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The evolution of primary 
hyperparathyroidism

Bruno Ferraz-de-Souza1

P rimary hyperparathyroidism (PHPT) is a common endocrine disorder known 
since the 1920s (1); during its near 100 years of history, however, PHPT has 

proven to be an ever-changing disease. Throughout the developed world, a shift in 
the presentation of PHPT has happened in the past decades, from cases with severe 
bone and kidney disease to asymptomatic individuals identified through routine serum 
calcium screening (2). Indeed, cases with osteitis fibrosa cystica have become a rarity, 
even in developing countries such as Brazil (3,4), and young endocrinologists in 
training are sometimes baffled by the gravity of such cases and unsure about their 
outcome. In parallel with this trend for earlier recognition of PHPT, our understanding 
of its pathophysiology has also significantly advanced, mainly through the molecular 
characterization of parathyroid calcium sensing and proliferative pathways, allowing 
the identification of a genetic predisposition to PHPT (5). In this issue of Archives of 
Endocrinology and Metabolism, two case reports highlight important nuances of this 
continuously evolving disorder (6,7).

Oliveira and cols. report a 60 year-old female patient with an orbital brown tumor 
that significantly regressed after resolution of PHPT (6). Notably, her primary com-
plaint was of facial bone swelling (due to the growth of the brown tumor), while typical 
PHPT symptoms, such as polyuria, constipation and fatigue, went under-noticed. This 
is an important reminder of how individual perception of disease manifestations affects 
its recognition, substantiating how severe cases of PHPT might go unrecognized for 
some time, even in an era of pre-symptomatic diagnosis. It could be argued that if the 
diagnosis of PHPT had been made prior to the investigation of the nasal mass, ima-
ging might have sufficed to establish the nature of the bony lesion as a brown tumor 
and to carefully monitor its evolution, potentially rendering a biopsy dispensable. The 
most important message of this report, however, is to document the regression of the 
brown tumor following the resolution of PHPT, a prognostic information that can 
comfort patients and physicians when dealing with severely symptomatic PHPT. 

Considering that in severe PHPT the whole skeleton is under strong PTH stimu-
lus, it is both fascinating and bemusing why brown tumors occur in certain areas. In 
the case reported by Oliveira, for example, despite all the evident bony involvement 
(salt and pepper skull, brown tumors), bone mass as assessed by DXA was perhaps 
disproportionately only mildly reduced (lowest T-score = -2.8 in lumbar spine, infor-
mation for distal radius is lacking). While this could indicate that the patient had very 
good peak bone mass to begin with (and this is supported by her substantial bone 
mass recovery following resolution of PHPT), it might also suggest that specific pre-
disposition to brown tumors exist in certain areas of the skeleton. Surprisingly little 
is known about local factors or somatic variants rendering a skeletal site more sus-
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ceptible to lytic lesions in PHPT. A molecular basis for 
extra-increased osteoclastic activation at such locations 
might be inferred from the study of non-PHPT related 
giant cell tumors of bone (GCTB), in which somatic 
chromosomal instability and overexpression of RANK 
pathway elements have been implicated (8,9).

Favere and cols. also report a case of symptomatic 
PHPT presenting with brown tumors, but with a ge-
netic twist (7). A 62 year-old female patient with bone 
pain, fatigue and weight loss was found to have both 
PHPT and neurofibromatosis type 1 (NF1), clinically 
diagnosed on the basis of café au lait spots and multiple 
neurofibromas. An atypical parathyroid adenoma was 
identified as the cause of PHPT, and the authors appro-
priately discuss the challenging histopathological dis-
tinction between parathyroid adenoma and carcinoma, 
a subject also explored by Oliveira and cols., reminding 
us that while severe PHPT cases may be more frequen-
tly associated with parathyroid carcinoma (6,10), pa-
rathyroid adenomas can also present with severe bone 
disease.

It may be that the association of PHPT and neuro-
fibromatosis in the case reported by Favere and cols. is 
purely coincidental; NF1, however, is no stranger to 
the endocrinologist due to its association with pheo-
chromocytoma (11,12). NF1 is caused by mutations in 
neurofibromin (encoded by NF1), a negative regulator 
of the Ras signaling pathway (13), involved in the pa-
thophysiology of several endocrinopathies and cancer, 
thus rendering a hypothetical genetic predisposition 
to further endocrine tumors very feasible. Moreover, 
bony dysplasia and osteoporosis are hallmarks of NF1, 
substantiating a bone environment potentially more 
prone to lytic lesions in the context of PHPT, as seen in 
this case. Considering that the advent of massively pa-
rallel sequencing techniques are resulting in a paradigm 
shift in the identification of predisposition to endocrine 
disorders (14,15) and that the analysis of NF1 is well 
established in the molecular investigation of pheochro-
mocytoma (16), the association seen in this case should 
prompt further work to qualify NF1 to the currently 
proposed list of candidate genes for molecular scree-
ning in PHPT (5).

Taken together, these two case reports serve to re-
mind us that severely symptomatic PHPT still exists 
and our efforts for early clinical recognition need to 
be sustained. They also motivate deeper molecular 
exploration of predisposition to PHPT and particular 
manifestations such as brown tumors as a means of 

identifying mechanisms which might enable earlier case 
identification and improved personalized care.

Disclosure: no potential conflict of interest relevant to this article 
was reported.
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Management framework paradigms 
for disorders of sex development 

Mariana Telles-Silveira1, Felicia Knobloch2, Claudio E. Kater1

ABSTRACT
Until 2005, questions regarding medical treatment and diagnostic information on Disorders of Sex 
Development (DSD) were not systematically discussed with both the patients and their families; 
however, the way these patients are currently treated have been changing with time. Interventional 
changes in the clinical-psychotherapeutic-surgical areas of DSD determine not only different medi-
cal recommendations but also help to place the patient and the family into the decisional process 
of therapy. We must consider two paradigmatic periods that have influenced and transformed the 
clinical management framework of patients with DSD: a) The “Money era” (1955), which emphasized 
the role of the gonads as the diagnostic criterion, having the environment as determinant of the sex 
identity; and b) The Chicago Consensus (2005) phase, in which the role of genetics and molecular bi-
ology was critical for an early identification, as well as in building a proper sex identity, emphasizing 
ethical questions and the “stigma culture”. In addition, recent data have focused on the importance 
of interdisciplinarity and statements on questions concerning Human Rights as key factors in treat-
ment decision making. Despite each of these management models being able to determine specific 
directions and recommendations regarding the clinical handling of these patients, we verify that a 
composite of these several models is the clinical routine nowadays. In the present paper, we discuss 
these several paradigms, and pinpoint clinical differences and their unfolding regarding manage-
ment of DSD patients and their families. Arch Endocrinol Metab. 2015;59(5):383-90
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INTRODUCTION

T he treatment of patients with disorders of sex de-
velopment (DSD) has been changing throughout 

history. We will consider two representative moments 
that have influenced and transformed the ways patients 
with DSD are clinically managed: 1) primacy of envi-
ronment over biology (John Money’s theories, 1955-
1990), and 2) primacy of (molecular) biology and in-
terdisciplinarity (The Chicago Consensus, 2005). Each 
one has determined the ways and the guidance of the 
clinical handling of such patients. 

Nowadays, we have access to accounts of life stories 
of patients with DSD through the media, patient’s or-
ganizations, assistance groups, participation in scientific 
congresses, and autobiographical publications; thus, 
both patients and the scientific community have reaf-
firmed the importance of questioning concepts and the 
way in which these patients have been managed.

The influence of the theoretical and practical posi-
tions of each of these models often takes place indis-

criminately in the clinic. What we observe is the pres-
ence of both in everyday clinical practice.

We recognize that knowledge development gives 
rise to new arrangements in the lives of those involved, 
and that the nomenclature created to help the manage-
ment of individual cases are not neutral, as they impose 
a new form of connection between intervention and 
the physician-patient relation and the way patients are 
inserted in the social imaginary world under cultural 
and social aspects, thus determining the ways of human 
relationships (1). Spinola-Castro (2,3) looked back at 
the nomenclatures used for such patients in different 
historic moments, showing that there were different 
versions on the same subject that changed according to 
historic and social moments. 

In order to attend to the demands of the review of 
the different attentions given to these patients, we find 
it essential to discriminate the two models and their 
ways of managing the clinical process. That is, there-
fore, the aim of this paper.
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Primacy of environment over biology: John Money’s 
theories (1955-1990)

John William Money1 was a psychologist, sexologist, re-
searcher in gender identity, and author of countless pub-
lications, creating various concepts related to human psy-
chosocial development. Money was a great advocate of 
the idea that upbringing and environment were sufficient 
to guarantee a healthy and consistent gender identity de-
velopment for a man or a woman. In his book Sexual Sig-
natures on Being a Man or a Woman (4), he writes:

“The moment you were born, society has taken up 
control of your identity (...) Whatever the situation 
of your chromosomes, hormones, sex organs, and in-
dividuality, their impulse could not compete with the 
social pressures when it came to your sexual identity” 
(p. 78 of the Brazilian edition).

Money presented the scientific community with 
convincing evidence that his theory was based on a suc-
cessful experience of sex change in a normal boy who 
was raised as a girl (the Twins Case; see below).

In the book “Man & Woman, Boy & Girl...”, pub-
lished in 1972, Money presents, among other subjects, 
the Twins Case, describing the clinical follow-up of a 
boy who had his penis amputated during a botched cir-
cumcision when he was 7 months old. According to 
reports on the case, after meeting Money the parents 
were “convinced” that their son’s sex reassignment 
would be the solution for the situation (4,5). Since 
then, Money and his team started monitoring and de-
scribing the patient as a successful case of sex reassign-
ment. It is important to highlight that the child had an 
identical twin, also a boy, who did not undergo circum-
cision and kept his male identity. 

Money was considered an authority in this field ow-
ing to this experiment, which was deemed scientifically 
reliable, as Colapinto points out in his book “Sexo Tro-
cado” (6), in 2001: 

“The experiment had a double control, a genetic 
clone who, with intact penis and testicles, was raised 
as a boy. If the twins grew into adjusted happy chil-
dren of opposite sexes, it would be an undeniable evi-
dence of the primacy of the environment over biology 
in the differentiation of the sexes” (p. 13). 

1 John W. Money (1921-2006). PhD in psychology from Har-
vard University, director of the Psycho-hormonal Research 
Unit at the Johns Hopkins Hospital, Baltimore, USA. 

The concepts of sex identity, sex role, psychoso-
cial neutrality at birth, and sexual development were 
transferred and used for these cases, then referred to 
as “Money protocols”, and served as guidance for con-
ducts in the decision regarding sex designation and 
even sex reassignment in children with ambiguous 
genitalia (7).

The concept of “gender identity” introduces the 
idea that human beings are not born male or female; 
our sex identity is shaped by environment determi-
nants, that is, it depends on the way we are raised. As 
Money and Ehrhardt describe (4,5), in 1972: 

“The sameness, unity and persistence of one’s indi-
viduality as male or female (or ambivalent), in greater 
or lesser degree, especially as it is experienced in self-
awareness and behavior; gender identity is a particular 
experience of the sex role, and the sex role, the public 
expression of the gender identity” (p. 12). 

The concept of “gender role” is defined by the same 
authors (4,8) as: 

“Everything that a person says or does, to indicate to 
other or to self, the degree in which one is male or fe-
male or ambivalent; it includes, but is not limited to, 
sexual arousal and response; gender role is the pub-
lic expression of the gender identity, and the gender 
identity is the private experience of the role” (p. 12).

Money and his collaborators (4,8,9) also defen-
ded the idea that there was a psychosocial neutrality at 
birth, which would allow the assignment of any gender 
to the newborn, provided that the genital anatomy un-
til two years of age (moment of the removal of diapers 
and the awareness of sexual differences) conferred cred-
ibility to the prescribed conduct. That is, it was up to 
the surgeon to adjust, correct or model the genitals to 
the intended behavioral phenotype.

As a result of this position, the guidance given to 
parents was that they should avoid any situation of am-
biguity before their children. The family was guided 
not to talk about the treatment with the child and the 
child’s situation from the child and the other relatives 
(10). It was also part of the treatment that the parents 
attended the psychological sessions, so that the sex re-
assignment or confirmation would be carried out psy-
chologically.

Clinical effects of this model

The history of political hegemony of treatment, created 
and developed by John Money, has left its mark on the 
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treatment of patients with DSD in such a way that we 
can still observe the effects and consequences of that 
kind of management. Without denying the advances 
that Money’s theory has promoted in the psychologi-
cal and psychosocial fields of study, as well as in the 
surgical area, we are going to focus, in this article, in 
the analysis of what is expressed by the patients and the 
consequences reported by them, as mentioned in the 
published scientific papers.

We have found the description of the following 
feelings and conditions in the literature search: shame, 
loneliness, fear (irreversible physical and psychologi-
cal), pain, suicidal attempts, suicide, the feeling to be 
living with a secret, suspicion, and embarrassment (11-
17). Desire of changing sex when adolescent and/or 
adult (gender dysphoria), depression, social phobia, 
social inhibitions, anxiety disorders, and panic disor-
ders have also been described (11-17). Besides these 
consequences, we find those which are observed and 
emphasized in specialized DSD clinics, such as: com-
munication difficulties among physician, patient and 
family, silence pact, apparent aloofness towards medical 
appointments, difficult adherence to or discontinuation 
of treatment, etc. (18).

Within that perspective, three cases were explored 
by television and print media, describing some conse-
quences of that ideology. The most well-known are: 1) 
the Twins Case (4,5), described by Money and later 
rewritten and renamed “the John/Joan Case” (19), 
by Diamond and Sigmundson (see below), 2) Cheryl 
Chase, the founder of the first association of intersex 
patients in the USA (ISNA, Intersex Society of North 
America) (17), and 3) the Paula Case (commented in 
ABC’s scientific series – The human body, in the epi-
sode titled: “The sexes”). We consider that these three 
cases, among several others, summarize, in their ac-
counts, the direct effects of that kind of treatment, ex-
posing this model’s influences and consequences. 

Primacy of (molecular) biology and 
interdisciplinarity: The Chicago Consensus (2005)

Criticism to the Money era

In the 1990’s, Money released a book titled: “Biogra-
phies of gender and hermaphroditism…”, summarizing 
40 years of his work at Johns Hopkins University (20). 
It was eye-catching that, among the cases described in 
this book, the Twins Case was not mentioned as an ex-
ample of the cases managed by Money. At the absence 

of information on the Twins Case, Milton Diamond, 
researcher at the University of Hawaii-Manoa, an advo-
cate of the primacy of biology over rearing in the devel-
opment of gender identity, requested the scientific com-
munity for information on the case. With data provided 
by Dr. H. Keith Sigmundson2, responsible for supervis-
ing the psychiatric treatment of the twin who was oper-
ated, Diamond rewrote the medical history of the case.

With the consent and the cooperation of the af-
fected twin and his family, Diamond and Sigmundson 
wrote the article “Sex reassignment at birth. A long-
term review and clinical implications” (19). In this 
article, the authors recover the data on the psychoso-
cial development of the twin raised as a girl. The pa-
per reveals that the patient had never accepted his sex 
reassignment (from male to female) and that, during 
adolescence, had gone through a treatment to return 
to his sex of birth3. By doing this, the authors widened 
the debate on the primacy of rearing in building gender 
identity, and warned practitioners of the hazards of sex 
change in children with DSD.

Diamond and Sigmundson state in their article that 
an individual’s sex profile has five components: gender 
patterns, gender identity, reproduction, sexual mecha-
nism and orientation (19). They claim that Money’s 
concepts comprised only the first two items, without 
taking into consideration genetics and intrauterine hor-
monal effects. 

Extensive research on hormonal influences started 
appearing as important determinants of gender behav-
ior and identity in patients with DSD (21-29), as well as 
reviews of long-term consequences for patients treated 
under the previously presented regimen, showing that 
many of them were not satisfied with their treatment or 
their assigned sex (30-38). Until then, the policy used 
to justify the designation of a child as being a female 
was based on the technical limitations of the surgery, 
that is, on the belief that it was “easier” to construct a 
vagina than a penis. Along the years, that practice has 
been questioned, and surgeons have faced the demand 
for new phalloplasty techniques and the need to work 

2 Psychiatrist from the city of Winnipeg, responsible for su-
pervising and treating the twin in Canada.

3 We should mention that the “new” sex reassignment of the 
patient took place right after he was informed by his father 
of how he had been born. The family was oriented to reveal 
all the truth to the patient by Dr. Mary McKenty who, at 
the time, had decided to alter the way of conducting the 
case, abandoning Money’s guidance and premises (6).
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together with psychologists in patient and sex partner 
counseling on the anatomic differences and the neces-
sary adjustments for sexual intercourse.

That research approach, together with more com-
prehensive social movements, mainly regarding the 
body, the concept of gender, sexuality and the author-
ity of science and medicine over patients, have resulted 
in changes in treatment. New protocols started being 
used as guides for managing patients with DSD, which 
led to a meeting of specialists, patients and families in 
Chicago, in 2005 (39). 

The Chicago Consensus

In this meeting, concepts and practices in the treat-
ment of patients with DSD were reviewed. As a first 
decision, the group determined a change in the terms 
that defined the subject conditions from the previous 
protocol, which fueled the association of the disorders 
with stigmatizing factors, for example, hermaphrodit-
ism (mythological creature). The proposal of a new no-
menclature, in which the notion of Disorders of Sex 
Development takes the place of “Intersexual States”, 
suggests conducts and interventions based on this new 
way of diagnosing. Molecular biology and genetics 
then start having a prominent place in the discussions. 

Every child should have an assigned sex, but defi-
nite, irreversible surgical interventions should be guid-
ed by medical decisions and neither by cosmetic reasons 
nor to guarantee the development of gender identity. 
Moreover, the decisions should be discussed with par-
ents and centered on the individual’s needs and on the 
right diagnosis of the disease. 

In short, the Chicago Consensus have decided that:

“(a) gender assignment must be avoided before ex-
pert evaluation of the in newborn; (b) evaluation and 
long-term management must be performed at a cen-
ter with an experienced multidisciplinary team; (c) all 
individuals should receive a gender assignment; (d) 
open communication with patients and families is es-
sential, and (e) participation in decision-making is en-
couraged; and (f) patient and family concerns should 
be respected and addressed in strict confidence, and 
(g) the importance of support groups both for fami-
lies and the patients should not be discarded”. 

The guidelines of secrecy/concealment previously 
adopted were substituted by open debates on the way 
of guiding and telling patients about what they have, 
how they were born, and which decisions were taken 

during their childhood, called “information manage-
ment” (11). In addition, some articles also emphasize 
the need to include the child in the decision-mak-
ing, and to adjust the medical terms to lay language 
(3,11,12,16-18,22,35,40-47).

Since the Chicago meeting, in time to resume the 
discussions started in 2005, a new document appears, 
resulting from the meeting of the Swiss National Ad-
visory Commission on Biomedical Ethics NEK-CNE, 
titled: “On the management of differences of sex de-
velopment. Ethical issues relating to “intersexuality”, 
published in 2012 (48). This document is the resulting 
work of that commission and consists of the presenta-
tion of ethical aspects related to intersexuality, mainly 
regarding questions of sex development and surgical 
procedures, building a counseling view of information 
for parents, patients and professionals. We should point 
out that the conclusions in that document are not uni-
versal, representing specific sociocultural aspects. 

The document also underlies the importance of 
removing the cases of DSD from the list of “medical 
emergencies”. They highlight the importance of the 
child’s well-being as the guide in the new treatment 
perspective, especially concerning questions related to 
psychosocial development and to surgical procedures. 
With these guidelines, the DSD return to the status of 
chronic disease, losing the exceptionality quality the 
cases had been assigned with. They recommend that the 
term “disorders” be replaced by “differences” or “varia-
tions” of sex development (40,48), claiming that that 
term perpetuates the question of stigma, causing the 
subjects shame and placing them in a list of disorders.

The Swiss commission withdraws the importance of 
corrective surgery in maintaining gender identity. Its 
foundation is the idea that, even with correction, the 
genitals of a child with DSD will never be identical to 
the ones of a child who is born without genital ambi-
guity. Interventions should be suitable for the needs 
of each individual, and whenever possible, the child 
should be able to express his/her opinion. However, 
as Hiort emphasizes, it is the parents’ right to care for 
their children in a way that seems best to them, includ-
ing the option of corrective surgery. It is up to the pro-
fessionals involved to discuss the pros and cons of any 
situation (40).

Together with the ideas presented in the document 
designed by the commission, biological and medical 
knowledge, through the discovery of new genes in-
volved in sex differentiation as well as the hormonal 
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influences in the brain development of sex identity, 
triggered a revolution in the way these patients are seen 
today. Not to mention the global changes in cultural 
conventions that also allowed greater tolerance towards 
cases of ambiguous genitalia and sexual diversity (LG-
BTT movement)4.

On October 30, 2013, the Internet website “Terra” 
featured a story titled: “Germany is the first European 
country to recognize third gender” (49), describing the 
legal revolution related to cases of patients with DSD, 
guaranteeing by means of a law that children or adoles-
cents be able to express their opinion on the sex they 
want to be officially registered, through the alternative 
of having in their birth certificate the option of “unde-
fined category”. The measure was taken so that parents 
did not feel under pressure to make decisions and could 
be legal backing. The law, as the article points out, is 
recent and controversial. 

Along the same lines, on November 10, 2013, an-
other story was published: “Activists demand the pro-
hibition of surgeries in hermaphrodite babies in Ger-
many” (50); this time, reassured with the new law, 
the activists requested the prohibition of any surgery, 
claiming that the law should protect the children from 
having their physical integrity violated. The activists 
based their claims on accounts of patients who stated 
they had gone through those experiences as routine in-
vasive procedures (referring to vaginal dilating exams 
and regular visits to surgeons’ offices). They propose 
that the law should protect these children until they are 
16 years old.

The role of surgery has been changing together 
with these new demands; there are accounts of cases 
in the literature that were poorly conducted in infancy, 
and others that have benefit from corrective surgery 
(3,40,51,52). It is understood that it is always impor-
tant to give parents advice as to the benefits and risks of 
surgery, clearing out all procedures possible. It is up to 
the surgeon to have solid knowledge of the genitalia’s 
anatomy and embryology (53). The main argument of 
professionals who are for surgery is that we might re-
move the patients from everyday social life as intersex 
beings (3). In Brazil, two works confirm the idea that, 
when the clinical-surgical proposal is well defined, the 
long-term results for the patient’s “quality of life” are 

4 Social movement against discrimination and in defense of 
the rights of LGBTT (lesbians, gays, bisexuals, transsexuals, 
and transgenders).

satisfactory (51), while patients treated later on in life, 
when questioned about treatment, say they would have 
liked to have the option of surgery in infancy (51).

Today, with the advances and changes in the treat-
ment of patients with DSD, professionals are increas-
ingly embracing the movement of health management 
policies, concerned with the quality of life of their pa-
tients. In order to reach that same objective, special-
ized centers have been oriented towards dealing with 
psychosocial and psychosexual aspects. These aspects 
are related to: a) assessing gender assignment; b) the 
moment of medical interventions, as well as their re-
sults and consequences; c) sexuality and sexual ori-
entation, d) information management (how patients 
should know about their diagnosis) and, e) quality of 
life (11,12,32,51,52,54). In order to handle these as-
pects, favoring the development of patient’s and fam-
ily’s autonomy, according to Brian and Hiort (55,40), 
it would be important that the specialized centers for 
DSD combined with guarantee that the information 
from childhood have a continuity until adult life, thus 
avoiding that these subjects be fragmented within dif-
ferent services.

A few studies have focused on the DSD patient’s 
quality of life, be it due to how rare the cases or to 
the difficulty in keeping these patients in only one cen-
ter. Amaral and cols. (52) analyzed nine studies on the 
theme, which showed, both in developed and devel-
oping countries, that the evaluation of the quality of 
life varied from “very poor” to “similar to the normal 
population” or even “better than the normal popula-
tion”. However, patients who were treated later on in 
life had the most jeopardized quality of life (52). 

Clinical consequences

The proposals created almost 10 years ago at the Chi-
cago meeting are still under evaluation and implemen-
tation in large centers; for that reason, there is little 
scientific data sufficiently schematized for a more rigor-
ous evaluation of the advantages and disadvantages of 
this new protocol. However, we noticed that when a 
more technical relation with the codified terms is em-
phasized5, the nomenclature leads the subject to a more 
medicalized place. 

Under a certain perspective, we can say that a direct 
consequence of that model is that the cases of DSD, 

5 The karyotype is associated to the name/abbreviation of 
the disease, for example: DSD 46,XX ovotesticular. 
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when legitimated in the medical domain, could some-
how leave anonymity and gain space in society, being 
more socially included and leaving behind the mar-
ginality in which the bizarre placed them and where 
they were forced to live. A direct consequence of the 
Chicago proposal and of the position adopted by the 
letter of the Swiss Commission is the emphasis on sub-
jectivity and in the intersubjective relationships, high-
lighting aspects related to the patients’ human rights. 
The discussion over the new nomenclature for the DSD 
implied, therefore, rethinking the clinical handling and 
a management structure to receive these patients and 
their families. In many aspects, revising the nomencla-
ture was important, especially concerning the stigma 
connotation that the names of the disorders carried and 
the fact that including aspects of molecular biology is 
a good way for practitioners to convey their students a 
clinical reasoning about the cases. 

However, as Damiani and Guerra-Junior (56) 
pointed out, the new terms did not solve the problems 
of the culture of stigmatization by simply adding the 
codes 46,XX and 46,XY to the name of the disorder. 
According to these authors, the group of specialists in 
Chicago underestimated the patients and their families 
when they determined that the diagnosis should not 
be based only on the gonads but also on the chromo-
some constitution. For them, adding the karyotype to 
the name of the dysfunction does not seem enough or 
correct, because it keeps the same problems that the 
consensus tries to solve. In spite of “believing” that 
these are secret codes, that form of designation seems 
to increase patient’s and family’s suspense and anxiety, 
as many times they try to solve the riddle by themselves, 
usually through the convenient access to the Internet. 

When questioned about the stigmas and the initial 
approach with babies with DSD, Lee and Houk could 
state in the lecture titled “Initial management of pa-
tients with DSD”, presented at the International Con-
gress of Pediatric Specialties6, that the consensus is not 
a set of rules but a set of guidelines to help the inter-
disciplinary team, and that each case should be seen in 
its particularity, taking into consideration their cultural, 
religious and familiar differences.

A direct consequence of the two protocols concerns 
the debate on how the development of gender iden-

6 Lee and Houk – “Criança 2010” – III Congresso Interna-
cional de Especialidades Pediátricas, in Curitiba, August 28 
to 31, 2010.

tity takes place. With the failure of the Twins Case, the 
theory of the primacy of rearing over biology needed to 
be reviewed and, until today, researchers from various 
fields discuss the construction of new postulates and 
explanatory theories. Radical attitudes, therefore, lead 
to serious mistakes, since defining identity seems to be 
a multifactorial process (57).

Since it is no longer a matter of convincing the pa-
tients about their gender identity, it is up to the therapist 
to give support to the development of the construction 
of psychosocial aspects, considering all the complexity 
involved in the process. Under the new norms of the 
protocol, the possibility of a future change of sex is not 
considered a treatment failure.

Without questioning, the positions in face of ad-
vances in biology and scientific technology related to 
this subject, what we see is a shift in emphasis when 
dealing with DSD patients: the importance given to 
caring for quality in the relationships among all those 
affected by the situation – physician, family and patient 
(following the tendency for humanization of health, by 
emphasizing biopsychosocial aspects, counterbalancing 
the primacy of biomedical aspects). The child’s well-
being and love should guide the treatment conducts, so 
that in the future the parents can tell their children why 
they made those decisions. This way, the partnership 
among teams and families should be the closest possi-
ble, bearing in mind that all of them are tending a cen-
tral aspect of the child’s personality – the development 
of sexuality and gender identity (12,18,34,48,58-61). 

For that reason, working with the subjectivity of 
those involved is essential under this model, when not 
only scientific guidance determines the medical pro-
cedures. It is a complex field, as the medical tradition 
has always been focused on the capacity of biomedical 
parameters and where feelings are extinguished or put 
aside. In order to accomplish that, it is necessary to cre-
ate tools for educational training and spaces for discus-
sion so that the teams can deal with their own anxieties, 
providing a place for the young physician to learn how 
to handle not only the psychical questions that emerge 
during clinical management but also all the standstills 
that arise within teams that make shared decisions.

DISCUSSION

We are most definitely witnessing the development of a 
new paradigm, a new model of assistance for managing 
patients with DSD. The effects of working the same way 



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

389

Management framework paradigms for DSD

Arch Endocrinol Metab. 2015;59/5

for forty years will probably still echo for many years 
in everyday clinic. For that reason, making explicit the 
models of management proposed is important and nec-
essary to take up different ways of clinical handling. We 
believe that the two proposals mentioned above may 
coexist and have a part in the clinical history reported 
by the patients, especially because they approach dif-
ferent dimensions of the problems. The challenge will 
certainly be to keep a connection between the particu-
larities of the medical clinic and the psychosocial ques-
tions. Discriminating them, therefore enable a more 
precise assessment of the information our patients have 
received throughout their lives, thus allowing them to 
construct more effective therapeutic proposals that are 
particular for each one of them. 

For the family and patient to have a more active par-
ticipation, it is necessary that new clinical strategies be 
constructed for dealing with relationship and subjective 
matters, as well as the development of tools for educa-
tional training, spaces for discussion, so that the teams 
can deal with their own anxieties. New studies are ris-
ing and contributing to widen the countless questions 
involved in such a complex clinic, but long-term papers 
are still needed so that we can assess the changes in 
these ways of managing everyday clinical practice.
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The role of melatonin in diabetes: 
therapeutic implications
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ABSTRACT
Melatonin referred as the hormone of darkness is mainly secreted by pineal gland, its levels being 
elevated during night and low during the day. The effects of melatonin on insulin secretion are me-
diated through the melatonin receptors (MT1 and MT2). It decreases insulin secretion by inhibiting 
cAMP and cGMP pathways but activates the phospholipaseC/IP3 pathway, which mobilizes Ca2+ from 
organelles and, consequently increases insulin secretion. Both in vivo and in vitro, insulin secretion 
by the pancreatic islets in a circadian manner, is due to the melatonin action on the melatonin recep-
tors inducing a phase shift in the cells. Melatonin may be involved in the genesis of diabetes as a 
reduction in melatonin levels and a functional interrelationship between melatonin and insulin was 
observed in diabetic patients. Evidences from experimental studies proved that melatonin induces 
production of insulin growth factor and promotes insulin receptor tyrosine phosphorylation. The dis-
turbance of internal circadian system induces glucose intolerance and insulin resistance, which could 
be restored by melatonin supplementation. Therefore, the presence of melatonin receptors on hu-
man pancreatic islets may have an impact on pharmacotherapy of type 2 diabetes. Arch Endocrinol Metab. 
2015;59(5):391-9
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INTRODUCTION

D iabetes is an endocrine disease, consist of insu-
lin resistance, a diminished pancreatic beta-cell 

function, abnormally high glucagon levels and a re-
duced incretin effect (1). Diabetes is classified into 
two main categories: type 1 (an autoimmune disease of 
younger patients with a lack of insulin production caus-
ing hyperglycemia) and type 2 (a metabolic disorder 
resulting from the body’s inability to produce enough 
or properly utilize insulin hence patients have hypergly-
cemia). Changing lifestyle trends such as a tendency to 
nocturnality and intake of excessively rich diets, cause 
disturbance of the sleep/wake cycle along with other 
circadian rhythms (2). Deviation in circadian patterns 
favors the occurrence of diabetes (3). 

Inconsistent data have been reported concerning 
the effect of pineal hormone on the secretion of in-
sulin, on blood glucose and carbohydrate metabolism. 
Melatonin (N-acetyl-5-methoxytryptamine), a trypto-
phan derived small indolic molecule, is mainly secreted 
by the pineal gland locally in several other tissues (4,5). 
Experimental evidences proposed the diurnal profiles 
of blood glucose due to melatonin and increased insu-
lin levels in diabetic animals and humans (6). Pinealec-

tomy of rodents causes hyperinsulinemia (7). Moreo-
ver, diabetes is coupled with lower melatonin levels as 
reduction in serum melatonin and higher insulin level 
is observed in type 2 diabetic Goto Kakizaki rats (6). 
Genome-wide association studies has shown that spe-
cific single-nucleotide polymorphisms of the melatonin 
receptor 2 (MTNR1B) locus is linked with an increased 
blood glucose concentration and type 2 diabetes (8-13). 
Melatonin can be able to bring anti-hyperglycemic 
effect either by improving insulin sensitization or by 
improvement of insulin secretion, or both.

MELATONIN AND ITS FUNCTION
Melatonin is known as the hormone of darkness, is an 
indoleamine with the chemical name N-acetyl-5-me-
thoxytryptamine. Circulating plasma concentrations 
are secreted by the pineal gland. In mammals, the con-
centration in plasma during night was found to be (80–
100 pg/mL) and low levels during the day (10–20 pg/
mL) (14). It maintains homeostasis in the body, helps 
adjust the timing or reinforces oscillations of the bio-
logical clock (15). Its synthesis comprised of two steps, 
initially the conversion of amino acid tryptophan into 
serotonin (5-hydroxytryptamine, 5-HT), further acety-
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lation by arylalkylamine N-acetyltransferase (AA-NAT), 
the rate-limiting step in melatonin biosynthesis, before 
finally being converted into melatonin by hydroxyin-
dole-O-methyltransferase (HIOMT) (16). Pinealo-
cytes in the pineal gland secrete melatonin. Figure 1 
illustrates melatonin secretion and signaling pathway 
through melatonin receptors in maintaining circadian 
rhythm within the cell. The pineal gland is activated 
or deactivated by light exposure to the eyes. During 
the day, melatonin production is inhibited while at 
the night time, it is stimulated. When melatonin binds 
with melatonin receptors, it activates Gi and Gq proteins 
which in turn inhibit adenylate cyclase/cAMP pathway 
and activates phospholipase C/IP3 pathway respective-
ly. Due to phosphorylating activity of protein kinases, 
CREB and MSK1 regulates expression of Clock genes 
and thus maintain circadian rhythm.

Melatonin has several functions ranging from co-
ordination of circadian activity, which is generally con-
sidered as a sleep-promoting effect; melatonin admi-
nistration induces hypothermic effect and heat loss via 

the distal skin regions in persons with disrupted cir-
cadian rhythm as well as in healthy individuals, from 
younger children to old folk. (17); stabilize sleep-wake 
cycles (18). Melatonin stimulates several antioxidative 
enzymes (19) and acts on bone metabolism (20). The 
hormone exerts its effects both through activation of 
its receptors (21), through the circulating levels of the 
hormone or in a more autocrine/paracrine fashion near 
target tissues (22,23). In addition, melatonin brings 
about vasoconstriction through the MT1 and vasodila-
tion through the MT2 receptors (24). It lowers cortisol 
secretion (25) in the adrenal cortex, similar to the action 
shared with insulin (23). Moreover, human adipocytes, 
a major target tissue for insulin, express MT2 and have 
been shown to reduce expression of the insulin-depen-
dent glucose transporter, Glut4, after melatonin stimu-
lation (26). It also stimulates glucose uptake in muscle 
cells by phosphorylation of insulin receptor substrate-1 
(IRS-1) through MT2 signaling (27). Hepatocytes ex-
press MT2 receptors and melatonin injections elevated 
glucose release from the liver in mice (28).

Figure 1. (A) Schematic representation of the melatonin secretion and signaling mechanism in maintaining circadian rhythm within the cell. MT1: 
melatonin receptor type 1A; MT2: melatonin receptor type 1B; G

i
: guanine nucleotide binding protein (adenylate cyclase inhibitor); G

q
: phospholipase C 

activator; AC: adenylate cyclase; PLC: phospholipase C; cAMP: cyclic adenosine monophosphate; DAG: diacyl glycerol; PKA: protein kinase A; PKC: protein 
kinase C; MSK1: MAPK signaling pathway; CREB: cyclic AMP responsive element binding protein; Clock genes include Per, Cry, Dec, Rev-erba, Bmal1, 
Clock, Dbp; --------> -indirect effect. (B) Graphical representation of variation in melatonin level at different time of the day.

A
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MELATONIN RECEPTORS AND ITS 
CLASSIFICATION

Melatonin receptors belong to a family of receptors re-
ferred to as G protein coupled receptors (GPCR) (29). 
Melatonin mediates circadian rhythms and other physi-
ological functions via membrane receptors on the cell 
surface. Melatonin is considered as membrane-perme-
able substance owing to its chemical structure so it has 
both receptor-independent and receptor-dependent 
effects. All of its cellular actions and effects are likely 
transmitted via two known GPCR isoforms, denoted 
MT1 and MT2 previously known as Mel1a and Mel1b 
(30,31). The two receptors exhibit a high degree of 
homology (31). There are mainly two types of mela-
tonin receptors found in humans, melatonin receptor 1 
(MT1; MTNR1A) and melatonin receptor 2 (MT2; 
MTNR1B), a third melatonin receptor supposed to ex-
ist and has been identified that belong to the family of 
quinone reductases (32). 

The melatonin influences exocytosis of insulin by 
β-cells as concluded from experiments via non-hydroly-
sable guanosine-5’-trisphosphate (GTP) analogue gua-
nosine 5’-O-(3-thiotrisphosphate) and the melatonin 
antagonist luzindole (33), both of which inhibit the 
melatonin action on secretion of insulin from neonatal 
rat islets. The existence of MT2 receptor on the pancre-
atic β-cell is accomplished by application of melatonin 
as isolated islets of rats has phase-shifting effects on the 
insulin rhythm (34). Moreover, molecular and immu-
nocytochemical studies confirmed the presence of the 
melatonin receptors MT1 and MT2 in the islets of Lan-
gerhans and also in human pancreatic tissue (35).

MELATONIN AND CIRCADIAN RHYTHM

Deregulation of the circadian system is associated with 
the instance of metabolic syndrome, including diabetes 
and obesity (36). The transcription factors that main-
tains rhythmic functions consist of the clock regulators 
including the clock circadian regulator (Clock) and Aryl 
hydrocarbon receptor nuclear translocator-like (Arntl, 
also known as Bmal1) that heterodimerize and activate 
transcription of target genes, including Period (Per1, 
2, and 3) and Cryptochrome (Cry 1 and 2) (37). Pan-
creatic circadian insulin oscillations were analyzed by 
changing the expression of clock genes on the transcrip-
tional level (38).During a 24-hr period, Tim, Bmal1, 
Per1, Per2, Clock and Cry1 as well as clock-controlled 
output genes, Dbp and Rev-erbα were examined by by 

real-time RT-PCR (39,40). The results established the 
role of a circadian pacemaker in the rat pancreas and the 
existence of a circadian oscillator within islets. In addi-
tion to the SCN, clock activities have been identified in 
numerous peripheral tissues including the liver, white 
adipose tissue, and pancreas that control metabolic pro-
cesses (41,42).

Melatonin exerts its effect through melatonin recep-
tors of different peripheral tissues, thus maintaining cir-
cadian rhythms. Likewise other physiological functions, 
glucose metabolism is regulated by circadian system 
(43,44). In an experiment, study Clock mutant mice 
showed lack of rhythmicity in the action of insulin, a 
condition which was reversible once the clock protein 
was reintroduced (43). The removal of pancreatic Clock 
and Bmal1 in mice resulted in functional defects in in-
sulin secretion and decreases in islet size and survival, 
signifies a key role of peripheral clocks in the regulation 
of glucose homeostasis (45). In this manner, melatonin 
could either directly influence the clock machinery in 
the pancreas or indirectly via the SCN.

MELATONIN SIGNALING IN PANCREATIC β-CELLS

The intracellular signal transduction pathways of the 
pancreatic β-cell influenced by melatonin via MT1- and 
MT2-membrane receptors includes cAMP-, cGMP-, 
and IP3-signaling pathways are shown in figure 2. Due 
to melatonin there is reduction in cAMP production in 
pancreatic islets and the rat insulinoma β-cell line INS1, 
as well as forskolin-stimulated insulin secretion from 
isolated pancreatic islets of neonate rats (33,46,47). 
The insulin and cAMP levels were stimulated by for-
skolin, adenylyl cyclase activator (48). Previously it was 
found that receptor antagonists like luzindole com-
pletely reversed the cAMP- and insulin diminishing 
effects of melatonin (33). The Giα-protein-inhibitor 
pertussis toxin (PTX) abolished the effect of melato-
nin on the levels of cAMP and insulin as well (48).
These results confirmed that melatonin inhibits cAMP-
stimulated insulin secretion, which are mediated via Gi 
protein-coupled MT1 receptors.

Melatonin activates MT2 receptor that inhibits the 
second messenger cGMP and suppresses secretion of 
insulin through pancreatic β-cells (49,50). Melatonin 
negatively affects NO-inducible, soluble guanylate cy-
clase (sGC) through MT2 receptors. It activates cyclic 
GMP (cGMP)-dependent protein kinase G (PKG). The 
activated PKG can directly phosphorylate and poten-
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tially turns on CREB and/or C/EBP (CCAAT enhan-
cer-binding protein. The MT2-receptor also affects the 
second messenger cAMP in an inhibitory manner. Thus, 
both cAMP and cGMP pathways may have receptor me-
diated influence on CREs. Via PKG, cGMP probably 
modulates pancreatic circadian clock genes (e.g. on het-
erodimeric, activating bmal1/clock and antagonistic, 
inhibiting cry/per1 genes) leads to phase-shifting/reset-
ting of secretion rhythms. cGMP signaling cascade also 
target on cyclic nucleotide-gated (CNG) channels and 
cGMP-specific phosphodiesterases (Figures 2A and 2B). 

In the experiment involving INS1 cell line, mela-
tonin stimulated IP3 release in a dose dependent man-
ner, during the same time melatonin receptor antago-

nist luzindole was capable of absolutely inhibiting such 
IP3-liberating effects of melatonin, hence signifying the 
role of melatonin receptors (51). In addition, mela-
tonin induced IP3 liberation that allow Ca2+ to flow 
into the cell from intracellular stores (51), a common 
mechanism that triggers insulin secretion by pancreatic 
β-cell. Alternatively, MT2-receptor-dependent signal-
ing pathway of melatonin stimulates phospholipase C 
via Gq proteins, markedly elevating inositol triphos-
phate (IP3)/Ca2+ from intracellular stores (52-54). The 
co-product of phospholipase C (PLC) activity, diacyl-
glycerol (DAG), may lead to MAPK p38-modulated 
activation of protein kinase D (PKD), protein kinase C 
(PKC) and increased vesicle fusion (Figure 2C).

Figure 2. Hypothetical diagram for the effect of melatonin on pancreatic β-cells via different signaling pathways; (A) the adenylyl cyclase/cAMP pathway, 
(B) the cGMP pathway, (C) the phospholipase C/IP

3
 pathway.

A B
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MELATONIN AND GLUCOSE HOMEOSTASIS

Various studies have shown that melatonin may influ-
ence insulin secretion and glucose homeostasis. A low 
quantity of circulating melatonin occur in patients with 
type 2 diabetes (11), at the same time upregulated 
mRNA expression of melatonin membrane receptor 
was observed (55). Furthermore, polymorphisms in 
the melatonin receptor gene were linked with fasting 
blood glucose level and susceptibility to the occurrence 
of type 2 diabetes (56). These clinical results indicate 
that melatonin improves glycemic control in blood and 
the insufficiency of melatonin might be associated with 
the development of type 2 diabetes. The study investi-
gating the effects of melatonin on glucose homeostasis 
in young male Zucker diabetic fatty (ZDF) rats, an ex-
perimental model of metabolic syndrome and type 2 
diabetes, show that oral melatonin administration exert 
anti-hyperglycemic effect in young ZDF rats as insulin 
sensitizer and by improvement in β-cell function (57). 
Reverse transcription polymerase chain reaction estab-
lished that melatonin receptor deficiency have an effect 
on transcript levels of pancreatic islet hormones in ad-
dition to pancreatic and hepatic glucose transporters 
(Glut1 and 2) (58). In a group of type 2 diabetic pa-
tients, when melatonin and zinc acetate supplemented 
with and without metformin improved glycemic control 
through decreasing FPG (fasting plasma glucose) but 
the mechanism not related to increase in insulin secre-
tion (59). Clinical implications of melatonin were pre-
sented by the data obtained from selected population of 
postmenopausal women as administration of melatonin 
reduced glucose tolerance and insulin sensitivity (60).

MELATONIN AND INSULIN SECRETION

Human and rodent pancreatic tissues and islets and 
rodent cell lines has been found to express MT1 and 
MT2 receptors (10,35,53,55,61-65). The occurrence 
of melatonin receptors in the pancreatic islets proposes 
that their activation by melatonin might directly influ-
ence insulin or glucagon production and provides a 
biochemical basis to explain how decreased melatonin 
levels of diabetic patients could affect the function of 
the pancreas (6,66). The basis for glucose homeostasis 
is the secretion of insulin and glucagon by the pancre-
atic islet cells. High level of glucose observed at the 
start of the active phase shows circadian variation in the 
concentration of plasma glucose. Since the intake of 

food induces insulin secretion, the amount of insulin 
in plasma follow the daily rhythm in feeding and may 
exhibit a daily rhythm as well. In contrast, mouse and 
human pancreatic islet cells have been found to pos-
sess circadian activity as well (34,67,68). This concept 
gives emphasis to the presence of a circadian regulation 
over pancreatic function. The analysis of melatonin on 
pancreatic islet by immunoprecipitation and immu-
noblotting shown that melatonin regulate growth and 
differentiation of pancreatic cells by stimulating insulin 
growth factor receptor (IGF-R) and insulin receptor 
(IR) tyrosine phosphorylation (69). It activates two 
intracellular signaling pathways: PI3K/AKT (involved 
with cell metabolism) and MEK/ERKs (involved in 
cell proliferation, growth and differentiation) (69). 
Moreover, the decrease in melatonin levels augmented 
insulin secretion in rats during the day while at the time 
of night, low levels of insulin along with high glucose 
levels are measured when melatonin levels are elevated 
(70,71). 

There is prospect that there might be an associa-
tion between melatonin and type 2 diabetes based on 
the findings that insulin secretion is inversely propor-
tional to plasma melatonin concentration (72). Mela-
tonin inhibits glucose mediated release of insulin from 
pancreatic cells emphasizing its activity in the function 
of insulin (72). Suppression of melatonin secretion by 
nocturnal light exposure could be a critical factor for 
type 2 diabetes development (44). Furthermore, MT1 
receptors are involved in the modulation of glucose ho-
meostasis in mice and might stimulate insulin to induce 
glucose uptake (73). Therefore, the available literature 
proposed that presence of melatonin have direct or in-
direct effect on insulin secretion both in vivo and in 
vitro, and night-time melatonin levels are associated to 
night-time insulin concentrations in patients with dia-
betes. 

MELATONIN RECEPTOR POLYMORPHISM

The effect of melatonin is exerted by the two G-pro-
tein coupled receptors, melatonin receptor type 1A and 
melatonin receptor type 1B. The two distinct recep-
tors have been found to be expressed in human pan-
creatic islets (23,64). Recent genome-wide association 
studies (GWAS) identified common genetic variants 
within MTNR1B were associated with higher fasting 
glucose levels or the increased risk of type 2 diabetes 
(11,61). The two common genetic variants: rs1387153 
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and rs10830963 are located near the gene MTNR1B 
that encodes the MT2 receptor of melatonin. The vari-
ant with the strongest association signal was the single 
nucleotide polymorphism (SNP) rs10830963 (74). 
A meta-analysis revealed that rs10830963 is strongly 
associated with fasting glucose levels and moderately 
associated with an increased risk to develop diabetes 
(12). The risk allele was also related to impairment of 
early insulin secretion and beta cell dysfunction that 
might represent the pathomechanism for the increased 
risk of type 2 diabetes by the rs10830963 risk allele 
(11,74). Recently, the associations of rs10830963 with 
the elevated fasting glucose and risk of type 2 diabe-
tes were reported in Asian adults, including Chinese 
(75-80), Japanese and Sri Lankan populations (81). In 
the pregnant Chinese women, the MTNR1B variant 
rs10830963, rs1387153, rs2166706 and rs1447352 
were shown to be associated with gestational glucose in-
tolerance so MTNR1B is probably involved in the regu-
lation of glucose homeostasis during pregnancy (82).

The expression of MT2 receptor in the β-cells im-
plies that MTNR1B gene variant might affect pancre-
atic glucose sensing and insulin secretion and thereby 
hyperglycemia (61). One study suggested that IGR 
(Impaired glucose regulation) might have similar 
background of susceptible genetic variations as well 
as indicated significantly increased risk of MTNR1B 
rs10830963 polymorphism for IGF (impaired fasting 
glucose) but not for IGT (impaired glucose tolerance) 
when stratified by IGR outcome (83). Another study 
on a Czech cohort of women confirms that allele G of 
rs10830963 in MTNR1B gene is associated with in-
creased risk of developing GDM (Gestational diabetes 
mellitus) and, in non-diabetic normoglycemic subjects, 
with FPG (Fasting plasma glucose) levels and glucose 
processing during the oral glucose-tolerance test (84). 
Furthermore, a polymorphic allele was identified in 
CRY2 associated with type 2 diabetes (85). A group 
of researchers reported that the MTNR1B-associated 
Single Nucleotide Polymorphisms rs10830962, 
rs4753426 and the aforementioned rs10830963 were 
all significantly associated with higher fasting glucose 
concentrations in the blood and decreased insulin se-
cretion in German cohorts (86).

MELATONIN AND DIABETES

In diabetic patients, a reduction in melatonin levels 
and a functional inter-relationship between melatonin 

and insulin was observed. On this basis melatonin may 
perhaps be involved in the genesis of diabetes (6). In 
humans, melatonin administration reduced glucose tol-
erance mainly by decreasing insulin release at the time 
of morning while decline in insulin sensitivity was ob-
served in the evening (87). In addition, various studies 
established a correlation between sleep disorders and a 
greater risk for a decreased glucose tolerance and type 
2 diabetes (88-90). The existence of an association be-
tween glucose and time keeping mechanism has been 
proved by the alteration of 24 h rhythmic expression 
of clock genes as a result of high fat diet intake in rats 
(91). Genome-wide association studies have proposed 
that allelic variations of the melatonin receptor MT2 
affect glycemic traits such as elevated fasting glucose 
levels in plasma, impaired insulin secretion, and risk of 
type 2 diabetes (11,92,93). Both melatonin and insulin 
exhibit a circadian rhythm but there is negative correla-
tion between melatonin and insulin i.e. insulin levels 
alters in a reverse fashion to melatonin (94). Decreased 
melatonin level in irregular manner has been related 
with diabetes (6,55), which suggests that the melato-
nin signal is critical for glucose regulation in blood and 
maintaining homeostasis (95). In patients with type 2 
diabetes, gluconeogenesis and endogenous glucose pro-
duction exhibit circadian rhythm that impel fasting high 
blood glucose and do not exist in healthy humans (96).

Significant changes in behavioral activity in control 
rats were observed on reversing the LD (light/dark) 
conditions whereas no shift was observed in rats with 
diabetes (97). There were larger variations in blood 
glucose levels of rats suggesting that the changes in 
behavior and insulin levels are due to misalignment 
of clock functioning as a result of LD changes (97). 
Hence, the decline in melatonin levels during exposure 
to light at night and aging, may lead to the occurrence 
or development of type 2 diabetes.

CONCLUSION

Circadian system may be a tractable target for decreas-
ing the prevalence of hyperglycemia and insulin resis-
tance. The loss of glycemic control and substantial el-
evations of fasting glucose are complications that arise 
from type 2 diabetes and typically result from progres-
sive loss of pancreatic beta-cell function and decline in 
insulin. Different animal studies suggest that melatonin 
supplementation may have beneficial effects on glucose 
homeostasis and body weight regulation under certain 
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circumstances, which should encourage clinical trials 
in humans to evaluate the therapeutic potential of this 
hormone in diabetes. Diabetes is a prevalent disease in 
middle-aged and older adults and maintenance of opti-
mal levels of blood sugar in diabetes patients is a major 
clinical issue. The present evidence that melatonin in-
duces insulin secretion by IP3- signaling pathway and 
can improve β-cell function, so melatonin supplemen-
tation may have beneficial effects on glucose homeosta-
sis. It would advance the current therapeutic strategy 
to overcome the diabetes effects which is currently pre-
scribed for sleep and circadian rhythm.
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Six-week anaerobic training improves 
proteolytic profile of diabetic rats

Rogério de Oliveira-Batista1, Angelita Silva2, Kaique Marques Rodrigues 
dos Passos2, Rosa Maria Barilli Nogueira2, Patricia Monteiro Seraphim1

ABSTRACT
Objective: To evaluate the effect of six-week anaerobic training on the mRNA expression of genes 
related to proteolysis Ubb (Ubiquitin), E2-14kDa, Trim63 (MuRF1 protein) and Nfkb1 in the skele-
tal muscle of diabetic rats. Materials and methods: Four groups were established: DE (Diabetes  
Exercised), DS (Diabetes Sedentary), CE (Control Exercised) and CS (Control Sedentary). The training 
consisted of 3 sets of 12 jumps in the liquid mean with load equivalent to 50% of BW for 6 weeks. 
Euthanasia occurred under ip anesthesia, and blood, adipose tissue and skeletal muscles were col-
lected. Gene expression was quantified by RT–PCR in the gastrocnemius muscle. ANOVA one-way 
was used for comparison among groups, with post-hoc (Tukey) when necessary, considering p < 
0.05. Results: We observed reduction in the body weight and adipose tissue in the diabetic groups. 
The muscle mass was reduced in DS, which could be reversed by training (DE). Although DS and DE 
have presented similar body weight, the training protocol in DE promoted reduction in the adipose 
tissue, and increase of muscle mass. Anaerobic training was efficient to reduce glycaemia only in the 
diabetic animals until 6 hours after the end of training. The Trim63 gene expression was increased 
in DS; decreased Ubb gene level was observed in trained rats (CE and DE) compared to sedentary 
(CS and DS), and DE presented the lowest level   of E2-14kDa gene expression. Conclusion: Six-week 
anaerobic training promoted muscle mass gain, improved glycemic control, and exerted inhibitory 
effect on the proteolysis of gastrocnemius muscle of diabetic rats. Arch Endocrinol Metab. 2015;59(5):400-6
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INTRODUCTION

C haracterized as a multifactorial illness, diabetes 
mellitus (DM) represents one of the most studied 

deleterious metabolic diseases in the world. Among va
rious complications associated to diabetes development, 
diabetic must handle an elevated rate of protein break
down, known as sarcopeny. This condition is defined 
as a noninduced degenerative loss of muscle fiber and, 
consequently, loss of strength, associated to oxidative 
stress and reactive oxygen species (ROS) release (1). 
As a consequence of this dysfunction in diabetics, the 
ubiquitinproteasome signaling pathway (UPS – Ubi
quitinProteasome System) can play an essential role in 
catalyzing unfolded or unwelcome proteins, which are 
subsequently catalyzed by proteasome (2,3) consider
ing that in pathological conditions such as DM, gene 
expression of proteins involved in the regulation of 
proteolytic processes is elevated, resulting in degrada
tion of myofibrillar structures (4).

Muscle mass can be maintained by the balance be
tween protein synthesis and degradation, being regu
lated by different regulators, in special insulin. Protein 

degradation in the skeletal muscle is mainly carried out 
by the proteasomeubiquitin system, involving ligases 
such as Muscle atrophy Fbox protein (MAFBx or 
Atrogin1) and Muscle Ring Finger1 (Murf1), whose 
expression is maintained by PI3Kinase/Akt pathway 
signaling. Therefore, any impairment in the insulin sig
naling can impair the muscle mass homeostasis (5). In 
older women with type 2 diabetes (6) and in animal 
model of obesity (7), a relationship between the disease 
and loss of skeletal muscle mass associated to elevated 
Murf1 and Atrogin expression has been detected. An
other important view is the major glucose scavenger 
tissue is the skeletal muscle. So, the loss of this mass 
can contribute even more with the alterations in the 
glycemic homeostasis observed in diabetes and insu
lin resistance state (6). Among various enzymes com
pounding the structures responsible for the recognition 
and protein degradation process, we will highlight two 
major proteins in the present study: MuRF1, a ligase 
enzyme E3, related to an accelerated process of pro
teolysis and a molecular mediator of muscle atrophy, 
expressed mainly in the skeletal muscle and cardiac tis
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sue (4); and E214kDa protein, a conjugating enzyme, 
E2, site of regulation on the signaling pathway of the 
ubiquitinproteasome in the skeletal muscle (8).

The UPS pathway is essential for activation of nu
clear factor kappa B (NFkB), a transcription factor in
volved in the inflammatory genes expression presented 
in diabetic state, after degradation of inhibitory IkB 
proteins. Besides, there is some evidence showing the 
link between NFkB and atrogene expression induction 
(9,10).

The exercise is configured as a noninvasive, cheap 
and easyaccessibility therapeutic method to reduce the 
complications of diabetes (11). The protocol of jump 
in the liquid medium have been widely used with ex
perimental models, however, the literature still needs 
further studies regarding its influence on the protein 
degradation. The exercise can modulate the pattern of 
expression of the proteins involved in the proteolysis 
process (12). It is known that the conjugating enzyme 
E214kDa, when expressed above basal levels, is con
sidered a biomarker of the activation of UPS system 
(4). This analysis may also be enhanced by binding pro
tein E3 – MuRF1 (Muscle Ring Finger1), which is 
also considered a biomarker of this pathway (13). This 
study aims to analyze the effects of sixweek anaerobic 
training of jumps in the liquid medium on the gene 
expression of proteins involved with ubiquitin – prote
asome pathway in the gastrocnemius muscle of diabetic 
trained rats.

MATERIALS AND METHODS

Wistar male rats aged 3months and weighting 250 g 
were randomly divided into 4 groups: control seden
tary (CS, n = 8), control exercised (CE, n = 8), diabetic 
sedentary (DS, n = 7) and diabetic exercised (DE, n = 
6). The diabetes was induced by alloxan administration 
(120 mg/kg of body weight), ip. Control groups re
ceived physiological solution (0.9% NaCl), ip, as pla
cebo. All animals were kept in the cages located at con
trolled temperature (25°C) and light cycle (12/12 h, 
light/dark luminosity) room. All animals received stan
dard chow (Supra Lab, Alisul Ind. Alimentos LTDA, 
RS, Brazil) and water ad libitum. After seven days of 
alloxan diabetes induction, rats that showed glycaemia 
above 200 mg/dL were considered diabetic. Blood 
drops were obtained from distal portion of tale and 
blood glucose was measured by glucometer Biocheck 
TD – 4225/Bioeasy Diagnostica Ltda./MG – Brazil). 

Diabetic groups received insulin therapy (NPH Insulin, 
2 U/day, subcutaneous injection) to avoid loss of ani
mals during the intervention, except in the last day of 
training.

Training protocol

To avoid trauma and/or stress during training, the ani
mals were submitted to a period of adaptation to liquid 
medium following Ribeiro and cols. (14). The animals 
were initially kept on shallow water during 5, 10 and 15 
minutes, after they were kept in deep water during 5, 
10 and 15 minutes, and 5 minutes with a vest attached 
to the thorax. The training protocol was based on the 
literature (15). The anaerobic training consisted of 
jumps in water tank with a load corresponding to 50% 
of the body weight coupled to the thorax. The session 
consisted of 3 sets of 12 jumps with 1 minute interval 
among sets, 3 times a week, for 6 weeks. The counting 
of repetitions occurred each time the animal was pro
jected toward the surface of the water to breathe. The 
water temperature was maintained between 30ºC and 
32ºC, as way to be considered thermally neutral on the 
body temperature of the rat (16).

Samples

Samples of blood were collected from distal region of 
the tail for glycaemia detection after training and after 
6 hours of the last session of training. Then, after 24h, 
the euthanasia was performed under ip anesthesia with 
sodium thiopental (60 mg/kg PC). Different samples 
of muscles were removed and weighted: gastrocne
mius, EDL (Extensor Digitorum Longus) and Soleus, 
and periepididymal fat pad. Slices of gastrocnemius 
muscle were separated for further analysis. 

All procedures were approved by Ethical Commit
tee for Animal Use (CEUA, Protocol 02/2012) of 
Faculty of Sciences and Technology – Sao Paulo State 
University.

RT-PCR

Total RNA was isolated using Brazol reagent (LGCBio, 
Sao Paulo, Brazil) according to the manufacturer’s in
structions. The firststrand cDNA synthesis was carried 
out using MMLVRT Reverse Transcriptase (200U; In
vitrogen Life Technologies, Carlsbad, CA, USA) with 
5 µg total RNA. Specific oligonucleotide primers for 
E2-14kDa, Nfkb1, Trim 63, UBb and Gapdh (used as an 
internal control) were synthesized by Sigma (Sigmaal
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drich, USA) and are shown in the table 1. Each ampli
fi cation reaction (25 µl) was performed in the presence 
of GoTaq DNA Polymerase (Promega, USA), oligonu
cleotide primers (sense and antisense, 10 mM, Table 1) 
and reverse transcription (RT) product samples accord
ing to the manufacturer’s instruction. The annealing 
temperature was 59ºC for E2-14kDa (43 cycles), 55ºC 
for Nfkb11 (36 cycles), 58ºC for Trim 63 (48 cycles), 
53ºC for Ubb (32 cycles), and 58ºC for Gapdh (24 
cycles). After PCR, 8 µl of each sample was electro
phoresed in 1% agarose gels and visualized by ethidium 
bromide staining. The images were photographed by a 
KODAK System Molecular Imaging Software Version 
4.0, 2User system and Eletronic UV Transilluminator.

CE presented heavier (p < 0.0004) EDL muscle com
pared to CS and DE groups. DS presented lighter (p < 
0.0003) soleus muscle compared to all other groups, 
and DE presented lighter (p < 0.0003) soleus muscle 
compared to CE. 

Anaerobic training was effi cient to reduce glyca
emia of the diabetic animals until 6 hours after the 
end of training (Figure 1) (p < 0.001 vs. DE Pretrai
ning and DE Posttraining), despite of elevated level 
(≈ 400 mg/dL), when compared to the trained group. 
On the other hand, the same was not observed in CE 
group Pre, Post and after 6 hours of the end of the 
training. 

Table 1. Sequence of sense and anti-sense oligos

Gene Oligos sequence
Annealing 
tempera-
ture (ºC)

E2-14kDa Sense 5’ – GTGCACCATCTGAAAACAA – 3’

Antisense 5’ – ATCGGTTCTGCAGGATGTCT – 3’

59ºC

Gapdh Sense: 5’ – ACATCATCCCTGCATCCACT – 3’

Antisense: 5’ – GGGAGTTGCTGTTGAAGTCA – 3’

58ºC

Nfkb1 Sense 5’ – AAGACTATTGAGCGAACCTT – 3’

Antisense 5’ – TTGGAATTGACTGACTGACA – 3’

55ºC

Trim63 Sense 5’ – GGAGAAGCTGGACTTCATCGA – 3’

Antisense 5’ – CTTGGCACTCAAGAGGAAGG – 3’

58ºC

Ubb Sense 5’ – TCTTCGTGAAGACCCTGACC – 3’

Antisense 5’ – CAGGTGCAGGGTTGACTCTT – 3’

53ºC

Statistical analysis

Data are presented as mean ± SEM. All data were nor
malized by KolmogorovSmirnov test, and the data 
were treated as parametric variables. ANOVA One
way were used for comparison among results of body 
weight, tissue weight and gene expression. ANOVA 
repeated measures test were used for comparison of re
sults of glycemia pre, post and 6 hours after training. 
NewmannKeulls was used as posttest, when neces
sary, considering p < 0.05 as signifi cance level. Software 
GraphPad Prism 5.0 was used for statistical analysis.

RESULTS

The body weight of diabetic animals was reduced (p 
< 0.0001) compared to control groups (Table 2). DE 
and DS presented lower (p < 0.0008) fat pad compared 
to CS, but similar to CE. DE presented heavier gas
trocnemius muscle (p < 0.001) compared to DS, and 
similar to CE and CS groups. DS presented lighter (p 
< 0.0004) EDL muscle compared to all other groups. 
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Figure 1. Serum glucose measurements pre-, post-, and after 6 hours of 
last session of the training in the diabetic animals. Values are expressed 
as Mean ± SEM. * p < 0.05 vs. DE pre-training; *** p < 0.0001 vs. DE 
pre-training, DE post-training and DE 6 hours after training. DE n = 8; CE 
n = 9. ANOVA One-way with Newman Keulls as post-test. CS = control 
sedentary (n = 8), CE = control exercised (n = 8), DS = diabetic sedentary 
(n = 7) and DE = diabetic exercised (n = 6).

Gene expression levels of Ubb, Trim63, E2-14kDa 
and Nfκb1 can be observed in the fi gure 2. Anaerobic 
training was effective to reduce (p < 0.05) the mRNA 
of these proteolysis biomarkers in the DE group com
pared to DS (Figures 2A, 2B and 2C). CE presen
ted reduced mRNA Ubb compared to CS (p < 0.05). 
Trim63 gene level was very elevated in the DS group 
(p < 0.019) compared to all other groups, which was 
reduced by anaerobic training (DE). 

There were no signifi cant difference in the Nfkb1 
gene level among groups (Figure 2D), although a dis
crete reduction can be observed in the trained groups.
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DISCUSSION

Exercise is an efficient, affordable and accessible tool 
for the diabetic population that prevents the deleteri
ous symptoms of DM. This involves a complex system 
of structural adaptations including improved insulin 
sensitivity, glycemic control, reduction of blood pres
sure, and overall cardiovascular risk (1719).

In the present study, we observed that diabetic ani
mals (DS) presented considerable loss of weight, which 
involved loss of lean (muscle) and fat mass (Table 2). 
This loss can be associated with hypoinsulinemia that 
occurs due to this disease, generating a catabolic state 
of proteins and fats. Another contributing factor is as
sociated to elevated glucose excretion observed in the 
animals (data not shown) and polyuria (20), as expec

ted in this condition. On the other hand, when diabetic 
animals (DE) were submitted to anaerobic training, we 
detected a lower weight associated to higher reduction 
of fat mass associated to increased lean mass compared 
to the control groups (Table 2), suggesting the positive 
effect of training to avoid muscle proteolysis.

There was a discrete reduction in the glycaemia of 
diabetic exercised rats, which was more reduced after 
6 hours of the end of the training. On the other hand, 
this change was not observed in the control group. The 
reduction in the glycaemia in this condition can be jus
tified by elevated glucose uptake by peripheral tissues, 
stimulated by contractile activity during the training 
(15). The training has provoked a hypoglycemic effect, 
which can be found in different studies involving ex
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Figure 2. Gene levels (expressed as arbitrary unit, AU) in the gastrocnemius skeletal muscle of diabetic Wistar rats submitted to six-week anaerobic 
training. (A) Ubb gene expression. * p < 0.05 DE vs. DS and CS; ** p < 0.05 CE vs. DS and CS. (B) E2-14kDa gene expression. * p < 0.05 DE vs. DS and 
CS. (C) Trim63 gene expression. * p < 0.0191 DS vs. DE, CE and CS. (D) Nfκb1 gene expression. All values are expressed as Mean ± SEM. CS = control 
sedentary (n = 6), CE = control exercised (n = 7), DS = diabetic sedentary (n = 6) and DE = diabetic exercised (n = 5).
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perimental and clinical model of diabetes (20,21), 
however, few studies have focused on protocols using 
longterm anaerobic training. Various studies have fo
cused on the training program involving aerobic exer
cise and/or combined exercise (aerobic plus anaerobic 
exercise) (17,2123). In this way, a detailed investiga
tion about anaerobic training’s effect on the glycemic 
profile and physiological mechanisms is very important 
to understand if and/or how exercise can improve the 
deleterious condition of diabetic state. In the present 
study, anaerobic training was practiced, which deman
ds less time for performance favoring the attraction for 
public in general.

In this study, we observed an improvement in the 
glucose uptake until 6 hours after the last session of 
training, which probably occurred due to stable state of 
adaptation to the training with consequent mobiliza
tion of intracellular proteins related to cellular metabo
lism when exercise is regularly practiced (24). Interes
tingly, other notable point is that DE group presented 
a higher reduction of glucose levels after 6 hours of the 
last session of training when compared to the glycae
mia behavior of CE group, suggesting that exercise was 
more efficient in diabetic animals. Although there are 
many studies in the literature showing the synergistic 
effect of insulin plus contractile activity on the increase 
of glucose transport in the muscle (2527), in the pre
sent study, diabetic rats did not receive insulin in the day 
of the last session of training, avoiding the insulin effect 
on this phenomenon and ensuring the training effect 
on the glucose reduction only. Although it is known 
that chronic exercise can increase glucose uptake sti
mulated by insulin, in diabetics without adequate insu
lin secretion or reduced, this effect, in general, occurs 
during the exercise. However, it is possible to observe 
an increase in the postexercise insulin sensitivity, as an 
adaptation of hormonal response to the training, invol
ving insulin signaling pathway components (28). 

Once the gastrocnemius muscle is composed by mi
xed muscle fibers (glycolytic and oxidative fibers), which 
is very similar to the total muscle mass in the body, it 
was chosen to be evaluated in this study. So we aimed 
to evaluate the impact of the anaerobic training on the 
biomarkers of proteolysis in the gastrocnemius mus
cle of diabetic rats. For this the expression of different 
genes Ubb, E2-14kDa, Trim63 (12,29) related to ubi
quitinproteasome proteolytic pathway was analyzed. 
We detected that diabetes caused an elevation in the 
Trim63 mRNA level (Figure 2C), but the anaerobic 
training was efficient to reduce this level, suggesting 
that this gene could be modulated by regular exercise. 
The levels of the other genes were not so elevated in 
the diabetic sedentary group; however the anaerobic 
training reduced the expression independently on the 
presence of diabetes, suggesting the positive effect of 
exercise on the maintenance of the muscle mass, and 
corroborating for the important and therapeutic role 
of regular exercise to inhibit the protein breakdown of 
muscle. In the protocols of chronic anaerobic training 
for hypertrophy in the experimental animal models, 
significant reductions in MURF1 e ATROGIN1 in 
the plantar muscle of healthy, fasted female rats were 
detected (30). It is known that heterodimers p50/p65 
(NFκB) bind to promoter regions of MuRF1 DNA 
inducing its expression, and, consequently protein de
gradation (31,32). The highest levels presented in the 
DS group, mainly in Trim63 expression, proved the 
efficacy of this disease to accelerate and activate the ubi
quitinproteasome in models of wellstablished DM, 
without insulin treatment and/or exercise practice.

In the present study no alteration was detected in 
the mRNA level of Nfkb. However, this effect can be 
reflecting the peak of the Nfkb gene expression post
training. In the literature there some information about 
this, confirming that after 312 hours of high intensity 
of contractile activity there is the peak of gene transcrip

Table 2. Characteristics of animals: Absolute Body and tissue weight expressed in gramas (g) 

Weight (g) DE DS CE CS

Body weight 239.8 ± 9.86*** 240.6 ± 12.1*** 304.1 ± 5.88* 340.1 ± 12.82

Fat pad mass 0.1651 ± 0.11*** 0.7766 ± 0.30** 1.540 ± 0.36* 2.270 ± 0.24

Gastrocnemius muscle  1.124 ± 0.10 0.859 ± 0.11** 1.430 ± 0.06 1.318 ± 0.05

EDL 0.113 ± 0.009* 0.089 ± 0.01*** 0.146 ± 0.005 0.122 ± 0.005*

Soleus 0.133 ± 0.008* 0.110 ± 0.006*** 0.159 ± 0.003 0.144 ± 0.007

Values are expressed as Mean ± SEM. Body weight: * p < 0.05 vs. CS; *** p < 0.0005 vs. CS and CE; Fat pad mass: * p < 0.05 vs. CS; ** p < 0.005 vs. CS; *** p < 0.0005 vs. CS and CE; 
Gastrocnemius muscle: ** p < 0.005 vs. CS, CE and DE; EDL: * p < 0.05 vs. CE and DS; *** p < 0,0005 CE and CS; Soleus: * p < 0.05 vs. CE and DS; *** p < 0.0005 vs. CE and CS. ANOVA 
One-way with Newman Keulls as post-test. CS = control sedentary (n = 8), CE = control exercised (n = 8), DS = diabetic sedentary (n = 7) and DE = diabetic exercised (n = 6).
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tion in the cells, returning to basal levels in 24 hours 
(30). In the present study the sacrifice and removal of 
tissues were performed after 24 hours of the end of the 
sixweek anaerobic training. This result suggests that, 
in this model, Nfkb expression seems not to be involved 
in the regulation of atrogene expression, contrary to 
observed in other catabolic states (9,10).

In the literature (12), reduction on the MuRF1 ex
pression in the muscle of Wistar rats after 8 weeks of 
aerobic training was found, because of oxidative stress 
provided by regular exercise. The oxidative stress can 
promote an unbalance of proteins and enzymes that in
terferes in the regulation of keyfactors for cellular ho
meostasis. The release of ROS (reactive oxygen species) 
drives the muscle cells to a catabolic cycle that leads to 
muscle breakdown, and activates the biochemical pa
thway of NFkB, directly interfering in the transcription 
of essential genes for cellular metabolism (1,33). Fur
thermore, oxidative stress plays a key role in the poten
tiation of abnormalities generated by DM, since hyper
glycemia in the presence of free radicals can lead to 
autooxidation of glucose and protein glycation (34). 
The metabolism of alloxan promotes intracellular ge
neration of ROS that associated to diabetes potentiates 
the oxidative stress (35,36). In the literature (37), the 
exercise was effective in reducing oxidative stress and 
in improving oxygen uptake, since oxidative stress has 
direct relation with insulin resistance induced by hyper
glycemia, inhibiting the increase of GLUT4, glycogen 
synthesis and phosphorylation of keyproteins such as 
IR, Akt and GSK3β.

So, we concluded that sixweek anaerobic training 
of jumps in the liquid medium can promote gain of 
muscle mass, improvement of glycaemia control, and 
can promote inhibitory effect on the ubiquitinprote
asome proteolytic pathway in the gastrocnemius mus
cle of diabetic rats, suggesting that this type of training 
can be useful and efficient as antiatrophy treatment for 
diabetes. 
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Arterial stiffness and endothelial 
inflammation in prediabetes and 
newly diagnosed diabetes patients
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ABSTRACT 
Objective: There is a growing body of data supporting the association between diabetes and mi-
crocirculatory disfunction. We aimed to study e-selectin levels, and their associations with serum 
markers of inflammation and arterial stiffness in prediabetes and newly diagnosed diabetes patients 
in this study. Subjects and methods: Sixty patients (25 females) with a newly established elevated 
fasting serum glucose [20 impaired fasting glucose (IFG), 20 impaired glucose tolerance (IGT), 20 
newly diagnosed diabetes (T2DM)] and 17 healthy controls (13 females) were included in the study. 
Serum e-selectin and hs-CRP levels, and arterial stiffness parameters of the patients were studied. 
Results: Fasting serum glucose was the most important predictor of serum e-selectin levels. Pulse 
wave velocity and central aortic pressures were significantly higher in IFG, IGT and T2DM groups, 
compared to controls (p = 0.001, < 0.001, 0.013 and 0.015, 0.002, 0.009, respectively). The mean ar-
terial pressure did not show any significant association with serum e-selectin and hs-CRP levels (β 
coefficient: 0.092, p = 0.358; and β coefficient: 0.189, p = 0.362, respectively). Conclusion: Prediabetes 
patients have increasing e-selectin levels through the diagnosis of T2DM. E-selectin is associated 
with serum glucose levels. Prediabetic and newly diagnosed diabetics have higher arterial stiffness 
measurements. Serum e-selectin may be a good marker of endothelial inflammation and dysfunction 
increasing in parallel with serum glucose levels, predicting future cardiovascular events. Arch Endocrinol 
Metab. 2015;59(5):407-13

Keywords
E-selectin; arterial stiffness; inflammation; cardiovascular risk; hypertension

INTRODUCTION

D iabetes mellitus is characterized with increased 
serum glucose levels deriving as a result of dis-

turbances in insulin production or sensitivity. The 
prevalence of type 2 diabetes mellitus (T2DM) is ris-
ing rapidly and its key feature, insulin resistance, results 
mainly from low physical activity and obesity. In fact, 
the disease do not show an abrupt onset like type 1 
diabetes and patients acquire T2DM after a particular 
time. At first, minimal high fasting blood glucose levels 
indicate impaired fasting glucose (IFG). Then, rising 
glucose levels show increasing insulin resistance and 
failure to lower postmeal blood glucose indicating im-
paired glucose tolerance (IGT). The patient is accepted 
to have T2DM after a particular serum glucose level. 
This disease course represents a spectrum, so drawing 
clear lines between these stages may be inaccurate, and 
probably the endothelial inflammation and microcir-
culatory disfunction starts with the first rises in blood 
glucose levels (1,2).

T2DM is associated to bad cardiovascular outcomes 
in time (3). Insomuch that, diabetes has been accepted 
as a cardiovascular disease equivalent, meaning that the-
se patients should be accepted as having atherosclerotic 
disease at the time of diagnosis. The blamed underlying 
factors of these risks are the mentioned endothelial in-
flammation and microcirculatory dysfunction (4). The-
se patients will benefit much from any intervention in 
the diagnosis, follow-up, and therapy. Since about a 
decade, a growing number of studies have reported the 
association between various estimates of microvascular 
dysfunction in T2DM and IFG (5).

Selectin family are the molecules that generate the 
first adhesive stage contributing to the rolling of leu-
kocytes into the vascular endothelium for the distri-
bution of immune cells to the tissue of inflammation 
(6). Soluble isoforms of e-selectin is found in the su-
pernatant of in vitro cultured endothelial cells after 24 
hours of cytokine activation and are composed through 
a largely caspase-dependent shedding process (7,8). In 
healthy subjects, low levels of soluble e-selectin may be 
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found in serum, but the levels increase in patients with 
an inflammatory condition. Higher concentrations of 
this marker is derived mainly from microcirculatory en-
dothelium, so increased e-selectin levels reflect further 
microvascular endothelial dysfunction and is associated 
with cardiovascular disease (9,10).

Arterial stiffness measurement has high cardiovascu-
lar predictive value, reproducibility, availability and cost 
effectiveness in determining the future cardiovascular 
risk (11). Increased arterial stiffness is a common indi-
cator for the atherosclerotic involvement of the vascular 
system and is known to occur as a result of atheros-
clerotic risk factors, such as diabetes mellitus, smoking, 
hypertension, hypercholesterolemia, and aging (12). 
Increased arterial stiffness is also associated with coro-
nary artery disease, cerebrovascular disease and peri-
pheral arterial disease (13).

In this study, we aimed to study e-selectin levels, 
serum markers of inflammation and their associations 
with arterial stiffness in prediabetes and newly diagno-
sed T2DM patients.

SUBJECTS AND METHODS

Patients

The study was conducted in a tertiary referral center. 
A total of 77 subjects from internal medicine and 
cardiology outpatient clinics were consecutively in-
cluded in the study. Seventeen subjects were controls 
and they were entirely from healthy subjects coming to 
outpatient clinic for control reasons. Sixty were patients 
with a newly detected elevated fasting serum blood 
glucose level above the normal range, 100 mg/dL. 
Patients were stratified to have IFG, IGT or T2DM ac-
cording to the American Diabetes Association (ADA) 
guidelines, as 100 mg/dL < [fasting serum glucose] 
< 126 mg/dL, 140 mg/l < [second hour serum glu-
cose of a 75 g glucose loading test] < 200 mg/dL, and 
[two times fasting serum glucose > 126 mg/dL] or 
[serum glucose of a 2 hour 75 g glucose loading test > 
200 mg/dL], respectively (14). Patients with evidence 
of any target organ damage from high blood pressure 
(BP), thyroid dysfunction, liver disease, renal failure, 
malignancy and other chronic diseases, inflammatory 
conditions, and those who were receiving any medi-
cations were excluded. The patients were asked to sit 
down for 10 minutes before the BP was recorded us-
ing a manual mercury sphygmomanometer. The mean 

of two BP measurements was considered. The mean 
arterial blood pressure was calculated according to the 
following formula: MAP = DBP + ((SBP-DBP)/3). 
A complete blood count, renal and hepatic function 
tests, electrolytes, serum lipid levels, and thyroid hor-
mones of the patient and control groups were mea-
sured. The demographic parameters, antropometric 
measurements, blood pressures, medications and labo-
ratory results of the participants were directly recorded 
in a Microsoft Excel 2010 file. All participants gave 
written informed consent. The study protocol was ap-
proved by The Research and Ethics Committees of 
Gulhane Military Medical Academy. A part of data was 
published elsewhere.

Anthropometric measurements 

Weight (in kg) and height (in cm) were measured and 
BMI was calculated as body weight/height2 (kg/m2). 

Measurement of arterial stiffness 

TensioMed measurement of arterial stiffness (Ten-
soMed Ltd. Budapest-Hungary) device was used. Sys-
tolic and diastolic pressures, pulse wave velocity (PWV), 
augmentation index (AIX) and central aortic pressure 
(CAP) measurements were recorded.  

PWV, AIX and CAP analysis 

TensioMed arteriography measurement device auto-
matically reported the measurements. Measurements 
were made after 5 minutes rest of the patients, non 
smoking-or taking caffeinated beverages for at least 
the last 30 minutes, in the sitting position in a reserved 
quiet room away from external stimuli. The distance 
between the jugular notch and the symphysis pubis of 
the patients were measured and the data was recorded. 
During the measurement, brachial artery occlusion 
was made (only 8-20 seconds) and the blood flow was 
stopped as a part of the process. Then, the systolic pres-
sure, diastolic pressure, mean arterial blood pressure, 
pulse rate, pulse pressure, PWV, AIX and CAP were 
taken from the device. The pressure waves were record-
ed along with the AIX, PWV and CAP values.

Blood sample collection and analysis of parameters

All blood samples were drawn in the morning after at least 
10 h of fasting. Routine laboratory tests and biochemistry 
including a full blood count, serum glucose, urea, creati-
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nine, sodium, potassium, liver enzymes were performed 
during the outpatient visit. Serum samples for e-selectin 
were run in the same assay. These samples were promptly 
centrifuged, the plasma and serum were separated and 
stored at −80° C. Fasting plasma glucose, total cholesterol 
(TC), triglyceride and high-density lipoprotein cholesterol 
(HDL-C) levels were measured by an enzymatic colori-
metric method with an Olympus AU2700 auto analyzer 
using reagents from Olympus Diagnostics (GmbH, Ham-
burg, Germany). Low-density lipoprotein cholesterol 
(LDL-C) was calculated by Friedewald’s Formula (15). 
ELISA kits were used according to the manufacturer’s in-
structions (Uscnlife Science & Technology Co., Ltd, Wu-
han, China) to determine e-selectin levels. We measured all 
samples in duplicates and used the mean values. hs-CRP 
was measured in serum by high sensitive C-reactive protein 
(hs-CRP) ELISA Kit (Cell Biolabs, Inc, San Diego, USA). 

Statistical analysis 

Statistical analysis was carried out using IBM SPSS Sta-
tistics for Windows, Version 22.0. Armonk, NY: IBM 
Corp. Independent samples t test, Chi-square test, 
Mann-Whitney U statistical analysis, Pearson-rho cor-
relation, univariate analysis and linear regression analysis 
tests were used. Quantitative variables were expressed as 
mean ± standard deviation. The Kolmogorov-Smirnov 
and Shapiro Wilkins tests were used to determine the dis-
tribution characteristics of variables and Levene’s test was 
used to determine the equality of variance. Differences 
between groups were studied for significance by indepen-
dent samples t-test as appropriate. Categorical variables 
were compared by Chi-square test. Pearson and Spear-
man correlation analysis were used to evaluate the rela-
tionship between variables. Univariate analysis was used 
to adjust the effects of covariates on variables. Results of 
the analysis were expressed as percent for qualitative vari-
ables and mean ± standard deviation for continuous vari-
ables. A two-sided p < 0.05 was considered significant.

RESULTS

General characteristics of the patients

A total of 60 patients with a newly established elevated 
fasting serum glucose (25 females) and 17 healthy con-
trols (13 females) were included in the study. The mean 
ages were 50.4 ± 12.1 and 40.2 ± 15.1 years, respectively, 
for patient and control groups (p = 0.007). Of patients, 
the mean age was 49.5 ± 16.1 years in males (n = 35) and 

51.6 ± 13.7 years in females (n = 25) (p = 0.592). The 
mean BMI’s of the male and female patients were 27.2 ± 
4.7 and 28.9 ± 4.5, respectively (p = 0.158). There was 
no significant difference in terms of age and BMI between 
male and female patients. The patient group were divided 
into three groups according to ADA criteria, considering 
the fasting serum glucose measurements, as IFG, IGT 
and newly diagnosed T2DM groups (Table 1). The IFG 
and IGT groups were not age and BMI-matched to the 
control group, but T2DM group was the same as control 
group in terms of these parameters. There were differ-
ences in terms of blood pressure measurements between 
groups (p < 0.001). The T2DM group did not match in 
terms of sex to the control group (p = 0.001). 

Arterial stiffness measurements

PWV and CAP measurements were significantly higher 
in IFG, IGT and T2DM groups compared to controls 
(Table 1). Aix measurements were similar in all groups. 
There was only a weak negative correlation between e-
selectin levels and Aix in the patient group (Pearson, r 
= -0.304, p = 0.021.

Laboratory findings

The laboratory findings are shown in table 1. There was 
no statistically significant difference in terms of LDL, to-
tal cholesterol, LDL, creatinine levels between groups. 
Fasting serum glucose levels were 88.8, 112.1, 115.8, 
and 223.8 mg/dL, respectively, for controls, IFG, IGT 
and T2DM groups (p < 0.001, for each groups). The 
mean e-selectin levels were significantly higher in IGT, 
IFG and T2DM groups compared to controls. In re-
gression analysis, e-selectin levels were significanly as-
sociated with fasting serum glucose, hs-CRP levels, sex, 
BMI and age (Table 2). Fasting serum glucose was the 
most important predictor of e-selectin levels. The mean 
arterial pressure did not show any significant association 
with serum e-selectin levels and was excluded by the re-
gression analysis (β coefficient: 0.092, p = 0.358). Also, 
the mean arterial pressure did not have any influence 
on hs-CRP levels (β coefficient: 0.189, p = 0.362). So, 
the intergroup blood pressure differences were disre-
garded. Charts showing the association between e-se-
lectin levels, fasting serum glucose and hs-CRP levels in 
the entire group are given in figures 1 and 2. After ad-
justment for age, BMI, sex, and fasting blood glucose,  
e-selectin levels were increasing through the initiation 
of T2DM and are shown in figure 3. 
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Table 1. Comparisons of the IFG, IGT and newly diagnosed T2DM groups to controls

Parameter/Study group Control IFG p IGT p T2DM p

n 17 20 0.742* 20 0.742* 20 0.742*

Age (yrs) 40.24 ± 12.05 49.45 ± 9.68 0.017 53.25 ± 12.88 0.003 48.45 ± 20.82 0.145

Sex (F) (%) 13 (76) 9 (45) 0.053* 12 (60) 0.239* 4 (20) 0.001*

BMI (kg/m2) 25.28 ± 3.67 28.93 ± 3.51 0.004 28.71 ± 4.62 0.016 26.12 ± 5.33 0.581

Smokers (n) (%) 4 (24) 8 (40) 0.373* 9 (45) 0.264* 8 (40) 0.373*

Systolic blood pressure (mmHg) 105.29 ± 11.92 134.15 ± 19.9 < 0.001 135.15 ± 16.89 < 0.001 136.45 ± 12.57 < 0.001

Diastolic blood pressure (mmHg) 64.41 ± 7.26 81.1 ± 10.13 < 0.001 77.9 ± 7.66 < 0.001 78.85 ± 11.3 < 0.001

MAP (mmHg) 78.04 ± 8.15 98.78 ± 12.99 < 0.001 96.98 ± 9.48 < 0.001 98.05 ± 10.78 < 0.001

PR (beats/min) 72.17 ± 10.85 74.95 ± 10.32 0.482 77.9 ± 10.36 0.155 77.25 ± 16.84 0.308

Pulse wave velocity (m/sec) 7.12 ± 1.15 8.71 ± 1.18 0.001 9.59 ± 1.89 < 0.001 8.83 ± 2.4 0.013

Central aortic pressure (mmHg) 108.99 ± 16.48 126.02 ± 19.38 0.015 131.55 ± 19.89 0.002 126.53 ± 16.88 0.009

Augmentation index (%) 18.68 ± 15.12 24.04 ± 17.29 0.372 27.53 ± 14.65 0.119 19.31 ± 19.73 0.922

E-selectin levels (ng/mL) 43.76 ± 18.51 73.58 ± 47.51 0.016 81.15 ± 50.41 0.005 139.84 ± 75.91 < 0.001

Serum hs-CRP (mg/dL) 1.28 ± 0.99 2.98 ± 2.45 0.009 4.5 ± 4.32 0.004 3.11 ± 3.85 0.053

Fasting serum glucose (mg/dL) 89.59 ± 8.1 112.1 ± 6.98 < 0.001 115.85 ± 16.22 < 0.001 223.85 ± 148.44 0.001

Total cholesterol (mg/dL) 193.82 ± 30.43 209.12 ± 40.41 0.222 196.6 ± 46.26 0.828 218.17 ± 44.84 0.069

LDL (mg/dL) 116.94 ± 24.3 121.88 ± 39.27 0.67 120.65 ± 36.62 0.715 131.17 ± 40.85 0.218

Serum triglyceride (mg/dL) 104 ± 55 179 ± 121 0.029 175 ± 122 0.034 217 ± 109 0.001

Serum HDL (mg/dL) 56 ± 10 50 ± 16 0.286 47 ± 14 0.046 46 ± 11 0.018

The comparisons of the demographic parameters, antropometric measurements, arterial stiffness parameters and laboratory results of the impaired fasting gluose (IFG), impaired glucose tolerance (IGT) 
and newly diagnosed T2DM groups to controls, indicated by p values. F: female, BMI: body mass index, MAP: mean arterial pressure, PR: pulse rate, hs-CRP: high sensitive CRP, LDL: low density 
lipoprotein cholesterol, HDL: high density lipoprotein cholesterol. The italic p values refer to significant group differences compared to controls. * Chi-square test, otherwise independent samples t test.

Table 2. Parameters associated to e-selectin levels in patients with a 
newly detected elevated serum glucose

Parameter β p

Fasting serum glucose (mg/dL) .456 0.000

hs-CRP (mg/dL) .216 0.023

Sex (M:1) .342 0.000

BMI (kg/m2) .304 0.002

Age (yrs) -.255 0.005

hs-CRP: high sensitive C-reactive protein; M: male; BMI: body mass index; β: standardized 
coefficient; p: the level of significance.

DISCUSSION

In this study, it has been found that e-selectin levels 
increase in prediabetes patients, consistently with rising 
glucose levels, through the diagnosis of T2DM. The 
fasting glucose levels are the most powerful predictor 
of e-selectin levels. Also, a significant association exists 
with serum hs-CRP levels. These data provide an evi-
dence that diabetes candidates have an increasing endo-
thelial dysfunction (ED) and inflammation with rising 
blood glucose levels, through the diagnosis of T2DM. 
ED is a mostly recognized part of macrovascular and 

microvascular disease complications in diabetes (16). 
ED may also precede diabetes onset and may promote 
insulin resistance and glucose dysregulation leading to 
diabetes, but there is still controversy about the exact 
role of ED in patients with prediabetes and diabetes 
(17,18). 

ED and atherosclerosis play an important role in 
the pathogenesis of end organ damage. The endothelial 
layer has many functions, such as homeostasis, vascular 
permeability, vasoregulation, angiogenesis and inflam-
matory response (19). It is widely accepted that ED is 
the atherosclerosis precursor. Previously, flow-mediated 
dilatation has been investigated as a gold standard in-
dicator of endothelial damage and dysfunction (20). 
Lately, investigators focused on non-invasive methods 
in defining ED and atherosclerosis, such as arterial sti-
ffness measurements and biomarkers. Arterial stiffness 
has high cardiovascular predictive value, reproducibili-
ty, cost effectiveness and availability in many healthca-
re facilities and it is suggested as an additional test for 
the evaluation of hypertensive patients according to the 
current guidelines (11).
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Figure 1. Chart showing the association between fasting serum glucose 
and e-selectin levels in the entire group.

Figure 3. The chart representing mean e-selectin levels in controls, 
impaired fasting glucose (IFG), impaired glucose tolerance (IGT) and newly 
diagnosed T2DM groups after adjustment for serum glucose, BMI, age 
and sex.
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Figure 2. Chart showing the association between serum e-selectin levels 
and hs-CRP in the entire group.

E-selectin is also known as CD62E or endothelial 
leukocyte adhesion molecule-1 (ELAM1). It is a type 1 
membrane protein belonging to the surface molecules 
of the selectin family (CD62P and CD62L). Selectins 
are C type cell surface lectins playing a role in leukocyte 
adhesion to the endothelium of the vessel wall. CD62E 
(E-selectin) is an endothelial cell specific selectin ex-
pressed on cytokine induced endothelial cells, but only 
after a proinflammatory cytokine led activation (8,10). 
TNFalpha, IL1, and some bacterial components like li-
popolysaccharides trigger the transcription of CD62E 
in an NFkB dependent signal cascade. CD62E is asso-
ciated with endothelium of the blood vessel in diffe-

rent inflammatory situations. Previously published data 
have demonstrated that e-selectin is a proatherogenic 
and proinflammatory cytokine associated with insulin 
resistance, obesity, and cardiovascular disease (21). In 
a previous study, it has been suggested that circulating 
e-selectin concentration may be a biomarker for indi-
cating subsequent development of metabolic diseases 
and in particular cardiovascular diseases from a healthy 
state (22). Higher levels of endothelial inflammation 
may also be associated to the chronic complications of 
diabetes mellitus. In a recent study by Sasongko and 
cols. it has been mentioned that higher CRP levels, 
but not markers of endothelial function, may be rela-
ted to more severe diabetic retinopathy suggesting that 
inflammatory processes are involved in severe diabetic 
retinopathy (23). Our findings indicate that prediabe-
tes patients have higher e-selectin levels as their serum 
glucose rise, and it looks as they get highest with the 
diabetes diagnosis. This is compatible with a hypothesis 
of rising endothelial inflammation with progression to 
diabetes mellitus. 

In fact, hypertension is a condition with endothelial 
dysfunction and inflammation and this has been docu-
mented in previous studies (24,25). It may be expected 
that the rising blood pressure levels in our prediabetes 
and diabetes groups are responsible from the increa-
se in e-selectin levels. But the regression analysis did 
not reveal a significant association between e-selectin 
levels; arterial blood pressure was excluded in terms of 
any significant effect on e-selectin levels by regression 
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analysis; so we could not show any association between 
blood pressure and e-selectin levels, which is a good 
marker to show endothelial inflammation. This may 
perhaps be due to any “covering effect” of diabetes, 
leading to higher levels of endothelial inflammation 
than hypertension, so the effect of increase in blood 
pressure on e-selectin levels is lower than the increase in 
blood glucose in this patient group. Also, there may be 
factors influencing e-selectin levels in diabetics rather 
than endothelial inflammation and this may be another 
mechanism to make these results.

Our study did not find any significant association 
between e-selectin levels and arterial stiffness para-
meters except Aix measurements. In fact, higher Aix 
measurements represent higher cardiovascular risk of 
these patients, and we may expect a positive correla-
tion between these two parameters. This still carries a 
controversy. However, in a study by Llauradó and cols., 
impaired endothelial function was not associated with 
arterial stiffness in adults with type 1 diabetes, and they 
suggested that endothelial dysfunction occurs earlier 
than arterial stiffness in type 1 diabetes (26). This may 
also be due to our previously called thesis, the covering 
effect, than blood glucose levels. Further studies are 
needed to reveal these associations.

Our study has some limitations. First, our study 
sample is relatively small. Secondly, we had difficulties 
in matching groups in terms of demographic and some 
laboratory parameters, so had difficulties in discussing 
the results. Thirdly, the differences in blood pressure 
measurements may be a challenge, but we neglected 
the effect of blood pressure on regression analysis. 
Fourth, about the newly diagnosed diabetic term, the 
patients have come to our outpatient clinics for control 
reasons or examination for other disease or conditions. 
We do not exactly know how long they are diabetic, or 
have IFG or IGT. This may have caused some distur-
bances in our observations.  

CONCLUSION

Our results show that prediabetes patients have increas-
ing e-selectin levels, which is a marker showing endo-
thelial inflammation, through the diagnosis of T2DM. 
e-selectin levels are significantly correlated with fasting 
serum glucose levels. Prediabetic and newly diagnosed 
diabetics have higher arterial stiffness measurements. 
E-selectin and hs-CRP levels are not influenced by 
blood pressure and arterial stiffness parameters. These 

results suggest that e-selectin may be a good marker 
of endothelial inflammation and dysfunction increasing 
in parallel with serum glucose levels in prediabetes and 
newly diagnosed diabetes patients.
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Reported shoes size during  
GH therapy: is foot overgrowth 
a myth or reality?

Débora C. F. Lago1, Cláudia A. Coutinho1, Cristiane Kochi1, Carlos A. Longui1

AbstrAct
Objectives: To describe population reference values for shoes size, and to identify possible dispro-
portional foot growth during GH therapy. Materials and methods: Construction of percentile chart 
based on 3,651 controls (male: 1,838; female: 1,813). The GH treated group included 13 children with 
idiopathic short stature (ISS) and 50 children with normal height, but with height prediction below 
their target height; male: 26 and female: 37 mean ± SD age 13.3 ± 1.9 and 12.9 ± 1.5 years, respective-
ly. GH (0.05 mg/kg/day) was used for 3.2 ± 1.6 years, ranging from 1.0-10.3 years. Height expressed 
as SDS, target height (TH) SDS, self-reported shoes size and target shoes size (TSS) SDS were re-
corded. Results: Reference values were established showed as a foot SDS calculator available online 
at www.clinicalcaselearning.com/v2. Definitive shoes size was attained in controls at mean age of 
13y in girls and 14y in boys (average values 37 and 40, respectively). In the study group, shoes size 
was -0.15 ± 0.9 and -0.02 ± 1.3 SDS, with target feet of 0.08 ± 0.8 and -0.27 ± 0.7 SDS in males and fe-
males, respectively. There was a significant positive correlation between shoes size and familial TSS, 
between shoes size and height and between TSS and TH. There was no correlation between duration 
of GH treatment and shoes size. Our data suggest that during long-term treatment with GH, patients 
maintain proportional growth in shoes size and height, and the expected correlation with the familial 
target. Conclusions: We conclude that there is no excessive increase in the size of foot as estimated 
by the size of shoes in individuals under long term GH therapy. Arch Endocrinol Metab. 2015;59(5):414-21
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Growth hormone; growth; foot

INtrODUctION

T he recombinant human growth hormone (GH) 
has been used since the 80s in children with GH 

deficiency (1). During treatment, it is observed an ini-
tial growth of feet and hands, eventually determining 
the recovery of normal size expected for age. GH has 
also been employed in other non GH deficient condi-
tions presenting short stature, such as Turner syndrome 
and Prader-Willi syndrome (PWS), chronic renal fail-
ure, children born small for gestational age (SGA) and 
idiopathic short stature (ISS) (2-5). Recovery of feet 
and hands size also occurs in SGA and PWS patients 
(3), known diseases presenting reduced extremities be-
fore therapy.

Previous reports, describing body proportions in 
hypocondroplasia and in Turner syndrome patients (2), 
suggest that a disproportional growth of the extremi-
ties occurs during GH therapy. This is consistent with 
the underlying mechanism of osteodysplasia observed 
in the pathogenesis of short stature in these conditions. 

In patients with chronic renal disease, a proportional 
growth was identified during GH treatment (4). In 
Turner syndrome, the use of GH in higher than the 
replacement dose, represents an additional risk for ex-
cessive growth of the extremities (2).

Despite of initial increase in hands and feet during 
GH therapy it remains uncertain whether long-term 
treatment and/or higher than replacement doses of 
GH can induce disproportional enlargement of extre-
mities. One complicating factor preventing the recog-
nition of the actual impact of GH on foot size is the 
lack of population based reference data.

The aims of the present study were: (i) to describe 
population reference values for the shoes size, accor-
ding to the age and gender. (ii) to describe shoes size 
of ISS patients, as well in patients with stature into the 
normal range but with reduced height in relation to 
the expected for target height (RH/TH) non-GH de-
ficient patients under treatment with GH, identifying 
the impact of treatment on its size.
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MAtErIALs AND MEtHODs

This is a cross-sectional study, which employed a ques-
tionnaire, recording all personal and anthropometric 
data including the self-reported number of shoes, in 
control subjects and in ISS patients under GH treatment 
for at least one year. The control population consisted 
of students and family members who never received GH 
therapy. Patients receiving GH were followed longitu-
dinally by the same physician. All individuals, children 
or their parents in case of very young, were asked to re-
cord the shoes size number. In a similar way of French 
shoes number, Brazilian shoes size is defined as the foot 
size length corrected by the factor 0.66 cm. As a conse-
quence of different Brazilian feet shape, the correspon-
dent shoes size is decreased by 2 points in relation to 
French standards. Therefore, Brazilian shoes number is 
calculated by employing the following formula: shoes 
size number = [(feet length/0.66)-2].

If the shoes size was uncertain, the midpoint be-
tween the two reported numbers was assigned as re-
ported value. The shoes number of each individual was 
also compared to the shoes number of their respecti-
ve parents. All patients and parents provided previous 

table 1. Height SDS and target height SDS* of individuals from control population

Age
(years)

Female Male

n Height (sDs) n tH (sDs) n Height (sDs) n tH (sDs)

2 17 -0.11(1.8) 14 -0.28 (0.9) 27 0.53 (1.8) 23 -0.59 (0.9)

3 21 1.05 (1.6) 19 -0.02 (0.9) 27 0.8 (1.5) 21 -0.51 (0.6)

4 17 1.02 (1.2) 15 -0.3 (0.8) 26 1.01 (1.5) 25 -0.29 (0.9)

5 34 0.98 (1.3) 32 -0.7 (0.9) 32 0.1 (1.7) 24 -0.28 (1.0)

6 108 0.49 (1.1) 96 -0.37 (0.9) 115 0.41 (1.2) 107 -0.36 (0.8)

7 153 0.34 (1.1) 125 -0.35 (0.9) 133 0.28 (1.0) 113 -0.39 (0.9)

8 143 0.15 (1.0) 112 -0.41 (0.9) 130 0.08 (1.0) 134 -0.42 (0.9)

9 178 0.42 (1.1) 144 -0.52 (0.8) 134 0.19 (1.0) 121 -0.44 (0.8)

10 183 0.4 (1.1) 138 -0.45 (0.9) 149 0.27 (1.2) 137 -0.39 (0.9)

11 183 0.38 (1.1) 141 -0.35 (0.9) 135 0.26 (1.0) 107 -0.4 (0.7)

12 153 0.09 (1.1) 116 -0.48 (0.8) 124 0.31 (1.2) 99 -0.57 (0.8)

13 105 0.18 (1.0) 80 -0.44 (0.9) 126 0.3 (1.2) 103 -0.42 (0.8)

14 121 -0.27 (1.0) 80 -0.64 (0.9) 135 0.22 (1.2) 100 -0.5 (0.8)

15 112 -0.12 (1.2) 60 -0.56  (0.9) 75 -0.02 (1.1) 43 -0.24 (0.9)

≥ 16 285 -0.09 (1.1) 211 -0.51 (0.7) 78 -0.2 (1.1) 47 -0.48 (0.9)

17 86 -0.17 (1.1) 45 -0.44 (0.8)

18 61 -0.24 (1.1) 46 -0.48 (0.8)

 ≥ 19 245 -0.28 (1.2) 214 -0.48 (0.8)

* Height of both mother and father was not available in all cases. and brothers and sisters were also included as control individuals. Therefore. Target Height (TH) was possible to calculate in around 
70% of control individuals.

written consent approved by the institutional human 
research ethics committee (process # 076/11).

control population group

The reference population data was previously described 
(6), and presented in this study including 3,651 school 
students from five government and private schools and 
family members (Male: 1,838; Female: 1,813), height 
SDS (mean ± SD) of 0.33 ± 1.1 and 0.21 ± 0.93 was 
observed in female and male controls, respectively. 
Height and target height were grouped by chronologi-
cal age from 2 to 18 years, and ≥ 19 years in boys, and 
from 2 to 15 years, and ≥ 16 years in girls (Table 1). 
For descriptive analysis of the values, we used the soft-
ware SigmaStat for Windows version 3.5 (SPSS, San 
Jose, CA, USA). To draw the percentile chart according 
to age and gender, we used the software Stata 12.0 for 
Windows. The final percentile curves were generated 
by considering these three variables SD scores, corre-
sponding to each percentile employing the formula: M 
(1 + LSZ). This method corrects for skewness in the 
data distributions: M stands for mean, S stands for a 
parameter and L stands for the Box-Cox power scal-
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ing (7,8). That is required to transform the skewed data 
to normality, now employed by many modern growth 
references.

GH treated patient group

GH treated group included 50 children with height 
within normal range, but height adjusted to bone age 
≤ 1 SDS below the target height of non-recognized 
causes. This group represents a non-classical indication 
for GH treatment and was included as part of research 
protocol. We also included in this GH treated group 
13 children with idiopathic short stature (ISS) being 
7 with familial short stature and 6 with constitutional 
delay of growth and puberty, both with reduced final 
height prediction. Reported shoes number was ob-
tained from the 63 GH treated patients, 26 boys (mean 
age ± SD: 13.3 ± 1.9 years) and 37 girls (mean age ± 
SD: 12.9 ± 1.5 years). 

GH was used at a dose of 0.05 mg/kg/day for a 
mean ± SD period of 3.1 ± 1.6 years in females, ran-
ging from 1.0 to 7.5 years; and in males for 3.4 ± 2.5, 
ranging from 1.0 to 10.3 years. The age at GH therapy 
was started was 10.0 ± 1.8 years in girls and 9.8 ± 2.6 
years in boys. At the beginning of treatment, height 
SDS was -1.2 ± 0.9 and -1.5 ± 1.1 in girls and boys, 
respectively.

At the last visit after 3 years of treatment, height SD 
score was -0.3 ± 0.7 in girls and -0.5 (± 0.9 in boys, 
corresponding to an increment in height of 0.9 SDS, 
both in girls as in boys. Target height of GH treated 
group was 160 ± 4.0 cm in girls and 172 ± 4.0 cm in 
boys; target height SDS was -0.4 ± 0.6 and -0.6 ± 0.6, 
in female and male, respectively, showing that TH was 
attained in the majority of treated patients.

Similar to what was done to obtain target height, 
after recognizing that (i) shoes size of individuals from 
control population was correlated with the shoes size 
of parents (ii) mean difference of female to male sho-
es number is around #3, we were able to calculate the 
familial determinant of shoes size (Target Shoes Size, 
TSS) by using the formula: TSS = (number of the father 
shoes plus number of the mother shoes ± 3) / 2. Both 
the familial correlation in shoes size and the factor three 
of correction between genders were established based 
on 471 individuals and their parents from the control 
population (male: 238; female: 233), with age above 
19 years, who already reached the final shoes size.

In order to identify the impact of GH therapy 
among children in different ages and in both genders, 
the statistical analyses were performed by expressing 
the shoes size in SD scores in comparison to the refe-
rence data generated from control population.

rEsULts

The representative growth curve of shoes size of Bra-
zilian individuals is shown in figure 1. The final shoes 
number was attained in the reference population at a 
mean age of 13 years in girls and 14 years in boys soon 
after growth spurt ends. The descriptive size of shoes 
according to the age and gender is shown in table 2. 
The corresponding sizes for the European and Ameri-
can populations were calculated by using the sites: 
http://www.abravest.org.br/arquivos/006.pdf and 
http://www.humanitarian.com.br/Ajuda/TabelaTa-
manhos.

In the reference group, the median (p25-75) shoes 
size was 37.0 (36.0 - 37.5) in females and 40.0 (39.0 
- 42.0) in males. In this group, target shoes size was 
positively correlated to target height, both in girls (r: 
0.51; p < 0.001) as in boys (r: 0.54; p: < 0.001). Ho-
wever, as the coefficient of correlation was around 0.5 
no individual correction of shoes size by height was 
performed.

In the study group, the calculated SD score for sho-
es size was -0.15 ± 0.9 in females and -0.02 ± 1.3 in 
males. The target shoes size of females treated with GH 
was 36 ± 1.0 with SDS scores of 0.08 ± 0.8, and 39.5 ± 
0.7 in males) with SDS of -0.27 ±  0.7.

Figure 2 shows the correlation between the SDS 
score of shoes size and its respective familial target shoes 
size. There was a significant correlation between these 
two variables in females (p: 0.004).

In girls as in boys, there is no correlation between 
duration of GH treatment and the SD scores for shoes 
size, suggesting that no significant increase in shoes 
size has been induced during prolonged treatment with 
growth hormone (Figure 3). There are significant po-
sitive correlation between shoes size and height (upper 
panel) and also significant correlation between target 
shoes size and target height in GH treated patients. 
The maintenance of correlations between these varia-
bles suggests that during long-term treatment, GH tre-
ated patients keep proportional growth of shoes and 
height, and the expected correlation with the familial 
targets (Figure 4).
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Figure 1. Representative chart showing the shoes size according to gender and age.

table 2. Descriptive shoes size of the Brazilian population showed as a mean. SD, median and interquartile interval (p25-p75), according to age and 
gender

Age
(years)

Female Male

n Median 
(p25- 75)

Mean
 (sDs)

Mean
Europe

Mean
UsA n Median

 (p25-p 75)
Mean
 (sDs)

Mean
 Europe

Mean
UsA

2 32 23.0 (22.0-23.5) 23 (1.4) 25.5 8.5 37 23.5 (22.7-24.0) 23 (2.3) 25.5 8.5

3 40 25.0 (23.7-25.0) 24 (2.4) 26 9 39 26.0 (25.0-27.0) 26 (1.9) 27 10

4 32 26.0 (25.0-27.0) 26 (2.92) 27 10 41 27.0 (26.0-28.0) 27 (1.6) 28 11

5 46 28.0 (26.0-29.5) 28 (2.3) 29 11.5 41 29.0 (27.0-30.0) 29 (1.9) 30 12.5

6 114 30.0 (29.0-31.0) 30 (1.8) 31 13 124 30.0 (29.0-31.0) 30 (2.2) 31 13

7 138 31.0 (29.5-32.0) 31 (2.1) 32 1 139 32.0 (30.0-33.0) 32 (1.9) 33 1.5

8 130 32.0 (31.0-34.0) 32 (2.1) 33 1.5 148 32.5 (31.5-34.0) 32.5 (2.1) 33 1.5

9 168 34.0 (32.5-35.0) 34 (2.0) 36 5.5 140 34.0 (33.0-35.0) 34 (1.9) 36 5.5

10 161 35.0 (33.5-36.0) 34.5 (1.7) 36 6.0 158 35.5 (34.5-37.0) 35 (1.9) 37 6.5

11 168 36.0 (34.2-37.0) 35.5 (1.7) 37 7.0 134 36.0 (35.0-37.5) 36 (1.9) 38 7.5

12 135 36.0 (35.5-37.0) 36 (1.3) 38 7.5 115 37.0 (36.0-39.0) 37 (2.4) 39 8

13 95 37.0 (35.6-37.5) 36.5 (1.8) 38 7.5 119 39.0 (37.0-40.0) 39 (2.0) 41 9.5

14 91 37.0 (36.0-37.9) 37 (1.2) 39 8 113 40.0 (38.4-41.0) 40 (1.9) 42 10.5

15 75 37.0 (36.0-38.0) 37 (1.4) 39 8 52 40.0 (38.0-40.5) 39 (1.7) 41 9.5

≥ 16 348 37.0 (36.0-37.1) 37 (1.2) 39 8 54 40.0 (39.0-42.0) 40 (1.8) 42 10.5

17 58 41.0 (40.0-42.0) 41 (1.4) 43 11.5

18 49 40.5 (39.4-42.0) 41 (2.0) 43 11.5

≥ 19 233 40.0 (39.0-42.0) 40 (1.7) 42 10.5

n: number of children by age.
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Figure 2. Correlation between the SDS score for shoes size and its respective familial target shoes size (TSS) in idiopathic short stature (ISS) patients as 
well in patients with reduced height to target height under GH therapy. TSS was calculated by using the formula: TSS = (number of the father shoes plus 
number of the mother shoes ± 3) / 2.
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Figure 3. Correlation between shoes size SDS and the duration of GH treatment in patients with idiopathic short stature (ISS) and patients with reduced 
height to target height.



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

419

Shoes size during GH treatment

Arch Endocrinol Metab. 2015;59/5

DIscUssION

Growth hormone is an essential drug in the treatment 
of poor growth, but we have few and still controversial 
reports on induction or aggravation of disproportional 
extremities. This study evaluated the hypothesis that 
the use of GH could determine an excessive increase 
of feet estimated by the size of shoes in patients treated 
with GH at a higher than substitutive doses (0.05 mg/
kg/d) for a period longer than one year.

Other reports already evaluated the effect of GH 
in the extremities of GHD patients treated with subs-

Figure 4. Correlation between shoes size and height (upper panel) and correlation between target shoes size (TSS) and target height (TH) in idiopathic 
short stature (ISS) and patients with reduced height to target height under GH therapy.
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titutive doses (0.033 mg/kg/d) and observed an in-
crease in foot size for height > p97 in 20% of patients. 
This increase was not directly related to the duration 
of treatment, and the prominent increase was observed 
during the first year of GH (9). Segal and cols. evalu-
ated 52 GH deficient patients treated also with substi-
tutive doses; size of hand and feet were compared with 
first-degree relatives, and observed that hands and feet 
grew proportionally to height (10). On the other hand, 
Faria and cols. reported that in 21 GHD patients (17 
patients with combined hormone deficiency) treated 
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with substitutive GH dose, excessive growth of feet and 
jaw was observed during long-term GH therapy, espe-
cially in girls (11). Those previous reports show that 
depending on the population subset studied, anthropo-
metric background and duration of treatment, different 
impact of GH on the extremities can be achieved.

In PWS children the foot size and growth of the ex-
tremities seems to be dependent on factors other than 
GH, such as genetic factors, skeletal muscle mass gain 
and physical activity. In this group of patients it was 
identified the persistence of small feet even after long-
-term treatment with GH (3).

In TS patients the disproportional extremities seems 
to be present before therapy, increasing during GH 
therapy and remaining higher than normal thereafter. 
However, it is also suggested that this disproportion is 
similar to that observed in TS patients not treated with 
GH (12).

SGA infants have small hands and feet as compared 
to controls, presenting partial recovery during GH the-
rapy (13).

If an excessive production of GH starts after puber-
ty, a characteristic disproportional increase of the extre-
mities is observed, especially in cases of GH-secreting 
pituitary adenoma were high GH concentration and 
prolonged exposition are usually present. The same risk 
could be expected if GH therapy in maintained after 
closure of growth plates, with potential compressive 
effect on the peripheral distal nerves (14).

The analyses of shoes size performed in the study 
group were only possible after establishment of referen-
ce values from general population control individuals. 
We describe for the first time in our population a repre-
sentative growth curve of shoes size, according to the 
age and gender. Adequate adjustment in curves is ne-
cessary, because of the presence of extreme values   that 
influence the homogeneity of the sample. The curve 
adjustment employed a very useful and robust method 
(LMS), providing reference tables and charts for clini-
cal applications. The observed curve is in agreement to 
the previously reported by Dimeglio (15) which repor-
ted that the foot growth stops about 3 years before the 
end of skeletal maturation.

The study group treated with GH maintained the 
SDS for shoes size and its proportion with patient height 
and familial shoes size. There was no correlation between 
the SDS for shoes size and the duration of GH treat-
ment, suggesting that no significant impact is observed 
during therapy of GH treated patients, even under pro-

longed use of recommended doses of GH. In our sample 
of patients with idiopathic causes treated with GH for 
an average period of three years, we did not observe any 
subsequent increase in foot size during GH treatment.

cONcLUsION

Based on our results in the Brazilian general popula-
tion and in GH treated patients we concluded that: (i) 
the establishment of the first representative curve of 
shoes size in Brazilian population allowed the identi-
fication of normal reference, and the development of 
shoes SDS calculator now available online at www.clini-
calcaselearning.com/v2. (ii) As a group, GH treated 
patients who received adequate GH dose (0.05 mg/
kg/day) did not present excessive increase in shoes size 
when compared with the control population or with 
the familial target. 

Although excessive growth of the feet estimated by 
the shoes size during GH treatment do not seems to be 
a reality, we should follow those patients to the end of 
shoes size to be sure that final foot increase during GH 
is only a myth.

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

rEFErENcEs
1. Wilton P. Adverse events reported in KIGS. In: Ranke MB, Price 

DA, Reiter EO (eds.). Growth hormone therapy in pediatrics – 20 
years of KIGS. Basel: Karger; 2007. p. 432-41.

2. Baldin AD, Fabbri T, Siviero-Miachon AA, Spinola-Castro AM, 
Lemos-Marini SH, Baptista MT, et al. Effects of growth hor-
mone on body proportions in Turner syndrome compared with 
non-treated patients and normal women. J Endocrinol Invest. 
2010;33(10):691-5.

3. Eiholzer U, Meinhardt U, Gallo C, Schlumpf M, Rousson V, 
l’Allemand D. Association between foot growth and musculoskel-
etal loading in children with Prader-Willi syndrome before and 
during growth hormone treatment. J Pediatr. 2009;154(2):225-9.

4. Zivicnjak M, Franke D, Ehrich JH, Filler G. Does growth hormone 
therapy harmonize distorted morphology and body composition 
in chronic renal failure? Pediatr Nephrol. 2000;15(3-4):229-35.

5. Kochi C. Aspectos de segurança do tratamento com hrGH. Arq 
Bras Endocrinol Metab. 2008;52(5):850-3.

6. Coutinho CA, Longui CA, Monte O, Conde W, Kochi C. Measure-
ment of neck circumference and its correlation with body com-
position in a sample of students in São Paulo, Brazil. Horm Res 
Paediatr. 2014;82(3):179-86.

7. Cole TJ. Fitting smoothed centile curves to reference data. J R 
Statist Soc. 1988;151(3):385-418.

8. Cole TJ, Green PJ. Smoothing reference centile curves: the LMS 
method and penalized likelihood. Stat Med. 1992;11(10):1305-19.

9. de Faria ME, Carvalho LR, Rossetto SM, Amaral TS, Berger K, Arn-
hold IJ, et al. Analysis of craniofacial and extremity growth in pa-



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

421

Shoes size during GH treatment

Arch Endocrinol Metab. 2015;59/5

tients with growth hormone deficiency during growth hormone 
therapy. Horm Res. 2009;71(3):173-7.

10. Segal DG, Pescovitz OH, Schaefer GB, DiMeglio LA. Craniofacial 
and acral growth responses in growth hormone-deficient chil-
dren treated with growth hormone. J Pediatr. 2004;144(4):437-43.

11. Silbergeld A, Lilos P, Laron Z. Foot length before and during insulin-like 
growth factor-I treatment of children with laron syndrome compared 
to human growth hormone treatment of children with isolated growth 
hormone deficiency. J Pediatr Endocrinol Metab. 2007;20(12):1325-8.

12. Bannink EM, van der Palen RL, Mulder PG, de Muinck Keizer-
Schrama SM. Long-term follow-up of GH-treated girls with Turner 

syndrome: BMI, blood pressure, body proportions. Horm Res. 
2009;71(6):336-42.

13. Sas TC, Gerver WJ, De Bruin R, Mulder PG, Cole TJ, De Waal W, et 
al. Body proportions during 6 years of GH treatment in children 
with short stature born small for gestational age participating in 
a randomised, double-blind, dose-response trial. Clin Endocrinol 
(Oxf). 2000;53(6):675-81.

14. Longui CA. Uso de GH em pacientes com baixa estatura idiopáti-
ca. Arq Bras Endocrinol Metab. 2008;52(5):750-6.

15. Dimeglio A. Growth in pediatric orthopaedics. J Pediatr Orthop. 
2001;21(4):549-55.



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

422

original article

Arch Endocrinol Metab. 2015;59/5

Effect of the consumption on 
buriti oil on the metabolism of 
rats induced by iron overload

Jailane de Souza Aquino1, Renata Leite Tavares2, Larissa de Brito Medeiros3,  
Camila Cândida de Lima Martins1, Débora Catarine Nepomuceno 
de Pontes Pessoa3, Tânia Lúcia Montenegro Stamford3

ABSTRACT
Objectives: To compare the effect of the consumption of buriti oil and soybean oil on the metabolism 
of rats under stress induced by iron overload. Materials and methods: A total of 28 rats were ran-
domized into control groups who consumed diet added of soybean (CS) or buriti oil (CB) and gavage 
with saline and two experimental groups who consumed diet added of soybean (ES) or buriti oil (EB) 
and daily gavage with iron II sulfate as stress inducer. The fatty acid profile of diets was analyzed. 
Body weight and diet consumption were evaluated every two days. The lipid profile and liver weight 
of animals were evaluated at the end of the experiment. Results: Diet added of soybean oil showed 
higher percentage of polyunsaturated fatty acids (45.6%) and diet with buriti oil was rich in mono-
unsaturated fatty acids (66.9%). There were no differences in food intake, total cholesterol, HDL-cho-
lesterol and LDL-cholesterol among groups (p > 0.05). However, animals fed with diet supplemented 
with buriti oil showed intermediate triglyceride levels (CB: 65 mg/dL; EB: 68.7 mg/dL) compared to ES 
group (102.5 mg/dL). The liver of rats from the CS group had higher weight (2.06 ± 0.2 g) compared to 
the CB group (1.56 ± 0.1 g). Conclusion: Buriti oil consumption was able to minimize some changes 
related to iron overload. Arch Endocrinol Metab. 2015;59(5):422-7
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INTRODUCTION

F ree radicals are naturally generated in aerobic me
tabolism, behave as unstable reactive species and 

have in their last orbital a mismatch of electrons, being 
therefore capable of reacting with other reactive mo
lecules (1). As protection against this effect, the organ
ism has a defense mechanism comprising the action 
of endogenous enzymes or the action of antioxidants 
usually obtained from the consumption of foods, such 
as phenolic compounds, vitamin C, betacarotene and 
vitamin E (2). However, despite the proven antioxidant 
effect of these compounds, the antioxidant therapy in 
different pathologies may have some negative effects 
such as prooxidante action on lipids, proteins and DNA 
from excess of these compounds or indicate the pres
ence of high oxygen concentrations (24).

The imbalance between the formation of reactive 
species and the body’s defense mechanism generates 
a process called oxidative stress (5). Oxidative stress 

participates in the pathophysiology of dyslipidemia 
through the oxidation of LDLC molecules. When 
these molecules are absorbed by the scavenger recep
tor, the appearance of foam cells and autoimmune reac
tions will take place, which will lead to the formation 
of thrombi that can trigger serious and sometimes fatal 
cardiovascular events (6). There are several ways to in
duce oxidative stress in animals in order to assess the 
impact of food consumption on this event. The use of 
dyslipidemic diet (7) over training (8) and iron over
load (9) are among the most important. Excess iron in 
the body is associated with increased generation of free 
radicals by the Fenton reaction, which culminates in the 
formation of extremely reactive hydroxyl radical (10).

Due to the important effect of oxidative stress in sev
eral diseases, there has been a great interest on research 
of foods with antioxidant properties, especially vegetable 
oils. Nagajaru and Belur (11) used blends of coconut oil 
with peanut oil or olive oil in the diet of rats and obtained 
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improvement in the action of antioxidant enzymes, re
duced lipid peroxidation and susceptibility to the oxida
tion of LDLcholesterol. Pieszka and cols. (12) observed 
a reduction in the activity of superoxide dismutase and 
glutathione peroxidase enzymes in animals fed with di
ets supplemented with strawberry and raspberry seed oils 
and concluded that these oils can improve the antioxi
dant status and thus reduce oxidative stress. These results 
have increased the population’s interest in the consump
tion of vegetable oils with functional properties.

In this context, buriti oil has antiinflammatory and 
healing applications (13), and is considered a functional 
food due to its high concentration of monounsaturated 
fatty acids and antioxidants, such as tocopherols and ca
rotenoids (14,15), being consumed by the population 
as an ingredient in various preparations (16). Given the 
above, this study aimed to compare the effect of buriti 
oil and soybean oil consumption on the metabolism of 
rats under oxidative stress induced by iron overload.

MATERIALS AND METHODS

Crude buriti oil was acquired from the popular trade of 
the city of Picos – PI, Brazil, which was extracted from 
mature fruits by cooking them in water for 20 minutes 
at temperature of ± 60ºC, subsequently separating the 
oily from the aqueous fraction. For all experiments, 3 
L of crude oil were used, which were refined following 
degumming, neutralization, washing and drying steps 
according to methodology adapted from Aquino and 
cols (14). Soybean oil of the same trade mark was used 
to be added to the control diet, being purchased from 
a local supermarket.

Twentyeight male Wistar rats aged ± 21 days and 
initial weight of ± 60 g were used and kept in individual 
cages with water and diet ad libitum, temperature of 
22 ± 1ºC, relative humidity between 50% and 55% and 
light/dark cycle of 12 h.

The contents of macro and micronutrients in the di
ets offered to animals were calculated according to rec
ommendations of the American Institute of Nutrition 
(AIN) (17). The animals were randomized and allocated 
into four groups: control group with daily gavage with 
saline and AIN 93M diet added of soybean oil (CS, n = 
7), control group with daily gavage with saline and AIN 
93M diet added of Buriti oil (CB, n = 7), experimental 
group with daily gavage with iron II sulfate and AIN 
93M diet supplemented with soybean oil (ES; n = 7) 
and experimental group with daily gavage with iron II 

sulfate and AIN 93M diet supplemented with buriti oil 
(EB; n = 7). The entire experimental protocol was ap
proved by the Ethics Committee of Animal Research – 
CEPA – UFPE under number 23076.001000/201029 
and followed recommendations of the Brazilian College 
of Animal Experimentation – COBEA.

Diets for CS, ES, CB and EB groups (Table 1) were 
prepared on a weekly basis and offered daily in suffi
cient amounts to ensure ad libitum intake during the 
17day experimental period.

Table 1. Composition of diets offered to control and experimental groups

Ingredients Amounts 
(g/100 g)

CS and ES
Energy (Kcal)

CB and EB
Energy (Kcal)

Corn starch 52.9 186.10 186.10

Casein 20.0 68.00 68.00

Sucrose 10.0 40.00 40.00

Soybean or buriti oil 7.0 63.0 63.0

Cellulose 5.0 - -

Mineral mix 3.5 - -

Vitamin mix 1.0 - -

D-L methionine 0.3 - -

Choline bitartrate 0.3 - -

Total 100.00 357.10 357.10

Control group fed with AIN 93M diet supplemented with soy oil and gavage with saline (CS); 
control group fed with AIN 93M diet supplemented with buriti oil and gavage with saline (CB); 
experimental group fed with AIN 93M diet supplemented with soybean oil and gavage with iron 
II sulfate (ES); experimental group fed with AIN 93M diet supplemented with buriti oil and 
gavage with iron II sulfate (EB).

Oxidative stress was induced by daily gavage for 
17 days with iron II sulfate (60 mg) for experimental 
groups, with a volume of 2 mL/100 g body weight 
(18,19). Animals’ body weight and diet consumption 
were evaluated every two days during the 17day ex
perimental period.

The fatty acid profile of diets offered to animals was 
performed by esterification to obtain methyl esters (20). 
Gas chromatograph model GCMaster (Ciola & Gre
gori Ltda., São Paulo, Brazil) with flame ionization de
tector was used to identify and quantify methyl esters. 
To perform the analysis, the following chromatographic 
conditions were met: polyethylene glycol fused silica col
umn (Carbowax 20M) with 30 m in length, 0.53 mm in 
diameter and 0.25 µm of stationary phase film thickness. 
Temperatures were adjusted to 150ºC for the vaporizer, 
200 ºC for the detector and the oven was programmed 
at 80ºC for 3 minutes, 10ºC/minute up to 120ºC, 
 remaining at 200ºC for 6 minutes subsequently decreas
ing 3ºC/minute up to 180ºC. The mobile phase was 
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hydrogen, with fl ow rate of 5 mL/minute. The volume 
injected was 1 µm with a split ratio of 1:25. The charac
terization of fatty acids was performed by comparing the 
mass spectrum obtained with that of standards that were 
also injected into the chromatograph (14).

After the 17day experimental period and a 12h fast
ing period, the animals were anesthetized with ketamine 
(75 mg/kg) associated with xylazine (10 mg/kg) in
tramuscularly and blood was collected by direct cardiac 
puncture for the collection of 4 mL from each animal. 
Serum was obtained after centrifugation (807 × g/10 
min/20ºC) and maintained at temperature of 25ºC for 
carrying out cholesterol (enzyme), HDLc (polyethyl
ene glycolPEG), and triglyceride measurements (enzy
matic) (Dolles Kit). After blood collection, the animals 
were euthanized by cervical dislocation and liver was 
removed, washed in NaCl solution (0.9 g/100 mL), 
dried on absorbent paper and weighed.

All results are expressed as mean and standard devia
tion and submitted to analysis of variance (ANOVA) 
and TukeyKramer posttest using the Graph Pad Prism 
Software version 5.0, considering 5% signifi cance level.

RESULTS

The fatty acid profi le found in diets added of soybean 
oil was quite distinct from that found in diet added of 
buriti oil because diet added of soybean oil had higher 
proportion of polyunsaturated fatty acids, especially lin
oleic acid, while diet added of buriti oil showed higher 
amounts of monounsaturated fatty acids, mainly oleic 
acid (Table 2).

Animals showed irregular food consumption (Figure 
1A), considering that in the two weeks of experiment ES 
group (AIN 93M diet added of soybean oil and gavage 
with iron II sulfate) consumed 88.48 ± 9.70 g in the 
fi rst week and 108.14 ± 10.1 g in the second week and 
CB group (AIN 93M diet added of buriti oil and gavage 
with saline) consumed 106.26 ± 10.3 g diet in the fi rst 
week and 121.72 ± 10.6 g in the second week (p > 0.05).

Body weight increased, on average, 72 g over the 17 
days of experimental period (Figure 1B). Body weight 
varied among groups from 50.3 ± 1.86 to 54.5 ± 5.85 
g on the fi rst day of the experimental period (day 0), 
65.4 ± 8.66 to 73.7 ± 3.5 in eighth day and from 107.9 
± 12.0 to 118.6 ± 8.9 g on the last day of the experi
mental period (day 17); however, with no difference 
among groups (p > 0.05).

Table 2. Fatty acid profi le of AIN 93M diet added of soybean oil or modifi ed 
by the addition of buriti oil

Fatty acids
Diets

Added of soybean oil Added of buriti oil

Myristic acid - C 14:0 19.6 ± 0.02a 12.8 ± 0.04b

Palmitic acid - C 16:0 9.2 ± 0.03b 13.6 ± 0.02a

Stearic acid - C18:0 3.9 ± 0.03a 2.7 ± 0.02b

Total saturated fatty 
acids (%)

32.7 ± 0.07a 29.1 ± 0.08b

Oleic acid - C18:1 21.7 ± 0.40b 66.9 ± 0.02a

Total monounsaturated 
fatty acids (%)

21.7 ± 0.40b 66.9 ± 0.32a

Linoleic Acid - C 18:2 40.7 ± 0.02a 4.0 ± 0.04b

Linolenic Acid - C 18:3 4.9 ± 0.02a 0

Total polyunsaturated 
fatty acids (%)

45.6 ± 0.04a 4.0 ± 0.04b

Different letters in the same line indicates statistical difference (p < 0.05) among samples.

Figure 1. Food intake and body weight of rats submitted to iron overload 
and fed with diets added of soybean oil or buriti oil.

Control group fed with AIN 93M diet supplemented with soybean oil and 
gavage with saline (CS); control group fed with AIN 93M diet supplemented 
with buriti oil and gavage with saline (CB); experimental group fed with AIN 
93M diet supplemented with soybean oil and gavage with iron II sulfate 
(ES); experimental group fed with AIN 93M diet supplemented with buriti 
oil and gavage with iron II sulfate (EB). * There was no signifi cant difference 
among groups (p > 0.05).
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There was difference in the weight of liver of rats 
from CS and CB groups (2.06 ± 0.2 g vs. 1.56 ± 0.1g; 
p = 0.006) as shown in fi gure 2.
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There was no difference among groups for param
eters total cholesterol, HDLC and LDLC. Total cho
lesterol values ranged from 81 ± 6.6 to 87.8 ± 4.7 mg/
dL; HDL cholesterol levels from 45.9 ± 8.7 to 52.2 ± 
2.7 mg/dL and LDL cholesterol from 15.02 ± 2.9 to 
27.7 ± 6.3 mg/dL. A difference (p = 0.004) in the tri
glyceride levels between CS (41.2 ± 22.0 mg/dL) and 
ES groups (95.2 ± 27.2 mg/dL) was found. However, 
groups that consumed diet supplemented with buriti 
oil showed similar triglyceride levels, of 65.0 ± 17.8 
mg/dL and 68.6 ± 25.5 mg/dL, respectively.

saturated fatty acids and 24 g/day of polyunsaturated 
fatty acids (23). Thus, it was observed that diet added 
of buriti oil showed adequate composition in relation 
to polyunsaturated fatty acids, according to the lipid 
consumption recommendation.

The increase in diet consumption justifies the weight 
gain of animals throughout the experimental period. 
With increasing age, animals started to consume grea
ter amounts of diet, which led to weight gain. Almeida 
and cols. (22) observed no changes in food consump
tion of rats that ingested different lipid sources in their 
diets (soybean, fish and pork oil, butter or margarine). 
As observed by Yatmark and cols. (24), iron intake did 
not influence the weight gain of animals.

No changes were observed in the weight of liver 
of animals receiving iron overload by gavage (ES and 
EB), although this organ is important in iron metabo
lism. These results corroborate those by Almeida and 
cols. (22), who also found no changes in the weight of 
liver of rats treated with iron and those who were not. 
However, the present results differ from those obtained 
by Yatmark and cols. (24), who found higher weight 
of liver of rats (2.6 ± 0.8) submitted to iron overload 
compared with the control group (1.5 ± 0.3). Impor
tantly a reduction in the weight of liver of rats from CB 
group compared to those from CS was observed (p < 
0.05), which can be explained by the difference in the 
composition of dietary lipids consumed by each group, 
which directly influences the weight of liver, fatty acid 
composition of liver and the deposition of antioxidant 
vitamins A and E, which source is buriti oil (15,21,25).

The presence of high percentage of linoleic fatty 
acid in soybean oil could indicate a reduction in total 
cholesterol of groups that consumed diet added of this 
oil (26). However, the present study did not detect any 
change in this parameter in the lipid profile of animals. 
Similarly, HDLc and LDLc levels were not affected 
by the consumption of buriti oil or iron overload. The 
results of the quantification of cholesterol and lipopro
teins in this study differed from the results obtained by 
Aquino and cols. (15), in which a reduction in total 
cholesterol, LDLC, VLDLC and HDLC levels was 
observed in rats that consumed refined buriti oil added 
to the diet in the percentage of 7% for 28 consecutive 
days.

Although no change in the LDLc fraction among 
groups was observed, literature has shown that cells 
submitted to oxidative stress may have accumulation 
of oxidized LDLc particles, a process called lipid per

Figure 2. Liver weight of rats submitted to iron overload and fed with diets 
added of soybean or buriti oil.

Control group fed with AIN 93M diet supplemented with soybean oil and 
gavage with saline (CS); control group fed with AIN 93M diet supplemented 
with buriti oil and gavage with saline (CB); experimental group fed with AIN 
93M diet supplemented with soybean oil and gavage with iron II sulfate 
(ES); experimental group fed with AIN 93M diet supplemented with buriti 
oil and gavage with iron II sulfate (EB). * CS vs. CB = there was significant 
difference (p < 0.05).
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DISCUSSION

The control diet showed higher percentage of poly
unsaturated fatty acids, especially linoleic acid and diet 
added of buriti oil was rich in monounsaturated fatty 
acids, mainly oleic acid. These results may be explained 
by the composition of vegetable oils used, as buriti oil 
has 4.6% saturated fatty acids, 91.6% monounsaturated 
fatty acids and 3.8% polyunsaturated fatty acids and 
soybean oil shows 31.7% saturated fatty acids, 23.6% 
monounsaturated fatty acids and 44.7 % polyunsatu
rated fatty acids (14,15,21).

Diets added of soybean oil and buriti oil of high 
concentration of polyunsaturated and monounsatu
rated fatty acids, respectively, should be consumed 
because they have antiatherogenic, vasodilator and an
tiplatelet action (22). The guidelines for proper fatty 
acids consumption suggest consumption according to 
the total caloric value of the diet from lipids with 7% of 
calories from saturated fatty acids, 15% from monoun
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oxidation (27). Then, an inflammatory response oc
curs, which ultimately results in endothelial dysfunc
tion, platelet aggregation, formation of foam cells and 
thrombogenesis (28). This is the first step in athero
sclerotic plaque formation, culminating in the emer
gence of atherosclerosis. It is noteworthy that among 
the various factors that influence the development of 
atherosclerosis, oxidative and inflammatory pathways 
are the most frequently observed and can effectively be 
involved in atherogenesis (29). However, Yatmark and 
cols. (24) found no difference in the weight of heart of 
animals induced to iron overload.

The triglyceride levels were increased in the ES 
group compared to the CS group. Iron overload in
duction might have caused an increase in triglyceride 
levels in the ES group, since there are data in literature 
indicating the presence of correlation between iron 
overload and elevated triglyceride levels (30,31), as 
previously reported by Chaparro and cols. (32), who 
observed increase in triglyceride levels of animals sub
mitted to oxidative stress induction. Due to that the 
fact that buriti oil is a source of monounsaturated fatty 
acids and vitamins A and E. (14,15,21) may have pre
vented this increase in the triglyceride levels even in the 
group that received iron overload (EB), as it showed 
intermediate and similar TAG levels when compared to 
CB group, indicating a possible action of this oil on this 
biochemical parameter. The maintenance of the levels 
of triglycerides in groups that consumed buriti oil add
ed to the diet (CB, EB) can be justified by the mech
anism of vitamin A and vitamin E absorption, which 
after absorption is transported by chylomicrons and 
lipoproteins containing other dietary lipids (such as tri
glycerides, phospholipids, cholesterol, and cholesteryl 
esters) and apolipoprotein B (apoB), which can quan
titatively reduce the transport of these lipids (33,34).

Reduced levels of triglycerides was observed in ani
mals fed with refined buriti oil added to the diet, com
pared to healthy animals who consumed soybean oil 
or crude buriti oil, indicating that depending on the 
consumption duration and conditions, this type of oil 
can improve the levels of this parameter in healthy rats 
(15). In addition to intake of foods containing anti
oxidants such as phenolics, carotenoids, vitamin C and 
E, the animal organism presents an important enzyme 
system with enzymes such as catalase, superoxide dis
mutase and glutathione peroxidase, which are involved 
in the neutralization of reactive oxygen species (ROS) 
formed during normal metabolism or pathogen, or 

from physical and chemical exogenous sources (35). 
However, the antioxidant therapy in different patholo
gies must be used with caution, since the pharmaco
logical and physicochemical properties compounds are 
obtained from natural sources and may not have the 
expected effect in clinical trials (3,4).

The consumption of buriti oil showed higher ca
pacity to minimize some metabolic changes, even in 
animals submitted to iron overload, since it maintained 
liver weight and triglyceride levels in these animals, 
indicating that this oil may be a promising source of 
bioactive compounds to be inserted in the human diet.

Figure 3. Triglycerides, total cholesterol and fractions of rats submitted to 
iron overload and fed with diets added of soybean or buriti oil.

Control group fed with AIN 93M diet supplemented with soybean oil and 
gavage with saline (CS); control group fed with AIN 93M diet supplemented 
with buriti oil and gavage with saline (CB); experimental group fed with AIN 
93M diet supplemented with soybean oil and gavage with iron II sulfate 
(ES); experimental group fed with AIN 93M diet supplemented with buriti 
oil and gavage with iron II sulfate (EB). Different letters in the same line 
indicates statistical difference (p < 0.05) among groups. CT: total 
cholesterol; HDL-C: high density lipoprotein cholesterol; LDL: low density 
lipoprotein cholesterol; TG: triglycerides. * CS vs. ES = there was significant 
difference (p < 0.05).
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Postoperative calcium levels 
as a diagnostic measure for 
hypoparathyroidism after 
total thyroidectomy

Karen Manoela Rosa1, Leandro Luongo de Matos2, Cláudio Roberto Cernea2,  
Lenine Garcia Brandão2, Vergilius José Furtado de Araújo Filho2

ABSTRACT
Objective: The aim of the present study was to identify a fast, efficient and low-cost method to 
diagnose hypoparathyroidism after total thyroidectomy. Materials and methods: One hundred and 
forty medical records, which contained patients’ clinical and laboratory data, were retrospectively 
analyzed. Patient parathyroid hormone values, which were obtained immediately following opera-
tion, were compared with their ionized calcium levels the morning after surgery. This comparison 
was used to examine the correlation between the two variables in predicting hypoparathyroidism 
because measuring calcium levels is low-cost and more available in the hospitals compared to mea-
suring parathormone (PTH) levels. Results: There was a positive and statistically significant correla-
tion between PTH and ionized calcium values (Pearson correlation coefficient, r = 0.456; p < 0.0001). 
The values of first postoperative day ionized calcium levels (stratified by the 1.10 mmol/l cut-off value) 
were tested as a diagnostic measure for hypoparathyroidism, and a PTH < 15 pg/mL obtained imme-
diately following operation served as a reference. This analysis showed that ionized calcium levels 
measured on the first postoperative day had a sensitivity of 45.6% (95% CI 30.9-61.0%), a specificity of 
88.9% (95% CI 80.5-94.5%) and an accuracy of 76.7% (95% CI 68.7-83.5%) as a diagnostic measure for 
hypoparathyroidism. Conclusion: In conclusion, we demonstrated that patients who had high ioni-
zed calcium levels on the first postoperative day also had high PTH levels immediately following ope-
ration and, therefore, they had lower rates of hypoparathyroidism. Arch Endocrinol Metab. 2015;59(5):428-33

Keywords
Thyroidectomy; hypocalcemia; hypoparathyroidism; postoperative complications; diagnosis

INTRODUCTION

P ost-surgery hypocalcemia is caused by an inad-
equate secretion of parathormone (PTH) by the 

parathyroids glands. Transitory hypoparathyroidism is 
the most frequent complication following total thy-
roidectomy and occurs in 16.5 to 71% (1-9) of patients. 
This large range in the incidence of hypoparathyroid-
ism in the literature is explained by the heterogeneity of 
its diagnosis in existing studies; only clinical or a combi-
nation of clinical and laboratory diagnostic techniques 
have been used. Permanent hypoparathyroidism is less 
frequent following total thyroidectomy, with an inci-
dence of 1.5 to 1.8% (3,4).

Patients with symptomatic hypocalcemia have 
cramps, tingling, paresthesia, tetanic contractions, seizu-
res (10), muscle spasms, and QT interval prolongation 
on their electrocardiograms (2). Symptomatic hypocal-

cemia is extremely unpleasant, it extends the hospitaliza-
tion time (1-3,6-8) and it increases the treatment cost. 
Additionally, it is a consequence of parathyroid hypo-
function. The parathyroid glands can be injured during 
thyroidectomy due to devascularization, mechanical 
damage or even accidental removal.

Hospital discharge on the first postoperative day  
(1st PO) in thyroidectomies is reported in the litera-
ture as being safe, and it is routine in our field. The 
benefits of hospital discharge on the 1st PO compared 
to prolonged hospitalization include lower costs, less 
postoperative complications and better psychological 
outcomes (14). However, in most symptomatic patien-
ts, hypocalcemia develops on the second postoperative 
day (2nd PO) (8-10). Therefore, the lack of diagnosing 
hypocalcemia on the 1st PO can represent a risk to pa-
tients who may develop hypocalcemic tetanic contrac-
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tions following hospital discharge because hypocalce-
mia is a very harsh and potentially serious condition 
that requires urgent intervention.

Many researchers have studied the best way to 
diagnose hypocalcemia as early as possible post-thyroi-
dectomy. Currently, the most common and effective 
method is measuring the PTH level immediately after 
the surgery through the fast intraoperative PTH assay 
(1,2,5-7,9-13). The principle behind the fast PTH as-
say is that the half-life of PTH is 2 to 5 minutes (1); 
thus, the level of PTH 1 hour post-surgery, for exam-
ple, provides a very precise indication of parathyroid 
function. However, the fast PTH assay is not available 
in the majority of the medical centers in Brazil. Ano-
ther simple way to assess parathyroid function in the 
postoperative period is to measure the serum calcium 
level the morning after the surgery (1). This assay is 
low-cost, fast and available in every hospital. An argu-
ment against its use is that the calcium level of post-
thyroidectomy patients decreases quickly, which may 
influence its reliability in determining whether an early 
discharge is safe. This study aims to clarify whether cal-
cium level is a good measure of hypoparathyroidism by 
evaluating the correlation between the serum calcium 
level on the morning after surgery and the immediate 
postoperative PTH level (iPO).

MATERIALS AND METHODS

This study is linked to the “Complicações de tireoidec-
tomias. Estudo em um Serviço Universitário de Ensino” 
project, which was approved by the Ethics Committee 
for Research Project Analysis (CAPPesq No 0712/11) 
and is conducted by the Discipline of Head and Neck 
Surgery at the University of Sao Paulo School of Medi-
cine.

We analyzed 140 consecutive medical records from 
adult patients who received a total thyroidectomy with 
or without central compartment dissection for benign 
and malignant thyroid diseases between June 2010 and 
March 2012 by the same surgical team (VJFAF).

The following data were collected: surgery date, pa-
tient’s gender, indication for surgery, histopathological 
results, presence or absence of thyroiditis, preopera-
tive PTH, preoperative ionized calcium, preoperative 
25-hydroxy vitamin D, immediate postoperative PTH, 
ionized calcium on the first postoperative day (1st PO), 
hypoparathyroidism (based on Chvostek’s and Trous-
seau’s signs, cramps, and tetanic contractions) on the 

first postoperative day, PTH between the 2nd and 6th 
months after the surgery (“late” PTH), and ionized 
calcium between the 2nd and 6th months after the sur-
gery (“late” CaI).

The following assays were employed in each labo-
ratory investigation: chemiluminescence for detecting 
PTH (referential values: 10 - 65 pg/mL); an ion-selec-
tive electrode for detecting ionized calcium (reference 
values: 1.11 - 1.40 mmol/l); and high performance 
liquid chromatography for detecting 25-hydroxy vita-
min D (25OHD; reference values: 30 - 60 ng/mL).

Statistical analysis

The quantitative variables that had a parametric distri-
bution are presented as a mean and standard deviation. 
The qualitative variables are presented as absolute and 
relative frequencies. The variable distributions were de-
fined as parametric by the Kolmogorov-Smirnov Test. 
The relationship between qualitative variables was ana-
lyzed by comparing their frequencies using the Chi- 
Square test or the Fisher’s Exact test. The Pearson cor-
relation coefficient was used to analyze the correlation 
between two continuous variables. An ROC (Receiver 
Operating Characteristic) curve was used to validate 
the diagnostic tests, and the test specificity and sensi-
tivity, the area under the ROC curve, the positive and 
negative predictive values, and the 95% Confidence 
Intervals (95% CI) were also calculated. The statistical 
software SPSS® version 17.0 (SPSS® Inc.; Illinois, USA) 
was used for all analyses, and the statistical significance 
was set at p ≤ 0.05.

The cut-off values (or stratification) were based 
on the following laboratory reference values: ionized 
calcium (CaI) of 1.10 mmol/l (values less than 1.10 
mmol/L were considered low and values greater than 
or equal to 1.10 mmol/l were considered normal); 
PTH of 15 pg/mL (values less than 15 pg/mL were 
considered low and values greater than or equal to 15 
pg/mL were considered normal).

RESULTS 

Of the one hundred and forty patients whose records 
were analyzed, the majority were female and between 
40 and 59 years of age and had an indication of surgery 
due to malignant thyroid disease, predominantly papil-
lary carcinoma. A detailed profile of the patient sample 
can be found in table 1.
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Table 1. Characteristics of the sample (N = 140)

Age* 46.6 ± 12.4 years

Gender

Male

Female

40 (28.6%)

100 (71.4%)

Age at the time of surgery

10-19 years

20-29 years

20-39 years

40-49 years

50-59 years

60-69 years

70-79 years

Total

2 (1.4%)

7 (5.0%)

38 (27.1%)

39 (27.9%)

31 (22.1%)

20 (14.3%)

3 (2.1%)

140

Indication of surgery

Benign disease

Malignant disease

Total

58 (42.0%)

80 (58.0%)

138

Graves’ disease

Presence 4 (2.9%)

Thyroiditis

Presence 30 (21.7%)

Cancer histologic type

Follicular carcinoma

Papillary carcinoma

Medullary carcinoma

2 (2.4%)

80 (96.4%)

1 (1.2%)

Hypoparathyroidism symptoms

Absence

Presence

123 (95.3%)

6 (4.7%)

Intraoperative PTH

Normal

Less than 15 pg/mL

90 (66.2%)

46 (33.8%)

* Mean ± standard deviation.-

Table 2. Quantitative data

Variable Result*

Preoperative PTH (n = 122) 44.50 ± 20.2 (7.0-146.0) pg/mL

Preoperative ionized calcium (n = 130) 1.2 ± 0,1 (0.8-1.4) mmol/l

Preoperative 25-hydroxy vitamin D (n =110) 26.7 ± 10.1 (8.5-63) ng/mL

Immediate postoperative PTH (n = 136) 30.5 ± 26.4 (2.0-144) pg/mL

First postoperative ionized calcium (n = 140) 1.13 ± 0.0 (0.9-1.2) mmol/l

Late PTH (n = 81) 39.0 ± 20.3 (8-144) pg/mL

Late ionized calcium (n = 107) 1.2 ± 0.1 (0.7-1.8) mmol/l

* Mean ± standard deviation (range).
Observation: PTH reference values: 10 - 65 pg/mL; ionized Ca reference values: 1,11 - 1,40 
mmol/l; and 25-hydroxy vitamin D (25OHD) reference values: 30 - 60 ng/mL.

Table 3. Ionized calcium on the first postoperative day (1st PO CaI) 
compared with the clinical variables

Variables 1st PO CaI < 
1.10 mmol/l

1st PO CaI ≥  
1.10 mmol/l p

Hypoparathyroidism 
symptoms

3/43 (6.9%) 3/86 (3.4%) 0.400†

Gender

Male 9/40 (22.5%) 31/40 (77.5%)
0.099*

Female 37/100 (37.0%) 63/100 (63.0%)

Histopathological study

Malignant 25/80 (31.2%) 55/80 (68.7%) 0.451*

Benign 21/58 (36.2%) 37/58 (63.8%)

Graves’ disease 2/46 (4.3%) 2/93 (2.1%) 0.599†

Thyroiditis presence 13/46 (28.2%) 17/92 (18.4%) 0.181*

* Chi-square test; † Fisher’s exact test.

and histopathological results, and there were no statis-
tically significance differences. The complete results are 
presented in table 3.

PTH, total serum calcium, ionized calcium and 
25-hydroxy vitamin D levels were measured at different 
time points and are displayed in table 2.

Patients’ ionized calcium levels on the 1st postope-
rative day (1st PO CaI) were compared to their clinical 

When the ionized calcium levels were compared to 
the immediate postoperative (iPO) PTH levels, there 
was a positive and statistically significant correlation 
between the values (Pearson correlation coefficient, 
r = 0.456; p < 0.0001). Thus, the stratified ionized 
calcium values were compared to the stratified PTH 
values, to evaluate if 1st PO CaI level is a predictor of 
hypoparathyroidism, like PTH level, and a significant 
relationship was found (Chi-square test, p < 0.0001). 
These results are described in table 4. This demonstra-
tes that the patients who had high levels of ionized cal-
cium on the first postoperative day also had high levels 
of immediate postoperative PTH values, and therefore, 
they had lower rates of hypoparathyroidism.

Table 4. Correlation between 1st PO CaI and PTH in the iPO

Ca < 1.10 mmol/l Ca ≥ 1.10 mmol/l p

PTH

< 15 25/43 (58.1%) 21/93 (22.6%) < 0.0001 
(Chi-square test)≥ 15 18/43 (41.9%) 72/93 (77.4%)

The 1st PO CaI values were stratified according 
to the cut-off point of 1.10 mmol/l and plotted on a 
ROC curve to analyze whether this threshold is an ade-
quate cut-off point for diagnosing hypoparathyroidism. 
The results show that the cut-off point had a sensitivity 
of 50% (95% CI 11.8-88.2%), specificity of 76.4% (95% 
CI 67.9-83.6%), and positive and negative predictive 
values of 9.4% (95% CI 1.9-25.4%) and 96.9% (95% 
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CI 91.2-99.4%), respectively, with an accuracy of 66.3% 
(95% CI 57.5-74.4%).

In a second analysis, the 1st PO CaI values were stra-
tified according to the cut-off point of 1.10 mmol/l 
and plotted on a ROC curve with immediate postope-
rative PTH < 15 pg/mL serving as a reference. In this 
case, the cut-off point had a sensitivity of 45.6% (95% 
CI 30.9-61.0%), a specificity of 88.9% (95% CI 80.5-
94.5%), and positive and negative predictive values of 
67.7% (95% CI 48.6-83.3%) and 76.2% (95% CI 66.8-
84.0%), respectively, with an accuracy of 76.7% (95% 
CI 68.7-83.5%). These values were also compared with 
symptoms of hypocalcemia as a reference with inferior 
results, demonstrating the subjectivity of this analysis 
(accuracy of 66.3%). The results of the ROC curve 
analyses are described in figure 1. 

contractions occurring after discharge, which is often 
very dramatic and potentially serious, are prevented.

Many surgeons routinely supplement calcium and 
vitamin D in all patients who have total thyroidecto-
mies (17,18). Although this practice is effective in re-
ducing the number of symptomatic patients, it can be 
inconvenient because the treatment is expensive and 
poorly tolerated. In addition, it is not 100% effective, 
and patients with severe hypocalcemia may experience 
tetanic contractions despite treatment. Lastly, many pa-
tients are unnecessarily medicated (1). Cahill and cols. 
(19) did not recommend routine supplementation be-
cause they found that the administration of calcium 
and/or vitamin D in normal patients could result in 
the following: (1) inhibit the functioning of the pa-
rathyroid glands; (2) overestimate the amount of pa-
tients who need calcium and magnesium replacement; 
and (3) hide the true incidence of hypoparathyroidism, 
which may prevent surgeons from making changes to 
optimize treatment.

Another option is only treating symptomatic patien-
ts (2), but this would require a longer hospitalization 
time, which is very difficult.

The best alternative is a reliable way to predict 
which patients will develop hypocalcemia. This would 
allow for only those who truly need treatment to be 
treated and for the intensity of the replacement therapy 
to be individualized in each case. The “gold standard” 
for diagnosing hypoparathyroidism is the fast PTH as-
say, which measures iPO PTH, and it is the most em-
ployed method (20-23). However, it is not yet available 
in most medical centers in Brazil.

In this study, we evaluated the blood ionized cal-
cium level on the morning after total thyroidectomy as 
an alternative predictor of hypoparathyroidism to the 
iPO PTH level. We found that there is a positive cor-
relation between iPO PTH levels and calcium levels on 
the 1st PO day after thyroidectomy. It is important to 
note that two patients had high PTH (146 pg/mL) or 
ionized calcium (1.40 mmol/l) levels and were investi-
gated for primary hyperparathyroidism before surgery. 
Hyperfunctional glands were not identified preopera-
tively, and enlargement of the glands was not noted 
during their thyroidectomies.

PTH has a very short half-life, which allows for the 
quick identification of intraoperative parathyroid le-
sions (24). Therefore, PTH remains the best way to 
predict early hypoparathyroidism. However, the corre-
lation between iPO PTH levels and calcium levels on 
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Figure 1. ROC curves demonstrating (A) the accuracy of 1st PO CaI level 
as a predictor of hypoparathyroidism (area under the ROC curve, 66.3%) 
with symptoms of hypocalcemia as a reference, and (B) the accuracy of 1st 
PO CaI level as a predictor of hypoparathyroidism with PTH < 15 pg/mL 
as a reference (area under the ROC curve, 76.7%).

DISCUSSION

Hypoparathyroidism is the most common complication 
of total thyroidectomies, and in addition to causing ex-
tremely unpleasant symptoms, it requires longer hospi-
talization and results in higher costs for patients and the 
health system (15,16).

Not all hypocalcemic patients are symptomatic, but 
among those who are, the condition manifests after the 
second postoperative day. Because total thyroidectomy 
patients tend to be discharged early, it is important to 
find a safe and economic method that can predict hypo-
parathyroidism and allow patients who do not develop 
hypoparathyroidism or who develop very mild hypopa-
rathyroidism to be discharged early, perhaps with a mo-
derate oral calcium supplement. The patients who deve-
lop severe disease should be hospitalized for the longest 
time to receive intravenous and oral replacement of 
calcium and vitamin D. This would ensure that tetanic 
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the 1st PO day found in our study is relevant in situa-
tions where the fast PTH assay is unavailable. Thus, 
serum calcium level is a good diagnostic measure of 
hypoparathyroidism after total thyroidectomy because 
it is available in most centers and has a lower cost.

Pia Lindblom and cols. (5) also compared serum 
calcium levels on the morning after a total thyroidec-
tomy with iPO PTH levels and found that calcium le-
vel is not as effective as iPO PTH level in predicting 
hypocalcemia. They attribute this difference to the he-
modilution of serum calcium during surgery. In fact, 
their data confirm that the accuracy of iPO PTH in 
predicting symptomatic and asymptomatic hypocalce-
mia is not very different from that of low concentrated 
calcium on the first postoperative morning.

Nahas and cols. (16) recommend using an algorithm 
that incorporates serum calcium level after thyroidec-
tomy to identify patients who are at low risk of develo-
ping hypocalcemia and, consequently, can be dischar-
ged 24 hours after surgery. This algorithm shows that 
an increase in serum calcium between 6 and 12 hours 
after surgery is a reliable predictor of patients who will 
not develop significant hypocalcemia.

 Cahill and cols. (19) suggest that hemodilution 
during surgery and the release of calcitonin are causes 
of transient hypocalcemia, which does not progress to 
hypoparathyroidism; therefore, the level of serum cal-
cium after thyroidectomy is not a reliable way of pre-
dicting the onset of hypoparathyroidism. However, our 
findings contradict this hypothesis.

In our study, we also analyzed ionized calcium le-
vel on the first postoperative day by gender, the clinical 
presentation of hypoparathyroidism, the histophatolo-
gical results of surgery, the presence of Graves’ disease 
and the presence of thyroiditis. However, we did not 
find any associations between these conditions and 
hypoparathyroidism.

In accordance with our findings, Lam and Kerr (22) 
found that a greater proportion of the women in their 
study were affected by thyroid disease, but that there 
was no association between patient sex and hypopara-
thyroidism. They also found that hypoparathyroidism 
was not correlated with age or indication of surgery 
(i.e., malignancies, Graves’ disease, goiter, and familial 
endocrine disease).

Toniato and cols. (15) found a strong association 
between hypoparathyroidism and Graves’ disease and 
suggest that this relationship is due to the fact the lo-
cation and preservation of the parathyroid glands in 

patients with Graves’ disease is more difficult. One 
possible explanation for why we did not find a similar 
association it that there were only a few Graves’ disease 
patients in our sample.

Del Rio and cols. (25) found a positive and statisti-
cally significant correlation between developing hypocal-
cemia and being treated for malignant thyroid diseases. 
Our findings do not support this hypothesis, and one 
possible explanation is that the thyroidectomies in our 
sample treated benign and malignant diseases with a very 
similar technique, and most of these were small tumors.

CONCLUSION

Our study shows that measuring serum ionized calcium 
levels on the first postoperative morning is not more 
effective than the fast PTH assay. However, when the 
PTH test is not available, the level of serum calcium is 
a very good indicator of parathyroid function. In our 
study, patients with an ionized calcium level above the 
cut-off point of 1.1 mmol/L had a normal PTH level 
in 77.4% of the cases; patients with an ionized calcium 
level below 1.1 mmol/L had a PTH level that was be-
low the lower limit in 58.1% of the cases.
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Thyroid surgery performed 
on an overnight basis: a 17 
years of experience

Alberto Salgueiro Molinari1, Alberto Treiguer2, Vinicius Grando Gava3,  
Jose Luiz Brum Rojas4, Paulo Ernani Evangelista3, Iracema Gonçalves1,  
Airton Golbert1

ABSTRACT
Objective: This study aimed to evaluate the results of thyroid surgeries with hospitalization periods 
shorter than 18 hours performed in a surgical endocrinology service, correlating these results with 
type of procedure, the definitive diagnosis and complications associated with the procedure. Subjects 
and methods: The procedures performed, complications associated, hospitalization period, and re-
lationships among these variables were assessed in consecutive patients subjected to different types 
of thyroid surgeries from January 1997 to March 2014 by the same group of surgeons. Data were 
analyzed by frequency, and the associations between the hospitalization period and other variables 
were analyzed using the Pearson chi-square test and Fisher’s exact test, using a multiple comparisons 
test with Bonferroni correction. Results: Among the 3,411 surgeries performed, 799 of them were 
malignant neoplasia, 2,505 were benign tumors and 107 were Graves’ disease. The following proce-
dures were performed: total thyroidectomy (1597 patients); total thyroidectomy with neck exploration 
(369 patients); lobectomy plus isthmectomy (1084 patients); total thyroidectomy complementation 
(145 patients); total thyroidectomy with neck dissection (84 patients); modified radical total thyroi-
dectomy (13 patients); nodulectomy (11 patients); unresectable (9 patients); central neck dissection 
(48 patients); lateral neck dissection (38 patients); and others (13 patients). The following surgical 
complications, characteristic of the procedure: hemorrhage in 41 (1.2%) patients, hypoparathyroidism 
in 10 (0.3%) patients and recurrent laryngeal nerve (RLN) injury in 23 (0.7%) patients. Hospitalization 
shorter than 18 hours was observed in 97% of patients. Conclusion: Thyroid surgery can be safely 
performed in virtually all patients on an overnight basis in specialized services.  Arch Endocrinol Metab. 
2015;59(5):434-40

Keywords
Thyroidectomy; ambulatory surgery; thyroid surgery; surgical complications in thyroid procedure

INTRODUCTION

S urgical treatment of thyroid gland diseases involves 
well-established procedures. It is subject to the 

risks characteristic of any surgical procedure involving 
thyroidectomy, regardless of whether it is associated 
with neck dissection, and it features specific morbidities 
(bleeding with airway compression, recurrent laryn-
geal nerve injury and hypoparathyroidism). However, 
similar to more complicated procedures (1), thyroid 
surgeries performed in specialized centers feature lower 
complication rates and shorter hospitalizations (2,3). 
This combination leads to greater patient satisfaction 
and lower costs for health care systems.

The difficulties in thyroid surgery are mainly associa-
ted with the anatomy of the gland, including its location, 
vascularization and relationship to important functional 
structures (recurrent laryngeal nerve and parathyroid 

glands). These factors are responsible for the possible 
complications that are characteristic of the surgical treat-
ment of thyroid gland diseases (4) by total thyroidec-
tomy, partial thyroidectomy, partial thyroidectomy com-
plementation and neck dissection and/or explorations 
due to malignant neoplasms in the thyroid gland.

Surgical management of thyroid gland disorders 
began to be rationally planned after the introduction 
of anesthesia and antisepsis. Emil Theodor Kocher was 
mainly responsible for the standardization of thyroid 
surgery. In 1883, he published a study including 43 
thyroidectomies with a mortality rate of 6.9% that con-
trasted with the rates above 20% observed at the time. 
The contribution of Kocher to the development of 
thyroid surgery was so important that, in 1909, he was 
awarded the Nobel Prize in medicine (4,5). Notably, 
in 1927, with the technique standardized and 5,000 
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thyroidectomies performed, Kocher reported a surgical 
mortality rate of 0.11%. The need for pre- and pos-
toperative hospitalization periods changed in the sub-
sequent decades (6,7). Currently, meticulous surgical 
techniques combined with the evolution of anesthesia 
and perioperative support allow thyroid surgery to be 
safely performed on an overnight basis.

This study aimed to evaluate the results of thyroid 
surgery performed on an overnight basis in a surgery ser-
vice specifically dedicated to surgical endocrinology that 
is integrated with two services of clinical endocrinology. 

SUBJECTS AND METHODS

This retrospective study was based on the prospective 
database of consecutive patients subjected to different 
types of thyroid surgeries in the Clinical and Surgical 
Endocrinology Services of the Nossa Senhora da Con-
ceição Hospital and Endocrine Surgery of the Mãe de 
Deus and Divina Providência Hospitals in the period 
between January 1997 and March 2014. Age, gender, 
indications of surgery, type of procedures performed, 
hospitalization period, complications associated with 
the procedure (bleeding requiring surgical reinterven-
tion, permanent recurrent laryngeal nerve(s) injury(s) 
and permanent hypoparathyroidism) and the relation-
ships between these variables were assessed. Bleeding 
was considered patients in wich there was need for sur-
gical reintervention in the hospitalization period and 
hypoparathyroidism refer to a definitive, that is defined 
as the patient that maintains hypocalcemia that requires 
reposition of calcium suplementation after 2 months 
post operative time. A procedure performed on an over-
night basis corresponds to procedures in which patients 
remain in the hospital for a maximum of 18 hours from 
hospital admission to discharge. Since 1997, all patients 
with elective surgeries, regardless of age, comorbidi-
ties or type of procedure, are eligible for hospital dis-
charge on the morning after surgery. The patients are 
informed about all processes involving the periopera-
tive period (fasting, admission, surgical environment, 
anesthetic and surgical procedures, immediate recov-
ery, diet reintroduction, pain control, discharge and 
possible complications). Patients arrive at the hospital 
one hour before the scheduled procedure. The surger-
ies are performed in the afternoon, starting at 12 pm, 
under general anesthesia. The first patient procedure 
begins at noon and the Schedule runs until 10:00 PM 
with a patient undergoing surgery every two and a half 

hour on average, and discharged early in the morning 
after procedure, with a mean hospital stay of 18 hours, 
by definition not considered as inpatient (time of stay 
in the hospital over than 24 hours). The patients are 
then moved to a recovery room where they spend the 
night and are discharged the following morning with 
appropriate instructions.

Regarding the use of drains, it was routine proce-
dure in these surgeries until 2005, using portovac 1/8, 
which were taken 1 hour before hospital discharge. Af-
ter this period, we began using a slightly compressive 
dressing with gauze and micropore in order to remove 
the space created by the absence of the thyroid, which 
is taken 1 hour before discharge. No patient was dis-
charged with drain.

The surgeries were categorized as follows:
Partial thyroidectomy includes unilateral thyroid lo-

bectomy and isthmectomy.
Total thyroidectomy includes bilateral thyroid lo-

bectomy combined with isthmectomy. Near-total 
thyroidectomy, where the posterior thyroid capsule is 
preserved to protect the recurrent laryngeal nerve or 
the parathyroid glands, was included in the total thyroi-
dectomy group.

Total thyroidectomy with central neck exploration 
is indicated in cases of diagnosis or suspicion of diffe-
rentiated cancer (papillary or a variant thereof) in whi-
ch the exploration did not result in dissection and/or 
resection of lymph nodes. In these situations, central 
neck exploration includes the central neck compart-
ment, peritracheal nodes and lateral nodules for the 
assessment of the carotid-jugular lymph nodes by ope-
ning the carotid sheath.

Total thyroidectomy with neck dissection is indica-
ted when one or more lymph nodes were resected.

Modified radical total thyroidectomy includes re-
section of the prethyroid muscles while preserving the 
sternocleidomastoid muscle.

Nodulectomy was performed for benign and soli-
tary nodules of the isthmus. 

Tumors of patients diagnosed with anaplastic 
thyroid cancer whose thyroidectomies were conside-
red to lack benefit (incomplete) or were performed for 
palliation (clearing the airway) were described as unre-
sectable.

Central or lateral neck dissections were performed 
in patients who underwent to thyroidectomy who 
presented recurrence of differentiated tumors or me-
dullary carcinoma.
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Procedures that did not include thyroid surgery in 
the original proposal were grouped as “other”, such as 
parathyroid surgery that required lobectomy.

Descriptive analyses of the variables by frequencies, 
measures of central tendency (means) and variabilities 
(standard deviations) were performed using Microsoft 
Excel® 2010.

The possible associations between the hospitaliza-
tion period (period shorter or longer than 18 hours), 
the different types of surgery and the complications 
that occurred were analyzed using Pearson’s chi-square 
test and, when necessary, Fisher’s exact test, with multi-
ple comparisons test with Bonferroni correction, using 
WINPEPI software (version 11.25). A 95% confidence 
interval for p < 0.05 was used.

RESULTS

A total of 3,411 patients had surgeries. Of these pa-
tients, 3,007 (88%) were female and 404 (12%) were 
male. The mean age was 48.8 ± 15.5 years, ranging 
from 7 to 90. The distributions by age group and defin-
itive histopathological diagnosis are shown in table 1.

Table 1. Characteristics of 3,411 patients subjected to thyroidectomy (or 
procedures associated with thyroidectomy) regarding gender, age and 
definitive diagnosis

N = 3,411 patients

Gender

Female 3,007 (88%)

Male 404 (12%)

Age (years)

Mean and SD (years) 48.7 ± 15.5 (7 to 90)

0 to 12 years 4 (0.1%)

13 to 20 years 20 (0.6%)

21 to 40 years 462 (13.5%)

41 to 60 years 1,934 (56.7%)

61 to 80 years 952 (27.9%)

Older than 81 years 39 (1.2%)

Definitive AP diagnosis

Colloid multinodular goiter 1,227 (36.1%)

Differentiated carcinoma 747 (22.0%)

Colloid nodular goiters 697 (20.5%)

Follicular adenoma 314 (9.2%)

Hashimoto’s thyroiditis 191 (5.6%)

Graves’ disease 107 (3.1%)

Medullary carcinoma 41 (1.0%)

Anaplastic carcinoma 11 (0.3%)

Others 76 (2.2%)

The hospitalization period was shorter than 18 hours 
in 97% of patients. Among the 105 patients who remai-
ned hospitalized more than 18 hours, 78 (74.3%) of 
these cases were due to social causes, while 27 (25.7%) 
of them were due to complications associated with the 
procedure (Table 2).

Table 2. Hospitalization periods of patients subjected to different types of 
thyroidectomy (in hours)

Hospitalization period N

Shorter than 18 hours 3,396 (97%)

Longer than 18 hours 105 (3%)

Social causes (NO) 78 (2.2%)

Associated with the procedure (eligible) 27 (0.8%)

NO = not offered an early discharge option (outpatient or overnight care).

A total of 78 (74%) patients were hospitalized lon-
ger than 18 hours due to social causes, including lack 
of transportation to their places of origin or hospitali-
zation due to another comorbidity; these patients were 
not eligible for discharge.

Although the service offers care for adult patients, 
it is part a teaching hospital with multidisciplinary inte-
gration, which resulted in the care of four patients you-
nger than 12 years. Those patients were operated by the 
same group, as requested by pediatric endocrinologists.

Regarding drains, they were used in 1,321 proce-
dures with 16 (1.2%) bleedings and among patients wi-
thout drains (2,090), bleeding ocurred in 25 (1.2%) pa-
tients. These results (1.2% of bleeding with or without 
drains) shows that there is no relationship between the 
use of drainage or not to prevent or minimize bleeding.

Definitive diagnoses of benign pathology, such as 
nontoxic colloid nodular goiter (CNG) and colloid 
multinodular goiter (CMNG), were observed in 1,968 
(57.7%) patients. In cases of CMNG that were diagno-
sed either before or during the procedure, total thyroi-
dectomy was the procedure of choice if possible, given 
the high rate of recurrence of multinodular goiters after 
partial thyroidectomy (8-10).

Definitive anatomopathological diagnosis of ma-
lignant tumors was observed in 799 (24%) patients, 
where 747 (93.6%) of them were differentiated cancer: 
papillary and follicular thyroid cancer and their variants, 
such as the follicular variant of papillary and Hürthle 
cell carcinomas. In all procedures, total thyroidectomy 
with central neck exploration was the proposed surgical 
procedure when there was a defined cytological diagno-
sis of cancer or when there was clinical or intraoperative 
suspicion, as suggested by the literature, in addition to 
being the procedure adopted in our services (11,12).
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Surgical treatment was indicated in 107 patients with 
Graves’ disease, who were then subjected to total thyroi-
dectomy because anything less than total thyroidectomy 
fails to correct hyperthyroidism in 30% of cases (8,13).

Total thyroidectomy was the most common pro-
cedure and was performed in 1,631 (46.4%) patients, 
followed by lobectomy plus isthmectomy, which was ob-
served in 1,063 (31.3%) patients. Total thyroidectomy 
with neck exploration, which is a standard procedure 
in cases with a previous diagnosis and/or suspicion of 
carcinoma, was observed in 384 (11.4%) patients. Total 
thyroidectomy was complemented by lobectomy in 84 
(2.5%) patients due to histopathological examinations 
indicating carcinoma in previous partial surgeries, whi-
le in 55 (1.9%) patients, the procedure was performed 
due to goiter or nodule development in the remaining 
lobe after partial thyroidectomy. These results demons-
trated that the majority of the procedures involved total 
thyroidectomy combined or not with procedures such 
as neck dissection and/or only exploration, which oc-
curred in 69.2% of patients (Table 3).

Among the 41 patients who presented hemorrha-
ge, 34 (83%) of them were subjected to total thyroi-
dectomy with or without complementation, while the 
other 7 (17%) patients were subjected to lobectomy 
plus isthmectomy (p < 0.001). A multiple comparison 
test revealed significant differences between the group 
subjected to the total thyroidectomies, the group sub-
jected to the partial thyroidectomies and the group 
that had thyroidectomy complementation (p < 0.05). 
Regarding the reason for the procedure among the 41 
patients who presented hemorrhage, 11 (1.38%) were 
diagnosed with thyroid cancer, whereas 1.15% were 
diagnosed with benign tumors. This finding demons-
trates that there is no relationship between benign and 
malignant tumors and hemorrhage in this population 
(p = 0.605). In 38 of these 41 (92.7%) patients, reope-
rations were performed within 6 hours after the pro-
cedure and 3 of them were in the first 18 hours after 
the procedure. Of these 41 patients who underwent 
reoperation for bleeding, 18 (43.9%) of them remained 
hospitalized for more than 24 hours.

Symptomatic permanent recurrent laryngeal nerve 
injury was observed in 23 (0.7%) patients subjected to 
total thyroidectomy with or without complementation 
(p < 0.001). None of the patients subjected to partial 
thyroidectomy presented permanent recurrent laryn-
geal nerve injury in this study. Although this injury was 
observed in 9 cases of the 799 cancer patients (1.12%) 
and in 14 cases of the 2,612 (0.53%) patients operated 
with benign pathology, there was no significant diffe-
rence between the two groups (p = 0.074).

Total thyroidectomy with or without complementa-
tion was performed in all of the 10 patients with defini-
tive hypoparathyroidism, in which 5 of them were diag-
nosed with a malignant tumor (3 patients with papillary 
carcinoma, 1 patient with the follicular variant of papi-
llary carcinoma and 1 patient with anaplastic thyroid 
carcinoma), representing 0.7% of the patients. The 
percentage of patients operated due to benign tumors 
was 0.37%, with no significant difference between the 
two groups. Thyroidectomy occurred due to Graves’ 
disease in 2 patients and CMNG in the other 3 patients.

DISCUSSION

The age group distribution corresponds to the highest 
frequency of these diseases and is similar to studies with 
large numbers of participants (5,7,8). The prevalence 
of females is 7-fold higher than males, which contrasts 

Table 4. Complications associated with the procedures

Complications N

Hemorrhage 41 (1.2%)

Permanent RLN injury 23 (0.7%)

Permanent hypoparathyroidism 10 (0.3%)

Total 74 (2.2%)

RLN: recurrent laryngeal nerve.

Table 3. Distribution of the various surgeries performed in the analyzed 
population

Procedures performed N

Total thyroidectomy 1,631 (46.4%)

Lobectomy + isthmectomy 1,063 (31.3%)

Total thyroidectomy + neck exploration 384 (11.4%)

Total thyroidectomy + neck dissection 84 (2.5%)

Total thyroidectomy complementation 139 (4.2%)

Central neck dissection 48 (1.4%)

Lateral neck dissection 38 (1.1%)

Modified radical total thyroidectomy 13 (0.4%)

Nodulectomy 11 (0.3%)

Unresectable 9 (0.3%)

Others 11 (0.3%)

Total 3,411

The following surgical complications were associated 
with the procedure: hemorrhage in 41 cases (1.2%), per-
manent hypoparathyroidism in 10 cases (0.3%) and recur-
rent laryngeal nerve injury in 23 cases (0.7%) (Table 4).
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the gender distribution reported in the literature (a fe-
male prevalence that ranges from 2.5- to 5-fold) (7,8). 
In the United States of America, 59,478 patients un-
derwent thyroidectomy in 2009, and the mean (SD) 
age was 53.0 (16.4) years (4,8). 

This study mainly aimed to assess the safety of the-
se procedures when performed in patients hospitalized 
for less than 18 hours from the time of admission until 
discharge; such procedures are referred to as care on an 
overnight basis.

The safety of such procedures depends on the cor-
rect preoperative evaluation of these patients, on coor-
dination between the surgeon and the endocrinologist 
and, especially, on the instructions provided to patients 
and consequent knowledge of patients and their fami-
lies regarding the procedure and the expected or possi-
ble implications. Similar management has been applied 
to larger operations to reduce costs and to minimize 
complications using protocols known as Fast Track 
Recovery (14). Using this routine, 97% of patients un-
dergoing the various procedures analyzed in this study 
were discharged in fewer than 18 hours after admission; 
none of them required readmission after discharge due 
to complications associated with the procedure for any 
reason. Only one patient subjected to total thyroidec-
tomy because of Graves’ disease was readmitted in the 
emergency department of our hospital with hypocalce-
mia five days after the procedure, due to non-complian-
ce with the guidelines prescribed by our service.

Excluding the patients who needed to stay in the 
hospital due to social reasons and those who were alrea-
dy hospitalized for other reasons, only 27 (0.8%) of the 
3,333 patients had complications that prevented their 
discharge in fewer than 18 hours.

In the recent past, thyroid surgery was considered 
to have risks due to possible specific complications and 
those associated with the procedure: hemorrhage, re-
current laryngeal nerve (RLN) injury and hypocalce-
mia, which is a result of either transient or definitive 
hypoparathyroidism. These complications are still the 
main reasons for longer hospital stays. The cases of he-
morrhage occurred in the early hours after the surgery 
and, in most of the cases, were resolved within the first 
four hours by reintervention; therefore, this complica-
tion did not prevent discharge on the day after the pro-
cedure for some of these patients. 

Similarly, dysphonia, whether transient or not, cau-
sed by RLN manipulation or injury did not prevent the 
expected discharge because dysphonia does not affect 

the functional independence of a patient in their home 
environment.

Hypoparathyroidism is still the main reason for 
patients remaining hospitalized, and serum calcium is 
often supplemented to prevent possible hypocalcemia. 
Because the manifestations of hypocalcemia usually oc-
cur 48 hours after thyroidectomy, the patient should be 
properly informed to be able to identify symptoms or 
signs of hypocalcemia and how to proceed correctly if 
this complication occurs. Therefore, these patients re-
ceive a discharge notice instructing them to go to the 
emergency department if necessary. The notice also 
includes information for emergency physicians about 
how to treat and instruct a patient with such compli-
cations. These instructions and the availability of so-
meone from the team to provide assistance allow these 
patients to be safely discharged from the hospital the 
morning following the procedure.

Between 2005 and 2011, Mazeh and cols. (15) sub-
jected 608 patients to thyroidectomy, of which 298 
(49%) were performed on an overnight basis. The com-
plication rates were no different between patients who 
underwent partial or total thyroidectomy and between 
those who remained hospitalized after surgery compared 
to those who underwent the overnight procedure (15).

In 2011, Tuggle and cols. (16) identified 6,762 pa-
tients subjected to thyroidectomy, 1,168 (17%) of who 
had their surgery performed on an overnight basis. Ro-
sato and cols. (17) demonstrated that thyroidectomy 
was usually performed on an overnight basis by more 
experienced surgeons and in hospitals with high volu-
mes of these surgeries. Hospital readmission rates were 
similar in both groups (hospitalized or overnight): 1.4 
and 2.4%, respectively (16,17). The lower readmission 
rate observed in the present study, in which only 1 pa-
tient among the 3,411 analyzed cases was readmitted, 
is attributed to proper instructions given at the time of 
discharge, the support system offered to the patients in 
both hospitals, and the availability of the institutions 
and the team for care and management if necessary.

Data from 3,660 thyroid surgeries were collected 
in a multicenter study conducted in Scandinavia. Af-
ter thyroidectomy, hemorrhage was observed in 2.1% 
of the cases and was more frequent in older and male 
patients. A similar finding was observed in the study 
performed by the AAES, but not in the cases analyzed 
in the present study (10). 

Kandil and cols. (4) analyzed 46,261 thyroidecto-
mies performed in the USA over 10 years and determi-
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ned that recurrent laryngeal nerve injuries were associa-
ted with the volume of thyroid surgeries performed by 
the surgeon. Nerve injuries occurred at a rate of 1.5% 
when the surgery was performed by low-volume sur-
geons (fewer than 10 surgeries/year), at a rate of 1.2% 
by intermediate-volume surgeons (10 to 99 surgeries/
year) and at a rate of 0.8% by high-volume surgeons 
(more than 100 surgeries/year).

Although it seems reasonable that hypoparathyroi-
dism is only reported in total thyroidectomies or sur-
geries that complement the total thyroidectomy, the 
evaluated cases (10,11,14) do not separate the total and 
partial thyroidectomies. Although Kandil and cols. de-
monstrated hypoparathyroidism at rates of 12.1%, 9.4% 
and 4.7% when performed by low-, intermediate- and 
high-volume surgeons, respectively, it is not clear if the-
se complications are transient or permanent (4).

In a study conducted by Barczyński and cols. in 
Scandinavia, unilateral paresis was associated with more 
advanced patient age, intrathoracic goiter and thyroto-
xicosis. After six months, the prevalence of nerve paraly-
sis was 0.97% and was considered permanent. After total 
thyroidectomy, hypocalcemia occurred in 9.9% of pa-
tients immediately after surgery and in 4.4% of patients 
after six months, which was considered definitive (10).

Bleeding is the main reason for longer time hospi-
talization in patients undergoing surgical procedure re-
lated to thyroid. This study demonstrates that bleeding 
was related to the extent of the procedure because the 
bleeding was higher in total thyroidectomies (1.51%) 
than in the partial thyroidectomies (0.66%) (p < 0.001).

Surgery for Hashimoto’s thyroiditis, although asso-
ciated with the complications of thyroid surgery, may 
be a difficult procedure because of the dense inflamma-
tory process that usually occurs around the thyroid 
gland; there was no statistically significant difference in 
the incidence of hemorrhage in the patients analyzed in 

the present study. Three hemorrhages were observed in 
174 (1.7%) cases, while in the entire group of patients, 
hemorrhage occurred in 41 (1.2%) patients subjected 
to all types of thyroidectomy (p = 0.599). These results 
are not in agreement with a study that analyzed 1,791 
patients with significantly higher rates of postoperative 
complications, both transient and permanent, for this 
type of surgery (17,18). 

Taking into account studies associating the expe-
rience of surgeons or reference centers in these proce-
dures (4,5), the results obtained in our service, which 
performs more than 200 thyroid surgeries per year, 
would be in agreement with a study from Maryland 
that included 5,860 patients and surgeons who per-
formed more than 100 thyroid surgeries per year with 
lower complication rates (15,19).

Even comparing only the first two analyzed years 
(1997 and 1998), when 79 and 97 surgeries were per-
formed, respectively, the complications and hospitali-
zation periods were similar. One recurrent laryngeal 
nerve injury and 1 hemorrhage were observed in 1997 
(2.4%) and 1 nerve injury and 1 hypoparathyroidism 
were observed in 1998 (2%), similar to what was obser-
ved in the entire population analyzed in this study (p = 
0.897) (Figure 1).

The dysfunctional manifestations observed after 
thyroidectomy in patients who do not present sponta-
neous voice changes are well established. Studies have 
shown that although videolaryngoscopy does not cau-
se functional and morphological changes, voice quality 
may change when patients are metrically evaluated by 
speech pathology and videostrobolaryngoscopy (19). 
Similarly, among patients without phonation complain-
ts, functional and morphological changes in the vocal 
cords may be revealed in up to 6.6% of cases using 
videolaryngoscopic analysis and transcutaneous ultra-
sound to evaluate the vocal cords (20,21). Laryngeal 

Figure 1. Number of thyroid surgeries performed by the service each year from 1997 to 2013.
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dysfunction is relatively common after thyroidectomy 
because of the dissection of the prethyroid muscles 
and their capacity to adhere directly to the trachea af-
ter thyroid removal, causing changes in the quality and 
tone of the voice (17).

Although the goal of this study was not to evaluate 
the cost-effectiveness of thyroid surgery performed on 
an overnight basis in our service, this measure might 
be an important and decisive factor to be considered in 
services that perform this type of surgery. Vrabec and 
cols. (22) reported a 35% reduction in hospital bills 
compared to patients hospitalized for 36 hours. In the 
present study, 50% of the patients were from public ins-
titutions that offer care exclusively to patients of the 
SUS (Unified Health System), and the difficulties the 
public service encounters in hospitalizing patients are 
well known. In this program of surgeries performed on 
an overnight basis, the patients are not placed in con-
ventional hospital beds; rather, they spend the night in 
the recovery room, and from there, they are discharged 
the next morning. The most important factor in the 
cost-effectiveness of this program is likely the availabi-
lity of hospital beds for other patients in the healthcare 
system. Similarly, hospital bills in private hospitals wou-
ld also be positively affected by this procedure.

The experience of this service and data from the li-
terature have demonstrated that thyroid surgery, regar-
dless of its extent, can be safely performed on an over-
night basis so long as the characteristic complications 
of these surgeries, such as hemorrhage, either occur wi-
thin 4 hours or can be properly managed in outpatient 
care. Therefore, when an experienced surgeon perfor-
ms surgical procedures associated with the thyroid in 
a reference hospital and when instructions and perio-
perative care are available, it is safe to recommend that 
thyroid surgery be performed on an overnight basis.
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Screening for primary aldosteronism 
in an argentinian population: a 
multicenter prospective study

Mariela Leal Reyna1, Reynaldo M. Gómez2, Susana N. Lupi3, Susana H. Belli4, 
Cecilia A. Fenili5, Marcela S. Martínez6, Gabriela F. Ruibal7, María A Rossi2,  
Raúl A Chervin2, Dora Cornaló8, Liliana N. Contreras9, Liliana Costa10,  
María T. Nofal11, Sergio A. Damilano5, Ester M. Pardes3

ABSTRACT 
Objectives: Primary aldosteronism (PA) is characterized by the autonomous overproduction of al-
dosterone. Its prevalence has increased since the use of the aldosterone (ALD)/plasma renin activity 
(PRA) ratio (ARR). The objective of this study is to determine ARR and ARC (ALD/plasma renin con-
centration ratio) cut-off values (COV) and their diagnostic concordance (DC%) in the screening for 
PA in an Argentinian population. Design: multicenter prospective study. Subjects and methods: We 
studied 353 subjects (104 controls and 249 hypertensive patients). Serum aldosterone, PRA and ARR 
were determined. In 220 randomly selected subjects, 160 hypertensive patients and 60 controls, 
plasma renin concentration (PRC) was simultaneously measured and ARC was determined. Results: 
According to the 95th percentile of controls, we determined a COV of 36 for ARR and 2.39 for ARC, 
with ALD ≥ 15 ng/dL. In 31/249 hypertensive patients, ARR was ≥ 36. PA diagnosis was established 
in 8/31 patients (23/31 patients did not complete confirmatory tests). DC% between ARR and ARC 
was calculated. A significant correlation between ARR and ARC (r = 0.742; p < 0.0001) was found 
only with PRA > 0.3 ng/mL/h and PRC > 5 pg/mL. DC% for ARR and ARC above or below 36 and 2.39 
was 79.1%, respectively. Conclusion: This first Argentinian multicenter study determined a COV of 
36 for ARR and 2.39 for ARC. Applying an ARR ≥ 36 in the hypertensive group, we confirmed PA in a 
higher percentage of patients than the previously reported one in our population. As for ARC, further 
studies are needed for its clinical application, since DC% is acceptable only for medium range renin 
values. Arch Endocrinol Metab. 2015;59(5):441-7

Keywords
Aldosterone/plasma renin ratio; primary aldosteronism; essential hypertension; screening; multicenter study

INTRODUCTION 

P rimary aldosteronism (PA) described by Jerome 
Conn in 1955 (1) is a relatively common curable 

cause of hypertension (HT). Since Hiramatsu and cols. 
reported that the aldosterone (ALD)/plasma renin ac-
tivity (PRA) ratio (ARR) showed a higher sensitivity 
for detecting PA (2), various research groups applied 
ARR to detect PA in essential hypertensive patients, 
independently of the potassium levels. Thus, PA preva-
lence increased to a mean of 7.8% -higher than the 1% 
historically reported one in hypokalemic hypertensive 
patients (3). Furthermore, recent studies have reported 
the ALD/plasma renin concentration (PRC) ratio as 
an alternative method of screening (4,5).

We performed a prospective multicenter study in 
order to determine firstly the cut-off value (COV) for 
ARR in our population as a screening test for PA in 
hypertensive patients, regardless of the potassium le-

vel (6). Additionally, in a randomly selected subgroup, 
PRC was simultaneously measured. The aim of this pa-
per is to present our results, to determine the ALD/
PRC ratio (ARC) and to compare ARR and ARC in 
order to assess the possible clinical application of ARC 
by calculating the diagnostic concordance (DC%) be-
tween both ratios.

SUBJECTS AND METHODS 

We performed a prospective multicenter study at the 
Adrenal Department of the Argentine Society of Endo-
crinology and Metabolism, comprising 10 hospitals of 
Buenos Aires. Four hundred and forty subjects of both 
sexes were recruited in a three-year period. Eighty-sev-
en subjects were excluded due to heart, liver or kid-
ney failure, chronic neuropathy, Cushing’s syndrome, 
glucocorticoid therapy, hyperthyroidism, untreated 
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hypothyroidism, hypercalcemia, diabetes mellitus, sec-
ondary HT, hormone replacement therapy or missing 
data. The remaining 353 subjects were divided into 
two groups: 1) Controls: 104 subjects (68 females and 
36 males), aged 16 to 77 years old, with blood pressure 
(BP) measurements ≤ 139/85 mmHg and no first-
degree family history of HT. 2) Hypertensive group: 
249 patients (193 females and 56 males), aged 17 to 
76 years old, with BP measurements ≥ 140/90 mmHg. 

In both groups, the following data was obtained: 
waist circumference, weight, height, body mass index 
(BMI) and sitting BP, which was measured on three 
different days. Serum levels of sodium, potassium, cal-
cium, urea, creatinine, cholesterol, LDL-C, HDL-C, 
triglycerides, ALD and PRA were determined. Waist 
circumference less than 102 cm in males and 88 cm in 
females was considered normal. Hypokalemia was de-
fined as serum potassium concentration < 3.5 mEq/l. 

PRC was simultaneously measured in a subgroup 
of 220 randomly selected subjects, 60 controls (52 fe-
males and 8 males) and 160 hypertensive patients (111 
females and 49 males). 

Approval was obtained from each hospital ethical 
committee. Informed consent was obtained from all 
subjects. 

Preanalytical conditions

Preanalytical conditions were unified and samples were 
processed in a single laboratory.

Prior to performing baseline sample collection, un-
restricted sodium diet was indicated for seven days and 
potassium was added if needed. Treatments that stron-
gly interfere with the renin-angiotensin system were 
not allowed; the washout period was 15 days for beta
-adrenergic blockers, angiotensin II receptor blockers 
(ARBs) and diuretics and 6 weeks for spironolactone. 
a-adrenergic blockers, angiotensin converting enzy-
me inhibitors (ACE-I) and calcium channel blockers 
(CCBs) were allowed. 

Fasting blood samples were drawn from subjec-
ts seated for 15 minutes and after at least 2 hours of 
upright posture between 8.00 and 9.00 AM. Serum 
samples were used for ALD and PRC and clinical che-
mistry determination while Na2-EDTA treated plasma 
samples, obtained by centrifugation at 4°C and inten-
ded for PRA measurement, were immediately frozen 
at -20°C until assayed. Each aliquot was thawed once. 
In all cases, lipemic and/or hemolyzed samples were 
excluded.

Assay methods and measurements

ALD was measured by a solid-phase RIA (DPC), with 
a functional sensitivity of 2 ng/dL (20 pg/mL) and in-
tra- and interassay precision of 5.4% and 15.7%, respec-
tively. Reference range for an ambulatory individual on 
a normal sodium diet and in an upright position: 4-30 
ng/dL (40-300 pg/mL).

PRA was measured by a solid-phase RIA (DIA SO-
RIN) that measures angiotensin I (AT I) generated in 
vitro, as described by Sealey (7), with an analytical sen-
sitivity of 0.018 ng AT/tube, and an intra- and interas-
say precision of 10%. 

PRC was measured by a solid-phase IRMA DSL 
(Diagnostic Systems Laboratories) with an analytical 
and functional sensitivity of 0.36 and 5.0 pg/mL, res-
pectively, and an intra- and interassay precision of 10%. 
This method has been standardized against the second 
reference standard IRP 68/356.

The upper limit of the reference range in ambula-
tory subjects on a normal sodium diet and in an upright 
position is 3.3 ng/mL/h for ARP and 65 pg/mL for 
PRC. 

The ARR [ALD (ng/dL)/PRA (ng/mL/hour)] 
and the ARC [ALD (ng/dL)/PRC (pg/mL)] were 
calculated in hypertensive patients, ARR values were 
considered suspicious for PA only with ALD ≥ 15 ng/dL, 
in agreement with other authors (8,9). 

 Fludrocortisone suppression tests (FST) or saline 
infusion tests (SIT) were used to confirm PA, accor-
ding to each participating center. In the FST, ALD was 
measured at baseline and at 10.00 AM on the fifth day 
after administration of fludrocortisone (0.1 mg every 6 
hours for four days on an unrestricted sodium diet) and 
in the SIT, ALD was measured after a 4-hour infusion 
of two liters of saline solution (0.9%). PA was confir-
med with ALD levels above 6 ng/dL in the FST (10) 
and above 7 ng/dL in the SIT (11). In all PA patien-
ts, adrenal computed tomography was obtained, and 
in two of them (1 adenoma and 1 hyperplasia) adrenal 
venous catheterization was performed (9).

Diagnostic concordance assessment (DC%)

Since PRC measures renin mass concentration and 
PRA estimates renin enzymatic activity and their results 
are expressed in different units, both values cannot be 
directly compared. Therefore, we calculated the DC% 
in order to determine if the results obtained by both 
methods (ARR and ARC) are comparable or provide, 
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at least, the same diagnostic information. DC% is the 
percentage obtained from adding the concordant re-
sults below (A) and above (B) the COV for ARR and 
ARC, respectively, divided by the total number of re-
sults (concordant and discordant) multiplied by 100: 

DC% = {(A+B) / total Nº of results} x100. 

Statistical analyses

Normality of variables was analyzed with the Shapiro- 
Wilks test. Comparisons were made by the non-para-
metric Wilcoxon test. Differences between control 
subjects, essential hypertensive patients and PA hyper-
tensive patients were compared by a non-parametric 
variance analysis using the Kruskal Wallis test; for post-
hoc comparisons, the Conover method was used. The 
relationship between variables was analyzed using the 
non-parametric Spearman coefficient of correlation (r) 
and its corresponding test to determine whether the 
correlation is significantly different from zero. Signifi-
cance was set at p < 0.05. 

In order to calculate the cut-off values for ARR and 
ARC, the Collings and Hamilton method and/or the 
determination of the 95th percentile were used. 

RESULTS  

Control subjects had a mean age lower than hyperten-
sive patients (45.2 ± 13.8 vs. 51 ± 13.6); however, the 
median (47 vs. 53 years) and the range (16-77 vs. 17-76 
years) were similar. Both BMI and waist circumference 
were significantly higher in hypertensive subjects than 
in controls (p < 0.0001). Hypertensive subjects had a 
significantly higher serum concentration of creatinine  
(p = 0.0001), total cholesterol (p = 0.0165), LDL-
C (p = 0.0344) and triglycerides (p < 0.0001), while 
the HDL-C concentration was significantly lower (p = 
0.0078). They also had a higher prevalence of meta-
bolic syndrome according to the National Cholesterol 
Education Program–Adult Treatment Panel III (ATP 
III) (12). No significant differences were found in 
blood sodium, glucose or potassium levels (Table 1).

ALD concentrations were similar in both groups, 
while PRA was significantly lower in hypertensive pa-
tients (p = 0.0036). Consequently, higher values of 
ARR were found in hypertensive patients, a finding that 
reached statistical significance (p = 0.0002). 

Since the ARR variable did not show a normal dis-
tribution, the cut-off value according to the 95th per-

centile was 36.15. If the 95th percentile is calculated 
by estimating the empirical distribution function using 
Collings and Hamilton’s method, the COV was 35.79. 
According to both results, the COV for ARR was set at 
36 (Figure 1).

Table 1. Clinical and biochemical characteristics of control subjects and 
hypertensive patients

Variable Controls
n = 104

Hypertensives
n = 249 p

Age (years) 45.18 ± 13.78 51.0 ± 13.6 0.0001

Weight (kg) 65.68 ± 16.13 78.0 ± 17.3 < 0.0001

Height (m) 1.61 ± 0.08 1.61 ± 0.09 NS

BMI (weight/height2) 25.25 ± 5.19 29.9 ± 6.0 < 0.0001

Waist (cm) 83.63 ± 15.32 95.2 ± 15.7 < 0.0001

SBP (mmHg) 114.53 ± 11.16 152.5 ± 19.1 < 0.0001

DBP (mmHg) 73.05 ± 8.03 93.8 ± 11.7 < 0.0001

Creatinine (mg%) 0.82 ± 0.13 0.91 ± 0.19 0.0001

Potassium (mEq/l) 4.26 ± 0.37 4.21 ± 0.49 NS

Sodium (mEq/l) 139.97 ± 3.23 140.8 ± 2.9 NS

Cholesterol (mg%) 202.44 ± 33.86 214.2 ± 39.6 0.0165

HDL cholesterol (mg%) 55.11 ± 12.94 51.2 ± 12.15 0.0078

Triglycerides (mg/dL) 106.33 ± 41.57 143.8 ± 73.2 < 0.0001

LDL cholesterol (mg%) 126.79 ± 30.82 135.9 ± 36.6 0.0344

Blood calcium (mg%) 9.34 ± 0.43 9.33 ± 0.61 NS

Blood glucose (mg%) 92.81 ± 11.56 96.7 ± 8.1 NS

ALD (ng/dL) 16.23 ± 8.78 19.03 ± 14.91 NS

PRA (ng/mL/h) 1.84 ± 1.27 1.54 ± 1.38 0.0036

ARR 12.96 ± 10.23 29.9 ± 59.7 0.0002

BMI: body mass index; SBP: systolic blood pressure; DBP: diastolic blood pressure; ALD: 
aldosterone; ARP: plasma renin activity; ARR: aldosterone/plasma renin activity ratio; NS: not 
significant. To convert aldosterone from ng/dL to pmol/l, multiply by 27.7. Values are expressed 
as mean ± standard deviation.

Figure 1. Histogram of aldosterone/plasma renin activity ratio (ARR) 
values in the 104 controls. The line represents the 95th percentile 
corresponding to a value of 36.
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In 12.45% of hypertensive patients (31/249), the 
ARR was ≥ 36 with ALD levels ≥ 15 ng/dL. In 8 sub-
jects (4 males and 4 females) confirmation tests were 
performed, and PA was diagnosed in all cases. The ran-
ge of post-suppression ALD levels was 12-25 ng/dL. 
Seven patients had aldosterone-producing adenomas 
(APA) and the remaining one had idiopathic hyperpla-
sia. Compared to all other hypertensive subjects, PA pa-
tients showed higher ALD and ARR values (p = 0.001) 
and significantly lower potassium concentrations (p = 
0.001). In the PA patients, 7/8 had kalemia < 3.5 mE-
q/l and 1/8, 3.7 mEq/l (Table 2). 

correlation between PRC and PRA only in the 143 patients 
with PRC values between 5 and 20 pg/mL (p < 0.001).  

Table 2. Serum concentration of ALD, PRA, ARR and blood potassium in 
hypertensive patients with primary aldosteronism (PA) and without PA 
(non-PA) 

Variable non- PA  
n = 241

PA
n=8 p

ALD ng/dL 17.6 ± 10.07 61.2 ± 47.9 0.001

PRA ng/mL/h 1.58 ± 1.38 0.34 ± 0.33 0.001

ARR 22.3 ± 26.44 258 ± 202 0.001

Blood potassium (mEq/l) 4.25 ± 0.41 2.94 ± 0.72 0.001

ALD: serum aldosterone; PRA: plasma renin activity; ARR: aldosterone/plasma renin activity 
ratio. To convert aldosterone from ng/dL to pmol/l, multiply by 27.7. Results are expressed as 
mean ± standard deviation.

PA was confirmed in 3.2% of our hypertensive pa-
tients but, since the confirmatory diagnostic evaluation 
could not be completed in the remaining 23 patients 
with ARR ≥ 36, the actual prevalence rate cannot be 
accurately established. 

No correlation was found between the severity of 
HT and ARR either in the hypertensive group as a 
whole or in the PA patients. Likewise, no correlation 
was found between ARR levels and systolic and dias-
tolic blood pressure (SBP and DBP, respectively) using 
the Spearman coefficient of correlation.

In the hypertensive group – with or without PA – no 
significant differences were found in BMI, waist circum-
ference, SBP and DBP readings, plasma concentrations of 
HDL-C, LDL-C, triglycerides, cholesterol and glucose.

PRC subgroup 

In this subgroup, neither PRA nor PRC showed signifi-
cant differences between controls and HT. ALD levels 
were significantly higher in hypertensive patients than 
in controls (Table 3). 

The analysis of the relationship between PRC and 
PRA, both in the whole group and in the subgroup of 
hypertensive patients (Spearman r), showed a significant 

Table 3. Plasma concentration of ALD, PRA, PRC, ARR and ARC in control 
subjects and in hypertensive patients 

Variable Controls
n = 60

Hypertensives
n = 160 p

ALD (ng/dL) 14.36 ± 8.70 19.69 ± 17.27   0.007

PRA (ng/mL/h) 1.53 ± 1.12 1.50 ± 1.33 NS

PRC (pg/mL) 13.92 ± 11.13 13.25 ± 13.64 NS

ARR 14.43 ± 12.50 29.45 ± 57.39 0.018

ARC 1.39 ± 1.31 2.28 ± 3.10 0.001

ALD: aldosterone; PRA: plasma renin activity; PRC: plasma renin concentration; ARR: 
aldosterone/plasma renin activity ratio; ARC: aldosterone/plasma renin ratio; NS: not significant. 
To convert aldosterone from ng/dL to pmol/l, multiply by 27.7. Values are expressed as mean 
± standard deviation.

As the ARC variable did not show a normal distri-
bution, the cut-off value according to the 95th percenti-
le was 2.41 when it was directly calculated. If it is calcu-
lated by estimating the empirical distribution function 
using the method proposed above, the COV is 2.39.  

In the 220 subjects evaluated, we found a significant 
correlation between ARR and ARC (r = 0.742; p < 0.0001) 
results, which was similar in the control group and in the 
hypertensive patients – which included 5/8 PA patients.  

Even though ARR and ARC are not comparable 
in absolute values, the percentage of consistent resul-
ts above or below 36 for ARR and 2.39 for ARC was 
79.1%: [(153+21)/220]x100. Therefore, the DC% be-
tween the results of ratios is 79.1% (Figure 2). 

Figure 2. Diagnostic concordance between aldosterone/renin ratio (ARC) 
and aldosterone/plasma renin activity ratio (ARR). Results in primary 
aldosteronism (PA) hypertensive patients and non-PA hypertensive 
patients are shown. Areas A and B represent concordant results; areas C 
and D represent non-concordant results. (A) Results below the cut-off 
values (COV) by both methods. (B) Results above the COV by both 
methods. (C) Results below the COV for ARR and above the COV for ARC. 
(D) Results above the COV for ARR and below the COV for ARC.
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If results are evaluated according to PRA and PRC 
ranges studied, discordance between ARR and ARC is 
greater in samples with PRA below 0.3 ng/mL/h and 
PRC below 5.0 pg/mL than in samples with medium 
to high levels (Table 4).  

PA prevalence ranges from 0.7 to 27% with a mean 
of 7.8% (3). In agreement with our data, a multicenter 
study in 1236 unselected hypertensive patients found a 
prevalence of PA of 3.3% (19). 

Although PA prevalence has been reported to in-
crease according to HT severity (20,21), we have not 
observed a correlation between ARR and higher blood 
pressure in hypertensive subjects as a whole or in PA pa-
tients, in accordance with Bussolengo’s findings (22). 

In our hypertensive patients, we ensured an ade-
quate sodium and potassium supply before sampling 
and appropriate washout periods from diuretics, beta
-adrenergic blockers, ARBs and spironolactone. Treat-
ment with ACE-I, a-adrenergic blockers and CCBs was 
allowed, as these drugs have little or no impact on the 
renin-angiotensin system (23). There is no agreement 
on this point among different authors. According to 
clinical practice guidelines, only drugs with minimal or 
no effects on plasma ALD levels, such as non-dihydro-
pyridine CCBs, hydralazine and a-adrenergic blockers 
(prazosin, doxazosin, terazosin), can be used for the 
control of blood pressure during screening tests (24). 
Nevertheless, according to Young, the study is valid 
even under treatment with ACE-I and ARBs, since low 
renin levels in these conditions would increase the de-
gree of suspicion of PA (9).

In our study, we observed an increased prevalen-
ce of metabolic syndrome in hypertensive patients as 
compared with controls, but in agreement with other 
reports (25), we found no differences between PA and 
essential hypertensive patients. Neither Fallo and cols. 
(26) nor Catena and cols. (27) found differences in the 
lipid profile between PA patients and those with essen-
tial hypertension, despite the higher prevalence of me-
tabolic syndrome and insulin resistance in PA patients 
versus controls. Furthermore, ALD may exert a direct 
effect on insulin receptor function (28) and decrease 
insulin sensitivity in human adipocytes (29). 

There was no correlation between age and ALD 
concentration or PRA either in controls or in hyperten-
sive patients (data not shown). This is consistent with 
findings reported by other authors evaluating normo-
tensive subjects (30) and hypertensive patients (31), 
but it differs from other author’s reports (32), where 
both ALD and PRA were found to decrease with age.  

In our study, eight PA cases were confirmed in 
249 hypertensive patients. Unlike other studies, the 7 
patients with APA had hypokalemia. This situation is 
usually associated with disturbances of internal milieu, 

Table 4. DC% observed between ARR and ARC results in samples 
selected according to the levels of PRC or PRA 

Selection criterion: ARR and ARC results 
obtained from samples with: DC%

PRC < 5 pg/mL 68

PRC > 5 pg/mL 88

PRA < 0.3 ng/mL/h 59

PRA 0.3-3.3 ng/mL/h 86

PRA > 3.3 ng/mL/h 87

DC%: diagnostic concordance; ARR: aldosterone/plasma renin activity ratio; ARC: aldosterone/
plasma renin ratio; PRC: plasma renin concentration; PRA: plasma renin activity. 

DISCUSSION

In our control group, the cut-off value for ARR was 
set at 36. ARR may be significantly modified by a de-
crease in PRA levels, which does not necessarily imply 
the presence of autonomous ALD secretion; therefore 
many authors only take into account the ARR value 
when serum ALD levels exceed a specific concentra-
tion (8,9,13). Thus, we required an ALD concentration 
≥ 15 ng/dL as a further requisite for applying ARR 
in our hypertensive patients. According to these crite-
ria, the estimated PA prevalence would be 3.2%, but 
this percentage is most probably not representative of 
the true PA prevalence, since confirmatory tests could 
be performed only in 8/31 patients with ARR ≥ 36. 
Unfortunately, 23/31 patients with ARR ≥ 36 did not 
return to perform these tests – despite being repeatedly 
called for this purpose. Nevertheless, the percentage we 
found in our study is still higher than the previously 
reported one (0.82%) in a population of Buenos Aires, 
where the screening for PA was based on the criteria of 
hypertension and hypokalemia (14). 

ARR is widely used as a screening test for PA in 
hypertensive patients. However, its results may be mo-
dified by factors such as patient selection, sampling con-
ditions, sample storage and processing, absence of stan-
dardized laboratory methods and variations in PRA and 
ALD due to geographical location and ethnicity (13-
18) – leading to difficulties in establishing a universal 
cut-off value. Thus, published reports show a wide ran-
ge of ARR cut-off levels – between 20 and 100, althou-
gh most authors report values between 25 and 40 (3). 



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

446

Aldosterone/renin ratio in Argentina

Arch Endocrinol Metab. 2015;59/5

as reported in the PAPY study, where a higher prevalen-
ce of hypokalemia was shown in subjects with adenoma 
(48%) than in those with hyperplasia (17%) (21).

Regarding PRC determination, this methodology 
has many advantages over PRA (33,34): less demanding 
preanalytical conditions (serum vs. plasma), shorter in-
cubation times and direct measurement of the renin 
molecule, which makes it more applicable to the clini-
cal diagnostic laboratory and less operator-dependent, 
narrowing interlaboratory coefficients of variation. This 
method is calibrated against the WHO standard IRP 
68/356 (NIBSC), which ensures traceability. Additio-
nally, in recent years automated methodology for PRC 
measurement has been developed. The disadvantages in-
clude greater prorenin cryoactivation effects and less sen-
sitivity when measuring low renin concentrations (35). 
Since PRC and ALD/renin ratio have been proposed for 
PA screening (4,5), we determined PRC in a subgroup 
of randomly selected controls and hypertensive patients. 

PRC and PRA results have a significant correlation 
in subjects with PRC values ranging between 5 and 20 
pg/mL (p < 0.001). A significant correlation was also 
found between ARR and ARC both in controls and 
hypertensive patients (p < 0.0001).

PRA and PRC are not comparable in absolute values 
because PRC measures renin concentration, while PRA 
measures enzyme activity and their results are expressed 
in different units. When comparing ARR vs. ARC, the 
diagnostic concordance of values above or below 36 or 
2.39 for ARR and ARC respectively, was 79.1%. Our 
comparative analysis of ARR and ARC data shows that 
DC% is acceptable only for PRA values ≥ 0.3 ng/mL/h 
(86%) and PRC ≥ 5.0 pg/mL (88%). 

In conclusion, this first multicenter prospective stu-
dy performed in Argentina establishes a cut-off value 
for ARR in our population. In hypertensive patients, 
we consider ARR ≥ 36 along with ALD ≥ 15 ng/dL, 
as suspicious for PA. Applying an ARR ≥ 36 in the 
hypertensive group, and even taking into consideration 
that confirmatory tests could not be performed in all 
hypertensives with ARR ≥ 36, we found that PA was 
confirmed in a higher percentage of patients than the 
previously reported one in our population. As for ARC, 
further studies are needed for its clinical application, 
since the diagnostic concordance between ARR and 
ARC is acceptable only for medium range renin values.

Fundings: this research did not receive any specific grant from any 
funding agency in the public, commercial or not-for-profit sector. 

Disclosure: no potential conflict of interest relevant to this article 
was reported.
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Relationship between mean platelet 
volume and vitamin D deficiency 
in gestational diabetes mellitus

Esra Bahar Gur1, Muammer Karadeniz2, Mine Genc1, Fatma 
Eskicioglu3, Murat Yalcin4, Irem Hepyilmaz1, Serkan Guclu1

ABSTRACT
Objective: To investigate whether vitamin D deficiency is associated with high mean platelet vol-
ume (MPV) in pregnancies diagnosed with gestational diabetes mellitus (GDM) compared to healthy 
pregnancies. Subjects and methods: This study included 200 pregnant women. 25-hydroxyvitamin 
D3 (25(OH)D3) and MPV values were monitored between pregnant women with GDM and normal glu-
cose metabolism. Correlation between 25(OH)D3 and MPV was calculated both in GDM and healthy 
pregnancies. Both 25(OH)D3 level in different MPV percentile (≤ 50, 50-75, 75-90, ≥ 90 percentile) and 
MPV value in different 25(OH)D3 level (≤ 10, 10-20, ≥ 20 ng/mL) were calculated. Results: Low 25(OH)
D3 level and high MPV were observed both in GDM group (p = 0.007, p = 0.06, respectively) and in 
glucose metabolism disorders (GMD) group (p = 0.03, p = 0.04, respectively). There was no significant 
relationship between 25(OH)D3 and MPV in healthy pregnancies. Whereas, it is observed that there 
is a negative, but statistically insignificant correlation between MPV and 25(OH)D3 pregnant women 
with GMD (r = 0.1, r = -0.7, respectively). MPV values had significantly higher in vitamin D deficient 
group than pregnant women with normal 25(OH)D3 level in GMD group (p = 0.04). The optimal 25(OH)
D3 cut off point for predicting future cardiovascular risk was 10.4 ng/ mL (area under curve (AUC) = 
0.58). Conclusions: Vitamin D deficiency may contribute to an increased risk for future cardiovascu-
lar diseases and a risk of thrombotic complications in pregnant women with GDM. Arch Endocrinol Metab. 
2015;59(5):448-54

Keywords
Gestational diabetes mellitus; vitamin D deficiency; mean platelet volume

INTRODUCTION

G DM is defined as glucose intolerance that is first 
recognized during pregnancy and confers a 4‐ to 

7‐fold greater risk of incident type 2 diabetes mellitus 
with an increased risk of developing the metabolic syn-
drome in midlife (1-3). A previous history of GDM not 
only increases a woman’s risk of future metabolic dis-
ease, but has been linked to elevated heart disease risk 
in women as well (4,5). Studies have reported a 66% 
to 85% higher risk of cardiovascular diseases, including 
coronary artery disease, myocardial infarction, and/or 
stroke in women who have a history of GDM (6).

Longitudinal studies have demonstrated increased 
cardiovascular mortality and morbidity associated with 
vitamin D deficiency. Low vitamin D levels have been 
linked to inflammation, higher coronary artery calcium 
scores, impaired endothelial function, and increased 
vascular stiffness (7-9). Furthermore, there is an increa-
sing interest in the relationship between vitamin D and 

GDM. Several studies have reported lower vitamin D 
levels in women with GDM, but the underlying mecha-
nism between vitamin D and GDM is unclear (10-13).

Altered platelet morphology and function have been 
reported in patients with metabolic syndrome, stroke, 
and diabetes mellitus. Recent studies have demonstrated 
that an increase in MPV has been documented in pa-
tients with GDM and increased MPV is now emerging 
as an independent risk factor for future thromboembo-
lism and myocardial infarction (14,15). Furthermore, 
new evidence has suggested that vitamin D may play an 
important role in preventing platelet activation as well 
as decreasing fibrinolysis and thrombosis. Thus vitamin 
D deficiency may lead to an increased MPV (16). In 
a new study it has been demonstrated that there is a 
strong association between a low vitamin D level and a 
high MPV in healthy volunteers (17). 

Although most women maintain a normal platelet 
count throughout gestation in normal pregnancy, the 
normal range of platelet counts decreases. Increased 
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blood volume, an increase in platelet activation, and in-
creased platelet clearance all contribute to a “physiolo-
gic” decrease in the platelet count. Furthermore, MPV 
and platelet count show an inverse relationship. Avera-
ge platelet size is larger when an increase in platelet pro-
duction occurs. Thus, platelet lifespan declines and the 
MPV increases minimally during pregnancy (18,19). 

In this study we aimed at assessing the relationship 
between the MPV value and vitamin D level of preg-
nant women with GDM in order to determine whether 
vitamin D deficiency in GDM may be a risk factor for 
future development of cardiovascular diseases.

SUBJECTS AND METHODS

This present study was approved by the local ethical 
committee at the Sifa University. Written participation 
consents were obtained, and the procedures followed 
were in accordance with the Helsinki Declaration of 
1975 (revised in 2008). Data were collected between 
May 2012 and November 2012. 

During the study period, there were 142 vaginal and 
204 caesarean section deliveries in our clinic. Female 
volunteers at 24-28 weeks of pregnancy were evaluated 
for the study (source population, n = 297). Subjects 
with diabetes mellitus, hypertension, anemia, haemo-
globinopathy, chronic liver disease, chronic renal disea-
se, rheumatic disease, gastrointestinal diseases with ma-
labsorption, subjects who smoked, as well as subjects 
on chronic medical therapy and with other chronic di-
seases were excluded from the study. Pregnant women 
who were on calcium and vitamin D supplements were 
also excluded from the study. Two hundred patients 
who met the criteria were enrolled in the study.

Body mass index (BMI (weight (kg)/height (m)²) 
was calculated by measuring the height and the body 
weight at the sample time. 

The participants were questioned about their fre-
quency of exposure to sunlight (between 10:00 to 
15:00 h) in terms of number of days of exposure in a 
week, not less than 30 minutes. 

The participants were questioned about their clo-
thing style. Covered clothing style was defined as clo-
thing covering all body parts except for the hands and 
face.

In our study, all pregnant women in the 24th-28th 
week of pregnancy were screened for GDM. The cri-
teria used for the diagnosis of GDM were defined in 
the National Diabetes Data Group (NDDG) (18).  

A one hour-50 gr oral glucose challenge test (GCT) 
was applied to all pregnant subjects regardless of their 
fasting conditions. After a fasting of 8 hours and be-
tween 8:00-9:00 AM, a 3-hour 100 gram oral glucose 
tolerance test (OGTT) was applied to pregnant sub-
jects whose GCT is ≥ 140 mg/dL. Fasting blood glu-
cose (FBG) and glucose levels at the 1st, 2nd, and 3rd 
hour were controlled. Patients exhibiting one of the 
following high values were diagnosed with impaired 
glucose tolerance (IGT): FBG ≥ 105 mg/dL, 1st hour 
≥ 190 mg/dL, 2nd hour ≥ 165 mg/dL, 3rd hour ≥ 145 
mg/dL. Those with a minimum of 2 high values were 
diagnosed with the GDM. IGT and GDM groups were 
addressed as glucose metabolism disorders (GMD) in 
the gestation period (20). 

In all cases, platelet count and MPV were performed 
as part of each full blood count. Samples were taken by 
antecubital venipuncture into tubes containing tripo-
tassium ethylenediaminetetraacetic acid (EDTA). All 
samples were analyzed by using an automated analy-
zer (Sysmex SE 9500; Roche, Indianapolis, IN). The 
samples were rapidly processed (within less than 1 h) 
in order to minimize platelet swelling in the test tubes. 
MPV reference range was determined as 7.8–11.0 fl. 
Strict quality control procedures were adopted; Tri-Le-
vel Controls and external quality assurance programs 
were used on a regular basis to ensure the accuracy and 
precision of the instrument.

The best indicator of vitamin D status is the serum 
25(OH)D3 concentration, because it reflects both die-
tary intake from vitamin D and cutaneous synthesis of 
vitamin D. Therefore we examined the serum 25(OH)
D3 concentration. Serum 25(OH)D3 level was analy-
zed with ELISA (EUROIMMUN, D-23560 Lübeck, 
Seekamp 31, Germany) method. There is no absolute 
consensus as to what a normal range for 25(OH)D3 

should be in pregnancy. In recent years, most authors 
agree that vitamin D deficiency in pregnancy should be 
defined by a 25(OH)D3 level of ≤ 20 ng/mL and vi-
tamin D insufficiency should be defined by a 25(OH)
D3 ≥ 20 to < 32 ng/mL (21). But, when we look at 
our regional data, we have seen that vitamin D levels 
of pregnant women were significantly lower than the 
international values (22,23). Furthermore, only six of 
200 pregnant women (3%) had vitamin D level more 
than 32 ng/mL in our study. Therefore, we accepted 
the value range for vitamin D deficiency is ≤ 10 ng/mL 
and for vitamin D insufficiency is > 10 to ≤ 20 ng/mL 
like national studies (Figure 1). 
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Souce population (24-28 weeks 
gestation in pregnant women)

n = 297

Eligable participants screened 
for vitamin D, MPV and 50 g 

GCT

n = 200

Normal glucose metabolism

n = 167

Impaired glucose tolerance (IGT), 
one value was abnormal

n = 17

Gestational Diabetes Mellitus 
(GDM), minimum two value was 

abnormal

n = 16

Pregnant women chosen 
according to inclusion criteria

If was GCT ≥ 140 mg/dL, 100 g 
OGTT was applied

Figure 1. Represents a flow chart of the study design. (IGT + GDM = Glucose metabolism disorder – GMD – group, n = 33).

Statistical analysis

Statistical analysis was performed by using SPSS (15.0) 
for Windows. The mean ± SD was used for parameters 
that were normally distributed. The median was used 
for groups that were not distributed normally. To ex-
amine the differences between groups, one-way analysis 
of variance was used with the Duncan pairwise com-
parison of means. The Kruskal-Wallis test, followed by 
the Mann-Whitney U-test with the Bonferroni correc-
tion for multiple comparisons was used for data that 
did not fulfill the assumptions required for the analysis 
of variance. Pearson’s correlation coefficient was used 
for evaluating the relationships between MPV and 
25(OH)D3 in normal glucose metabolism and glucose 
metabolism disorders groups. Because the goodness-
of-fit tests for normal distribution of the MPV showed 
that the MPV was not normally distributed (P, 0.01), 
the median (interquartile) for MPV was used in the 
descriptive analyses. ANOVA test was used to investi-
gate whether the MPV value has changed in different 
levels of 25(OH)D3. Receiver operating characteristic 
(ROC) curve analysis was used for determining the dis-
criminating 25(OH)D3 cut off value in order to predict 
the future cardiovascular risk in the GDM group. The 
MPV value   indicating future cardiovascular risk was 
considered to be 8.7 fl (24). A p value of 0.05 was con-
sidered to be statistically significant. 

RESULTS

A total of 200 pregnant women who met the inclusion 
criteria were enrolled in the study out of a total popula-
tion of 297. 

Basic characteristics of gestational groups with and 
without gestational glucose metabolism disorder are 
presented in table 1. The 25(OH)D3 level and platelet 
count were significantly low in the GDM group (p = 
0.007, p = 0.01). Twenty three (13.7%) pregnant wo-
men with normal glucose metabolism and 15 (45.4%) 
pregnant women with GMD had vitamin D deficiency. 
MPV was higher in the GDM group than the IGT and 
normal glucose metabolism group, but it was not sta-
tistically significant (p = 0.06). However, when consi-
dered together with the IGT and GDM group as well 
as the GMD group, a low 25(OH)D3 level and high 
MPV value were found in the GMD group (p = 0.03, p 
= 0.04, respectively). 

When considering the percentile groups separated 
(MPV ≤ 50, 50-75, 75-90, ≥ 90), there was no diffe-
rence observed for 25(OH)D3 levels in pregnant wo-
men with normal glucose metabolism (p = 0.3). When 
the same analysis was performed in pregnant women 
with GMD, there was an inverse relationship observed 
between 25(OH)D3 levels and MPV percentile, howe-
ver these data did not reach statistical significance (p = 
0.07; Table 2). 
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Table 1. Characteristics, vitamin D level and hematologic parameters of normal glucose metabolism and glucose metabolism disorders groups (mean ± SD)

Normal 
glucose 

metabolism
n = 167

IGT
n = 17

GDM
n = 16 P1 GMD

n = 33 P2

Age (yr) 28.7 (5) 28.2 (3.6) 29 (3.1) 0.08 28.4 (3.0) 0.6

Gestational week 24.9 (0.9) 24.8 (1) 24.9 (0.9) 0.2 24.8 (1) 0.9

BMI 26.6 (3.5) 26.8 (3.1) 27.1 (3.6) 0.8 26.9 (3.5) 0.4

Sun exposure, ≥ 3 day/week and ≥ 30 min/day n,% 54, 32.3 6, 35.3 5, 31.2 0.7 12, 36.3 0.8

Covered clothing style n,% 82, 49.1 9, 52.9 9, 56,2 0.09 18, 54.5 0.06

Mean vitamin D level (ng/mL) 21.6 (10.7)a 20.9 (14.3)a 15.5(16.1)b 0.007 17.1 (15.3) 0.03

Vitamin D deficiency (≤ 10 ng/mL) (n, %) 23, 13.7a 8, 47b 7, 43.7b < 0.01 15, 45.4 < 0.01

Vitamin D insufficiency (10-20 ng/mL) (n,%) 88, 52.6a 5, 29.4b 6, 37.5b < 0.01 11, 33.3 < 0.01

Normal level (≥ 20 ng/mL) (n, %) 56,33.5a 3, 17.6b 4, 25c 0.05 7, 21.2 0.04

MPV (fL) 9.6 (1) 9.8 (0.7) 10.9 (1) 0.06 10.5 (0.9) 0.04

Hb (g/dL) 12 (1) 11.8 (1) 12.1 (0.8) 0.3 12 (0.9) 0.4

Platelets (×109/L) 235 (52)a 248 (74)b 228 (34)c 0.01 234 (42) 0.7

IGT: impaired glucose tolerance, GDM: gestational diabetes mellitus, GMD: glucose metabolism disorders, MPV: mean platelet volume, BMI: body mass index, Hb: hemoglobin. p < 0.05 is statistically 
significant. P1: the relationship between normal glucose metabolism, IGT and GDM groups, P2: The relationship between normal glucose metabolism and GMD group. The results demonstrating 
statistically significant difference was shown with different superscripts.

Table 2. Vitamin D level by MPV quartile

MPV quartile (MPV, n)

Mean vitamin D level in normal 
glucose metabolism

n = 167  
(±SD, %95 confidence interval)

P1 MPV quartile (MPV, n)
Mean vitamin D level in GMD

n = 33
 (±SD, %95 confidence interval)

P2

≤ 50 percentile  (9.8, 103) 19.9 (10.3, 18-21.9)

0.3

≤ 50 percentile ( 9.6, 7) 20.7 (10.1, 16-21.7)

0.07
50-75 percentile  (10.5, 36) 22.5 (10.6, 19.4-25.7) 50-75 percentile  (10.8, 12) 19.9 (11.2, 17.2-23)

75-90 percentile (11.3, 24) 23 (12.9, 18.4-27.5) 75-90 percentile (12, 10) 17.4 (9.9, 16-19.9)

≥ 90 percentile (12.2, 4) 23.2 (9, 17.7-28.7) ≥ 90 percentile (12.5, 4) 16.1 (10.3, 15.8-19)

P values were obtained by ANOVA. P1: In pregnant women with normal glucose metabolism, P2: In pregnant women with glucose metabolism disorders (IGT+GDM = GMD) group. MPV: mean platelet 
volume. P < 0.05 is statistically significant.

Table 3. Correlations of MPV and vitamin D in normal glucose metabolism and glucose metabolism disorders groups

Normal glucose metabolism 
n = 167

Glucose metabolism disorders (IGT+GDM)
n = 33

MPV – Vitamin D correlation coefficient (r) r = 0.1 r = -0.7

p 0.6 0.06

IGT: impaired glucose tolerance, GDM: Gestational diabetes mellitus, MPV: mean platelet volume. Pearson correlation test was used. P < 0.05 is statistically significant.

In addition, there was a weak and statistically insig-
nificant correlation between MPV and 25(OH)D3 in 
pregnant women with normal glucose metabolism (r = 
0.1, p = 0.6). Nevertheless, there was a negative corre-
lation with MPV and 25(OH)D3 in pregnant women 
with complicated GMD, but these values did not reach 
statistical significance (r = -0.7, p = 0.06; Table 3). 

When examining 25(OH)D3 levels by dividing 
them among deficiency, insufficiency, and normal, 
the MPV values observed did not differ significantly 
in women with normal glucose metabolism (p = 0.9).  

On the other hand, MPV values were significantly hi-
gher in the vitamin D deficient group than pregnant 
women with normal 25(OH)D3 levels in the GMD 
group (p = 0.04; Table 4). 

The prognostic value of the 25(OH)D3 level was 
determined by using ROC curves in the GDM group 
(Figure 2). MPV value   indicating future cardiovascular 
risk was considered to be 8.7 fl (24). Based on ROC 
curve analysis, the optimal cut off points for predic-
ting future cardiovascular risk was 10.4 ng/mL (AUC 
= 0.58).
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Table 4. MPV level in pregnant women with different vitamin D level

Vitamin D deficiency
(≤ 10 ng/mL)

Vitamin D insufficiency
 (10-20 ng/mL)

Normal level
(≥ 20 ng/mL) P

Normal glucose metabolism

n = 167

MPV (mean ± SD) 10.0 (1)

n = 23

9.8 (0.8)

n = 88

9.9 (0.9)

n = 56

0.9

Glucose metabolism disorders 
(IGT+GDM)

n = 33

MPV (mean ± SD) 12.1 (1.1)a

n = 15

10.5 (1)b

n = 11

9.7 (0.8)b

n = 7

0.04

First line = pregnant women with normal glucose metabolism, second line = pregnant women with glucose metabolism disorders (IGT+GDM). MPV: mean platelet volume. ANOVA test was used. P 
< 0.05 is statistically significant. The results demonstrating statistically significant difference was shown with different superscripts.

Figure 2. ROC plot to predict the presence of future cardiovascular risk in 
GDM group. The optimal vitamin D cut off point for predicting future 
cardiovascular risk was 10.4 ng/mL (AUC = 0.58) (MPV value indicating 
future cardiovascular risk was considered as 8.7 fl).

ROC Curve

1 – Specificity
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DISCUSSION

In this study, we demonstrated that there is a correla-
tion between low 25(OH)D3 level and high MPV in 
pregnant women with GDM at the first time. 

GDM is a significant but frequently neglected pro-
blem for the future health of the mother. Women with 
a history of GDM have an increased risk of cardiovas-
cular diseases. It is suggested that GDM is a risk factor 
for long-term cardiovascular morbidity independent of 
pre-pregnancy obesity, race, parity, and age in recent 
studies with a large cohort (25,26). Furthermore, it 
has been shown that during the intervening years af-
ter delivery the risk of early subclinical atherosclerosis 
starts before the onset of diabetes and the metabolic 
syndrome (27). Some studies have reported vascu-
lar endothelial dysfunction, increased serum levels of 
endothelial dysfunction, and inflammatory markers in 
women having an history of GDM but currently free 
from metabolic abnormalities (28). However, all preg-

nant women with complicated GDM do not have the 
same level of cardiovascular morbidity risk. In this stu-
dy, it is argued that an increase in the risk of future 
cardiovascular morbidity in women with GDM might 
be associated with additional co-factors. 

Circulating markers of systemic inflammation, such 
as C-reactive protein or interleukin-6, markers of endo-
thelial dysfunction, such as E-selectin or vascular adhe-
sion molecule-1, inhibitors of the fibrinolytic system, 
such as Plasminogen activator inhibitor-1, and markers 
of platelet dysfunction, such as MPV, have been studied 
as a predicting marker of future cardiovascular diseases 
risk (29-31). However, none of the aforementioned 
markers have a high sensitivity in predicting the risk 
of future cardiovascular disease in women with GDM. 
Our study was based on the increased MPV value’s abi-
lity to predict the risk of future coronary disease. 

It has been claimed that MPV is higher in pregnant 
women with GDM, and that high MPV could de-
monstrate an increase in the risk for current and future 
thrombotic complications (14,15). In our study, we 
observed higher but statistically insignificant MPV in 
pregnancies with GDM (p = 0.06). On the other hand, 
when considered together with the IGT and GDM 
group as well as the GMD group, there was a signifi-
cant relationship between two groups (p = 0.04). This 
condition may be due to the small number of GDM 
patients when compared to the control group. 

Platelet activity has been associated with acute vas-
cular events. The use of anti-platelet agents is a class 
I recommendation for treatment and secondary pre-
vention in patients with coronary artery disease (32). 
Although the precise biological pathways by which 
elevated MPV might influence the development or 
progression of cardiovascular disease are not comple-
tely understood, larger platelets are metabolically more 
active than smaller platelets. Recently, a large-scale me-
ta-analysis showed that elevated MPV is associated with 
AMI mortality following myocardial infarction, as well 
as restenosis after coronary angioplasty (32). Based on 

1.0

0.8

0.6

0.4

0.2

0.0
0.0 0.2 0.4 0.6 0.8 1.0



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

453

Vitamin D deficiency and gestational diabetes

Arch Endocrinol Metab. 2015;59/5

these data, researchers suggested that MPV is a poten-
tially useful prognostic biomarker in patients with car-
diovascular disease. But, there is not an absolute MPV 
value for predicting future cardiovascular risk. Various 
thresholds (i.e., ≥ 7.3 to ≥ 9.9 fL) have been used for 
defining high MPV. In our study, we want to evaluate 
the role of low 25(OH)D3 in predicting cardiovascular 
risk using a MPV cut-off, which was found in a national 
study. Based on this we accepted 8.7 fl. for the MPV 
cut-off value, which is a predicting value for moderate 
cardiovascular risk in Ekici and cols.’s study (24). Ac-
cording to the ROC curve analysis result, the optimal 
cut off points of 25(OH)D3 for predicting future car-
diovascular risk was found to be 10.4 ng/mL (AUC = 
0.58). 

Similar to recent studies, our study showed a sig-
nificant increase in prevalence of vitamin D deficiency 
in women with GMD when compared to the controls 
(p < 0.01) (12). There are several mechanisms propo-
sed for explaining the association between vitamin D 
insufficiency and risk of GDM. It is suggested that a 
low serum vitamin D decrease in β-cell function, insulin 
sensitivity in pancreatic β-cells, and vitamin D insuf-
ficiency may lead to inadequate intracellular cytosolic 
calcium, which is essential for insulin-mediated intra-
cellular processes and glucose regulation in peripheral 
cells (30). But, the effect of vitamin D deficiency on 
increased risk of cardiovascular disease in GDM has not 
been investigated extensively. Whereas some pathologi-
cal changes associated with vitamin D deficiency, such 
as systemic inflammation, calcium storage in coronary 
artery, impaired endothelial function and platelet acti-
vation, may contribute to the increase in cardiovascular 
injury in GDM (9). We found that MPV values were 
significantly higher in the vitamin D deficient group 
than pregnant women with normal vitamin D levels in 
the GMD group (p = 0.04). However, the same re-
lationship was not observed in pregnant women with 
normal glucose metabolism (p = 0.9).

There are two studies in literature investigating the 
relationship between MPV and vitamin D. In the first 
study, it is demonstrated that there is a strong associa-
tion between a low 25(OH)D3 level and a high MPV 
in 438 healthy volunteers. In the second study, it is de-
monstrated that patients with primary ovarian insuffi-
ciency (43 patients) had high MPV and low 25(OH)D3 
levels (17,33). Based on this data, researchers claimed 
that the low level of 25(OH)D3 could increase the risk 
of thrombosis and atherosclerosis in primary ovarian 

insufficiency. Although we used multiple different sta-
tistical methods, we did not find a relationship between 
25(OH)D3 and MPV in pregnant women with normal 
glucose metabolism in our study.  

This study has several limitations. First, the num-
ber of enrolled patients was inadequate for reflecting 
the general population. The aim of the initial study was 
to select normal and GDM women at the beginning, 
so the statistical evaluation could be more appropriate. 
However, during the period of the study, the number 
of pregnant women admitted to our clinic was not high 
enough for such a cross-sectional study. Second, the 
platelet indices have been shown to be sensitive to the 
differences in blood sample anticoagulation, storage 
temperature, and delays in processing. In particular, the 
time-dependent swelling of platelets in samples anticoa-
gulated with EDTA can result in an artificial increase of 
MPV and misinterpretation of prothrombotic changes. 
It was demonstrated that, after the first hour of sam-
pling, MPV values of EDTA samples were at least 9% 
higher than those of citrated samples (34). Although 
MPV measurement was performed within the first hour 
in our study, citrate was used as an anticoagulant so 
doubts about the EDTA might be unfounded. On the 
other hand if MPV evaluation is a simple, inexpensive, 
and widely available predicting test for cardiovascular 
risk, to use EDTA in research as a routine practice may 
be a reasonable approach. Thus, in a meta-analysis of 
26 studies, EDTA was used in most of the studies, and 
it has been proposed that the EDTA-citrate difference 
should be ignored (35). Third, the level of 25(OH)D3 
is affected by seasonal changes. Blood sampling for our 
study coincided with the summer and autumn period 
where the level of 25(OH)D3 is expected to be higher. 
Although we have shown that there was no significant 
difference in the duration of sun exposure between the 
groups, a one-year study period would be more appro-
priate to assess seasonal differences. As a result, further 
studies with a better design, multi-centered, and with a 
long study period are needed to validate our findings. 
Additionally, MPV is not the only indicator for future 
cardio vascular risk, and classic risk factors should not 
be ignored. The cut-off value of MPV that we used for 
ROC analysis is also not supported by other studies.

In summary, vitamin D deficiency may be a contri-
buting factor to future risk of cardiovascular disease in 
pregnant women with GDM. Ensuring adequate levels 
of 25(OH)D3 in pregnant women with GDM may re-
duce the severity of injury created by hyperglycemia. It 



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

454

Vitamin D deficiency and gestational diabetes

Arch Endocrinol Metab. 2015;59/5

is recommended that this important issue for the long-
term health of pregnant women with GDM be investi-
gated in future studies.

Disclosure: no potential conflict of interest relevant to this article 
was reported.
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Regression of orbital brown 
tumor after surgical removal 
of parathyroid adenoma

Felipe Martins de Oliveira1, Tiago Eidy Makimoto1, Nilza Maria Scalissi1,  
Marília Martins Silveira Marone1, Sergio Setsuo Maeda1 

SUMMARY
Brown tumors are rare skeletal manifestations that occur in less than 2% of primary hyperparathyroi-
dism (PHPT) cases. Even rarer is the occurrence of brown tumor of the orbit, and few cases have been 
reported around the world. The rare instance of this benign tumor has prompted us to report the case 
and treatment of an orbital brown tumor in a patient with PHPT caused by parathyroid adenoma. We 
present the case of a patient undergoing follow-up at a referral center. The 60-year-old female patient, 
presented herself with progressive swelling in the nasal region, epistaxis and proptosis, she had 
noticed seven months prior to our examination. Multiple imaging and laboratory findings revealed 
parathyroid hormone (PTH)-dependent hypercalcemia (total calcium = 14.3 mg/dL and PTH = 1,573 
pg/mL), a nodular lesion in the upper pole of the left thyroid lobe and increased uptake in left upper 
cervical region. The patient underwent left superior parathyroidectomy in September 2011, which 
led to the normalization of hypercalcemia and regression of the orbital tumor, as seen on control CT 
scan. This case highlights the spontaneous regression of the brown tumor after surgical management 
of the parathyroid adenoma. Arch Endocrinol Metab. 2015;59(5):455-9
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CASE REPORT

W e report the case of D.O., a 60-year-old female 
patient, born and raised on Itaparica Island in 

Bahia, Brazil, who sought the Department of Otorhi-
nolaryngology at the Santa Casa de São Paulo Hospi-
tal in 2011 with progressive swelling in the nasal re-
gion, frequent epistaxis and proptosis she had noticed 
seven months prior to our examination. The patient 
complained of polyuria, constipation and chronic fati-
gue, symptoms that coincided with mass growth. The 
patient denied weight loss or history of renal colic or 
fractures. On physical examination, no palpable cervical 
masses were noted.

A CT scan of the paranasal sinuses performed on 
August, 2011 (Figure 1), revealed a 8.1 x 6 x 5.1 cm 
solid mass in the left nasal cavity. Total obstruction 
of the structure, deformity of the superior and late-
ral portions of the nasal pyramid, and marked con-
cavity of the medial wall of the maxillary antrum and 
left orbital floor were observed. The entire lesion 
showed intense heterogeneous enhancement after 
contrast infusion. Further investigation also revealed 
“salt and pepper” appearance of the skull (as seen at  
plain X-ray in Figure 2).

Biopsy of the nasal cavity lesion performed on Au-
gust, 2011, proved it to be a proliferative process with 
unevenly distributed multinucleated giant cells, fibro-
blastic stroma, hemorrhage and hemosiderin-laden ma-
crophages, with no evidence of malignancy. Histopa-
thological findings were indicative of giant cell tumor, 
reparative granuloma and hyperparathyroidism.

Figure 1. Coronal CT scan shows large mass in left nasal cavity.
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Based on the results of the biopsy, tests were car-
ried out as described in table 1. The patient was then 
referred to Endocrinology Section with a suspicion of 
primary hyperparathyroidism. Ultrasonography of the 
kidneys and urinary tract revealed loss of corticome-
dullary differentiation, preserved renal volume and bi-
lateral multiple hyperechoic foci throughout the paren-
chyma (consistent with calcifications). No signs of renal 
or ureteral lithiasis were found. Osteoporosis was later 
detected by bone density testing (August, 2011), with 
dual-energy X-ray absorptiometry (DXA – LUNAR 
Prodigy – GE) (Table 2).

Cervical ultrasonography performed on the patient 
to locate the parathyroid tumor, revealed a nonspecific 
mass in the left tracheoesophageal groove, consistent 
with a level VI lymph node, and enlargement of para-
thyroid and extraglandular thyroid tissue. Supplemen-

tary CT scan of the neck showed a 3.8 x 1.4 x 1 cm 
nodule in the upper pole of the left thyroid lobe. A 
sestamibi parathyroid scan (Figure 3) showed increased 
uptake in the upper left cervical region.

Figure 2. Plain X-ray exhibiting “salt and pepper” appearance of the skull.

Table 2. Patient’s bone mineral density evolution 

Region August/2011 January/2013

BMD* 
(g/cm2)

T-score 
(SD**)

BMD* 
(g/cm2)

T-score 
(SD**)

Lumbar spine  
(L1 - L4)

0.851 - 2.8 0.975 - 1.8

Femoral neck 0.815 - 1.6 0.988 - 0.4

Total femur 0.834 - 1.4 0.980 - 0.2

* BMD: bone mineral density. ** SD: standard deviation.

Table 1. Patient’s pre- and postoperative laboratory tests 

Test Preoperative Postoperative

Serum calcium  
(RR*: 8.6-10.0 mg/dL)#

13.6 8.3

Parathormone  
(RR: 14-72 pg/mL)**

1,573 97

Alkaline phosphatase 
(RR: 70-290U/L)#

2,050 66

Phosphorus  
(RR: 2.8-4.1 mg/dL)#

2.2 ---

Creatinine  
(RR: 0.6-1.3 mg/dL)#

0.9 ---

25-hydroxyvitamin D 
(RR: > 30 ng/mL)**

--- 46.8

# Colorimetric assay. * RR: reference range. **Chemiluminescent assay (IMMULITE 2000, 
Siemens).

Figure 3. Sestamibi scintigraphy showing increased uptake in left superior 
parathyroid gland.

The patient underwent left superior parathyroidec-
tomy on September, 2011. Histopathological exami-
nation confirmed monomorphic proliferation of chief 
cells, without atypia, arranged in insular and pseudoaci-
nar pattern, suggestive of parathyroid adenoma. Lym-
ph node resection was not performed. 

A significant decline in serum calcium concentration 
was observed. On her last follow-up examination, the 
patient was on 1,500 mg/day of calcium carbonate, 25 
mg/day of hydrochlorothiazide and 20,000 UI/week 
of cholecalciferol. The last bone mineral densitometry 
(January, 2013) exhibited improvement in bone mass, 
as seen in table 2 (+ 15% in L1-L4 and + 18% in to-
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tal femur). Another CT scan of the sinuses (October, 
2013), revealed spontaneous regression of the brown 
tumor (Figure 4).

of the introduction of routine serum calcium measure-
ments in developed countries, PHPT has evolved to a 
disorder that is asymptomatic in most patients.

Long-term increased secretion of PTH enhances 
bone mobilization through rapid osteoclast turnover 
and contributes to the formation of brown tumors, also 
called osteitis fibrosa cystica (a reparative cellular process 
and not a true neoplasm), which commonly affects the 
ribs, clavicle, tibia, femur and pelvic girdle (5,9). The 
term brown tumor is derived from the characteristic 
appearance of brownish material within the cystic lesion. 
This appearance is due to blood pigments that are both 
free and within hemosiderin-laden macrophages (10).

Skeletal manifestations in the form of brown tumors 
are rare and occur in less than 2% of cases of primary 
hyperparathyroidism (11,12), but more predominan-
tly in secondary hyperparathyroidism. Brown tumors 
have rarely been described as involving the orbital and 
maxillofacial bones, and few cases have been reported 
around the world (6,8). Due to the paucity of reports 
describing the atypical location of brown tumors, we 
feel it is of interest to compare data compiled previously 
with what we report in this article. Bahrami and cols. 
(10) summarized a series of 15 cases of brown tumors 
in facial bones reported up to 2010, and concluded that 
brown tumors arise more frequently in the mandible 
than in maxilla, are caused mainly by secondary HPT 
(8 patients, whereas only 6 cases were diagnosed with 
PHPT and one with tertiary hyperparathyroidism), 
affect more women than men (13 female patients com-
pared to only 2 male patients) and are most common in 
individuals aged between 20 and 50 years old (8 cases). 

Over 70 different benign, malignant and pseudo na-
sosinusal tumors, have been described and considered 
in the differential diagnosis of brown tumors in facial 
bones. Despite histological variety, approximately 0.8% 
of all human cancers are located in the nasosinusal area, 
representing less than 3% of head and neck cancers. Tu-
mors in this region usually cause unspecific and com-
mon symptoms. Unilateral nasal obstruction, epistaxis, 
facial pain and local infection are the most common 
reported initial symptoms (13). Patients with brown 
tumors in the orbit may have a mass, proptosis, pain, 
diplopia, decreased extraocular motility or decreased 
visual acuity (14). Given the rarity of these tumors, lack 
of symptom specificity and the wide range of differen-
tial diagnoses, advanced imaging studies and precise 
anatomopathological analysis play a crucial role in the 
proper management of each case (13). 

Figure 4. Coronal CT scan shows reduced orbital tumor.

Study approval

This report was approved by the Santa Casa de São 
Paulo Ethics Committee.

DISCUSSION

Hyperparathyroidism may be primary, secondary or 
tertiary. Primary hyperparathyroidism (PHPT) is the 
most common cause of hypercalcemia in ambulatory 
patients (1-3) and accounts for 0.1 to 1% of population 
(inpatients and outpatients) in the United States and 
Europe, with an incidence of 30-150 cases per 100,000 
people per year (4).

The most common cause of PHPT is a parathyroid 
adenoma (> 80%). The remaining cases are due to 
hyperplasia of the parathyroid gland, or parathyroid 
carcinoma in less than 0.5% of cases (5). Most cases of 
primary hyperparathyroidism are sporadic, but there is 
a higher incidence in patients with a history of exposure 
to neck irradiation, and approximately 5% of cases are 
familial (6).

Other possible causes of hypercalcemia must be 
considered in the diagnosis of PHPT. Differential diag-
nosis should include other conditions that cause os-
teoporosis, nephrocalcinosis, hypophosphatemia, and 
hypercalcemia of malignancy. The diagnosis of PHPT 
is confirmed by demonstrating persistent hypercalcemia 
or normal-high serum calcium levels in the presence of 
elevated or inappropriately normal parathyroid hormo-
ne (PTH) concentrations and histological evidence of 
parathyroid adenoma or hyperplasia (7).

Although many systems are affected in primary 
hyperparathyroidism, the most pronounced alterna-
tions are observed in the bone (8). However, as a result 
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Differential diagnoses for nasosinusal tumors inclu-
des: osteoma [most frequent benign tumor of the pa-
ranasal sinuses (15)], stesioneuroblastoma, giant cells 
central granuloma, extramedullary plasmocytoma, an-
giomatoid lesions (glomangioma and nasosinusal he-
mangiopericytoma), neurofibroma, cement-ossifying 
fibroma (13,16,17), osteoblastoma and metastasis (14).

Computed tomography is very important in the 
evaluation of bone extension of the tumor and also 
the site of origin (15). As most giant cell lesions of the 
bone share similar histological features, brown tumors 
must be differentiated from other lytic lesions such as 
giant cell tumors (GCT), reparative granulomas and 
aneurysmal bone cysts (ABC). Giant cell reparative gra-
nulomas consist of multinucleated osteoclast-like giant 
cells, fibrous tissue and reactive bone in a zonal pattern, 
frequently associated with extravasated red blood cells 
(18). In turn, solid ABC have a great fibroblastic, oste-
oblastic and osteoclastic compound (16). Because the 
histology of both GCT and ABC may closely mimic 
that of brown tumors, further investigation of giant cell 
lesions must include accurate measurement of serum 
calcium, phosphorus, alkaline phosphatase and PTH 
levels.

Most authors agree that brown tumors tend to re-
gress spontaneously after diagnosis and treatment of the 
underlying disease (hyperparathyroidism) (19), with 
substantial involution of facial lesions within 6 months 
of successful parathyroidectomy, eliminating the need 
for surgical removal of the facial tumor. This was the 
case with our patient who had brown tumor remission 
after surgical resection of the affected parathyroid. Al-
though surgical resection of brown tumors may not be 
necessary, biopsy of the tumor is a crucial and essential 
step to exclude malignancy and other bone diseases, 
and appears to be indispensable to avoid unnecessary 
extensive operation (20,21).

In general, brown tumors accompanied by severe 
hypercalcemia and significantly elevated PTH levels, as 
those presented above, are suggestive of parathyroid 
carcinoma (22,23), a rare malignancy, with a reported 
incidence of less than 1% of primary hyperparathyroi-
dism cases (22-25). Unlike benign primary hyperpa-
rathyroidism, which is more common in women; pa-
rathyroid carcinoma afflicts men and women equally, 
and the age of presentation is earlier than the mean age 
of patients with benign PHPT (22-25), with frequent 
symptoms of renal and skeletal involvement, and palpa-
ble neck mass (23-25).

Anatomopathological criteria of malignancy alone 
do not make an accurate distinction between primary 
hyperparathyroidism due to adenoma or carcinoma. 
(22). Under macroscopic analysis, malignancy should 
be considered when: tumors are greater than 1.5 cm 
in diameter (22) – or greater than 3-4 cm, according 
to other authors (23), there is adherence to adjacent 
tissues (22,23,26) and invasion of ipsilateral thyroid 
gland, strap muscles, ipsilateral recurrent laryngeal ner-
ve, esophagus and trachea (22,23). The principal his-
tologic features that distinguish parathyroid carcinoma 
from adenoma, identified by Schantz and Castleman 
were the presence of mitosis within parenchymal cells, 
fibrous trabeculae including often thick fibrous bands, 
and capsular and vascular invasion (22,24-26). Despite 
all these criteria, eventually, the only unequivocal proof 
of malignancy is the absence of postoperative remission 
(22) or the presence of metastases (22,24-26). 

It is important to highlight that in cases of palpable 
disease or obvious mass, fine needle aspiration is not 
usually recommended. This is due to the extreme diffi-
culty of differentiating between benign and malignant 
disease on cytology, in addition to the potential for se-
eding of tumor cells (24).

Changes in bone mineral density (BMD) following 
surgical cure in patients with severe disease are usually 
remarkable (27), and are most significant during the 
first year after parathyroidectomy, when the greatest 
gains tend to occur (28). On the other hand, patients 
with asymptomatic disease show a mean increment in 
BMD of 2.9 to 10% at the lumbar spine and 4.1 to 8% 
at the femoral neck in 5 years (27). Thus as a general 
rule, one might infer that, the greater the bone disease, 
the greater the likelihood that bone mass will improve 
postoperatively (28,29).

It is likely that the postoperative changes in BMD 
represent a true anabolic effect (28), the result of this 
postoperative transient phase of uncoupling of the two 
processes (postoperative bone resorption and bone for-
mation) results in an “anabolic window” characterized 
by the refilling of the enlarged remodeling space and 
the subsequent matrix mineralization (30). In many ca-
ses, however, reversal of bone loss is not complete (28).   

In conclusion, we have presented a report descri-
bing the diagnosis, treatment and positive outcome of 
a rare orbital brown tumor case based on current un-
derstanding of primary hyperparathyroidism and that 
was essential for a satisfactory evolution.
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Association between atypical 
parathyroid adenoma and 
neurofibromatosis
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SUMMARY
Primary hyperparathyroidism is a disease characterized by excessive production of parathyroid hor
mone (PTH), which is due to a parathyroid adenoma in 85% of cases. An atypical parathyroid ade
noma, with some histopathological features of parathyroid carcinoma, may be found in some of the 
cases, although it may not fulfill all the criteria for this diagnosis. Neurofibromatosis type 1 (NF1) is 
an autosomal dominant systemic disease that may be associated with hyperparathyroidism. We re
port here the rare combination of a patient with NF1 and clinical manifestations of hyperparathyroid
ism due to an atypical parathyroid adenoma. Arch Endocrinol Metab. 2015;59(5):460-5
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INTRODUCTION

P rimary hyperparathyroidism is a disease character-
ized by excessive production of parathyroid hor-

mone (PTH) (1), which is due to a parathyroid adeno-
ma in 80 to 85% of the cases, or gland hyperplasia in 
15 to 20% of them (2,3). Less than 0.5% of the cases 
are due to parathyroid carcinomas (1). In some cases, 
parathyroid tumors may show some histological char-
acteristics of parathyroid cancer, but they may not be 
enough to establish this diagnosis. These tumors are 
called atypical parathyroid adenomas (3). 

Primary hyperparathyroidism is the third most com-
mon endocrine disease. Prevalence depends on the 
population studied and the detection methods used 
(4), and women between 55 and 75 are the most com-
mon individuals affected by the disease. In relation to 
clinical presentation, most individuals are asymptom-
atic and hypercalcemia is evidenced in routine exams. 
Other cases may present asthenia, nephrolithiasis, os-
teoporosis, and bone fractures (2). Psychiatric changes, 
such as depression, dementia, confusion, and stupor, 
may also be found (4). 

Parathyroidectomy is recommended in all cases of 
symptomatic hyperparathyroidism. In asymptomatic 
hyperparathyroidism, surgery is indicated in the follow-
ing cases: a) serum calcium 1mg/dL above of the nor-

mal range; b) bone densitometry T-score < -2.5 in lum-
bar spine, neck of the femur, total hip, or distal third 
of the radius and/or vertebral fracture in radiography, 
computed tomography (CT), magnetic resonance im-
aging (MRI) or vertebral fracture assessment (VFA); c) 
creatinine clearance < 60 mL/min or urinary calcium > 
400 mg/day, and increased risk of lithiasis, or presence 
of nephrolithiasis or nephrocalcinosis in radiography, 
CT or ultrasound; d) age < 50 years old (5). 

In cases of slight hypercalcemia (serum calcium < 
12 mg/dL) surgery may be carried out without pre-
surgical preparation. Patients with higher serum levels 
should receive an infusion of saline solution, diuretics, 
and bisphosphonates by intravenous route or calcimi-
metics (cinacalcet) as pre-surgical treatment, in order 
to reduce calcium serum levels and the risks of com-
plications associated with severe hypercalcemia, which 
include hypovolemia, acid-base imbalances, and cardiac 
arrhythmia (2).

NF1 is a rare autosomal dominant disease whose 
incidence is estimated in 1 to 3,000/3,500 live births. 
It is caused by a mutation in NF1 gene, which was 
mapped and cloned in the pericentromeric region of 
the chromosome 17q11.2. Its product is neurofibrin 
(6), a protein activates GTPase and is able to negatively 
regulate the proto-oncogene p21-ras. Loss of function 
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may lead to uncontrolled cell growth and formation of 
benign and malignant tumors (7). Besides, there is a 
known association between NF1 and autoimmune dis-
eases, such as systemic lupus erythematosus, systemic 
sclerosis, and membranous glomerulonephritis (8,9). 

Clinical characteristics of NF1 include café au lait 
spots and multiple cutaneous neurofibromas. Diagnosis 
is bases on the presence of two or more of the follow-
ing findings: Six or more café au lait spots larger than 
5 mm in diameter in pre-pubescent patients, or larger 
than 15mm in post-pubescent patients; two or more 
neurofibromas of any kind, or one plexiform neurofi-
broma; axillary or inguinal ephelides; optic glioma; two 
or more Lisch nodules in the iris; distinct bone lesions 
such as sphenoid dysplasia, or long bones with or without 
pseudarthrosis; first degree relative with neurofibroma-
tosis (10). 

Patients with NF1 have increased risk of developing 
endocrine tumors. Pheochromocytoma is found in 0.1 
to 6% of the patients with NF1 (11), and is considered 
a malignant neoplasm in 5 to 13% of the cases; mortal-
ity may be greater than 50% in five years (12). We also 
found in the literature some cases of NF1 associated 
with multiple endocrine neoplasia (MEN), particularly 
type 2 (MEN 2), an autosomal dominant syndrome 
that consists of medullary thyroid carcinoma, pheo-
chromocytoma, and hyperparathyroidism (6). 

The objective of the present report is to describe the 
case of association between primary hyperparathyroidism 
due to atypical parathyroid adenoma and NF1. 

CASE REPORT 

The patient was a black woman, 62 years of age, who 
was referred to us due to a complaint of diffuse bone 
pain, asthenia, and weight loss of 10 kg in two years. 
She denied previous diagnosis of systemic arterial hy-
pertension, or paroxysmal hypertensive events. In the 
physical examination, she showed to be in good general 
status, hydrated, pale mucous membranes 2+/4+, had 
normal blood pressure, and depressed mood. Palpa-
tion of the abdomen showed, in the right flank, a pain-
ful mass of fibroelastic consistency measuring about 7 
cm in diameter, and a subcutaneous nodule located in 
the right hypochondrium, measuring 4 x 3 cm, also of 
fibroelastic consistency. Thorax examination showed 
pronounce kyphosis with normal lung auscultation. 
Skin examination showed twelve café au lait spots in 
thorax, abdomen, and upper limbs, ranging from 2 x 

2 cm to 6 x 9 cm, as well as multiple popular, and 
nodular lesions, with some pedunculated lesions sug-
gestive of neurofibromas, mainly on the face, thorax 
and abdomen. No changes were observed in any of the 
other systems. Laboratory tests showed serum calcium 
of 13.5 mEq/L, ionized calcium of 1.92 mmol/L, 
and PTH of 1,933 pg/mL (Table 1). Radiographic ex-
amination of long bones and skull showed lesions sug-
gestive of brown tumor in femur and tibia, and sug-
gested diffuse osteopenia (Figure 1). Abdominal MRI 
evidences extraperitonial cystic lesions suggestive of 
neurofibromas, and a lytic expansile lesion in the iliac 
bone, without other tumors (Figure 2). Cervical ultra-
sound showed a nodule in the parathyroid measuring 
4,5 x 4.0 x 3.3 cm. Sestamibi-99mTc scintigraphy of 
the parathyroid showed a nodule of 4.3 x 3.7 cm in 
the inferior part of the right thyroid lobe. Hypercalce-
mia and PTH elevation added to the imaging findings 
and led to the diagnosis of primary hyperparathyroid-
ism due to parathyroid tumor. No clinical evidence, 
nor any of the imaging tests, suggested the presence 
of pheochromocytoma. NF1 diagnosis was clinically 
confirmed by the presence of café au lait spots greater 
than 15mm, and cutaneous neurofibromas. Excision 
of the subcutaneous nodule found in the right hy-
pochrondrium followed by histopathological analysis 
showed a neurofibroma. 

The following measures were initially determined 
to control hypercalcemia: hydration with saline solu-
tion 0.9%; furosemide and zoledronic acid administra-
tion by intravenous route. Later on, the patient under-
went parathyroidectomy, and a 83% drop in PTH was 
observed 10 minutes after tumor resection, compared 
with immediate pre-surgical PTH. Histopathological 
examination was compatible with atypical parathyroid 
adenoma (Figure 3). In spite of the focal areas of cap-
sule irregularities with nodular tissue trapped in the 
normal capsule, unequivocal capsule invasion, vascu-

Table 1. Laboratory tests

Tests and reference values Basal
12/04/2012

Follow-up
02/17/2014

Ca2+ (1.15 – 1.29 mmol/L) 1.92 1.16

Ca (8.8 – 10.2 mEq/L)  13.5 9.5

Pi (2.5  – 4.8 mEq/L) 2.0 2.6

Mg (1.3  – 1.9 mEq/L) 0.69 1.9

Albumin (3.5  – 5.2 g/dL) 3.38 3.7

PTH (15  – 65 pg/mL) 1933 132

Creatinine (< 0.9 mg/dL) 0.77 0.67
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Figure 1. (A) Osteopenia and osteolytic lesion in the upper third of the tibia; (B) Osteolytic lesion in the upper third of the right femur.

Figure 2. T2N Coronal section of the abdomen showing cystic lesions 
suggestive of intra-abdominal neurofibromas and bone lesions in iliac 
bones, more evident to the right (brown tumor).

A B

lar and perineural, invasion of the adjacent tissue, high 
mitotic activity or large bands of fibrosis were not ob-
served. Specific immunohistochemical staining showed 
low positivity for Ki-67 (< 1%), negative results for p53, 
focal areas of positivity for bcl-2, and positive results 
for cycline-D1 lower than 15%. These changes corro-
borated the diagnosis of atypical parathyroid adenoma 
(Figure 3). 

DISCUSSION

The differentiation of parathyroid adenoma and carci-
noma based on their clinical and histopathological has 
been a challenge. In macroscopic analysis, carcinoma 
is surrounded by a fibrotic capsule, and may be ad-
hered to adjacent tissues, being locally advanced and 
showing distant metastases. Histopathological analysis 
shows trabecular growth, fibrotic tissue, mitosis fig-
ures and capsular, vascular and/or lymph node inva-
sion (13,14). 
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Figure 3. (A) Atypical parathyroid adenoma. Normal parathyroid tissue (arrow) is seen next to the neoplasm, which shows irregular capsule (arrowhead). 
Solid trabecular and glandular pattern inside of the nodule may be observed (*). (HE-100x). (B) Detail of the capsule showing islands of neoplastic tissue 
trapped in the fibrous capsule. (HE-200x). (C) Trabecular pattern made up of polygonal cells with ovoid nuclei, discrete atypia, and acidophilus cytoplasm 
(HE- 10x). (D) Low positivity (1%) for Ki-67. (IMH-400x).

According to the histopathological classification of 
the World Health Organization, atypical parathyroid 
adenoma is defined as a parathyroid tumor that do not 
show locally advanced growth or metastases. How-
ever, it may show cell atypia, fibrotic tissue, trabecular 
growth, fibrotic capsular involvement, and increased 
mitotic rate (15).

Clinical and laboratory characteristics are not 
enough to differentiate carcinomas from adenomas. 
The presence of a palpable mass and hoarse voice are 
findings that are almost exclusive of parathyroid cancer, 
as well as calcium plasma levels greater than 14 mg/dL, 
and PTH greater than 500 ng/mL (3,14).

A retrospective study carried out by University of 
California, whose objective was to determine clinical 
and histological differences between parathyroid car-
cinoma, atypical parathyroid adenoma, and parathyro-
matosis, found plasma calcium levels greater than 14 

mg/dL in 16 of the 26 patients with carcinoma, and 
in 1 of the 6 patients with atypical parathyroid adeno-
ma (mean calcium of 13.5 ± 1.1 mg/dL; p < 0.001). 
The most frequent clinical signs in atypical adenoma 
patients were bone pain, fatigue, anorexia, abdominal 
symptoms (pain, dyspepsia, or reflux), and psychiatric 
symptoms. None of the patients had palpable masses 
in the physical examination, and all atypical adenomas 
appeared as single nodules. About 39.3% of the patients 
with parathyroid adenoma and 14.3 % of the patients 
with atypical parathyroid adenoma showed tumor re-
currence after surgery (3). 

The association between NF1 and hyperparathy-
roidism was described in few cases in the literature. 
Most of the reports describes parathyroid adenoma as 
the cause of hyperparathyroidism (16-19). We found 
one case report of the association between NF1 and 
parathyroid carcinoma (20). 
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Some authors believe that there is a genetic link be-
tween the two diseases due to the similarity of bone 
lesions common to them (20). In 1979, Chakrabarti 
suggested that the association between NF1 and hy-
perparathyroidism was another variation of multiple 
endocrine neoplasia, MEN 2B (16). In a 1997 study 
in Sweden, it was shown that neuroendocrine tumors 
(including parathyroid adenoma, pheochromocytoma, 
and thyroid gland C-cell hyperplasia) made up 25% of 
all tumors that occurred in NF1 patients (21). 

More recently, two cases have been described in 
NF1 patients and C-cell hyperplasia with confirmed 
mutation of NF1 and RET genes (6). RET proto-on-
cogene encodes a tyrosine-kinase receptor expressed in 
cells derived from the neural crest (22). Its mutation is 
responsible for MEN 2, whose incidence is estimated in 
1: 35,000. This syndrome is divided into subtype 2A, 
in which thyroid medullary carcinoma, pheochromocy-
toma, and hyperparathyroidism are found; and subtype 
2B, in which thyroid medullary carcinoma, pheochro-
mocytoma, ganglioneuroma, and marfanoid habitus 
are found (23). Although many literature cases have 
described the association between NF1 and MEN 2, 
the reasons for this association are still unclear. 

NF1 gene may have an essential role by means of 
its action on AMP-dependent protein kinase and Ras 
protein, activating signaling routes and, thus, control-
ling apoptosis and cell growth. It is supposed, based on 
these data, that NF1 mutation may affect cell growth 
and differentiation of thyroid parafollicular C-cells and 
parathyroid cells (6). 

Parathyroidectomy is a possible cure for primary 
hyperparathyroidism. A 50% reduction in intra-surgical 
PTH after 10 minutes of tumor resection may be used 
as a criterion for cure (2,4). In our case, PTH drop was 
83% after 10 minutes of adenoma resection. 

We reported here a rare association between NF1 
and hyperparathyroidism due to an atypical parathyroid 
adenoma. In spite of the fact that tumor recurrence 
is more common in cases of adenocarcinoma, it may 
also occur in cases of atypical parathyroid adenoma (3). 
Therefore, the follow-up of these patients after surgery 
is important. As for NF1, despite lack of formal recom-
mendation for laboratory screening of endocrine dys-
functions in patients that carry this disease (6,24), the 
possibility should be considered, and detailed analysis 
of clinical and familiar history may contribute for the 
diagnosis and early treatment of these diseases. 
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Minimally invasive surgical 
interventions in the treatment of 
primary persistent hyperinsulinemic 
hypoglycemia of infancy
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Abdolreza Pazouki1, Peyman Alibeigi1, Mohammadreza Abdolhosseini1 

SUMMARY
Hyperinsulinemia, diagnosed by laboratory tests, should be diagnosed and treated as soon as pos-
sible to prevent fatal complications such as neurological damage. Patients who are resistant to medi-
cal therapy should be treated surgically. Minimally invasive surgery, a newly developed approach, 
is a good choice among surgical procedures to avoid unnecessary extensive pancreatectomy. Here, 
a 12-year-old boy is presented with diagnosis of hyperinsulinemic hypoglycemia who had recur-
rent attacks of hypoglycemia and seizures from infancy. Because of his unresponsiveness to medical 
therapy and his family’s preference, he underwent laparoscopic pancreatectomy to reduce morbidity 
and hospital stay. Two years postsurgical follow-up revealed a normo-glycemic state. Arch Endocrinol 
Metab. 2015;59(5):466-9
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INTRODUCTION

P rimary persistent hyperinsulinemic hypoglycemia 
of infancy (PHHI), a rare inborn metabolic dis-

ease occurring due to excessive secretion of insulin, is 
diagnosed by glucose < 60 mg/dL in addition to el-
evated plasma insulin (> 2.0 pU/mL). Early diagnosis 
is important due to probable neurologic sequel, but it 
is the treatment that seems to be a matter of concern 
in medicine (1).

PHHI is categorized into focal and diffuse via dif-
ferent pathogeneses introduced (2,3). The treatment of 
choice for adenomatous hyperplasia of pancreatic cells, 
micro or macro adenoma, is surgical removal (4). On 
the contrary, diffuse hyperplasia, arisen by islet cell dys-
regulation of insulin production, can only be cured by 
near-total (95%) pancreatectomy as the initial procedure 
of choice when medical therapy has failed (5). Accord-
ing to probable postoperational problems, especially 
diabetes mellitus due to β-cell dysfunction (6), a biopsy 
is mandatory to distinguish the two forms of PHHI (7).

Minimally invasive procedures are used increasingly 
each year to minimize the invasion and side effects in 
various surgical procedures. Other advantages of mini-

mally invasive procedures include avoidance of large 
wounds, less postoperative pain, lower rate of morbid-
ity, earlier hospital discharge, and cosmetic benefits (8).

Here it is aimed to emphasize the importance of 
early diagnosis and the role of minimally invasive sur-
geries in the diagnosis and treatment of hyperinsulin-
emic status. 

CASE REPORT
The patient is a 12-year-old obese boy who was admit-
ted with recurrent hypoglycemic attacks followed by 
seizures and speech problems. During his first visit, his 
hallux was broken due to a recent trauma in a general-
ized tonic clonic seizure, and he had a bottle of sugary 
water in his hand, drinking every few minutes. His birth 
history was complicated by macrosomia and a birth 
weight of 5,200 g. His birth height was 60 cm. His 
mother was not diabetic, and he had no family history 
of documented hypoglycemia or any other inborn error 
of metabolism. In physical examination, his height was 
117.5 cm (2.5 z score), his weight was 30.2 kg (1.1 z 
score), and his body mass index was calculated at 27.27 
kg/m2. The examination revealed bilateral lipomastia 
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and pubertal tanner stage 1 both at gonadal and pubic 
stages. He was in the 5th grade with a good educational 
status, having never failed during his education. He had 
recurrent attacks of hypoglycemia from neonatal period 
that were diagnosed as PHHI and treated with 10 mg/kg 
diazoxide daily and frequent feeding. 

Hyperinsulinemia was confirmed in this patient by 
a fasting serum insulin of 9 pU/mL. He had low free 
fatty acids (both < 1.0 mmol/L), an inappropriate gly-
cemic response to intravenous glucagon (> 30 mg/dL 
rise in serum glucose level), and negative ketones in 
urine dipstick. Serum lactate, ammoniac, C-peptide, 
chromatography of serum amino acid and urine sug-
ars, morning cortisol, prolactin, and thyroid function 
tests were all normal (Table 1). Abdominal computered 
tomographic scan with intravenous and oral contrast 
did not reveal pancreatic adenoma. Due to his resis-
tance to medical therapy and his family’s decision, he 
was scheduled for surgical intervention. A laparoscopic 
biopsy was obtained, which revealed diffuse hyperpla-
sia of the pancreas; sections showed pancreatic tissue 
with normal acinar structure, intermixed with islets of 
Langerhans which are different in size and shape. The 
cells of the latter showed mild atypia characterized by 
vesicular nuclei with mild nuclear pleomorphism and 
enlargement, small nuclei and pale eosinophilic cyto-
plasm. No ductuloinsular complexes was identified in 
multiple sections examined (Figure 1). 

Table 1. The results of serum tests of the patient

Serum tests Patient’s result Reference value Unit Method Instrument

Fasting serum insulin 9 2.6-24.5 µIU/mL Electrochemiluminescency Elecsys 2010 Roche HITACHI

Lactate 4 2.5-20 mg/dL Colorimetric BT 3000

Ammoniac 26 Male: 25-94 Female: 
19-82

µg/dL Colorimetric BT 3000

C-peptide 2.5 0.8-3.1 ng/mL Electrochemiluminescency Elecsys 2010 Roche HITACHI

Chromatography of serum 
amino acids and 

Normal pattern - - HPLC Kenovera

Chromatography of urine 
sugars

Normal pattern - - TLC Kenovera

Morning cortisol 32 5-25 µg/dL Electrochemiluminescency Elecsys 2010 Roche HITACHI

Prolactin NL • Males: 2 - 18 

• Non-pregnant 
women: 
2 - 29 

• Pregnant women: 
10 - 209

ng/mL Electrochemiluminescency Elecsys 2010 Roche HITACHI

T4 8 4.5-12.5 µg/dL Electrochemiluminescency Elecsys 2010 Roche HITACHI

T3 132 Adults: 0.8 - 2.0  ng/ml Electrochemiluminescency Elecsys 2010 Roche HITACHI

TSH 2.5 0.5 - 4.70 mIU/L Electrochemiluminescency Elecsys 2010 Roche HITACHI

Figure 1. Pathologic finding: pleomorphism with large nuclei and vesicular 
nuclei (marked). The cells of the latter showed mild atypia characterized by 
vesicular nuclei with mild nuclear pleomorphism and enlargement, small 
nuclei and pale eosinophilic cytoplasm. No ductuloinsular complexes was 
identified in multiple sections examined.
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Then a laparoscopic pancreatectomy of about 85% of 
the pancreas was performed (Figure 2). The patient was 
positioned supine, legs apart, with the surgeon standing 
between the patient’s legs. The camera holder was on 
the patient’s right side and the surgeon’s  assistant on 
the patient’s left side. The first trocar was placed into 
the abdomen above the umbilicus, with open tech-
nique, and a 12-mm-trocar about 7 cm at the umbilical 
level on the left side of the abdomen. One 5-mm-tro-
car was inserted 5 cm on the anterior axillary line, one 
5-mm-trocar on the mid-clavicular line on the patient’s 
right side, and the last 5-mm-trocar on the epigastrium. 

A 5-mm-ligasure was used for dissection and the 
gastrocolic meso was first cut to enter the lesser sac. 
There was no evidence of mass on pancreatic surface. 
The pancreas was examined with intraoperative laparo-
scopic ultrasonography, which detected no adenoma. 
A biopsy was taken from body of pancreas and sent 
for frozen section, which confirmed PHHI. So, pan-
createctomy was scheduled for this case. The midcolic 
vein was found and followed to its entrance beneath 
the pancreas neck and was then dissected beneath it 
along the superior mesenteric vein until the superior 
border of the pancreas. Then the neck was transected 
with a purple EndoGIA tri-stapler, and the body and 
tail of the pancreas was dissected from its attachments, 
preserving the splenic artery and vein. After distal pan-
createctomy, a corrugated silicone drain was positioned 
in place. 

The patient’s postoperational general condition was 
good with no complications. The drain was removed 
five days after the operation. Postsurgical follow-up for 
two years showed a normo-glycemic state and no oc-
currence of diabetes mellitus.

DISCUSSION

Minimally invasive surgical techniques have previously 
been used in other hyperinsulinemic statuses, like in-
sulinomas (9,10). The medical group chose this tech-
nique as a result of the patient’s poor drug compliance, 
which helped him avoid receiving a more invasive inter-
vention than needed.

Although medical therapy in combination with fre-
quent enteral feeding (11) is the first choice for treat-
ment of hyperinsulinemia (12), the response varies 
widely on clinical subtypes of PHHI, categorized by 
hyperinsulinemia severity and types of genetic muta-
tions causing hypersecretion of insulin (12,13). The 
risk of hypoglycemic attacks will also rise by increasing 
the feeding intervals; and as long as older children eat 
three separate meals, they will be more predisposed to 
hypoglycemia between the meals; therefore drug thera-
py will be less effective in controlling blood sugar with 
increasing age. On the other hand, older children have 
less drug compliance, as they may feel ashamed to use 
drugs in school or in front of their friends, or might 
resist doctor’s visits, which may altogether cause poorer 
quality of life for them (14).

Additionally, the response rate of diazoxide, as the 
cornerstone of drug therapy, is partial and depends on 
many factors (15). Prevalent complications, such as 
hypertrichosis, have also been proposed for diazoxide. 
Serious complications including pulmonary hyperten-
sion, heart failure and neutropenia (16), hepatomegaly, 
severe fluid retention, diffuse edema, congestive heart 
failure, and respiratory failure requiring mechani-
cal ventilation (17) have also been reported. Another 
problem that exists in our country is the fact that di-
azoxide is not always available, due to sanctions.

Studies have assessed the efficacy of various surgical 
procedures on this rare disease, but few have investigat-
ed the minimally invasive approaches. Al-Shanafey and 
cols. performed laparoscopic pancreatectomy for infancy 
with a median of 90% extent of resection and revealed 
many advantages for this procedure including accurate 
visualization, shorter hospitalization, less postoperative 
pain, early feeding, and good cosmetic results (18). One 
year later, he compared ten laparoscopic pancreatecto-
mies with open procedure and concluded that the open 
group needs a higher extent of resection and the laparo-
scopic group is able to have earlier feeding (19). 

Berends and cols. introduced conventional intraop-
erative ultrasonography combined with contact ultra-
sonography for better localization of insulinoma (20). 

Figure 2. The laparoscopic procedure: There was no evidence of mass on 
pancreatic surface.
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Because of the small size of the adenomas, radio-
logic imaging studies often fail to localize them. Ii-
hara and Obara proposed better laparoscopic resection 
of insulinoma when located in the body or tail of the 
pancreas (21). Intra-operative frozen section biopsy, 
requiring less extended pancreatectomy, has been 
proven to play an essential role in identifying cases of 
adenoma (22). 

The accurate extent of pancreatectomy serves as a 
pitfall for surgeons, as it may induce diabetes or recur-
rent hypoglycemia (23). Ninety-five percent pancre-
atectomy is more challenging with more risk of bleed-
ing due to the high risk of dissection and ligation of 
fragile venous branches between superior mesenteric, 
portal vein and head of pancreas Our surgical team 
took an intraoperative specimen for frozen section, and 
performed 85% pancreatectomy to decrease the possi-
bility of diabetes mellitus, as 95% has a higher risk of 
diabetes mellitus. The patient is also still in a normo-
glycemic state, two years after the surgery.

Few studies have followed up with patients after 
the procedure. On the other hand, the laparoscopic 
approach we performed has rarely been used for this 
diagnosis. Its major advantages include better visualiza-
tion and localization of the mass. An interesting point 
of this case can also be minimal neurological damage 
contrary to delayed patient treatment.

In conclusion, minimally invasive pancreatectomy is 
a good choice for the diagnosis and treatment of hyper-
insulinemic hypoglycemia, with better visualization and 
a less invasive procedure to avoid unnecessary extensive 
morbidities.

Acknowledgment: we thank the Minimally Invasive Surgery Re-
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Effectiveness of a serious game 
for medical education on 
insulin therapy: a pilot study

Leandro A. Diehl1, Pedro A. Gordan2, Roberto Z. Esteves3, 
Izabel C. M. M. Coelho4

ABSTRACT
Objective: We report the preliminary assessment of InsuOnline©, a serious game designed for med-
ical education on insulin therapy. Materials and methods: We conducted a pilot study with 41 un-
dergraduate medical students and Internal Medicine residents to assess the educational effective-
ness of InsuOnline©, as compared to a traditional educational activity (lecture, cases discussion). 
Knowledge, skills and beliefs on insulin therapy were evaluated by a questionnaire applied before, 
immediately after, and 3 months after both interventions. Results: Mean knowledge/skills score 
was improved from 68% to 89% in traditional education group (n = 23; p < 0.001), and from 61% to 
90% in game group (n = 18; p < 0.001). After 3 months, mean score decreased (to 80% in traditional 
education group, and to 78% in game group; p < 0.001 for both) but remained significantly higher 
than at baseline in both groups (p < 0.001 for both). Although mean score was lower in game group 
than in traditional education group at baseline (p = 0.04), no difference remained between groups 
either immediately or 3 months post-intervention. Score increment was better with the game (29%) 
than with traditional education (21%; p = 0.04). Beliefs improved in the game group only. Conclu-
sions: InsuOnline© is at least as effective as a traditional educational activity for medical education 
on insulin therapy, and it can a good option for large-scale continuing medical education on diabe-
tes. Arch Endocrinol Metab. 2015;59(5):470-3
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INTRODUCTION

P rimary care physicians (PCPs) are the main health-
care providers for most diabetic patients worldwide 

(1), but these professionals usually lack knowledge and 
confidence on several aspects of DM management (2), 
especially regarding insulin use (3), which contributes 
to clinical inertia (“the failure to advance therapy when 
indicated”) (4), underuse of insulin (5), and poor gly-
cemic control. Continuing medical education (CME), 
often advocated to optimize PCPs knowledge and 
practice (6), have small and short-lasting efficacy (7), 
demanding new educational methods. Digital games 
are promising tools for medical education (8), since 
they are well-acepted (9,10), promote experiential (ac-
tive) learning (11), and are compatible with principles 
of Adult Education (12), but evidence on their effec-
tiveness is still scarce (13).

MATERIALS AND METHODS

InsuOnLine© is a serious game developed by a multidis-
ciplinary team, composed by endocrinologists, experts 
in medical education, and game designers, as described 
elsewhere (14). In the game, the player takes on the 
role of a medical doctor in a primary healthcare unit, 
who must evaluate an increasing-complexity series of 
patients with diabetes and choose the best therapeutic 
option to improve their glycemic control, usually re-
quiring insulin initiation or adjustment (14).

To preliminarly assess the educational effectiveness of 
this game, we conducted a pilot study with a convenience 
sample of 41 undergraduate medical students (from third 
to sixth year) and Internal Medicine residents at Londrina 
State University. Allocation was made by subject prefer-
ence. In the game group (13 students and 5 residents, 
78% female, mean age 24 ± 4), subjects played a Web ver-
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sion of InsuOnLine© from a browser, in their own com-
puters and free time. In the traditional education group 
(11 students and 12 residents, 56% female, mean age 26 ± 
2), subjects attended a presential lecture and clinical cases 
discussion. Duration (3-4h) and contents were similar for 
both activities. Clinical problems were designed to depict 
common situations in primary care. Recommendations 
were drawn from Brazilian (SBD), (15) American (ADA), 
(16) and European (EASD) (17) diabetes guidelines, and 
adapted to be applicable in Brazilian primary health care. 

Knowledge and skills on insulin therapy were mea-
sured by the score on a questionnaire with 32 multi-
ple-choice items, applied at 3 time points: baseline, 
immediately after interventions, and 3 months after in-
terventions (to assess content retention). Beliefs about 
insulin were assessed, at the 3 time points, by 13 Likert-
scale questions, freely adapted from Lakkis and cols. 
(18). In addition, some group-specific questions (15 
Likert-scale questions about user satisfaction and per-
ceived usefulness of the traditional activity, and 27 Lik-
ert-scale questions to assess game playability) were asked 
immediately after the corresponding interventions.

Mean knowledge/skills scores were compared within 
each group by ANOVA, with Bonferroni correction, and 
between groups at each time point by Students’ t test, us-
ing Epi-Info 7 (CDC, Atlanta), with significance level p 
< 0.05. Beliefs were compared within each group by chi-
square test, and between groups by Fisher exact test. In-
ternal consistency (reliability) of the subscales on knowl-
edge/skills on insulin, beliefs regarding diabetes/insulin, 
game playability, and impressions on the traditional activ-
ity was measured by estimation of Cronbach’s alpha coef-
ficient, using SPSS 14.0 (SPSS Inc., New York).

Research procedures were conducted in accordance 
with the Declaration of Helsinki. Research protocol 
was previously approved by Londrina State University 
review board (#15/2014). 

RESULTS AND DISCUSSION

Knowledge and skills on insulin therapy, as measured 
by mean score on the questionnaire, were significantly 
improved immediately after both interventions (p < 
0.0001 as compared to baseline, in both groups). Three 
months later, mean scores presented a small but signifi-
cant decrease, compared to immediately after interven-
tion (p = 0.0008 for both groups), but the 3-month 
scores were still significantly higher than at baseline (p 
= 0.0003 for both groups) (Figure 1), which demon-
strates similar content retention with both activities.

In the comparison between groups, we observed 
a lower baseline score in the game group (p = 0.04 
compared to traditional education group), that could 
be at least partly explained by the larger proportion of 
residents in the traditional education group. However, 
no difference between groups remained at immediate 
or 3-month posttests (Figure 1). This finding suggests 
that the game was at least as effective as the traditional 
activity, regarding knowledge/skills acquisition, or 
slightly more effective. In fact, mean absolute incre-
ment from baseline to immediate post-intervention 
score was significantly better with the game (29% versus 
21% with traditional instruction; p = 0.04).

Beliefs about insulin were significantly improved 
only in the game group, where subjects abandoned the 
wrong belief that insulin initiation should be delayed 
until it is absolutely essential, and started believing 
(correctly) that insulin will be necessary at some point 
for most patients with diabetes. Data on the most rele-
vant questions on insulin beliefs is presented in table 1. 

All subjects, in both groups, said that the interven-
tion has increased their knowledge, and that it would 
have impact on their professional practice. The tradi-
tional educational activity was considered “pleasant” 
by all subjects in that group, and the game was con-
sidered “fun” by all but one (95%) of subjects in the 
game group. All subjects in game group considered 
playing the game more effective for learning than see-
ing a lecture.

Reliability of the subscales used in this pilot study 
was estimated as “good” for the 32-item insulin knowl-
edge/skills subscale (Cronbach’s alpha = 0.823), 
“good” for the 15-item traditional activity impressions 
subscale (alpha = 0.815), “acceptable” for the 27-item 
game playability subscale (alpha = 0.778), and “poor” 

Figure 1. Mean scores on insulin knowledge/skills (in percentage of 
correct answers) at baseline, immediate post-intervention, and 3 months 
after intervention (traditional instruction or game).
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subscale reliability was not much improved by the de-
leting worst items (maximum alpha = 0.517 with 6 
items), but the authors preferred keeping those ques-
tions anyway, because they evaluate personal opinions 
on insulin, deemed relevant, and because those ques-
tions were very alike the ones used in previous studies 
on PCPs beliefs (3,18), allowing comparison. In fact, 
despite the difference of subjects characteristics (the 
surveys from Middle East (18) and United States (3) 
were made with primary care physicians), insulin be-
liefs of our subjects at baseline were strikingly similar 
to those two other studies, except that insulin initiation 
was more often considered difficult in our study. 

CONCLUSIONS
This is the first report on the effectiveness of a digi-
tal game for medical education on insulin therapy. Our 
preliminary results suggest that a well-designed game 
can be at least as effective as traditional instruction to 
improve knowledge, skills and beliefs on insulin. Games 
also present other advantages, such as easy dissemina-
tion, customizable content, and flexibility of use, that 
make them excellent tools for large-scale continuing 
medical education. In order to evaluate InsuOnLine© 
actual effectiveness, an adequately powered random-
ized controlled trial with PCPs, using refined question-
naires, is already in progress. We hope our game can 
contribute to reduce clinical inertia and improve qual-
ity of care for patients with diabetes worldwide.

Disclosure: The authors LAD and PAG are co-owners of the 
game described in this study. The other authors have no potential 
conflicts of interest relevant to this article.
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4

33*

0

0

4

6
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Game

70

83
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83

87

94
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Indications for fine-needle aspiration 
in spongiform thyroid nodules

Pedro Weslley Rosario1,2

Dear Editor,

F or spongiform thyroid nodule that is not autonomous (suspected by low TSH 
and confirmed by 131I or 123I scintigraphy), unless the patient has a high risk of 

malignancy, (i) the Brazilian Society of Endocrinology and Metabolism recommends 
fine-needle aspiration (FNA) if the nodule is ≥ 2 cm (1); (ii) the British Thyroid Asso-
ciation not recommends FNA (2); and (iii) the American Thyroid Association recom-
mends FNA if the nodule is ≥ 2 cm, but ultrasonographic follow-up without biopsy is 
considered to be an acceptable alternative (3).

We report the results of 165 patients who had at least one nodule > 5 mm that sho-
wed spongiform appearance on ultrasonography [defined as an aggregation of multi-
ple microcystic components with thin echogenic walls in more than 50% of the nodule 
volume (2-7)], for a total of 180 nodules with this appearance. The size of these nodu-
les ranged from 8 to 42 mm. In seven patients with low TSH, 131I scintigraphy showed 
that five nodules were autonomous. Among the remaining 175 spongiform nodules, 
cytology was benign in 160, insufficient in 10, and indeterminate in five. There was 
no case of malignant or suspicious cytology. Eight patients with insufficient cytology 
and four with indeterminate cytology were submitted to thyroidectomy and histology 
revealed malignancy in only one of the spongiform nodules. No nodule growth was 
seen in the three patients with insufficient or indeterminate cytology not submitted 
to surgery after a minimum follow-up of 24 months. Among spongiform nodules  
≥ 2 cm (n = 108), five were autonomous, 97 were benign, cytology was insufficient 
in three, and indeterminate in three. Histology revealed the benign nature of the last 
six nodules.

The present results support the high probability of a benign condition of spon-
giform nodules, even if the nodule is ≥ 2 cm. These data, together with previous 
studies (4-7), favor the recommendation that FNA is initially not necessary in cases of 
nodules with spongiform appearance and is only indicated if the nodule grows during 
ultrasonographic follow-up, or should be restricted to high-risk patients. The table 1 
shows the rates of malignancy reported in the present study and in other series (4-7) 
on spongiform thyroid nodules.
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Table 1. Rate of malignancy in thyroid nodules with spongiform appearance on ultrasonography

Study (reference) Rate of malignancy

Moon and cols., 2008 (4) 1/52 (2%)

Bonavita and cols., 2009 (5) 0/210

Kim and cols., 2010 (6) 0/117

Virmani and Hammond, 2011 (7) 0/66

Present series 1/180 (0.5%)

All 2/625 (0.3%)
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RET Y791F: alone or accompanied?

Rodrigo A. Toledo1, Delmar M. Loureço Jr.1, Cleber Camacho2,  
Susan Lindsey3, Janete Cerutti1, Rui M. B. Maciel3, Sergio P. A. Toledo1

Dear Editor, 

W e read with interest the article “Diagnosis, treatment, and follow-up of med-
ullary thyroid carcinoma: recommendations by the Thyroid Department of 

the Brazilian Society of Endocrinology and Metabolism” recently published in this 
Journal (1).

The article was written by Brazilian endocrinologists and surgeons and consists of a 
consensus of the Thyroid Department of the Brazilian Society of Endocrinology and Me-
tabolism (SBEM). As a full version of it is also available in Portuguese language and free 
for download, it is definitely a valuable reference to Brazilian doctors in residency train-
ings and medical specialists in the fields of endocrinology, surgery, oncology and others.

Virtually all individuals carrying a germline mutation in the RET proto-oncogene 
will develop medullary thyroid carcinoma (MTC) and therefore total prophylactic 
thyroidectomy is indicated at early ages, based on the specific RET mutations (1-3). 

In this context, we would like to make a comment regarding to the Y791F variant 
located at the exon 13 of RET. Although initial data regarding this variant indicated 
that it could be a weak mutation associated with mild forms of the disease (4,5), re-
cent studies have shown no association of this variant with an increased susceptibility 
to MTC. Erlic and cols. (6) and Toledo and cols. (7) have analyzed the frequencies of 
RET Y791F in large cohorts of tumor free individuals and showed that the variant be-
haves as a rare non-pathogenic polymorphism rather than a disease-causing mutation. 
In addition, a thorough review of the literature does not document a link of Y791F 
(alone) with familial MTC. On the contrary, the reported Y791F carriers who inadver-
tently underwent thyroidectomy presented no histopathological signs of disease (5,6). 

These data indicate that thyroidectomy should not be recommended to cases with 
genetic testing results showing RET Y791F (alone). However, especial attention 
should be taken by Brazilian doctors, geneticists and surgeons, as the RET Y791F 
variant has been identified in combination with the strong RET C634Y (exon 11) mu-
tation in more than 15 Brazilian families with MTC/MEN2 (7,8). Noteworthy, this 
combination changes completely the clinical scenario, and patients with RET C634Y/
Y791F should be treated accordingly to the recommendations to cases carrying RET 
C634 mutations, in which early total thyroidectomy is needed to be performed (1-3). 
Therefore, when receiving a genetic testing showing the presence of the RET Y791F 
variant, it is crucial to make sure that the remaining exons of the gene were completely 
sequenced as well, to fully certify whether is a Y791F-alone or a RET C634Y/Y791F 
patient (6). 

In conclusion, we would like to congratulate the authors for the SBEM consensus 
and invite all the Brazilian medical doctors and geneticists to read our extended study 
and review of the literature about RET Y791F, a variant that need to be well unders-
tood by the health professionals of our country to the better management of Brazilian 
patients with MTC and their relatives (6).
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