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editorial

Collaboration and learning

Sergio A. Dib1

I n December 2014, I completed a four-year period as the editor-in-chief of the 
Brazilian Archives of Endocrinology and Metabolism (ABE&M). I was honored and 

satisfied for having completed this period with the collaboration of such hardworking 
associated editors. I thank each one of them for their patience, for the time they 
dedicated to the journal, their integrity, and their critical analysis and didactics in the 
interface between authors and reviewers, during the flow of the manuscripts submitted 
to publication in the ABE&M. Similarly, I thank all the editorial body and the reviewers, 
who are the pillars for the agility and rapidity between the submission and publication 
of the article, always with the logistic support of our editorial assistance secretary. 

Rigor and care in the evaluation of the manuscripts are determinant factors in the 
performance by citations, in the relevance of the studies published, and in the quality 
of the articles. In this sense, it is also important that not only issues are regular (we 
kept the journal with nine issues per year), but also the number of articles per year 
(greater than 80). In order to regulate the publishing procedures in ABE&M after 
publication, the publishing authorization and copyright cession term, a tool for the 
transference of the copyright to ABE&M, was created with the aid of the Juridical 
Department of the Brazilian Society of Endocrinology and Metabolism.

In this era when publications became profuse and sophisticated, there is an increase 
in the prevalence of plagiarism, including in journals of high impact factor. In order to 
protect ABE&M from plagiarism, an anti-plagiarism tool was recently acquired by us, 
and all manuscripts will be analyzed by it before being published.  

In the period of our administration, conversion and marking in XML of articles 
in their final layout was instituted in SciELO (Scientific Electronic Library Online), 
which was a requirement for PubMed indexation, and we also migrated ABE&M to 
the Scholar One site in order to make submission and publishing procedures faster for 
authors, co-editors and reviewers.  

In order to make ABE&M articles adequate for both academic readers and 
clinical endocrinologists, we made an effort to regularly publish clinical articles and 
supplements with specific topics of interest for clinical and endocrinology practice, 
such as thyroid diseases, female endocrinology, and metabolic bone diseases.  

As for learning, I recycled my knowledge as I reviewed a large number of studies 
in different areas of endocrinology before sending it to the co-editors. In parallel, in 
meetings organized by SciELO, Fapesp, CNPq, Bireme, and FapUnifesp, in which 
editors of international and Brazilian journals took part, I learned a lot on the editorial 
coordination of a scientific journal and on the optimization of visibility, credibility, and 
scientometric measurements. Among the interesting articles received by the journal, 
one called my particular attention: an experience shared by prof. Carlos F. M. Menck, 
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editor-in-chief and his editorial team of Genetics and 
Molecular Biology (GMB), as it corresponds to topics 
that are many times discussed in meeting with co-editors 
to improve international placement of ABE&M and 
its impact factor. In summary, the main issues pointed 
out by prof. Menck were: (1) Changing the name 
of the Brazilian Journal of Genetics to Genetics and 
Molecular Biology; (2) publication in English since the 
first issue; (3) Rigorous evaluation of the manuscripts; 
(4) Marking of the full text in XML; (5) Increasing 
the number of published studies that have authors of 
international affiliations; (6) Reducing the processing 
time for manuscripts, with a median of 4 months.  
I would add two other items to this list: (7) Attention 

and optimization in the citation of articles published 
in ABE&M, when possible, in articles of Brazilian 
authors published in other Brazilian and International 
journals; and (8) Professional financial management. 
I consider that ABE&M is in the right moment to 
continue the discussion and implementation of these 
changes.  

Finally, I would like to thank the presidents of the 
Brazilian Society of Endocrinology, dr. Airton Golbert 
and dr. Nina Musolino for their support during my 
administration of ABE&M. I wish the next editor-in-
chief, prof. Marcello Bronstein and his co-editors a 
period of huge achievements in the command of the 
new Archives of Endocrinology and Metabolism.
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editorial

The challenge of new directions

Marcello D. Bronstein1

I am very happy to become the Editor-in-Chief of our dear journal but, at the same 
time, I am very concerned with the responsibility of replacing the important peo-

ple that preceded me since the journal started to be published by Waldemar Berardi-
nelli. Some were professors who greatly influenced me towards becoming an Endocri-
nologist, such as Thales Martins, Clementino Fraga Filho, Luiz Carlos Lobo, Pedro 
Collet-Solberg, and João Gabriel Cordeiro. Others were references in their areas: the 
much-missed Armando de Aguiar Pupo, Antonio Roberto Chacra, Rui M. B. Maciel, 
Cláudio E. Kater, Edna T. Kimura, and Sérgio A. Dib. With the promise to increase 
the impact factor and the international recognition of our journal, I decided to request 
its name to be changed to “Archives of Endocrinology and Metabolism” (AE&M), 
removing the term “Brazilian”. I believe that this measure – which may seem as anti-
patriotic at first – aims at making Brazil even more visible in the international scientific 
community. In fact, I expect that, little by little, colleagues in Brazil and abroad give 
prestige to our journal by submitting high level articles. This will only be possible if 
AE&M, by raising its impact factor, becomes attractive mainly to colleagues in univer-
sities that depend on their publications for their academic careers and qualification of 
their Disciplines. 

I should remind you that “Clinical Endocrinology” is the official journal of the Bri-
tish Society for Endocrinology; the “Journal of Endocrinological Investigation” is the 
official journal of the Italian Society of Endocrinology; and the “Endocrine Journal”, 
represents the Japan Endocrine Society. We can see that three of the most important 
societies of endocrinology have journals that do not show the names of their respective 
countries. However, the subtitle of the “AE&M” will be the “Official Journal of the 
Brazilian Society of Endocrinology and Metabolism”.

As English is the international language of science, the AE&M will be published 
online only in English. However, the paper issues will show articles in Portuguese. As 
a matter of fact, I have noted that our journal have been publishing most of its articles 
in English. 

For faster acceptance or rejection of submitted article, I increased the number of 
co-editors to 10 colleagues that are highly qualified in their sub-areas of specialty. The 
Brazilian Editorial Commission, as always, will be made up by experienced and pro-
ductive colleagues in their respective areas. The International Editorial Commission 
will be made up by highly recognized professionals who have links in Brazil. 

At this moment of my career I face this challenge as a very difficult one but, at the 
same time, a very fulfilling one. I hope that everybody in our scientific community 
collaborates with this venture and takes part in it, submitting articles and sending 
suggestion to improve our work. I count on you!
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review

Toll-like receptor 3 (TLR3) 
and the development of 
type 1 diabetes mellitus 

Taís Silveira Assmann1,2, Letícia de Almeida Brondani1,2,  
Ana Paula Bouças1,2, Luís Henrique Canani2, Daisy Crispim1,2

ABSTRACT
Type 1 diabetes mellitus (T1DM) is a chronic, progressive autoimmune disease characterized by 
metabolic decompensation often leading to dehydration and ketoacidosis. Viral agents seem to 
play an important role in triggering the autoimmune destruction that leads to the development of 
T1DM. Among several viral strains investigated so far, the enterovirus family has been consistently 
associated with the onset of T1DM in humans. One of the mediators of viral damage is the double-
stranded RNA (dsRNA) generated during replication and transcription of viral RNA and DNA. The 
Toll-like receptor 3 (TLR3) gene codes for an endoplasmic receptor of the pattern-recognition recep-
tors (PRRs) family that recognizes dsRNA, plays an important role in the innate immune response 
triggered by viral infection. Binding of dsRNA to the TLR3 triggers the release of proinflammatory 
cytokines, such as interferons, which exhibit potent antiviral action; thus, protecting uninfected 
cells and inducing apoptosis of infected ones. Therefore, the TLR3 gene is a good candidate for the 
development of T1DM. Within this context, the objective of the present review was to address the 
role of the TLR3 gene in the development of T1DM. Arch Endocrinol Metab. 2015;59(1):4-12

Keywords
Autoimmunity; type 1 diabetes mellitus; viral infection; Toll-like receptor-3 (TLR3)
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INTRODUCTION 

T ype 1 diabetes mellitus (T1DM), which accounts 
for 5-10% of all cases of diabetes, is characterized 

by severe autoimmune destruction of insulin-produc-
ing beta-cells in the pancreas by T lymphocytes and 
macrophages infiltrating the islets of Langerhans. Con-
sequently, subjects with T1DM are usually dependent 
on insulin injections for life (1). 

Inflammation of the islets (insulitis) probably deve-
lops within a context of a “dialog” between immune 
cells and pancreatic beta-cells. This dialog is mediated 
by cytokines and chemokines, which are released by 
immune cells and beta-cells, as well as by other immu-
nogenic signals delivered by dying beta-cells. This may 
lead to induction and amplification of the inflammatory 
process, but in some cases, may lead to the resolution 
of insulitis (2). Furthermore, the course of beta-cell 
inflammation and its potential progression to clinical 
T1DM depend on a complex interaction between a 
strong genetic component and a diversity of environ-
mental triggers (3,4). 

Among the several loci associated with T1DM, the 
human leukocyte antigen (HLA) class II locus is un-
doubtedly the leading genetic risk factor for T1DM, 
accounting for 30-50% of the genetic risk for this disea-
se (5). Other genes are associated with minor effects 
on T1DM risk when compared with HLA, such as the 
insulin gene, the cytotoxic T-lymphocyte associated 
protein 4 (CTLA4) gene, the protein tyrosine phospha-
tase, nonreceptor type 22 (PTPN22) gene, and other 
genes discovered through genome-wide association 
studies (GWAS) (5,6).  

Several epidemiologic studies have found that en-
vironmental factors, such as viral pathogens operating 
early in life, seem to trigger the autoimmune destruc-
tion of beta-cells in genetically susceptible subjects 
(7-9). Host defense against invading microbial micro-
organisms is elicited by the immune system, which con-
sists of two components: innate immunity and adaptive 
immunity. Both components of immunity recognize 
invading microorganisms as non-self, thus, triggering 
immune responses to eliminate them (10). 
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Innate immunity is the first line of defense against 
viruses, bacteria and fungi. Detection of viruses or 
other invading microorganisms is carried out by a wide 
range of cell receptors of the pattern-recognition recep-
tor (PRRs) family, which recognize highly conserved 
pathogen-associated molecular patterns (PAMPs), such 
as the double-stranded RNA (dsRNA) generated dur-
ing the life cycle of most viruses (11,12). Innate im-
mune cells, such as macrophages and dendritic cells, 
kill invading microorganisms through phagocytosis or 
production of cytokines, chemokines and type I inter-
ferons. These interferons (IFNs) have a potent antiviral 
effect, protecting uninfected cells and inducing apopto-
sis of those already infected (13). Moreover, activation 
of innate immunity is an important step in the develop-
ment of an antigen-specific adaptive immune system, 
consisting of B lymphocytes, which produce specific 
antibodies against the invading pathogen, and T lym-
phocytes, which secrete cytokines that will induce elim-
ination of infected cells by exerting cytotoxic effects or 
by signaling B lymphocytes (10,12). 

Many types of PRRs have been identified so far, 
including toll-like receptors (TLRs), nucleotide-bind-
ing oligomerization domain (NOD)-like receptors 
(NLRs) and retinoic acid-inducible gene I (RIG-I)-like 
helicases (RLHs) (13,14). Of these, the most exten-
sively studied are TLRs, which are type I transmem-
brane glycoproteins originally identified in Drosophila 
(11,15). Human homologs are known to comprise at 
least 10 members with different response triggers (16). 
Amongst the human TLRs, TLR3 has been shown to 
respond to dsRNA, a replication product of some virus, 
and it is expressed at high levels in human and mouse 
pancreatic beta-cells and in antigen-presenting dendri-
tic cells (2,17). Therefore, TLR3 is a plausible candi-
date gene for T1DM susceptibility. Within this context, 
the objective of the present review was to address the 
role of the TLR3 gene in the development of T1DM.

VIRUSES AND TYPE 1 DIABETES MELLITUS
The hypothesis that viral infections are involved in 
T1DM is based on epidemiological studies and anec-
dotal data (9,18). One of the major observations that 
support a role for viruses in T1DM is that concordance 
rates for T1DM in monozygotic twins are only ~50% 
instead of the expected 100% if the characteristic would 
be explained only by genetic factors. Also, there was an 
increase in the T1DM incidence over the past 50 years 

in many countries, which cannot be explained by al-
terations in genetic risk factors. In addition, migration 
studies show that the incidence of T1DM in offspring 
of subjects who had moved from a low-incidence to a 
high-incidence area is increased compared to the origi-
nal incidence observed in the area of origin. Important-
ly, viruses and virus-specific antibodies can be detected 
in newly diagnosed patients with T1DM (8,18,19). 
Indeed, a number of viruses have been associated with 
T1DM in humans, such as enteroviruses, rubella virus, 
mumps virus, rotaviruses, parvoviruses, and cytomega-
lovirus (18,20). Overall, these data demonstrate a cor-
relation between particular virus infections and human 
T1DM; however, this correlation neither establishes a 
direct link between microbial infections and the disease 
nor provides mechanistic insights into the autoimmune 
process leading to disease (18). 

The best documented correlation between a virus 
and T1DM has been for enteroviruses, non-enveloped 
single-stranded RNA viruses belonging to the picor-
navirus family (8,21). Enterovirus infections are more 
frequent in siblings developing T1DM compared to 
nondiabetic siblings, and enterovirus antibodies are ele-
vated in pregnant women whose children later develop 
T1DM (22). Interestingly, epidemiological studies of 
the seasonality of development of anti-beta-cell anti-
bodies in a group of subjects at increased risk of T1DM 
showed an increased incidence of autoantibodies dur-
ing winter, which correlated with a period of increased 
enteroviral infection rates (9,20). Recently, Oikarinen 
and cols. (23) isolated enteroviruses from intestinal bi-
opsies in 75% of T1DM patients and in 10% of nondia-
betic subjects, indicating that a substantial proportion 
of T1DM patients have an ongoing enterovirus infec-
tion in gut mucosa. Elshebani and cols. (24) found that 
enteroviruses isolated from newly diagnosed T1DM 
patients could infect human islets in vitro, reducing 
their ability to secrete insulin in response to high glu-
cose, and increasing the number of dead cells. In addi-
tion, a recent meta-analysis, including 24 papers and 2 
abstracts, showed a significant association between en-
terovirus infection and T1DM-related autoimmunity 
(OR = 3.7, 95% CI = 2.1-6.8) or clinical T1DM (OR = 
9.8, 95% CI = 5.5 – 17.4) (25).   

Among the enteroviruses, the most significant as-
sociation with T1DM was with Coxsackievirus (CVB), 
which exhibits a specific tropism for the pancreas 
(26,27). Serological and PCR analyses have shown that 
CVB are expressed more frequently in T1DM patients 

TLR3 and type 1 diabetes
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than in healthy subjects [reviewed in (18)]. One CVB4 
strain was isolated from the pancreas of a child who 
died from diabetic ketoacidosis, and this virus caused 
diabetes when inoculated into a susceptible mouse 
strain (28). Furthermore, Dotta and cols. (29) identi-
fied CVB4 in 50% of samples collected from patients 
with T1DM, and these enteroviruses were able to infect 
human islets in vitro, impairing insulin secretion in re-
sponse to glucose. 

Based on the studies presented above, enterovi-
ruses appear to be associated with a fraction of T1DM 
cases. Nevertheless, if enteroviruses play a major role 
in the T1DM pathogenesis, how could we explain the 
increase in T1DM incidence in countries where expo-
sure to these microorganisms has been dropping, such 
as Finland? Do the data show that T1DM can be caused 
by viral infections compatible with the hygiene hypoth-
esis [see reference (30) for more details]? Interestingly, 
data in NOD mice revealed that CVB, and the B4 strain 
in particular, infect the exocrine portion of the pancreas 
and provoke diabetes in animals with established insuli-
tis (31). Interestingly, when administered earlier in life, 
CVB inoculation is associated with a strong protection 
against diabetes, implying that the timing of the infec-
tion plays a key role in disease development (32). Tak-
ing into account the studies in NOD mice, Coppieters 
and cols. (8) suggested that the lack of exposure to en-
teroviruses in developed countries results in a reduced 
frequency of subjects with protective immunity through 
early childhood infections. When islet inflammation oc-
curs in these subjects, they would be more susceptible 
to an enteroviral infection that has the potential to initi-
ate autoreactivity and beta-cell damage. 

Animal models have provided important data about 
the possible mechanisms of enterovirus-induced beta-
cell damage. They have shown that several mechanisms 
may be involved and either a direct infection of beta-
cells, molecular mimicry or bystander activation of au-
toreactive immune clones induce beta-cell damage [see 
reference (21) for more details]. Studies on human 
pancreata or cultured islets have shown that there are 
considerable variations in the adverse effects of entero-
viruses on beta-cells, not only between various viral se-
rotypes, but also between strains of the same serotype 
(20). Viral infections might be able to “unmask” beta-
cells for recognition by CD8+ T-cells by promoting IFN 
production and upregulation of MHC class I molecules 
on beta-cells. These events may be sufficient to mark 
pancreatic islets for autoimmune attack (20). However, 

the precise mechanism by which viruses cause T1DM 
in humans remains to be determined. 

TOLL-LIKE RECEPTORS (TLRS)

Among the most important families of PRRs are the TLRs 
which selectively recognize a large number of PAMPs de-
rived from microbes (15). Mammalian TLRs also respond 
to host-derived molecules that are released from injured 
tissues and cells, termed damage associated molecular pat-
terns (DAMPs) (33). TLR-ligand binding plays a key role 
in innate immunity and subsequent acquired immunity 
against microbial infection or tissue injury (34). 

Structurally, TLRs are type I transmembrane-signal-
ing PRRs. Their extracellular domain includes a repetitive 
structure rich in leucine residues, called leucine-rich repeat 
(LRR), which is involved in ligand recognition. A trans-
membrane domain determines their cellular localization, 
and the intracellular portion contains a similar structure 
to that of the IL-1 receptor, known as Toll/IL-1 (TIR) 
domain, which is essential for triggering downstream 
signaling pathways (35-37). So far, ten TLRs have been 
identified in humans and 13 in mice, recognizing differ-
ent PAMPs and DAMPs (12,13,36). Table 1 shows the 
11 human TLRs with their specific ligands. The ligands 
for TLR8 and TLR10 remain unknown (38). The human 
TLR11 gene has a stop codon within an open reading 
frame and thus appears to be non-functional (39).

TLRs are located either on the cell surface or in in-
tracellular compartments. Cell-surface TLRs, including 
TLR1, TLR2, TLR4, TLR5, TLR6 and TLR10, are 
essential to recognizing bacterial cell wall components, 
bacterial flagellin, viral particles, and other unidentified 
pathogenic components. TLR3, TLR7, TLR8, and 
TLR9 are localized in endosomes, and their ligands, 
mainly bacterial or viral nucleic acids, require interna-
lization to the endosome before signaling is possible 
(Table 1) (10,34,40). 

TLRs are widely expressed in various immune cells, 
including dendritic cells, macrophages, B cells, spe-
cific types of T cells, and even in non-immune cells, 
such as epithelial cells, endothelial cells, and fibroblasts 
(41,42). Expression of TLRs is not static but regulated 
rapidly in response to pathogens, a variety of cytokines, 
and environmental stresses (42). Interestingly, expres-
sion of TLRs in non-immune cells appears to play an 
important role in the first line of defense against micro-
bial invasions at these sites (35). 

TLR3 and type 1 diabetes
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Table 1. Pathogen-associated molecular pattern (PAMPs) detection by toll-like receptors (TLRs) 

TLRs Localization Microorganism PAMPs recognized Other PRRs involved in 
recognition

TLR1 Plasma membrane Bacteria Triacyl lipoprotein

TLR2 Plasma membrane Bacteria Lipoprotein

Fungi Zymosan, beta-glucan Dectin-1, NALP-3

Parasites TgpI-mutin (Trypanosoma)

TLR2/1 TLR2/6 Plasma membrane Lipoproteins, LTA, PGN, 
lipoarabinomannan

Bacteria, mycobacteria NOD1, NOD2, NALP3, NALP1

TLR3 Endolysossome Viruses dsRNA RIG-1, MDA5, NALP3

TRL4 Plasma membrane Bacteria LPS

Viruses Structural protein

Parasites Glycoinositolphospholipids 
(Trypanosoma sp.)

Fungi Mannan

TLR5 Plasma membrane Bacteria Flagelin IPAF, NAIP5

TLR6 Plasma membrane Bacteria Diacyl lipoprotein

Viruses Diacyl lipoprotein

Fungi Zymosan, beta-glucan Dectin-1, NALP-3

TLR7 Endolysossome Viruses ssRNA RIG-1, MDA5, NALP3

Bacteria RNA NALP3

Self

Fungi RNA

TLR8 Endolysossome Viruses RNA RIG-1, MDA5, NALP3

TLR9 Endolysossome Viruses CpG-DNA AIM2, DAI, IFI16

Bacteria DNA AIM2

Fungi DNA

Parasites Hemozoin (Plasmodium) NALP3

TLR10 Endolysossome Unknown Unknown

TLR11 Plasma membrane Protozoa Profilin-like molecule Unknown

TLR3 and type 1 diabetes

After ligand binding, TLR signaling proceeds via 
two pathways: the myeloid differentiation factor 88 
(MyD88)-mediated pathway, and the TIR-domain-
containing adaptor inducing an IFN-b (TRIF)-mediated 
pathway. The former pathway causes the activation of the 
transcription factor NF-kB and various mitogen-activa-
ted protein kinases (MAPK), which will activate several 
genes contributing to inflammatory reactions. The lat-
ter pathway causes induction of IFNs, whose stimulation 
leads cells to enter an antiviral state. TLR3 only activates 
the TRIF-mediated pathway, leading to the activation of 
the interferon regulatory factor (IRF)-3, an important 
transcription factor which induces the expression of type I 
IFNs and the indirect upregulation of IFN-dependent 
genes such as IFN-inducible protein 10 (IP-10) and in-
ducible nitric oxide (iNOS). Moreover, TLR3 also acti-
vates NF-kB, which upregulates the production of pro-

inflammatory cytokines such as IL-1b, IL-6 and TNF. 
TLR4 activates both pathways, activating NF-kB and 
inducing type I IFN production. All other TLRs activate 
exclusively the MyD88-dependent pathway (13,43,44).

To sum up, the main functions of TLRs are to induce 
an inflammatory response and to establish adaptive im-
munity. TLRs activate tissue-resident macrophages to 
produce pro-inflammatory cytokines, including TNF, 
IL-1b and IL-6, which coordinate local and systemic 
inflammatory responses. These cytokines then activate 
surrounding cells to produce chemokines or adhesion 
molecules, thereby recruiting several inflammatory cells 
to the inflammation site. Recruited macrophages or 
neutrophils are activated and ingest invading pathogens 
through internalizing PRRs. Afterward, those cells kill 
the pathogens by producing nitric oxide, reactive oxy-
gen species or defensins (36,45). 
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Several studies performed on animal models of 
T1DM have implicated TLR pathways in mechanisms 
linked with both diabetes induction and prevention. In 
both the NOD mouse and diabetes-prone BB rat, TLR 
upregulation can suppress diabetes. In the BioBreeding 
Diabetes Resistant rat; however, diabetes induced by vi-
rus infection involves the upregulation of TLR9 path-
ways, and generic TLR upregulation synergizes with vi-
rus infection on diabetes induction. Studies performed 
in mouse models of T1DM with spontaneous or induced 
diabetes implicate TLR1, TLR2, TLR3, and TLR7 in 
disease mechanisms [reviewed in (19)]. However, only a 
few studies analyzed the associations between polymor-
phisms in the TLR genes and susceptibility for T1DM. 
For example, Bjørnvold and cols. (46) reported that 
both T1DM and allergic asthma were significantly as-
sociated with the rs3804100 T allele in the TLR2 gene, 
and further associated with the haplotype including this 
polymorphism, possibly representing a susceptibility lo-
cus common for the two diseases. Park and cols. (47) 
reported that the C/C genotype of the 1350 polymor-
phism in the TLR2 gene was associated with protection 
for T1DM. Moreover, the homozygous haplotype con-
stituted by the T allele of the 597 polymorphism and the 
C allele of the 1350 polymorphism was associated with 
strong protection for T1DM. Cooper and cols. (48) 
analyzed a total of 1715 SNPs from the Wellcome Trust 
Case Control Consortium GWAS study of T1DM, and 
found an association between T1DM and a SNP in chro-
mosome Xp22 (rs5979785), located 30kb centromeric 
from the TLR7 and TLR8 genes. The authors suggested 
that it is possible that this SNP, or variants in linkage 
disequilibrium with it, could alter TLR7 and/or TLR8 
expression and, therefore, modify the risk for T1DM.

Toll-like receptor 3 (TLR3)

Viral dsRNAs are potent inducers of type I IFN (IFN-a  
and IFN-b) antiviral responses and were reported to 
initiate their signaling via TLR3 (19). In addition to 
TLR3, dsRNA is recognized by the RLHs, RIG-I and 
melanoma differentiation-associated gene 5 (MDA5 or 
IFIH1). TLR3 and RIG-I/MDA5 differ in their cellu-
lar location and ligand specificities, and induce antiviral 
responses via different signaling pathways (34). 

TLR3 is a type I transmembrane receptor with a 
molecular mass of 125 kDA that has several distinct 
structural domains, as already mentioned (49). Di-
merization of TLR3 is required for ligand binding, 
and dsRNA molecules must be at least 40 to 50 bp in 

length in order to induce TLR3 signaling (49). TLR3 
was originally identified to recognize a synthetic ana-
log of dsRNA, the polyinosinic:polyribocytidylic acid 
[poly(I:C)], which was found to be the most potent 
IFN inducer (34). TLR3 also recognizes genomic RNA 
from dsRNA viruses (including reoviruses) and dsRNA 
produced during replication of single-stranded RNA 
viruses (such as influenza A virus, encephalomyocar-
ditis virus, and West Nile virus) and double-stranded 
DNA viruses (herpes simplex virus and murine cyto-
megalovirus) (40,50). TLR3 can sense viral dsRNA in 
both the extracellular compartment and in endosomes. 
However, spatial localization seems to be important for 
recognition of viral dsRNA by TLR3, since cell-associ-
ated dsRNA has been found to be a more potent activa-
tor of TLR3 than soluble dsRNA (49). 

The TLR3 gene is located on chromosome 4q35 
(Figure 1), and comprises five exons with a 15,942bp 
transcript encoding a 3057bp mRNA and a 904 residue 
protein (51). TLR3 mRNA has been detected in a num-
ber of human tissues including placenta, pancreas, lung, 
liver, heart, lymph nodes, and brain. Furthermore, TLR3 
transcripts have been found in a variety of human and 
mouse immune cells, including T lymphocytes, natural 
killer cells, macrophages, mast cells and γδ T cells. Hu-
man fibroblasts and epithelial cells express TLR3 both 
intracellularly and on the cell surface while monocyte-
derived immature dendritic cells and myeloid dendritic 
cells only express TLR3 intracellularly, which demon-
strates that cells utilize different strategies to sense viral 
invasion and initiate antiviral responses (34,49).

In contrast to other TLR ligands, dsRNA signaling 
occurs via MyD88-independent pathways. For exam-
ple, dsRNA binds TLR3 with the resultant recruitment 
of the adaptor molecule TRIF via a TIR-TIR domain 
interaction (Figure 2). Following the activation of 
endosomal TLR3 by dsRNA, TRIF co-localizes with 
TLR3 and dimerizes through its TIR domain and C-
terminal region. This induces a conformational change 
that allows downstream signaling molecules to access 
their binding sites (49,52). Then, TRIF recruits TNF 
receptor-associated factor 6 (TRAF6), forming a com-
plex containing TGF-b-activated kinase-1 (TAK1), 
TAK-1 binding protein 2 (TAB2), and protein kinase R, 
which mediates downstream NF-kB activation. Pro-
tein kinase R also contributes to the dsRNA-induced 
activation of the p38 MAPK pathway by interaction 
with MAP kinase kinase 6 (MKK6). TRIF also recruits 
TRAF3, TRAF-family-member-associated NF-kB acti-
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vator binding kinase 1 (TBK1) and inducible IkB ki-
nase (IKKi), which will phosphorilate IRF-3 and IRF-7 
factors. After phosphorylation, activation and dimeriza-
tion, IRF-3 and IRF-7 translocate into the nucleus and 
induce the expression of type I IFNs, which, after being 
secreted, will activate the expression of proinflamma-
tory cytokines and chemokines by the signal transdu-
cers and activators of transcription 1 (STAT1) pathway 
(41,53-55). This complex molecular response attracts 
immune cells, which will release more proinflamma-
tory cytokines, such as IFN-γ, IL-1b, and TNF. Local 
inflammation and activation of antiviral defenses seek 
to eradicate infection and trigger apoptosis of infected 

cells. However, in some genetically susceptible indi-
viduals, this defense system fails to work properly, in-
stead inducing excessive, progressive inflammation and 
prolonged death of beta-cells, thus predisposing to the 
development of T1DM (2). 

In this context, high levels of type I IFN are found 
in the pancreas of patients with T1DM (2), and IFN-a 
is known to contribute to the development of experi-
mental viral-induced diabetes in mice (56,57). Howe-
ver, recent data demonstrate that type I IFN produc-
tion via TLR3 is critical to prevent diabetes caused by a 
virus with preferential tropism for pancreatic beta-cells 
in the NOD mouse, suggesting that viral infection and 

Figure 1. Map of Toll-like receptor (TLR3 ) locus on chromosome 4 (region 4q35). The five exons (boxes) are numbered from left to right according to the 
transcriptional region. The vertical arrows show the main common polymorphisms associated with type 1 diabetes mellitus.

Figure 2. Toll-like receptor 3 (TLR3) signaling in pancreatic beta-cells. Viral double-stranded (dsRNA) binds TLR3 with the resultant recruitment of the adaptor 
molecule TRIF. Then, TRIF initiates two pathways via TRAF-6 and TRAF-3. TRAF-6 activates TAK1. Activated TAK1 activates the IKK complex, which activates 
NF-kB subunits, which translocate to the nucleus. In the nucleus, NF-kB triggers the transcription of several genes coding for proinflammatory cytokines and 
chemokines. TRAF3 activates TBK1/IKKi, which phosphorilate the transcription factors IRF-3 and IRF-7. After phosphorylation, activation and dimerization, 
IRF-3 and IRF-7, translocate to the nucleus and induce the expression of type 1 interferons, which, after being secreted, will also activate the expression of 
proinflammatory cytokines and chemokines. This complex molecular response attracts immune cells, which will release more proinflammatory cytokines, such 
as IFN-γ, IL-1b, and TNF, and might lead to the beta-cell apoptosis. Adapted from references Rasschaert and cols. (62) and Kumar and cols. (12).
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type I IFN responses may promote T cell tolerance by 
enhancing T regulatory cell function and up-regulation 
of inhibitory molecules and proinflammatory cytokines 
(50). It is known that the dsRNA-synthetic analog 
Poly(I:C) can accelerate diabetes in animal models, 
indicating that dsRNA sensors, such as TLR3, RIG-I 
and MDA5, can promote diabetes in an IFN-depen-
dent manner (58,59). Accordingly, human pancreatic 
islets infected with Coxsackie B5 virus or exposed to 
IFN-a or IFN-γ + IL-1b exhibit increased expression 
of TLR3, RIG-I and MDA5 (60,61). Both intracellular 
and extracellular dsRNA may bind to TLR3 and trig-
ger production of proinflammatory cytokines and che-
mokines, resulting in beta-cell apoptosis through the 
activation of NF-kB and IRF-3 (62-64). 

Nevertheless, although TLR3 was the first dsRNA 
sensor identified as being able to activate NF-kB and 
IRF-3, its role as a primary antiviral receptor was recent-
ly called into question (65). In vivo antiviral responses 
against a wide range of viral pathogens were similar in 
wild-type and TLR3 knockout mice (66). Indeed, more 
recent studies show that, whereas NF-kB and IRF-3 
activation by extracellular dsRNA is TLR3-dependent, 
activation by intracellular dsRNA, a product of viral 
replication in the cytoplasm, also occurs through activa-
tion of RIG-I and IFIH1/MDA5 (63). These data in-
dicate that a multiplicity of viral sensors seems essential 
for effective type I IFN response in beta-cells and other 
tissues. Distinct receptors differ in their specificity for 
viral products. Moreover, distinct viral receptors may 
differ in their tissue distribution or might be expressed 
at different time-points during infections. MDA5 is an 
IFN-induced protein, whereas TLR3 is constitutively 
expressed; therefore, TLR3-mediated antiviral respon-
ses might occur earlier than MDA5-mediated responses 
(50). 

In brief, TLR3 is a plausible candidate for study in 
T1DM, because it reacts to viral products and is ex-
pressed in the pancreas and on antigen-presenting den-
dritic cells. Accordingly, Eleftherohorinou and cols. 
(67) developed a novel pathway-based method to as-
sess the combined effect of more than 20,000 SNPs 
acting within 84 pathways associated with the innate 
and acquired immune responses to pathogens, and 
applied it to data from 14,000 subjects from United 
Kingdom with 7 common diseases, including T1DM. 
Variants responsible for the pathway association were 
identified and used to calculated predictive models for 
the diseases. These models were tested on an indepen-

dent cohort from Northern Finland. They showed that 
multiple inflammatory pathways, containing 205 SNPs, 
were associated with T1DM. These SNPs, including 
SNPs in the pathway of TLR3, were found to be highly 
predictive of T1DM [91% AUC (area under the receiv-
er operating curve) in the UK sample and 79% AUC in 
the Finnish cohort]. 

In addition, Pirie and cols. (51) reported that of 
nine TLR3 polymorphisms studied in a small sample 
of 153 subjects of Zulu descent from South Africa, a 
significant association with risk for T1DM was found 
for the major allele in the 2593C/T (rs5743313) poly-
morphism and for the minor alleles in the 2642C/A 
(rs5743315) and 2690 A/G (novel) polymorphisms, 
which were found to be in complete linkage disequilib-
rium. However, correction of the P-values for the num-
ber of comparisons rendered the results no longer sig-
nificant. Recently, a study from our group showed that 
the TLR3 rs3775291 and rs13126816 polymorphisms 
seem to be associated with risk for T1DM, while the 
TLR3 rs5743313 and rs11721827 polymorphisms are 
associated with age at T1DM diagnosis and worst gly-
cemic control in Brazilian subjects (68). Further studies 
are needed to investigate the association between TLR3 
polymorphisms and T1DM in different populations.

CONCLUSIONS

T1DM is multifactorial disease associated with both ge-
netic and environmental factors, and it is well known that 
viral infections play an important role in the development 
of T1DM in individuals with genetic predisposition. 
TLR3 recognizes viral replication-derived dsRNA, trig-
gering the release of proinflammatory cytokines by im-
mune system cells. This local inflammation and activation 
of antiviral defenses seeks to eradicate infection and trig-
ger apoptosis of virus-infected cells. However, in some 
genetically susceptible individuals, this defense system 
fails to work properly, instead inducing excessive, progres-
sive inflammation and prolonged death of beta-cells and 
thus predisposing to the development of T1DM. Hence, 
TLR3 is a good candidate gene for T1DM. However, 
although several studies have contributed to understand-
ing the mechanisms underlying viral infection and TLR3 
activity in T1DM pathogenesis, there are only a few stu-
dies reporting an association between T1DM and TLR3 
gene polymorphisms. Thus, robust genetic studies are 
necessary in order to allow a better understanding of the 
role of the TLR3 gene in the susceptibility for T1DM. 

TLR3 and type 1 diabetes



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

11Arch Endocrinol Metab. 2015;59/1

Knowledge of the factors associated with T1DM devel-
opment will enable a keener understanding of its patho-
genesis and may provide more effective approaches for 
the treatment and prevention of this disease.
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Iodine nutritional status in 
Brazil: a meta-analysis of all 
studies performed in the country 
pinpoints to an insufficient 
evaluation and heterogeneity

Renata de Oliveira Campos1,2, Iasmin dos Santos Barreto1, Lorena Rejane de 
Jesus Maia1, Sara Cristina Lima Rebouças1, Taíse Lima de Oliveira Cerqueira1, 
Clotilde Assis Oliveira3, Carlos Antônio de Souza Teles Santos4, Carlos Maurício 
Cardeal Mendes2,5, Leonardo Sena Gomes Teixeira6, Helton Estrela Ramos1,2

ABSTRACT 
Objectives: Iodine deficiency disorder (IDD) is the result of an inadequate dietary intake of iodine, 
which physiological consequences are endemic goiter and thyroid dysfunction. The objective of this 
study was to a analyze studies that assessed the status of Brazil’s population iodine nutrition and 
IDD prevalence. Materials and methods: Systematic review using PRISMA statement. Electronic 
database: PubMed, Medline, SciELO and Lilacs. Quality of studies: Newcastle-Ottawa Scale. Meta-
analysis was carried out with R Core Team Statistical Software, version 3.1.0 (2014). The summary 
measure (WMD) and its confidence interval (CI) of 95% were calculated. The “Funnel plot” graph 
assessed publication bias and heterogeneity. Results: Seventeen papers were eligible: pregnant 
women (2), school children (9), adults/elderly (4) and preschool children/infants (2). Geographic dis-
tribution: North (1), Northeast (1), Midwest (2), Southeast (13), South (3). Twenty-three thousand two 
hundred seventy-two subjects were evaluated between 1997 and 2013 and all have use urinary iodine 
(UI) measurement. However, only 7 studies could be included in meta-analysis, all from Southeast re-
gion. The overall prevalence of IDD in school children in southeast region was 15.3% (95% CI, 13-35%), 
however this data had an important heterogeneity, expressed by the I² Statistic of 99.5%. Conclusion: 
Only few studies have been performed and enrolled populations from south/southeast region of 
Brazil. The actual IDD prevalence analysis is complex because it was detected bias due influence of in-
dividual studies and very high heterogeneity. IDD might still be high in some areas but this remained 
unknown even after this meta-analysis evaluation. The generation of a national program for analysis 
of iodine status in all regions is urgently required. Arch Endocrinol Metab. 2015;59(1):13-22
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INTRODUCTION

I odine is an essential micronutrient for the synthesis 
of thyroid hormones (TH), which are important for 

homeostasis and neurodevelopment (1-5). The World 
Health Organization (WHO) recomends daily iodine 
intake of 50 µg for newborns, 90 µg for children bet-
ween 13 months and 6 years, 120 µg for children (7-12 
years), 150 µg for adults (after 12 years) and 250 µg for 
pregnant and lactating women (6-7). Iodine deficiency 
disorder (IDD) is the result of an inadequate dietary 
intake of iodine, whose physiological consequence is 
an abnormal function of the thyroid gland, hypothy-

roidism and endemic goiter (8). The harmful effects of 
IDD are even more severe in pregnant women, fetuses 
and children, being the worldwide most common cause 
of preventable mental retardation (6,7,9-11).

The Brazilian Government have been controlling 
salt iodization in the country, according to Federal Law 
6,150, in partnership with the National Agency for 
Sanitary Surveillance (Anvisa) and the salt productive 
sector (12-14). In accordance with Resolution RDC  
nº 130 (2003), it was deemed fit, for human consump-
tion, salt content that corresponded to 20-60 ppm of 
iodine concentration and this recommendation have 
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been prevailed for ten years (14). However, in the mean 
time, data from the ThyroMobil Project in Latin Ameri-
ca, identified Brazil (with 17 sentinel sites and a total of 
1,563 school children evaluated) as a country of exces-
sive iodine consumption, with a mean urinary iodine 
excretion (UIE) concentration of 360 µg/L (15,16). 
Consequently, the levels of salt iodization were recently 
reduced to 15 to 45 milligrams of iodine per kilogram 
of product (http://www.in.gov.br) (17). Notwith-
standing, the Brazilian Endocrine Society (SBEM) have 
strongly diverged on this reduction (http://www.tir-
eoide.org.br/reducao-de-iodo-no-sal/). 

The fact is that there is not recent national survey 
study about iodine content in table salt in households 
from different regions of Brazil neither a continuous 
monitoring of the overall population iodine status. 
Therefore, given the above, this review aimed to sys-
tematize and analyze all studies which assessed the 
prevalence of IDD in Brazil through UIE analysis in or-
der to describe the current available information about 
iodine nutrition status.

MATERIALS AND METHODS

Research questions

(1) What is the overall prevalence of IDD in Brazil?; 
(2) What is the prevalence of IDD in different areas 
and population groups?; (3) Are there enough studies 
to profile the population iodine nutrition status?; (4) 
Are there differences related to IDD in individuals of 
distinct ages, from one region to another, or in separate 
areas of the same region?; (5) Are the published data 
prevailing and have comprised all regions of Brazil?.

Search strategy and data collection

This systematic review is reported in accordance with 
the PRISMA (preferred reporting items for systematic 
reviews and meta-analyses) statement (18,19). Analysis 
of all studies conducted in Brazil in order to assess the 
status of iodine nutrition in populations – retrieved from 
the electronic database PubMed, Medline, SciELO and 
Lilacs. We have not limited the period of the study be-
cause we wanted to reach all studies conducted in the 
country. The search strategy used controlled vocabu-
lary supplemented with keywords describing the fol-
lowing concepts, not only limited to English language 
publications, in the form of: “Iodine” and “Brazil” and 
“Iodine deficiency” and “Brazil” and “Thyroid function 

tests” and “Brazil”. Unpublished studies were also in-
vestigated in the largest thesis and doctoral dissertations 
database of a Brazilian Agency (Capes). The searching 
by hand has been conducted in the references of the 
review papers and in a few non-indexed Medline Bra-
zilian journals. Duplicate publication was checked and, 
if necessary, the corresponding author was contacted. 
After this, reviews of iodine status methods were col-
lected in full text, the reference lists were checked and 
the included study list was updated accordingly. 

Quality assessment 

Two reviewers working independently (R.O.C. and 
H.E.R.) assessed the methodological quality of inclu-
ded observational studies using the Newcastle-Ottawa 
Scale and adapted Newcastle-Ottawa Scale to evaluate 
cross sectional studies (20). This instrument assesses 
the protection against bias due subject selection meth-
odology, evaluation and data analysis.

Study selection

Inclusion criteria were defined as follow: a) the lan-
guage in which the article was published was English 
or Portuguese; b) the main purpose of the article: as-
sessment of iodine nutritional status of individuals; c) 
primary studies conducted in Brazil; and d) description 
of percentage of IDD, sufficiency and excess iodine, 
according to the criteria established by WHO. Ex-
perimental animal studies, review articles, case reports, 
studies investigating iodine nutrition in individuals 
with thyroid disorders or chronic diseases, studies on 
the iodine nutritional and duplicate articles in the data-
bases were excluded.

Diagnosis of iodine deficiency disorders

The WHO recommendations regarding IDD assess-
ment have been followed by the selected studies. UIE 
was measured using different methods and in a number 
of different units that could not always be interconver-
ted to allow comparison between studies (Table 1). 
The studies selected for the meta-analysis had UIE gen-
erally, UIE was determined by the colorimetric ceric ar-
senite method based on the Sandell-Kolthoff (S-K) re-
action, previously considered as the gold standard (21). 
Normal reference range was considered 100-299 μg/l 
for general population and 150-499 µg/l for pregnant 
woman, according to WHO (8,9).

Iodine deficiency in Brazil
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Table 1. Summary from studies conducted in Brazil in the between 1985-2013

Study Population Methodology Outcomes Study
Quality Conclusions

Alves and cols. (22)

Cross-sectional study

Year of study: 1985-1990

Year of publication: 2005 

15,131 newborns

7,797 males, 7,328 females

Location: Ribeirão Preto, SP

Umbilical cord blood for TSH 
and T4 dosage

UIE sample 24 hours (S-K 
reaction) in 141 newborns

 1/141 infants had TSH level 
equal to 19.4 µIU/mL. The UI 
ranged between 2.1 and 
194 µg/L

5 Newborns were subjected 
to borderline IDD

Correa Filho and cols. (23)

Cross-sectional study

Year of study:

1994-1996

Year of publication: 2002

178,774 schoolchildren 
aged 6-14 years 

Location: 428 cities of all 
Brazilian states

UIE and table salt evaluation

Palpation for goiter 
assessment 

7,702/16,803 were 
evaluated of urine samples 
collected for UI 
measurement. The median 
UI level was 14.0 µg/dL. The 
median UI level for the 
population in the states of 
AC, AM, and TO was equal 
to or below 9.0 µg/dL

6 33% of schoolchildren had 
some degree of IDD and in 
12%, UIE levels were less 
than 5 µg/dL, characterized 
severe deficiency 

Esteves (24)

Cross-sectional study

Year of study: 1996

Year of publication: 1997

16,803 schoolchildren aged 
6-14 years, both sexes

Location: schods publics of 
401 cities in all Brazilian 
states 

UIE (adapted S-K method) We observed IDD in 85 
cities, moderate DDI (≥ 25 
and < 50 µg/L) in Cocos in 
Bahia, and Almas, Arraias 
and Paraná in Tocantins, and 
to mild (values ≥ 50 and < 
100 µg/L). In the other 35 
counties, median values   
were normal, but more than 
10% of children had urine 
iodine levels below 25 μg/L

4 Mild to moderate IDD in 
30% of the cities

Barca and cols. (25)

 Cohort

Year of study: 1998

Year of publication: 2001

800 pregnant women. 386 
puerperal healthy women 
was followed-up regularly at 
3, 6, 12 and 24 months

Location: public hospital in 
Sao Paulo, SP

TSH, FT4, Tg, anti-Tg and 
anti-TPO antibodies.

Thyroid ultrasound

UIE (S-K reaction)

The median UI excretion was 
167.8 μg/L

7 Adequate iodine nutritional 
status. No correlation with 
TPP

Nimer and cols. (26)

Cross-sectional study

Year of study: 1996

Year of publication: 2002

280 schoolchildren 

Location: two elementary 
schools, one private and one 
public of Ouro Preto, Minas 
Gerais

UIE (adapted S-K. method)

Measure levels iodine of salt

The concentration levels of 
UI were normal in 92.2% of 
private school students and 
42.6% of public school 
children 

4 Iodine status was drastically 
different between private 
and public school students

Pretell and cols. (16)

Cross-sectional study

Year of study: 1998-2000

Year of publication: 2004

1,563 schoolchildren

Location: 17 sentinel sites 
distributed in 8 states (PA, 
MA, TO, GO, MT, MS, MG 
and ES*)

UIE by Pino and cols. method 
(26)

Table salt

Thyroid ultrasounds

UIE was < 50 µg/L in 2.3%, 
29.1% of 200-299 µg/L and 
70.6% with UI > 300 µg/L. 
The median UI 
concentrations of 360 µg/L

7 Iodine excess was more 
prevalent

Saab (27)

Cross-sectional study

Year of study: 1998-2000

Year of publication: 2000

1,000 school children

Location: Mato Grosso do 
Sul

UIE (S-K reaction).

TSH and FT4, Tg, anti-Tg 
and anti-TPO antibodies

Assessment of goiter by 
palpation

Thyroid ultrasound

Had UI lower than 50 µg/dL. 
The total number of samples 
with values   below UI 5 µg/dL. 
In 95.2% UI > 10 µg/dL, 
22.1% > 30 µg/dL

6 Goiter prevalence was low.
UIE was above the 
recommended iodine 
content in salt was 
adequate

Marino and cols.** (28)

Year of study: 2002-2003

Year of publication: 2009

13 adults aged 22-63 years

Location: city of Santo André, 
SP

T3, T4, FT4, TSH, A-Tg, 
A-TPO, TSHR.

UIE (S-K reaction)

2 subjects with deficiency 
(60 µg/L and 66 µg/L), 5 
with excess (360-490 µg/L), 
6 subjects with adequate UIE 
(150-295 µg/L) 

7 Iodine adequate sufficiency 
with an UIE mean of 262.31 
µg/L

Duarte (29)

Cross-sectional study

Year of study: 2003-2007

Year of publication: 2007

964 school children 

Location: public schools in 
six cities in Sao Paulo 
(Taubaté, Registro, Ribeirão 
Preto, São José do Rio Preto, 
Araçatuba, Presidente 
Prudente)

Thyroid ultrasound

UIE (S-K method modified)

UIE was < 100 µg/L in 
1.5%, 21.6% of 100-299 
and 76.7% with UIE > 300 
µg/L

6 Excessive iodine intake in 
students from Sao Paulo

Iodine deficiency in Brazil
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Study Population Methodology Outcomes Study
Quality Conclusions

Soares and cols. (30)

Cross-sectional study

Year of study: 2003-2005

Year of publication: 2008

147 pregnant women

Location: Public health care 
clinics of Porto Alegre, Rio 
Grande do Sul

 Measurement of UIE (S-K 
reaction) and creatinina 

Thyroid ultrasound

 FT4 and Tg

Mean UI was 226 ± 87 μg/L 
and median UI was 224 
μg/L. UIE levels ranged from 
22 μg/L to 534 μg/L. 
Twenty-nine women (19.6%) 
had UI below 150 µg/L

6 19.7% had insufficient 
iodine intake. No correlation 
between serum FT4, Tg and 
TV with UIE

Navarro and cols. (31)

Cross-sectional study

Year of study: 2004

Year of publication: 2010

145 schoolchildren, 79 from 
rural areas and 66 from 
urban area

Location: Botucatu, Sao 
Paulo 

UIE (S-K reaction) and table 
salt

IDD was detected in 3,4% 
and 3% of children from the 
rural and urban school, 
respectively. UI greater then 
300 μg/L was detected in 
62,3% and 90,9% of 
students from the rural and 
urban school, respectively

6 IDD is controlled in school 
children, with high 
prevalence of UIE excess

Camargo and cols. (32)

Cross-sectional study

Year of study: 2004

Year of publication: 2008

1,085 individuals aged 
20-87 years 

Location: metropolitan area 
in Sao Paulo (houses 
randomly selected) 

UIE (S-K method) and table 
salt

Thyroid ultrasound

 TSH, TPOAb

UIE ≥ 300 in 45.6%, 14.1% 
had UIE greater than 400. 
The prevalence of CAT was 
16,9%

8 High prevalence of iodine 
excess and CAT

Carvalho and cols. (33)

Cross-sectional study

Year of study: 2004 to 2007

Year of publication: 2012

828 schoolchildren

Location: Botucatu, Sao 
Paulo 

Determination of UIE casual 
urine sample (adapted S-K 
method)

Only 1.9% had low values of 
urinary iodine (100 µg/L), 
while 24.6% had UI excretion 
values between 200 and 300 
µg/L, and 67.1% had values 
above 300 µg/L

6 High excessive iodine intake 
rate in school children

Vanacor and cols. (34) 

Cross-sectional study

Year of study: 2005-2007

Year of publication: 2008

60 subjects

Location: Hospital de 
Clínicas de Porto Alegre, Rio 
Grande do Sul

Four urine samples from 
each participant (completing 
24 h -UIE)

Dietary history 

UIE, creatine (Cr) and Na+ 
levels were measured in the 
4 partial urine samples and 
in the 24h urine sample

The UIE and sodium 
excretions were variable 
along the 24-hour period. 
The correlation between the 
total iodine and sodium 
excretions was very strong

4 The UIE is variable during the 
daytime. Between lunch and 
dinner, it seems to better 
reflect the 24-hour UI. The 
casual urine sample collection 
in this period would probably 
be the best for the iodine 
nutritional status evaluation

Pontes and Adan (35)

Cross-sectional study

Year of study: not described

Year of publication: 2006

180 schoolchildren

Location: public schools 
from Cabaceiras, Paraíba

Questionnaire nutritional

UIE (Rapid Urinary Iodine 
Test®)

31.6% of scholars used 
cassava in their meals with a 
frequency larger than three 
times a week. 33.3% scholars 
presented UIE ≤ 100 µg/L

2 Goitrogenic foods are 
higerly consumed. One third 
of school children had low 
UI levels less than 100 µg/L

Alves and cols. (36)

Cross-sectional study

Year of study: 2007-2008

Year of publication: 2010

300 schoolchildren

Location: public schools of 
different socioeconomic 
levels from Ribeirão Preto, 
Sao Paulo

UIE (S-K reaction) and table 
salt

Thyroid ultrasound

100% of the urine samples 
had UI values   greater than 
100 µg/L, 59.5% of subjects 
had values   above 300 µg/L 

5 Iodine sufficiency in 
Ribeirão Preto school 
children population. UIE 
showed excess in 59,5%

Macedo and cols. (37)

Cross-sectional study

Year of study: 2008

Year of publication: 2012

475 children

Location: Novo Cruzeiro, 
Minas Gerais

UIE (S-K reaction) and table 
salt

IDD prevalence was 34.4%, 
23.5% (mild), 5.9 (moderate) 
and 5% (severe)

7 IDD prevalence of 34,4%

Macedo (38)

Cross-sectional study

Year of study: 2008

Year of publication: 2010

540 school children

Location: Novo Cruzeiro, 
Minas Gerais

UIE (S-K method) and table 
salt

IDD prevalence was 38.9% 
(28.7% mild, 6.2% 
moderate and 4% severe) 

8 High rate of IDD of 38,9%. 
Need to evaluated control 
as disease 

Milhoransa and cols. (39).

Cross-sectional study

Year of study: 2009

Year of publication: 2010

47 healthy individuals, 22 
men and 25 women, aged 
18 years or older

Location: Hospital de 
Clínicas de Porto Alegre, Rio 
Grande do Sul

UIE in 24h samples (S-K 
reaction) 

Evaluation of the content of 
creatinine, sodium, and 18 
subjects with one, 15 with 
two, and 14 with three 
collections of urine 
samples/24h

2/14 women had 24-h UIE 
below 138 µg/24h in the 
three samples studied

6 UIE is adequate in the 
group of 14 people, 
however, the UIE two 
women suggests IDD

Iodine deficiency in Brazil
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Study Population Methodology Outcomes Study
Quality Conclusions

Lima and cols. (40)

Cross-sectional study

Year of study: 2009

Year of publication: 2013

33 infants (less than 6 
months of age) and their 
mothers.

Location: Guariba, Sao 
Paulo.

UIE and levels in the urine 
and maternal milk were 
assessed by ICP-MS 

Table salt

The median UIE value in the 
infants was 293 µg/L; the 
mean iodine concentration 
was 206 µg/L in the 
maternal milk and 39.9 mg 
I/kg in the salt 

3 The median infant UIE was 
elevated due to the high 
iodine concentration present 
in the maternal milk. High 
iodine values were caused 
by high salt iodine levels, 
which should be reduced

Rates (41)

Cross-sectional study

Year of study: 2009

Year of publication: 2010

428 schoolchildren aged 10-
19 years (63.3% female and 
36.7%)

Location: public schools of 
Vespasian, Minas Gerais

Anthropometry. 

UIE (S-K reaction)

4.4% with IDD, 28.7% with 
appropriate indices, 46.7% 
more than adequate and 
20.1% excessive 

6 The excessive 
concentrations of iodine in 
the urine were associated 
with female gender, 
adequate percentage of 
iodine in salt and 
overweight or obesity

Almeida (42)

Cross-sectional study

Year of study: 2011- 2012

Year of publication: 2013

125 newborns

Location: Hospital 
Universitário Cassiano 
Antônio Moraes, 
Universidade Federal do 
Espírito Santo, Vitoria, ES

UIE (S-K reaction) 

TSH, FT4, Tg, anti-TPO, 
anti-TG and anti-TSH 
receptor (TRAb)

The average TSH was 1.74. 
The average FT4 was 1.99 
ng/mL

6 All 125 neonates were 
euthyroid and had normal 
UIE

Ferreira (43)

Case-control study

Year of study: 2008-2009

Year of publication: 2011

191 pregnant women aged 
18 years and gestational age 
up to 14 weeks

Location: Health Center 
Street School Cuiabá and 
School Health Center of 
Avenida Dom Pedro, Ribeirão 
Preto, Sao Paulo

UIE (S-K reaction)

TSH, FT4 and total T4

19 (9.9%) pregnant women 
had UIE > 250 μg/L, 63 
(33%) had UIE in the normal 
range (150-250 μg/L), and 
109 (57.1%) had UIE < 150 
μg /L

6 IDD was detected in 
pregnant women, indicating 
the need for iodine 
replacement during 
prenatal period

* Additional data from Rossi and cols. 2001 (44). 
** We included only control patients results.
Quality score: 0-3 points (low quality), 4-6 points (appropriate quality), 7-9 points (high quality).
CAT: chronic autoimmune thyroiditis; ICP-MS: inductively coupled plasma mass spectrometry; IDD: iodine deficiency disorders; S-K: Sandell-Kolthoff; UI: urinary iodine; UIE: urinary iodine excretion; 
TG: thyroglobulin; TSH: thyroid-stimulating hormone; TV: thyroid volume.

Statistical analysis

Statistical analyzes were performed using the R Core 
Team Statistical Software, version 3.1.0 (2014). The 
summary measure – weighted mean difference (WMD) 
– and its confidence interval (CI) of 95% were calculated. 
The heterogeneity was assessed initially through a hy-
pothesis test for homogeneity, using the Cochran Q test 
(at a significance level of 5%), and subsequent application 
of the I2 Statistic and visual inspection of each “Forest 
plot”. We have determined fixed and random model ef-
fects, but was systematically employed in cases where the 
I2 Statistic found significant heterogeneity. As the avai-
lable published data have been predominantly described 
in school children group, most of our data were achieved 
using this group. As we noted that only few studies could 
be selected for this investigation and the heterogeneity 
measured by the graph “Funnel plot” pointed to a pos-
sible publication bias, we decided to establish a cutoff of 
15.3% (prevalence of overall meta-analysis) in WMD to 
independently calculate the IDD prevalence.

RESULTS 

Studies characteristics

In our investigation, a total of 1,252 records were 
identified (Figure 1). We have found only 24 studies 
published between 1997 and 2013 eligible for this sys-
tematic review (16,22-44) (Table 1). A total of 26,148 
subjects were subscribed for UIE assessment between 
1997 and 2013. The most widely carried out type of 
study was cross-section (n = 20) (86,9%). Two follow-
up (cohort) and one case control study were also en-
closed. The school environment was the place where 
the largest amount of data collection was performed, 
representing 13 studies (56,5%). 

 Seventeen/twenty-three studies received adequate 
qualification, by Prisma analysis, for quantitative syn-
thesis (Tables 2 and 3): pregnant women (n = 2), school 
children (n = 9), adults/elderly (n = 4) and preschool 
children and/or infants (n = 2). The country distri-
bution was very variable, with a clear shifting toward 

Iodine deficiency in Brazil
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southeast region: North (n = 1), Northeast (n = 1), 
Midwest (n = 2), Southeast (n = 13) and South (n = 3) 
(Tables 2 and 3). Considering only the selected studies, 
23,272 individuals had UIE being investigated. The 
main reasons for study exclusion were: incomplete or 
repeated results (n = 5), gold standard methodology 
for UIE measurement (S-K) (n = 2) and data that could 
not be compared because absence of similar evaluation 
coming from others studies (10).

IDD prevalence in Southeast Brazil

The studies were subgrouped according to the region 
and population group (school and/or preschool chil-
dren, adults, elderly and pregnant women). The over-
all meta-analysis performed could include only 7 stu-
dies from the Southeast region (Figure 2) the others 
subgroups could be not be analyzed by meta-analysis 
methodology. However, a high heterogeneity was im-
mediately identified among the studies used for this 
meta-analysis (p < 0.0001, I2 = 99.5%) (Figure 2). After 
applying the I2 statistic and plot Forest visual inspec-
tion, it was noted that the studies should be analyzed 
separately because the large heterogeneity between 
then. The criteria for this separation was achieved by 

# of records 
identi�ed through

database searching
(n = 1,252)

# of records screened
(n = 1,254)

# of full-text articles
assessed for eligibility

(n = 24)

# of studies elected to the
quantitative synthesis

(n = 17)

# of studies included in the
quantitative synthesis

(n = 7)

• Study did not use a gold standand
 method (Sandell-Kolthoff) (n = 2)
• Study with incomplete or repeated
 results (n = 5)

• Study without comparison
 groups (n = 10)

# of records
excluded by title and abstracts

(n = 1,230)

# of additional 
records identi�ed

through reference list from
retrieved articles (n = 2)

Figure 1. Study selection process.

Table 2. Urinary iodine excretion in Brazilian population

Study Year No of subjects Region Subgroup
Insufficient intake Sufficient intake

< 100 µg/L ≥ 100 µg/L

Esteves 1997 4,231 North School children 1,985 2,246

6,553 Northeast 2,034 4,519

2,186 Midwest 748 1,438

2,165 Southeast 671 1,494

1,668 South 468 1,200

Saab 2000 1,000 Midwest School children 48 952

Nimer and cols. 2002 280 Southeast School children 72 208

Alves and cols. 2005 141 Southeast Infants and preschoolers 87 54

Duarte 2007 964 Southeast School children 15 949

Vanacor and cols. 2008 60 South Adults – 60

Camargo and cols. 2008 1,085 Southeast Adults 85 1,000

Marino and cols. 2009 13 Southeast Adults 2 11

Rates 2010 428 Southeast School children 19 409

Navarro and cols. 2010 145 Southeast School children 5 140

Macedo 2010 540 Southeast School children 217 323

Milhoransa and cols. 2010 47 South Adults – 47

Carvalho and cols. 2012 828 Southeast School children 16 812

Macedo and cols. 2012 475 Southeast Infants and preschoolers 166 309

Almeida 2013 125 Southeast Infants – 125

Total – 22,934 – – 6,638 16,296

No: number of subjects evaluated; µg/L: micrograms per liter.

WMD random effect method calculation. Thus, the 
studies were divided by WMD average value less than 
15.3% (Figure 3) showing IDD prevalence of 24% (95% 
CI, 13-35%); and higher than 15.3% showing IDD 
prevalence of 32% (95% CI, 25-39%) (Figure 3). 

Iodine deficiency in Brazil
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Table 3. Urinary Iodine Excretion in Brazilian Pregnant Women

Study Year No of subjects Region
Insufficient intake Sufficient intake

< 150 µg/L ≥ 150 µg/L

Soares and cols. 2008 147 South 29 118

Ferreira 2011 191 Southeast 109 82

Total – 338 – 138 200

No: number of subjects; µg/L: micrograms per liter. 

Study Events Total Forest plot Proportion 95% CI W (fixed) W (random)

Esteves, 1997 671 2165 0.310 [0.290; 0.330] 7.5% 14.4%

Nimer and cols., 2002 72 280 0.257 [0.207; 0.313] 1.1% 13.8%

Duarte, 2007 15 964 0.016 [0.009; 0.026] 46.6% 14.5%

Rates, 2010 19 428 0.044 [0.027; 0.068] 7.5% 14.4%

Navarro and cols., 2010 5 145 0.034 [0.011; 0.079] 3.2% 14.3%

Macedo, 2010 217 540 0.402 [0.360; 0.445] 1.7% 14.0%

Carvalho and cols., 2012 16 828 0.019 [0.011; 0.031] 32.4% 14.5%

Fixed effect model 1015 5350 0.051 [0.045; 0.056] 100% –

Random effects model 0.153 [0.069; 0.237] – 100%

Heterogeneity: I-squared = 99.5%, tau-squared = 0.0127, Q = 1142, df = 6, p < 0.0001 0.1 0.2 0.3 0.4

Proportion of iodine insufficient intake - region 4

CI: confidence interval; W: weighted.

Figure 2. Overall meta-analysis of studies from the Southeast.

Study Events Total Proportion 95% CI W (fixed) W (random)

Duarte, 2007 15 964 0.016 [0.009; 0.026] 52.0% 36.6%

Rates, 2010 19 428 0.044 [0.027; 0.068] 8.3% 18.8%

Navarro and cols., 2010 5 145 0.034 [0.011; 0.079] 3.6% 10.7%

Carvalho and cols., 2012 16 828 0.019 [0.011; 0.031] 36.1% 33.9%

Fixed effect model 55 2365 0.020 [0.014; 0.026] 100% –

Random effects model 0.024 [0.013; 0.035] – 100%

Heterogeneity: I-squared = 63.3%, tau-squared <  0.0001, Q = 8.2, df = 3, p = 0.0425

Proportion of iodine insufficient intake - region 4, < 0.153
0.010.020.030.040.050.060.07

CI: confidence interval; W: weighted.

Figure 3. Meta-analysis of studies from the Southeast with IDD prevalence of less than 15.3.

DISCUSSION 
This unprecedented systematic review showed the 
prevalence of IDD measured in populational stud-
ies conducted in Brazil and aimed to answer our main 
question: What is the overall prevalence of IDD in 
Brazil?. However, the vast majority of surveys (94, 1%) 
were conducted in the South (4/17) and Southeast 
(13/17) regions. Consequently, a comprehensive con-
clusion about the real IDD prevalence in the country 
can not be acchieved. While the Southeast region has 
been recognized as an iodine sufficient area, differences 
were also detected between states from the same region 

(Minas Gerais vs. São Paulo). In São Paulo, there is a 
rising concern regarding the excessive iodine exposure 
and predisposition to thyroid autoimmune diseases 
(Table 2) (29,33,36,40). In contrary, in the state of 
Minas Gerais, few studies have reported increased IDD 
prevalence, especially in children and adolescents from 
low-income populations (Table 2) (37,38). Macedo 
evaluated 540 children from schools in the municipality 
of Novo Cruzeiro (Minas Gerais) and observed IDD 
prevalence of 40% (38). This might be related to low 
salt intake, decay of iodine in salt due the storage form 
and/or expiration date and reduced education level 

Iodine deficiency in Brazil
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(38). Limitations of the number of studies conducted 
in all regions of Brazil and the possibility of “publica-
tion bias” identified in our investigation (I2 = 99.5%; p 
< 0.0001), made impossible to conduct a meta-analysis 
for the entire country or particular region (Figure 2). 
Our quantitative analysis rejected 17 studies because 
lack of urinary iodine (UI) standardization and similar 
surveys conducted in the same area.

In our study, only a supplementary central questions 
(What is the prevalence of IDD in different areas and 
population groups?) could be partially addressed. The 
IDD prevalence rate predictied in school children from 
Southeast region diverged between 24% (95% CI, 13-
35%) and 32% (95% CI, 25-39%), using different analy-
sis methodology (Figure 3). Therefore, we have diag-
nosed a tremendous heterogeneity available of data. We 
have demonstrated that the higher rate of 32% of IDD 
prevalence, was clearly influenced by two individual 
studies performed by Esteves (24) and Macedo (38) 
(Figure 4). Thus, we assumed that the calculated IDD 
prevalence of 15.3% (95% CI, 6-23%) after biased stu-
dies exclusion is the one that could better represents 

the studies developed in this area, pinpointing to a pos-
sible compelling iodine deficiency.

The very few studies (N = 2) executed in North and 
Northeast regions, did not fit the inclusion criteria for 
the meta-analysis (Table 1) (24,35). Pontes and Adan 
(35) assessed the iodine nutritional status and cassa-
va consumption of 180 school children in the city of 
Cabaceiras/Paraiba (northeast region). The high rate 
of cassava flour utilization (31.6%), associated with 
in elevated rate (33.3%) of IDD prevalence in school 
children. Nonetheless, in this study, the gold standard 
method for UI evaluation was not used (35). In an-
other survey conducted in north/northeast region, Es-
teves identified in Bahia, the city of Cocos had low UI 
level, with median of 44 μg/L, (24). Almas, Arraias 
and Paraná (Tocantins) had median UI of 33 μg/L, 
34 μg/L and 26 μg/L, respectively (24). Therefore, 
a limitation of the data collected in our review is that 
the greater number of studies was based only on school 
survey data, without any enough available information 
about other population groups. In summary, targeting 
other essential questions, our review shows that there 

Iodine deficiency in Brazil

CI: confidence interval; W: weighted.

Figure 4. Meta-analysis of studies from the Southeast with IDD prevalence of greater than 15.3.

Study Events Total Forest plot Proportion 95% CI W (fixed) W (random)

Esteves, 1997 671 2165 0.310 [0.290; 0.330] 73.2% 36.2%

Nimer and cols., 
2002

72 280 0.257 [0.207; 0.313] 10.6% 31.0%

Macedo, 2010 217 540 0.402 [0.360; 0.445] 16.2% 32.9%

Fixed effect 
model

960 2985 0.319 [0.303; 0.336] 100% –

Random effects 
model

0.324 [0.254; 0.393] – 100%

Proportion of iodine insufficient intake region 4, > 0.153
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are not enough studies to profile the population iodine 
nutrition status in Brazil; and perhaps we might find 
huge differences related to IDD in individuals of dis-
tinct ages, from one region to another, or even in sepa-
rate areas of the same region. In the manner that the 
available published data have not considered all coun-
try regions and was mostly concentrated in southeast. 

The guidelines of the Brazilian Control Program for 
Iodine Deficiency Disorders (Pro-Iodo), recommended 
observation in schoolchildren between 6-14 years-old, 
as the child population is high vulnerable (5,8). Only 
few studies have analyzed pregnant women (25,30,43). 
Interesting, Ferreira evaluated 191 pregnant women in 
Ribeirao Preto, Sao Paulo, and found a very high IDD 
prevalence (57%) and an average UI of 144.4 μg/L 
(43). It is important to remark that all surveys were con-
ducted when the level of salt iodi nation were still of 20-
40 ppm (ref). Therefore, it is not known if the impact 
of salt iodization reduction on the health of pregnant 
and lactating women in Brazil, since this group has a 
greater need for iodine and previous studies pointed 
to higher susceptibility for IDD (45). Considering the 
IDD neurological potential damage during childhood 
development, the establishment of preventive evaluation 
for pregnant women and children might be essential (4).

Macedo and cols. (37) when assessing infants and 
preschoolers in Minas Gerais found a IDD prevalence of 
34.4% (37). Therefore, this group of individuals (chil-
dren until the fifth year of life) might be also extremely 
vulnerable for IDD (37). In contrast, Lima and cols. 
(40) have recently used Inductively Coupled Plasma 
Mass Spectrometry (ICP-MS) to measure iodine con-
tent in breast milk and urine from children during the 
first six months of life in the state of São Paulo and the 
data revealed a high average concentration of iodine in 
breast milk (206 μg/L) and urine (293 μg/L) (40).

Therefore, it seems that only considering the risk of 
excessive iodine intake, based on studies from southeast 
region, Brazil has changed the contents of this micronu-
trient in salt traded domestically to 15-45 ppm. How-
ever, after adoption of this measure, it would be neces-
sary to monitor the novel iodine nutritional status of the 
population. Indeed, we hypothesized that the recom-
mended iodination could be modified based on the data 
about salt intake and UI concentration found for indi-
vidual area coustolering Brazil each region, especially in 
a country of continental dimensions with vast differences 
in socio-demographic, geographic and climate aspects.

The main challenge is to adequate salt iodization 
and to promote educational and nutritional programs in 

order to strengthen the IDD or excessive control relat-
ed to excessive consumption of iodine. Ideally, pe riodic 
monitoring of iodine nutritional status of the popula-
tion in different states would be essential, especially 
less studied is essential to establishment of the proper 
individual range of salt iodization. The actual IDD 
prevalence analysis is complex, because pu blication bias 
high heterogeneity between studied. IDD might still 
be high in some areas but this remained unknown even 
after this meta-analysis evaluation.

In conclusion, nutritional status of iodine in Brazil has 
improved over the past few years, in general, in order to 
control the supply of iodine and reducing the rate of en-
demic goiter. However, concern about iodine optimal nu-
trition persists in all regions of the country, especially, after 
the reduction in the levels of salt iodization (15-45 ppm).

We hypothesized that changes in diet, differences 
in goitrogens consumption (including cassava), geo-
graphical and social demographic characteristics, road 
construction/commercial negotiation and processed 
foods availability may explain the coexistence of IDD 
and excessive intake iodine in different areas of the 
country. Most studies have been conducted many years 
ago and the generation of a national program for the 
analysis of the actual situation iodine in all regions is an 
urgently needed crucial for establishing the specific salt 
iodization needed for each region.
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Evaluation of diabetic patients 
after three month use of continuous 
subcutaneous insulin infusion, 
dispensed by a protocolled form 
at outpatient reference clinic of 
Taguatinga Regional Hospital
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ABSTRACT 
Objective: To evaluate the data of continuous subcutaneous insulin infusion protocol (CSII) for dia-
betics waived by the Health State Secretariat of Distrito Federal (HSSDF) and therapeutic responses 
three months after the transfer of multiple daily injections regimen for CSII. Subjects and methods: 
Eighty patients (49 female) took part in this experimental study, mean age and disease duration were 
27.9 years and 13 years, respectively; 96% patients had type 1 diabetes mellitus. Results: The entire 
sample (ECO) and 3 subgroups (group 1 – A1c decrease, group 2 – A1c stable, and group 3 – A1c 
increase), stratified according to a ≥ 0.5% change in A1c, were analyzed. Group 1 involved 64% of the 
patients. The ECO showed a significant A1c decrease: MDI 8.1 ± 1.4% vs. CSII 7.3 ± 0.9%, p < 0.0001 
(0.8% difference pro CSII therapy). Group 1 demonstrated an A1c decrease from 8.7% to 7.3% (1.4% 
difference). Group 2 mean A1c was 7.1%. Rate of hypoglycemia (< 50 mg/dL) decreased 61% in the 
ECO and 79% in Group 2. Conclusion: This study reinforces the safety and efficacy of CSII with a 
robust A1c reduction and hypoglycemia. The pioneer care HSSDF ambulatory attests to be achievable 
the free dispensing by Unified Health System (UHS) following a protocol, and this approach results in 
less wastage to the patient and represents a rational policy of therapy with CSII for UHS. Arch Endocrinol 
Metab. 2015;59(1):23-8

Keywords
Type 1 diabetes mellitus; multiple daily injections; insulin pump; continuous subcutaneous insulin infusion; hypoglycemia, 
Unified Health System (UHS-SUS)

INTRODUCTION

T he need to maintain glucose as close to normal 
as possible in diabetic is a crucial condition to 

prevent chronic complications associated with the dis-
ease. Thus, the fundamental of treatment management 
of diabetes mellitus type 1 (DM1) is the “physiologi-
cal replacement of insulin”, and the main examples are 
therapy with multiple daily injections (MDI) and the 
continuous subcutaneous insulin infusion (CSII) (1).

One parameter of the goals of glycemic control is 
glycosylated hemoglobin (A1c) less than 7% (1). How-
ever, this goal was not easy achieved in DM1 previous 
studies: only 7% of 4,750 patients in Scotland (2), 13% 
in Australia (3) and 11.6% in Brazil (4). Thus, several 
specialty societies recognize that CSII is an effective 

therapeutic option in the treatment of DM1 and par-
ticular cases of type 2 diabetes (DM2) (5,6).

Besides the failure to obtain good control with 
MDI (A1c ≤ 7.0%) or poor secondary control to the 
presence of recurrent Ketoacidosis (6), other indica-
tions of CSII are severe hypoglycemia characterized by 
loss of consciousness, seizures or need assistance from 
others; unrecognized hypoglycemia (dysautonomia) in 
which the patient does not recognize the symptoms of 
hypoglycemia by lack of noradrenergic response; un-
stable glycemic control, with extreme swings in blood 
glucose with MDI, for example, before autonomic gas-
troparesis (6).

The CSII can be discontinuous if there were sus-
tained improvement in A1c concentrations, improve-
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ment in the frequency and severity of hypoglycemia, 
psychiatric contraindications and recurrent skin infec-
tions or if the patient decides to return to MDI therapy. 
However, in most centers, the discontinuation rate is 
low, around 5% (1).

The CSII has been using at the Endocrinology Unit 
(Endo) of the Taguatinga Regional Hospital (HRT) 
since 2008, the year the CSII outpatient clinic was set 
up. This was a pioneering initiative of the public health 
system of Brazil – Unified Health System (UHS-SUS), 
initially for clinical evaluation of diabetics who man-
aged the equipment CSII using legal action.

In 2009, during a workshop regarding the CSII 
implementation use in Brasilia, the Coordination 
of Education Program and Control of Diabetes 
(CEPCD) of the Health State Secretariat of Distrito 
Federal (HSSDF), currently the Coordination Center 
of Diabetes (CCD), presented to coordinators of re-
gional CEPCD of HSSDF the Protocol CSII based on 
HRT experience (7). The Protocol, in its initial phase 
at that time, showed impressive results: the reduction 
of the legal actions with exclusion rate of 33% for med-
ical indications inadequate, among other causes (7).

One of the duties of scientific and specialty societies 
is to establish standards and procedures for the proper 
use and guide the provision in public health as well, 
taking into account the real indications, safety and ef-
ficacy of devices and systems for therapy among dia-
betic people which include CSII. In this scenario, the 
CCD has emerged nationally as a pioneer in the CSII 
provision to its users in accordance to the guidelines of 
the Brazilian Diabetes Society – SBD (2008) (8) and 
American Diabetes Association – ADA (2004) (9).

The aim of this study was to evaluate protocol data 
of CSII dispensation for diabetics in HSSDF, in outpa-
tients treated in Endo/HRT, and therapeutic responses 
three months after the transfer scheme from MDI to 
CSII, in relation to frequency of episodes of severe hy-
poglycemia and total, and metabolic control with the 
analysis of glycosylated hemoglobin.

SUBJECTS AND METHODS

This is a prospective, experimental study. Data was eva-
luated in the treatment of patients with DM before and 
after three months of change MDI scheme for CSII. 
All patients using the CSII which were treated at out-
patients reference clinic for CCD/HSSDF, in Endo/
HRT were included.

Anthropometric, laboratory, and capillary glucose 
data were collected from patient previous forms of in-
clusion and/or follow-up to use the CSII or by atten-
dance at the assessment or reassessment three months 
after beginning therapy with CSII. The following data 
were collected: clinical history, age, laboratory tests, 
weight, height, body mass index (BMI), and blood 
pressure (BP). Before starting the CSII therapy, the di-
abetic was evaluated according to the protocol for the 
use of CSII/HSSDF, for A1c, total hypoglycemia and 
severe hypoglycemia with MDI therapy.

Evaluations of A1c (HPLC method, Bio-Rad, Bra-
zil) after venous blood samples and following the ref-
erence values of 4.0% to 6.5%. The A1c results after 
the implementation of CSII were compared to those 
obtained with the MDI by analysis of three groups: A1c 
decrease above 0.5%; A1c stable, with a variation of less 
than 0.5%; and A1c increase.

Diabetic patients were also divided into two groups 
according to A1c concentrations before using CSII: 
group A – A1c equal to or greater than 8.0% and group 
B with A1c basal low than 8.0%, to determine the ben-
efits of CSII therapy.

The total number of hypoglycemic events (< 70 
mg/dL), severe events (< 50 mg/dL), and the num-
ber of self-monitoring of blood glucose (SMBG) were 
obtained via software management with the diabetes 
Accu-Chek 360°® (Roche Diagnostics) or by analysis of 
the glucose meters when the glucose meters in use was 
not been by standardized model for HSSDF.

The inclusion criteria were patients using the CSII 
who have been treated in outpatients reference clinic 
for CCD/HSSDF in Endo/HRT. Patients presenting 
with any one of the following criteria have been ex-
cluded: 1) CSII use before inclusion in the protocol;  
2) inability to understand the nature, scope and pos-
sible consequences of the study and/or evidence of un-
cooperative attitude; 3) any condition that increases the 
risk of the patient or decrease the chance of obtaining 
satisfactory data to achieve the objectives of the study; 
and 4) not performing the measurement of A1c in the 
study period.

Statistical analysis has been performed with SAS ver-
sion 9.2. Data has been expressed as mean ± standard 
deviation (SD). We used the paired Student t test for 
comparison of variables before (MDI) and after CSII 
therapy. To observe specific behaviors, the Wilcoxon 
nonparametric test has been applied in stratified sub-
groups (A1c decreased, stable or increased). The analy-

Diabetic patients after continuous subcutaneous insulin infusion
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sis of variance (ANOVA) was performed to compare 
the mean baseline characteristics between groups strati-
fied (age, time since diagnosis, and BMI) and gender 
(time of diagnosis, BP and SMBG) and the Tukey test 
was applied too. The level of significance has been set 
at p ≤ 0.05.

RESULTS

Eighty-eight patients were evaluated; however, eight 
were excluded because they have been already us-
ing CSII before inclusion in the protocol. Regarding 
the 80 included patients, seventy (88%) received CSII 
treatment by simple internal application by the counsel 
of HSSDF and 10 (13%) via legal actions though court 
orders.

The patient attended came from both public and 
private care with the referral of a specialist. Referrals are 
only accepted from patients followed by endocrinolo-
gists and appropriate treatment like regimen of MDI 
in use of insulin analogues and carbohydrate counting.

As shown in table 1, the majority of patients (96%) 
had DM1, two (2.5%) had DM secondary to pancrea-
titis and one (1.5%) had DM2. Females predominated 
(61.2%), aged between 2 and 72 years and the time 
of diagnosis of DM ranged from 2 to 43 years, with 
no statistical difference between genders. The BMI 
ranged from underweight and class 1 obesity (16.9 
to 33.2 kg/m²). The majority of patients had normal 
blood pressure and the frequency of SMBG (average/
month/day) at the analysis moment was 5.37 ± 2.0, 
similar between genders for both parameters.

The average of A1c decreased significantly: 0.8% af-
ter three months of change to CSII therapy. Table 2 
shows the sample behavior in the analysis of A1c after 
CSII use. The groups showed no significant difference 
in age, DM duration and BMI.

Table 2 also presents the frequency of hypoglycemic 
events. Fourteen individuals (17.5%) were excluded 
due to improperly configured glucometer at baseline 
and/or inability of the analysis by the software. A re-
duction of 37% was observed with a significant differ-
ence (p = 0.001) for total hypoglycemia and 61% for 
severe hypoglycemia (p = 0.001). In group with stable 
A1c, there was an improvement of overall hypoglyce-
mia (42%, p = 0.04) and severe (79%, p = 0.03), and in 
the group that increase A1c, there was a robust reduc-
tion of total hypoglycemic (66%, p = 0.004) and severe 
(74%, p = 0.001).

Table 1. Characteristics of diabetic patients included in the program of 
continuous subcutaneous insulin infusion

Characteristics Female (%) Male (%) Total (%)

Diabetics n(%) 49 (62) 31 (38) 80 (100)

Type 1 diabetes n(%) 47 30 77 (96)

Secundary diabetes n(%) 1 1 2 (2,5)

Type 2 diabetes n(%) 1 0 1 (1,5)

Age – years (mean ± SD) 29.7 ± 14 25.1 ± 17 27.9 ± 15.4

Time since diagnostic – years 
(mean ± SD)

14.8 ± 8.8 11.6 ± 9.1 13.6 ± 9.1

Body mass index – kg/m²  
(mean ± SD)

22.7 ± 3.6 22 ± 3.7 22.6 ± 3.7

Systolic blood pressure – 
mmHg (mean ± SD)

114.8 ± 16 117.9 ± 20 116.1 ± 18 

Diastolic bood pressure – 
mmHg (mean ± SD)

70.6 ± 10 67.2 ± 14 69.3 ± 12

Self-monitoring – mean/day/
month (mean ± SD)

5.38 ± 1.6 5.34 ± 1.9 5.37 ± 2.0

Basal characteristics between the genders (time since diagnosis, blood pressure and self-
monitoring) were not statistically significant. 

Data obtained from the Central coordination of diabetes – HSSDF – Program of therapy and 
monitoring.

Diabetic patients after continuous subcutaneous insulin infusion

Regarding the analysis of groups according to A1c 
above or below 8.0% before CSII. Thirty-nine (49%) 
patients had baseline A1c greater than or equal to 8.0% 
(group A) and showed a significant reduction of A1c 
(1.4%) after three months of use of CSII, decreased 
from 9.0% to 7.6% (p = 0.0001). The forty-one patients 
(51%) who had baseline A1c lower of 8.0% (group B) 
showed a decrease in A1c after three months of CSII, 
from 0.16% with an average reduction from 7.1% to 
7.0% with no statistical significance (p = 0.24).

As shown in table 3, regarding to hypoglycemic 
events in MDI group, there was significant reduction 
for severe hypoglycemia (62% – p = 0.05). In CSII 
group, the total reduction of hypoglycemia was higher 
(47% – p = 0.001) as well as severe hypoglycemia (60% 
– p = 0.001).

DISCUSSION

As it can be seen in the present results, starting the CSII 
use and keeping it for three months had large beneficial 
effects in relation to previous use of MDI. The most 
important benefit were the significant mean reduction 
in A1c of 0.8% (p < 0.0001). That probably occurs 
because A1c decreased or remained stable in 82.4% of 
patients and increased only in 17.6% of them. The de-
crease in A1c was more significant in patients with re-
duced control prior, in other words, patients with A1c 
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equal to or greater than 8.0%. In addition, total events 
and serious hypoglycemic events decreased significantly 
with the use of CSII with respect to the time of MDI.

These CSII results are consistent with those ob-
served in meta-analysis (10,11) and prior comparing 
studies with multiple daily injections (12,13). Howe-
ver, in a literature review, it was found that A1c and 
average glucose levels are slightly lower or similar be-
tween CSII and MDI (14).

A meta-analysis that included 52 studies involving 
1,547 patients showed improvements in glycemic con-
trol with reduced A1c and blood glucose levels with 
the CSII, compared with the traditional conventional 
insulin therapy or MDI (10). In another meta-analysis 
of RCTs regarding DM1 (11), 301 patients were se-
lected for use CSII and 299 for insulin injections. The 
diffe rence in A1c was 0.51%, and the mean glucose was 
more favorable for diabetics with CSII. Although the dif-
ference was small, the authors concluded that this could 
help to reduce the risk of vascular complications (11).

In the present study, we compared the assessment 
of A1c between previous use of MDI and CSII. A pre-
vious case-control study showed that the average A1c 
was lower with CSII use as described herein and that 
the sustained improvement after one year of treatment 
was more difficult to be achieved with the MDI (12). 
The results of the present study were similar to result 
of another previous study (13). There was a decrease 
of -0.51% in A1c for the total cohort comparing to the 
previous use of MDI, but this result was more evident 
in prepuberal (-0.48%) and young adults (-0.76%) than 
in adolescents (-0.26%) (13).

We observe that the response of A1c is more pro-
nounced in those with CSII than in those diabetics pa-
tients with poor prior control of their disease. That is, 
most DM patients with A1c of 8.0% had a significant 
reduction (p = 0.0001), but those with lower A1c had 
not had a significant effect (p = 0.24) on A1c. This is in 
agreement with other studies that showed better con-
trol of A1c in diabetic patients with a history of poor 
glycemic control (13,15).

The effectiveness of intensive treatment, which in-
cludes the CSII, seems to decrease with the lowest fre-
quency of SMBG and dose adjustments (16). In this 
sense, in a multicenter, randomized, controlled crossover, 
it was found that the continuous monitoring of glucose 
was associated with a decrease of A1c in DM1 that are 
using CSII. This is probably due to the adjustment of 
insulin therapy (17). Diabetic patients in this study un-

Table 3. Hypoglycemic episodes per month during multiple daily injections 
(MDI) regimen and continuous subcutaneous insulin infusion (CSII)

Events MDI group CSII group p

Hypoglycemia (< 70 mg/dL)

A1c initial < 8.0% 23 ± 17.8 12.1 ± 8.5 0.001

A1c initial ≥ 8.0% 14.7 ± 1 11.6 ± 7.5 0.20

Severe hypoglycemia  
(≤ 50 mg/dL)

A1c initial < 8.0% 5.2 ± 5.4 2.1 ± 3.4 0.001

A1c initial ≥ 8.0% 5.5 ± 11.2 2.1 ± 2.7 0.05

Data presented as mean ± SD.

Diabetic patients after continuous subcutaneous insulin infusion

Table 2. Reviews of blood concentrations of glycosylated hemoglobin 
(A1c) in response to treatment with the continuous subcutaneous insulin 
infusion (CSII)

Total 

Decrease
(decrease 

A1c  
≥ 0.5%)

Stable
(decrease 

A1c 
< 0.5%)

Increase
(increase 

A1c)

Diabetics n(%) 80 51 (63,7%) 15 (18,7%) 14 (17,5%)

Age – years 
(mean ± SD)

27.9 ± 15.4 28.2 ± 15.6 28.9 ± 14 25.9 ± 16.6

Gender female/ 
male (n)

49/31 31/20 9/6 9/5

Time since 
diagnostic 
– years  
(mean ± SD)

13.6 ± 9.1 13.5 ± 8.8 15 ± 9.9 12.5 ± 9.7

Body mass index 
– kg/m² (mean 
± SD)

22.6 ± 3.7 22.5 ± 3.9 23.5 ± 4.0 22.3 ± 3.2

A1c (%) in MDI 
(mean ± SD)

8.1 ± 1.4 8.7 ± 1.33 7.3 ± 0.8 6.8 ± 0.8

A1c (%) in CSII†  
(mean ± SD)

7.3 ± 0.9a 7.3 ± 0.9b 7.1 ± 0.7c 7.5 ± 0.6d

Diabetics with 
hypoglycemia (n) 

66 39 14 13

Hypoglycemia‡ 

– MDI  
(mean ± SD)

18.7 ± 16.4 13.4 ± 12 24.6 ± 16.9 28.6 ± 21.7

Hypoglycemia‡ 
– CSII  
(mean ± SD)

11.9 ± 7.9e 11.8 ± 8f 14.3 ± 7.3g 9.8 ± 7.6h

Severe 
hypoglycemia§ 
– MDI  
(mean ± SD)

5.3 ± 8.8 4.1 ± 5.8 7.6 ± 15.4 6.5 ± 6.6

Severe 
hypoglycemia§ 
– CSII  
(mean ± SD)

2.1 ± 3.0i 2.4 ± 3.5j 1.57 ± 1.6k 1.7 ± 2.7l

Baseline characteristics (age, time since diagnostic and BMI) were no statistically significant 
between groups. P values representing the comparison between MDI and CSII to A1c: a p < 
0.0001, b p < 0.0001, c p = 0.21, d p = 0.02; ‡ total hypoglycemia (mean/month) (< 70 mg/dL): 
e p = 0.001, e f p = 0.44, g p = 0.04, h p = 0.004 e § severe hypoglycemia (≤ 50 mg/dL):  
i p = 0.001, j p = 0.008, k p = 0.03, l p = 0.001.
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derwent an average of 2.0 ± 5.37 times/day. This was 
similar to some authors (16) but higher than others that 
only used the measure of 13 times per week (18).

Hypoglycemia is a cause of stress and anxiety which 
can affect wellbeing and worsen the quality of life of 
patients with DM1: 35-40% who have a regular episode 
of severe hypoglycemia requiring others’ assistance (1). 
Hypoglycemia limits the effectiveness of intensive in-
sulin therapy (19). The results of this study showed an 
average reduction of 37% of total hypoglycemia and 
61% in severe hypoglycemic events. This reduction was 
more evident in group 2 (79%) that had A1c stable and 
group 3 (74%) who had worsening of A1c. These re-
sults can be considered excellent since the American 
Diabetes Association considered satisfactory reduction 
of 10 to 20% of severe hypoglycemia (20).

Hypoglycemia is less common with CSII compared 
to MDI (10,14). The reduction of hypoglycemic events 
was significantly (p = 0.01) in nearly 50% in the patients 
using the CSII compared to MDI (12). It was reported 
that the frequency of severe hypoglycemic events de-
creased with CSII compared to MDI from 138 to 22 
events per 100 patient-years during the first year and 
remained significantly lower during the four-year fol-
low-up (15).

However, other studies showed no difference be-
tween the frequencies of hypoglycemic episodes. In a 
meta-analysis evaluating the frequency of hypoglycemia 
between CSII and MDI authors found no significant 
difference in severe or night hypoglycemia, in adoles-
cents and adults, but in children there was a higher 
frequency of hypoglycemia (19). Glycemia below the 
amount considered hypoglycemic collected by control 
glucometers and symptomatic hypoglycemia were not 
different between the two methods (21). However, five 
patients who had frequent episodic hypoglycemic im-
proved with CSII (21).

In studies with DM2, the use of CSII was associated 
with better metabolic control, and the rate of hypogly-
cemia was similar to the use of three daily injections of 
lispro and NPH (22). The improvement in A1c was 
also observed with greater intensity in type 2 diabetics 
with poor control and persisted during the six years of 
use CSII (23). However, other studies have shown that 
the use of MDI over the CSII no significant difference 
A1c and episodes of hypoglycemia in type 2 diabetes 
(18,24).

The normoglycemia is associated with reduced risk 
of macrovascular and microvascular complications in 

DM1 (25). However, despite the considerable efforts 
of patients and health professionals, only a minority of 
patients can achieve A1c concentrations within the tar-
get range (2,3,4). The use of the CSII therapy reduces 
A1c without an increase in hypoglycemic events com-
pared with the MDI (26), and is recommended for the 
improved metabolic control (27).

The vast majority of diabetic patients treated at the 
CSII clinic of Endo/HRT received equipment and 
inputs via simple internal application directly on the 
HSSDF without the need for legal action. This latter 
is usually accompanied without adequate specialized 
assessments (28,29). This fact fills one with the of-
ficial guidelines recommended by SBD, for the profile 
of the ideal candidate for therapy (30). In principle, it 
is considered a good candidate for therapy with that 
motivation to achieve tight glycemic control and fi-
nancial resources available for the use of this technol-
ogy or access to government programs that provide 
coverage for this feature. Other requirements would 
be motivation to learn the general principles of self-
control of diabetes, ability to perform carbohydrate 
counting and proportional adjustments of insulin dos-
es, and willingness and ability to operate correctly the 
equipment and adhere to strict recommendations on 
its use (30).

It appears that the HSSDF filed the assessment, ben-
efited the local population, and optimized the use of 
resources allocated for this purpose. The results of this 
study obtained at the CSII outpatient reference clinic 
of HSSDF, highlighted by the robust reduction of A1c 
concentrations and the number of severe hypoglycemia 
cases assure these facts. These parameters are critical 
and of great relevance to consolidate the current pro-
tocol based on national and international guidelines. 
They also confirm the success of the pioneering activity 
of first CSII outpatient clinic in the country which, by 
means of a proper protocol and selection, has proved 
the access to therapy with CSII in the Brazilian UHS 
be possible to achieve with positive results and benefits 
to the population.
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Are thyroid volume and nodule 
prevalence increased in patients 
with euthyroid metabolic syndrome?

Fevzi Balkan1, Celil Alper Usluogullari2, Eda Demir Onal3,  
Rıfki Ucler4, Abbas Ali Tam5 

ABSTRACT
Objective: The aim of our study was to examine the variations in thyroid volume and nodule preva-
lence in a case-control study of patients with metabolic syndrome (MetS). Materials and methods: 
Experimental design: 114 newly diagnosed euthyroid patients with MetS were randomly matched for 
age and gender with 123 control subjects without MetS. Insulin resistance (IR), which was estimated 
by the homeostasis model assessment (HOMA) for IR, as well as other parameters of MetS were 
evaluated. Thyroid ultrasonography and basal thyroid function test results (TFTs) were analyzed. Re
sults: TFTs were not significantly different between MetS and control groups. Mean thyroid volume 
was significantly higher in MetS patients than in controls (26.4 ± 15.8 mL vs. 21.6 ± 11.7 mL) (p = 
0.008). The percentage of patients with thyroid nodules (56.1% vs. 51.1%) and thyroid cancer (8.5% 
vs. 4.8%) were similar (p > 0.05). Thyroid volume was significantly negatively correlated with TSH  
(r = 0.14, p = 0.02), and the corresponding HOMA-IR (r = 0.04, p = 0.001). Conclusions: Thyroid vol-
ume is enlarged in patients with MetS but the prevalence of nodular thyroid disease and thyroid 
cancer are not increased. Mechanisms other than IR may be more prominent during thyroid carcino-
genesis. Arch Endocrinol Metab. 2015;59(1):29-33
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INTRODUCTION

M etabolic syndrome (MetS) is a fatal endocri-
nopathy induced by insulin resistance (IR) and 

indicated by systemic disorders as well as abdominal 
obesity, glucose intolerance or diabetes mellitus, dyslipi-
demia, hypertension and coronary artery disease (1,2). 
Obesity and MetS are increasing in developed coun-
tries (3,4). IR, a major component of MetS, is found 
to be associated with risks of cardiovascular diseases. 
The functional and morphological alterations of thy-
roid gland in relation to obesity have been previously 
investigated (5,6). Ayturk and cols. reported an iodine-
deficient area that patients with MetS have significantly 
increased thyroid volume and nodule prevalence and 
the presence of IR contributed substantially to this in-
creased risk (5). And Sari and cols. reported a positive 
correlation between thyroid volume and body weight 
(6). In another series Rendina and cols. demonstrated 
that metabolic syndrome was an independent risk fac-
tor for the occurrence of multinodular non-toxic goiter 
(7). Previous studies support the concept that insulin 
concurrently functions with TSH as a growth factor and 

stimulates thyroid cell proliferation. This action is par-
tially mediated via insulin-like growth factor 1 (IGF-1) 
dependent mechanisms; therefore, IGF1 might be in-
volved in the pathogenesis of thyroid morphological 
abnormalities (8). This study was designed to examine 
whether MetS and its related components are associ-
ated with morphological changes of thyroid gland.

SUBJECTS AND METHODS

Study subjects

The study was a single-center, prospective case–control 
study of patients with MetS. The approval was taken for 
the study from the local ethics committee. One hundred 
and fourteen newly diagnosed euthyroid patients (age 
range, 18-70 years) with MetS, who underwent regular 
follow-up at the Endocrinology Department of Aksa-
ray State Hospital, Turkey, between January 2013 and 
September 2013, were consecutively recruited for the 
study. As a control group, 123 euthyroid subjects with-
out MetS and without known thyroid disease were re-
cruited from patients visiting Aksaray State Hospital In-
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ternal Medicine out-patient clinics for regular checkups. 
The controls were matched to cases based on age and 
gender. Euthyroidism was defined as the state of normal 
function of the thyroid gland with the levels of thyroid 
stimulating hormone (TSH; reference range: 0.35-4.0 
mIU/l), free triiodothyronine (FT3; reference range: 
1.71-4.71 pg/mL), and free thyroxine (FT4; reference 
range: 0.8-1.9 ng/dL) within the normal reference 
range. The following diagnostic criteria proposed by the 
ATP III of the National Cholesterol Education Program 
were used for the definition of MetS: 1) abdominal obe-
sity, defined as the waist circumference (WC) in men > 102 
cm and in women > 88 cm); 2) level of serum triglycerides 
(TGs) > 150 mg/dL; 3) level of serum high-density li-
poprotein (HDL) in men < 40 mg/dL and in women < 
50 mg/dL; 4) blood pressure > 130/85 mmHg; and 5) 
fasting plasma glucose > 110 mg/dL (2). The inclusion 
criterion of age was between 18 to 70 years. Subjects 
with any of the following characteristics were excluded 
from the study: history of thyroid disease, overt or sub-
clinical hyperthyroidism and hypothyroidism (as defined 
by suppressed or elevated TSH levels, respectively), pre-
vious T4 suppression therapy at any time, high thyroid 
autoantibody titers or history of neck irradiation or sur-
gery. Subjects were also excluded if they exhibited endo-
crine obesity, diabetes mellitus, pregnancy and lactation, 
hepatic or renal dysfunction, and history of heart failure 
or significant neurological or psychological illness (de-
pression, epilepsy, schizophrenia, etc.) known to influ-
ence thyroid function tests (TFTs).

Anthropometric measurements

Measurement of subjects’ heights, weights, and waist 
circumference (WC) were recorded by the same doc-
tor. WC was measured with a folding tape at the natural 
waistline (at the level of the umbilicus) in a horizontal 
plane. Body mass index (BMI) was obtained by divid-
ing the body weight (kg) by the square of height (m). 

Thyroid morphology

Turkey used to be a moderately iodine-deficient area 
before the implication of mandatory iodization (aver-
age urinary iodine concentration of 25,5 mg/l). Fur-
thermore, in 1999, an obligatory model of iodine pro-
phylaxis was initiated with iodization of household salt. 
The Central Anatolia Region is still mildly iodine defi-
cient (average urinary iodine concentration 92 mg/l) 
(9,10). Thyroid ultrasonography (USG) of all subjects 

was performed by the same physician (F.B) using a 10-
MHz linear probe (Mindray DC-7). Volumes of thy-
roid glands and nodules were calculated according to 
the ellipsoid formula: volume (mL) = depth (cm) × 
width (cm) × length (cm) × π /6 (9). All patients with 
thyroid nodules > 1 cm were advised to undergo fine 
needle aspiration biopsy (FNAB).

Thyroid function – Laboratory analysis 

Each venous sample was drawn after a minimum fast-
ing period of 12 h. All samples were collected between 
0800 and 0900 h. Thyroid function was evaluated by 
measuring FT4, FT3, and TSH concentrations using 
immunochemiluminescent assay by an automated ana-
lyzer (Immulite 2000, Diagnostic Products Corp., Los 
Angeles, CA, USA). Blood samples were obtained to 
measure serum concentrations of fasting glucose and 
insulin, HDL cholesterol (HDL-C), low-density lipo-
protein cholesterol (LDL-C), and TGs together with 
TFTs and thyroid antibodies. IR was estimated based 
on calculation of the homeostasis model assessment 
(HOMA) index for each patient. This was done using 
the formula: (fasting plasma insulin (IU/ml) × fasting 
plasma glucose (mmol/l))/22.5 (11). A HOMA-IR 
value of > 2.7 was considered as IR (12). Serum glucose 
was measured by the glucose oxidase technique (Roche 
Diagnostics GmbH). The serum insulin level was as-
sayed with a solid-phase competitive chemiluminescent 
enzyme immunoassay (Diagnostic Product Corp). To-
tal cholesterol, HDL-C, and TG concentrations were 
measured by enzymatic assay (Boehringer, Mannheim, 
Germany). LDL-C was calculated using Friedewald’s 
formula: (LDL = TC − HDL − TG/5.0 (mg/dL).

Statistical analysis

SPSS (Statistical Package for Social Sciences) 17.0 for 
Windows was used for data analysis. Continuous vari-
ables with a normal distribution are presented as mean ± 
standard deviation; continuous variables without a nor-
mal distribution as median (minimum−maximum); or-
dinal variables as median and mode; and nominal varia-
bles as number and percentage. The normality of the 
continuous variables’ distribution was evaluated via his-
tograms and the “One-Sample Kolmogorov-Smirnov 
Test”; distributions with p > 0.05 were accep ted as nor-
mally distributed. The differences between the normally 
distributed continuous independent variables were eval-
uated with “Independent Samples-t Test”. All hypoth-

Thyroid volume and metabolic syndrome
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eses were tested two-tailed and p < 0.05 was used as the 
level of significance. The relationships between nominal 
variables were evaluated using the “Pearson chi-squared 
test” and “Fisher’s exact test”. Pearson correlation was 
used to evaluate TSH and thyroid volume between 
some biochemical parameters. Multivariate analysis was 
used to study the effect of metabolic syndrome param-
eters on the development of thyroid cancer.

RESULTS

Study population characteristics are depicted in table 1. 
The study included a total of 237 patients (114 in 
MetS group and 123 in control group). Among the 
114 patients with MetS, 18 (15.8%) were male and 96 
(84.2%) were female. There were 123 control subjects, 
of whom 18 (14.6%) were male and 105 (85.4%) were 
female. Groups were matched for age and gender. BMI, 
WC, and systolic and diastolic blood pressures were sig-
nificantly higher in MetS group than in control group  
(p < 0.05). Fasting blood glucose (FBG), fasting insu-
lin, HOMA-IR, LDL-C, and TG levels were also high-
er; but HDL-C was lower in MetS group (p < 0.05).

Serum concentrations of FT3, FT4, and TSH were 
not significantly different between MetS and control 
groups (Table 2). As shown in table 2, mean thyroid 
volume was significantly higher in MetS patients than 
that in controls (26.35 ± 15,8 mL vs. 21.6 ± 11.7, p = 
0.008). The size of the nodule was < 1 cm in 33.3% of 
patients with MetS and 33,1% of control subjects (P > 
0.05). The size of the nodule was > 1 cm in 41.2% of 

patients with MetS and 34.1% of control subjects (P > 
0.05). All subjects were also divided into two groups 
with respect to the presence of IR. Subjects with IR 
(n = 110) had larger thyroid volumes (24.9 ± 15.6, 
22.4 ± 11.8) as compared with subjects without IR 
(n = 127) but the difference was not significant (p = 
0.16). As shown in table 3, in univariate analysis, there 
was no correlation between HOMA-IR and TSH. 
Thyroid volume was significantly negatively correlated 
with TSH (r = -0.14, p = 0.02). Thyroid volume was 
significantly positively correlated with HOMA-IR (r = 
0.04, p = 0.001) and systolic pressure (r = 0.145, p = 
0.03). Four thyroid cancer cases were identified in 47 
of MetS patients (8.5%) with thyroid nodules undergo-
ing FNAB; whereas two thyroid cancer cases were diag-
nosed in the biopsied control subjects (n = 42, 4.8%), 
as shown in table 4. In multivariate analysis, there was 
no correlation between MetS and thyroid cancer. 

Table 1. General characteristics of the patients with metabolic syndrome 
(MetS) and control subjects

MetS (+)  
(n = 114)

MetS (−) 
(n = 123) p

Age (years) 44.6 ± 16.1 43.5 ± 12.3 0.30

BMI (kg/m²) 35.6 ± 12.3 27.8 ± 4.9 0.0001

WC (cm) 103.5 ± 14 87 ± 11.7 0.0001

FBG (mg/dL) 100.5 ± 14.5 92.2 ± 9.9 0.0001

SBP (mmHg) 125.7 ± 16.9 110.6 ± 11.3 0.0001

DBP (mmHg) 75.7 ± 11 66.6 ± 7.7 0.0001

HDL-C (mg/dL) 40.8 ± 8.6 50.7 ± 13.3 0.0001

LDL-C (mg/dL) 135.4 ± 43.1 119.2 ± 40 0.003

TG (mg/dL) 193.7 ± 77.2 126.8 ± 103.4 0.0001

Fasting Insulin (IU/mL) 14 ± 8.6 10.6 ± 11.8 0.014

HOMA-IR 3.41 ± 2 2.4 ± 2.7 0.001

MetS: metabolic syndrome; BMI: body mass index; WC: waist circumference; FBG: fasting 
blood glucose; HDL-C: high-density lipoprotein cholesterol; LDL-C: low-density lipoprotein 
cholesterol; TG: triglyceride; HOMA-IR: homeostasis model assessment of insulin resistance. 

Thyroid volume and metabolic syndrome

Table 2. Patients’ thyroid function tests, thyroid volumes and nodule 
frequencies

Met S (+) 
(n = 114)

Met S (−) 
(n = 123) p

TSH (mIU/l) 2.23 ± 1.45 2.23 ± 1.48 0.97

FT3 (pg/mL) 5.44 ± 0.44 2.90 ± 0.49 0.28

FT4 (ng/mL) 1.18 ± 0.28 2.25 ± 11.88 0.33

Thyroid volume (mL) 26.35 ± 15.79 21.56 ± 11.71 0.008

Nodule (%) 64/114 (56.1%) 67/122 (51.1%) 0.896

MetS: metabolic syndrome; TSH: thyroid stimulating hormone; fT3: free triiodothyronine; fT4: 
free thyroxine; parametric values was expressed as mean ± S.D. Statistical significance was 
set a P value of 5%. 
Normal values: fT3: 1.8-4.6 pg/mL, fT4: 0.9-1.7 ng/dL, TSH: 0.27-4.2 uIU/mL.

Table 3. Correlation analysis for the relationship between metabolic 
syndrome parameters and TSH/thyroid volume

TSH Thyroid volume

p r p r

FBG (mg/dL) 0.45 0.04 0.001 0.21

WC (cm) 0.35 0.06 0.1 0.09

BMI (kg/m²) 0.33 0.34 0.58 0.03

Insulin (IU/mL) 0.59 0.03 0.001 0.2

LDL (mg/dL) 0.16 0.09 0.16 0.09

HDL (mg/dL) 0.09 0.1 0.09 0.10

TG (mg/dL) 0.17 0.08 0.17 0.08

HOMA-IR 0.95 0.009 0.001 0.2

sT3 (pg/mL) 0.46 -0.48 0.684 0.027

sT4 (ng/mL) 0.198 -0.084 0.489 0.046

BMI: body mass index; WC: waist circumference; FBG: fasting blood glucose; HDL-C: high-
density lipoprotein cholesterol; LDL-C: low-density lipoprotein cholesterol; TG: triglyceride; 
HOMA-IR: homeostasis model assessment of insulin resistance; FT

3
: free T

3
; FT

4
: free T

4
.
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DISCUSSION

MetS is defined as a cluster of risk factors including in-
creased blood pressure, abdominal obesity, lipid abnor-
malities, and impaired glucose metabolism. Individuals 
with MetS have much higher risk of cardiovascular dis-
eases (1). Epidemiological studies showed a high preva-
lence for MetS (3,4). Analysis of data of 8814 men and 
women aged 20 years or older from the Third National 
Health and Nutrition Examination Survey (NHANES) 
showed that about 47 million U.S. residents have 
MetS, with the highest prevalence of 43.5% found in 
people over age 60 years (13). Obesity and metabol-
ic syndrome are major health problems worldwide, in-
cluding Turkey. 

Recent studies have shown an association be-
tween  TFTs and  MetS  parameters. MetS parameters 
(except HDL) correlated with levels of TT3, FT4, and 
the FT3/FT4 ratio. FT4 levels were associated with 
obesity and MetS independent of insulin resistance, 
whereas TT3 levels were associated with both, insulin 
resistance and MetS. This relationship can be explained 
by compensatory effects of TT3, and probably FT4, 
on energy expenditure and thermogenesis in obese 
people (14). Euthyroid middle-aged men and women 
with higher fT3 levels and lower fT4 levels, and thus a 
higher fT3-to-fT4 ratio are consistently associated with 
various markers of unfavorable  metabolic  profile and 
cardiovascular risk (15). In our study, levels of FT3, 
FT4, and TSH were similar in both the control and the 
metabolic syndrome groups (p > 0.05).

Thyroid volume was previously found to be correlat-
ed with age, weight, height, BMI and body surface area 
(BSA) in a mild to moderate iodine-deficient area (16). 
In our study the thyroid volume was higher in  patients 
with MetS and there was a significant correlation be-

tween thyroid volume and HOMA-IR. On the other 
hand there was no difference between the two groups 
in the number of cases with thyroid nodule and thyroid 
cancer. Our results are partially consistent with those of 
several clinical studies which demonstrated a relation-
ship between IR and thyroid cell proliferation (5,17). 
Rezzonico and cols. reported a larger thyroid volume 
and an increased percentage of nodular thyroid disease. 
And they concluded that the higher circulating levels of 
insulin cause increased thyroid proliferation (17). Ayturk 
and cols. showed that subjects with IR have a larger thy-
roid gland volume by ultrasound and have a significantly 
increased thyroid nodule prevalence. The corresponding 
odds ratio for the development of thyroid nodule forma-
tion in this study was 3.1 (5). On the other hand the as-
sociation between IR and thyroid cancer is controversial. 
Researchers from the Metabolic Syndrome and Cancer 
project linked glucose, independent of BMI, with in-
creased risk of thyroid cancer (21). An increased risk for 
thyroid cancer was observed for both men and women 
(RR¼1.88; 95% CI: 1.16–3.07 and RR¼0.72; 95% CI: 
0.47–1.10, respectively) with 1 mmol/L blood glucose 
increments, though nonsignificant in women (18). In a 
series by Rezzónico and cols. 50% of patients with thy-
roid cancer had IR while IR was only 10% in the control 
group (19). On the contrary to these studies, Tseng has 
recently reported that there is a lack of an overall asso-
ciation between diabetes and thyroid cancer (20). And 
Balkan and cols. failed to show any association between 
MetS or IR and thyroid cancer (21).

A variety of biological mechanisms have been pro-
posed for the possible MetS related changes in thyroid 
gland. Chronic exposure to elevated circulating insu-
lin levels is one of the characteristic features of MetS. 
Insulin and insulin-like growth peptides (IGF) – the 
important determinants of cell proliferation and apop-
tosis- share structural homology and affinity of its re-
spective receptors (22). Although insulin can directly 
induce tumour growth, many of its mitogenic and 
antiapoptotic effects are operating through the IGF-I 
system (23). Liu detected IGF-1 and IGF-1R protein 
and mRNA expression in thyroid tissue and all of these 
three parameters were found to be significantly higher 
in follicular adenoma (FA), nodular goiters, and papil-
lary thyroid carcinoma (PTC) than that in the controls 
(24). And the authors concluded that IGF-1 may play 
an important role in the development of certain solid 
cold thyroid nodules, including PTC, nodular goiters, 
and FA.

Table 4. Multivariate analysis of the effect of metabolic syndrome 
parameters on thyroid cancer

ODS P 95% C.I. for EXB 
upper lower

FBG (mg/dL) 0.968 0.283 0.913-1,027

SBP (mmHg) 0.970 0.565 0.876-1,075

DPB (mmHg) 1,005 0.950 0.861-1,172

HDL (mg/dL) 0.993 0.834 0.929-1,061

TG (md/dL) 1,001 0.833 0.993-1,009

WC (cm) 1,029 0.291 0.976-1,084

ODS: odds ratio.

Thyroid volume and metabolic syndrome
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By this study we conclude that thyroid volume is 
enlarged in patients with MetS but the prevalence of 
nodular thyroid disease and thyroid cancer are not in-
creased. Future prospective studies with large sample 
size are needed to show any causative link between IR 
and thyroid cancer and to reveal pathologic mecha-
nisms other than IR that may be more prominent dur-
ing thyroid carcinogenesis.

Disclosure: no potential conflict of interest relevant to this article 
was reported.
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The rs10885122 polymorphism 
of the adrenoceptor alpha 2A 
(ADRA2A) gene in Euro-Brazilians 
with type 2 diabetes mellitus

Marciane Welter1, Henrique Ravanhol Frigeri1, Rosângela 
Roginski Réa2, Emanuel Maltempi de Souza3, Dayane Alberton1, 
Geraldo Picheth1, Fabiane Gomes de Moraes Rego1 

ABSTRACT
Objective: To investigate the association of the rs10885122G>T polymorphism in the ADRA2A gene 
in a Euro-Brazilian sample of healthy (controls) and type 2 diabetic (T2D) subjects. Subjects and 
methods: We used fluorescent probes (TaqMan) to genotype 241 subjects, that is, 121 healthy and 
120 T2D subjects, who were classified based on the Brazilian Diabetes Association (2013) and Ameri-
can Diabetes Association (2014) criteria. Results: The genotype and allele frequencies showed no sig-
nificant (P > 0.05) difference between the two studied groups. The minor allele (T) frequencies (95%CI) 
for rs10885122 were 19% (14-24%) and 20% (15-26%) for healthy and T2D groups, respectively. Car-
riers of the T allele (genotypes GT+TT) were significantly associated (P = 0.016) with approximately a 
7-kg body weight reduction compared with the genotype GG, which was only found in the T2D group. 
Conclusion: The rs10885122G>T polymorphism of the ADRA2A gene was not associated with T2D in 
Euro-Brazilians, and carriers of the T allele had lower body weight in the presence of T2D. Arch Endocrinol 
Metab. 2015;59(1):34-8
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INTRODUCTION

T ype 2 diabetes mellitus (T2D) accounts for 90-95% 
of those with diabetes mellitus (DM, diabetes) and 

is characterized by insulin resistance and relative insulin 
deficiency (1,2). T2D is a polygenic disease, and several 
single nucleotide polymorphisms (SNPs) have been as-
sociated with risk or protection regarding this disease 
and its complications (3-5).

The effects of norepinephrine on pancreatic b-cells 
are primarily mediated by adrenoceptor alpha 2A, which 
is encoded by the ADRA2A gene (HGNC: 281; OMIM: 
104210) (6). Since norepinephrine inhibits both of the 
major pathways by which glucose induces biphasic insu-
lin secretion and adrenoceptor alpha 2A is the respon-
sible for these effects, genetic variations of the ADRA2A 
gene may be candidates for T2D susceptibility (7-12).

Several genetic variations in the human ADRA2A 
gene or in its flanking region are related to decreased 
insulin secretion and increased T2D risk (13-15). 

Rosengren and cols. (15), using a tagging SNP ap-
proach, identified several polymorphisms in the coding 
or flanking regions of the ADRA2A gene. In particu-
lar, a SNP, rs10885122, which is located 0.2 Mb from 
the ADRA2A gene in a non-coding DNA region, was 
associated with different regulatory expression of near-
by or distant genes (16-18). The rs10885122 polymor-
phism was identified as associated with fasting glucose 
level and reduced glucose-stimulated insulin release, 
but not with T2D (14,17,19).

In this study, we investigated the association of the 
rs10885122 polymorphism of the ADRA2A gene in a 
sample of Euro-Brazilians with and without T2D.

SUBJECTS AND METHODS

Subjects

A total of 241 unrelated Euro-Brazilian subjects, 
matched by sex, were investigated. Healthy control (n 
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= 121) and T2D (n = 120) subjects were classified ac-
cording to the criteria of the American Diabetes Asso-
ciation 2014 (ADA) and Brazilian Diabetes Association 
2013 (SBD) (1,2). The control group was recruited 
among the patients of the Clinical Hospital of Fe deral 
University of Parana (HC-UFPR) blood bank in Cu-
ritiba City, Parana State, Brazil. T2D patients were re-
cruited from HC-UFPR. Subjects with overt kidney 
disease or other severe diabetic complications were ex-
cluded from this study. 

The Federal University of Parana Ethics Committee 
approved this research (CAAE 05335612.4.0000.0102).

Laboratory data and genotyping 

Biochemical parameters were determined by routine 
laboratory methods (Abbott Diagnostics) in an auto-
mated system with reagents, calibrators, and controls 
provided by the manufacturer (Architect Ci8200, Ab-
bott Diagnostics). The 1,5-anhydroglucitol level was 
measured enzymatically (GlycoMark, Inc). Glycated 
hemoglobin was measured by immunoturbidimetry 
(Architect, Abbott Diagnostics). 

DNA from blood samples was extracted using a 
salting out technique (20), and the concentrations 
were normalized to 20 ng/µL for the assays (Nano-
Drop, ThermoScientific). Only DNA samples with 
absorbance ratios (280/260) between 1.8 to 2.0 were 
used in this study. The rs10885122 polymorphism was 
genotyped using fluorescent probes (TaqMan®, Life 
Technologies; code C_175459_10) in the real-time 
PCR StepOnePlus™ System (Life Technologies) with 
all reagents supplied by Life Technologies. The reac-
tion mixture (6 µL final volume) contained 3.0 µL of 
Master Mix (DNA polymerase, Mg2+, buffer, additives), 
0.3 µL of SNP Genotyping Assay (40X), 1.7 µL ultra-
pure water, and 1.0 µL of genomic DNA (20 ng/µL). 
The cycle sequencing conditions were: 1 cycle of 30 s 
at 60ºC (pre-PCR), 1 cycle for 10 min at 95ºC, and 
55 cycles of 15 s at 95ºC, followed by 60ºC for 60 s, 
and 1 final cycle of 30 s at 60ºC (final extension). All 
genotypes were analyzed by the StepOnePlus software 
(TaqMan® Genotyper Software version 1.0, Life Tech-
nologies) and using a minimum quality threshold of 
95% in all analyses.

Statistical analysis

Normality was tested with the Kolmogorov-Smirnov 
test. The comparison of parameters with normal distri-

bution was performed by the Student’s t-test for inde-
pendent samples or Mann-Whitney U test for data with 
a non-normal distribution. Categorical variables were 
compared by chi-square test. Allele frequencies and Har-
dy-Weinberg equilibrium (HW) were evaluated by chi-
square test (http://ihg.gsf.de/cgi-bin/hw/hwa1.pl).

Statistical analyses were performed with the soft-
ware Statistica for windows version 8.0 (StatSoft Inc, 
Tulsa, OK, USA). A probability lower than 5% (P < 
0.05) was considered significant.

RESULTS

The anthropometric and clinical characteristics of the 
studied subjects are shown in table 1. The T2D showed 
high frequency of family history for diabetes (61.7%) 
and hypertension (66%). The T2D subjects were older, 
heavier, and more hypertensive than the control sub-
jects. The mean values for HbA1C (7.9%) and median 
value for 1,5-anhydroglucitol (8.5 µg/mL) demon-
strated that the T2D group showed poor glycemic 
control. The lipid profile for the T2D group showed 
serum concentrations similar to triglycerides and total 
cholesterol, as well as HDL-cholesterol and LDL-cho-
lesterol levels that were significantly lower than those 
in the healthy subjects. This pattern was expected since 
antilipemic drugs are commonly used, particularly in 
high doses, in T2D patients. Kidney function, which 
was monitored by creatinine and urea, did not show 
any indication of overt kidney disease, since the inclu-
ded subjects are in the reference range for these param-
eters. However, albumin was significantly reduced in 
the T2D group but without clinical significance. 

Both studied groups were in Hardy-Weinberg equi-
librium (P > 0.05), and comparisons of genotype (P = 
0.891) and allele (P = 0.698) frequencies showed no 
significant differences between the groups (Table 2). 
A positive and significant correlation between weight 
and the genotypes of rs10885122 was observed only in 
the T2D group (r = 0.277; P = 0.006). The association 
of the rs10885122 polymorphism of the ADRA2A 
genotypes in the dominant model (GG vs. GT+TT) 
with weight is shown in figure 1. The genotypes with 
the T allele (GT+TT) were significantly associated  
(P = 0.016) with weight reduction by approximately 7 
kg compared with the genotype GG, which was only 
found in the T2D group. 

SNP rs10885122 of ADRA2A gene in T2D



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

36 Arch Endocrinol Metab. 2015;59/1

Table 1. Anthropometric and laboratory characteristics of the studied groups

Characteristics Control
n = 121

T2D
n = 120 P

Age, years
Man/Woman, n

39.5 ± 14.4  
61/60

61.9 ± 9.8
60/60

< 0.001
0.949 **

Body mass index, kg/m2 23.1 ± 3.7 29.6 ± 5.5 < 0.001

Hypertension, %
Smoking, %
Coronary artery disease, %

16.5
-
-

66.0
70.0
34.0

< 0.001**
-
-

Family history for diabetes, %
Family history for obesity, %

-
-

61.7
35.0

-
-

Fasting glucose, mg/dL 92 (88-97) 136.5 (110-183) < 0.001*

HbA1C, % - 7.9 ± 2.3 -

1,5 anhydroglucitol, ug/mL 21.3 (15.5-27.1) 8.5 (3.5–16.4) < 0.001*

Creatinine, mg/dL 0.8 (0.71-0.85) 0.9 (0.72-1.12) < 0.001*

Urea, mg/dL 30.5 (25.0-36.0) 37.0 (28.0-48.0) < 0.001*

Total cholesterol, mg/dL 189.1 ± 39.9 173.8 ± 40.3 0.003

HDL-cholesterol, mg/dL 47.2 ± 12.2 42.8 ± 13.1 0.008

LDL-cholesterol, mg/dL 114.5 ± 33.6 98.9 ± 31.2 < 0.001

Triglycerides, mg/dL 130.0 (92.0–191.0) 146.0 (101.0–201.0) 0.267*

Total Protein, g/dL 7.3 (6.9–7.7) 7.2 (6.8–7.5) 0.187*

Albumin, g/dL 4.2 (3.9–4.4) 3.9 (3.7–4.0) < 0.001*

Values are mean ± SD, median (interquartile range), or %.
p-values, Student’s t-test (independent variables), * Mann-Whitney U test or **Chi-square test.

SNP rs10885122 of ADRA2A gene in T2D

Table 2. Genotype and allele frequencies of the ADRA2A rs10885122 polymorphism and a literature review

ADRA2A rs10885122 Genotype (%) Allele (%)
References

Ethnic group Characteristics n GG GT TT T

Euro Brazilian 
T2D 120 65.0 29.2 5.8 20.0

This work
Healthy (control) 121 67.8 26.4 5.8 19.0

UK Asian Diabetes Study T2D 857 - - - 22.0
(30)

Diabetes Genetics in Pakistan T2D 821 - - - 23.0

Whitehall II Study
T2D 365 78.1 21.1 0.8 11.0

(19)

Healthy 4,788 77.4 21.2 1.3 12.0

British Women’s Health and Heart Study
T2D 327 83.0 15.0 2.0 9.0

Healthy 2,969 76.0 23.0 2.0 13.0

English Longitudinal Study of Aging
T2D 432 73.2 26.4 0.5 14.0

Healthy 5,021 76.8 21.7 1.5 12.0

Northwick Park Heart Study II
T2D 155 73.6 24.5 1.9 14.0

Healthy 2,502 77.0 21.5 1.5 12.0

White Participants at high risk for diabetes 1,617 - - - 12.0

(29)

African-American Participants at high risk for diabetes 592 - - - 64.4

Hispanic Participants at high risk for diabetes 475 - - - 15.7

Asian Participants at high risk for diabetes 125 - - - 13.2

American Indian Participants at high risk for diabetes 81 - - - 11.1

Chinese
T2D 3,410 - - - 7.6

(31)
Healthy 3,412 - - - 8.0

Meta-analysis Nondiabetic 46,186 - - - 13.0 (26)

Swedish Middle-aged adults 4,059 - - - 11.0 (27)

Chinese Han T2D 3,210 - - - 8.0 (32)

Bold text indicates data obtained in this study, - indicates no data.
Minor frequency of the T allele [95%CI] in the studied groups: control, 19.0% [14–24]; and T2D, 20.0% [15–26].
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SNP rs10885122 of ADRA2A gene in T2D

DISCUSSION

T2D is a burdensome epidemic that is highly associated 
with genetic susceptibility (20). Few studies were avail-
able that compared the association of SNPs with T2D 
in the Brazilian population. In our study, we revealed 
that the characteristics of the T2D group indicated poor 
glycemic control, as demonstrated by the concentration 
of the biomarkers HbA1C (> 7%) and 1,5-anhydroglu-
citol (< 10 µg/mL) (21,22). In addition, the minor but 
significant reduction in serum albumin concentration 
associated with high frequency of hypertension in the 
T2D group could suggest an increase in albumin loss 
(microalbuminuria) by the kidney (23,24).

Polymorphisms of the ADRA2A gene have been pri-
marily studied by meta-analysis (25). The G allele of the 
ADRA2A rs10885122 polymorphism was described 
as a risk factor associated with higher fasting glucose 
and reduced insulin secretion in non-diabetic subjects 
(14,17,26,27). In contrast, others studies did not find 
an association of this polymorphism with T2D in Eu-
ropean Caucasians (17,19,25), Japanese (28), Chinese 
(25), and several other ethnicities (29). We showed that 
the ADRA2A rs10885122 SNP in the Euro-Brazilian 
population was not associated with T2D. The minor 
allele frequencies (T allele) of rs10885122 observed in 
this study were similar (close to the 95%CI) to those of 
different ethnicities that are shown in table 2. Chinese 
and African Americans showed significantly lower and 
higher T allele frequencies, respectively (Table 2). 

The lack of consistent association of the ADRA2A 
variant with glycemic traits in the present report is simi-
lar to the results of others studies, including studies by 
Talmud and cols. (19) involving 1,307 diabetic sub-
jects and by Florez and cols. (29) involving 1,307 sub-
jects with prediabetes. In addition, the meta-analysis of 
glucose and insulin-related traits consortium (MAGIC) 
study (17) and four UK studies (19), comprised of over 
118,000 and 17,000 individuals, respectively, also did 
not find an association of rs10885122 with T2D. Al-
though, one of the limitations of our study was the re-
latively small sample size, our results were comparable 
and consistent with these works. 

Dupuis and cols. (17) showed an association of the 
rs10885122 T allele with lower fasting glucose in sub-
jects with normal glucose tolerance. On the other hand, 
the same authors found an association with hi gher fast-
ing glucose concentration for the G allele of this poly-
morphism, and Boesgaard and cols. (14) described a 
reduction in glucose-stimulated insulin release for this 
allele. In our study, the T allele was associated with a 
reduction of weight in the T2D group (Figure 1). We 
hypothesized that T2D patients that are carriers of the 
T allele could have better weight control and conse-
quently improved glycemic control, which is consistent 
with the findings of Dupuis and cols. (17). The mecha-
nisms that explain the effects of the rs10885122 SNP 
of the ADRA2A gene on weight or glucose concentra-
tion are currently unknown.

In conclusion, the rs10885122 polymorphism of 
the ADRA2A gene was not associated with T2D in 
the studied Euro-Brazilian population. T2D patients 
that are carriers of the T allele of rs10885122 was sig-
nificantly associated with lower weight compared with 
those who carried the G allele.
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Fatores de risco associados à 
hipovitaminose D em indivíduos 
adultos infectados pelo HIV/aids

Juliana Maria Palmeira Canuto1, Virginia Maria Palmeira Canuto1,  
Matheus Henrique Alves de Lima1, Ana Luiza Costa Silva de Omena1, 
Thayná Melo de Lima Morais1, Arthur Maia Paiva2, Erik Trovão Diniz3,  
David Joseph Ferreira Tenório de Almeida4, Sonia Maria Soares Ferreira1,2

RESUMO
Objetivo: Investigar fatores de risco associados à hipovitaminose D em pacientes adultos infectados 
por HIV/aids, num centro de referência em Maceió-AL. Sujeitos e métodos: Por meio de desenho 
transversal, 125 pacientes foram avaliados por entrevista, revisão de prontuário, exame físico e labo-
ratorial, no período de abril a setembro de 2013. Os dados foram analisados por meio do software 
SPSS®, versão 17.0, sendo determinados a prevalência de hipovitaminose D e os níveis médios de 
vitamina D. Para avaliação da associação entre hipovitaminose D e as variáveis pesquisadas, foram 
utilizados o teste Qui-quadrado ou o teste exato de Fisher, enquanto para os níveis médios de vi-
tamina D foram utilizados os testes Kolmogorov-Smirnov, Mann-Whitney e Kruskal-Wallis. O nível de 
significância foi de 5% para todos os testes. Resultados: Foi observada prevalência de hipovitaminose D 
de 24% com associação significativa com maior renda familiar (p < 0,05); níveis de vitamina D mais 
altos nas mulheres (p < 0,001), em pacientes que não faziam uso de filtro solar (p < 0,05) e naqueles 
com infecções oportunistas pregressas (p < 0,01). Valores mais baixos foram associados ao uso de 
antirretrovirais (p < 0,05), sobrepeso e obesidade (p < 0,01). Conclusão: Níveis mais baixos de vitamina D es-
tiveram significativamente associados com tradicionais fatores de risco para hipovitaminose D como 
uso de filtro solar e antirretrovirais, sobrepeso e obesidade. A prevalência de hipovitaminose encon-
trada, considerando suficiência de vitamina D tanto para valores acima de 20 ng/mL quanto de 30 ng/mL, 
foi inferior a estudos anteriores em pacientes infectados pelo HIV, fato que pode estar relacionado às 
características da localidade do estudo, com baixa latitude e elevada incidência solar. Arch Endocrinol 
Metab. 2015;59(1):39-46
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INTRODUÇÃO

A vitamina D é reconhecida como um hormônio es-
teroide fundamental para a homeostase do cálcio 

e o metabolismo ósseo. A principal fonte endógena de 
vitamina D nos seres humanos provém da irradiação de 
raios ultravioleta (UVB) na pele, os quais convertem o 
7-deidrocolesterol em vitamina D3 (colecalciferol) (1). 
A partir da pele, a vitamina D3 vai à circulação geral 
e sofre uma primeira hidroxilação no fígado, gerando 
a 25(OH)D (calcidiol), metabólito mais abundante e 
estável da vitamina D e considerado o melhor indicador 
do status dessa vitamina no corpo (2). Em seguida, o 
calcidiol circulante chega nos rins onde sofre nova hi-
droxilação e é convertido em 1,25(OH)2D (calcitriol), 
forma ativa do hormônio que age por meio de seu re-
ceptor nuclear em diversos tipos celulares (3), estimu-
lando, por exemplo, a absorção intestinal de cálcio, a 

mineralização óssea e regulando a síntese e secreção do 
paratormônio (PTH) (4).

Além dos seus conhecidos efeitos no sistema mus-
culoesquelético, a deficiência e/ou insuficiência de 
vitamina D (hipovitaminose D) tem sido associada a 
uma variedade de adversidades que incluem doenças 
autoimunes, como diabetes melito tipo 1 (2); doenças 
cardiovasculares como hipertensão arterial e ateroscle-
rose (5); neoplasias; obesidade (6); resistência à insulina 
e intolerância à glicose (1). 

As maiores causas de hipovitaminose D estão rela-
cionadas a uma baixa exposição solar e a uma pobre in-
gesta alimentar, uma vez que sua ocorrência natural nos 
alimentos é pequena e a suplementação com essa vita-
mina não é feita rotineiramente em todos os países (7). 
A síntese de vitamina D é proporcional à área exposta à 
luz solar e depende não só de fatores ambientais como 
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latitude, estação do ano, hora do dia, mas também de 
fatores relacionados ao próprio indivíduo e seus costu-
mes, como tipo de pele, idade, uso de protetor solar (8) 
e roupas que cobrem boa parte do corpo e influenciam 
a síntese cutânea de vitamina D (7). 

No Brasil, estudos realizados na cidade de São Pau-
lo mostram a elevada prevalência de hipovitaminose 
D tanto em populações de idosos, institucionalizados 
ou não (4), quanto em adolescentes saudáveis (9). Em 
Recife, cidade de clima tropical úmido, encontrou-se 
alta prevalência de deficiência dessa vitamina associada 
à baixa densidade mineral óssea, em estudo realizado 
com mulheres na menopausa (10).

Estudos reforçam que a hipovitaminose D perma-
nece comum em várias populações por todo mundo 
(6,7,11), atingindo uma prevalência em torno de 20 
a 70% nos Estados Unidos, por exemplo (3). Esse fato 
não é diferente em indivíduos imunocomprometidos, 
como os portadores de HIV/aids, nos quais estudos 
mostram que a prevalência de deficiência de vitamina D 
tem alcançado taxas de 10 a 73% (3,12). 

Os pacientes com HIV/aids têm aumentado subs-
tancialmente sua sobrevida após a introdução e os avan-
ços da terapia antirretroviral (TARV) (13), fato relacio-
nado a um maior desenvolvimento de doenças crônicas, 
como a osteopenia e a osteoporose (14). Além disso, a 
infecção pelo HIV está também associada com altas taxas 
de fraturas, incluindo fratura vertebral e de quadril (15). 

Em pacientes portadores de HIV, estudos relatam 
a associação entre níveis inadequados de vitamina D e 
diversas complicações como hiperparatireoidismo (16), 
hipertensão arterial sistêmica (HAS) (12), aumento de 
peso (17), piora da função imune, progressão da doen-
ça e mortalidade (18). 

Além disso, a população de pacientes HIV positivo 
convive com vários outros fatores que contribuem para 
acentuar a prevalência de hipovitaminose D, como o uso 
da TARV e seus potenciais efeitos no metabolismo dessa 
vitamina (19) e a própria infecção pelo vírus HIV que 
leva ao aumento de citocinas inflamatórias como o fator 
de necrose tumoral a (TNFa), que inibem a hidroxi-
lação renal da vitamina D diminuindo seus níveis (13).

Apesar dos estudos que emergem mostrando a exis-
tência de altas taxas de hipovitaminose D e suas con-
sequências em vários aspectos do funcionamento do 
organismo, ainda existe uma necessidade de caracteri-
zar melhor o perfil da hipovitaminose D em pacientes 
infectados pelo HIV, uma vez que se trata de uma po-

pulação susceptível à ocorrência de níveis inadequados 
dessa vitamina e suas complicações.

Este estudo, portanto, teve por objetivo determinar 
fatores de risco associados a níveis baixos de vitamina D, 
em uma população de pacientes adultos com HIV/
aids, de um ambulatório de referência na cidade de Ma-
ceió, onde a incidência solar é elevada durante o ano 
inteiro (Latitude 09°37’57’1 Sul).

MATERIAIS E MÉTODOS 

Seleção dos pacientes

Foi constituída uma amostra por conveniência, formada 
por todos os pacientes portadores do HIV, maiores de 
18 anos em atendimento no Serviço de Atendimento 
Especializado (SAE)/Hospital Dia, o qual pertence ao 
Hospital Universitário Prof. Alberto Antunes da Uni-
versidade Federal de Alagoas (HUPAA/UFAL), no 
período de abril a setembro de 2013. Todos os par-
ticipantes da pesquisa assinaram o Termo de Consenti-
mento Livre e Esclarecido (TCLE).

Como critérios de inclusão, os participantes deve-
riam estar inscritos no SAE; ter idade igual ou supe-
rior a 18 anos; aceitar participar do estudo assinando 
TCLE. Foram excluídos pacientes recebendo vitami-
na D ou em tratamento para osteoporose e aqueles 
com condições que pudessem ter associação com de-
ficiência/insuficiência de vitamina D como recente 
hospitalização; insuficiência renal crônica; síndrome 
nefrótica; insuficiência pancreática; hepatopatia crôni-
ca, hepatite ativa ou cirrose; patologias disabsortivas; 
malignidade ativa e uso ativo ou recente (dentro de 3 
meses) de medicações que alterassem o status de vi-
tamina D, tais como: carbamazepina, glicocorticoide 
sistêmico, hormônios, isoniazida, fenobarbital, feni-
toína ou rifampicina.

Foram realizados entrevista, análise de prontuário, 
exame físico e exame laboratorial. Durante a entre-
vista, foram coletados dados demográficos (gênero, 
idade e tipo de pele), dados socioeconômicos (esco-
laridade e renda familiar), hábitos sociais (etilismo ou 
tabagismo atual), tempo de diagnóstico da infecção e 
via de transmissão, ocorrência de doenças oportunis-
tas, doenças crônicas não relacionadas ao HIV (hiper-
tensão arterial e/ou diabetes), uso de terapia antirre-
troviral (TARV) nos últimos 3 meses e uso ou não de 
filtro solar. A renda familiar foi descrita como uma va-
riável qualitativa representada pela quantidade de sa-

Hipovitaminose D e infecção pelo HIV
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lários-mínimos dicotomizada em duas categorias: até 
um salário-mínimo, dois ou mais salários-mínimos. A 
pele foi estratificada em seis fototipos de acordo com 
a classificação de Fitzpatrick (20). No Brasil, existe 
grande variedade de cores de pele devido ao alto grau 
de miscigenação e por isso, neste estudo, para a análi-
se inferencial, os seis fototipos de pele foram dicoto-
mizados em: não negros (fototipo de I a IV) e negros 
(fototipo V e VI), à semelhança dos estudos de Saraiva 
e cols. (21).

O prontuário foi avaliado para aplicação dos crité-
rios de exclusão e para a obtenção de linfócitos T CD4 
e carga viral, com data da coleta correspondente aos 
últimos quatro meses do período da entrevista. Para 
aqueles pacientes que não tivessem os referidos exames 
atualizados, foi solicitada uma nova coleta.

Exame físico

Foi aferida a pressão arterial e avaliados o peso e a al-
tura para o cálculo do índice de massa corpórea (IMC). 
De acordo com as diretrizes da Organização Mundial 
de Saúde (OMS), o IMC foi definido como baixo peso 
(IMC < 18,5 kg/m2), eutrófico (IMC entre 18,5 e 
24,9 kg/m2), sobrepeso (IMC entre 25 e 29,9 kg/m2) 
e obesidade (IMC ≥ 30 kg/m2) em adultos (22).

Para a aferição das medidas do peso e altura, foi 
utilizada uma balança antropométrica digital da mar-
ca Welmy. A pressão arterial foi aferida utilizando-se 
o mesmo tensiômetro do tipo coluna de mercúrio, da 
marca Unitec, seguindo as orientações da VI Diretriz 
Brasileira de Hipertensão Arterial (23). 

Análise laboratorial

Para a avaliação dos níveis de vitamina D, foram cole-
tadas amostras de sangue em tubos com gel separador, 
sem aditivos e imediatamente acondicionadas em gelo 
reciclável a uma temperatura de 4 a 8ºC, até a análise 
bioquímica. Os níveis de vitamina D foram determina-
dos usando a técnica de imunoensaio de micropartícu-
las por quimioluminescência (CMIA), Kit reagente 
ARCHITECT (Abbott Laboratórios do Brasil Ltda.) 
e em laboratório certificado pelo DEQAS (Vitamin D 
External Quality Assessment Scheme), programa inter-
nacional de controle de qualidade das dosagens de vi-
tamina D. De acordo com o protocolo da Endocrine 
Society (11), o perfil de vitamina D foi definido como 
deficiente (≤ 20 ng/mL); insuficiente (de 21 a 29 ng/mL) 
e suficiente (≥ 30 ng/mL). Entretanto, o Institute of 

Medicine (IOM) considera que 20 ng/mL de 25(OH)
D é suficiente para a manutenção da homeostase óssea 
de praticamente todas as pessoas saudáveis (24). Em-
bora níveis adequados de vitamina D sejam objeto de 
discussão, valores de 25(OH)D maiores que 30 ng/mL 
foram considerados suficientes, neste estudo, por ter-
em apresentado melhor correlação com parâmetros de 
avaliação do metabolismo ósseo como absorção de cál-
cio, densidade mineral óssea e níveis de PTH (11), além 
de ser o ponto de corte adotado por vários estudos em 
pacientes infectados pelo HIV (12,19,25,26).  

Análise estatística

Os dados coletados foram armazenados e analisa-
dos por meio do software SPSS® (Statistical Package 
for Social Sciences), versão 17.0. Foram realizadas 
frequências simples e percentuais das variáveis e deter-
minados a prevalência da hipovitaminose D e os níveis 
médios de vitamina D.

A comparação entre os grupos hipovitaminose D e 
variáveis qualitativas foi feita usando o teste Qui-quadra-
do de Pearson e, quando mais indicado, o teste exato de 
Fisher. Na comparação da hipovitaminose D com a va-
riável quantitativa idade, foi aplicado o teste Kolmogo-
rov-Smirnov e, posteriormente, o teste Mann-Whitney. 

Para a comparação da distribuição dos níveis mé-
dios de vitamina D com as variáveis qualitativas, foi 
aplicado inicialmente o teste Kolmogorov-Smirnov 
verificando-se que os níveis de vitamina D não apresen-
tavam distribuição normal. Foi então utilizado o teste 
de Mann-Whitney para os casos de comparação entre 
dois grupos (gênero, uso de filtro solar etc.), e o teste 
de Kruskall-Wallis, quando se tratava de mais de dois 
grupos (IMC, vias de transmissão e escolaridade). Para 
verificar se havia correlação entre a variável quantitativa 
idade e os níveis de vitamina D, foi determinado o coe-
ficiente de correlação de Spearman.

O nível de significância adotado foi de 5% para to-
dos os testes.

Este estudo foi aprovado pelo Comitê de Ética e 
Pesquisa (CEP) do Centro Universitário CESMAC.

RESULTADOS

No período de abril a setembro de 2013, foram atendi-
dos 224 pacientes no SAE e, entre esses, 144 eram por-
tadores de HIV/aids e 125 preencheram os critérios 
de inclusão do estudo, constituindo uma amostra com-

Hipovitaminose D e infecção pelo HIV



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

42 Arch Endocrinol Metab. 2015;59/1

posta de 64 mulheres (51,2%) e 61 homens (48,8%), 
com idade mínima de 19 e máxima de 70 anos e com 
média de 40,29 ± 11 anos.

 As características basais dos pacientes estão apresen-
tadas na tabela 1. Em relação ao fototipo de pele, o tipo 
mais frequente foi o IV (35,2%) e, após dicotomizada 
essa variável, houve predomínio do grupo não negro 
(69,6%). A maioria tinha baixa renda e baixa escolarida-
de, não usava filtro solar (82.4%), não fumava (76%) e 
não relatou uso de álcool (68%). 

A hipovitaminose D foi observada em 24% da popu-
lação total do estudo, incluindo 22,4% com insuficiên-
cia de vitamina D e 1,6% com deficiência de vitamina D.

 A média dos níveis de vitamina D foi de 39,3 ± 
12,8 ng/mL (valor mínimo de 18,2 e máximo de 
93,2 ng/mL).

Em relação às características clínicas e de tratamento 
(Tabela 2), a via de transmissão mais prevalente foi a 
sexual, com tempo de diagnóstico da infecção superior 
a cinco anos. A maioria (56,8%) nunca apresentou in-

Tabela 1. Distribuição das frequências segundo as características 
sociodemográficas e comportamentais

Frequência %

Gênero

Feminino 64 51,2

Masculino 61 48,8

Renda familiar

Até um salário-mínimo 70 56

Dois ou mais salários-mínimos 55 44

Uso de filtro solar

Sim 22 17,6

Não 103 82,4

Fototipo de pele

Tipo I – Pele muito branca 1 0,8

Tipo II – Pele branca 15 12

Tipo III – Pele morena clara 27 21,6

Tipo IV – Pele morena moderada 44 35,2

Tipo V – Pele morena escura 29 23,2

Tipo VI – Pele negra 9 7,2

Fototipo estratificado em duas categorias

Negros 38 30,4

Não negros 87 69,6

Escolaridade

Fundamental incompleto 55 44

Fundamental completo 33 26,4

Médio completo 30 24

Superior completo 7 5,6

Tabagismo

Sim 30 24

Não 95 76

Alcoolismo

Sim 40 32

Não 85 68

Fonte: Dados da pesquisa.

Hipovitaminose D e infecção pelo HIV

Tabela 2. Distribuição das frequências segundo as características clínicas 
e de tratamento

Frequência %

Transmissão

Sexual 108 86,4

Drogas 02 1,6

Acidentes ocupacionais 01 0,8

Outras formas* 13 10,4

Não sabe 01 0,8

Tempo de diagnóstico

< 5 anos 46 36,8

≥ 5 anos 79 63,2

CD4

> 200 96 76,8

≤ 200 15 12

Sem registro 14 11,2

Carga viral

Indetectável 60 48

Detectável 55 44

Sem registro 10 8

Infecção oportunista

Sim 54 43,2

Não 71 56,8

Uso de TARV

Sim 104 83,2

Não 21 16,8

Hipertensão

Sim 26 20,8

Não 99 79,2

Diabetes

Sim 07 5,6

Não 118 94,4

IMC

Baixo peso 06 4,8

Eutrófico 62 49,6

Sobrepeso 39 31,2

Obesidade 18 14,4

Fonte: Dados da pesquisa.
* Transmissão vertical, procedimentos hospitalares e hemotransfusão.
TARV: terapia antirretroviral; IMC: índice de massa corpórea. 



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

43Arch Endocrinol Metab. 2015;59/1

fecção oportunista e estava em uso da TARV (83,2%). 
A média da contagem de LT CD4 foi de 573,59 cel/mm3. 
Essa variável foi posteriormente dicotomizada em CD4 
> 200 ou CD4 ≤ 200, e 76,8% dos participantes apre-
sentaram CD4 > 200 cel/mm3. Em relação à carga vi-
ral, essa variável foi dicotomizada em detectável (> 50 
cópias/mL) ou indetectável (≤ 50 cópias/mL), com 
48% dos participantes apresentando níveis indetectáveis 
e 44% níveis detectáveis. A maioria dos pacientes não 
era hipertensa (69,3%) nem diabética (94,4%) e foi con-
siderada eutrófica (49,6%).

Não houve associação significativa entre hipovita-
minose D e as variáveis independentes avaliadas, com 
exceção de renda familiar (p < 0,05) (dado não mos-
trado). Entretanto, a comparação entre os níveis médios 
de vitamina D e as variáveis independentes mostrou 
associações estatisticamente significativas, com valores 
mais altos nas mulheres (p < 0,001); valores mais bai-
xos naqueles sujeitos que usavam filtro solar (p < 0,05) 
e nos indivíduos com uma maior renda (p < 0,05).  
O uso da TARV (p < 0,05) e a presença de sobrepeso 
e obesidade (p < 0,01) também foram significativamen-
te associados com valores mais baixos de vitamina D.  
O valor médio de 25(OH)D foi maior nos pacientes com 
histórico de infecção oportunista (p < 0,01) (Tabela 3).

DISCUSSÃO

A hipovitaminose D apresenta-se como uma desordem 
comum, associada a várias condições clínicas que vão 
além da manutenção do equilíbrio ósseo. A literatura 
atual tem mostrado um crescente interesse na avaliação 
dos níveis de vitamina D e fatores correlacionados em 
pacientes portadores de HIV/aids, por reconhecer o 
alto risco de deficiência dessa vitamina nesses pacientes. 
O presente estudo foi o primeiro que avaliou a pre-
valência de hipovitaminose D e seus preditores, em 
uma população de pacientes infectados pelo HIV/aids, 
na cidade de Maceió-AL, reconhecidamente ensolarada 
e com baixa latitude (09°37’57’’Sul). 

Em relação ao gênero, a maioria dos trabalhos em 
pacientes infectados pelo HIV não encontra diferença 
estatisticamente significante no que diz respeito à hipo-
vitaminose D (12,16,19). No entanto, neste estudo, o 
valor médio dos níveis de vitamina D foi significativa-
mente superior nas mulheres em relação aos homens da 
amostra (43,9 ± 15 ng/mL versus 34,5 ± 7,4 ng/mL 
respectivamente). No trabalho de Van Den Bout-Van 
Den Beukel e cols. (27), indivíduos do sexo feminino 

Tabela 3. Níveis médios de vitamina D em relação às variáveis 
independentes

N Média 
(ng/mL) DP Valor de 

p

Gênero

Feminino 64 43,91 ± 15,00 < 0,001

Masculino 61 34,51 ± 7,41

Filtro solar

Sim 22 34,79 ± 10,08 0,042

Não 103 40,31 ± 13,12

Renda

Até um salário-mínimo 70 42,57 ± 14,16 0,029

Dois ou mais 
salários-mínimos 55 35,23 ± 9,4

IMC

Baixo peso 6 40,08 ± 9,52 0,005

Eutrófico 62 42,79 ± 14,71

Sobrepeso 39 37,23 ± 10,24

Obesidade 18 31,77 ± 6,33

Uso de TARV

Sim 104 37,6 - 0,018

Não 21 47,6 -

Infecção oportunista

Sim 54 42,69 ± 13,49 0,008

Não 71 36,79 ± 11,64

Fonte: Dados da pesquisa. Dados das variáveis que apresentaram significância estatística.
IMC: índice de massa corporal; TARV: terapia antirretroviral.

apresentaram risco mais elevado para hipovitaminose D 
em análise univariada, embora não tenha sido confirma-
do na análise multivariada do mesmo estudo.

Apesar de a idade avançada ser considerada um tra-
dicional fator de risco para hipovitaminose D (28), no 
presente estudo, porém, essa associação não foi obser-
vada em concordância com estudos anteriores em por-
tadores do HIV (12,25). Allavena e cols. (19) também 
não encontraram associação significativa entre idade 
e hipovitaminose D, justificando que sua amostra era 
constituída por pacientes mais jovens, com poucos pa-
cientes acima de 60 anos, semelhante ao presente estu-
do, no qual a média de idade foi de 40 anos. 

Foi observada uma prevalência de hipovitaminose D 
de 24% com 1,6% de deficiência dessa vitamina, valor 
considerado inferior se comparado a outros estudos em 
pacientes infectados pelo HIV (12,19,25,26,29). Ape-
sar de não ter sido encontrada uma alta prevalência, há 
de se ressaltar que Maceió é uma cidade situada a uma 
baixa latitude, com índice ultravioleta (UV) considera-
do elevado (30) e alta incidência solar o ano todo. 

Hipovitaminose D e infecção pelo HIV
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Oyedele e cols. (3) observaram que a prevalência de 
deficiência de vitamina D em estudos com pacientes in-
fectados pelo HIV alcançou taxas que variaram de 10 a 
73%. Os autores reforçaram que a variação nas taxas de 
deficiência de vitamina D encontrada pode estar rela-
cionada a diferenças demográficas e de localidade, além 
de outras variáveis próprias das populações estudadas. 
Citam também que a metodologia empregada e os dife-
rentes pontos de corte usados para definir deficiência/
insuficiência dessa vitamina constituem grandes limita-
ções dos estudos transversais envolvendo pacientes in-
fectados pelo HIV.

A maioria dos indivíduos do presente estudo 
(82,4%) não fazia uso de protetor solar e referia se ex-
por muito ao sol. Apesar de não ter sido quantificado o 
grau de exposição solar, os frequentes relatos de que os 
pacientes andavam muito a pé ou dependiam do trans-
porte público para se deslocar, resultando em aumento 
do tempo exposto ao sol, possivelmente influenciaram 
os resultados deste estudo em relação à prevalência de 
hipovitaminose D. No Brasil, não existem alimentos 
suplementados com vitamina D em quantidades consi-
deráveis na dieta usual, sendo a exposição solar a maior 
fonte de obtenção de vitamina D. 

Neste estudo, foi encontrada uma correlação signifi-
cativa entre renda familiar e a variável dependente hipovi-
taminose D. Também foram observados níveis mais ele-
vados de 25(OH)D em indivíduos com renda mais baixa. 
Entretanto, Ansemant e cols. (26) citam a condição social 
precária como fator de risco para hipovitaminose D em 
pacientes HIV infectados. A influência do nível socioeco-
nômico na ocorrência da hipovitaminose D é complexa 
e difícil de ser estabelecida, uma vez que diversos fatores 
podem ocasionar níveis inadequados dessa vitamina. 

Valores mais baixos de 25(OH)D foram encontra-
dos nos indivíduos que usavam filtro solar, ratificando 
o estudo de Matsuoka e cols. (8), que mostrou redução 
de mais de 95% na síntese de vitamina D na pele devido 
ao uso de filtro solar com fator de proteção 30. Estudos 
que avaliaram o uso de filtro solar correlacionando com 
o status de vitamina D em populações de pacientes por-
tadores do HIV/aids não foram encontrados. 

Em relação à escolaridade, não foi encontrada cor-
relação significativa com hipovitaminose D, semelhante 
a estudos anteriores em pacientes infectados (29) e não 
infectados pelo HIV (6). Poucos estudos na literatura 
fazem referência a correlações entre níveis inadequados 
de vitamina D e grau de instrução dos indivíduos. 

A maioria dos trabalhos pesquisados não avaliou a 
pele em relação ao fototipo, apenas classificando os pa-
cientes quanto à raça. Neste estudo, não houve associa-
ção estatisticamente significante entre hipovitaminose D 
e os grupos não negro (fototipos de I a IV) e negro 
(fototipo V e VI). Apesar de a literatura mostrar predo-
minância de níveis baixos de vitamina D em indivíduos 
portadores de HIV da raça negra (5,12,17), o estudo 
de Wasserman e cols. (25) também não encontrou as-
sociação entre hipovitaminose D e cor da pele.

Neste estudo, não foi observada associação entre 
uso de álcool e/ou tabaco com hipovitaminose D. Com 
relação ao tabagismo, alguns estudos em portadores do 
HIV (19,25,26) mostram associação significativa com 
hipovitaminose D e outros não (12,29).

Os pacientes, em sua maioria, estavam bem contro-
lados do ponto de vista da infecção pelo HIV e faziam 
uso regular de TARV. Há de se ressaltar que o Brasil 
é um país onde os pacientes portadores de HIV têm 
acesso gratuito às medicações antirretrovirais por meio 
da política do SUS, o que facilita maior controle da in-
fecção. A maior parte apresentou carga viral indetectá-
vel, não ocorrendo associação significante com os níveis 
da vitamina D, conforme Crutchley e cols. (17). En-
tretanto, outros estudos observaram uma relação esta-
tisticamente significativa entre baixos valores de 25(OH)
D e elevação da carga viral (16,31). Também não foi 
observada associação significativa dos níveis de vitamina D 
com a contagem de LT CD4. A relação entre níveis de 
25(OH)D e LT CD4 não é consensual (32), pois al-
guns estudos demonstram uma associação significativa 

(19,32), enquanto outros não verificam essa associação 

(12,17,18,25). Níveis médios mais baixos de vitamina D 
foram significativamente associados ao uso de TARV, 
ratificando trabalhos anteriores que demonstraram a 
mesma associação (12,19,33,34). 

Neste trabalho, o tempo de diagnóstico da infecção 
pelo HIV não apresentou relação estatisticamente sig-
nificante com os níveis de 25(OH)D, semelhante ao es-
tudo de Allavena e cols. (19). De acordo com Mueller 
e cols., pacientes com menor tempo de diagnóstico ge-
ralmente apresentam uma condição de saúde mais pre-
cária, favorecendo menores níveis de vitamina D (33). 
Como a maioria dos pacientes avaliados tinha mais de 
cinco anos de diagnóstico e era bem controlada quanto 
à infecção, isso pode ter contribuído para a baixa preva-
lência de hipovitaminose observada neste estudo.

Relatos da associação entre vitamina D e doenças 
oportunistas definidoras de aids são escassos. Os níveis 

Hipovitaminose D e infecção pelo HIV
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de vitamina D, neste estudo, foram significativamente 
superiores nos pacientes que já apresentaram infec-
ções oportunistas. Mehta e cols. demonstraram bai-
xos níveis de vitamina D associados à maior incidência 
de infecções pulmonares (18). No estudo EuroSIDA, 
hipovitaminose D foi significativamente relacionada 
com maior risco de eventos ligados à aids (35). Neste 
trabalho, a ocorrência de doenças oportunistas não 
foi documentada no mesmo momento da pesquisa, 
sendo as mesmas referenciadas como eventos pregres-
sos. É possível crer que pacientes que já apresentaram 
essas doenças tenham um maior cuidado com a saúde, 
refletindo em uma maior média de vitamina D, entre-
tanto, mais estudos são necessários para um melhor 
esclarecimento.

A amostra de pacientes deste estudo apresentou bai-
xa prevalência de hipertensão e diabetes melito e não 
houve associação significativa com hipovitaminose D. 
No entanto, o estudo de Vescini e cols. (28) concluiu 
que a hipovitaminose D está moderadamente associa-
da ao risco de comorbidades como doenças cardiovas-
culares e diabetes. Dao e cols. (12) encontraram uma 
associação significante entre hipertensão arterial e hipo-
vitaminose D, porém não evidenciaram associação em 
relação ao diabetes. 

Foi observada predominância significativa de níveis 
mais baixos de vitamina D em indivíduos portadores 
de sobrepeso e obesidade. A ocorrência de hipovitami-
nose D nesses indivíduos pode estar associada ao se-
questro de vitamina D no tecido adiposo, diminuindo 
sua biodisponibilidade, bem como a existência de uma 
menor exposição solar em obesos (36). Em pacientes 
portadores de HIV, dados conflitantes existem na lite-
ratura a respeito da influência do IMC nos níveis de vita-
mina D. Alguns estudos (5,12,17,29) têm encontrado 
uma associação significante entre alto IMC e deficiência 
de vitamina D, e outros não mostram essa associação 
(19,25). 

O presente estudo apresenta como limitação a uti-
lização de uma amostra de conveniência, dificultando 
a extrapolação desses resultados para uma população 
maior. Além disso, o desenho transversal impossibilita 
o estabelecimento de relações de causalidade, podendo 
apenas sugerir associações. Os pesquisadores examina-
ram todos os pacientes que frequentavam regularmente 
o serviço de atendimento especializado, podendo ter 
gerado uma amostra homogênea em relação aos cui-
dados de saúde e, talvez, um viés de seleção, uma vez 
que foram examinados aqueles pacientes que buscavam 
atendimento médico. No entanto, este estudo tem sua 

relevância no esclarecimento da prevalência da hipovi-
taminose D e seus fatores associados em uma popula-
ção de pacientes infectados pelo HIV que frequenta um 
hospital universitário, em uma cidade que é ensolarada 
ao longo do ano. Apesar de vários estudos com essa 
temática no mundo, poucos têm sido desenvolvidos no 
Brasil e em especial na região nordeste. 

Os resultados deste estudo permitem concluir que 
a hipovitaminose D em pacientes infectados pelo HIV 
não é rara, ratificando estudos anteriores que sugerem a 
dosagem rotineira dessa vitamina nesses pacientes. Uso 
de filtro solar, TARV e presença de sobrepeso e obesi-
dade, tradicionais fatores de risco para hipovitaminose D, 
estiveram significativamente associados com níveis mais 
baixos dessa vitamina. A prevalência de hipovitaminose 
encontrada, considerando como suficiência de vitamina 
D tanto valores acima de 20 ng/mL quanto de 30 ng/
mL, foi inferior a estudos anteriores em pacientes infec-
tados pelo HIV, fato que pode estar relacionado às ca-
racterísticas da localidade do estudo, com baixa latitude 
e incidência solar elevada o ano inteiro.

Declaração: os autores declaram não haver conflitos de interesse 
científico neste estudo.
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The association of autoimmune 
thyroiditis and non-functional adrenal 
incidentalomas with insulin resistance

Melia Karakose1, Basak Karbek1, Mustafa Sahin2, Muyesser Sayki Arslan1,  
Oya Topaloglu1, Gonul Erden3, Taner Demirci1, Mustafa Calıskan1, Tuncay Delibasi1

ABSTRACT
Objective: Patients with incidental nonfunctioning adrenal adenoma are associated with increased 
risk of obesity, impaired glucose tolerance and dyslipidemia. We aimed to investigate the relationship 
between thyroid function, serum lipids and insulin resistance in patients with nonfunctioning adrenal 
incidentaloma. Subjects and methods: Forty patients who had diagnosed as adrenal incidentaloma 
(AI) in our department were included in the study. Serum free triiodothyronine (fT3), free thyroxine 
(fT4), thyroid stimulating hormone (TSH), anti-thyroperoxidase antibody (anti-TPO Ab) and anti-thyro-
globulin antibody (anti-Tg Ab), lipid profile, hs-CRP, fasting insulin levels were measured and insulin 
resistance calculated by HOMA-IR. Thyroid volume (TV) was assessed. Results: None of the patients 
showed specific signs and symptoms of hormone excess. TV, TSH and fT3 levels in the patient and 
control groups did not differ significantly (p > 0.05). The serum fT4, anti-TG Ab, anti-TPO Ab levels in 
the patient group were significantly higher than in the control group (p = 0.013, p < 0.0001, p = 0.016 
respectively). The HOMA-IR, hs-CRP and HDL cholesterol levels in the AI patients were significantly 
higher than the control group (p = 0.034, p = 0.041, p = 0.002, respectively). Statistically significant 
relationship was found between HOMA-IR and thyroid volume (r = 0.373, p = 0.018), fT4 (r = 0.382, p 
= 0.015), hs-CRP (r = 0.512, p = 0.001), HDL cholesterol (r = 0,351 p = 0.026) in AI patients. There were 
significant correlation between anti-TG Ab, anti-TPO Ab and TSH levels in AI patients (r = 0.431 p = 
0.006, r = 0.402 p = 0.012). Conclusions: Patients with nonfunctioning adrenal incidentaloma have 
several metabolic disturbances. At the same time autoimmune thyroid disorders are more frequent 
in nonfunctioning adrenal incidentaloma patient so that thyroid functions must be evaluated in those 
patients. Arch Endocrinol Metab. 2015;59(1):47-51
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INTRODUCTION

T he term adrenal incidentaloma (AI) is usually de-
fined as an adrenal mass unexpectedly detected 

through an imaging procedure performed for reasons 
a prior unrelated to adrenal dysfunction or suspected 
dysfunction. The presence of an AI has been associated 
with an increased incidence of several cardiovascular 
risk factors. In fact, patients with AI can show a high 
prevalence of obesity, hypertension, diabetes mellitus, 
glucose intolerance and dyslipidemia (1-4). These ab-
normalities, typical of overt Cushing syndrome (CS), 
are more frequent in patients with subclinical Cushing 
syndrome (SCS); nevertheless, they can be also found in 
patients with apparently nonfunctioning adrenal masses 
(5). Patients with non-functioning AI exhibit elevated 
levels of D-dimers, interleukin-6 (IL-6), adiponectin, 
resistin, tumor necrosis factor (TNF)-alpha and mono-
cyte chemoattractant protein 1 (MCP-1) (6,7). 

Thyroid hormones influence carbohydrate and lipid 
metabolism, even in the euthyroid state. They regulate 
hepatic gluconeogenesis, lipogenesis and lipolysis. Also, 
thyroid hormones modulate mRNA and protein expres-
sion of the glucose transporter 4, AMP activated protein 
kinase, and acetyl CoA carboxylase in skeletal muscle (8). 
Recently, there have been reports suggesting an asso-
ciation between low thyroid hormone levels and insulin 
resistance and/or metabolic syndrome in euthyroid sub-
jects. Ross and cols. found that insulin resistance; total 
cholesterol, low-density lipoprotein cholesterol, high-
density lipoprotein cholesterol and triglycerides were 
significantly associated with free T4 level in euthyroid 
subjects (9). Garduño-Garcia and cols. reported a sig-
nificant association between fT4 levels and high-density 
lipoprotein cholesterol, insulin and HOMA-IR (10). 

The routine use of abdominal imaging procedures 
have significantly increased the incidental finding of 
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adrenal masses. Many patients with incidental nonfunc-
tioning adrenal adenoma have increased risk of obesity, 
impaired glucose tolerance and dyslipidemia (11-13). 
We aimed to investigate the relationship between thy-
roid function, serum lipids and insulin resistance in pa-
tients with nonfunctioning adrenal incidentaloma. 

MATERIALS AND METHODS 

Patients and controls

Forty patients with consecutively diagnosed AI in our 
department were included in the study. None of the 
 patients with AI showed specific signs and/or symp-
toms of hormone excess and none were receiving hor-
monal therapy. Screening tests to rule out catechol-
amine, mineralocorticoid as well as glucocorticoid 
overproduction were negative in all patients. None of 
them had symptoms of overt endocrinopathy or other 
disease that could influence results of the evaluations. 
Patients with a history of acute coronary syndrome, 
heart failure, pulmonary embolism, stroke, cardiomy-
opathy, diabetes mellitus, infectious diseases and he-
patic or renal disorders, pregnancy were excluded from 
the study.

The control group consisted of 61 healthy volun-
teers. Control group was selected among healthy sub-
jects with normal adrenal imaging that matches with 
patients according to age, gender and body mass index 
(BMI). All patients and controls underwent medical 
history and physical examination. The study protocol 
was approved by the ethics committee of our hospi-
tal and all the participants provided written informed 
consent.

Clinical and biochemical evaluation

All patients with AI and controls underwent anthro-
pometric measurements and biochemical screening. 
The waist/hip ratio and body mass index (BMI) were 
calculated. Fasting blood samples were obtained in 
the morning between 08:00 and 11:00 hours. Serum 
high-density lipoprotein cholesterol (HDL-C), total 
cholesterol (TC), triglycerides levels by spectrophoto-
metric assay (Advia 2400, Siemens Healthcare Diag-
nostics Inc., Tarrytown USA). The fasting serum in-
sulin level was measured using the chemiluminescent 
immunoassay method (Advia Centaur XP, Siemens 
Healthcare Diagnostics Inc., Tarrytown, USA). The 
estimate of insulin resistance was calculated using the 

HOMA-IR index. TSH, fT3 and fT4 were measured 
via chemiluminescent microparticle immunoassay 
(Abbott, Architect i2000, Abbott Laboratories Diag-
nostics Division, IL, USA). Anti-thyroglobulin anti-
body (anti-Tg Ab) and anti-thyroperoxidase antibody 
(anti-TPO Ab) were measured via chemiluminescent 
competitive immunoassay (Siemens, Advia centaur 
XP). Reference limits were as follows: fT3: 1.71-3.71 pg/
mL; fT4: 0.7-1.48 ng/dL, TSH: 0.35-4.94 µIU/mL, 
anti-Tg Ab: 0-60 U/mL, anti-TPO Ab: 0-57 U/mL. 
Anti-Tg Ab and anti-TPO Ab concentrations > 60 
IU/mL and > 57 IU/mL, respectively, were conside-
red positive.

Endocrine evaluation

None of the patients with AI showed specific signs 
and/or symptoms of hormone excess and none were 
receiving hormonal therapy. All patients underwent 
the following endocrine workup aimed to study the 
hypothalamic-pituitary-adrenal axis. Serum cortisol, 
and plasma corticotrophin (ACTH) were determined 
in basal condition and measurement of the 24-h ex-
cretion of urinary-free cortisol (UFC) was performed. 
All patients underwent an overnight 1-mg dexametha-
sone (DXM) test. The suppression was adequate when 
morning cortisol fell below 1.8 µg/dL. If inadequate, 
a two-day low-dose DXM suppression test was per-
formed (2 mg, four times a day for 2 days). Urinary 
metanephrine, and normetanephrine excretion to ex-
clude the presence of pheochromocytoma and the up-
right plasma aldosterone to plasma renin activity ratio 
to exclude primary aldosteronism, were performed. In 
control subjects, measurement of serum cortisol in the 
morning, measurement of 24-h UFC excretion and 
overnight low-dose dexamethasone suppression test 
was performed. Normal ranges of serum and urinary 
cortisol and plasma ACTH were determined as pre-
viously reported (14). 

Thyroid volume (TV) was assessed using a high 
resolution ultrasound machine (Hitachi, Japan; EUB 
7000) with a 6-14 megahertz high frequency linear 
transducer. Thyroid volumes were calculated by multi-
plication of three diameters.

Statistical analysis

The statistical analysis was performed with the SPSS sta-
tistical software (version 18; SPSS, Chicago, IL, USA). 
Normality of the variables was tested by Kolmogorov-

Adrenal incidentaloma and thyroid
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Smirnov test. Differences between groups were ana-
lyzed by one way analysis of variance or Mann-Whitney 
U-test when appropriate. Frequencies were analyzed by 
χ2. Correlations between variables were performed us-
ing Spearman’s rho correlation coefficient. Results are 
expressed as mean ± SD. A probability value of 0.05 
was considered to be statistically significant.

RESULTS

The study included 40 AI patients (mean age of 55.6 
± 10.6 years) and 61 controls (mean age of 53.9 ± 6 
years). The general characteristics of the patients and 
controls are presented in the table 1. The mean  adrenal 
mass size was 3.0 ± 0.7 cm. None of the patients 
showed specific signs and symptoms of hormone ex-
cess. All adrenal incidentalomas were unilateral. None 
of the patients with AI underwent adrenalectomy and 
followed-up with serial CT or magnetic resonance im-
aging (MRI) and endocrine evaluation was planned.

Table 1. Demographic and clinical data of the AI patients and controls

AI n = 40 Control n = 61 p

Age (mean ± SD) 55.6 ± 10.6 53.9 ± 6 NS

Gender

Male 16 (40%) 30 (49.2%) NS

Female 24 (60%) 31 (50.8%)

BMI (kg/m2) 27.8 ± 2.3 26.9 ± 3.6 NS

Total cholesterol, mg/dL 185.4 ± 30 199.6 ± 36.4 0.044

Triglycerides, mg/dL 130.9 ± 51.9 150.8 ± 79.1 NS

HDL cholesterol, mg/dL 57.9 ± 25.4 45.5 ± 14.4 0.041

LDL cholesterol, mg/dL 99,9 ± 31,1 122.2 ±  31.4 0.001

Fasting glucose, mg/dL 92.05 ± 9.42 87.9 ± 12.3 NS

HOMA-IR 3.3 ± 2,9 1.9 ± 1.2 0.002

Hs-CRP, mg/L 1.8 ± 0.8 1.3 ± 1 0.034

BMI: body mass index; HDL-C: high density cholesterol; LDL-C: low density cholesterol; HOMA-IR: 
homeostasis model assesment of insulin resistance; Hs-CRP: high-sensitivity c-reactive protein.
Values are shown as mean ± SD.

The mean thyroid volume was 6.38 ± 3.90 mL was 
in AI patients while 6.81 ± 3.55 mL in healty controls 
(p = 0.58). AI patients had higher prevalence of positive 
anti-Tg Ab than control group (52.5 vs. 11.7%). The 
divergence was statistically significant (p < 0.0001). 
The prevalence of subjects with positive anti-TPO Ab 
in patients and control group were 51.3 and 27.6%, 
respectively. It was significantly higher in AI patients 
(p = 0.016).

The TSH and fT3 levels in the patient and con-
trol groups did not differ significantly (TSH: 1.8722 
± 1.4482 µIU/mL vs. 1.6412 ± 0.9949 µIU/ mL,  
p = 0.868; fT3: 2.90 ± 0.5 pg/mL vs. 2.89 ± 0.4 pg/mL, 
p = 0.928). The serum fT4 levels in the patient group 
were significantly higher than in the control group 
(fT4: 1.22 ± 0.5 ng/dL vs. 1.05 ± 0.2 ng/dL, p = 
0.013) (Figure 1). The thyroid test of the AI patients 
and controls were presented in the table 2.

Adrenal incidentaloma and thyroid

Table 2. The thyroid test of the AI patients and controls

AI n = 40 Control n = 61 p

TSH, µIU/mL 1.8722 ± 1.4482 1.6412 ± 0.9949 NS

fT3, pg/mL 2.90 ± 0.5 2.89 ± 0.4 NS

fT4, ng/dL 1.22 ± 0.5 1.05 ± 0.2 0.013

Anti-Tg Ab       Positive

                       Negative

21 (52.5%)

19 (47.5%)

7 (11.7)

53 (88.3)

< 0.0001

Anti-TPO Ab     Positive

                       Negative 

20 (51.3%)

19 (48.7%)

16 (27.6%)

42 (72.4%)

0.016

TV, mL 6.38 ± 3.90 6.81 ± 3.55 NS

TSH: thyroid stimulating hormone; fT3: free tri-iodo thyronine; fT4: free thyroxine; Anti-Tg Ab: 
anti-thyroglobulin antibody; Anti-TPO Ab: anti-thyroperoxidase antibody; TV: thyroid volume.

Values are shown as mean ± SD.

Figure 1. Comparison of HOMA-IR, hs-CRP and fT4 levels between 
groups.
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There weren’t any significant differences in age, 
gender, BMI, triglyceride, fasting blood glucose be-
tween the patient and control groups. The total choles-
terol, LDL cholesterol were significantly higher in the 
controls than in the AI patients (p = 0.044, p = 0.001). 
HDL cholesterol were significantly higher in the AI pa-
tients (p = 0.041). HOMA-IR and hs-CRP values were 
higher in the AI patients than that in the controls (3.3 
± 2.9 vs. 1.9 ± 1.2, p = 0.002 and 1.8 ± 0.8 m/L vs. 1.3 
± 1 mg/L, p = 0.034 respectively) (Figure 1). 
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Statistically significant relationship was found be-
tween HOMA-IR and thyroid volume (r = 0.373, p 
= 0.018) (Figure 2), hs-CRP (r = 0.512, p = 0.001) 
(Figu re 3), fT4 (r = 0.382, p = 0.015), HDL cholesterol  
(r = 0,351 p = 0.026) in AI patients. And also there 
was statistically significant relationship between fT4 
and HDL cholesterol (r = 0.366, p = 0.02) in AI pa-
tients. The correlation between anti-TG Ab, anti-TPO 
Ab and TSH levels were also statistically significant in 
AI patients (r = 0.431 p = 0.006, r = 0.402 p = 0.012).

asymptomatic and are often considered as non-func-
tional tumors. Patients with clinically inactive adrenal 
adenomas as a group exhibit insulin resistance and a 
variety of metabolic disturbances and manifestations of 
the metabolic syndrome (5,16-18). The present data 
allow them to hypothesize that the subtle autonomous 
cortisol secretion of these adrenal adenomas may cause 
an acquired condition of insulin resistance and leading 
to an increased incidence of several cardiovascular risk 
factors. In a multi-institutional survey performed in 
Italy which collected 1,004 patients with AI, the preva-
lence of arterial hypertension, diabetes mellitus type 2 
and obesity were 41%, 10% and 28%, respectively (19). 
Yener and cols. showed that carotid intima media thick-
ness (CIMT) and HOMA-IR were increased in non-
functioning adrenal incidentaloma patients and also 
morning cortisol was independently associated with 
HOMA levels in AI patients (20). 

Insulin resistance generally considered to induce 
disturbed glucose tolerance, dislipoproteinemia, hy-
pertension and play a key role in the development of 
atherosclerotic diseases. Midorikawa and cols. had de-
monstrated an incidence of insulin resistance, disturbed 
glucose tolerance and elevated blood pressure in patients 
with non-functioning adrenal adenoma and subsequent 
improvement in these metabolic states after removal of 
the tumors (21). Fernández-Real and cols. showed that 
a high prevalence of disturbed glucose tolerance was 
found among patients with incidental non-functional 
adrenal adenomas however lower than that described 
for Cushing’s syndrome but higher than expected (22). 

In this study, we showed that subjects with non-
functioning AI have increased HOMA-IR, HDL cho-
lesterol, hs-CRP, fT4 when compared with healthy 
controls. We found a significant positive correlation 
between HOMA-IR, thyroid volume, fT4, hs-CRP and 
HDL cholesterol. Statistically significant relationship 
was found between fT4 and HDL cholesterol. On the 
contrary there were not a relation between cortisol levels 
and fasting glucose levels, HOMA-IR, lipid parameters. 

Those unknown steroid hormones that we could 
not detected in AI patients with today’s laboratory tests 
might be the reason of high levels of fT4. Even within 
the euthyroid range, circulating free T4 may contribute 
to the development of insulin resistance in nonfunc-
tional adrenal masses. Although thyroid function tests 
were within the normal range but statistical significant 
high fT4 levels might be responsible for those symp-
toms in nonfunctioning AI patients. 

Figure 2. Linear correlation between HOMA-IR and thyroid volume.

Figure 3. Linear correlation between HOMA-IR and hs-CRP.
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There was not a statistically significant relationship 
between TSH, fT4, fT3, hs-CRP, HOMA-IR, fasting 
glucose, lipid parameters, BMI and morning cortisol 
levels, 1-mg overnight dexamethasone suppression test 
results.

DISCUSSION

The widespread usage of imaging tools increased the 
frequency of adrenal neoplasms (15). These inciden-
tally discovered adrenal masses are mostly benign and 
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Both anti-TPO Ab and anti-Tg Ab s were more fre-
quent in AI patients than in the healthy controls, even 
in AI patients who don’t have clinical thyroid disease. 
Explanation for the high incidence of thyroid autoim-
munity in AI is open to speculation. It is still a sub-
ject of discussion as to whether AI is an independent 
risk factor for these thyroid abnormalities or whether 
this is a co-incidental finding. Our data suggest that all 
patients with AI should be screened for thyroid func-
tion and thyroid specific autoantibodies even without 
evidence of overt thyroid dysfunction, as it is known 
that those patients with anti-thyroperoxidase and anti-
thyroglobulin antibodies are likely to develop thyroid 
dysfunction later in life.

In conclusion, patients with adrenal incidentaloma 
might have several metabolic disturbances. The present 
study is the first in the literature to evaluate thyroid 
function, thyroid volume and metabolic parameters to-
gether in nonfunctioning adrenal incidentalomas. We 
demonstrated that fT4 level has a positive correlation 
with HOMA-IR and HDL cholesterol levels in non-
functioning adrenal incidentaloma patients who were 
euthyroid. Subtle abnormalities in thyroid hormone 
secretion may be occurring in adrenal incidentalomas. 
Further prospective studies should be performed to 
determine the clinical significance of these findings in 
adrenal incidentaloma patients.

Disclosure: no potential conflict of interest relevant to this article 
was reported.
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Propentofylline reverses delayed 
remyelination in streptozotocin-
induced diabetic rats

Eduardo Fernandes Bondan1,2, Maria de Fátima Monteiro Martins2,  
Maria Martha Bernardi1

ABSTRACT
Objective: The diabetic state induced by streptozotocin injection is known to impair oligodendroglial 
remyelination in the rat brainstem following intracisternal injection with the gliotoxic agent ethidium 
bromide (EB). In such experimental model, propentofylline (PPF) recently showed to improve myelin 
repair, probably due to its neuroprotective, antiinflammatory and antioxidant effects. The aim of this 
study was to evaluate the effect of PPF administration in diabetic rats submitted to the EB-demye-
linating model. Materials and methods: Adult male rats, diabetic or not, received a single injection 
of 10 microlitres of 0.1% EB solution into the cisterna pontis. For induction of diabetes mellitus the 
streptozotocin-diabetogenic model was used (50 mg/kg, intraperitoneal route – IP). Some diabetic 
rats were treated with PPF (12.5 mg/kg/day, IP route) during the experimental period. The animals 
were anesthetized and perfused from 7 to 31 days after EB injection and brainstem sections were 
collected for analysis of the lesions by light and transmission electron microscopy. Results: Diabetic 
rats injected with EB showed larger amounts of myelin-derived membranes in the central areas of the 
lesions and considerable delay in the remyelinating process played by surviving oligodendrocytes 
and invading Schwann cells after the 15th day. On the other hand, diabetic rats that received PPF 
presented lesions similar to those of non-diabetic animals, with rapid remyelination at the edges of 
the lesion site and fast clearance of myelin debris from the central area. Conclusion: The administra-
tion of PPF apparently reversed the impairment in remyelination induced by the diabetic state. Arch 
Endocrinol Metab. 2015;59(1):52-8
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INTRODUCTION

I t is widely described that focal injection of the glio-
toxic agent ethidium bromide (EB) in the white 

matter of the central nervous system (CNS) causes local 
oligodendroglial and astrocytic death, with consequent 
primary demyelination, blood-brain barrier disruption 
and Schwann cell invasion due to the glia limitans break-
down (1-6). Hyperglycemia found in diabetes mellitus is 
known to cause well described morphological and func-
tional changes in peripheral neurons and Schwann cells 
(7). Much less is understood about the effects of hyper-
glycemia on CNS cells, mainly on glia. It is recognized 
that diabetes exacerbated astrocytic (8,9) and neuronal 
(10,11) damage induced by ischemia and reperfusion. 
On the other hand, insulin treatment prevented diabe-
tes-induced alterations in astrocyte glutamate uptake and 
reverted the decreased GFAP expression in rats at 4 and 
8 weeks of diabetes duration (12). Glial modifications 
were clearly pointed in some studies using streptozoto-

cin-diabetic rats after the injection of EB (13-15), with 
marked delay on macrophagic scavenging activity of my-
elin debris, on oligodendrocyte and Schwann cell remy-
elination (13), on blood-brain barrier repair (14) as well 
as on glial fibrillary acidic protein (GFAP) expression in 
reactive astrocytes at the periphery of the injury site (15).

Several in vitro and in vivo studies have shown 
that propentofylline [PPF, 3-methyl-1-(5’-oxohexyl)-
7-propylxanthine], a xanthine derivative, presents pro-
found neuroprotective, antioxidant and anti-inflamma-
tory effects (16,17). Clinically it has shown efficacy in 
degenerative vascular dementia (18) and as a potential 
adjuvant treatment to Alzheimer’s disease (19,20), 
schizophrenia (21) and multiple sclerosis (22). PPF 
probably depresses activation of microglial cells and 
astrocytes, which is associated with neuronal damage 
during inflammation and hypoxia and consequently de-
creases glial production and release of damaging pro-
inflammatory factors (16). In the EB demyelinating 
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model, PPF administration after gliotoxic injection sig-
nificantly increased both oligodendroglial and Schwann 
cell remyelination at 31 days (23).

Thus, the aim of this investigation was to evaluate if 
PPF had the capacity of improving activity of myelino-
genic cells in diabetic rats following EB gliotoxic injury.

MATERIALS AND METHODS

This experiment was approved by the Ethics Comission 
of the Universidade Paulista (protocol number 023/11). 
Forty-eight adult (4-6 month old) male Wistar rats were 
used and 32 animals received, after a period of fasting of 
12 hours, a single injection of streptozotocin (50 mg/
kg, Sigma) in 0.01M citrate buffer (pH 4.5) by intraperi-
toneal (IP) route. Ten days after blood glucose level was 
measured and animals with levels of 300 mg/dL or more 
were considered diabetic. At this time they were submitted 
to a local injection of 10 microlitres of 0.1% EB into the 
cisterna pontis. All rats were anaesthetized with ketamine 
and xylazine (5:1; 0.1 ml/100 g) and 2.5% thiopental (40 
mg/kg) by IP route and a burr-hole was made on the 
right side of the skull, 8 mm behind the fronto-parietal 
suture. Injections were performed freehand using a Ha-
milton Syringe, fitted with a 35o angled polished 26 gauge 
needle into the cisterna pontis, an enlarged subarachnoid 
space below the ventral surface on the pons. Diabetic rats 
were then distributed into two groups – untreated rats 
(group I, n = 16) and rats treated with 12.5 mg/kg/day 
of PPF (Agener União Química, São Paulo, SP, 20 mg/mL 
solution) by IP route during the experimental period 
(group II, n = 16). Non-diabetic rats which also received 
an intracisternal injection of 10 microlitres of EB formed 
a third group (group III, n = 16).

Body weight and blood glucose levels (Dextrostix, 
Ames) were recorded at 3 times – at the moment of the 
streptozotocin injection, at the moment of the EB in-
jection and at the time of euthanasia. The animals were 
kept under controlled light conditions (12 h light-dark 
cycle) and water and food were given ad libitum during 
the experimental period. Four rats were anaesthetized 
and were submitted to intracardiac perfusion with 4% 
glutaraldehyde in 0.1 M Sorensen phosphate buffer 
(pH 7.4) at each of the following periods - 7, 15, 21 and 
31 days post-injection (p.i.). Thin slices of the brain-
stem (pons and mesencephalon) were collected and 
post-fixed in 0.1% osmium tetroxide, dehydrated with 
graded acetones and embedded in Araldite 502 resin, 
following transitional stages in acetone. Thick sections 

were stained with 0.25% alkaline toluidine blue. Select-
ed areas were trimmed and thin sections were stained 
with 2% uranyl and lead acetate and viewed in a JEM 
-1200 EX2 JEOL transmission electron microscope.

RESULTS

Clinical observations of diabetic rats

All rats submitted to the streptozotocin injection pre-
sented hyperglycemia (levels from 320 to 730 mg/dL) 
at the 10th day and at perfusion day. During the experi-
mental period they developed characteristic polyuria, 
polydipsia and body weight loss. Plasma glucose levels 
and body weight data are shown in table 1.

Propentofylline and remyelination in diabetes

Table 1. Body weights and plasma glucose levels of the experimental 
groups

Group I Group II Group III

Day -10 (16) (16) (16)

BW (g) 268.4 ± 7.8 270.1 ± 4.5 266.6 ± 6.9

PG (mg/dL) 133.2 ± 8.3 139.7 ± 7.6 135.7 ± 5.3

Day 0 (16) (16) (16)

BW (g) 254.5 ± 6.5 256.6 ± 7.2 275.3 ± 8.3

PG (mg/dL) 382.4 ± 10.1 346.2 ± 8.9 130.3 ± 11.9

Day 7 (4) (4) (4)

BW (g) 251.2 ± 15.9 250.3 ± 16.8 278.7 ± 10.4

PG (mg/dL) 450.1 ± 6.3 389.8 ± 4.7 141.7 ± 10.6

Day 15 (4) (4) (4)

BW (g) 239.7 ± 4.2 243.7 ± 15.3 285.3 ± 9.5

PG (mg/dL) 433.5 ± 7.4 425.7 ± 10.2 139.5 ± 12.2

Day 21 (4) (4) (4)

BW (g) 247.3 ± 7.1 245.4 ± 7.3 313.4 ± 11.7

PG (mg/dL) 490.2 ± 11.4 433.3 ± 8.7 135.7 ± 11.3

Day 31 (4) (4) (4)

BW (g) 239.6 ± 14.4 237.5 ± 6.4 340.2 ± 9.7

PG (mg/dL) 469.7 ± 10.2 432.3 ± 8.1 135.7 ± 15.3

Data are presented as means ± standard deviation (SD) for the number of rats given in 
parenthesis. Group I – diabetic rats with ethidium bromide (EB) injection; Group II – diabetic rats 
with EB injection and propentofylline (PPF) treatment; Group III – non-diabetic rats with EB 
injection. BW: body weight (g); PG: plasma glucose (in mg/dL); Day -10: day of streptozotocin 
injection in groups I and II; Day 0: day of EB administration in groups I, II and III.

General aspects from EB-induced lesions

The EB-induced lesions were similar to those pre-
viously described in the brainstem of diabetic (13-
15) and non-diabetic rats (1-6). In general terms, 
they were characterized by demyelinated areas in the 
ventral surface of the pons and mesencephalon, con-
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taining in the central region phagocytic cells, vari-
able amounts of myelin-derived membranes in a dis-
tended extracellular space as well as naked axons. At 
the periphery, from 15 to 31 days p.i., it was noted 
the pre sence of oligodendrocytes and Schwann cells, 
the latter occurring in areas of enlarged extracellular 
space devoid of astrocytic extensions, notably around 
blood vessels and in subpial areas. Astrocyte processes 
were invariably seen near the incipient oligodendrog-
lial remyelination and Schwann cells were noted in 
astrocyte-free areas producing thicker sheaths than 
those formed by oligodendrocytes at the same period. 
In the central area a variable proportion of axons 
persisted without myelin until the 31st day p.i. Few 
lymphocytes and some infiltrating pial cells were also 
observed in all periods.

Comparison between EB-induced lesions from 
groups I, II and III

By 7 days p.i., the examination of semithin and ul-
trathin sections from diabetic rats from group I re-
vealed the appearance of a larger demyelinated area 
filled with huge amounts of myelin-derived mem-
branes around naked axons and foamy macrophages 
when compared with rats from groups II (diabetic 
rats treated with PPF) and III (non-diabetic rats) at 
the same period. The quantity of myelin debris was 
remarkably greater in group I and such difference ap-
peared to increase from 15 to 31 days p.i. (Figure 1A 
and B) in comparison with the other groups (Fi gure 
1C and D). No astrocytic processes were seen in the 
central area of the lesions in all groups, but in groups 
II and III astrocytic processes appeared to be more 
frequently found at the edges of the injury site after 
15 days. At peripheral locations, by day 15 p.i. cells 
with morphological resemblance to oligodendrocytes 
were seen over the edges of the lesions, some of them 
already forming thin myelin sheaths. Schwann cells 
appeared associated with one or multiple demyelin-
ated axons or already forming thin myelin lamellae 
around single axons in astrocyte-free areas. Remy-
elination was a relatively rare finding in diabetic rats 
from group I even at 31 days p.i. (Figure 2A and B) 
in relation to groups II and III (Figure 2C and D). 
Axons with signs of degeneration (Figure 3A and B) 
persisted until day 31 p.i. in animals from all groups, 
although a much larger number of degenerating fi-
bers was observed in diabetic rats from group I than 
in diabetic rats treated with PPF or non-diabetic rats. 

Pial cell infiltration was noted from 15 to 31 days p.i. 
in all groups. Differences in remyelination between 
diabetic rats from group I and diabetic rats treated 
with PPF or non-diabetic rats from group III clear-
ly appeared from day 15 p.i. as the last two groups 
presented a greater proportion of oligodendrocyte 
remyelinated axons when compared to the diabetic 
ones without PPF. Schwann cell remyelination in 
diabetic rats was also increased with PPF treatment 
(Figure 4A and B).

DISCUSSION

Diabetic rats presented lesions similar to those ob-
served in earlier investigations (13-15,24) involving EB 
injection in streptozotocin-induced diabetes and com-
parable to those observed in cyclophosphamide immu-
nosuppressed rats (5), in which large amounts of mye-
lin debris and demyelinated axons were found as well 
as delayed remyelination by both oligodendrocytes and 
Schwann cells. The persistence of myelin-derived mem-
branes in an expanded extracellular space suggested 
that somehow phagocytic activity was impaired (13). 
Diabetes has also shown to decrease GFAP expression 
in reactive astrocytes around EB-induced lesions (15). 
The mechanisms by which the diabetic state affect CNS 
glial cells, such as oligodendrocytes, and astrocytes, 
remain unclear. On the other hand, it is known that 
hyperglycemia causes intracellular glucose accumula-
tion and increases polyol pathway activity by aldose 
reductase in cells that do not need insulin for glucose 
transmembrane transport, such as Schwann cells, thus 
resulting in increased levels of sorbitol and fructose, a 
fact that may cause osmotic swelling and even cell death 
(25). Hyperglycemia may also increase oxidative stress 
and reactive oxidative species (ROS) generation, initiat-
ing apoptotic signaling pathways (26).

It is suggested that the impaired remyelination 
found in diabetic rats following EB injection may be 
caused by a lack of trophic factors for proliferation and 
differentiation of myelinogenic cells, such as surviving 
oligodendrocytes; their progenitors, the OPCs (oligo-
dendrocyte progenitor cells); and/or invading Schwann 
cells. Insulin and IGF-1, for example, which are recog-
nized as stimulating factors for Schwann cells (27), are 
decreased in experimental diabetes (28). IGF-1 and 2 
also stimulate OPC proliferation (29) and receptors for 
IGF-1 are expressed in astrocytes and oligodendrocytes 
over the edges of demyelinating lesions (30). 

Propentofylline and remyelination in diabetes
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Figure 1. Macrophages (m) in intense phagocytic activity in a central area of the lesion at 15 days after EB injection. Note in (A) and (B) from diabetic 
rats (group I) the presence of demyelinated axons (d) and the larger quantity of myelin-derived membranes (asterisk) in the extracellular space. (A) Bar = 
2 µm; (B) Bar = 1 µm. (C) Group II (diabetic rats treated with PPF); Bar = 3 µm. (D) Group III (non-diabetic rats); Bar = 4 µm.

Figure 2. (A,B) Demyelinated axons (d) persisted among macrophages (m) and myelin-derived membranes (asterisks) at 31 days in diabetic rats from 
group I despite the presence of oligodendrocytes (O). (A) Bar = 3 µm; (B) Bar = 2 µm. (C,D) Thinly remyelinated axons by oligodendrocytes (O) at 31 days. 
(C) Group II (diabetic rats treated with PPF); Bar = 2 µm. (D) Group III (non-diabetic rats); Bar = 1 µm.
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Figure 3. (A,B) Degenerating axons (arrows) were easily seen in diabetic rats from group I, even among remyelinated axons (arrowheads) at 31 days 
post-injection. v – blood vessel. (A) Bar = 3 µm; (B) Bar = 2 µm.

Figure 4. (A,B) Schwann cells (S) close to astrocytes (A) and demyelinated (in A) and remyelinated (in B) axons at 31 days following EB injection. (A) 
Group I (diabetic rats). Bar = 2 µm; (B) Group II (diabetic rats treated with PPF); Bar = 2 µm.

As previously observed in non-diabetic rats (23), PPF 
administration seemed to increase both oligodendrocyte 
and Schwann cell remyelination in the rat brainstem of 
diabetic animals following gliotoxic injury, apparently 
reversing the deleterious effects of diabetes on remyelin-
ation. Known mechanisms of PPF include inhibition of 
cyclic AMP (cAMP) and cyclic GMP phosphodiesterases 
(PDE) and action as a reuptake inhibitor for the purine 
nucleoside and neurotransmitter adenosine by blocking 
the activity of membrane nucleoside transporters (ENTs). 
This leads to increased intracellular cAMP levels and 

greater extracellular concentrations of adenosine (16), 
stimulating adenosinergic neurotransmission and adenos-
ine 2 (A2) receptor-mediated cAMP synthesis (31,32).

In the CNS, PPF acts as a glial modulator, with 
direct actions on microglia, decreasing microglial pro-
liferation and expression of inflammatory cytokines in 
vitro, such as tumor necrosis factor-a (TNF-a) and in-
terleukin 1b (IL-1b) (33,34). Regulation of cytokine 
production by leukocytes includes the adenylate cyclase 
– cAMP – protein kinase pathway, which also affects the 
activity of a great number of other cell types (35).

Propentofylline and remyelination in diabetes
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Intracellular levels of the second messenger cAMP 
can be increased by adenylate cyclase activation or by 
cAMP-degrading phosphodiesterases (PDE) inhibition. 
Elevation of cAMP in leukocytes mainly down-regu-
lates inflammatory and immune responses. Inhibition 
of secretion of the T helper cell type 1 (Th1) – derived 
cytokines IL-2, IL-12 and IFN-δ and of TNF-a synthe-
sis has been described for a number of PDE inhibitors 
(PDEIs), including PPF, and for activators of adenylate 
cyclase, such as prostaglandins (35).

Yoshikawa and cols. (34) reported that PPF, a type 
III-IV specific PDEI, although decreasing in a dose-
dependent manner the production of the inflammatory 
cytokines TNF-a, IL-1 and IL-6 by LPS-activated mi-
croglial cells in vitro, increased up to three times the 
production of IL-10, an inhibitory cytokine, which is 
recognized to impair cytokine production of Th1 lym-
phocytes. Besides IL-10 also inhibits the activation of 
macrophages and microglia induced by IFN-δ (34).

It has been hypothesized that inflammatory media-
tors could create a detrimental environment to mye-
lin and myelinogenic cells with potentially damaging 
molecules to the neural tissue. Products secreted by 
macrophages, lymphocytes and astrocytes during the 
inflammatory reaction to EB may exacerbate the di-
rect damaging effects induced by the gliotoxin. In such 
context the anti-inflammatory and antioxidant effects 
performed by PPF may be supportive to myelin repair 
even in diabetic rats, whose remyelinating capacity is 
undoubtedly compromised.

A Ca++ – dependent and excessive activation of glial 
cells is involved in neuroinflammation. In cultured mi-
croglial cells, several days’ treatment with adenosine  
agonists or PPF increased apoptosis in activated mi-
croglial cells and strongly inhibited the secretion of pro-
inflammatory substances and the formation of ROS, 
as well as their transformation into macrophages after 
injury (31,32). Probably by affecting Ca++ - and cAMP-
dependent molecular signaling pathways, PPF stimu-
lates the production of trophic factors in astrocytes, 
apparently avoiding a harmful and secondary astrocytic 
activation caused by previous microglial up-regulation.

Diabetic rats treated with PPF presented lesions that 
resembled those observed with cyclosporine treatment 
following streptozotocin-induced diabetes (24), with a 
higher density of oligodendrocytes over the edges of 
the lesions and increased remyelination. The precise 
mechanisms by which the beneficial effects of PPF oc-
cur in diabetic rats remain obscure, although it has been 

believed that drugs that elevate extracellular adenosine 
and/or block the degradation of cyclic nucleotides, like 
PPF, may explain the improvement of remyelination.
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Laboratory investigation of 
acromegaly: Is basal or random GH 
> 0.4 µg/L in the presence of normal 
serum IGF-1 an important result?

Pedro Weslley Rosario1,2, Maria Regina Calsolari2

ABSTRACT
Objective: To determine the frequency of indication of the GH suppression test and pituitary magnetic 
resonance imaging (MRI) in patients with clinical suspicion of acromegaly with GH concentrations 
> 0.4 µg/L despite normal serum IGF-1. Subjects and methods: A total of 160 patients with clinical 
suspicion of acromegaly with normal IGF-1 were studied. Results: Basal GH > 0.4 µg/L was observed 
in 70/88 women (79.5%). Nadir GH > 0.4 µg/L was found in 21/70 women (30%) and these patients 
were submitted to MRI, which revealed a microadenoma in 2/21 women (9.5%). In these two women, 
IGF-1 continued to be normal in subsequent measurements and no clinical progression has been 
observed so far (time of follow-up until now 4 years). Basal GH > 0.4 µg/L was seen in 33/72 men 
(45.8%). Nadir GH was < 0.4 µg/L in all of them. Conclusions: In patients with clinical suspicion of ac-
romegaly, concern over GH concentration in the presence of normal IGF-1 results in the unwarranted 
complementary investigation in many cases, and even in possible equivocal diagnoses. It is only in 
exceptional cases that normal IGF-1 should not rule out acromegaly. Arch Endocrinol Metab. 2015;59(1):59-63
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INTRODUCTION

A cromegaly is an insidious disease which prevalence 
might be underestimated (1-3). If untreated, ac-

romegaly is associated with high morbidity and mortali-
ty; however, when diagnosed and treated adequately, 
control of the tumor and of hormone hypersecretion 
is possible in most cases, a fact highlighting the impor-
tance of an early diagnosis of the disease.

In the case of clinical suspicion of acromegaly, inves-
tigation is traditionally started by the measurement of 
IGF-1 combined with basal GH (4-23). The disease is 
ruled out if IGF-1 is normal and basal GH is less than 0.4 
µg/L. Thus, diagnosis cannot be ruled out in patients 
with normal IGF-1 but basal GH > 0.4 µg/L. In this 
situation, investigation is based on GH suppression test 
after oral glucose overload (4-23). This strategy is justi-
fied by the analytical and normative limitations related to 
this hormone, conditions that interfere in IGF-1 mea-
surements (reducing it), and cases of acromegaly with 
normal IGF-1 (5,8,12,17,18,20,23,24). Although the 
determination of GH concentration increases the sen-
sitivity of patient testing, it is important to evaluate the 

consequences of attributing a cut-off for GH concentra-
tions when IGF-1 is normal, i.e., to consider how many 
subjects are additionally submitted to the GH suppres-
sion test and pituitary imaging methods that may lead 
to an equivocal diagnosis. We emphasize that, except for 
patients with a typical phenotype or pituitary adenoma, 
the “clinical suspicion” of acromegaly is prone to the 
subjective impression of each physician. Therefore, the 
true probability of the disease among patients submitted 
to laboratory investigation is variable, with consequences 
on the predictive value of the tests.

Using current assays and excluding known causes 
of GH suppression failure, nadir GH > 0.4 µg/L after 
oral glucose overload is indicative of autonomous GH 
secretion (5,7,8,11,14-17,19,22,23,25-32).

Using one of the algorithm traditionally recom-
mended for the investigation of patients with clinical 
suspicion of acromegaly (Figure 1), the objective of this 
prospective study was to determine the frequency of in-
dication of the GH suppression test and pituitary MRI 
and the probability of an equivocal diagnosis when 
GH concentrations > 0.4 µg/L despite normal serum 
IGF-1 are taken into consideration.



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

60 Arch Endocrinol Metab. 2015;59/1

SUBJECTS AND METHODS
The study and its respective protocol (Figure 2) were 
approved by the Ethics Committee and informed 
consent was obtained from all subjects. The study was 
prospective.

Among the patients seen by general practitioners 
between July and December 2010 at the nine primary 

Figure 2. Selection of patients included in the study and its respective 
protocol.

Figure 1. Algorithm of laboratory investigation of patients with a clinical 
suspicion of acromegaly (4-23).

Basal (random) GH and IGF-1

GH < 0.4 µg/L and normal IGF-1

Acromegaly ruled out

GH > 0.4 µg/L and/or elevated IGF-1

GH during OGTT

GH < 0.4 µg/L GH > 0.4 µg/L

Diagnosis 
of acromegaly

17,000 patientsa

Extremity enlargement (n = 179)

Normal IGF-1 (n = 170)

Patients included (n = 160)

Basal GH < 0.4 µg/L

Diagnosis excluded

Basal GH > 0.4 µg/L

Elevated IGF-1 (n = 9)

No extremity 
enlargement (n = 16,821)

Conditions that 
would interfere 
with laboratory 

investigationb (n = 10)

GH suppression test

Nadir GH < 0.4 µg/L Nadir GH > 0.4 µg/L

Pituitary MRI

Adenoma

Follow-up

Normal

a Patients seen by general practitioners at primary health care units, ranging in age from 18 to 
70 years, without known pituitary disease and excluding pregnant women.
b Diabetes mellitus, thyroid dysfunction, kidney or liver disease, anorexia nervosa, weight loss > 
5% in the last 3 months and BMI < 18.5 kg/m2, and oral estrogens.

health care units of the city of Belo Horizonte (one 
per Sanitary District), subjects of both genders ranging 
in age from 18 to 70 years without known pituitary 
disease, and excluding pregnant women, were initially 
evaluated (n = 17,000). The medical records of these 
patients were analyzed and personal interviews were 
conducted, including the application of a question-
naire for the detection of extremity enlargement (3). 
The items of the questionnaire were: has your shoe size 
increased over the last 5 years? did you have to change 
your wedding ring or ring over the last 5 years because 
it became tight? The interviews were conducted and 
the questionnaires were applied by nursing students en-
rolled in the School of Nursing (3).

One hundred seventy nine patients (1.05%) respon-
ded positively to at least one of the items of the question-
naire. Specifically for this study, considering its objective, 
only patients with normal IGF-1 were included (n = 
170). To avoid interference with the laboratory investi-
gation, patients with diabetes mellitus, thyroid dysfunc-
tion, kidney or liver disease, anorexia nervosa, weight 
loss > 5% in the last 3 months and BMI < 18.5 kg/m2, 
and women receiving oral estrogens were excluded (n = 10). 
Thus, the sample consisted of 160 patients who reported 
enlarged extremities (clinical suspicious of acromegaly), 
but had normal IGF-1 and presented no conditions that 
would interfere with laboratory investigation.

Basal GH was measured in the same sample as 
IGF-1. The latter was normal in all patients (inclusion 
criteria). When GH levels were > 0.4 µg/L, a new mea-
surement was obtained during an oral glucose toler-
ance test (OGTT) (GH before and 30, 60, 90 and 120 
min after the oral administration of 75 g anhydrous 
glucose). The samples were collected in the morning 
after an approximately 10-h fast and the subject rested 
for 20 min before and during the OGTT. Patients with 
nadir GH > 0.4 µg/L (5,7,8,11,14-17,19,22,23,25-
32) were submitted to MRI of the pituitary using gad-
olinium as contrast agent.

GH was measured by chemiluminescence assay (Im-
mulite, Diagnostic Products Corporation, Los Ange-
les, CA). The analytical and functional sensitivities of 
the assay were 0.01 μg/L and 0.05 µg/L, respectively; 
with interassay coefficient of variation < 6.6% at con-
centrations between 0.3 and 17 μg/L. The standard 
provided by the kit was calibrated against the World 
Health Organization (WHO) 2nd International Stan-
dard (IS) 98/574. The results are expressed as µg/L. 
IGF-1 was measured by immunochemiluminescent as-

Laboratory investigation of acromegaly
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say (Immulite 2000, Diagnostic Products Corporation, 
Los Angeles, CA). The analytical sensitivity of the assay 
was 25 μg/L, with intra- and interassay coefficients of 
variation < 8%. Previously established reference values 
stratified by sex and age based on a sample of 1,000 
subjects rigorously selected in the same town where the 
study was conducted were used (33).

RESULTS

Women (n = 88)

Basal GH > 0.4 µg/L was observed in 70/88 women 
(79.5%), who were submitted to the OGTT because of 
this result. Nadir GH > 0.4 µg/L was found in 21/70 
women (30%) (Table 1). These patients were therefore 
submitted to pituitary MRI, which revealed a lesion 
compatible with microadenoma (hypointense nodule 
measuring 4 and 6 mm in diameter and showing no 
contrast enhancement after the administration of gad-
olinium) in 2/21 women (9.5%). These two women 

continue under follow-up (at intervals of 6 months). 
IGF-1 levels have remained within normal range in 
subsequent measurements and no progression of clini-
cal manifestations has been observed so far. In addi-
tion, reassessment of GH suppression after OGTT, 
performed after 36 months, still resulted in GH nadir 
between 0.4 µg/L and 1 µg/L (0.6 and 0.7 µg/L, 
respectively). The time of follow-up, until now, is 4 
years.

Interestingly, nadir GH > 0.4 µg/L on OGTT and 
indication of pituitary MRI was observed in 14/42 
(31%) young or young adult women (age < 50 years) 
and in 7/46 (15.2%) women ≥ 50 years of age.

Men (n = 72)

Basal GH > 0.4 µg/L was seen in 33/72 men (45.8%), 
who were submitted to the OGTT because of this find-
ing. Nadir GH was < 0.4 µg/L in all of them, terminat-
ing the investigation.

DISCUSSION

The objective of this study, in agreement with the se-
lection criteria and protocol used, was to evaluate the 
diagnostic workout results in patients with clinical sus-
picion of acromegaly, with normal serum IGF-1 but 
with GH concentrations > 0.4 µg/L (4-23). It was not 
our objective, and the results cannot be used, to define 
the role of GH (basal or after OGTT) in the diagnostic 
confirmation of patients with elevated IGF-1. There-
fore, this aspect will not be discussed here.

Serum IGF-1 is an excellent marker of GH secretion 
and is therefore highly sensitive in detecting hypersecre-
tion of this hormone. However, concern exists if acro-
megaly is ruled out based only on serum normal IGF-1 
value (4-23), mainly because of analytical problems and 
the lack of adequate normal reference values for many 
assays (5,8,17,18,20,23,33), even in the absence of 
clinical conditions that interfere (reduce) with serum 
IGF-1. Therefore, many authors also recommend the 
measurement of basal GH to rule out the disease (4-
23). The present study showed that not ruling out acro-
megaly diagnosis when serum IGF-1 is normal but GH 
is > 0.4 µg/L (4-23) lead often to the indication of GH 
suppression test, and less frenquently to MRI, which are 
expensive procedures and have the risk of providing an 
equivocal diagnosis, particularly in women.

The present results do not seem to be overestimated. 
First, because conditions that could increase serum GH 

Table 1. Data of the 21 women with nadir GH > 0.4 µg/L after an oral 
glucose overload

Age (years) IGF-1 (x ULN) Nadir GH (µg/L) MRI

24 0.90 0.72 Normal

25 0.75 0.45 Normal

25 0.90 0.54 Normal

28 0.70 0.68 Normal

30 0.70 0.45 Normal

34 0.80 0.48 Normal

36 0.70 0.85 Normal

36 0.85 0.47 Normal

40 0.85 0.55 Normal

41 0.80 0.52 Microadenoma  
(4 mm)

43 0.90 0.42 Normal

44 0.75 0.59 Normal

46 0.80 0.65 Partial empty sella

48 0.70 0.61 Normal

51 0.80 0.47 Normal

52 0.70 0.65 Normal

53 0.80 0.56 Microadenoma  
(6 mm)

53 0.85 0.45 Normal

54 0.80 0.60 Partial empty sella?

55 0.75 0.42 Normal

58 0.70 0.45 Normal

ULN: upper limit of normal range; MRI: magnetic resonance imaging.

Laboratory investigation of acromegaly
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concentrations were rigorously excluded. In this re-
spect, the use of oral contraceptives is common among 
women and discontinuation for a sufficient period of 
time is not always advised or possible before labora-
tory investigation. As a consequence, the frequency of 
GH > 0.4 µg/L may be even higher than the observed 
in the present study. Secondly, the finding of lesions 
compatible with microadenoma upon MRI is also not 
unexpected since these lesions can be detected in more 
than 10% of the adult population (34,35). Thirdly, the 
current consensus is that nadir GH levels > 0.4 µg/L 
after OGTT are considered to be altered (5,7,8,11,14-
17,19,22,23,25-32). Some authors recommend even 
lower cut-off values such as 0.3 µg/L (5,8,11,15-
17,19,23,26), 0.25 µg/L (7), and 0.2 µg/L (14).

As only patients with clinical suspicion of acromegaly 
based on a specific questionnaire for the detection of ex-
tremity enlargement (3) were included in this study, one 
can not argue that the tests were performed in subjects 
without clinical indication or that in clinical practice the 
investigation of cases with GH > 0.4 µg/L and normal 
IGF-1 would provide different results, i.e., leading fre-
quently to the diagnosis of acromegaly. We emphasize 
that an earlier diagnosis of acromegaly requires increasing 
the number of suspicious and investigated cases, which 
tends to reduce the positive predictive value of the tests.

In view of the importance of diagnosing acromegaly 
and not delaying the diagnosis, as well as the existence 
(although uncommon) of cases with normal serum 
IGF-1 (12,24), in some special situations it is reason-
able not to rule out the disease based only on IGF-1 
levels within the normal range (Table 2), but the assess-
ment should be complemented by the measurement of 
GH. However, in most cases GH measurement would 
not be necessary to rule out the disease.

In conclusion, in patients with clinical suspicion of 
acromegaly, the use of the recommended algorithm 
shown in Figure 1 (4-23), which also takes into consi-
deration GH concentrations > 0.4 µg/L in the presence 
of normal serum IGF-1 as diagnostic, results in the un-
warranted complementary investigation in many cases 
and even in possible equivocal diagnoses (the latter in 
women). It is only in exceptional cases that normal se-
rum IGF-1 should not rule out acromegaly (Table 2).

Disclosure: no potential conflict of interest relevant to this article 
was reported.
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Relationship between pre-sarcopenia,  
sarcopenia and bone mineral 
density in elderly men 

Fernando Borges Pereira1, André Ferreira Leite2, Ana Patrícia de Paula3 

ABSTRACT
Objective: Analyze the influence of sarcopenia in bone health of elderly men. Subjects and me
thods: This cross-sectional study evaluated 198 men aged over 60 years. Body composition was 
measured by dual energy X-ray absorptiometry. The BMD was measured at the femoral neck, total 
hip, lumbar spine and 33% radius. The diagnosis of abnormal BMD was defined for men who pre-
sented densitometric diagnosis of osteopenia or osteoporosis defined by T-score of femoral neck, to-
tal hip and lumbar spine. The pre-sarcopenia and sarcopenia were defined according to the European 
Working Group on Sarcopenia in Older People. Results: The group diagnosed with normal BMD, 
compared to the group of abnormal BMD, have significantly higher body weight, body mass index, 
grip strength, lean mass, fat mass, and relative appendicular skeletal muscle mass (RASM). However, 
after multiple linear regression analysis, we found that only the RASM, lean mass, and handgrip 
strength in the dominant hand influenced the variability of the BMD after adjustment for age and 
weight. Regression analyzes showed a positive association between greater appendicular lean mass 
and a smaller number of elderly patients with abnormal BMD diagnostic. The regression analyzes 
showed that elderly men diagnosed with pre-sarcopenia and sarcopenia had more abnormal BMD 
than non-sarcopenic elderly men. Conclusion: We concluded that pre-sarcopenia and sarcopenia 
were associated with abnormal BMD. The lean mass, compared to fat mass, has a greater positive 
influence on the BMD of elderly men. This result suggests the importance of the increase in lean mass 
for the bone health of elderly men. Arch Endocrinol Metab. 2015;59(1):64-70
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INTRODUCTION

O steoporosis is a major public health problem in 
the male population (1). Total costs including 

prevalent fractures are more than $19 billion in the 
United States. Men account for 29% of fractures and 
25% of costs (2).

Sarcopenia has emerged as an important risk factor 
for osteoporosis (3,4). In addition to increasing falls 
risk, sarcopenia might also decrease bone strength by 
reducing mechanical loading to the skeleton. Reduc-
tion of mechanical stimulation could result from de-
creased maximal force that weaker muscles produce 
and/or less time that the skeleton is loaded due to rela-
tive immobility, and thus bone formation is reduced (5-7). 
The evidence for this relationship comes primarily from 
observational epidemiological studies in women (5,7). 
However, the available data regarding this association 

are inconsistent, mainly due to a lack of definition in 
the diagnosis of sarcopenia (8,9). 

Recently, the European Working Group on Sar-
copenia in Older People (EWGSOP) suggested cri-
teria and sub-classifications for a definition of sarco-
penia, which are based not only on the assessment of 
the reduction in fat-free mass but also on the assess-
ment of loss of muscle strength and physical perfor-
mance (8). 

Few studies have evaluated the influence of sarco-
penia as diagnosed by the setting EWGSOP in bone 
mineral density (BMD) in older men. Elucidating this 
relationship will enable the development of more effec-
tive strategies for the prevention of osteoporosis in the 
male population.

The aim of this study is analyze the influence of sar-
copenia in bone health of elderly men using the more 
stringent EWGSOP definition of sarcopenia.
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MATERIALS AND METHODS

Subjects

The present study included healthy men aged over or 
equal to 60 years from a community in São Sebastião-
Federal District, Brazil. Subjects institutionalized or 
in active bone therapies (corticosteroids, bisphospho-
nates, parathyroid hormone, calcium and vitamin D) 
were excluded from the study. Subjects using medica-
tion or having a disease like rheumatoid arthritis, in-
flammatory myopathy, prolonged immobilization, or 
cancer were also excluded. 

We tried to contact five hundred and twenty four 
elderly men with a history of vaccination in the São Se-
bastião’s health center (Federal District, Brazil). Only 
265 elderly men with a valid telephone were found. 
Seventeen men refused to participate in the study and 
five had died. Two hundred and forty three men were 
initially evaluated, 226 met the inclusion and exclu-
sion criteria, and 198 underwent bone densitometry by 
DXA for assessment of bone mineral density and body 
composition and muscle strength evaluation.

The 198 elderly men were evaluated for the pres-
ence of clinical risk factors for osteoporotic fracture 
like eating habits, smoking, alcohol consumption, as-
sociated diseases, medications, and family and personal 
history of fragility fractures. The patients underwent all 
reviews in less than 60 days. All participants agreed and 
signed the consent form. The Research Ethics Com-
mittee of the Faculty of Health Sciences, University of 
Brasilia, approved the study.

A scale with stadiometer Filizola® assessed weight 
and height. Body mass index (BMI) was calculated di-
viding weight in kilograms by height in meters squared.

Dual energy X-ray absorptiometry (DXA) for bone 
parameters and body composition analysis

Bone densitometry by DXA was performed at the Uni-
versity Hospital of Brasilia on equipment branded Lu-
nar DPX NT (GE Medical Systems, Waukesha, Wis-
consin, USA). The performance of the densitometries 
of the whole body, lumbar spine, femoral neck, total 
hip, and 33% radius non-dominant followed the manu-
facturer’s instructions and were performed by the same 
operator. The results of the bone densitometry were 
expressed in g/cm2 and T-score, calculated by the de-
vice itself, and analyzed according to the criteria of the 
World Health Organization (10). A whole body DXA 

scan was also performed to measure total lean mass, 
lean mass of arms and legs, and fat mass using fan 
beam technology. The analyses were performed by a 
single doctor with the Encore 2005 program, version 
9.1, according to the manufacturer’s standards and re-
specting the standards of The International Society for 
Clinical Densitometry (ISCD). During the measure-
ments, all patients wore light cotton clothes without 
underwire bras, metal buttons, zippers, metallic paint, 
or threads. Precision values were calculated based on 
the short-term, in vivo precision study in which dupli-
cate measurements were performed with repositioning 
 between each scan in the 30 elderly men. A daily quality 
assurance scan was conducted by scanning an alumi-
num spine phantom according to the manufacturer’s 
instructions.

The coefficients of variation (CVs) of the lumbar 
spine BMD, the femoral neck BMD, total hip BMD, 
lean mass and fat mass measurements were 1%, 1.6%, 
1.8%, 0.74% and 1.5%, respectively.

Muscle components 

Appendicular lean mass (aLM (kg)) was determined by 
the sum of arms and legs lean mass (11). 

The relative appendicular skeletal muscle mass 
(RASM) was obtained from the aLM/height² (kg/m²) 
(12). 

The total skeletal muscle (TSM) mass is the soft tis-
sue mass, fat-free, bone, viscera, and internal organs. 
The TSM was estimated by aLM x 1.33 (kg) (13,14). 

Diagnosis of osteoporosis and sarcopenia

The criteria for densitometry diagnosis of pre-sarcope-
nia and sarcopenia obeyed the World Health Organiza-
tion (WHO) criteria and the definitions of the EWG-
SOP, respectively (8,10). Osteoporosis was defined as 
femoral neck, total hip, or lumbar spine having a T-
score lower than or equal to -2.5 SD, osteopenia was 
defined as a T-score more than -2.5 but less than -1.0, 
and normal BMD was defined as a T-score equal to or 
more than -1.0. The abnormal BMD group included 
both osteoporosis and osteopenia subjects.

According to the EWGSOP, sarcopenia can be sub-
classified into three categories, depending on the stage 
of the disease: pre-sarcopenia (characterized by low 
muscle mass, without any decrease in muscle strength 
or physical performance); sarcopenia (defined by re-
duction in muscle mass accompanied by a deteriora-

Sarcopenia and osteoporosis in men
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tion of strength or physical performance); and severe 
sarcopenia (defined by the combination of low muscle 
mass, physical performance and muscle strength) (8). 
This study did not measure severe sarcopenia.

Low muscle mass was defined as RASM (aLM/
height²) below a threshold of 7.26 kg/m² (12).

The muscle strength was assessed by handgrip 
strength. To measure the handgrip strength, a dyna-
mometer was used (Takeikiki Kogyo, Japan, model 
T-2) with a capacity of 100 kgf and divisions of 1 kgf, 
adjustable and calibrated with a scale of 0 to 50 kg. 
Three measurements of maximum strength were ta-
ken at both sides, and the highest value was recor-
ded as maximal handgrip strength (8). Low muscle 
strength was defined as handgrip strength at ≤ 29 kg 
if BMI is ≤ 24, ≤ 30 kg if BMI is 24.1-28 and ≤ 32 kg 
if BMI is > 28.

STATISTICAL ANALYSIS

Statistical analyses were performed using the SPSS sta-
tistical software (17th version; SPSS Inc., Chicago, IL).

Descriptive and association analyses showed the 
measurements of variables among sarcopenia diagnoses 
(normal, pre-sarcopenia, and sarcopenia) using analysis 
of variance (ANOVA) and abnormal BMD diagnosis 
using analysis of variance (T-Test). 

Multivariable linear regression analyses with BMD 
as a dependent variable were performed to identify the 
determinants for BMD among potential factor adjust-
ments for age and body weight. The results of all multi-
ple linear regression analyses expressed as b coefficients 
or standardized b coefficients and 95% confidence in-
tervals (CI). 

Regression analyses were used to examine the in-
fluence of lean mass, appendicular lean mass, relative 
appendicular skeletal muscle mass, the total skeletal 
muscle, fat mass, and grip strength on abnormal BMD 
diagnosis. Regression analysis tested the relationship 
between pre-sarcopenia and sarcopenia and diagnosis 
of abnormal BMD with results expressed as odds ratios 
(OR) and 95% CI. 

RESULTS

One hundred and ninety-eight men with a mean age 
of 68.3 years (SD = 6.8), mean body weight of 68.2 
kg (SD = 10.8), mean height of 1.63 m (SD = 0.06), 

and BMI mean of 25.44 (SD = 3.24) kg/m2 were eva-
luated. 

We found that 17 men (8.6%) had a diagnosis of 
diabetes. Only one man had been diagnosed with dia-
betes and sarcopenia.

Only 12.6% of the patients had a diagnosis of pre-
sarcopenia and 10.1% had a diagnosis of sarcopenia. 

According to table 1, we can see that men diagnosed 
with sarcopenia have lower BMD and T-score of the 
femoral neck compared to men with normal diagnosis. 

Sarcopenia and osteoporosis in men

Table 1. Anthropometric, grip strength and body composition analyses of 
normal, pre-sarcopenic and sarcopenic groups according to the definition 
of the EWGSOP

Normal  
( ± DP)  

(n = 153)

Pre- 
-Sarcopenia 

( ± DP) 
(n = 25)

Sarcopenia  
( ± DP)  
(n = 20)

Age (years) 67c 67c 76a,b

Weight (kg) 69,80 ± 9,94b,c 63,10 ± 13,22a 62,15 ± 10,05a

Height (m) 1,63 ± 0,6 1,64 ± 0,06 1,61 ± 0,06

BMI (kg/m2) 26,04 ± 3,18b,c 23,18 ± 3,84a 23,70 ± 3,37a

% fat mass 25,45 ± 6,71 24,09 ± 9,56 25,94 ± 9,49

Total fat mass (kg) 17,16 ± 6,14 14,26 ± 7,24 15,73 ± 8,14

Lean mass (kg) 48,78 ± 5,10b,c 41,89 ± 4,20a 41,82 ± 3,73a

TSM (kg) 29,01 ± 3,22b,c 23,76 ± 1,88a 23,35 ± 2,52a

aLM (kg) 21,81 ± 2,42b,c 17,87 ± 1,41a 17,55 ± 1,89a

RASM (kg/m2) 8,14 ± 0,58b,c 6,60 ± 0,52a 6,70± 0,53a

Grip strength 
dominant (kgf)

35,16 ± 5,40c 34,92 ± 4,36c 24,82 ± 4,81a,b

Grip strength 
non-dominant (kgf)

34,55 ± 6,03c 33,70 ± 4,20c 25,28 ± 5,60a,b

Femoral neck 
BMD (g/cm2)

0,913 ± 0,123c 0,862 ± 0,118 0,789 ± 0,110a

T-Score of femoral 
neck

-1,17 ± 0,96c -1,60 ± 0,91 -2,12 ± 0,88a

Total hip BMD  
(g/cm2)

0,966 ± 0,19 0,908 ± 0,13 0,854 ± 0,11

T-Score of total hip -0,83 ± 0,92b,c -1,33 ± 0,93a -1,71 ± 0,77a

Lumbar spine 
BMD (g/cm2)

1,026 ± 0,15 0,989 ± 0,16 0,966 ± 0,132

T-Score of L1-L4 -1,54 ± 1,32 -1,92 ± 1,38 -2,03 ± 1,14

33% radius BMD 
(g/cm2)

0,736 ± 0,82 0,730 ± 0,91 0,699 ± 0,77

T-Score of 33% 
radius

-0,86 ± 0,95 -0,91 ± 1,12 -1,32 ± 0,96

BMI: body mass index; aLM: appendicular lean mass; RASM: relative appendicular skeletal 
muscle mass; TSM: total skeletal muscle.
Normal, Pre-sarcopenia and sarcopenia according to the EWGSOP (15).
a ANOVA; p < 0,05 = difference between means statistically significant in the normal group.
b ANOVA; p < 0,05 = difference between means statistically significant in the pre-sarcopenia 
group.
c ANOVA; p < 0,05 = difference between means statistically significant in the sarcopenic group.
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Non-sarcopenic men have higher T-score of the total 
hip compared to men diagnosed with pre-sarcopenia 
and sarcopenia. There was no significant difference be-
tween BMD and T-score at the lumbar spine and 33% 
radius among non-sarcopenic, pre-sarcopenic, and sar-
copenic men.

Regarding the densitometric diagnosis, only 18.7% 
of the evaluated subjects had normal diagnosis. Pa-
tients with abnormal BMD (81.3%) had significantly 
lower height, body weight, BMI, and grip strength in 
the dominant hand, lean mass, appendicular lean mass, 
RASM, total skeletal muscle mass, and fat mass when 
compared to patients with normal diagnosis. Results 
are shown in table 2.

Table 2. Age, anthropometric, grip strength and body composition 
characteristics of normal and abnormal BMD groups

Normal group
Mean ± SD 

(n = 37)

Abnormal  
BMD group
Mean ± SD 
(n = 161)

Age (years) 67 ± 5,9 68 ± 6,2

Weight (kg) 73,25 ± 10,83* 67,02 ± 10,46*

Height (m) 1,65 ± 0,08* 1,63 ± 0,05*

BMI (kg/m2) 26,62 ± 2,45* 25,17 ± 3,34*

Grip strength dominant (kgf) 35,41 ± 6,67 33,02 ± 5,89

Grip strength non-dominant (kgf) 35,61 ± 7,77* 33,02 ± 5,97*

Lean mass (kg) 49,69 ± 6,69* 46,64 ± 5,28*

aLM (kg) 22,33 ± 3,16* 20,55 ± 2,66*

RASM (kg/m2) 8,11 ± 0,63* 7,73 ± 0,87*

TSM (kg) 29,71 ± 4,20* 27,34 ± 3,54*

Fat mass (kg) 19,00 ± 6,04* 16,11 ± 6,56*

%fat 27,22 ± 5,98 24,89 ± 7,65

BMI: body mass index; aLM: appendicular lean mass; RASM: relative appendicular skeletal 
muscle mass; TSM: total skeletal muscle.
Abnormal BMD group included both osteoporosis and osteopenia subjects.
Test t; p < 0,05 = difference between means statistically significant.

Sarcopenia and osteoporosis in men

Table 3. Association of anthropometric, grip strength, body composition and bone density: multivariable model

Femoral neck BMD Total hip BMD Lumbar Spine BMD 33% radius BMD 
non-dominant

Age (years) 0,0017 (0,0000;0,0033) 0,0017(-0,0009;0,0042) 0,0074 (0,0056;0,0092) 0,0035 (0,0022;0,0047)

Weight (kg) 0,0042 (0,0024;0,0060) 0,0092 (0,0057;0,0127) 0,0041 (0,0019;0,0063) 0,0015 (0,0001;0,0029)

RASM (kg/m2) 0,0632 (0,0433;0,0831) 0,1058 (0,0644;0,1463) - 0,0268 (0,0106;0,0431)

Lean mass (kg) - -0,0132 (-0,0216;-0,0048) - -

Grip strength dominant (kgf) - - 0,0068 (0,0030;0,0106) 0,0053 (0,0030;0,0076)

R2 for the model 0,983 0,967 0,978 0,987

RASM: relative appendicular skeletal muscle mass.
Results expressed as b coefficients and 95% CI. Stepwise linear regression including age, weight, height, BMI: lean mass, appendicular lean mass, relative appendicular skeletal muscle mass, total 
skeletal muscle, fat mass and grip strength.
Adjusted for age and weight.

To estimate and explain the variability of BMD’s 
femoral neck, total hip, lumbar spine, and 33% radius 
by means of the variables studied, a model of linear re-
gression, presented in table 3, was created. The models 
constructed explain 98% of the variability of bone mi-
neral densities. To select the variables that would make 
the model, the Stepwise method was used, and the 
models were adjusted for age and weight. Multiple li-
near regression analyses showed that relative appendic-
ular skeletal muscle mass, lean mass, and grip strength 
in the dominant hand were a positive significant deter-
minant factor for BMD in elderly men after adjusting 
for age and body weight.

Through logistic regression analysis, this study 
evaluated the influence of the variables in the diagnosis 
of abnormal BMD compared to patients with normal 
densitometric diagnosis. The results are presented in 
table 4. 

The results of regression analyses for abnormal 
BMD are shown in table 4 and allow us to infer that 
each year, elderly men increases the chances of a di-
agnosis of abnormal BMD by 5.8%. Together, the 
variables that composed the regression model for 
the diagnosis of abnormal BMD explained 51.7% of 
the variability. This result was obtained from the R2 
model. The results of regression analyses for abnormal 
BMD are shown in table 4. The study also evaluated 
the odds ratio of a men diagnosed with pre-sarcopenia 
and sarcopenia, presenting the diagnosis of abnormal 
BMD. The results show that men with pre-sarcopenia 
are about 8 times more likely to have a diagnosis of 
abnormal BMD compared to normal men. Men with 
sarcopenia see the chance increase by 9-fold. The re-
sults are shown in table 5.
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Table 4. Regression analyses of body composition and muscle strength of 
abnormal BMD diagnosis, adjusted for age and weight

Odds Ratio and Confidence Interval (95%)

Abnormal BMD

Age (years) 1,058 (1,010;1,108)

Weight (kg) 0,969 (0,922;1,018)

Lean mass (kg) 1,169 (0,953;1,435)

aLM (kg) 0,649 (0,407;1,034)

RASM (kg/m2) 1,218 (0,616;2,408)

aLM: appendicular lean mass; RASM: relative appendicular skeletal muscle mass.
Abnormal BMD defined for men with T-score < -1,0.

Table 5. Regression analysis of pre-sarcopenia and sarcopenia of 
abnormal BMD diagnosis adjusted for age and weight

Odds Ratio (Confidence Interval – 95%)

Abnormal BMD

Pre-sarcopenia

Non-sarcopenic Reference

Pre-sarcopenic 8,000 (3,157;20,270)

R2 of the model 0,193

Sarcopenia 

Non-sarcopenic Reference

Sarcopenic 9,000 (2,088;38,787)

R2 of the model 0,096

Abnormal BMD was defined for men with T-score < -1,0.
Pre-sarcopenia and sarcopenia according to the EWGSOP (15).

Sarcopenia and osteoporosis in men

sarcopenia are more likely to have a higher risk of os-
teopenia and osteoporosis.

The association between sarcopenia and bone mass 
demonstrated in this study is consistent with the hy-
pothesis of previous studies showing a reduction in os-
teogenic effect due to a minor mechanical stimulation 
imposed on the bone structure by reducing the muscle 
and muscle function (4,6,15). Another point would be 
the reduction of the mechanical stimuli from less physi-
cal activity due to a lower functional capacity of the 
elderly caused by sarcopenia (12). However, studies to 
evaluate the mechanisms leading to sarcopenia to pro-
pitiate a lower bone mass are needed for more effec-
tive clinical practice for the prevention and treatment 
of osteoporosis in the male population. It has been 
estimated that the prevalence of osteoporosis in men 
varies between 1 and 4% of the population, and that 
15-33% of men have osteopenia (20,21). In contrast, in 
the present study sample, 33.8% of men evaluated were 
diagnosed with osteoporosis and 47.5% with osteope-
nia, totaling 81.3% of the sample with abnormal BMD. 
These findings may reflect greater difficulty in compar-
ing our findings with those of other studies.

Our study found that 12.6% of the sample had a 
diagnosis of pre-sarcopenia and 11.9% had a diagnosis 
of sarcopenia. Another study showed similar results and 
diagnosed pre-sarcopenia in 10.1% and sarcopenia in 
3.7% of the sample (4). 

Our study also investigated the relationship between 
the components of the criteria for sarcopenia and BMD 
independently. We verified that the RASM and lean 
mass were the independent variables that best explained 
the variability of BMD’s femoral neck, total hip, and 
radio 33% non-dominant. Similar findings were also ob-
served in the study by Cui and cols. which, after evalu-
ation of 445 men (Koreans) aged above 50 years (mean 
62.7 years), found that lean mass, evalua ted by DXA, 
was significant to explain the variability of BMD of lum-
bar (b = 0.271; p = 0.004), femoral neck (b = 0.446; p 
= 0.000), and 33% radius (b = 0.281; p = 0.001) (22). 
We also observed this relationship in the study of Kirch-
engast and Huber, which after evaluation of 130 men 
aged 60-92 years, found a significant positive associa-
tion between RASM and total body BMD and femo-
ral neck (23). These results, although not conclusive, 
suggest that the increase in muscle mass will provide a 
gain in bone mass in elderly men, which encourages the 
development of further studies to evaluate the effect of 
exercise training programs, diets, and clinical interven-

DISCUSSION

Pre-sarcopenia and sarcopenia, characterized by a loss 
of muscle mass and muscle strength, are two of the 
main conditions responsible for the reduced functional 
capacity of the individual during aging, which may rep-
resent a negative influence on bone mineral density, as 
well as increased probability of the patient having a di-
agnosis of osteoporosis (15,16). However, studies have 
shown contradicting associations, in relation to pre-
sarcopenia and sarcopenia, with BMD and diagnosis of 
osteoporosis (17,18). Coin and cols., after evaluation 
of 136 men (mean age 73 years), found no significant 
association between BMD of the femoral neck and to-
tal hip with RASM < 7.26 kg/m², that is, diagnosed 
with pre-sarcopenia according to the EWGSOP (8,19). 
More recently, Verschueren and cols. found that men 
with pre-sarcopenia and sarcopenia were more likely to 
have osteoporosis compared with those with normal 
RASM (odds ratio 3.8; 95% CI01.6-9.1 and 3.0; 95% 
CI01.6-5.8 respectively) (4). Similarly, our results also 
indicate that men diagnosed with pre-sarcopenia and 
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tions directed to the increase muscle mass with the goal 
to prevent and treat the loss of BMD in elderly men and 
thus decrease the risk of osteoporotic fractures.

Another essential component for the diagnosis of 
sarcopenia is muscle strength. Handgrip strength is 
one of the muscular strength tests suggested by the 
EWGSOP to set the diagnosis of sarcopenia, as a me-
thod that is easy to apply, relatively inexpensive, and has 
a good relation with systemic muscle strength (8). In 
our study, we found that the higher handgrip strength 
in the dominant hand was associated with higher lum-
bar spine BMD and 33% radius BMD, presenting a 
relationship as systemic as site specific with the BMD. 
A positive association between handgrip strength and 
lumbar spine BMD, may be related to osteophytes. In 
a study conducted with 234 men with a mean age of 
47.8 years, grip strength was not shown to be a good 
systemic predictor of BMD, being considered non-
significant for predicting the femoral neck and lum-
bar BMD after stepwise linear regression analysis (24). 
These results suggest that the practice of physical activi-
ties that provide increased handgrip strength can also 
increase the radius BMD 33%, thus reducing the risk of 
wrist fractures in elderly men. New studies are needed 
to confirm this assumption.

Some authors evaluated the effect of fat mass on 
BMD in men. A study with 144 Korean men, aged 20 
to 88 years, found that the mass of total body fat, ap-
pendicular fat mass, cholesterol (HDL and LDL), and 
triglycerides were not significant in explaining the vari-
ability of lumbar BMD (L1 - L4) (25). Similar find-
ings were observed in the study of Kirchengast and 
cols. which, after evaluation of 62 men aged between 
60 and 86 years, showed that fat mass, measured by 
DXA, was not significantly associated with BMD of the 
femoral neck (26). In our study, although the group of 
men diagnosed with abnormal BMD possessed signifi-
cantly lower fat mass in relation to the group of men 
with normal BMD, the fat mass was not significant in 
predicting the variability of BMD. These findings indi-
cate that fat mass, independently and after adjusting for 
body weight, has no effect on BMD, and possibly its 
influence is given only for their contribution in weight. 
More studies are needed to prove this theory.

The originality of this study lies in being the first 
work on the Brazilian population that used the defini-
tion proposed by the EWGSOP to distinguish sarcope-
nic men from normal men.

This study has several limitations. First, it is a cross 
sectional study. Longitudinal studies with intervention 
are needed to confirm whether increasing muscle mass 
increases BMD and a smaller risk for abnormal BMD 
diagnostic. Others limitations of our study would be 
the size and regionalization of the sample, which does 
not allow us to make inferences about the relation-
ship between pre-sarcopenia, sarcopenia, and abnor-
mal BMD in other populations. The lack of studies in 
the Brazilian population to verify the effectiveness of 
points cohort for RASM and grip strength, suggested 
by EWGSOP to distinguish Brazilian men with normal 
diagnosis from men diagnosed with pre sarcopenia and 
sarcopenia, may have influenced the assessment of the 
effect of pre-sarcopenia, sarcopenia, and the abnormal 
diagnostic and BMDs.

We suggest further studies, with more patients, so 
that the relationship between pre-sarcopenia, sarcope-
nia, and bone health may be better understood.

We conclude that elderly men diagnosed with pre-
sarcopenia and sarcopenia are more likely to display ab-
normal BMD. After adjusting for risk factors, RASM 
and lean mass were the independent variables that best 
explained the variability of BMD’s. Elderly men with 
RASM at < 7.26 kg/m² had significantly lower BMD 
compared with those with RASM at ≥ 7.26 kg/m2.

Our results support the need to develop programs 
aimed at preventing the reduction of muscle mass and 
strength in order to avert the reduction in bone mineral 
density and consequently osteoporosis. 
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Melatonin prevents hyperglycemia 
in a model of sleep apnea

Renata Schenkel Rivera Kaminski1, Denis Martinez1,2,3,  
Micheli Fagundes3, Emerson Ferreira Martins3, Carolina Caruccio Montanari1, 
Darlan Pase Rosa1,4, Cintia Zappe Fiori2,3, Norma Possa Marroni5

ABSTRACT
Objective: Obstructive sleep apnea is a common disorder associated with aging and obesity. Ap-
neas cause repeated arousals, intermittent hypoxia, and oxidative stress. Changes in glucolipidic 
profile occur in apnea patients, independently of obesity. Animal models of sleep apnea induce 
hyperglycemia. This study aims to evaluate the effect of the antioxidants melatonin and N-acetyl-
cysteine on glucose, triglyceride, and cholesterol levels in animals exposed to intermittent hypoxia. 
Materials and methods: Two groups of Balb/c mice were exposed to intermittent hypoxia (n = 36) 
or sham intermittent hypoxia (n = 36) for 35 days. The intermittent hypoxia group underwent a total 
of 480 cycles of 30 seconds reducing the inspired oxygen fraction from 21% to 7 ± 1% followed by 
30 seconds of normoxia, during 8 hours daily. Melatonin or N-acetylcysteine were injected intra-
peritonially daily from day 21 on. Results: At day 35, glucose levels were significantly higher in the 
intermittent hypoxia group than in the control group. The intermittent hypoxia groups receiving 
N-acetylcysteine and vehicle showed higher glucose levels than the group receiving melatonin. The 
lipid profile was not affected by intermittent hypoxia or antioxidant administration. Conclusions: 
The present results suggest that melatonin prevents the well-recognized increase in glucose levels 
that usually follows exposure to intermittent hypoxia. Further exploration of the role of melatonin 
in sleep apnea is warranted. Arch Endocrinol Metab. 2015;59(1):71-5
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INTRODUCTION

O bstructive sleep apnea causes repeated arousals 
and intermittent hypoxia. Such events lead to 

sympathetic hyperactivity, oxidative stress, and insulin 
resistance (1). Investigation of obstructive sleep apnea 
(OSA) has been recommended as part of the routine 
care of individuals with diabetes (2,3) because OSA im-
pairs diabetes control, independently of confounding 
factors such as obesity (4). 

The repeated hypoxic episodes seen in OSA in-
crease oxidative stress (5), which may represent a link 
between apneas and diabetes (6-8). Intermittent hy-
poxia, a mo del of OSA, induces acute insulin resistance 
in healthy humans (9) and animals (10). Mice recei-
ving obesity-inducing diets showed a greater increase 
of the HOMA index under intermittent hypoxia than 
lean mice (11). 

In hamsters subjected to four weeks of intermittent 
hypoxia, melatonin prevented vascular damage result-
ing from the procedure (12). Melatonin-mediated 
protection against impairment or damage caused by 

intermittent hypoxia in diabetes may be related to the 
regulation of reactive oxygen species (13) and/or to 
influences of melatonin on insulin secretion (14). The 
antioxidant N-acetylcysteine, a precursor of L-cysteine, 
is a scavenger of reactive oxygen species (15) with a po-
tential to influence on certain aspects of the diabetes 
mechanisms (16,17).

To test the hypothesis that antioxidants have a role 
in preventing the derangements of glucolipidic profile 
caused by intermittent hypoxia, we conducted an ex-
perimental comparative study that evaluated the effect 
of the antioxidants melatonin and N-acetylcysteine on 
glucose, triglyceride, and cholesterol levels in mice sub-
jected to intermittent hypoxia during 35 days.

MATERIALS AND METHODS 

Animals

At the institutional animal experimentation unit, two 
month-old Balb/C male mice were fed commercial 
standard chow (Purina-Nutripal, Brazil) and water 
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ad libitum under the supervision of a veterinarian. 
Mice were kept six each in cages measuring 30 x 19 
x 13 cm, at an average room temperature of 22.4º ± 
0.6° C and controlled humidity, on a standard 12/12-
hour light–dark cycle (lights on at 0700, lights out at 
1900). This method was described previously (18,19). 
All  procedures were performed in accordance with the 
Guide for the Care and Use of Laboratory Animals 
(20) and were approved by the institutional animal 
care committee, Hospital de Clínicas de Porto Alegre 
(CEUA/HCPA #2009/09-300).

Intermittent hypoxia system

The intermittent hypoxia procedure has been described 
previously in adult male mice (18,19), a mixture of 
90% N2 and 10% CO2 was released into the cages over 
a period of 30 seconds, gradually reducing the oxy-
gen fraction to 7 ± 1% and increasing the CO2 fraction 
to approximately 5 ± 1%; fans were then operated for 
30 seconds so as to introduce room air into the cage. 
Overall, 480 such cycles of hypoxia-normoxia occurred 
per day. Thirty-six mice were allocated to the hypo-
xia procedure. The 36 control animals underwent the 
same manipulation as the hypoxia animals, but room air 
was insufflated into the cages instead of the aforemen-
tioned gas mixture. The groups were housed under the 
hypoxia system 8 hours per day (lights on at 0900AM, 
lights out at 0500PM).

Antioxidant administration  

Once daily from day 21 to day 35, before 7:00 PM, all 
animals received intraperitonially injections of either 1) 
vehicle (n = 24), 2) melatonin (n = 24), or 3) N-acetyl-
cysteine (n = 24). Melatonin was administered at a dose 
of 0.2 mg/kg diluted in 0.4 mL of 0.9% saline plus 0.1 
mL of 1% ethanol (21). N-acetylcysteine was administered 
at a dose of 10 mg/kg dissolved in 0.5 mL 0.9% saline.

Protocols

Groups of 12 mice were randomly allocated to six 
different protocols: 1) sham hypoxia plus vehicle in-
jection; 2) sham hypoxia plus melatonin injection; 
3) sham hypoxia plus N-acetylcysteine injection; 4) 
intermittent hypoxia plus vehicle injection (hypoxia 
plus vehicle); 5) intermittent hypoxia plus melatonin 
injection (hypoxia plus melatonin); or 6) intermit-
tent hypoxia plus N-acetylcysteine injection (hypoxia 
plus N-acetylcysteine). The protocols were designed 
to obtain better data analysis, having greater control 

over the experiment. All animals were weighed at the 
baseline, at the day 21 and 35 days (18,19) using a 
digital scale with an accuracy of 0.01g (Marte, model 
AS 5500C).

At day 35, after fasting for at least 8 hours, mice 
were anesthetized with ketamine (100 mg/kg) and 
xylazine (50 mg/kg). After anesthesia was con-
firmed, animals were euthanized (22) by the with-
drawal of approximately 1 mL of blood for biochem-
ical tests. 

Biochemical analyses

Plasma glucose, triglyceride, and cholesterol levels were 
determined by enzymatic colorimetric assays using com-
mercial kits according to manufacturer instructions. 
(Roche Diagnostics, Mannheim, Germany: Glucose 
(GOD-PAP method – Roche/Hitachi 912/917/
Modular: ACN 525), total cholesterol (CHOD-PAP 
method – Hitachi Modular: P/D: ACN 433), and tri-
glycerides (GPO-PAP method – Hitachi 912/917/
Modular: ACN:781).

Statistical analyses

All statistical analyses were performed in the SPSS soft-
ware v.18 (SPSS, Chicago, IL). Data are presented as 
mean ± standard error of the mean in figures. One-way 
analysis of variance (ANOVA) was used for comparison 
of between-group differences, followed by Tukey’s b 
test when necessary. Generalized estimating equations, 
with Bonferroni’s post-hoc test, were used to analyze 
the effects of time, the differences between groups and 
the interaction between groups over time. Significance 
of a finding was assumed if P < 0.05. 

RESULTS

The body weight showed no difference between the 
hypoxia and control experimental groups at day 1 (P 
= 0.13; Figure 1). At day 21, before injection protocol 
started, the average body weight of two groups under 
intermittent hypoxia, vehicle and melatonin, was sig-
nificantly reduced (P < 0.05), as opposed to the three 
control groups, which had experienced significant in-
creases in weight (P = 0.05). At day 35, after 14 days 
of injections according to the protocol, animals in both 
the hypoxia and control groups had lost weight (P < 
0.05). 

Melatonin prevents hyperglycemia
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At day 35, glucose levels were significantly dif-
ferent between the hypoxia and control groups (P < 
0.05), being highest in the hypoxia plus vehicle and 
hypoxia plus N-acetylcysteine groups as compared 
with the remaining groups (P < 0.05; Figure 2A). 
The average glucose level in the sham hypoxia plus 
melatonin group was significantly lower than in the 
remaining control groups combined (60 ± 26 vs. 79 
± 19 mg/dL; P = 0.05). No significant differences 
were seen among the six groups in terms of lipid levels 
(Figure 2B, 2C, 2D). 

DISCUSSION

The finding of fasting hyperglycemia occurring 
in association with intermittent hypoxia is consis-
tent with previous reports (5,6). To the best of our 
knowledge, this is the first report of melatonin hav-
ing a role in preventing intermittent hypoxia-related 
hyperglycemia. 

Figure 1. Body weight of mice in each group during the 35-day experimental 
period, shown as mean ± one standard error of the mean. The groups under 
intermittent hypoxia, vehicle and melatonin exhibited weight loss in the first 
21 days, while that receiving intraperitoneal injections of melatonin or 
N-acetylcysteine weight loss in the next 14 days. The groups under sham 
hypoxia exhibited weight gain in the first 21 days and weight loss in the next 
14 days, while receiving intraperitoneal injections. SIH, sham intermittent 
hypoxia. VEH: vehicle; MEL: melatonin; NAC: N-acetylcysteine; IH: in-
termittent hypoxia. 
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Figure 2. Biochemical parameters, expressed as mean ± one standard error of the mean, and statistical significance of differences among the six 
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The protection conferred by melatonin against 
intermittent-hypoxia-triggered hyperglycemia in the 
present study may be related either to its antioxidant 
role (23) or to the influence of melatonin on the con-
trol of carbohydrate metabolism (13,14,24). The pos-
sibility, however, that the antioxidant properties of 
melatonin are at play is overshadowed by the fact that 
the other antioxidant, N-acetylcysteine, had no ef-
fect on glucose levels or body weight. Furthermore, 
the glucose level in the control plus melatonin group 
was lower than in the other control groups. The most 
likely mechanism for the finding of normal glucose le-
vels in the hypoxia plus melatonin group is, therefore, 
melatonin-mediated improvement of glucose homeo-
stasis (25-27). 

Rats (14) and mice (15) lose weight under inter-
mittent hypoxia. The data reported herein reproduce 
previous findings in that a significant reduction in body 
weight was observed after 21 days of exposure to in-
termittent hypoxia. In these previous reports, the re-
duction in brown adipose tissue and UCP-1 mRNA 
expression may suggest that the weight loss may be due 
to impairment of energy-saving mechanisms mediated 
by brown adipose tissue (28). The weight loss induced 
by the injections from day 21 to day 35 was proba-
bly due to manipulation stress, since even the control 
group, receiving vehicle injections, lost weight. 

The discovery of an effect of melatonin on hypox-
ia-induced hyperglycemia serves as a basis for future 
mechanistic studies. The present study, however, has 
limitations. The elevated glucose levels in the hypoxia 
plus vehicle and hypoxia plus N-acetyscisteine groups 
were sustained after 8 hours or more of fasting. Al-
though prolonged fasting is almost certainly stressful 
for the mice, the metabolic overload sustained by the 
animals was similar in all groups. Additionally, longer 
fasting time would allow a longer time for the glucose 
level to lower. Therefore, this systematic cause of error 
would be conservative, tending to eliminate the differ-
ences. 

Also, our study was designed to explore glucose 
and lipid levels, but no changes were seen in the lipid 
profile. The induction of hyperlipidemia by intermit-
tent hypoxia occurs under severe hypoxia (5% nadir of 
inspired O2) but not under moderate hypoxia (10%) 
(29). The finding of similar cholesterol and triglyceride 
levels in all groups in the present study can be explained 
by the nadir of inspired O2 of 7% selected for this study 
being insufficient to induce hyperlipidemia. The initial 

objective of assessing lipid levels consumed most of the 
small volume of blood withdrawn from each mouse, 
preventing investigation of oxidative stress and insulin 
resistance. The absence of an effect of N-acetylcyste-
ine limited interpretation of the effects of melatonin 
on glycemia. Further research is necessary to elucidate 
the mechanisms whereby hyperglycemia prevention 
was elicited only by melatonin. To explore the com-
plex system of glycemic control, one must gauge, at the 
very least, insulin, norepinephrine, and glucagon levels; 
if available, these measurements would have furthered 
our knowledge of the mechanisms underlying the hy-
perglycemia observed in the present study. Since lipids 
were not affected in this model, future efforts should 
focus on explaining the effects of melatonin on glyce-
mic control under intermittent hypoxia. 

In summary, these findings suggest that exposure 
to intermittent hypoxia, simulating sleep apnea, for 35 
days promotes high plasma glucose levels, which were 
not prevented by N-acetylcysteine. In mice receiving 
melatonin, normal glucose levels were observed under 
intermittent hypoxia. Whether the effect of melatonin 
is due to a direct action on glycemic control or to in-
fluences on oxidative stress has yet to be elucidated. 
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Sleep and glycemic control 
in type 1 diabetes

Mark Thomaz Ugliara Barone1,2, Daniela Wey3, Fabiola Schorr4,  
Denise Reis Franco2,5, Mario Kehdi Carra6, Geraldo Lorenzi-Filho4,  
Luiz Menna-Barreto7

ABSTRACT
Objective: Our aim in the present study was to elucidate how type 1 diabetes mellitus (T1DM) and 
sleep parameters interact, which was rarely evaluated up to the moment. Materials and methods: 
Eighteen T1DM subjects without chronic complications, and 9 control subjects, matched for age and 
BMI, were studied. The following instruments used to evaluate sleep: the Epworth Sleepiness Scale, 
sleep diaries, actimeters, and polysomnography in a Sleep Lab. Glycemic control in T1DM individuals 
was evaluated through: A1C, home fingertip glucometer for 10 days (concomitant with the sleep diary 
and actimeter), and CGM or concomitant with continuous glucose monitoring (during the polysom-
nography night). Results: Comparing with the control group, individuals with diabetes presented 
more pronounced sleep extension from weekdays to weekends than control subjects (p = 0.0303). 
Among T1DM, glycemic variability (SD) was positively correlated with sleep latency (r = 0.6525,  
p = 0.0033); full awakening index and arousal index were positively correlated with A1C (r = 0.6544, 
p = 0.0081; and r = 0.5680, p = 0.0272, respectively); and mean glycemia values were negatively cor-
related with sleep quality in T1DM individuals with better glycemic control (mean glycemia < 154 mg/dL). 
Conclusion: Our results support the hypothesis of an interaction between sleep parameters and 
T1DM, where the glycemic control plays an important role. More studies are needed to unveil the 
mechanisms behind this interaction, which may allow, in the future, clinicians and educators to con-
sider sleep in the effort of regulating glycemic control. Arch Endocrinol Metab. 2015;59(1):76-83
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INTRODUCTION

T here is growing evidence that sleep disorders and 
sleep loss affect glucose metabolism and insulin 

resistance (1-5). At the same time, altered glucose me-
tabolism may impact sleep quality (6,7). Relationships 
between type 2 diabetes mellitus (T2DM) and sleep 
disordered breathing have been extensively studied. 
Patients with T2DM present an extremely high preva-
lence of obstructive sleep apnea, which in turn contri-
butes to poor glycemic control (6,8). In contrast, the 
relationship between type 1 diabetes mellitus (T1DM) 
and sleep has not been frequently investigated. 

In the present study we evaluate a possible interac-
tion between T1DM and sleep, as proposed before (9). 
We performed this study in order to broaden the un-
derstanding of this vicious circle. Differences between 
sleep variables in people with T1DM and their peers 

have already been shown (10). Furthermore, the glyce-
mic control was shown to affect sleep in T1DM, and 
apnea was positively associated with glycated hemo-
globin (A1C) and with the disease duration (11,12). 
Moreover, nocturnal hypoglycemia was associated with 
sleep deepening, whereas glycemic variation has been 
considered to cause awakenings among T1DM children 
(12). In addition, authors comparing T1DM adults 
with controls reported that T1DM subjects presented 
changes in sleep architecture, with increased propor-
tion of stage 2, besides higher levels of epinephrine and 
growth hormone during the entire night, and higher 
ACTH and cortisol during part of the first half of the 
night (13). As a consequence, T1DM subjects report 
less restorative sleep (13), and present higher risk for 
obstructive sleep apnea and poorer sleep quality than 
control subjects (14).  
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Therefore, considering the evidence that sleep qua-
lity and duration may affect glucose metabolism (6,15), 
and with the evidence presented above that sleep quali-
ty and duration may be altered in T1DM, we evaluated 
several sleep and sleep related parameters to broaden 
the understanding associations of glycemic control and 
sleep parameters in T1DM patients. Our hypothesis is 
that poor glycemic control may impact several sleep pa-
rameters, including: architecture, quality, and duration. 
At the same time, sleep impairments may hinder glyce-
mic control in T1DM patients.   

MATERIALS AND METHODS

Subjects

Eighteen young adults with T1DM, free of diabetes 
chronic complications, and not taking drugs that could 
affect sleep, were recruited. They were no night or shift 
workers and had no previous diagnosis of sleep disor-
ders. In order to select individuals without chronic 
complications, all T1DM volunteers were subjected to 
retinal inspection by ophthalmologists, measurement 
of 24 h microalbuminuria and creatinin levels, 10 g 
monofilament sensation, vibration perception with a 
128-Hz tuning fork, resting heart rate, and pressure 
adaptation when standing up. Individuals presenting 
impairment in any of these tests, interpreted according 
to ADA’s Standards of Medical Care in Clinical in Dia-
betes (16), were not included in the study. 

Nine control subjects, matched for age and BMI, 
free of drugs with effect on sleep, no night or shift 
workers, and without previous diagnosis of sleep di-
sorders, were recruited. Even though these individuals 
were not obese and had no diabetes symptoms, all of 
them did a blood glucose test after fasting of 8 hours at 
a reference laboratory. 

Instruments

Data from all individuals were collected with sleep dia-
ries and actimeters (Tempatilumi, wrist accelerometer 
produced by CEBrasil) simultaneously during 10 con-
secutive days, between the end of February and begin-
ning of March. The actimeter was continuously worn 
on the non-dominant wrist, removed only for shower 
or any water activity. All volunteers were instructed to 
press the actimeter event button immediately before 
removing it, in order to identify unworn periods. Du-
ring these 10 days, T1DM individuals performed 6-10 

home blood glucose tests a day, with a Performa® glu-
cometer (Roche Diagnostics, Mannheim, Germany). 
The sleep diary was adapted from the Pittsburgh Sleep 
Diary Wake Time (17), excluding mood and alertness 
items. Sleep quality was reported by individuals upon 
awakening also using a Visual Analogue Scale – VAS 
(18). For the individuals with diabetes a question about 
hypoglycemia and hyperglycemia during the night and 
the glycemic value, if measured, was included in the 
diary. In addition, all volunteers were subjected to: 1 
night of polysomnography, and the Epworth Sleepiness 
Scale (ESS). T1DM subjects wore a Continuous Glu-
cose Monitoring System (CGMS®, Medtronic) during 
the polysomnography (PSG); and had their A1C mea-
sured after the collection of all other data. The poly-
somnography equipment used was the EMBLA (Flagra 
hf. Medical Devices, Reykjavik, Iceland), performed in 
a blinded manner, at the InCor-HCFMUSP Sleep Lab. 
Monitoring included 4 channels of electroencephalo-
gram, 2 channels of electrooculogram, besides channels 
for: electrocardiogram, chin and anterior tibial electro-
myogram, pulse oxymetry, airflow (oronasal thermistor 
and cannula pressure), and chest and abdominal straps. 

Analysis 

In order to perform some of the analyses, the T1DM 
group was divided two groups according to the indi-
vidual mean glycemia (MG), considering all the mea-
surements performed during the 10 consecutive days. 
The 9 individuals with mean glycemia below 154 mg/dL 
(which corresponds to an A1C of 7.0% (53 mmol/
mol) (19) composed the low mean glycemia group 
(LMG), whereas the other 9 (mean glycemia above 
154 mg/dL) were considered the high mean glycemia 
group (HMG). This division was made considering the 
American Diabetes Association A1C goal (< 7.0%, 53 
mmol/mol) to most adults with diabetes (16).

In addition, the two other variables considered to 
assess glycemic control were: A1C and glycemic varia-
bility (GV), calculated here as the standard deviation 
(SD) of the 10 consecutive days of measured glycemias.

Polysomnography tests were scored blindly and 
analyzed by an experienced physician, according to the 
American Academy of Sleep Medicine manual (20). 

Data from the actimeters were processed with El 
Temps software (Díez-Noguera, 1, 209+, Barcelona), 
in order to identify period, amplitude, potency, and 
acrophase of each subjects’ rest/activity rhythm.
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All collected data were analyzed using the following 
tests: Shapiro-Wilk’s W test for normality (data from all 
variables presented p value greater than 0.05); Pearson 
correlation coefficient, for comparison between variables; 
T-test for independent samples, when comparing two 
groups; ANOVA one-way, when comparing data from 
more than two groups. All results with p value under 0.05 
were considered significant. All algorithms used are part 
of the Statistic software (StatSoft, Inc., 2004, version 6).

Ethics

The study was approved by the Ethics Committee for 
Research in Human Beings of Instituto de Ciências 
Biomédicas, University of São Paulo, number 873/
CEP. It was also approved by all other partner insti-
tutions, Associação de Diabetes Juvenil, Hospital das 
Clínicas e Instituto do Coração da Faculdade de Me-
dicina da Universidade de São Paulo. Informed consent 
has been obtained from all participants.

RESULTS

T1DM subjects’ age was between 20 and 38 years 
(26.3 y ± 5.1 y). They were non-obese (BMI: 23 ± 2.9 
kg/m2), 8 were male, and 10 female, and their disease 
duration was 12.9 y ± 7.2 y. The nine control subjects’ 
age was between 23 and 38 years (28.8 y ± 5.3 y), BMI: 
22 ± 2.7 kg/m2, and 4 of them were male. Other infor-
mation concerning T1DM individuals’ glycemic con-
trol, and sleep parameters from both groups, T1DM 
and control, are found on table 1.

Sleep diary

No difference between the sleep duration of T1DM 
and control individuals was observed (p = 0.3146). 
Sleep duration was neither correlated with mean gly-
cemia, nor with glycemic variability (r = 0.3043, p = 
0.2196; r = 0.1075, p = 0.6710; respectively).

Among our volunteers, 78% (14 from the T1DM 
group, and 7 from the control group) presented longer 
sleep duration during the weekends (Friday to Saturday 
and Saturday to Sunday) compared to weekdays (Monday 
to Tuesday, Tuesday to Wednesday, Wednesday to Thurs-
day, and Thursday to Friday). When comparing this sleep 
duration difference between both groups, the 14 T1DM 
individuals difference was of 2 h 01 min 33 s ± 1 h 07 min 
19 s, while in the 9 control individuals it was of 57 min 17 s 
± 36 min 24 s (p = 0.0303). The high duration of sleep 
time on weekend nights or during holidays compared to 
weekday nights is suggestive of behaviorally induced in-
sufficient sleep, according to Hublin and Sallinen (21).

Sleep quality did not correlate with the mean glyce-
mia, nor with the glycemic variability of T1DM indivi-
duals (p = 0.4381, p = 0.4046, respectively). When the 
T1DM individuals were separated by the mean glycemia 
values, only the Low Mean Glycemia group presented 
significant negative correlation of mean glycemia with 
sleep quality (r = -0.8508, p = 0.0036). No difference 
between the sleep latency of T1DM and control indi-
viduals was observed (p = 0.6347). The average of the 
sleep latency, reported by the individuals during the 10 
days, was positively correlated with the glycemic varia-
bility (r = 0.6525, p = 0.0033, Figure 1). 

Actimeter

The rest/activity rhythm was analyzed in terms of pha-
ses duration, period, amplitude, potency, acrophase, 
and difference between the observed period and 24 
hours. No significant difference was found between the 
T1DM and control groups in any of these variables.

Night rest duration did not present a significant cor-
relation with mean glycemia (r = 0.5404, p = 0.0697), 
whereas it presents a tendency of positive correlation 
with glycemic variability (r = 0.5706, p = 0.0527). Inte-
restingly, when considering just the Low Mean Glycemia 
group, the correlation of the mean glycemia with the ni-
ght rest duration was negative (r = -0.8987, p = 0.0381).  

Table 1. Main glycemic control and sleep parameters

Groups HbA1c
Mean 

glycemia 
(mg/dL)

Glycemic 
variability 
(mg/dL)

Mean sleep 
duration 
(min.)*

Mean sleep 
quality*

Mean sleep 
latency 
(min.)*

PSG sleep 
efficiency

PSG arousal 
index

PSG apnea/
Hypopnea 

index

T1DM 7.8 ± 1.7 167 ± 40 74 ± 17 431 ± 54 7.1 ± 1.1 13 ± 10 90.1% ± 6.7% 15.6 ± 5.9 3.4 ± 2.1

Control – – – 456 ± 43 7.5 ± 1.6 15 ± 9 87.2% ± 6.8% 21.6 ± 14.4 2.9 ± 2.6

T-test – – – ns ns ns ns ns ns

Mean ± standard deviation.
ns: non-significant difference between both groups.
* Data from the sleep diaries.
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Polysomnography

None of our volunteers (T1DM and control) presented 
sleep disorders. The only sleep parameters correlated 
with the mean glycemia were the full awakenings in-
dex (r = 0.5684, p = 0.0271, Figure 2A) and the ap-
nea-hypopnea index. Surprisingly the correlation with 
apnea-hypopnea index was negative (r = -0.5573, p = 
0.0309), as well as a tendency of correlation between 
apnea-hypopnea index and glycemic variability (r = 
-0.4928, p = 0.0620). It is possible to observe, though, 
that this result reflects especially the highest apnea-
hypopnea index of the 5 individuals with lowest mean 
glycemia (p = 0.0011). Similarly to the mean glycemia, 
A1C was positively correlated with awakenings index (r 
= 0.6544, p = 0.0081, Figure 2B) and arousal index (r = 
0.5680, p = 0.0272, Figure 2C). The 25% highest gly-
cemic variability T1DM individuals had a significantly 
higher awakenings index (p = 0.0092, Figure 2D). 
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Figure 1. Correlation between glycemic variability and sleep latency 
(r = 0.6525, p = 0.0033).

Figure 2. (A-B) Correlation of full awakening index with mean glycemia (r = 0.5684, p = 0.0271), and with A1C (r = 0.6544, p = 0.0081), respectively; 
(C) correlation between arousal index and A1C (r = 0.5680, p = 0.0272); (D) full awakening index of the 25% highest glycemic variability (group 2), 
comparing to the others (75%, groups 1) (p = 0.0092).
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Only one individual presented low glucose levels 
(< 70 mg/dL) during polysomnography. His glucose 
stayed low for more than 3 hours. During this time, 
which was 42.4% of the total sleep duration, this indi-
vidual did not wake up, and presented less hypopneas 
(33.3%) and awakenings (31.6%) than during the rest 
of the night. Additionally, REM sleep was prevalent du-
ring this period as seen on figure 3. 

sociations. Although our sample size was limited, it was 
similar to those of previously published studies with 
T1DM. However, in contrast, we have used a wide 
range of validated measurement instruments to access 
sleep parameters, besides more extensive data collec-
tion through sleep diaries and actimeters. 

In the case of mean sleep latency, a positive corre-
lation with glycemic variability was observed. In other 
terms, this may be understood as higher difficulty in 
falling asleep in case of higher glycemic variability. Al-
though this was shown for the first time in our study, 
it coincides with informal observations both from clini-
cians and especially from individuals with diabetes, who 
sometimes report trouble to sleep when experiencing 
glycemic variations. 

The absence of correlation between sleep duration 
and glycemic control was not surprising, since other 
groups have reported similar results before (10,14). 
In our study, differently from findings of other groups 
that studied T1DM children and adolescents (10,12), 
and in accordance with a study with T1DM adults (14), 
sleep duration was not different between T1DM and 
control subjects. While Pillar and cols. reported in 2003 
decreased sleep duration in children with T1DM (12), 
Yeshayahu and Mahmud reported in 2010 longer sleep 
durations in adolescents with T1DM (10). The me-
thods used in those two studies were different, whereas 
the first gauged sleep duration during the polysomnog-
raphy night, the second considered reported sleep du-
ration. Moreover, there is an age difference that should 
be considered.

Even though sleep and rest duration were not dif-
ferent between T1DM and control, the duration of 
sleep extension during weekends was more than twice 
as long in T1DM patients as it was for control subjects. 
Taking into account these observations, we speculate 
that in an environment free of social demands, most 
of the T1DM individuals would present longer sleep 
duration than controls, supporting Yeshayahu and 
Mahmud findings (10). 

Moreover, knowing that the sleep extension pre-
sented is suggestive of behaviorally induced insufficient 
sleep (21), which may result of daily sleep deprivation, 
we understand that the glycemic control in those indi-
viduals may be affected. Several authors have reported 
the negative impact of sleep deprivation, as well as of 
behaviorally induced insufficient sleep, on insulin re-
sistance and glucose tolerance, as well as learning, 
memory, attention, immune response, cardiovascular 

Sleep and glyc. control in t. 1 diabetes

Figure 3. Polysomnography register of the T1DM individual who presented 
hypoglycemia (< 70 mg/dL) for more than 3 hours during this night. 

Epworth Sleepiness Scale

There was no difference between the control and the 
T1DM group, nor between High Mean Glycemia and 
Low Mean Glycemia groups (p = 0.1065, p = 0.4791, 
respectively). On the other hand the percentage of indi-
viduals with a score higher than 10 in the T1DM group 
was much higher than in the control group (39%, and 
11%, respectively).  

DISCUSSION

The correlations observed between sleep aspects and 
glycemic control are suggestive of the hypothesized as-



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

81Arch Endocrinol Metab. 2015;59/1

Sleep and glyc. control in t. 1 diabetes

function, and neuro-hormonal regulation (21-26). 
Concerning specifically T1DM, a study revealed that 
a single partially deprived night is enough to produce 
insulin resistance (27). In this study individuals were 
allowed to sleep for 4 hours at night, and in the follow-
ing day their insulin sensitivity was reduced in 14-21%. 

We consider sleep quality an important parameter, 
since it was shown, in T2DM, to be negatively cor-
related with A1C (15). In addition, worse sleep qual-
ity was previously reported in individuals with T1DM 
(13,14), which we did not observe in the present study. 
In Jauch-Chara and cols.’s study a questionnaire was 
applied after a polysomnography night (13), whereas 
our individuals reported their sleep quality on a visual 
analogue scale every morning. When taking into ac-
count ESS score, our results points towards the same 
direction of Jauch-Chara and cols.’s. (13). While in the 
control group only one individual (11% of the total) 
had an ESS score higher than 10, in the T1DM group, 
7 individuals (39% of this group) presented this score 
level. This finding may be relevant, since a score of 10 
points or higher in the ESS is suggestive of low sleep 
quality and sleep disorders (28). At the same time, al-
though we found no association of mean glycemia or 
glycemic variability with reported sleep quality, when 
groups were divided, at least the glycemic parameters 
of the individuals with a better metabolic control (Low 
Mean Glycemia group) seemed to be correlated with 
sleep quality. These results are difficult to interpret, but 
we suspect that from a certain mean glycemia, sleep 
quality may not change much, whereas below that level, 
sleep quality varies in association with glycemic control.

Concerning polysomnography data, differently 
from other groups (11,12), we did not find sleep disor-
ders in T1DM group. This result is probably due to our 
strict selection of participants without chronic compli-
cations. Mondini and Guilleminault (29), for example, 
found sleep-disordered breathing in 41.7% of T1DM 
individuals. They also reported that this disorder was 
associated with the presence of neuropathy. Neverthe-
less, in our study, arousal index and awakenings index 
were positively correlated with the A1C. This may be 
understood as an association between these two sleep 
aspects and glycemic control evident only in a broader 
angle, which is provided by the 2-3 months of glycemic 
mean reflected by the A1C value. Therefore, we under-
stand that arousal and awakenings indexes may result 
of a longer term poor glycemic control. At the same 
time, we found that the A1C is strongly associated with 

glycemic variability (r = 0.6228, p = 0.0058), which, 
as discussed earlier, may promote sleep changes. These 
results reveal a significant correlation between the sta-
bility or fragmentation of sleep and glycemic control. 
Moreover, we show that the rate of full awakenings was 
correlated with the 10 days mean glycemia. Therefore, 
we conclude that individuals with poor glycemic con-
trol have more fragmented sleep, with more arousals 
and awakenings. At the same time, sleep fragmentation 
has been associated with increases in insulin resistance 
and adrenocortical and sympathetic nervous system ac-
tivity, which, in turn, may hinder the maintenance of 
good glycemic control (30,31).

The results of higher apnea-hypopnea index ob-
served in individuals with low mean glycemia was sur-
prising. Our results, in this case are just the opposite 
of another group’s (11), who found, in children with 
T1DM, that the poorer the glycemic control (A1C 
values) or the greater the disease duration, the greater 
the apnea index. For this reason, we decided to divide 
the group, and found that 25% of the individuals (5 
individuals) with the lowest GV values (below 59 mg/dL)  
were the ones with the highest apnea-hypopnea in-
dex (4.3 ± 2.39 events per hour, comparing to 2.9 ± 
1.64). Surprisingly, excluding from this 25% lowest 
GV sample the 2 individuals with the highest apnea-
hypopnea index, the remaining 3 individuals present a 
mean apnea-hypopnea index very similar to the remain-
ing group (2.7 ± 1.72). And more than that, with this 
exclusion, the correlation becomes non-significant (r = 
-0.2747, p = 0.3637). Exactly the same happened with 
the negative correlation between mean glycemia and 
apnea-hypopnea index, it became non-significant when 
the two extreme values (AHI > 6) are excluded from 
the sample (r = -0.3975, p = 0.1786). For this reason, 
although the first results favored a conclusion of higher 
apnea-hypopnea index in individuals with better meta-
bolic control, it seems that it is just an artifact resulting 
from 2 individuals’ extreme data. It is also worth men-
tioning that according to the American Academy of 
Sleep Medicine (32), none of our individuals would be 
considered to have sleep-disordered breathing, which 
is diagnosed in cases of at least 15 events per hour, or 
more than 5 events per hour with clear symptoms. 

The difference between stages duration observed by 
Jauch-Chara and cols. (13), when comparing T1DM 
with control individuals, was not observed in our study, 
not even between the different T1DM groups (control 
vs. T1DM - % of REM sleep: 21.5% ± 5.3% vs. 19.9% ± 
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7.7%, p = 0.6216; % stage 3, 21.7% ± 8.4% vs. 20.6% ± 
8.3%: p = 0.7668). 

The only case of hypoglycemia during the polysom-
nography night presented interesting consequences on 
the sleep parameters. During the hypoglycemia several 
parameters seemed to become more stable, with more 
REM sleep, and less hypopneas and awakenings than 
the rest of the night. Different authors have also found 
results indicating that the sleep inhibits counter-regu-
latory responses, and that the hypoglycemia deepens 
sleep (12,33). These results reinforce the importance 
of keeping track of glycemia during the night, avoid-
ing hypoglycemia, since if the individual does not wake 
up, and the glycemia decreases even more, it would put 
the individual’s life in risk (34,35). In addition, we re-
commend monitoring glucose continuously when per-
forming polysomnography in DM individuals, since, as 
observed, the occurrence of hypoglycemia may blunt 
its results.

The results found in this study support at least par-
tially our hypothesis, and are in accordance with results 
from other groups pointing towards the existence of 
a vicious circle involving T1DM and sleep (Figure 4). 
In this vicious circle, poor glycemic control in T1DM 
affects sleep parameters, which in turn compromises 

the glycemic control. It is similar to the vicious circle 
that associates sleep with T2DM. Similarly to Knutson 
and cols.’s proposal for individuals with T2DM (15), 
we suggest sleep duration and quality to be considered 
part of T1DM’s therapy. Although in the present study 
we did not isolate variables with the intention to find 
cause-and-effect relationships, we understand that our 
results in association to other groups’ results make we 
believe that improving glycemic control may lead to im-
provements on sleep quality. At the same time, a good 
night’s sleep, with adequate duration and high quality 
may help to regulate metabolism and sympathoadrenal 
activity, improving the glycemic control.  

We understand that more studies are needed to 
confirm our findings. Some of the tendencies observed 
may become significant when analyzing data from more 
subjects, and unexpected results may be clarified. In ad-
dition, more studies are needed to unveil the links con-
necting glucose metabolism and diabetes with sleep.
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Association of primary 
hyperparathyroidism and 
humoral hypercalcemia of 
malignancy in a patient with 
clear cell renal carcinoma

Letícia da Silva Gomes1, Carolina A. M. Kulak1, Tatiana Munhoz 
da Rocha Lemos Costa1, Evandro Cezar Guerreiro Vasconcelos1,2, 
Maurício de Carvalho1, Victoria Zeghbi Cochenski Borba1 

SUMMARY
Hypercalcemia is found frequently in patients with cancer. Besides the etiology related to the malig-
nancy, other causes should be considered in the differential diagnostic, as primary hyperparathyroid-
ism, granulomatous diseases and the use of thiazide diuretics. We present a case report of a severe 
hypercalcemia due to a rare association and review the relevant literature. A female patient, 57 years 
old, sent to the Endocrinology Service of Hospital das Clínicas da Universidade do Paraná (SEMPR) 
in order to investigate severe hypercalcemia with frequent need of hospitalization. The patient was in 
chemotherapy treatment for recurrence of clear cell renal cancer. During the investigation she presen-
ted high level of parathyroid hormone (PTH) and parathyroid scintigraphy suggestive of hyperplasia/ 
adenoma of parathyroid, histopathological diagnosis was confirmed after parathyroidectomy. After 
surgery the patient presented undetectable levels of PTH. However, she continued with progressive 
increase of serum calcium, with no signs of bone metastases or change in vitamin D metabolism. 
The investigation showed high levels of PTH-related protein (PTHrP), leading us to the diagnosis of 
hypercalcemia of malignancy. The patient presented severe hypercalcemia due to the rare association 
of primary hyperparathyroidism and humoral hypercalcemia of malignancy due to secretion of PTHrP 
by tumor cells. The presence of isolated primary hyperparathyroidism, as a cause of hypercalcemia in 
cancer patients, has been described in approximately 5-10% of the patients. However, the association 
of primary hyperparathyroidism and humoral hypercalcemia of malignancy (which means with con-
comitant elevation of PTH and PTHrP) is rare, only three cases have been described in the literature. 
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INTRODUCTION

H ypercalcemia is a metabolic disorder, which can 
have different causes. Approximately 90% of the 

patients with an increase of serum calcium have the 
primary hyperparathyroidism or hypercalcemia of ma-
lignancy as a cause, being uncommon the association 
of both in the same patient (1). Other rare causes can 
be included like suprarenal failure, pheochromocyto-
ma and VIPoma; the use of drugs; increased bone re-
sorption; prolonged immobilization; rhabdomyolysis; 
excessive synthesis of 1.25-dihydroxyvitamin D; thy-
rotoxicosis; milk-alkali syndrome and familial hypocal-
ciuric hypercalcemia (2).

According to the literature, 20 to 30% of cancer pa-
tients will eventually present hypercalcemia, which has 
been associated to a poor prognosis (3-5). Hypercalcemia 

of malignancy can be classified into 4 types: malignant 
humoral hypercalcemia (80%), local osteolytic hypercal-
cemia (20%), secretion of 1.25-dihydroxyvitamin D (< 
0.1%) and ectopic hyperparathyroidism (< 0.1%) (6).

During the evaluation of a patient with cancer and 
hypercalcemia, it is important to consider in the dif-
ferential diagnosis other causes of hypercalcemia in ad-
dition to malignant ones (6). In a study that evaluated 
133 patients with cancer and hypercalcemia, 8 (6%) 
presented the diagnosis of primary hyperparathyroi-
dism (7,8).

In this paper we report a case of severe hypercal-
cemia due to the rare association of primary hyper-
parathyroidism (confirmed by laboratory tests, images, 
surgery and anatomopathological examination) and 
humoral hypercalcemia of malignancy due to secretion 



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

85Arch Endocrinol Metab. 2015;59/1

of parathyroid hormone-related protein (PTHrP) by 
the tumor cells.

MATERIAL AND METHODS

The description of this case was approved by the hospi-
tal’s Ethics Committee on Human Research. A 57 years 
old female patient was admitted to the Service of En-
docrinology of Hospital das Clínicas da Universidade 
Fe deral do Paraná, Curitiba (SEMPR), to investigate 
severe hypercalcemia. Her serum calcium level was up 
to 15 mg/dL with frequent need for hospitalization 
and limited quality of life. Five years ago she had a radi-
cal right nephrectomy and cavotomy for clear cell renal 
cancer that recurred three years later, currently she is 
undergoing chemotherapy treatment with interferon. 
There is no previous report of hypercalcemia, and her 
family history of endocrine diseases was negative. She de-
nied supplemental calcium, vitamin D, vitamin A or the 
use of any medication that could lead to hypercalcemia. 

At the admission, serum levels of parathyroid 
hormone (PTH) was 281.8 pg/mL (normal range: 
15 – 68,3 pg/mL). Total calcium was 14,6 mg/dL 
(normal range: 8,9 – 10 mg/dL). Inorganic phospho-
rus was 2,0 mg/dL (normal range: 2,3 – 4,7 mg/dL). 
Table 1 summarizes the laboratory results. 99mTc 
 Sestamibi scintigraphy scan showed a lesion sugges-
tive of hyperplasia/adenoma of right lower parathy-
roid gland (Figure 1). Patient was diagnosed with 
primary hyperparathyroidism (PHPT) and was re-

ferred for surgery aiming improvement of her quality 
of life, control of hypercalcemia and decreasing num-
ber of hospitalizations. The PHPT was confirmed by 
the histopathological examination of parathyroidec-
tomy material, consistent with an adenoma of para-
thyroid gland.

Patient improved clinically after surgery, her PTH 
level was undetectable and her serum calcium de-
creased, although no full normalization was observed. 
At the follow up she presented a progressive increase of 
serum calcium level despite low levels of PTH. None 
bone metastatic lesion was seen at the scintigraphy 
scan, which could justify the persistent high calcium 
levels. Serum levels of 1.25-dihydroxyvitamin D3 and 
of 25-OH-vitamin D were 21.6 pg/mL (normal range: 
18 – 78 pg/mL) and 10.8 ng/mL (normal range: 30 
– 100 ng/mL), respectively. The serum PTH related 
protein (PTH-rP) level was 4,6 pmol/L (normal range: 
< 2 pmol/L), compatible with humoral hypercalcemia 
of malignancy.

RESULTS AND DISCUSSION

We present a case of severe hypercalcemia due to a rare 
association of primary hyperparathyroidism and hu-
moral hypercalcemia of malignancy due to secretion of 
PTHrP by renal cell carcinoma. 

Hypercalcemia is a metabolic disorder caused by 
various diseases. In the mild hypercalcemia the se-
rum calcium values are between 11 – 11.5 mg/dL.  

Table 1. Summary of the Laboratory Results during the entire follow-up

Laboratory findings Admission 1 Week after surg. 3 Months post surg. Normal range

Albumin (g/dL) 3,7 3,6 3,4 3,5-5,0

Calcium (mg/dL) 14,6 10 12,7 8,9-10

Corrected calcium (mg/dL) 14,8 10,3 13,2

Ionized calcium (mmol/l) 1,77 1,31 - 1,12-1,32

Urinary clacium 24 hours (mg/24 h) 109,2 (2,600 mL) - 113 (1,000 mL) 100-300

Inorganic phosphorus (mg/dL) 2,0 3,7 3,2 2,3-4,7

PTH (pg/mL) 281,8 7,8 < 5,0 15-68,3

PTHrP (pmol/l) - - 4,6 < 2,0

Creatinine (mg/dL) 2,2 1,6 1,8 0,57-1,11

1,25-dihydroxyvitamin D3 (pg/mL) - - 21,6 18-78

25-OH-vitamin D (ng/mL) - - 10,8 30-100

Urea (mg/dL) 47 47 56 21-43

Magnesium (mg/dL) 2,1 1,9 2,4 1,6-2,6

Alkaline phosphatase (U/l) 86 - 142 40-150

PTH: parathyroid hormone; PTHrP: parathyroid hormone related protein; Surg.: parathyroidectomy surgery of right lower parathyroid gland.

Hypercalcemia of malignancy
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It is ge nerally asymptomatic and it is only detected by 
routine measurement of calcium, rarely is described 
moderate neuropsychiatric symptoms. Calcium le vels 
higher than 12 and 13 mg/dL can cause lethargy, stu-
por and gastrointestinal symptoms. A serious hypercal-

cemia has serum calcium levels substantially elevated 
between 15 and 18 mg/dL, it is considered a medical 
emergency due to the risk of cardiac arrest and coma 
(6). Hypercalcemia and its complications have ma-
jor impact on patients’ quality of life. That is why the 

Figure 1. Parathyroid scintigraphy showing a lesion suggestive of hyperplasia/adenoma of lower right parathyroid.

Hypercalcemia of malignancy
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search for the etiology of hypercalcemia in cancer pa-
tients must be pursued and properly treated, even in 
advanced disease, as the patient described.

Fierabracci and cols detected seven cases of primary 
hyperparathyroidism studying 100 women with less ag-
gressive breast cancer, suggesting routine measurement 
of PTH levels in patients with cancer and hypercalcemia 
in order to rule out this hypothesis (9).

The serum PTH levels are suppressed in the vast 
majority of hypercalcemias associated with malignancy. 
In this specific case, the high level of PTH was what 
prompted the initial suspicion of primary hyperpara-
thyroidism as the cause of hypercalcemia. The dosage 
of PTHrP is usually performed only in cases of uncer-
tain diagnosis. Interestingly a Chinese study evaluated, 
PTH and PTHrP in 178 patients hospitalized with hy-
percalcemia, 93 patients had hypercalcemia of malig-
nancy and in seven an association with primary hyper-
parathyroidism was present, suggesting that. PTH and 
PTHrP should be measured routinely (10). 

Isolated primary hyperparathyroidism as the cause 
of hypercalcemia of cancer patients has been described 
in 5 to 10% of the patients, but the association of pri-
mary hyperparathyroidism with humoral hypercalcemia 
of malignancy are rare. 

Besides the Chinese study mentioned before (10), 
in the present research there were only 3 references of 
this association: a 65 year-old woman with a clear cells 
endometrial cancer (11); a 47 year-old man with car-
cinoma in the external manubrium (12); and a patient 
with multiple endocrine neoplasia type 1 and a neuro-
endocrine pancreas tumor (13). 

The humoral hypercalcemia of malignancy is caused 
by the secretion of a peptide related to the parathor-
mone (PTHrP) by the tumor cells. This peptide has 
homology with PTH in its amino-terminal sequence, 
what allows it to act in the PTH-1 receptor (PTH1R), 
being able to increase bone reabsorption and the renal 
retention of calcium. PTHrP is usually present in seve-
ral organs and tissues, and is essential to life, although it 
is usually in non-detectable levels. When it is produced 
in large amounts by tumor cells, it can lead to a severe 
hypercalcemia. The levels of 1.25-dihydroxyvitamin D 
are usually low, since its molecule does not stimulate its 
production, as it was observed in our case (14).

Almost any kind of tumor can lead to this syndrome, 
the most frequent are squamous cell tumors (head and 
neck, esophagus, cervix, lung, and pancreas), renal cell 
carcinoma, bladder, breast, ovary, endometrium and 

lymphomas associated with HTLV-1 virus. We could 
not find in the literature other reports of the association 
of humoral hypercalcemia of malignancy and primary 
hyperparathyroidism in patients with clear cell renal 
cancer, besides this case.

Interferon therapy has been related to changes in 
bone mass, but not to calcium metabolism. Some stu-
dies demonstrated gain of bone mass after treatment 
with interferon in patients with chronic hepatitis, sys-
temic mastocytosis and thrombocythemia (15-17). In 
patients being treated for cancer there are no reports of 
this association.

The patient described had a previous diagnosis 
of recurrence of renal cell cancer and presented with 
hypercalcemia with high intact PTH, a diagnosis of 
primary hyperparathyroidism was confirmed after the 
surgery and anatomopathological evaluation. Unde-
tectable levels of PTH indicated a surgical cure, ho-
wever, there was no normalization of serum calcium 
levels, suggesting the diagnosis of humoral hyper-
calcemia of malignancy, which was confirmed by the 
dosage of PTHrP. Unlike expected in isolated primary 
hyperparathyroidism, patient had low level of 1.25 di-
hydroxyvitamin D3 (18).

Considering the high cost and the difficulty of 
PTHrP dosage, its measurement routinely in patients 
with cancer and hypercalcemia is controversial. In cases 
of high suspicion of hypercalcemia of malignancy, when 
PTH level is low, there is a high chance that the cause is 
a humoral hypercalcemia of malignancy and the clinical 
management will not be very different after the labora-
tory confirmation of the diagnosis. However, in those 
cases where there is advanced malignant disease with 
a diagnosis of primary hyperparathyroidism in which 
surgical treatment could be indicated to improve pa-
tient’s quality of life, PTHrP dosage may guide bet-
ter the procedure and predict the behavior of calcemia 
after-surgery. More studies with larger number of pa-
tients would help to confirm this hypothesis, although 
the rarity of the association would be a limiting factor 
to this kind of study.

In summary, this report describes hypercalcemia 
in a 57-year-old woman with renal clear cell cancer 
that showed calcium elevation due to a simultaneous 
increase of PTH and PTHrP, indicating a rare asso-
ciation of primary hyperparathyroidism and humoral 
hypercalcemia of malignancy. This case highlights the 
importance of an appropriate biochemical assessment 
to patients with hypercalcemia, especially those with a 
history of malignant disease.

Hypercalcemia of malignancy
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Is Doppler ultrasound of additional 
value to gray-scale ultrasound 
in differentiating malignant and 
benign thyroid nodules?

Pedro Weslley Rosario1,2, Alexandre Lemos da Silva1,  
Michelle Aparecida Ribeiro Borges3, Maria Regina Calsolari1,2

SUMMARY
The objective of this study was to evaluate whether Doppler ultrasound (DUS) is of additional value 
to gray-scale ultrasound (GSUS) in predicting the benign or malignant nature of thyroid nodules.  
A total of 1,502 solid thyroid nodules ≥ 10 mm were evaluated. Suspicious vascularity (predominantly 
or exclusively central blood flow) was observed in only 5% of the nodules. This finding showed 96% 
specificity, but only 15% sensitivity. GSUS alone showed sensitivity and specificity of 88.7% and 
68.2%, respectively, which did not improve with the addition of DUS (sensitivity of 89.4% and speci-
ficity of 66.4%). In non-suspicious nodules on GSUS, the type of vascularity on DUS did not modify 
the risk of malignancy, which was low. In suspicious nodules on GSUS, suspicious vascularity on 
DUS increased the risk of malignancy, but non-suspicious vascularity did not reduce this risk. DUS 
provided no additional value to GSUS in predicting the benign or malignant nature of thyroid no-
dules. Arch Endocrinol Metab. 2015;59(1):89-93
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INTRODUCTION

T he current indications for fine-needle aspiration 
(FNA) of thyroid nodules < 10 mm are highly se-

lective (1-7). FNA is also not necessary in the case of 
autonomous or cystic nodules ≥ 10 mm. In the remain-
ing cases, ultrasonographic characteristics of the nodule 
(composition, echogenicity, shape, margins, halo, calci-
fications) are important for the indication of FNA and 
for estimating the risk of malignancy. Nodule vascular-
ity has also been proposed to be of diagnostic value, but 
many authors question this proposal (3,4,8-11).

In addition to the controversy regarding the use of 
Doppler US for the differentiation of benign and ma-
lignant nodules, there is no consensus which type of 
vascularity would be considered suspicious of malig-
nancy. Some organization such as the American Thy-
roid Association (2), American Association of Clinical 
Endocrinologists and European Thyroid Association 
(12), European Society for Medical Oncology (5), 
and National Comprehensive Cancer Network (7) 
consider “increased intranodal vascularity” as suspi-
cious, without requiring that vascularity is predomi-

nantly or exclusively intranodal. Others such as the 
Society of Radiologists in Ultrasound (1), French So-
ciety of Endocrinology (13), and Brazilian Society of 
Endocrinology (6) propose only “predominantly or 
exclusively central” blood flow to be defined as suspi-
cious.

Finally, even when vascularity is taken into consi-
deration, other ultrasonographic characteristics of 
the nodule continue to be important, i.e., Doppler 
US does not replace gray-scale ultrasound (GSUS). 
It is therefore important to know whether (i) an ap-
parently benign nodule on GSUS becomes suspicious 
when Doppler US reveals suspicious vascularity and the 
pro bability of the nodule being benign increases when 
Doppler US is also not suspicious; (ii) a suspicious nod-
ule on GSUS is no longer suspicious when Doppler US 
is not suspicious and its risk of malignancy increases 
when Doppler US is also suspicious.

The objective of the present study was to determine 
whether Doppler US is of additional diagnostic value to 
GSUS in predicting the nature of solid thyroid nodules 
≥ 10 mm.
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SUBJECTS AND METHODS

Design

Prospective study.

Patients

Consecutive patients who had at least one thyroid nod-
ule ≥ 10 mm were selected. The following nodules ≥ 
10 mm were excluded: cystic, complex (mixed) or hot 
nodules on 131I scintigraphy (performed on patients 
with low TSH). Thus, nontoxic solid or predominantly 
solid nodules ≥ 10 mm were included. The study was 
approved by the local Research Ethics Committee.

Doppler US

Ultrasound was performed with a linear multifrequency 
12-MHz transducer for morphological analysis (gray-
scale) and for power Doppler evaluation. Ultrasound 
was performed by three experienced radiologists. Sus-
picious ultrasonographic findings were microcalcifica-
tions, hypoechogenicity, microlobulation or irregular 
margins, and a taller-than-wide shape (being greater in 
the anteroposterior dimension than in the transverse di-
mension) (1). The type of blood flow of all thyroid no-
dules was evaluated before US-guided FNA. Using the 
first classification, three types of vascularity were identi-
fied (14): type 0, no vascularity – defined as no flow at 
the periphery or inside the nodule; type 1, peripheral 
vascularity – defined as flow only at the periphery of the 
nodule, and type 2, intranodular vascularity – defined 
as flow inside the nodule regardless of flow at the pe-
riphery. Using the second classification, four types of 
vascularity were identified (adapted from 15,16): type 
0, no vascularity; type 1, peripheral vascularity; type 2, 
peripheral and intranodular vascularity; type 3, exclu-
sively or predominantly intranodular vascularity.

FNA

FNA was performed with a 22-gauge needle and a 5- or 
10-mL syringe and was guided by US. The smears were 
analyzed by pathologists experienced in thyroid pathol-
ogy. The cytological diagnosis was classified as benign, 
indeterminate (follicular lesion of undetermined signifi-
cance, atypia of undetermined significance, suspicious 
of or follicular neoplasm), suspicious of malignancy or 
malignant, or inadequate. All patients were referred for 
surgery, except for those with benign cytology. Only the 

cytological or histological diagnosis of the thyroid no-
dule included in the study was considered for analysis.

Statistical analysis

Fisher’s exact test or the χ2 test was used to detect dif-
ferences in the proportion of cases. A p-value of less 
than 0.05 was considered to be significant.

RESULTS

There were 1,106 eligible patients (902 women; age 
range: 9-83 years, median of 48 years) with 1,502 solid 
nodules ≥ 10 mm and all of them underwent FNA. Cy-
tology was benign in 1,135 nodules (75.5%). A cytology 
result classified as malignant or suspicious of malignancy, 
indeterminate, or inadequate was observed in 87 (5.6%), 
190 (12.6%), and 90 (6%) nodules, respectively. Since 
10 patients with 12 nodules refused or had contrain-
dications to thyroidectomy, histology was available for 
355 of 367 nodules with non-benign cytology. One hun-
dred sixty of these 355 nodules were malignant. The 10 
patients with indeterminate (n = 3) or ina dequate (n = 
7) cytology and without available histology were at low 
clinical risk of malignancy (2-7,12,13,17), and the nodu-
les showed no growth after 24 months of follow-up.

Considering the first classification, suspicious vascu-
larity (type 2) was observed in 64.6% of the nodules. 
This findings showed 70% sensitivity, but only 36% 
specificity. The frequencies of nodules without apparent 
flow, with exclusively peripheral flow, or with intranodal 
flow did not differ between benign and malignant le-
sions (Table 1). In addition, the risk of malignancy did 
not differ according to the type of vascularity (Table 1).

Doppler US in thyroid nodule

Table 1. Distribution of the type of vascularity (first classification) on 
Doppler US in benign and malignant nodules and probability of malignancy 
according to vascularity

Type of 
vascularity Benign nodules Malignant 

nodules
Probability of 
malignancy

Type 0 82 (6.1%) 8 (5%) 8/90 (8.9%)

Type 1 401 (29.9%) 40 (25%) 40/441 (9%)

Type 2 859 (64%) 112 (70%) 112/971 (11.5%)

1,342 160 160/1502 (10.6%)

Using the second classification, suspicious vascular-
ity (type 3) was seen in only 5% of the nodules. This 
finding showed 96% specificity, but only 15% sensitivity. 
The initial probability of malignancy did not decrease 
in the absence of predominantly or exclusively intrano-
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dal vascularity, but increased significantly [from 10.6% 
to 31.6% (p < 0.001)] in the presence of this vascularity 
(Table 2).

tionally for nodules < 1 cm (1-7). The two classifica-
tions most frequently used to define the type of nodule 
vascularity were evaluated (1,2,5-7,12,13,17). Instead 
of analyzing only the performance of Doppler US for 
the differentiation of benign and malignant nodules, 
its additional contribution to GSUS was also evalua-
ted, since the latter is always obtained and its value has 
been well established. In addition, the rate of malig-
nancy (approximately 10%) is in accordance with that 
observed in subjects with nodular thyroid disease (1,3-
5,12,13), minimizing the probability that the predic-
tive values obtained are under- or overestimated. 

In the present study, the absence of blood flow was 
uncommon (only 5% of the nodules), probably because 
of the characteristics of the nodules studied (≥ 10 mm 
and solid). The expertise of the examiners may have 
also contributed to this finding. Grouping nodules with 
central flow, regardless of peripheral flow (first classifi-
cation), the risk of malignancy was not higher in this 
group when compared to nodules without detectable 
flow or with exclusively peripheral flow. The risk of 
malignancy was only higher when predominantly or 
exclusively central flow was considered (second classi-
fication), although this flow was seen in only 15% of 
malignant nodules. Anyway, the second classification 
evaluated in this study provided better results. The So-
ciety of Radiologists in Ultrasound (1), French Society 
of Endocrinology (13) and Brazilian Society of Endo-
crinology (6) adopt a similar classification; however, 
we emphasize that the first classification is still used in 
the recommendations of the American Thyroid Asso-
ciation (2), American Association of Clinical Endocri-
nologists and European Thyroid Association (12), Eu-
ropean Society for Medical Oncology (5), and National 
Comprehen sive Cancer Network (7).

Even considering the second classification, we found 
no additional value of Doppler US to GSUS. In terms 
of clinical practice, two findings should be highlighted. 
First, only 2.7% of non-suspicious nodules on GSUS 
exhibited suspicious vascularity on Doppler US and the 
risk of malignancy of these nodules continued to be low. 
Second, among suspicious nodules on GSUS, although 
suspicious vascularity on Doppler US had increased the 
risk of malignancy, this risk remained high even in the 
absence of suspicious vascularity. Therefore, Doppler 
US did not change the indication for FNA based only 
on GSUS. In fact, many studies showing the usefulness 
of Doppler US analyzed its separate performance, but 
did not evaluate its additional value to GSUS (18).

Table 3. Probability of malignancy in suspicious and non-suspicious 
nodules on gray-scale ultrasound (GSUS) combined with type of vascularity 
on Doppler US (second classification)

Type of 
vascularity

Non-suspicious nodules 
on GSUS

Suspicious nodules on 
GSUS

Type 0 0/44 8/46 (17.4%)

Type 1 6/299 (2%) 34/142 (24%)

Type 2 11/566 (1.94%) 77/329 (23.4%)

Type 3 1/25 (4%) 23/51 (45%)

18/934 (1.9%) 142/568 (25%)

Table 2. Distribution of the type of vascularity (second classification) on 
Doppler US in benign and malignant nodules and probability of malignancy 
according to vascularity

Type of 
vascularity

Benign nodules Malignant 
nodules

Probability of 
malignancy

Type 0 82 (6.1%) 8 (5%) 8/90 (8.9%)

Type 1 401 (29.9%) 40 (25%) 40/441 (9%)

Type 2 807 (60.1%) 88 (55%) 88/895 (9.8%)

Type 3 52 (3.9%) 24 (15%) 24/76 (31.6%)

1,342 160 160/1,502 (10.6%)

Doppler US in thyroid nodule

Next, it was determined whether Doppler US using 
the second classification would be useful in addition to 
GSUS. The sensitivity and specificity of GSUS alone 
were 88.7% and 68.2%, respectively. Considering vascu-
larity type 3 as “suspicious” and types 0-2 as “non-sus-
picious”, the addition of Doppler US did not change 
the sensitivity (89.4%) or specificity (66.4%) of GSUS. 
In the case of non-suspicious nodules on GSUS, Dop-
pler US did not change the risk of malignancy, which 
was low irrespective of the type of vascularity (Table 3). 
In the case of suspicious nodules on GSUS, vascularity 
type 3 found in only 9% of these nodules increased the 
risk of malignancy [from 25% to 45% (p < 0.002)], but 
the other types of vascularity (types 0-2) did not reduce 
the probability of malignancy (Table 3).

DISCUSSION

Some characteristics of the study deserve to be high-
lighted. The design was prospective and a large number 
of nodules (n = 1,502) were analyzed. The nature of 
the nodules was defined by cytology or histology in > 
99% of lesions. The nodules were selected according to 
current practice, in which FNA is recommended excep-
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Some factors can affect the performance of Dop-
pler US. Power Doppler imaging is more sensitive in 
detecting the slow flow of small vessels and is more 
specific than color Doppler (19-21). It is important to 
use minimal probe pressure when evaluating superfi-
cial lesions to avoid obliteration of low-velocity blood 
flow. In addition, interobserver variability in describing 
blood flow in the nodule is possible. Power Doppler 
imaging was used in the present study and all radiolo-
gists were well aware of the effect of compression on 
Doppler US images. It should be noted that no blood 
flow was detected in only 5% of the nodules. Although 
previous studies have shown good interobserver agree-
ment in the localization of nodule vascularity (22,23), 
we randomly selected 15 patients with 20 nodules to 
be evaluated by all three examiners and agreement in 
the type of vascularity was obtained for these nodules 
in all assessments (unpublished data). Moreover, the 
sensitivity and specificity of Doppler US calculated for 
each examiner were identical (unpublished data). In 
fact, the prospective design of the study, pre-establish-
ing the types of vascularity, contributed to these uni-
form results.

Suspicious blood flow might be less frequent in 
nodules < 10 mm (11,24,25); as a consequence, there 
would be no reason to imagine that the contribution of 
Doppler US found in the present study (in nodules ≥ 
10 mm) is greater for infracentimetric nodules. In addi-
tion, the indications for FNA are highly selective in the 
latter case (1-7) and the evaluation of nodules > 10 mm 
is of greater practical applicability. We evaluated only 
solid or predominantly solid nodules. Since mixed no-
dules show a lower risk of malignancy (1,4,12,13,17), 
it is unlikely that Doppler US is more useful in the case 
of these nodules.

In our study, 92.5% (148 of 160) of malignancies 
were papillary thyroid carcinoma (PTC). Our study 
thus predominantly reflects the vascularity of PTC. 
However, we emphasize that the PTC accounts for 
up to 95% of differentiated thyroid carcinomas. In 
recent large series, even in nodules with “follicular 
neoplasm” or “follicular lesion of undetermined sig-
nificance” cytology, 85% of malignant nodules were 
PTC (26,27). The classical and limited differential 
diag nosis between adenoma and follicular carcinoma 
is no longer appropriate for current cases of indeter-
minate cytology. In fact, the criteria for differentiat-
ing benign and malignant thyroid nodules and for 
recommending FNA are thus weighted for detecting 

PTC (1-7,12,13,17). There is report that central flow 
is significantly associated with malignancy in follicular 
neoplasm, but did not evaluate its additional value to 
GSUS (18).

The vascularity, resistance index or pulsatility index 
was not quantified; only the pattern of vascularity was 
evaluated. No recommendations for the use of these 
parameters or objective cut-off values exist for predict-
ing the malignancy of thyroid nodule (1-7,12,13,17).

In the present study, Doppler US provided no addi-
tional value to GSUS in defining the nature of thyroid 
nodules. 

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

Accelerated fracture healing 
with teriparatide

João Lindolfo C. Borges1

O n December 2, 2013, it was called our attention that the case report (1) con-
tained few paragraphs that bear a likeness to a further review (2). This occurred 

inadvertently when we entrusted the literature and a draft of this review (2) to others 
co-authors. Although we were not aware of theses similarities between the case report 
and this review. We nevertheless take full responsibility for this error.

The primary objective of our case report (1) is to describe a accelerated fracture 
healing with teriparatide. It thus is completely different in focus, content, and scope 
from Goldhahn and cols. review (2). We deeply regret this error and apologize for it 
to all ABE&M readership.
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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 the AE&M and should not have 
been published, or be under consideration for publication in any substantial 
form, in another periodical-either professional or lay. 
Manuscripts for the online issue should be submitted in English. For the prin-
ted issue, it is highly recommended, although not mandatory, that manus-
cripts are also in English. All manuscripts accepted for publication should be 
proofread by a native speaker or a scientific editing service, and an editorial 
certificate should be provided to the AE&M. The following companies are su-
ggested:  Voxmed Medical Communications, American Journal Experts or 
PaperCheck. Papers that do not meet these requirements will be returned to 
the author for the necessary revisions before formal review. 
All submissions are initially evaluated in depth by the scientific editors. Pa-
pers that do not conform with 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 AE&M as Original Articles 
or Brief Reports. Other special categories of manuscripts are described be-
low. All manuscripts must adhere to the word count  limitations, as specified 
below, for text only; word count does not include the abstract, references, or 
figures/tables and their legends. Word count must be shown on the title page, 
along with the number of figures and tables. The format is similar for all ma-
nuscript categories, and it is described in detail in the “Manuscript Prepara-
tion” section. 

Original Articles 
The Original Article is a scientific report of the results of original research that 
has not been published or submitted for publication elsewhere (either in print 
or electronically). It represents a substantial body of laboratory or clinical 
work. In general, Original Articles should not exceed 3,600 words in the main 
text, include more than six figures and tables, or more than 35 references. 

Review Articles 
The AE&M publishes Review Articles that show a balanced perspective on 
timely issues within the field of clinical endocrinology. All reviews are submit-
ted upon invitation and are subject to peer review. Articles in this category are 
requested by the Editors to authors with proven expertise in the field. Authors 
considering the submission of uninvited reviews should contact the editors in 
advance to determine whether the topic that they propose is of current poten-
tial interest to the Journal. 
Review articles should be no longer than 4,000 words in the main text, inclu-
de no more than four figures and tables, and no more than 60 references. The 
author should mention the source and/or request authorization for use of 
previously published figures 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 criticism, and will be publi-
shed only if they meet the usual editorial standards of the Journal. Consen-
sus Statements should typically be no longer than 3,600 words in the main 
text, include no more than six figures and tables, and no more than 60 refe-
rences. 

Brief Report 
The Brief report consists of new data of sufficient importance to warrant im-
mediate publication. It is a succinct description of focused study with impor-
tant, but very straightforward, negative or confirmatory results. Brevity and 
clarity are always likely to enhance the chance of a manuscript being accep-
ted 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) are acceptable for Brief Reports. 

Case Report 
A Case Report is a brief communication presenting collected  or single case 
reports of clinical or scientific significance. These reports should be concise 
and focused on the issue to be discussed. They should address observations 
of patients or families that add substantially to the knowledge of the etiology, 
pathogenesis, and delineation of the natural history or management of the 
condition described. Case Reports should be 2,000 words or less, with no 
more than four figures and tables, and no more than 30 references. 

As AE&M will reduce the publication of case reports, authors are strongly 
encouraged to send their manuscripts to the journal “Endocrinology, Diabe-
tes & Metabolism Case Reports”, where SBEM members have a submission 
discount. 

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

Manuscript Preparation 

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

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

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

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

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 the evaluation of the manuscript for publication 

in AE&M, and any information relevant to the 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.  List of References. 

Title Page 
The title page must contain the following information: 

1.  Title of the article (a concise statement of the major contents of the article).
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 no more than 40 characters for page headings.
5.  Up to five keywords or phrases suitable for use in an index (the use of 

MeSH terms is recommended).
6.  Word count – excluding title page, abstract, references, figures/tables and 

their legends.
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 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 the manuscript. Please use complete 
sentences for all sections of the abstract. 

Introduction 
The article should begin with a brief introductory statement that places the 
study in historical perspective, and explains its objective and significance.

Materials and Methods 
These should be described and referenced in sufficient detail for other inves-
tigators to be able to repeat the study. The source of hormones, unusual che-
micals and reagents, and special pieces of apparatus should be stated. For 
modified methods, only the modifications need be described. 
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Results and Discussion 
The Results section should briefly present the experimental data in text, ta-
bles, and/or figures. For details on preparation of tables and figures, see be-
low. The Discussion should focus on the interpretation and significance of the 
findings, with concise objective comments that describe their relation to 
other studies in that area. The Discussion should not reiterate the Results. 

Authorship 
The AE&M ascribes to the authorship and contributorship guidelines defined 
by the International Committee of Medical Journal Editors (www.ICMJE.org). 
Unrestricted joint authorship is allowed. A maximum of two corresponding 
authors is allowed. 
The uniform requirements for manuscripts submitted to medical journals sta-
te that authorship credit should be based only on substantial contribution to: 
1.  The conception and design, or analysis and interpretation of data. 
2.  The drafting of the article or its critical review for important intellectual 

content.
3. The final approval of the version to be published.
All these conditions must be met. The corresponding author is responsible for 
ensuring that all appropriate contributors are listed as authors, and that all 
authors have agreed with the content of the manuscript and its submission to 
the AE&M. 

Conflict of interest 
A conflict-of-interest statement for all authors must be included in the main 
document, following the text, in the Acknowledgments section. If authors 
have no relevant conflict of interest to disclose, this should be indicated in the 
Acknowledgments section. 

Acknowledgments 
The Acknowledgments section should include the names of those people 
who contributed to a study but did not meet the requirements for authorship. 
The corresponding author is responsible for informing each person listed in 
the acknowledgment section that they have been included and providing 
them with a description of their contribution so they know the activity for 
which they are considered responsible. Each person listed in the acknowledg-
ments must give permission – in writing, if possible – for the use of his or her 
name. It is the responsibility of the corresponding author to provide this infor-
mation.
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References to the literature should be cited in numerical order (in parenthe-
ses) in the text and listed in the same numerical order at the end of the ma-
nuscript on a separate page or pages. The author is responsible for the 
accuracy of references. The number of references cited is limited for each ca-
tegory of submission, as indicated above. 

Tables 
Tables should be submitted in the same format as the article (Word), and not 
in another format. Please note: we cannot accept tables as Excel files within 
the manuscript. Tables should be self-explanatory and the data they contain 
must not be duplicated in the text or figures. Tables must be constructed as 
simply as possible and be intelligible without reference to the text. Each table 
must have a concise heading. A description of experimental conditions may 
appear together with footnotes at the foot of the table. Tables must not simply 
duplicate the text or figures. 

Figures and Legends 
All figures must display the figure number. Sizing the figure: the author is 
responsible for providing digital art that has been properly sized, cropped, 
and has adequate space between images. All color figures will be reproduced 
in full color in the online edition of the journal at no cost to the authors. Au-
thors are requested to pay the cost of reproducing color figures in print (the 
publisher will provide price quotes upon acceptance of the manuscript). 

Photographs 
The AE&M strongly prefers to publish unmasked patient photos. We encoura-
ge all prospective authors to work with families prior to submission and 
address the issue of permission for review and possible publication of patient 

images. If your submission contains ANY identifiable patient images or other 
protected health information, you MUST provide documented permission 
from the patient (or the patient’s parent, guardian, or legal representative) 
before the specific material circulates among editors, reviewers and staff for 
the purpose of possible publication in AE&M. If it is necessary to identify an 
individual, use a numerical designation (e.g. Patient 1) rather than using any 
other identifying notations, such as initials. 

Units of Measure 
Results should be expressed in metric units. Temperature should be expres-
sed in degrees Celsius and time of day using the 24-hour clock (e.g., 0800 h, 
1500 h). 

Standard Abbreviations 
All abbreviations must be immediately defined after it is first used in the text. 

Experimental Subjects 
To be considered for publication, all clinical investigations described in sub-
mitted manuscripts must have been conducted in accordance with the guide-
lines of The Declaration of Helsinki, and must have been formally approved 
by the appropriate institutional review committees or their equivalent. 
The study populations should be described in detail. 
Subjects must be identified only by number or letter, not by initials or names. 
Photographs of patients’ faces should be included only if scientifically rele-
vant. The authors must obtain written consent from the patient for the use of 
such photographs. For further details, see the Ethical Guidelines. 
Investigators must disclose potential conflict of interest to study participants 
and should indicate in the manuscript that they have done so. 

Experimental Animals 
A statement confirming that all animal experimentation described in the ma-
nuscript was conducted in accordance with accepted standards of humane 
animal care, as outlined in the Ethical Guidelines, should be included in the 
manuscript. 

Molecular Genetic Description 
• Use standard terminology for variants, providing rs numbers for all va-

riants reported. These can be easily derived for novel variants uncovered 
by the study. Where rs numbers are provided, the details of the assay (pri-
mer sequences, PCR conditions, etc.) should be described very concisely.

•  Pedigrees should be drawn according to published standards (See Bennett 
et al. J Genet Counsel (2008) 17:424-433 -DOI 10.1007/s10897-008-9169-9). 

Nomenclatures 
• For genes, use genetic notation and symbols approved by the HUGO Gene 

Nomenclature Committee (HGNC) – (http://www.genenames.org/). 
• For mutation nomenclature, please use the nomenclature guidelines sug-

gested by the Human Genome Variation Society (http://www.hgvs.org/mu-
tnomen/) 
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equilibrium (HWE). The calculation of HWE may help uncover genotyping 
errors and impact on downstream analytical methods that assume HWE. 

• Provide raw genotype frequencies in addition to allele frequencies. It is 
also desirable to provide haplotype frequencies. 

• Whenever possible, drugs should be given their approved generic name. 
Where a proprietary (brand) name is used, it should begin with a capital 
letter. 

• Acronyms should be used sparingly and fully explained when first used.

Papers must be written in clear, concise English. 
Avoid jargon and neologisms. The journal is not prepared to undertake major 
correction of language, which is the responsibility of the author. Where En-
glish is not the first language of the authors, the paper must be checked by a 
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de pielonefrite ou sepse urinária. Uso com medicações conhecidas por causar hipoglicemia: uma dose menor de insulina ou de secretagogos de insulina pode ser necessária para reduzir o risco de hipoglicemia em combinação 
com FORXIGA®. Gravidez: não deve ser usado no segundo e terceiro trimestres de gravidez. Não existem estudos adequados e bem controlados de FORXIGA® em mulheres grávidas. Quando a gravidez for detectada, FORXIGA® deve 
ser descontinuado. Categoria de risco na gravidez: C – Este medicamento não deve ser utilizado por mulheres grávidas sem orientação médica ou do cirurgião dentista. Lactação: FORXIGA® não deve ser utilizado 
em mulheres que estejam amamentando. Uso pediátrico: segurança e a eficácia de FORXIGA® em pacientes pediátricos não foram estabelecidas. Uso geriátrico: não são recomendadas alterações de dose de FORXIGA® com 
base na idade. REAÇÕES ADVERSAS: a interrupção do tratamento devido a eventos adversos em pacientes que receberam FORXIGA® 10 mg foi de 4,3% em comparação com 3,6% para o grupo placebo. Os eventos mais comuns 
foram: infecção genital, infecção do trato urinário, dor nas costas e poliúria. Verificar a bula completa do produto para maiores informações. INTERAÇÕES MEDICAMENTOSAS: o metabolismo de dapagliflozina é mediado 
principalmente pela UGT1A9 – dependente da conjugação glicuronídeo. Em estudos realizados em indivíduos sadios, a farmacocinética da dapagliflozina não foi alterada pela metformina, pioglitazona, sitagliptina, glimepirida, 
voglibose, hidroclorotiazida, bumetanida, valsartana ou sinvastatina. Após o uso concomitante de dapagliflozina com rifampicina ou ácido mefenâmico não houve qualquer efeito clinicamente significativo na eliminação de glicose na urina 
em 24 horas. Em estudos conduzidos em indivíduos sadios, a dapagliflozina não alterou significativamente a farmacocinética da metformina, pioglitazona, sitagliptina, glimepirida, hidroclorotiazida, bumetanida, valsartana, sinvastatina, 
digoxina ou varfarina. Outras interações: os efeitos da dieta, tabagismo, produtos à base de plantas e uso de álcool sobre a farmacocinética da dapagliflozina não foram especificamente estudados. POSOLOGIA: a dose recomendada 
de FORXIGA®, em monoterapia ou terapia combinada, é 10 mg, uma vez ao dia, a qualquer hora do dia, independentemente das refeições. Para pacientes em risco de depleção de volume devido a condições coexistentes, uma dose 
inicial de 5 mg de FORXIGA® pode ser apropriada. Não são necessários ajustes de dose de FORXIGA® com base na função renal ou hepática. Para maiores informações, consulte a bula completa do produto. FRX004. Rev0114. VENDA 
SOB PRESCRIÇÃO MÉDICA. SE PERSISTIREM OS SINTOMAS, O MÉDICO DEVERÁ SER CONSULTADO.

CONTRAINDICAÇÕES: Pacientes com conhecida hipersensibilidade a dapagliflozina ou aos outros componentes da 
fórmula. INTERAÇÕES MEDICAMENTOSAS: A farmacocinética da dapagliflozina não foi alterada pela metformina, 
pioglitazona, sitagliptina, glimepirida, hidroclorotiazida, valsartana ou sinvastatina.

Primeiro com mecanismo de ação 
independente de insulina1,5,6

Controle glicêmico com perda de peso1

Administração oral, 1 vez ao dia1

Eficácia no controle glicêmico com 
benefício adicional de perda de peso¹

ELIMINA EM MÉDIA 
70g DE GLICOSE POR DIA1-4
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