97%, respectively) 
than that in control group (5.72%); furthermore, the 
frequency of allele A was higher in GO than that in GD 
without ophthalmopathy. For rs3788013, the frequen
cies of allele A were higher in GD patients with and 
without ophthalmopathy (33.67% and 34.80%, respec
tively) than that in control group (33.00%); however, 
the frequency of allele A was a little lower in GO than 
that in GD without ophthalmopathy. None of these 
differences reached statistical significance. 

Haplotype analysis

According to the Hapmap CHB data, D’ and r2 for LD 
test of the two SNPs were 1.0 and 0.121. Although 
they were not in one block, we performed haplotype 
analysis. Four possible haplotypes were detected from 
the SNPs. As shown in table 4, the frequencies of three 
halotypes were greater than 0.05, of which GC and 
GA were the most frequent ones, both in cases and 

Table 1. Allele and genotype distributions in AITD patients and controls

SNP Control 
(%) AITD (%)

AITD 
vs. Con
P value

OR
(95%CI)

rs 11203203

Allele

A 34 (5.72) 79 (5.93) 0.858 1.04 (0.69-1.57)

G 560 (94.28) 1253 (94.07)

Genotype

GG 264 (88.89) 591 (88.74) 1.00

AG 32 (10.77) 71 (10.66) 0.968 0.99 (0.64-1.54)

AA 1 (0.34) 4 (0.60) 0.968 1.79 (0.20-16.06)

AG+AA 33 (11.11) 75 (11.26) 0.946 1.02 (0.66-1.57)

rs 3788013

Allele

A 198 (33.0) 452 (33.88) 0.704 1.04 (0.85-1.28)

C 402 (67.0) 882 (66.12)

Genotype

CC 135 (45.00) 290 (43.48) 1.00

AC 132 (44.00) 302 (45.28) 0.669 1.07 (0.80-1.42)

AA 33 (11.00) 75 (11.24) 0.809 1.06 (0.67-1.67)

AC+AA 165 (55.00) 377 (56.52) 0.659 1.06 (0.81-1.40)

Association of UBASH3A gene with AITD
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Table 2. Allele and genotype distributions in GD, HT patients and controls

SNP Control (%) GD (%) HT (%) GD vs. Con
P value

OR
(95% CI)

HT vs. Con
P value

OR 
(95% CI)

rs 11203203  

Allele

A 34 (5.72) 52 (6.25) 27 (5.40) 0.681 1.10 (0.70-1.72) 0.816

 

0.94 (0.56-1.58)

G 560 (94.28) 780 (93.75) 473 (94.60)  

Genotype  

GG 264 (88.89) 366 (87.98) 225 (90.00) 1.00  1.00

AG 32 (10.77) 48 (11.54) 23 (9.20) 0.745 1.08 (0.67-1.74) 0.554  0.84 (0.48-1.48)

AA 1 (0.34) 2 (0.48) 2 (0.80) 1.000 1.44 (0.13-15.99) 0.893  2.35 (0.21-26.05)

AG+AA 33 (11.11) 50 (12.02)5       25 (10.00) 0.709 1.09 (0.69-1.74) 0.674  0.89 (0.51-1.54)

rs 3788013  

Allele

A 198 (33.0) 288 (34.53) 164 (32.80) 0.545 1.07 (0.86-1.34) 0.944

 

 0.99 (0.77-1.28)

C 402 (67.0) 546 (65.47) 336 (67.20)  

Genotype  

CC 135 (45.00) 181 (43.41) 109 (43.60) 1.00  1.00

AC 132 (44.00) 184 (44.12) 118 (47.20) 0.809 1.04 (0.76-1.43) 0.573  1.11 (0.78-1.58)

AA 33 (11.00) 52 (12.47) 23 (9.20) 0.518 1.18 (0.72-1.92) 0.624  0.86 (0.48-1.56)

AC+AA 165 (55.00) 236 (56.59) 141 (56.40) 0.671 1.07 (0.79-1.44) 0.742  1.06 (0.76-1.48)

Table 3. Allele distributions in ophthalmopathy, non-ophthalmopathy patients among GD patients and controls

SNP Control (%)
GD patients non-GO vs. 

Con
P value

OR
(95% CI)

GO 
vs. Con
P value

OR
(95%CI)

GO 
vs. non-GO

P value

OR
(95% CI)non-GO (%) GO (%)

rs 11203203

A 34 (5.72) 38 (5.97) 14 (7.14) 0.851 1.05 
(0.65-1.69)

0.471 1.27 
(0.67-2.41)

0.555 1.21 
(0.64-2.28)

G 560 (94.28) 598 (94.03) 182 (92.86)

rs 3788013

A 198 (33.00) 222 (34.80) 66 (33.67) 0.505 1.08 
(0.86-1.37)

0.862 1.03 
(0.73-1.45)

0.772 0.95 
(0.68-1.33)

C 402 (67.00) 416 (65.20) 130 (66.33)

Table 4. Haplotype analyses in AITD patients and controls

Haplotype Control 
(Frequency)

AITD
(Frequency)

GD 
(Frequency)

HT 
(Frequency)

AITD vs. 
Con

P value

OR
(95% CI)

GD 
vs. Con
P value

OR
(95% CI)

HT 
vs. Con
P value

OR
(95% CI)

GC 402 (0.670) 880 (0.664) 544 (0.653) 335 (0.669) 0.672 1.00 0.485 1.00 0.963 1.00

GA 163 (0.272) 375 (0.278) 237 (0.284) 138 (0.277) 0.661 0.602 0.888

AC 0 (0.000) 1 (0.001) 2 (0.002) 2 (0.003) 1.000 0.513 0.207

AA 35 (0.058) 77 (0.057) 51 (0.061) 26 (0.051) 0.960 0.825 0.642

Non-GC 198 (0.330) 453 (0.336) 290 (0.347) 166 (0.331) 0.672
0.96 

(0.78-1.17) 0.485
1.08 

(0.87-1.35) 0.963
1.00 

(0.78-1.30)

Association of UBASH3A gene with AITD

controls. All the differences of haplotype distributions 
were not statistically significant. When haplotype GC 
was used as the reference, the combination of other ha

lotypes (nonGC) showed no significant risk for all the 
patients (p = 0.672, 0R = 0.96 for AITD; p = 0.485, 0R 
= 1.08 for GD; p = 0.963, 0R = 1.00 for HT). 
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DISCUSSION

The gene UBASH3A, whose official full name is ubi
quitin associated and SH3 domain containing A, is loca
ted on chromosome 21 (21q22.3), spanning 40kb and 
containing 15 exons. Initially, this gene was isolated and 
characterized by a study focused on identifying candida
te genes on chromosome 21q22.3 for autosomal reces
sive nonsyndromic deafness (DFNB10) (21). TULA/
STS-2/UBASH3A and TULA-2/STS-1/UBASH3B are 
both members of the T cell ubiquitin ligand proteins 
(TULA) family. Both of them are suppressors of TCR 
signaling and can regulate TCR signaling pathways ne
gatively. The two proteins exhibit a unique architecture 
comprised of three conserved and functional domain: 
an Nterminal ubiquitin associated (UBA) domain 
that can bind mono and polyubiquitin, a central Src 
homology 3 (SH3) domain which can participate in 
proteinprotein interactions, and a Cterminal PGM 
(phosphoglycerate mutase) acting as phosphatases or 
phosphotransferases (14,22). Unlike the other protein, 
TULA/STS-2/UBASH3A is only expressed within lym
phocytes and has a low phosphatase activity but a uni
que ability of promoting Tcell apoptosis (23,24). Hen
ce, it may set its suppressing effect on T cell signaling 
and T cell activation by dephosphorylation of unknown 
substrates or by apoptosis in T cells. As we all know, the 
pathologic mechanisms of many autoimmune disorders, 
including GD and HT, are correlated with immune 
system abnormality. Under the background of genetic 
predisposition, environmental factors, such as stress, 
infection and trauma, may cause the functional and 
quantitative decrease of suppressor T cells (Ts), which 
interfere with inhibition of helper T cells (Th) activation 
within thyroid tissues. Consequently, autoantigens are 
presented to Th cells in a recognizable pattern, leading 
to a pathological immune response and ultimately the 
activation of B cells which can produce autoantibodies 
targeting the thyroid itself. Inadequate mutations in 
autoantigens or hyperresponse to TCR stimulation 
could result in the disturbance of self immune toleran
ce. Therefore, we hypothesized that polymorphisms wi
thin the gene UBASH3A could cause changes in the 
expression and function of the protein. These changes 
could affect downregulation of T cell activation and 
apoptosis, break down a balanced immune response, re
sult in a hyperreactivity of T cell and finally lead to the 
occurrence of AITD. 

In this study, we investigated the association bet
ween two intronic SNPs (rs11203203 and rs3788013) 

of UBASH3A gene and AITD patients in a Chinese 
Han population. We found that the frequencies of al
lele A in the two SNPs were increased in both AITD 
and GD group. The AA genotype frequencies of the 
two SNPs in AITD and GD were also higher than that 
in control group. Furthermore, we found that the fre
quencies of allele A from rs11203203 were higher in 
GD patients with and without ophthalmopathy than 
that in control group; moreover, the frequency of allele 
A was higher in GO than that in GD without ophthal
mopathy. Nevertheless, it was a pity that none of these 
abovementioned differences reached statistical signifi
cance. The term haplotype refers to physical arrange
ment of SNP alleles along a chromosome (25). It is 
demonstrated that analysis based on haplotype would 
be more powerful and effective to detect an association 
than those based on individual SNPs. However, our 
study did not find any association between the four ha
plotypes and AITD, GD or HT group. To sum up, the
se results have suggested that the allele A of two SNPs 
may play no role in the pathogenesis of AITD or that 
its effect may be confounded by other various factors.

It has been generally accepted that a casecontrol 
study is efficient enough to detect the association bet
ween candidate genes and diseases. However, this me
thod and design is usually limited to various elements. 
Inadequate sample size, gender, age, different ethnic 
group and low power statistical methods are common 
confounding factors in a casecontrol study (2628). 

Those problems were also shown in our study. Our fin
dings provided no significant evidence that the gene 
UBASH3A was associated with susceptibility to AITD 
in Chinese Han population. This disaccorded with the 
analysis of association between 2,477 cases with Gra
ves’ disease and rs3788013 of UBASH3A in white eth
nic group from British cohort (29). This dichotomy 
could be attributed to ethnic diversity, relative small 
sample size and other different elements. Therefore, 
we are motivated to investigate more loci in this gene 
with a larger sample size and in different nations among 
Chinese people in order to capture the genetic contri
butions by UBASH3A in the pathogenesis of AITD.

Acknowledgement: this work was supported by grants from 
the National Natural Science Foundation of China (81270871, 
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Rare association between penile 
squamous cell carcinoma 
and parathyroid related 
peptide (PTH-rP) secretion
Associação rara entre carcinoma de células escamosas do pênis 
e secreção de peptídeo relacionado ao paratormônio (PTH-rP)

Rogelio Trejo-Rosales1, Maria J. Nevarez-Barragan2, Mercedes G. 
Rosas-Jurado2, Ivan Perez-Diaz1, Ana Paula Piana Bezaury3

ABSTRACT
We report on a rare case of an adult with severe hypercalcemia secondary to the ectopic secre-
tion of parathyroid-related peptide (PTH-rP) from a penile squamous cell cancer (PC). A patient 
of 47 years old was admitted with warty lesions and areas of ulceration covered by purulent 
material in a large area of the groin, scrotum and penis. Laboratory tests revealed severe hyper-
calcemia and elevation of PTH-rP; the biopsy reported PC. Hypercalcemia was successfully tre-
ated with zoledronic acid, however, the tumor displayed aggressive behavior, which resulted in 
a poor prognosis for the patient. Arq Bras Endocrinol Metab. 2014;58(6):646-9

RESUMO
Relatamos um caso raro em um adulto com hipercalcemia grave secundária à secreção ectópi-
ca de peptídeo relacionado ao paratormônio (PTH-rP) de um carcinoma de células escamosas 
do pênis (CP). Um paciente de 47 anos foi admitido com lesões verrucosas e áreas de ulceração 
cobertas por material purulento em uma grande área da virilha, escroto e pênis. Os testes la-
boratoriais revelaram hipercalcemia grave e elevação do PTH-rP; a biópsia mostrou um CP. A 
hipercalcemia foi tratada de forma bem-sucedida com ácido zoledrônico. Entretanto, o tumor 
apresentava um comportamento agressivo, resultando em um prognóstico ruim para o pacien-
te.  Arq Bras Endocrinol Metab. 2014;58(6):646-9
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INTRODUCTION

H ypercalcemia, like paraneoplastic manifestation, 
is responsible for more than 20% of complica

tions related to cancer and up to 50% of patients, in 
which it is present, die within 30 days of diagnosis. 
Within the range of malignancies, PC is a rare neopla
sia with an incidence rate of 0.91 per 100,000 (males) 
in Mexico. We report the case of an adult with severe 

hypercalcemia related to the ectopic secretion of PTH
rP for PC. 

CASE REPORT

A 47yearold man arrived at the emergency depart
ment of our institute with severe lesions in the genital 
area and groin, presenting fever, weight loss (around 
8 kg in one year) and muscle weakness. The condi
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tion began sixteen months prior, with a vesicular le
sion over the glans, which had increased in size, finally 
becoming warty type, followed by other lesions of si
milar features that grew until they became confluent 
and covered a large zone of the genital area. A physical 
examination showed wartylike lesions, with ulceration 
and purulent material affecting the groin, scrotum and 
penis (Figure 1). On palpation, painful abscesses were 
identified. The biopsy of the lesion reported penile in
vasive squamous cell carcinoma. Initial laboratory tests 
showed leukocytosis (30,500/mm3), with 85.8% of 
neutrophils, with total serum calcium of 15.1 mg/dL 
(normal range 8.610.2 mg/dL), corrected to albumin 
calcium level of 16.9 mg/dL and ionized calcium of 
8.96 mg/dL (normal 4.55.3 mg/dL), creatinine 1.95 
mg/dL (normal range 0.61.2 mg/dL). The electro
cardiogram showed normal QT interval. Due to these 
results, parathyroid hormone (PTH) was measured and 
very low levels of 2.5 pg/mL (normal range 1288 pg/
mL) were identified. PTHrP was thus requested, and 
a very high value of 127 pg/mL (normal range 1427 
pg/mL) was found. The patient was managed with vi
gorous hydration and loop diuretics without achieving 

a decrease in serum calcium levels. A dose of 4 mg zole
dronic acid was therefore infused, resulting in a remar
kable response. Normal calcium levels were achieved by 
four weeks, at which time another dose was needed. 
Normal calcium levels were maintained until the final 
day of follow up (23 days later). Imaging studies (me
tastatic bone series, bone scan and CT scan) ruled out 
the presence of distant metastasis or lytic bone lesions, 
but extensive tissue invasion was evident (Figure 2). In 
an attempted tumor resection, the patient was given 
neo adjuvant chemotherapy (paclitaxel, cisplatin and 
ifosfamide) without success and caused worsening of 
the infectious process, presenting severe sepsis. Due to 
the unresectability of the tumor, coupled with the ina
bility to control the infection, a decision to discharge 
the patient with palliative treatment was made.

Figure 1. Showing invasive squamous cell cancer of the penis. Warty 
lesions appearance and areas of ulceration.

Figure 2. Computed tomography at the pelvis level shows a poorly defined 
heterogeneous lesion at the base of the penis and scrotum extending skin 
and subcutaneous tissue (white arrows).

DISCUSSION

Paraneoplastic hypercalcemia complicates up to 20% 
of neoplasms (1). The condition is characterized by an 
abrupt presentation and is associated with a poor prog
nosis, since 50% of patients with paraneoplastic hyper
calcemia die within 30 days of diagnosis. In fact humo
ral hypercalcemia associated with cancer is the leading 
cause of severe hypercalcemia in hospitalized patients 
and is always associated with poor prognosis and poor 
treatment response (1). The mechanisms which result 
in the development of hypercalcemia of malignancy 
comprise humoral mechanisms and direct bone damage 

Penile carcinoma and PTH-rP secretion
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(lytic lesions) (2). A major cause of humoral mecha
nisms is the production of PTHrP in about 80% of the 
patients, and less frequently, other molecules, including 
PTH and 1,25dihydroxyvitamin D secreted by neuro
endocrine tumors and increased 1αhydroxilase activity 
in lymphoproliferative disorders (2). PTHrP and PTH 
are related molecules and both activate the same type I 
receptor (PTHR1) (3). PTHrP is a protein consisting 
of 144 amino acids with Nterminal sequence homolo
gous to PTH that increases calcium levels similarly to 
PTH, except that it does not increase the synthesis of 
1,25dihydroxyvitamin D to the same extent as PTH 
and does not induce increased gastrointestinal calcium 
absorption (3). Furthermore, PTHrP stimulates main
ly osteoclasts activity and shows a very low osteoblastic 
activity (2). PTHrP activates osteoblasts to produce 
receptor activator of nuclear factork ligand (RANKL). 
RANK, the receptor for RANKL on preosteoclasts, 
binds RANKL, which induces preosteoclasts to become 
mature osteoclasts (4). Additionally, PTHrP decreases 
the production of osteoprotegerin, increasing osteo
clast numbers and activity(4). Finally, transforming 
growth factor b production due to osteolysis greatly 
increases PTHrP production by the tumor cells (4).

Many cell types and organs, like human keratino
cytes, lactating breast, brain, muscle, bone, ovary and 
parathyroid glands, produce PTHrP in low levels, but 
its functional significance is still being clarified (4). Ab
normal presence can be manifest in neoplasms, such as 
small cell lung cancer, breast cancer and cervical cancer, 
although it is rare in penile squamous cell carcinoma, 
with very few cases being reported to our knowledge 
(1,5,6). In such cases, the treatment of hypercalcemia 
will depend on the patient’s condition and its sever
ity. Treatment options may include hydration, the use 
of loop diuretics and bisphosphonates, in addition to 
decreasing the tumor burden with chemotherapy and 
tumor resection (6,7). However, in our patient, it was 
impossible to perform surgical resection of the tumor, 
due to its large size and the severity of the tumor infec
tion. Due to unresponsiveness to hydration and diuret
ics, the hypercalcemia was treated with zoledronic acid 
showing an adequate response, even presenting hypo
calcemia at the fourth day after the first dose (serum 
calcium of 7.4 mg/dL). Another dose of zelodronic 
acid was required one month after the first, as a result 
of new elevation of serum calcium levels. The second 
dose normalized and maintained the calcium level in 
normal range until the last day of monitoring (23 days 

later). The patient was then discharged and received 
palliative care. 

PC is an uncommon neoplasia, with an incidence rate 
in the United States of 0.70.9 per 100,000 inhabitants. 
In Mexico, the histopathological record of malignancies 
during 2003, reported 346 cases, with an incidence rate 
of 0.91 per 100,000 males. These cases represent 0.31% 
of the total malignances and the rate of frequency is 1.1% 
(8). The mortality rate is 0.2 per 100,000 inhabitants, of 
which 0.17% represents cancer associated deaths (8,9). 

Risk factors include deficient hygiene, smoking, phimo
sis, chronic inflammation of the penis and exposure to 
Human Papilloma Virus (especially serotypes 16, 18, 
45, 56 which were identified in 40% of cases). Probably, 
in our patient a poor hygiene and lack of circumcision 
were the predisposed factors to develop PC. In 95% 
of cases, the histological characteristics of the tumors 
matched squamous cell carcinoma, as was in the case 
of our patient. The association between PC and hyper
calcemia due to the production of PTHrP is extremely 
uncommon, although a very few case reports do exist 
(911). Malakoff and Schmidt also describes a patient 
with PC secreting PTHrP and serious hypercalcemia 
(12). Management of the hypercalcemia included oral 
biphosphonates, hydration and diuretics, and the patient 
showed only a temporary response. In another case of 
ectopic secretion of PTHrP for PC, published in Japan, 

the patient’s hypercalcemia was managed with a multiple 
scheme, which included intravenous biphosphonates, 
calcitonin and diuretics, similarly showing a transient 
decrease in serum calcium (6). In the case presented, 
the patient achieved a prolonged response (one month) 
with zoledronic acid infusion. Unfortunately in this pa
tient a measurement of vitamin D was not carried out, 
since a deficiency of vitamin D might explain the good 
response to zoledronic acid treatment. However when 
an adequate response is not achieved to maintain normal 
calcium levels with bisphosphonate used alone, a human 
monoclonal antibody against RANKL, Denosumab has 
been successfully employed. Denosumab cause a reduced 
rate of bone resorption through inhibition of osteoclast 
maturation, activation, and function (13).

On the other hand, there is an uncommon associa
tion among PC, hyperleukocytosis and hypercalcemia 
as paraneoplastic manifestations. Both disorders could 
be considered as secondary to the tumoral production 
of PTHrP like physiopathological mechanism. There 
is only one documented case in medical literature that 
conveys this association (14,15). By the time our pa

Penile carcinoma and PTH-rP secretion
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tient was admitted, he presented leukocytosis levels of 
30,500/mm3. However, it was clearly accompanied by 
an infectious process of the tumor. The leukocytosis 
was partially normalized through the administration of 
a broadspectrum antibiotic, which suggests that it was 
secondary to the infectious process.

This case report presents a patient with invasive PC 
associated with malignant hypercalcemia due to pro
duction of PTHrP. The vast extent of the injury and its 
infection limited the surgical and chemotherapy treat
ment options, worsening the patient’s prognosis. The 
hypercalcemia was clearly attributed to paraneoplastic 
PTHrP secretion by the tumor and was temporarily 
controlled with the use of zoledronic acid, which can 
be safely and effectively used in these patients.
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3β-hydroxysteroid dehydrogenase 
type II deficiency on 
newborn screening test
Deficiência de 3β-hidroxiesteroide desidrogenase 
tipo 2 em teste de triagem neonatal

Vitor Guilherme Brito de Araújo1,2, Renata Santarem de Oliveira1,3, Kallianna 
Paula Duarte Gameleira2, Cátia Barbosa Cruz3, Adriana Lofrano-Porto1,4

SUMMARY
3β-hydroxysteroid dehydrogenase II (3β-HSD) deficiency represents a rare CAH variant. New-
borns affected with its classic form have salt wasting in early infancy and genital ambiguity in 
both sexes. High levels of 17-hydroxypregnenolone (Δ517OHP) are characteristic, but extra-ad-
renal conversion to 17-hydroxyprogesterone (17OHP) may lead to positive results on newborn 
screening tests. Filter paper 17OHP on newborn screening test was performed by immunofluo-
rometric assay, and serum determinations of 17OHP and Δ517OHP, by radioimmunoassay. A 
46,XY infant with genital ambiguity and adrenal crisis at three months of age presented a posi-
tive result on newborn screening for CAH. Serum determinations of 17OHP and Δ517OHP were 
elevated, and a high Δ517OHP/cortisol relation was compatible with the diagnosis of 3β-HSD 
deficiency. Molecular analysis of the HSD3B2 gene from the affected case revealed the pres-
ence of the homozygous p.P222Q mutation, whereas his parents were heterozygous for it. We 
present the first report of 3β-HSD type II deficiency genotype-proven detected at the Newborn 
Screening Program in Brazil. The case described herein corroborates the strong genotype-
phenotype correlation associated with the HSD3B2 p.P222Q mutation, which leads to a classic 
salt-wasting 3β-HSD deficiency. Further evaluation of 17OHP assays used in newborn screen-
ing tests would aid in determining their reproducibility, as well as the potential significance 
of moderately elevated 17OHP levels as an early indicator to the diagnosis of other forms of 
classic CAH, beyond 21-hydroxylase deficiency. Arq Bras Endocrinol Metab. 2014;58(6):650-5

SUMÁRIO
A deficiência da enzima 3β-hidroxiesteroide desidrogenase tipo 2 (3β-HSD) representa varian-
te rara de hiperplasia adrenal congenital (HAC). Recém-nascidos afetados com a forma clássi-
ca apresentam perda de sal nas primeiras semanas de vida e ambiguidade genital em ambos 
os sexos. Concentrações elevadas de 17-hidroxipregnenolona (Δ517OHP) são características, 
porém sua conversão extra-adrenal a 17-hidroxiprogesterona (17OHP) pode resultar em re-
sultados positivos no teste de triagem neonatal. A determinação da concentração de 17OHP 
obtida em amostra de sangue colhida em papel-filtro para triagem neonatal foi realizada por 
ensaio imunofluorimétrico, e as concentrações séricas de 17OHP and Δ517OHP, por radioimu-
noensaio. Um menino, 46,XY, com ambiguidade genital e crise adrenal aos 3 meses de vida, 
apresentou teste positivo na triagem neonatal para HAC. As concentrações séricas de 17OHP 
e Δ517OHP estavam aumentadas, bem como a relação Δ517OHP/cortisol, o que foi compatível 
com o diagnóstico de deficiência de 3β-HSD. A análise molecular do gene HSD3B2 revelou 
a mutação p.P222Q em homozigose na criança afetada e em heterozigose em seus pais, o 
que confirmou a deficiência de 3β-HSD com resultado moderadamente elevado na dosagem 
de 17OHP no “Teste do Pezinho” (Programa de Triagem Neonatal do Distrito Federal, Brasil). 
Esse caso corrobora a forte correlação genótipo-fenótipo associada à mutação p.P222Q no 
gene HSD3B2. Estudos futuros para avaliação dos ensaios utilizados na triagem neonatal para 
determinação de 17OHP poderão auxiliar na determinação do significado potencial de concen-
trações moderadamente elevadas de 17OHP como um indicador precoce para o diagnóstico 
de outras formas de HAC clássicas, além da deficiência de 21-hidroxilase. Arq Bras Endocrinol Metab. 

2014;58(6):650-5
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INTRODUCTION 

C ongenital adrenal hyperplasia (CAH) is most 
commonly due to steroid21hydroxylase 

(CYP21) deficiency, which is considered one of the 
most common inborn errors of metabolism. The early 
recognition of its classical form is mandatory to pre
vent lifethreatening saltwasting adrenal crisis in the 
newborn. The diagnosis primarily relies on the fin
ding of elevated plasmatic levels of 17OHprogestero
ne (17OHP), the immediate substrate of the enzyme 
CYP21 in the adrenal cortex. Neonatal screening has 
been widely shown to minimize delays in the diagnosis 
of CAH, thereby reducing morbidity and mortality re
lated to the disease (1). Therefore, the determination 
of 17OHP level in dry blood spots collected in filter 
paper has been implemented in newborn screening 
programs worldwide.

Congenital adrenal hyperplasia has been included in 
the National Neonatal Screening Program in Brazil in 
the year 2012, based on available epidemiological evi
dence about the relevance and costeffectiveness of the 
early case detection and treatment recommendations 
(2). Since then, many Neonatal Screening Reference 
Services have been organized and started their work in 
different regions of the country, where routine immu
nometric 17OHP determination has been offered for 
the entire population. 

The estimated worldwide incidence of CAH due 
to CYP21 deficiency varies from 1:16.000 a 1:20.000 
(3,4). In a governmentfunded newborn screening 
program in the state of Goiás showed an incidence of 
1:10,300 live births (5). Less frequently, CAH may re
sult from other enzymatic defects, leading to rare and 
variable clinical presentations, such as 11βhydroxylase 
deficiency and, even more rarely, 3βhydroxysteroid
desidrogenase type II (3βHSD) deficiency. Even tually, 
cases of less common forms of CAH have been de
scribed in which an elevated 17OHP level was firstly 
noted in a dry blood spot collected for neonatal screen
ing for 21hydroxylase deficiency (6,7). 

3βHSD deficiency results in saltwasting or non
saltwasting CAH with impaired steroidogenesis in 
adrenals and gonads (8,9). It also causes genital am
biguity, leading to slightly virilized genitalia in genetic 
females and genital ambiguity in genetic males, ex
plained by the excess of weak adrenal androgens and 
gonadal testosterone deficiency, respectively (913). 

Premature pubarche in young children and hirsu tism 
and menstrual disorders during young adulthood are 
believed to be equally present in nonsaltwasting 
forms of the disease, as part of its clinical spectrum 
(1113).

We present the first report of 3βhydroxysteroid 
dehydrogenase type II deficiency genotypeproven de
tected at the Newborn Screening Program in Brazil. The 
clinical and hormonal features of a 46, XY infant with a 
classical phenotype of 3βHSD deficiency detected by 
a positive newborn screening test for CYP21 deficiency 
are described. Molecular analysis of the HSD3B2 gene 
revealed the homozygous P222Q mutation. This case 
highlights the significance of confirming the specific 
enzymatic deficiency with molecular genetic methods 
and the potential contribution of neonatal screening in 
predicting lifethreatening saltwasting complications, 
whatever the etiology of CAH. 

CASE REPORT

The patient was an infant born at term after an un
eventful gestation with genital ambiguity and palpable 
gonads, who had a positive neonatal screening result 
for CAH. At birth, weight was 3,970 g and height was 
53 cm. Segmental physical examination was unremark
able except for a 2.5 cm phallus, with penoscrotal prox
imal hypospadia, incompletely fused labioscrotal folds 
and bilaterally palpable gonads. Karyotype was 46, 
XY. Neonatal 17OHP determination on a blood spot 
collected on filter paper S&S #903 (Guthrie test) on 
the first day of life was 5,170 ng/dL (normal value for 
weight at birth and age on the date of specimen collec
tion: < 2,000 ng/dL) (14). There was no consanguin
ity or similar family history. Despite prior instructions 
and contact on the occasion of the screening result, 
the infant was brought to medical attention at three 
months of age with recurrent vomiting, dehydration, 
hyponatremia (Na = 107 mEq/L) and hypercalemia (K 
= 6,09 mEq/L). Serum 17OHP level was 2,430 ng/dL  
(< 200 ng/dL), whereas 17αhydroxypregnenolone 
(Δ5 17OHP) was 1,080 ng/dL or 32.5 nmol/L (refer
ence value < 10 ng/dL; proposed hormonal criteria for 
neonates with genotypeproven 3βHSD deficiency: 
≥ 84 nmol/L). Serum androstenedione was > 1,000 
ng/dL (90460 ng/dL), morning cortisol 5.29 µg/
dL (0.145 µmol/L; reference value: 525 µg/dL) 
and ACTH 50.18 pg/mL (reference value: 046 pg/
mL). The Δ5 17OHP/cortisol relation was 224, that 
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Figure 1. Electropherogram of partial nucleotide sequence of the exon 4 
of the HSD3B2 gene. (A) Wild-type control; (B) the patient, showing the 
homozygous mutation c.665C>A (p.P222Q) (arrow); (C) and (D) parents, 
heterozygotes.
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D

3β-HSD deficiency in a newborn screening test

is, above the proposed criteria for 3βHSD deficiency 
diagnosis (≥ 94) (12). Hormonal levels were drawn just 
after starting vigorous fluid replacement and hydro
cortisone and fludrocortisone supplementation, due to 
acute clinical instability. Subsequently, the patient fully 
recovered and has shown normal weight and height 
gain and psychomotor development suitable for age.

SUBJECTS AND METHODS

The study was approved by the Research Ethics Com
mittee of the Faculty of Health Sciences, University of 
Brasilia, Brazil. Both parents gave informed consent for 
the participation of the patient in the study. 

Hormonal determinations

Filter paper 17OHP determination was performed by 
an immunofluorometric assay (AutoDELFIA® Neona
tal 17αOHprogesterone), and serum determinations 
of 17OHP, Δ517OHP, androstenedione and cortisol, 
by radioimmunoassay. 

Normal reference values were defined for each test 
by the manufacturer and validated by the reference 
laboratory. 

Molecular genetics analysis

Genomic DNA from the index case was extracted from 
peripheral blood leucocytes by the saltingout method 
(15). The coding exons (exons 2 to 4) and exonin
tron boundaries of the HSD3B2 gene were amplified 
using previously described primers (6). PCR products 
were purified using the Qiagen purification kit (QIA
quick®) and automatically sequenced in both sense and 
antisense orientations. Sequencing data were analysed 
using the software Sequencher version 5.0 (Gene Co
des Corporation, Ann Arbor, Mich., USA) as compared 
with the HSD3B2 reference sequence (Gen Bank, ref. 
NG_013349.1). 

Molecular results

DNA sequencing of the HSD3B2 gene from the pa
tient showed the homozygous change of a cytosine for 
an alanine at nucleotide 665, in exon 4. Both parents 
were heterozygous for the same missense mutation, 
c.665C>A, which results in the substitution of the ami
noacid Proline to Glutamine at residue 222 (p.P222Q) 
(Figure 1). 

DISCUSSION 

We describe a Brazilian patient with a phenotype of 
classical 3βHSD deficiency, who firstly presented with 
an abnormal 17OHP level on the newborn screening 
test for CAH due to steroid 21hydroxylase deficiency. 
Molecular analysis of the HSD3B2 gene revealed that 
the patient was homozygous for the missense p.P222Q 
mutation, thereby confirming the clinical and hormo
nal diagnosis. 

The 3βhydroxysteroid dehydrogenase/Δ5Δ4 isome
rase (3βHSD) catalyzes the oxidation as well as the 
isomerization of 3βhydroxy5ene steroids into ke
to4ene steroids, allowing the synthesis of proges
terone, 17αhydroxyprogesterone, androstenedione, 
and testosterone from their precursors pregnenolone, 
17αhydroxypregnenolone, dehydroepiandrosterone 
(DHEA), and 5androstene3β, 17βdiol (Δ5diol), 
respectively (16,17). This reaction is a key step in the 
biosynthesis of all classes of hormonal steroids: glu
cocorticoids, mineralocorticoids and sex steroids. 
These hormones are essential for sexual differentia
tion, growth and development of many human tissues. 
3βHSD expression is found in the placenta, adrenal 
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cortex, ovary and testis, but also in several peripheral 
tissues, including the skin, adipose tissue, breast, lung, 
endometrium, prostate, liver, kidney, epididymis, and 
brain (3,1619). Two isoforms of 3βHSD have been 
described in humans (17,18). The type 1 enzyme is ex
pressed mainly in placenta and skin and is about five 
times more active than the type 2, which is found in 
adrenals and gonads (18).

Paradoxically, in 3βHSD deficiency increased cir
culating 17OHP levels are commonly found and are 
believed to result from the conversion of excessive 
amounts of accumulated Δ5 steroids (pregnenolone, 
17OHpregnenolone and DHEA) by the isoenzyme 
3βhydroxysteroiddehydrogenase type 1, in peripheral 
tissues. Similarly, circulating levels of Δ4 androstenedi
one and testosterone may be also increased. 

In this context, although CAH screening programs 
are not aimed to detect different etiologies of CAH 
other than CYP21 deficiency, immunoassays used for 
17OHP determination on newborn screening tests ap
pear to allow the detection of some uncommon causes 
of CAH, such as 3βHSD deficiency. However, the sen
sitivity of those assays for such less frequent enzymatic 
defects is still unclear (20). Indeed, the main goal of 
CAH screening is the prompt detection of the classical 
form of CYP21 deficiency in order to prevent mortal
ity due to severe saltwasting crises in early life. False 
positive rates are still considerably high (1), despite 
great efforts to adjust cutoff values for some known 
interfering conditions. Nevertheless, the proportion 
of patients with other rare causes of CAH who would 
benefit from a positive screening test is still only pre
sumptive. The adequate differentiation between these 
conditions and false positive results in infants with sub
tle clinical manifestations in the first weeks of life may 
be challenging and requires a high degree of suspicion 
by the care team.

 Possibly, as far as screening programs become more 
widespread in the world, more such cases will be identi
fied. Accordingly, an increasing number of CAH cases 
caused by rare enzymatic deficiencies have been de
scribed, and recently a significant number of them were 
picked up by neonatal screening for 21hydroxylase de
ficiency (6,7,2022).

In the present case, the presence of genital ambi
guity with palpable gonads and a moderately increased 
17OHP on neonatal screening test immediately in
dicated the need to investigate 3βHSD deficiency. 
Subsequently, the 46, XY karyotype, hormonal and 

molecular results confirmed the diagnosis. It is worth 
noting that, although clearly elevated, the measured 
serum concentration of Δ517OHPregnenolone (1,080 
ng/dL or 32.5 nmol/L) was below the criteria pro
posed by Lutfallah and cols. (12), reviewed in 2010: 
a baseline Δ5 17OHPreg ≥ 84 nmol/L for neonates, 
although the child was already 3 months old. A reason 
for this apparent discrepancy is related to the fact that 
the hormonal measurements were obtained just after 
the patient started intravenous hydrocortisone treat
ment during an acute adrenal crisis. Therefore, it is pos
sible that higher Δ517OHPreg levels would have been 
noted earlier, if the tests were done before the acute 
crisis and treatment initiation. The clinical diagnosis of 
3βHSD deficiency in this case was then confirmed by 
the identification of the p.P222Q homozygous inacti
vating mutation in the HSD3B2 gene.

Several mutations, including frameshift, nonsense, 
inframe deletions, splicing and missense mutation, 
have been described in the HSD3B2 gene in patients 
suffering from classical 3βHSD deficiency (6,2325). 
The functional characterization of these mutant pro
teins has helped understanding the structurefunction 
relationships of the 3βHSD family (21,2427). The 
p.P222Q mutation found in the present case leads to 
a shift in amino acid interactions and change the sub
strate’s binding site, thereby significantly reducing 
protein activity (26). This variant affects a highly con
served amino acid in mammals, a fact that reinforces its 
importance for the function of the enzyme (26,2830). 

The p.P222Q mutation in the HSD3B2 gene has 
been firstly described in an Argelian family, in which a 
46,XY boy and his 46,XX sister presented with a classi
cal phenotype of 3βHSD deficiency (25). Since then, 
it has been reported only in other two cases from Bra
zil, with similar clinical presentations (11,13,26,31). A 
different mutation was also described in the same posi
tion at the protein, the p.P222T, and was associated 
with premature pubarche, but not saltwasting form. 
Notably, the mutated protein 222T was not detected 
on in vitro assays with transiently transfected 293 cells, 
bringing up an additional pathogenic mechanism of a 
severe impairment in protein stability (32).

In summary, the case described herein corroborates 
the strong genotypephenotype correlation associated 
with the p.P222Q mutation in the HSD3B2 gene, 
which leads to a classical saltwasting 3βHSD deficien
cy. The finding of a positive result on neonatal screen
ing test for CAH in a 46, XY infant with ambiguous 
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genitalia strongly suggests the diagnosis of 3βHSD 
deficiency and may prevent morbity and mortality as
sociated with the occurrence of a saltloosing crisis, if 
promptly recognized. Further evaluation of 17OHP 
assays used in newborn screening tests would aid in de
termining their reproducibility, as well as the potential 
significance of moderately elevated 17OHP levels as an 
early indicator to the diagnosis of other forms of classic 
CAH, beyond 21hydroxylase deficiency. 

Disclosure: no potential conflict of interest relevant to this article 
was reported.
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Aggressive pituitary lesion with 
a remarkably high Ki-67
Lesão pituitária agressiva com Ki-67 notavelmente elevado

Pedro Marques1, Manuela Mafra2, Carlos Calado3, Anabela 
Martins4, Joaquim Monteiro3,Valeriano Leite1

SUMMARY
The uncommon aggressive pituitary tumors are named carcinomas when metastases are de-
tected, either in the central nervous system and/or systemically. Some cases are associated 
with hormonal overproduction, but most are diagnosed because of local symptoms. These ne-
oplasias are generally refractory to current treatments. A 51 year-old woman presented sudden 
onset of headache, left arm paresis and left facial hypoesthesia. Computed tomography scan 
and magnetic resonance imaging revealed a pituitary tumor invading the left sphenoidal and 
cavernous sinuses. Laboratory data excluded hormonal hypersecretion. The patient underwent 
transsphenoidal surgery and histological findings showed a neoplasia with Ki-67 estimated at 
75%. Medical imaging excluded both a primary occult tumor and central nervous system or 
systemic dissemination. Three weeks postoperatively, neurological condition worsened, with 
new onset of ataxia, bilateral ptosis, ophthalmoplegia and an increase in the size of the lesion, 
leading to surgical intervention by craniotomy, followed by only a few sessions of radiotherapy, 
because of severe disease progression. Patient died nearly 2 months after the initial manifesta-
tions. This case illustrates the aggressiveness of some pituitary lesions, the limited efficacy of 
current treatment modalities such as surgery or radiotherapy and the pitfalls of the current pitui-
tary tumors classification. To our knowledge, this case corresponds to one of the most aggres-
sive pituitary neoplasms reported so far, with a very high Ki-67 index (75%) and short survival 
(2 months). Ki-67 index could be of prognostic value in pituitary tumors. Pituitary tumors World 
Health Organization (WHO) classification could be revisited. Arq Bras Endocrinol Metab. 2014;58(6):656-60

SUMÁRIO
Os raros tumores pituitários agressivos são chamados carcinomas quando são detectadas me-
tástases, sejam sistêmicas e/ou em sistema nervoso central. Alguns casos estão associados 
com superprodução de hormônio, mas a maioria é diagnosticada em função dos sintomas 
locais. Essas neoplasias são geralmente refratárias aos tratamentos atuais. Uma mulher com 
51 anos de idade apresentou dor de cabeça de início súbito, paralisia de braço esquerdo e 
hipoes tesia facial esquerda. A tomografia e a ressonância magnética revelaram um tumor pi-
tuitário invadindo os seios esfenoidal e cavernoso esquerdos. Os dados laboratoriais excluíram 
hipersecreção hormonal. A paciente foi submetida à cirurgia transesfenoidal, e os achados his-
tológicos mostraram uma neoplasia com Ki-67 estimado em 75%. As imagens excluíram tanto 
um tumor oculto primário quanto disseminação sistêmica ou do sistema nervoso central. Três 
semanas após a cirurgia, a condição neurológica apresentou piora com início de ataxia, ptose 
bilateral, oftalmoplegia e aumento do tamanho da lesão, levando à intervenção cirúrgica por 
craniotomia, seguida por apenas algumas sessões de radioterapia devido à progressão grave 
da doença. A paciente veio a óbito depois de quase dois meses das manifestações iniciais. O 
caso ilustra a agressividade de algumas lesões pituitárias, a eficácia limitada das modalidades 
atuais de tratamento, como a cirurgia ou a radioterapia, e as limitações da classificação atual de 
tumores pituitários. Até onde sabemos, esse caso corresponde a uma das neoplasias pituitárias 
mais agressivas descritas até hoje, com um nível muito alto de Ki-67 (75%) e sobrevida curta (2 
meses). O nível de Ki-67 pode ser de valor prognóstico em tumores pituitários. A classificação 
da Organização Mundial da Saúde (OMS) para tumores pituitários deveria ser revisitada. Arq Bras 

Endocrinol Metab. 2014;58(6):656-60
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INTRODUCTION

P ituitary tumors account for approximately 15% of 
all intracranial neoplasms (1,2). The majority is 

benign, noninvasive and asymptomatic. Some are de
tected incidentally by imaging exams; others are func
tioningtumors generating hormonal syndromes (de
creasing ordered: prolactin; ACTH; GH; TSH; LH), 
whereas others are suspected due to local mass symp
toms. Hypopituitarism can also occur in some cases, 
particularly in larger tumors (3).

Pituitary carcinomas are rare conditions, accounting 
only 0.1 to 0.2% of all pituitary tumors (4,5). Pituitary 
carcinoma is defined by the presence of craniospinal 
and/or systemic metastases (6,7). There is no gender 
preference and mean of age at diagnosis is 44 years 
(4). Most pituitary carcinomas develop from invasive 
relapsing or previously operated or irradiated invasive 
adenomas (8,9). Type and grade of invasiveness do 
not represent a criteria for malignancy, although when 
prominent increase its probability (4,10). For some, 
proliferation indexes particularly Ki67, have important 
prognostic value and should be considered as diagnos
tic criteria (1012). Pituitary metastatic disease, typi
cally from breast or lung cancer, accounts for 1 to 2% of 
sellar masses and its differential diagnosis with pituitary 
tumors is challenging as they often mimic them clini
cally, imagiologically and histologically (13,14).

We present a rare case of pituitary neoplasm with 
extremely aggressive behavior, illustrating the pitfalls 
and difficulties in the classification and management of 
these entities.

CASE REPORT

A Caucasian 51 yearold woman, nonsmoker, with ir
relevant past medical history, not taking any medica
tion, was asymptomatic until February 2012, when she 
reported sudden onset of intense headache associated 
with left arm paresis and left facial hypoesthesia. Neu
rological examination identified a minor left arm pare
sis, left facial hypoesthesia and slight left upperlid pto
sis; no visual impairment or other neurological defects 
were observed. Computed tomography (CT) scan and 
magnetic resonance imaging (MRI) documented a pi
tuitary mass invading the sphenoidal and left cavernous 
sinuses, and the pituitary stalk was centered (Figure 1). 
Laboratory data was significant for mild hyponatre
mia (130 mmol/L), high creatine kinase (1,188 u/L), 

central hypothyroidism (TSH = 0.05 uUI/mL [0.34
5.60]; freeT4 = 0.51 ng/dL [0.611.12]) and adrenal 
insufficiency (ACTH not measured but serum cortisol 
= 1.5 ug/dL [6.7  22.6]). Serum prolactin was 27.9 
ng/mL (2.7419.64); GH was 0.447 ng/mL (0.01
3.607) and betahCG < 0.5 mUI/mL (< 0.52.9). LH 
and FSH were not measured. 

The patient was submitted to transsphenoidal sur
gery. A tumor with a soft consistence and necrotic com
ponent of the pituitary apoplexy type was found and 
partially resected. Clinical improvement was observed 
after surgery, particularly on the intensity of the hea
daches, but the third left cranial nerve palsy persisted. 
Patient was discharged under replacement therapy with 
levothyroxine and hydrocortisone. 

Histological findings revealed a monotonous hyper
cellular population of cohesive small round cells, with 
large nuclei and prominent nucleoli. Numerous mitotic 
and apoptotic figures were seen, as well as diffuse necro
tic areas. Ki67 index was estimated at 75%. Immuno
histochemistry was positive for AE1/AE3 cytokeratines, 
nuclear p53 protein, cyclin D1 and focally positive for 
synaptophysin, chromogranin, neuronspecific enolase, 
CD 56 and epithelial membrane antigen. There was no 
immunoreactivity for pituitary hormones, melanoma 
markers (S100, HMB45, MelanA), cytokeratines 7, 8, 
18, 19, 20, thyroid transcription factor1, CD38, CD45, 
CD30, CD117, vimentin and desmin (Figure 2). Fluo
rescence In Situ Hybridization (FISH) molecular analy
sis was performed for cMYC and EWS genes showing 
normal cMYC and EWS gene copies in 98% and 91% of 
the nuclei, respectively, with no rearrangements.

Pituitary metastization from an occult tumor or sys
temic secondary lesions from pituitary tumor were ru
led out by several complementary exams which included 
mammography; breast, pelvic and thyroid ultrasound; 
wholebody CT scan and 18FFluorodeoxyglucose Po

Figure 1. Magnetic resonance imaging at presentation: sagittal (A) and 
coronal (B) views.
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Figure 2. Pituitary carcinoma photomicrographs: A: hypercellular neoplasia with extensive necrotic areas (hematoxylin-eosin stain, 20x). B: small round 
cells with visible high mitotic activity (hematoxylin-eosin stain, 40x). C: immunohistochemistry for Ki67 protein using antibody MIB-1 quantification (20x). 
D: immunohistochemistry for AE1/AE3 cytokeratines (40x). E: Immunohistochemistry for p53 protein (40x). F: immunohistochemistry for Synaptophysin 
(40x). G: immunohistochemistry for Cyclin D1 (20x). 

Figure 3. Follow-up magnetic resonance imaging, approximately one month after the transsphenoidal surgery (March 2012): sagittal (A), coronal (B) 
views and magnetic resonance angiography (C). 

sitron Emission Tomography (18FFDGPET). Serum 
tumoral markers were within normal values (Carcino
embryonic Antigen; Carcinoma Antigens 15.3/19.9; 
CYFRA 21.1; chromogranin A, calcitonin). An Ear
NoseThroat specialist biopsied a nonsuspicious pro
minence in the posterior wall of cavum, which was ne
gative for neoplasia. 

Three weeks postoperatively headaches recurred 
associated with vomiting and neurological complaints 
(ataxic gait, ophthalmoplegia and bilateral ptosis); no 
visual field defects were present and fundoscopy was 
normal. Postoperatively, hypopituitarism persisted with 
undetectable ACTH, TSH, LH, GH and low IGF1. 
CT scan at that time, showed a pituitary mass with 
suprasellar and lateral extension, touching the optic 
chiasm and involving the left cavernous sinus and tem
poral lobe; no compressive effect in the brain stem or 

anomalies in the cerebral parenchyma were detected. 
AngioMRI demonstrated a reduction in internal caro
tids caliber but maintained patency (Figure 3).

The patient was reoperated by frontal craniotomy 
with subtotal resection of the neoplasia. Intraoperative
ly, the tumor involved the optic nerves and infiltrated 
diffusely the adjacent structures. Histological findings 
were similar to the previous one and were consistent 
with undifferentiated small cell carcinoma (Figure 2). 
Postoperatively CT scan and MRI showed significant 
increase of the sellar mass, with prepontine extension 
and extensive invasion of the left orbit (Figures 4 and 
5). Radiotherapy was initiated but discontinued after a 
few sessions because of severe disease progression. Ra
pid clinical deterioration did not allow palliative che
motherapy and the patient died a few days later, appro
ximately 2 months after the initial manifestations.
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or other secondary lesions, we highlight the 18FFDG
PET scan, which was negative for hypermetabolic sys
temic lesions eventually related with the pituitary mass 
of the patient. Moreover, as many authors describe, it is 
possible that metastatic invasive pituitary macroadeno
mas have silent and nonevident metastases, misleading 
the carcinoma diagnosis (4). In fact, autopsy studies of 
pituitary tumors patients revealed unknown metastases 
in some (4,10). On the other hand, the fatal course 
of these neoplasms do not allow the development of 
metastases, which some describe to occur in months or 
even years later (4,5,9). The most frequent metastatic 
locations includes brain (35%) and spinal cord (17%), 
followed by bone (14%), lymph nodes (12%), liver 
(10%) and lungs (6%) (9).

Pathology has a central role to the diagnosis of pi
tuitary lesions. At present, there are no histological, im
munochemical or ultrastructural markers that separate 
conclusively pituitary carcinoma from adenoma (15). 
In this case, many immunohistochemistry tests were 
used to exclude entities like lymphoproliferative disor
der, melanoma, sarcoma, nasopharyngeal carcinoma, 
primitive neuroectodermal tumors, Ewing sarcoma; 
genetic analysis for cMYC and EWS also contribute to 
rule out more convincingly lymphomas, solid tumors 
(like breast cancer) or central/peripheric primitive neu
roectodermal tumors, respectively (16). So, at last, this 
case would fit pathologically the diagnosis of carcinoma 
of a small cell subtype from pituitary origin. ___

The protein Ki67 is a cell proliferation marker (17) 

detected by the monoclonal antibody MIB1 and is 
expressed as a percentage of immunopositive nuclei in 
the form of a Ki67 proliferation index (18). Literature 
describes a mean Ki67 for pituitary carcinomas around 
12% (± 14) (4,5,9). Thapar and cols. reported a Ki
67 index of 1.37%, 4.66% and 11.91% in noninvasive 
adenomas, invasive adenomas and carcinomas, respec
tively (11). Ki67 over 10% is already criteria to admit 
pituitary carcinoma for some authors (4,10,11). In our 
patient Ki67 was estimated at 75%, one of the highest 
so far described, which predicted an unfavorable course 
and high probability of unsuccessful treatment, as seen.

About 90% of pituitary adenomas are operated by 
transsphenoidal route and a. transcranial approach is 
usually reserved for cases with significant suprasellar, 
parasellar, retrosellar and/or subfrontal tumoral exten
sion (19). In this case, surgery as well as radiotherapy 
failed to control disease progression. Chemotherapy, 
such as temozolomide (20), was not attempted in the 

Agressive pituitary lesion

Figure 4. Follow-up magnetic resonance imaging after the second 
surgery and before radiotherapy, approximately 2 months after 
presentation (April 2012): coronal (A,C), axial (B) and sagittal (D) views. 

DISCUSSION

This case report illustrates the diagnostic, therapeutic 
complexity and pitfalls that may characterize some pi
tuitary lesions. In spite of the fact that a fulminant cli
nical course and histological findings strongly suggest 
a malignant diagnosis, the case did not fulfill the diag
nostic criteria of pituitary carcinoma according with 
WHO classification (6), because there was no evidence 
of systemic or craniospinal metastization. However, the 
course of the disease was highly aggressive and rapi
dly progressive, despite two surgeries and radiotherapy, 
leading to death in approximately 2 months after the 
initial clinical manifestations. In addition, several his
tological findings (high Ki67 proliferative index and 
p53 protein immunostaining) suggested a carcinoma 
and extensive tests excluded other differential diagnosis 
of primary or secondary pathology of sellar region (12
14). Nonetheless, a metastatic lesion from a primary 
occult tumor cannot be definitively excluded, although 
the negativity of 18FFDGPET scan and the absence 
of other metastatic lesions makes such a diagnosis very 
unlikely.

As referred, craniospinal/systemic metastization 
were not documented which represent its inexistence or 
misdetection by imaging procedures. Among the exa
ms performed to rule out primary malignancies and/
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patient because of low performance status and severe 
disease progression. 

We present an exceptionally rare case of pituitary le
sion that clearly illustrates the paradox and pitfalls betwe
en histological classifications and clinical behavior. This 
case report is a paradigm of the aggressiveness of some 
pituitary lesions. In our opinion, the WHO pituitary tu
mors classification (6) should be revisited and the criteria 
for pituitary carcinoma diagnosis could be revisited. 
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Persistence of intrasellar trigeminal 
artery and simultaneous pituitary 
adenoma: description of two 
cases and their importance for the 
differential diagnosis of sellar lesions
Persistência da artéria trigeminal intrasselar e simultâneo 
adenoma de hipófise: descrição de dois casos e importância 
para o diagnóstico diferencial das lesões selares

Marcio Carlos Machado1, Sergio Kodaira2, Nina Rosa Castro Musolino3

SUMMARY
Persistent trigeminal artery (PTA) is the most frequent embryonic communication between the 
carotid and vertebrobasilar systems. However, hormonal changes or the association of PTA with 
other sellar lesions, such as pituitary adenomas, are extremely rare. The aim of the present study 
was to report two patients with intrasellar PTA and simultaneous pituitary adenoma in order to 
emphasize the importance of differential diagnoses for sellar lesions. Case 1. A female patient, 41 
years old, was admitted with a history of chronic headache (> 20 years). Pituitary magnetic reso-
nance imaging (MRI) showed a rounded lesion in the left portion of the pituitary gland suggestive 
of adenoma (most likely clinically non-functioning adenoma). In addition to this lesion, the MRI 
demonstrated ecstasy of the right internal carotid artery and imaging suggestive of an intrasellar 
artery that was subsequently confirmed by an angio-MRI of the cerebral vessels as PTA. Case 2. A 
female patient, 42 years old, was admitted with a history of amenorrhea and galactorrhea in 1994. 
Laboratorial investigation revealed hyperprolactinemia. Pituitary MRI showed a small hyposignal 
area in the anterior portion of pituitary gland suggestive of a microadenoma initiated by a dopami-
nergic agonist. Upon follow-up, aside from the first lesion, the MRI showed a well delineated roun-
ded lesion inside the pituitary gland, similar to a vessel. Angio-MRI confirmed a left primitive PTA. 
Failure to recognize these anomalous vessels within the sella might lead to serious complications 
during transsphenoidal surgery. Therefore, although their occurrence is uncommon, a working 
knowledge of vascular lesions in the sella turcica or pituitary gland is important for the differential 
diagnosis of pituitary lesions, especially pituitary adenomas. Arq Bras Endocrinol Metab. 2014;58(6):661-5

SUMÁRIO
Persistência da artéria trigeminal (PAT) é a comunicação embrionária mais frequente entre os sis-
temas carotídeo e vertebrobasilar. No entanto, alterações hormonais ou associação de PAT com 
outras lesões selares, como adenomas hipofisários, são extremamente raros. O objetivo do pre-
sente estudo foi relatar dois pacientes com PAT intrasselar e concomitante adenoma hipofisário 
e enfatizar a importância para o diagnóstico diferencial de lesões selares. Caso 1. Paciente do 
sexo feminino, 41 anos, admitida com história de cefaleia crônica (> 20 anos). Ressonância mag-
nética (RM) de hipófise mostrou imagem arredondada na porção esquerda da glândula sugesti-
va de adenoma (provavelmente adenoma clinicamente não funcionante). Adicionalmente, a RM 
demonstrou ectasia da artéria carótida interna direita e imagem sugestiva de artéria intrasselar, 
posteriormente confirmada por angio-RM dos vasos cerebrais como PAT. Caso 2. Paciente do sexo 
feminino, 42 anos, admitida com história de amenorreia e galactorreia em 1994. A investigação 
laboratorial revelou hiperprolactinemia. RM de hipófise mostrou pequena área de hipossinal na 
porção anterior da glândula sugestiva de microadenoma, sendo iniciado agonista dopaminérgico. 
Na evolução, além da primeira lesão, a RM mostrou uma imagem arredondada bem delimitada 
dentro da glândula pituitária semelhante a vaso sanguíneo. Angio-RM confirmou PAT primitiva 
esquerda. A falta de reconhecimento de tais vasos anômalos dentro da sela túrcica pode levar a 
sérias complicações durante a cirurgia transesfenoidal. Portanto, apesar de sua ocorrência não 
ser comum, o conhecimento de lesões vasculares dentro da sela túrcica ou glândula hipofisária 
é importante para o diagnóstico diferencial de lesões da hipófise, especialmente com adenomas 
hipofisários. Arq Bras Endocrinol Metab. 2014;58(6):661-5
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INTRODUCTION

P ersistent primitive carotidbasilar anastomoses are 
uncommon embryological vascular remnants (1). 

The most frequent anomalous embryonic communica
tion between the carotid and vertebrobasilar systems is 
a persistent trigeminal artery (PTA). This vascular ano
maly has been observed in 0.10.2% of cerebral angio
grams, usually as an incidental finding (2).  

Although the presence of PTAs is generally of un
certain significance, these arteries and their variants 
have been identified as a rare cause of cranial nerve 
dysfunction, including incomplete oculomotor nerve 
palsy, trigeminal neuralgia and hemifacial spasm (35) 
and sixth nerve palsy (6,7).

The presence of hormonal alterations or the associa
tion of PTA with other sellar lesions, such as pituitary 
ade nomas, is extremely rare. To the best of our know
ledge, there are only five reported cases of association be
tween PTA and concomitant pituitary adenoma (812). 

The aim of the present study was to report two pa
tients with intrasellar PTA and simultaneous pituitary 
adenoma, emphasizing the importance of sellar tumors 
in differential diagnoses. 

CASE REPORTS

Case 1

In June 2007, a female patient, 41 years of age, was ad
mitted to the hospital with a history of chronic headache 
for more than 20 years. Her menarche occurred at 18 
years of age, followed by irregular menses (spaniome
norrhea) that improved after oral contraceptive usage. In 
December 2006, she suffered an acute episode of heada
che associated with right ocular pain and submitted to a 
neurological evaluation and cranial CT imaging. At the 
physical exam, she presented no stigma or any other alte
rations. All initial exams (June 2007) were normal (glu
cose, Na, K, liver enzymes, renal function, total and ionic 
calcium and blood counts). Hormonal exams were also 
in the normal range (PRL: 8.3 ng/mL, reference [R]: 
215; LH: 2.7 IU/L; FSH: 2.8 IU/L; TSH: 2.3 mU/
mL, R: 0.44.5; FT4: 0.9 ng/dL, R: 0.71.5; serum cor
tisol 800 h: 8.1 mg/dL, R: 525; GH: 0.5 ng/mL; and 
androgens) except for a small increase in the IGF1 level 
(359 ng/mL, R: 101267). In September 2007, the hor
mones were reassessed and again fell in normal ranges, 
including the IGF1 level (PRL: 7.4 ng/mL; serum cor
tisol 800 h: 11.5 mg/dL; TSH: 2.6; FT4: 0.9; GH: 0.1 

ng/mL; IGF1: 243 ng/mL; and IGFBP3: 5.5 mg/L, R: 
3.36.6). Pituitary magnetic resonance imaging (MRI) 
(April 2007) showed a slight enlargement of the pituitary 
gland (height of 11 mm) with a small lesion in the pos
terior and lateral left portion of pituitary gland that was 
7 mm in diameter with a low signal in the T2 MRI se
quence and a peripheral high signal in the T1. This lesion 
made contact with the optical chiasma was and deviated 
up and to the left, suggestive of pituitary adenoma (most 
likely nonfunctioning pituitary adenoma) (Figure 1B). 
In addition, the MRI demonstrated ecstasy of the right 
internal carotid artery and imaging suggestive of an intra
sellar artery (Figures 1A and 1C) that were subsequently 
confirmed by angioMRI of the cerebral vessels, such as 
PTA (Figure 1D). Neuroophthalmomologic tests, fun
doscopy and computed visual field exams were normal. 
The following medications were prescribed for headache 
prophylaxis and achieved a partial response: amitriptyline 
25 mg/day and propranolol 40 mg bid. In June 2009, 
the patient became pregnant after oral contraceptive wi
thdrawal. The pregnancy proceeded normally, and the 
baby was born healthy and without abnormalities. After 
delivery and lactation, the patient began to experience 
normal menses once again, and a new hormonal evalu
ation revealed no alterations (including oral glucose to
lerance test with GH measurements). The last pituitary 
MRI revealed the same dimensions as seen in PTA ima
ging and for the presumed adenoma. 

Case 2

In December 2008, a female patient, 42 years of age, 
was admitted with a history of amenorrhea and galactor
rhea in 1994. The patient was overweight, and the phy
sical exam revealed bilateral galactorrhea (+/IV) but no 
signs of Cushing, acromegaly, hypothyroidism or other 
systemic disease. She denied any use of medications.  

The laboratory investigations revealed slight hyper
prolactinemia (PRL) (39 ng/mL, R: 2.118.1) but no 
other changes in the general and hormonal exams. Pi
tuitary MRI showed a small T1 low signal area in the 
anterior and median portions of the pituitary gland sug
gestive of microadenoma, and a dopaminergic agonist 
was prescribed. Upon followup, her initial complains 
improved. Her menses returned to normal, and her ga
lactorrhea disappeared. However, her weight gain per
sisted. In 2007, although good clinical control and the 
absence of collateral effects had been achieved, the do
paminergic agonist was changed to cabergoline 0.5 mg/
week before being reduced to 0.5 mg/every two weeks. 

Persistence of intrasellar trigeminal artery and pituitary adenoma
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Figure 1. Pituitary MRI and cerebral vessel angio-MRI of patient 1 (2007).

(A) Coronal T1-weighted post-gadolinium MRI scans (intra-sellar trigeminal artery); (B) sagittal T1-weighted post-gadolinium MRI scans (pituitary adenoma 
of 7 mm of maximum diameter); (C) coronal T2-weighted (intra-sellar trigeminal artery); (D) cerebral vessels angio-MRI (trigeminal artery).

Upon our admission in December 2008, she presented 
with a minor headache, regular menses and the absence 
of galactorrhea using cabergoline 0.5 mg/two weeks. 
She had no history of pregnancy. Upon her physical 
exam, she weighed 79.5 kg, with a BMI 30.7 kg/m2, 
abdominal circumference of 100 cm, no galactorrhea 
and no other symptoms. Hormonal exams showed no 
alterations with a normal PRL (11.8 ng/mL, R: < 25) 
and IGF1: 117 ng/mL (R: 101267). Pituitary MRI 
(March 2009) (Figures 2A and 2D) showed a small low 
signal area in the anterior portion of the pituitary gland 
with a diameter of 6 mm suggestive of microadenoma 
and another well delimited, rounded lesion inside the 
pituitary gland, similar to a vessel (Figures 2B, 2C and 
2E). Her cabergoline use was stopped. Upon follow
up, the PRL became slighted elevated (38.3 ng/mL, R: 
< 25 ng/mL) but no changes in the menses or any re
turn of galactorrhea were noted. Macroprolactin le vels 
were negative. AngioMRI (June 2009) confirmed a 
left primitive PTA, a small dilatation of the adjacent ar
tery and vertebrobasilar system hypoplasia (Figure 2F). 

The Research Projects and Graduate Studies Com
mission and the Ethics Commission of our Institution 

approved this study, and all patients signed an informed 
consent form.

DISCUSSION

Vascular alterations, such as carotid artery aneurisms, 
are one differential diagnosis for sellar lesions, although 
they occur less frequently than pituitary adenomas. 
There are reports of aneurisms that mimic pituitary 
adenomas by causing hormonal changes, such as hypo
pituitarism and hyperprolactinemia, mostly due to mass 
effect (hypothalamicpituitary disconnect) (13).  

PTA arises in the region where the internal carotid 
artery enters the cavernous sinus. In approximately 50% 
of all cases of PTA, it runs lateral to the sella turcica. 
In the other 50% of cases, the PTA penetrates the sella 
turcica, runs along its own groove, perforates the dura 
near the clivus, and then joins the basilar artery. Thin
ning of the sellar floor and abnormalities of the dorsum 
sellar are frequent (14). In most cases, PTA is an inci
dental finding, but it presence may be associated with 
malformations, aneurysms or anomalies in the other 
blood vessels. Patients may be asymptomatic or present 

A

C

B

D
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symptoms due to the flow of their posterior circulation 
or carotid microembolizations from the posterior cir
culation. In addition to these symptoms, PTA can cause 
trigeminal neuralgia (3,5). 

In 1989, the first two cases of intrasellar PTA associ
ated with pituitary adenoma were described (8,9), one 
of them due to Cushing’s disease and macroadenoma 
(8). A third case was reported in 1991. A patient with a 
pituitary macroadenoma submitted to pituitary surgery, 

and PTA was discovered during the surgical procedure. 
The authors highlighted the importance of diagnosing 
this vascular lesion before the surgery to avoid serious 
complications (10). 

Other pituitary adenomas have been described in 
1996 in the small casuistic of eight PTA patients. This 
case was discovered during the investigation of several 
other clinical pictures (transient ischemic attack, stroke, 
headaches, intracerebral hemorrhage and venous mal

A

C

E

B

D

F

Figure 2. Pituitary MRI and cerebral vessels angio-MRI of patient 2 (2009).

(A) Coronal T1-weighted post-gadolinium MRI scans (median hipointensity: pituitary adenoma, 6 mm of maximum diameter); (B) coronal T1-weighted post-
gadolinium MRI scans (intra-sellar trigeminal artery); (C) axial T2- weighted (intra-sellar trigeminal artery); (D) sagittal T1-weighted post-gadolinium (hipointensity: 
pituitary adenoma); (E) sagittal T1-weighted post-gadolinium (intra-sellar trigeminal artery); and (F) cerebral vessels angio-MRI (trigeminal artery).

Persistence of intrasellar trigeminal artery and pituitary adenoma
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formation the scalp). One of the patients had a pitui
tary macroadenoma (11). 

Finally, the 5th case was reported in 2000. A 44year
old patient with a nonfunctioning pituitary macroade
noma suffered tumoral apoplexy and submitted to pitu
itary neurosurgery. During the investigation, intrasellar 
PTA was identified in the left portion of the pituitary 
gland (12). 

Both of our cases, although lacking surgical confirma
tion, are very suggestive of pituitary adenoma. In the first 
case, due to the uncharacteristic clinical picture but nor
mal hormonal measurements and pituitary imaging, the 
diagnosis is most likely nonfunctioning pituitary micro
adenoma. In the second case, despite the lack of an initial 
MRI, the clinical history and hormonal analysis suppor
ted a diagnosis of microprolactinoma. In both cases, the 
diagnosis of intrasellar PTA was proposed by a rounded 
lesion in the coronal MRI suggesting a vascular lesion 
and was confirmed later by cerebral vessel angioMRIs. 
Therefore, our cases are different from the majority of 
PTA reports associated with pituitary macroadenomas. 

Two descriptions of PTA cases previously presen
ted with hormonal changes. In one case, a diagnosis 
of PTA was made during the investigation of central 
precocious puberty (11). In 2001, a patient with PTA 
exhibited a compressive effect in the pituitary gland 
and pituitary stalk that caused hyperprolactinemia due 
to hypothalamicpituitary disconnect (15). 

Failure to recognize such anomalous vessels within 
the sella may lead to serious complications during trans
sphenoidal surgery. There are no specific findings on 
an MRI to make a differential diagnosis between PTA 
and pituitary microadenoma. However, a welldefined, 
rounded lesion similar to a vessel (observing the coro
nal section of the internal carotid artery in the caverno
sus sinus) should lead to suspicions of PTA. The PTA 
can then be easily identified by MR angiography. Thus, 
angiography MRI or threedimensional angiography
CT, which is less invasive than traditional angiography, 
should be performed preoperatively to avoid complica
tions during surgery in suspected cases (11,1618). 

Therefore, although their occurrence is uncom
mon, a working knowledge of vascular lesions in the 
sella turcica or pituitary gland, such as a carotid internal 
artery aneurism or intrasellar PTA, is important for the 
differential diagnosis of pituitary lesions, especially of 
pituitary adenomas. 
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autores que não são fluentes na forma escrita do idioma inglês, recomenda-
-se que seu MS seja revisado   e editado por um expert nesse sentido antes da 
apresentação. Essa iniciativa deve facilitar e acelerar todo o processo de revi-
são e potencial publicação do seu MS. 

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

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

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

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

Artigos  de  Revisão 
Os ABE&M publicam artigos de revisão que apresentam uma avaliação crítica 
e  abrangente da literatura sobre questões atuais no campo da endocrinolo-
gia e da metabologia nas áreas clínica ou básica. Todos os artigos de revisão 
são submetidos preferencialmente após convite dos ABE&M e estão sujeitos 
à revisão pelos pares. Artigos nesta categoria são encomendados pelos edi-
tores a autores com experiência comprovada na área de conhecimento, ou 
quando a proposta direcionada pelos autores em contato prévio receber a 
aprovação do conselho editorial. Esses MS não devem ter mais de 4.000 pa-
lavras no texto principal, não podem incluir mais de quatro figuras ou tabelas 
e devem conter até 60 referências. Os autores devem mencionar a fonte e/ou 
solicitar autorização para o uso de figuras ou tabelas publicadas previamente. 

Diretrizes ou Consensos 
Consensos ou diretrizes propostos por sociedades de profissionais, forças-
-tarefa e outras associações relacionadas com a Endocrinologia e Metabolo-
gia podem ser publicadas pelos ABE&M. Todos os MS serão submetidos à 
revisão por pares, devem ser modificáveis em resposta às críticas e serão 
publicados apenas se cumprirem as normas editoriais da revista. Esses MS 
habitualmente não devem ultrapassar 3.600 palavras no texto principal, não 
devem incluir mais de seis figuras e tabelas e devem conter até 60 referências. 

Relato de Caso 
Comunicação breve utilizada para apresentar relatos de casos, ou de caso 
isolado, de importância clínica ou científica. Estes relatórios devem ser con-
cisos e objetivos. Devem conter dados de pacientes isolados ou de famílias 
que adicionem substancialmente conhecimento a etiologia, patogênese e 
história natural da condição descrita. O relato de caso deve conter até  2.000 
palavras, não incluir mais de quatro figuras e tabelas, e deve conter até 30 
referências. 

Carta ao Editor 
Cartas ao Editor podem ser apresentadas em resposta a artigos publicados 
nos ABE&M nas últimas três edições. As cartas devem ser breves comentá-
rios relacionados a pontos específicos, de acordo ou desacordo, com o traba-
lho publicado. Dados originais publicados relacionados ao artigo publicado 
são estimulados. As cartas podem ter no máximo 500 palavras e cinco refe-
rências completas. Figuras e tabelas não podem ser incluídas. 

Preparação do Manuscrito 

Formato Geral 
Os  ABE&M  exigem que todos os MS sejam apresentados em formato de 
coluna única, seguindo as seguintes orientações: 
•	 O	manuscrito	deve	ser	apresentado	em	formato	Word.	
•		 Todo	o	texto	deve	ser	em	espaço	duplo,	com	margens	de	2	cm	de	ambos	

os lados, usando fonte Times New Roman ou Arial, tamanho 11. 
•		 Todas	 as	 linhas	 devem	 ser	 numeradas,	 no	manuscrito	 inteiro,	 e	 todo	o	

documento deve ser paginado. 
•		 Todas	as	tabelas	e	figuras	devem	ser	colocadas	após	o	texto	e	devem	ser	

legendadas. Os MS submetidos devem ser completos, incluindo a página 
de título, resumo, figuras e tabelas. Documentos apresentados sem todos 
esses componentes serão colocados em espera até que o manuscrito este-
ja completo. 

Todas as submissões devem incluir: 
•		 Uma	carta	informando	a	importância	e	relevância	do	artigo	e	solicitando	

que este seja para publicação nos ABE&M. No formulário de inscrição, os 
autores podem sugerir até três revisores específicos e/ou solicitar a exclu-
são de até outros três. 

O manuscrito deve ser apresentado na seguinte ordem: 
1.  Página de título. 
2.  Resumo (ou Sumário para os casos clínicos). 
3.  Texto principal. 
4.  Tabelas e figuras. Devem ser citadas no texto principal em ordem numérica. 
5.  Agradecimentos. 
6.  Declaração de financiamento, conflitos de interesse e quaisquer subsídios 

ou bolsas de apoio recebidos para a realização do trabalho. 
7.  Referências. 

Página de Título 
A página de rosto deve conter as seguintes informações: 
1.  Título do artigo. 
2.  Nomes completos dos autores e coautores, departamentos, instituições, 

cidade e país. 
3.  Nome completo, endereço postal, e-mail, telefone e fax do autor para cor-

respondência. 
4.  Título abreviado de, no máximo, 40 caracteres para títulos de página. 
5.  Palavras-chave (recomenda-se usar MeSH terms e até 5). 
6.  Número de palavras – excluindo a página de rosto, resumo, referências, 

figuras e tabelas. 
7.  Tipo do manuscrito. 

Resumos 
Todos os artigos originais, comunicados rápidos e relatos de casos deverão 
ser apresentados com resumos de, no máximo, 250 palavras. O resumo deve 
conter informações claras e objetivas sobre o estudo de modo que possa ser 
compreendido, sem consulta ao texto. O resumo deve incluir quatro seções 
que refletem os títulos das seções do texto principal. Todas as informações 
relatadas no resumo devem possuir origem no MS. Recomenda-se o uso de 
frases completas para todas as seções do resumo. 

Introdução 
O propósito da introdução é estimular o interesse do leitor para o trabalho 
em questão com uma perspectiva histórica  e justificando seus objetivos. 

Materiais e Métodos 
Deve ser descrito em detalhe como o estudo foi conduzido de forma que 
outros investigadores possam avaliar e reproduzir o trabalho. A origem dos 
hormônios, produtos químicos incomuns, reagentes e aparelhos deve ser 
indicada. Para os métodos modificados, apenas as novas modificações de-
vem ser descritas. 

Resultados e Discussão 
A seção Resultados deve apresentar brevemente os dados experimentais 
tanto no texto quanto por tabelas e/ou figuras. Deve-se evitar a repetição no 
texto dos resultados apresentados nas tabelas. Para mais detalhes sobre a 
preparação de tabelas e figuras, veja a seguir. A Discussão deve focar na in-
terpretação e no significado dos resultados, com comentários objetivos, con-
cisos, que descrevam sua relação com outras pesquisas nessa área.  
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Na Discussão, deve-se evitar a repetição dos dados apresentados em Resul-
tados, pode-se conter sugestões para explicá-los e deve-se terminar com as 
conclusões.   

Autoria 
Os ABE&M adotam as diretrizes de autoria e de contribuição definidas pelo 
Comitê Internacional de Editores de Periódicos Médicos (www.ICMJE.org). 
A coautoria irrestrita é permitida. O crédito de autoria deve ser baseado ape-
nas em contribuições substanciais para: 
1. concepção e desenho, análise ou interpretação de dados; 
2. redação do artigo ou revisão crítica do conteúdo intelectual; 
3. aprovação final da versão a ser publicada. 
Todas essas condições devem ser respeitadas. O primeiro autor é responsá-
vel por garantir que todos os autores contribuíram para a realização do MS e 
concordaram com seu conteúdo e sua submissão aos ABE&M. 

Conflito de Interesses 
Uma	 declaração	 de	 conflito	 de	 interesse	 para	 todos	 os	 autores	 deve	 ser	
incluí da no documento principal, seguindo o texto, na seção Agradecimen-
tos. Mesmo que os autores não tenham conflito de interesse relevante a di-
vulgar, devem relatar na seção Agradecimentos. 

Agradecimentos 
A seção Agradecimentos deve incluir os nomes das pessoas que contribuí-
ram para o estudo, mas não atendem aos requisitos de autoria. Os autores 
são responsáveis por informar, a cada pessoa listada na seção de agradeci-
mentos, sua inclusão e qual sua contribuição. Cada pessoa listada nos agra-
decimentos deve dar permissão – por escrito, se possível – para o uso de seu 
nome. É da responsabilidade dos autores coletar essas informações. 

Referências 
As referências da literatura devem estar em ordem numérica (entre parênte-
ses), de acordo com a citação no texto, e listadas na mesma ordem numérica 
no final do manuscrito, em uma página separada. Os autores são responsá-
veis pela exatidão das referências. O número de referências citadas deve ser 
limitado, como indicado anteriormente, para cada categoria de apresentação. 

Tabelas 
As	tabelas	devem	ser	apresentadas	no	mesmo	formato	que	o	artigo	(Word).		
Atenção: não serão aceitas tabelas com arquivos em Excel. As tabelas devem 
ser autoexplicativas e os dados não devem ser repetidos no texto ou em figu-
ras e conter as análises estatísticas. As tabelas devem ser construídas de 
forma simples e serem compreensíveis sem necessidade de referência ao 
texto.	Cada	tabela	deve	ter	um	título	conciso.	Uma	descrição	das	condições	
experimentais pode aparecer em conjunto como nota de rodapé. 

Gráficos e Figuras 
Todos os gráficos ou figuras devem ser numerados. Os autores são respon-
sáveis pela formatação digital, fornecendo material adequadamente dimen-
sionado. Todas as figuras coloridas serão reproduzidas igualmente em cores 
na edição online da revista, sem nenhum custo para os autores. Os autores 
serão convidados a pagar o custo da reprodução de figuras em cores na re-
vista impressa. Após a aceitação do manuscrito, a editora fornecerá o valor 
dos custos de impressão. 

Fotografias 
Os ABE&M preferem publicar fotos de pacientes sem máscara. Encorajamos 
os autores a obter com os pacientes ou seus familiares, antes da submissão 
do MS, permissão para eventual publicação de imagens. Se o MS contiver 
imagens identificáveis   do paciente ou informações de saúde protegidas, os 
autores devem enviar autorização documentada do próprio paciente, ou pais,  
tutor ou representante legal, antes de o material ser distribuído entre os edi-
tores, revisores e outros funcionários dos ABE&M. Para identificar indiví-
duos, utilizar uma designação numérica (por exemplo, Paciente 1); não 
utilizar as iniciais do nome.  

Unidades de Medida 
Os resultados devem ser expressos utilizando o Sistema Métrico. A tempera-
tura deve ser expressa em graus Celsius e tempo do dia, usando o relógio de 
24 horas (por exemplo, 0800 h, 1500 h). 

Abreviaturas Padrão 
Todas as abreviaturas no texto devem ser definidas imediatamente após a 
primeira utilização da abreviatura. 

Pacientes
Para que o MS seja aceito para submissão, todos os procedimentos descritos 
no estudo devem ter sido realizados em conformidade com as diretrizes da 
Declaração de Helsinque e devem ter sido formalmente aprovados pelos co-
mitês de revisão institucionais apropriados, ou seu equivalente. 

As características das populações envolvidas no estudo devem ser detalha-
damente descritas. Os indivíduos participantes devem ser identificados ape-
nas por números ou letras, nunca por iniciais ou nomes. Fotografias de 
rostos de pacientes só devem ser incluídas se forem cientificamente relevan-
tes. Os autores devem obter o termo de consentimento por escrito do pacien-
te para o uso de tais fotografias. Para mais detalhes, consulte as Diretrizes 
Éticas. 

Os pesquisadores devem divulgar aos participantes do estudo potenciais 
conflitos de interesse e devem indicar que houve essa comunicação no MS. 

Animais de Experimentação 
Deve ser incluída uma declaração confirmando que toda a experimentação  
descrita no MS foi realizada de acordo com padrões aceitos de cuidado ani-
mal, como descrito nas Diretrizes Éticas. 

Descrição Genética Molecular 
Usar	terminologia	padrão	para	as	variantes	polimórficas,	fornecendo	os	nú-
meros de rs para todas as variantes relatadas. Detalhes do ensaio, como, por 
exemplo, as sequências de iniciadores de PCR, devem ser descritos resumi-
damente com os números rs. Os heredogramas devem ser elaborados de 
acordo com as normas publicadas em Bennett et al. J Genet Counsel. 
2008.17:424-33. DOI 10.1007/s10897-008-9169-9. 

Nomenclaturas 
Para genes, use a notação genética e símbolos aprovados pelo Comitê de 
Nomenclatura	HUGO	Gene	(HGNC)	–	(http://www.genenames.org/~~V).	

Para mutações, siga as diretrizes de nomenclatura sugeridas pela Sociedade 
Human	Genome	Variation	(http://www.hgvs.org/mutnomen/).	

•	 Fornecer	e	discutir	os	dados	do	equilíbrio	Hardy-Weinberg	dos	polimorfis-
mos	analisados	na	população	estudada.	O	cálculo	do	equilíbrio	de	Hardy-
-Weinberg	pode	ajudar	na	descoberta	de	erros	de	genotipagem	e	do	seu	
impacto nos métodos analíticos.   

•	 Fornecer	as	frequências	originais	dos	genótipos,	dos	alelos	e	dos	haplóti-
pos.

•	 Sempre	 que	 possível,	 o	 nome	 genérico	 das	 drogas	 deve	 ser	 referido.	
Quando um nome comercial de propriedade é usado, ele deve começar 
com letra maiúscula. 

•	 Siglas	devem	ser	usadas			com	moderação	e	totalmente	explicadas	quando	
usadas pela primeira vez. 

TRABALHOS APRESENTADOS EM INGLÊS 
O MS deve ser escrito em inglês claro e conciso. Evite jargões e neologismos. 
A revista não está preparada para realizar grandes correções de linguagem, 
o que é de responsabilidade do autor. Se o inglês não é a primeira língua dos 
autores, o MS deve ser revisado por um especialista em língua inglesa ou um 
nativo. Para os não nativos da língua inglesa e autores internacionais que 
gostariam de assistência com sua escrita antes da apresentação, sugerimos 
o serviço de edição científica do American Journal Experts  (http://www.jour-
nalexperts.com/index.php) ou o PaperCheck (http://www.papercheck.com/). 
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Instructions for authors
General Information
We	emphasize	the	importance	of	following	these	instructions	carefully.	Failu-
re	to	do	so	will	delay	the	processing	of	your	manuscript.
Manuscripts	should	be	submitted	solely	to	ABE&M	and	may	not	have	been	
published,	or	be	under	consideration	for	publication,	in	any	substantial	form	
in	another	periodical	–	rofessional	or	lay.
Manuscripts must be written in idiomatic English or Portuguese and conform 
to the specifications described below. If authors are not fluent in written me-
dical	and	scientific	English,	they	are	strongly	encouraged	to	have	their	ma-
nuscripts	reviewed	and	edited	by	an	expert	English	writer	prior	to	submission.	
This will increase the chances that the paper will be accepted and will speed 
the publication of those manuscripts that are accepted.

Papers that do not meet these requirements will be returned to the 
author for necessary revision before formal review.
All	submissions	are	initially	evaluated	in	depth	by	the	scientific	editors.	Pa-
pers that do not conform to the general criteria for publication will be retur-
ned	to	the	authors	without	detailed	review,	typically	within	three	to	five	days.	
Otherwise,	manuscripts	will	be	sent	to	reviewers	(most	commonly	two).

Manuscript Categories
Reports	of	original	research	may	be	submitted	to	ABE&M as an Original Arti-
cle or Brief Report. Other special categories of manuscripts are described 
below. All manuscripts must adhere to the word count limitations, as speci-
fied	below,	for	text	only;	the	word	count	does	not	include	the	abstract,	refe-
rences, or figure/table legends. The word count must be noted on the title 
page, along with the number of figures and tables. The format is similar for all 
manuscript categories and it is described in detail in “Manuscript Prepara-
tion” section.

Original Articles
Original Article is a scientific report of the results of original research that has 
not been published or submitted for publication elsewhere (either in print or 
electronically).	Represent	a	substantial	body	of	laboratory	or	clinical	work.	In	
general, original paper should not exceed 3,600 words in the main text, inclu-
de no more than six figures and tables and 35 references.

Review Articles
The ABE&M publishes review articles which present a balanced perspective 
on	timely	 issues	within	the	field	of	clinical	endocrinology.	All	 reviews	are	
submitted upon invitation and are subject to peer review. Articles in this 
category	are	requested	by	the	Editors	to	authors	with	proven	experience	in	
the field. Authors considering the submission of uninvited reviews should 
contact	the	editors	in	advance	to	determine	whether	the	topic	that	they	pro-
pose is of current potential interest to the Journal. These manuscripts 
should be no longer than 4,000 words in the main text, include no more 
than four figures and tables and 60 references. The author should mention 
the	source	and/or	request	authorization	for	use	of	previously	published	fi-
gures or tables.

Consensus Statements
Consensus Statements related to the endocrine and metabolic health stan-
dards	and	healthcare	practices	may	be	submitted by professional societies, 
task forces, and other consortia. All such submissions will be subjected to 
peer review, must be modifiable in response to criticisms, and will be publi-
shed	only	if	they	meet	the	Journal’s	usual	editorial	standards.	These	manus-
cripts	should	typically	be	no	longer	than	3,600	words	in	the	main	text,	include	
no more than six figures and tables and 60 references.

Brief Report
Brief report should consist of new data of sufficient importance to warrant 
immediate	publication.	It	is	a	succinct	description	of	focused	study	with	im-
portant,	but	very	 straightforward,	negative	or	 confirmatory	 results.	Brevity	
and	clarity	are	always	likely	to	enhance	the	chance	of	a	manuscript	being	ac-
cepted for publication. A maximum of 1,500 words in the main text plus up to 
20	references	and	normally	no	more	than	two	illustrations	(tables	or	figures	
or one of each).

Case Report
A brief communication presenting collected case reports, or single case re-
ports of clinical or scientific significance. These reports should be concise and 
focused.	They	should	address	observations	of	patients	or	families	that add 
substantially to the knowledge of the etiology, pathogenesis and delineation 
of the natural history or management of the condition described.	Brevity	and	
clarity	are	always	likely	to	enhance	the	chance	of	a	manuscript	being	accep-
ted for publication. These manuscripts should be 2,000 words or less, with no 
more than four figures and tables and 30 references.

Letter
Letters	to	the	Editor	may	be	submitted	in	response	to	work	that	has	been	
published in the Journal. Letters should be short commentaries related to 
specific points of agreement or disagreement with the published work. 
Letters are not intended for presentation of original data unrelated to a 
published article. Letters should be no longer than 500 words with no 
more	than	five	complete	references,	and	may	not	include	any	figures	or	
tables.

Manuscript Preparation

General Format
The Journal requires that all manuscripts be submitted in a single-column 
format that follows these guidelines:

•		 The	manuscript	must	be	submitted	in	MS-Word	format.
•		 All	text	should	be	double-spaced	with	2	cm	margins	on	both	sides	using	

11-point	type	in	Times	Roman	or	Arial	font.
•	 All	 lines	should	be	numbered	 throughout	 the	entire	manuscript	and	 the	

entire document should be paginated.
•	 All	tables	and	figures	must	be	placed	after	the	text	and	must	be	labeled.	

Submitted papers must be complete, including the title page, abstract, fi-
gures, and tables. Papers submitted without all of these components will 
be placed on hold until the manuscript is complete.

All submissions must include:
•		 A	cover	letter	requesting	that	the	manuscript	be	evaluated	for	publication	

in ABE&M	and	any	information	relevant	to	your	manuscript.	Elsewhere	on	
the	submission	form	authors	may	suggest	up	to	three	specific	reviewers	
and/or request the exclusion of up to three others.

The manuscript must be presented in the following order:
1.  Title page.
2.		Structured	Abstract	(or	summary	for	case	reports).
3.  Main text.
4.		Tables	and	Figures.	They	must	be	cited	in	the	main	text	in	numerical	order.
5.  Acknowledgments.
6.		Funding	statement,	competing	interests	and	any	grants	or	fellowships	su-

pporting the writing of the paper.
7.  Reference list.

Title Page
The title page must contain the following information:

1.		Title	of	the	article	(a	concise	statement	of	the	article’s	major	contents).
2.	Full	names,	departments,	institutions,	city	and	country	of	all	co-authors.
3.  Full name, postal address, e-mail, telephone and fax numbers of the cor-

responding author.
4.  Abbreviated title of not more than 40 characters for page headings.
5.		Up	to	five	keywords	or	phrases	suitable	for	use	in	an	index	(it	is	recom-

mended to use MeSH terms).
6.	 	Word	count	–	excluding	title	page,	abstract,	references,	figures	and	tables.
7.		Article	type.

Structured Abstracts
All Original Articles, Brief Reports, Reviews, Case Reports should be submit-
ted with structured abstracts of no more than 250 words. The abstract must 
be self-contained and clear without reference to the text and should be writ-
ten for a general journal readership. The abstract format should include four 
sections that reflect the section headings in the main text. All information re-
ported in the abstract must appear in themanuscript. Please use complete 
sentences for all sections of the abstract.

Introduction
The	article	should	begin	with	a	brief	 introductory	statement	 that	places	 the	
work to follow in historical perspective and explains its intent and significance.

Materials and Methods
These should be described and referenced in sufficient detail for other inves-
tigators to repeat the work. The source of hormones, unusual chemicals and 
reagents, and special pieces of apparatus should be stated. For modified me-
thods,	only	the	modifications	need	be	described.

Results and Discussion
The	Results	section	should	briefly	present	 the	experimental	data	 in	 text,	
tables, and/or figures. For details on preparation of tables and figures, see 
below. The Discussion should focus on the interpretation and significance 
of the findings with concise objective comments that describe their rela-
tion to other work in that area. The Discussion should not reiterate the Re-
sults.
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