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A nna Karenina (by Liev Tolstoi), probably the best novel ever written, says in its 
opening lines: “All happy families are alike; each unhappy family is unhappy its 

own way”, each one of us, colleagues and friends of Mirela & Jorge, will mourn their 
absence in its own way.

Just now we can cry for the sudden loss of these extraordinary couple, Mirela & 
Jorge Luis. We can mourn them together with their families, but it will be wrong 
to remember them through the tragedy that took them away. We can do better, by 
remembering what they did, and achieved during the time it was allowed to them to 
be with us.

I was not a personal friend of them; I never worked with them (although, I would 
have loved to have him as my formal mentor); we not even lived in the same city, but 
through the years we developed a bond, a trust, and a partnership that goes beyond 
anything I could write. My dealings with him were mainly when I (10 years younger 
than him) needed advice about the care of a certain patient or condition, and didn’t 
know to whom to call, but it was always to Jorge Luis, that altruistically, gently, and 
always friendly that I would appeal. And always, always would have the proper and 
kind answer. 

Jorge Luis was what in Yiddish (the “língua franca” of the Jews from Eastern 
Europe) is called: “a Mensch” (a noble and respectable person; someone to admire 
and emulate). Sir William Osler would have been proud of his clinical skills, and any 
researcher would find difficult to match his competency. His lectures and presentations 
were always superb (sharp, clear, and easy to understand).

After finishing his PhD, at USP Ribeirão Preto, in 1975, Jorge Luis returned to his 
Alma Mater (UFRGS), and very fast transformed the already existing Endocrinology 
Unit into a leading Center, including: Clinical, Research, and Teaching. In order to 
fulfill the competencies required, he trained several students, recruited the best minds, 
and sent people to the top centers around the world. This new generation is obliged to 
assume the helm before it was expected, but they will do their task, because he trained 
them well, and it is what is expected of them.
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People who worked with him described him as being: bright; capable of integrating several fields of knowledge; 
able to formulate the proper questions, which would be answered by careful research. He had no compromise with 
laziness, or dishonesty. At the end of the day, what counted was the greater benefit for the patient.

His main research interest was about the chronic complications of diabetes mellitus, and he published several 
studies that range from the epidemiological; clinical and treatment of this condition. In 1983, already very successful 
(both in the academic and private clinic) he decided to expand his training, and expend one year in a Post-Doc at 
Guy’s Hospital, in London.

Mirela was also a tremendous achiever, in a short span of only 18 years she graduated from Medical School and 
achieved the pinnacle of the academic path, her “Livre-Docência”. She became one of the youngest Full Professor at 
UFRGS. Her CV is impressive, even not taking in account her brief career: Over 100 published papers; over 30 Post-
Graduation thesis supervisions; more than 80 Examination Boards for thesis membership.

Mirela was a reviewer for several leading Medical Journal, in Brazil, and abroad. Students loved her lectures, and 
she was an acclaimed “Honored teacher”.

But besides all her professional and academic achievements, the one she cared more was her daughter, Luisa, 
a young medical student, for whom the loss of these wonderful people would resent more. We, the friends and 
admirers of Mirela and Jorge Luis have an obligation to look after her.

Jorge Luis also had three other sons, from his first marriage, one of them a very well-known physician in Porto 
Alegre.

The great American poet, Walt Whitman wrote a magnificent poem at the time of President Lincoln death, and 
with all due respect, I believe that “O Captain! My Captain” can be used to express our gratitude and respects for 
these wonderful people:

O Captain! my Captain! our fearful trip is done, 
The ship has weather’d every rack, the prize we sought is won, 
The port is near, the bells I hear, the people all exulting, 
While follow eyes the steady keel, the vessel grim and daring; 
 But O heart! heart! heart! 
  O the bleeding drops of red, 
   Where on the deck my Captain lies, 
    Fallen cold and dead. 
O Captain! my Captain! rise up and hear the bells; 
Rise up—for you the flag is flung—for you the bugle trills, 
For you bouquets and ribbon’d wreaths—for you the shores a-crowding, 
For you they call, the swaying mass, their eager faces turning; 
 Here Captain! dear father! 
  This arm beneath your head! 
   It is some dream that on the deck, 
    You’ve fallen cold and dead. 

 
My Captain does not answer, his lips are pale and still, 
My father does not feel my arm, he has no pulse nor will, 
The ship is anchor’d safe and sound, its voyage closed and done, 
From fearful trip the victor ship comes in with object won; 
 Exult O shores, and ring O bells! 
  But I with mournful tread, 
   Walk the deck my Captain lies, 

    Fallen cold and dead.

Brazilian Endocrinologists, for one last time, lend me your attention, please stand up, Mirela and Jorge Luis 
have passed on.

Acknowledgments: I would like to thank the important collaboration of Drs. Decio L. Eizirik, Mauro Czepielewski and Rui M. B. 
Maciel for this text. 
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Two themes in thyroid cancer: artful 
diagnosis and shortened lives 

Cristiane Gomes Lima1, Leonard Wartofsky1

P atients presenting with a thyroid nodule are common in the clinical practice 
of endocrinologists, even for those who are not thyroidologists. When seeing 

a patient with a thyroid nodule, the question that typically occurs first is whether 
the nodule could be malignant and how can the diagnosis be most efficiently and 
accurately determined. Then, once a diagnosis of cancer might be confirmed, and 
discussion turns to details about management, the next prominent question in the 
patient’s mind relates to their prognosis. The importance of these two questions, 
precise diagnosis and prognosis, forms the basis for two papers appearing in this issue 
of the Archives of Endocrinology and Metabolism.

Detection of thyroid nodules has been increasing significantly due to the more 
widespread use of ultrasonography of the neck. Our professional society guidelines 
recommend fine-needle aspiration (FNA) as the procedure of choice for nodules  
> 1 cm, and the routine use of thyroid ultrasonography to characterize the nodules. 
Yet the subjective nature of sonogram evaluations and the lack of uniformity in the 
reports of the characteristics of thyroid nodules may be troublesome for management 
decision-making. This is the setting in which Delfim and cols. (1) propose and offer 
a new classification system to distinguish the ultrasound features between benign 
and malignant thyroid nodules. In fact, similar efforts to develop a thyroid imaging 
reporting and data system (TIRADS) to categorize thyroid nodules and evaluate their 
risk of malignancy date back to 2009 (2-6), in parallel to what has been done for breast 
imaging with the development of the Breast Imaging Reporting and Data System 
(BI-RADS) (7). The Korean Society of Thyroid Radiology has recently revised its 
recommendations, the K-TIRADS (8) and the American College of Radiology has 
just released a white paper of the TI-RADS Committee (9). The current guidelines 
of the American Thyroid Association (ATA) (10) recommend the use of sonographic 
patterns, instead of isolated sonographic features, to estimate the risk of malignancy 
of thyroid nodules.

Each of the latter reports strive to present a standardized system for analyzing 
and reporting thyroid ultrasound that could result in greater diagnostic specificity. 
Strengths and weaknesses of the various systems relate to whether the studies are 
either prospective or retrospective, the readings are by single or multiple radiologist 
investigators, the use of different techniques for the evaluation of the nodules and 
varying statistical models, and correlation to different categories of the Bethesda 
system. Regardless of which system might be ultimately adopted, the need for a 
standardized terminology is rational and functional. A committee of the American 
College of Radiology, composed by radiologists with expertise in thyroid imaging, has 
developed a descriptive lexicon of the sonographic characteristics of thyroid nodules (11). 
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The Korean Society of Thyroid Radiology has also 
recommended terminology and defined sonographic 
features of nodules in its revised consensus (8). In their 
paper, Delfim and cols. use a well defined terminology 
to describe their scoring system for ultrasound features 
that led to their proposed TI-RADS system, based on 
statistical analysis and a weight conception process. In 
this process, certain features of the nodules, such as 
hypoechogenicity and microcalcifications, received a 
higher score than central vascularization, reinforcing 
the relevance of B-mode ultrasound over Doppler mode 
characteristics. The exclusion of indeterminate nodules 
from their analysis is a relative weakness of their study. 
However, it is generally acknowledged that imaging 
reporting systems are not supposed to be superior to 
the cytological evaluation of a thyroid nodule.

Any TIRADS system should remain flexible and 
learn a lesson from its “older brother”, the BI-RADS 
system (7,12-15), insofar as being a “living” document, 
founded on logical and evidence-based data but open 
to updates as new data are acquired (16). 

The second paper in this issue, by Leite and cols. 
(17), analyzes deaths related to differentiated thyroid 
cancer (DTC). Current trends in management have 
moved us to be less aggressive in the treatment and 
management of DTC, practicing the so called “less is 
more” philosophy. However, as the authors discuss, 
the extremely low mortality of this type of cancer “is 
balanced by its high prevalence, so the number of deaths 
cannot be overlooked”. Indeed, endocrinologists who 
work in referral services of thyroid cancer and see many 
high risk patients appreciate the mortality risk. It is 
remarkable that the series of Leite and cols. included 
more patients with follicular cancer (with associated 
risk of distant metastases) than is commonly seen. Also 
noteworthy is the fact that 4 out of 33 patients had 
stage T1 disease, while 2 out of 33 patients had stage 
T2, i.e., low or intermediate risk patients that would be 
considered (by the current “less is more” philosophy) 
for less aggressive treatment (e.g., lobectomy instead 
of total thyroidectomy, and no radioiodine ablation), 
in keeping with the new ATA guidelines (10). Clearly, 
all T1 patients do not behave the same. Those low 
risk patients with ultimate poor outcomes could be 
detected by periodic risk assessment in order to detect 
those patients initially stratified as low risk who may 
develop an unexpected aggressive course of the disease. 

The light at end of the tunnel may derive from a 
beacon of promise from molecular diagnosis, either 
for the management of nodules or for the follow-up of 

proven cancer patients at either low or high risk. When 
this diagnostic tool becomes more refined and more 
accessible, it will possibly identify the most suspicious 
nodules and those cancer patients who need a more 
aggressive treatment approach during follow-up.  
A refined and comprehensive molecular analytic 
approach to the thyroid nodule will provide true 
precision medicine for our patients and the best hope 
for maximizing benefit, reducing risk, and achieving 
good outcomes. 

To echo Goethe, dealing with our patients’ fear of 
cancer when a nodule is discovered calls forth the art of 
the true physician, especially for those patients whose 
life ultimately will be foreshortened after presentation 
with metastases, for we have only imprecise information 
on which to act and affect their outcome, and only a 
limited time to do so [Von Goethe, J. “Art is long, life 
short, judgment difficult, occasion transient.” (18)].

Disclosure: no potential conflict of interest relevant to this article 
was reported.
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Gestational diabetes mellitus and 
type 2 diabetes: same disease in a 
different moment of life? Maybe not

Lenita Zajdenverg1, Carlos Antonio Negrato2

G estational diabetes mellitus (GDM) is a medical condition that has motivated 
many debates in the last decades regarding its etiology, pathophysiology, 

diagnosis, treatment and long-term consequences to the mother and to the fetus. 
Women who develop GDM present a metabolic condition similar to that found in 

type 2 diabetes (T2D) characterized by insulin resistance associated with inadequate 
insulin secretion (1). Due to similar pathophysiologic mechanisms found between 
T2D and GDM, there is a great interest in finding markers that will lead to the 
understanding of a possible common origin to both diseases. Women with GDM also 
present an inflammatory state that, together with insulin resistance can alter placental 
gene transcription and many features of fetal programming, that can lead to the 
development of several metabolic diseases later in life such as glucose intolerance, 
metabolic syndrome and also a high risk of presenting cardiovascular disease. Women 
with GDM have sevenfold higher risk of having T2D in the future (2). 

Identifying risk markers for the development of GDM or for poor perinatal 
outcomes will allow the implementation of precocious preventive or therapeutic 
interventions. Recently, several biomarkers have been evaluated in order to establish 
this possible relationship such as cord blood adiponectin, C-reactive protein (CRP), 
advanced glycation end products (AGEs) and a variety of genetic polymorphisms. 

Adiponectin exhibits an anti-inflammatory action and may potentially play a 
protective role in the development of GDM and T2D. Data regarding the relationship 
between cord blood levels of adiponectin, newborns birth weight and children 
adiposity are contradictory, with some studies finding a positive correlation (3) and 
others not showing any correlation (4). 

In the present issue of the “Archives of Endocrinology and Metabolism” in a study 
conducted by Aramesh and cols. in Iran, 52 women with GDM and 52 with normal 
glucose tolerance (NGT) were evaluated regarding fetal anthropometric parameters, 
cord blood adiponectin and CRP. It was found that adiponectin levels were higher 
in the presence of GDM and was also associated with higher birth weight and later 
gestational ages. The levels of CRP were not different between the two groups (5). 
This finding contrasts with most studies associating low levels of adiponectin and 
increased levels of CRP with the risk of progression to T2D (6). Also published 
in this issue of “Archives of Endocrinology and Metabolism”, Lobo Jr. and cols. 
performed a study with 442 Euro-Brazilian women of which 225 had GDM and 
217 presented NGT. Their study had the objective of evaluating the use of serum 
AGEs as a screening tool for GDM (7). It is well known that AGEs concentrations 
are associated with several diseases including type 1 and type 2 diabetes mainly 
in the presence of diabetes-related chronic complications (8). It is supposed that 
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high oxidative stress conditions are associated with 
inflammation and the presence of diabetes. According 
to the authors, in their study, women with GDM had 
a good glycemic control which could have influenced 
the final results. They did not find different AGEs 
concentrations in GDM, possibly due to the mild 
severity and short duration of hyperglycemia. It is 
possible that in this environment they do not generate 
enough serum AGEs to make it possible discriminate 
between GDM and NGT groups (7). 

The third study published in this issue refers to a 
cohort of Euro-Brazilian Caucasians formed by 252 
patients, 127 with GDM and 125 with NGT. Anghebem-
Oliveira and cols. evaluated the polymorphisms of 
several genetic variants that are associated with T2D. 
The authors studied gene polymorphisms T2D-
related such as fat mass and obesity-associated (FTO), 
leptin receptor (LEPR), peroxisome proliferator-
activated receptor gamma (PPARγ), and transcription 
factor 7-like 2 (TCF7L2) (9). These polymorphisms 
are related to food intake, energy balance, appetite 
regulation, gene expression transcription, glucose and 
lipids metabolism, inflammation and proliferation of 
pancreatic beta cells. Some of TCF7L2 polymorphisms 
have been found to be associated with GDM in other 
populations (10-13). The authors have found no 
relation between these polymorphisms with GDM in 
this Brazilian studied population (9).

The association between previous diagnoses of 
GDM with high risk of developing T2D is well known 
(2). Moreover, the screening of diabetes during 
pregnancy can lead to the discovery of an undiagnosed 
patient with T2D. 

Although the reduction in insulin sensitivity and 
impaired insulin secretion occur similarly in cases of 
GDM and T2D, the dysglycemia found in GDM 
is generally transitory and disappears after delivery. 
However, the evaluation of non-pregnant women with 
glucose intolerance that participated in the Diabetes 
Prevention Program Outcomes Study, followed for ten 
years, has shown that those that had a history of GDM 
presented an increased risk of developing T2D when 
compared to those without previous GDM; this finding 
was independent of age and BMI. Interestingly, the 
reduction in the progression to T2D was found only 
in the group that had had GDM and were treated with 
metformin (14).

It is also important to note that although 
hyperglycemia that is first diagnosed during pregnancy 

is named GDM, it is known that a small percentage 
of these patients will require further reclassification. 
The most common types of monogenetic diabetes 
are frequently diagnosed by the first time during 
antenatal follow-up (15). Recently, Anghebem-
Oliveira and cols., which did not find the presence 
of the gen polymorphisms associated with T2D and 
obesity, has found in this same Brazilian population 
of pregnant women a higher frequency of carriers of 
the polimorphism of the C allele of rs780094 from 
the glucokinase regulatory protein (GCKR) gen in 
the group of women with GDM (16). The inclusion, 
even of a small group of pregnant women probably 
with monogenetic diabetes, that is not associated with 
the same pathophysiologic mechanisms of T2D, can 
interfere with the interpretation of results in studies 
with a small number of patients. 

Dysglycemia found in pregnancy can have different 
origins and complexities that may not be related to 
T2D, as proposed by the three manuscripts that were 
published in this periodic. Further studies are still 
required to find possible markers for GDM and T2D in 
order to discover the link that may exist or not between 
the two conditions. 

Disclosure: Lenita Zajdenverg – Advisory board of 
Novo Nordisk Brazil, Sanofi Brazil and Lilly Brazil. 
Carlos Antonio Negrato – No disclosures to declare.
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Likelihood of malignancy in thyroid 
nodules according to a proposed 
Thyroid Imaging Reporting 
and Data System (TI-RADS) 
classification merging suspicious 
and benign ultrasound features

Ricardo Luiz Costantin Delfim1, Leticia Carrasco Garcez da Veiga2,  
Ana Paula Aguiar Vidal2, Flávia Paiva Proença Lobo Lopes3, 
Mário Vaisman2, Patrícia de Fatima dos Santos Teixeira2

ABSTRACT
Objective: The aim of this study was to describe the ultrasound features of benign and malignant 
thyroid nodules and evaluate the likelihood of malignancy associated with each feature according to 
the Bethesda System for Reporting Thyroid Cytopathology and histopathology. With this analysis, we 
propose a new TI-RADS classification system. Materials and methods: The likelihood of malignancy 
from ultrasound features were assessed in 1413 thyroid nodules according to the Bethesda System 
for Reporting Thyroid Cytopathology and histopathological findings. A score was established by 
attributing different weights to each ultrasound feature evaluated. Results: Features positively 
associated with malignancy in bivariate analysis received a score weight of +1. We attributed a weight 
of +2 to features which were independently associated with malignancy in a multivariate analysis and 
+3 for those associated with the highest odds ratio for malignancy (> 10.0). Hence, hypoechogenicity 
(graded as mild, moderate or marked, according to a comparison with the overlying strap muscle), 
microcalcification and irregular/microlobulated margin received the highest weights in our scoring 
system. Features that were negatively associated with malignancy received weights of -2 or -1. In 
the proposed system a cutoff score of 2 (sensitivity 97.4% and specificity 51.6%) was adopted as 
a transition between probably benign (TI-RADS 3) and TI-RADS 4a nodules. Overall, the frequency 
of malignancy in thyroid nodules according to the categories was 1.0% for TI-RADS 3, 7.8% for TI-
RADS 4a, 35.3% for TI-RADS 4b, and 84.7% for TI-RADS 5. Conclusion: A newly proposed TI-RADS 
classification adequately assessed the likelihood of malignancy in thyroid nodules. Arch Endocrinol Metab. 
2017;61(3):211-21.
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INTRODUCTION

T he incidence of thyroid nodules has increased 
2–4-fold over the past three decades, mainly 

due to increased use of ultrasound and advancement 
in ultrasound technology (1,2). According to recent 
guidelines and recommendations reported by different 
scientific societies (3-6), ultrasound remains the most 
important tool in the initial evaluation of thyroid 
nodules since it has the ability to detect and diagnose 
potentially malignant thyroid nodules. 

Several authors (7-12) have proposed different 
Thyroid Imaging Reporting and Data System (TI-
RADS) classifications to standardize thyroid ultrasound 

reports, as demonstrated with the Breast Imaging 
Reporting and Data System (BI-RADS®) (13). 
Researchers have recently attempted to validate this 
type of approach as an instrument for use in clinical 
practice, with some authors proposing different TI-
RADS versions in selected populations (14-20). 

The first study proposing a TI-RADS classification 
was published by Horvath and cols. correlating 10 
ultrasound patterns with the risk of malignancy in 
thyroid nodules (7). The study focused on relevant 
patterns in thyroid nodules with a low likelihood of 
malignancy and described important features related 
with benignity. Thereafter, a different classification and 
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scoring system was proposed (8) using binary logistic 
regression to assess different odds ratios (OR) for each 
suspicious feature and generate an equation leading to a 
final score. The TI-RADS proposed by Kwak and cols. 
(9) was based on a practical and simplified scoring system 
to identify suspicious findings; each feature received 
identical weight in the proposed score, and higher 
scores were attributed to the occurrence of more than 
one suspicious ultrasound feature in the same nodule. 

Russ and cols. (10) proposed in the form of an atlas 
a classification of thyroid nodules using seven different 
ultrasound patterns and creating their own TI-RADS 
categories. A simplified version of this classification, 
which excluded from the assessment Doppler and 
elastography, was subsequently created (11). Later, 
Russ and cols. (12) validated their own proposed 
classification in 4550 nodules, which was further 
validated in other 242 nodules (17). 

In order to improve in own previous classification 
Kwak and cols. (21) conducted a multicenter study 
to develop a score attributing different values to each 
suspicious feature to the final score. In this proposed 
classification, the authors did not include benign 
features (21). 

Until now, none of the proposed TI-RADS 
classifications has been universally accepted. The 
latest guidelines on thyroid nodules and differentiated 
thyroid cancer developed by the ATA (4), proposes a 
risk classification based on different ultrasound patterns 
categorized into five groups. In this classification, 
the risk of malignancy in thyroid nodules increases 
from < 3% (very low suspicion) to > 70-90% (high 
suspicion). According to this classification, hypoechoic 
nodules considered as highly suspicious also display 
other suspicious features, such as microcalcification 
or irregular/microlobulated margin. This proposed 
approach, which is based on groups of ultrasound 
patterns, facilitates the clinical management of thyroid 
nodules. However, some nodules do not fall into 
any of the five proposed pattern groups in the ATA 
classification (4) (e.g., isoechoic nodules with micro- or 
macrocalcification). This fact may explain the gap seen 
in the risk of malignancy, from 20% in thyroid nodules 
with intermediate ultrasound patterns to 70% in those 
with a highly suspicious ultrasound pattern. A similar 
gap has also been reported in the guidelines proposed 
by the AACE/ACE/AME (5), which included three 
classes of ultrasound patterns categorized according to 
risk of malignancy into high, intermediate, and low. 

The American College of Radiology recently 
assembled a committee to initiate a process to develop 
their own TI-RADS. The first step of the committee 
was to create the Thyroid Ultrasound Reporting 
Lexicon to describe ultrasound characteristics of thyroid 
nodules, providing concise written definitions and 
illustrations to guide practitioners (22). Also recently, 
the Korean Society of Thyroid Radiology proposed 
a modification to the TI-RADS system (K-TIRADS) 
using a flowchart-guided classification according to the 
presence or absence of different ultrasound features 
found in thyroid nodules (6).

The aim of this study was to describe the ultrasound 
features of benign and malignant thyroid nodules 
and evaluate the likelihood of malignancy associated 
with each feature according to the Bethesda System 
for Reporting Thyroid Cytopathology (23) and 
histopathology. With this analysis, we propose a new 
TI-RADS classification system. 

MATERIALS AND METHODS 

Study design and population

We conducted a retrospective, case-control study to 
analyze the ultrasound features of 1413 thyroid nodules 
evaluated with FNAB between January 2008 and June 
2013 at two institutions (CDPI – Clínica de Diagnóstico 
por Imagem and Labs D’or, both in Rio de Janeiro, 
Brazil). The criteria for the selection of the thyroid 
nodules were based on cytopathological features. All 
cytopathological samples obtained by FNAB were 
examined according to the Bethesda classification 
(23). The selected cases included thyroid nodules 
exhibiting suspicious or malignant cytopathology 
(category V or VI), which were then surgically resected 
and had a confirmatory histopathological report. 
The control sample included thyroid nodules with a 
benign cytopathology (category II). Most patients 
in the control group were followed up, and 6.5% of 
their nodules were evaluated with a second FNAB with 
a concordant cytopathology, confirming their benign 
nature (4,24). A benign status was also established by 
histopathological assessment in 2.0% of the control 
nodules. Nodules confirmed as benign were included in 
a subanalysis; those with confirmatory histopathology 
or a second FNAB were used as controls and compared 
with malignant nodules (cases). Nodules presenting 
any pathological divergence were excluded.
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All patients had been referred for FNAB or surgery 
by their own physicians in an outpatient clinical setting. 
A minimal nodular size for enrollment in the study 
was not established. The study, which did not have an 
interventional design, was approved by the local ethics 
committee (053560/2012). In addition, all patients 
signed an informed consent form after receiving a clear 
explanation of the FNAB procedure, limitations, and 
possible complications.

Thyroid ultrasound and FNAB evaluations

Both ultrasound and FNAB were performed by the 
same expert radiologist with an experience of over 25 
years performing ultrasound and more than 15 years 
performing FNAB. The ultrasound examinations were 
performed using different 6–15 MHz linear-array 
probes and one of the following equipment: HDI 5000 
Ultrasound System (Philips Medical System, Bothell, 
WA, USA), Xario SSA-660A (Toshiba Medical System 
Corporation), a Logiq 5 Expert (GE Medical System, 
Milwaukee, WI, USA), or a Logiq E9 (GE Medical 
System, Milwaukee, WI, USA).

After a short interview, the patients underwent 
a thyroid ultrasound examination followed by 
FNAB. All procedures were performed under real-
time visualization, without an aspirator and with 
a similar freehand biopsy technique, independent 
of the institution in which the examination was 
performed. The ultrasound features of each lesion 
were meticulously classified immediately after the 
examination. All cytopathology reports issued prior 
to the Bethesda report (23) were reviewed by a single 
pathologist who issued a report based on the new 
classification system. 

A random subsample of 5% of the ultrasound 
recordings was also evaluated by an external researcher 
with expertise in ultrasound, without prior knowledge of 
cytopathological reports. A high agreement was observed 
between the two researchers (kappa = 0.99, p < 0.001).

All nodules were evaluated and classified according 
to the presence of 20 predefined ultrasound features, 
mostly retrieved from a literature review (4,5,7-
11,21,25-34) and detailed in Table 1. These features 
were included in a multiple logistic regression analysis 
to determine whether they were (or not) independently 
associated with the likelihood of malignancy (4,5,8-
11,24-26,28-30,34). Among all ultrasound features, 
13 were likely to be associated with malignancy, 
as previously described: (i) solid appearance, (ii) 

Table 1. Standardized definition for ultrasound features of thyroid nodules 

Ultrasound features Definition

Composition Solid appearance > 90% of nodule component  
is solid (24)

Spongiform 
appearance

Predominantly cystic with multiple 
degenerative areas (> 50% in its 
composition)  (25)

Grade of 
echogenicity of 
the solid 
component

Hyperechogenicity Echogenicity greater than thyroid 
parenchyma (10,11,25,27)

Hypoechogenicity 
(any degree)

Echogenicity lesser than thyroid 
parenchyma (28,29),  
including thyroid nodules with 
mild*, moderate** and marked *** 
hypoechogenicity (30) 

Moderate to 
marked 
hypoechogenicity

Echogenicity similar and lesser than 
that of strap muscle, including thyroid 
nodules with moderate** and 
marked*** hypoechogenicity

Marked 
hypoechogenicity 

Echogenicity lesser than that of strap 
muscle (30)

Margins and 
halos

Absence of a halo No identified hypoechogenic halo

Irregular thick halo Irregular halo, ≥ 2 mm in thickness 
(26)

Regular thin halo Complete and regular, < 2 mm in 
thickness (26)

Irregular/
microlobulated 
margin

Irregular or microlobulated margins 
(8,9,21,30)

Blurred margin Not well defined margin (31)

Presence of 
different 
hyperechogenic 
spots, including 
any kind of 
calcifications

Microcalcification Peripheral and/or inner 
microcalcification, defined by 
hyperechogenic spot ≤ 2 mm, either 
with or without acoustic shadow (26)

Macrocalcification Peripheral and/or inner 
hyperechogenic coarse or spot >  
2 mm, either with or without acoustic 
shadow (26)

Egg shell 
calcification

Complete and regular calcification 
border (5,8,25)

Colloid Crystal Hyperechogenic spot with comet-tail 
artifact (birefringence) (29,32)

Unspecific 
hyperechoic spots 

Hyperechogenic spot without acoustic 
shadow or comet-tail artifact that is 
not well characterized as calcification 
or colloid crystal (29,31)

Shape Non-ovoid shape Anteroposterior diameter greater than 
its transverse or longitudinal one

Taller-than-wide 
shape

Anteroposterior diameter greater than 
its transverse diameter (30)

Doppler color 
flow

Any degree of 
central flow

Any degree of central flow (28,33)

Predominant 
central flow

Central flow greater than peripheral 
blood flow and exclusively central flow 
(34)

* Echogenicity lesser than thyroid parenchyma but greater than of strap muscle (10,12);   

** Echogenicity similar to the strap muscle; *** echogenic lesser than of strap muscle, 

characterizing a marked hypoechogenicity (30).
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hypoechogenicity (any degree [graded as mild, moderate 
or marked]), according to a comparison with the overlying 
strap muscle), (iii) moderate to marked hypoechogenicity, 
(iv) marked hypoechogenicity, (v) presence of peripheral 
and/or inner microcalcification, (vi) absence of a halo, 
(vii) irregular thick halo, (viii) irregular/microlobulated 
margin, (ix) blurred margin, (x) non-ovoid shape, (xi) 
taller-than-wide shape, (xii) presence of any degree of 
central blood flow, and (xiii) predominantly central blood 
flow (i.e., central blood flow alone or more accentuated 
than the peripheral one). Conversely, the following five 
ultrasound features were considered to be potentially 
associated with benign nodules (4,5,8,25,27,29,31,32): 
(i) a spongiform appearance, (ii) hyperechogenicity, (iii) 
eggshell calcification, (iv) presence of colloid crystal, 
and (v) thin regular halo. Indeterminate features for 
likelihood associations (based on disagreements in the 
literature) assessed and included in the analysis were 
(i) peripheral and/or inner macrocalcification and (ii) 
hyperechoic spot (5,7,8-10,29,31). 

Statistical analysis

We performed all statistical analyses using the Statistical 
Package for the Social Sciences (SPSS) for Windows, 
version 17.0 (IBM). Continuous variables are 
presented as mean ± standard deviation (SD) (median). 
We compared these variables between two groups 
using the Mann-Whitney test. For comparisons among 
three or more groups, we used the Kruskal-Wallis test. 
We expressed categorical variables as percentages and 
compared these variables using the chi-squared test (c2) 
or Fisher’s exact test in bivariate analysis. Binary logistic 
regression was applied to determine in a multivariate 
analysis which specific covariates (ultrasound features) 
were independently associated with malignancy.

RESULTS

We evaluated 1413 thyroid nodules, of which 1174 
(83.1%) were classified as category II, 155 (11.0%) as 
category V, and 84 (5.9%) as category VI according 
to the Bethesda classification criteria. Overall, 1251 
(88.5%) nodules were in women. There was no 
statistically significant difference between the Bethesda 
classification and gender (categories II: 89.1%; V: 
86.5%; and VI: 84.7%; p = 0.307). Patients with a 
Bethesda II classification were significantly older (mean 
ages in each category: II, 52 years; V, 44 years; and VI, 
46 years; p < 0.001).

We obtained a histopathological analysis of all 
thyroid nodules with a malignant or suspicious 
cytopathology (n = 239). We observed a high 
diagnostic agreement between the cytopathological 
and histopathological diagnoses (kappa = 0.96; p < 
0.001). The histopathological examination confirmed 
malignancy in 98.7% (153/155) and 98.8% (83/84) 
of the nodules categorized as V and VI, respectively. 
Among the benign nodules, a confirmatory diagnosis 
was obtained in a subgroup of the sample (n = 99; 
8.4%) by histopathology (n = 23) or a second FNAB 
(n = 76). 

Associations between ultrasound features and 
Bethesda cytopathology results 

Suspicious ultrasound features increased in frequency 
along with the degree of suspicion on cytopathology 
(Table 2) and the number of suspicious ultrasound 
features presented in the thyroid nodules was higher 
according to the likelihood of malignancy identified on 
cytopathology (Figure 1). The numbers of suspicious 
features were 3.7 ± 1.3 and 3.3 ± 1.2 in Bethesda 
VI and V nodules, respectively. These values were 
higher (p < 0.001) than those found in Bethesda II 
nodules (1.06 ± 1.4). The bivariate analysis revealed 
an association between each ultrasound feature and 
the likelihood of suspicious/malignant cytopathology 
(Table 2). The likelihood of confirmed malignancy, 
obtained by evaluating a subgroup of nodules with a 
confirmed diagnosis of malignancy, is also presented 
in Table 2. Eggshell calcification was not detected in 
any of the thyroid nodules removed by surgery. Table 2 
also lists the results of the multivariate analysis, showing 
features independently associated with reported 
endpoints (i.e., “suspicious/malignant cytopathology” 
or “confirmed malignancy”). In a subanalysis including 
thyroid nodules with a confirmed diagnosis, the 
same ultrasound features were associated with either 
an increased or reduced likelihood of malignancy. 
However, five of the features (i.e., blurred margin, 
thick irregular halo, colloid crystal, hyperechoic spot, 
and macrocalcification) were no longer statistically 
significant.

The blurred margin was the sole feature 
independently and negatively associated with 
malignancy (Table 2). Albeit, none of the spongiform 
nodules were malignant, this feature was not 
independently and negatively associated with the 
likelihood of malignancy (Table 2).
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Figure 1. Blox pot graphs and receiver operating characteristics (ROC). A. Distribution of suspicious ultrasound features by Bethesda system categories.  
B. Distribution of proposed system scoring by Bethesda system categories. C. ROC curve was applied to determine the best cut off with high sensitivity 
and specificity for the highest risk categories of maligancy in the proposed score system. * AUC: area under the curve.

TI-RADS scoring 

We developed a scoring system based on the logistic 
multiple regression analysis and different weights 
assigned to each feature according to their association 
with the likelihood of malignancy on cytopathology, 
thoroughly detailed in Table 3. Features that were 
positively but not independently associated with a 
likelihood of malignancy received a weight of +1; 
these features included macrocalcification, non-ovoid 
shape, absence of a halo, and thick irregular halo. 
Features independently associated with a likelihood 
of malignancy that received a weight of +2 included 
a solid appearance, predominantly central flow, 
hyperechoic spot, hypoechogenicity (any degree), and 
moderate to marked hypoechogenicity. The presence 
of microcalcification and an irregular/microlobulated 
margin received a weight of +3 since their OR were 
the highest (> 10.0) compared with those of other 
features. Blurred margin, a feature independently 
associated with a benign status, received a weight of -2. 
Features that were associated with a benign status (but 

which the association did not emerge as independent 
in multivariate analysis) included a spongiform 
appearance, colloid crystal, hyperechogenicity, and a 
thin and regular halo. These last four features received 
a weight of -1 in our scoring system.

In terms of different grades of hypoechogenicity 
(Figure 2), we detected that nodules with much lower 
echogenicity had higher scores in our proposed scoring 
system. Marked hypoechogenicity was comprised 
in categories of thyroid nodules that presented 
hypoechogenicity of any degree (+2) and also in 
categories of moderate to marked hypoechogenicity 
(+2), besides the addition +1 (initial own score), total 
was +5 for these findings. Moderate hypoechogenicity 
was included in any degree hypoechogenicity (+2) plus 
the score of moderate to marked hypoechogenicity 
(+2), total +4 score. Mild hypoechogenicity, was 
assigned a final score +2 because it was not comprised 
neither moderate hypoechogenicity nor marked 
hypoechogenicity. This conceiving process is showed 
on Table 3. 



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

217

A modified TI-RADS for thyroid nodules

Arch Endocrinol Metab. 2017;61/3

Table 3. Weight conception process for ultrasound features scoring

Ultrasound features Weight conception  process Score 

Marked hypoechogenicity This feature alone was not independently associated with a likelihood of malignancy in 
multivariate analysis and received initially a score weight of +1. However, the weight of this 

feature increased since it is also included in the feature of hypoechogenicity of any degree (+2) 
and in moderate to marked hypoechogenicity (+2). The sum of all these weights resulted in the 

value of +5, attributed here

+5

Moderate hypoechogenicity The presence of moderate to marked hypoechogenicity was independently associated with the 
likelihood of malignancy and received a weight of +2. However, the weight of this feature 

increased it is also included in the feature of hypoechogenicity of any degree (+2), yielding a 
score weight of +4. Moderate to marked hypoechogenicity term was replaced to “moderate 

hypoechogenicity”, as marked hypoechogenicity has its own score

+4

Microcalcification Independently associated with the likelihood of malignancy (OR > 10.0) +3

Irregular/microlobu lated margin Independently associated with the likelihood of malignancy (OR > 10.0) +3

Mild hypoechogenicity This degree of hypoechogenicity received a weight based only on the feature of hypoechogenicity 
of any degree which did not meet the criteria for moderate or marked hypoechogenicity; it was 

then attributed a weight of +2 since it was included in the overall group of any degree 
hypoechoic nodules 

+2

Solid appearance Independently associated with the likelihood of malignancy (OR > 1.0 and ≤ 10.0) +2

Undefined hyperechoic spot Independently associated with the likelihood of malignancy (OR > 1.0 and ≤ 10.0) +2

Predominantly central flow Independently associated with the likelihood of malignancy (OR > 1.0  and ≤ 10.0) +2

Non-ovoid shape Ultrasound features positively associated with the likelihood of malignancy in bivariate but not 
multivariate analysis

+1

Macrocalcification +1

Absence of a halo +1

Irregular/thick halo +1

Regular thin halo Ultrasound features negatively associated with the likelihood of malignancy in bivariate but not 
multivariate analysis

-1

Crystal colloid -1

Hyperechogenicity -1

Spongiform appearance -1

Blurred margin Negatively and independently associated with the likelihood of malignancy -2

OR: odds ratio.

Figure 2. Hypoechogenicity gradation in thyroid nodules. Ultrasound images exemplify nodules that exhibit three grades of hypoechogenicity: (arrows). 
A. Mild hypoechogenicity: nodule presents echogenicity lesser than thyroid parenchyma and greater than the strap muscle (arrow). B. Moderate 
hypoechogenicity: nodule presents echogenicity similar to the strap muscle (arrow). C. Marked hypoechogenicity: nodule presents echogenicity lesser 
than the strap muscle (arrow). * Included in bivariate and multivariate analysis. 

Hypoechogenicity (any degree)*

Moderate to marked hypoechogenicity*

Marked hypoechogenicity*

A

B

C
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Table 4. Propose TI-RADS categories

TI-RADS 1: Negative

TI-RADS 2: Benign*

TI-RADS 3 (final score ≤ 2): Probably benign

TI-RADS 4a (final score 3–5): Low suspicion for malignancy 

TI-RADS 4b (final score 6–9): Moderate suspicion for malignancy 

TI-RADS 5 (final scores ≥ 10): Highly suggestive of malignancy

Suggestion 1: Investigate initially nodules ≥ 10 mm categorized as TI-RADS 4a. For those ≥ 5–10 mm, in the highest category, consider the patient’s decision before starting to investigate the nodule. 
Since, a follow-up is acceptable until the nodule achieves 10 mm, when it will then require investigation (3,4) 
Suggestion 2: Investigate nodules with associated abnormal lymph nodes or potentially aggressive signs (paratracheal nodules, subcapsular location, or local invasion)
Suggestion 3: Consider a nodule in the next superior category if its growth rate or the patient’s personal/family history suggests a high risk of malignancy (3-6,10,18)
Suggestion 4: Consider the solid part of predominantly cystic nodules with an eccentric solid area as being a solid nodule and apply the score
* Simple cyst (purely anechoic content with thin, regular wall), in spite of this kind of nodule was not analyzed in our sample, it is the only one related to benignity, without any need to continue 
diagnostic investigation.

Overall, the scores assigned to Bethesda category 
V and VI nodules were higher than those assigned to 
category II nodules (2.6 ± 2.5 [2.0] vs. 8.8 ± 3.18 
[9.0]; p < 0.001) (Figure 1). 

The Receiver Operating Characteristic (ROC) curve 
(Figure 1) yielded an area under the curve of 0.921 (CI 
95%): 0.901–0.941) and demonstrated that a score of 
5 reflected the best combined sensitivity (82.0%) and 
specificity (87.6%), as the cutoff point between the 
categories of low suspicion (TI-RADS 4a) and moderate 
to high suspicion for malignancy. The selected cutoff 
score that separated the category of highly suggestive 
of malignancy (TI-RADS 5) from low/moderate 
categories (TI-RADS 4b) was 9, which was the median 
score obtained for Bethesda category V and VI nodules 
(Figure 1). On the other hand, nodules scoring 2 were 
classified as probably benign; this was selected as the 
cutoff score between TI-RADS 3 (probably benign) 
and TI-RADS 4a (low suspicion), as shown in Table 4, 
and represents a value with high sensitivity (97.4%) but 
reduced specificity (51.6%), as shown in (Figure 1). 
Overall, the frequency of malignancy in thyroid nodules 
according to the categories was 1.0% for TI-RADS 3, 
7.8% for TI-RADS 4a, 35.3% for TI-RADS 4b, and 
84.7% for TI-RADS 5. By adopting these proposed 
criteria for our proposed TI-RADS, the frequency of 
malignant or suspicious cytopathology becomes very 
similar to that reported by the American College of 
Radiology for BI-RADS and prior Thyroid Imaging 
Reporting and Data System researches (7-13).

DISCUSSION

In this study, we observed an association between 
categories of a newly proposed TI-RADS and the 
likelihood of malignancy. This finding is similar to that 

reported for the well-established BI-RADS concerning 
breast cancer. Additionally, our results are comparable 
to other TI-RADS classifications and are in accordance 
with recent guidelines classifications (4-6). Our study 
has quantified the ultrasound features in thyroid 
nodules by giving different weights to each feature 
positively or negatively associated with the likelihood 
of malignancy. 

We found that all nodules with echogenicity 
lower than or similar to that of the overlying 
strap muscles were independently associated with 
malignancy. However, those thyroid nodules with 
marked hypoechogenicity received higher scores 
in our proposed scoring system. Due to that, we 
divided the feature of hypoechogenicity into degrees 
and found that marked hypoechogenicity played an 
important role in our proposed scoring system (Figure 
2). Comparisons between the echogenicity of the 
nodule with that of the overlying strap muscles can 
improve cancer detection, especially in the context of 
thyroiditis, in which the thyroid parenchyma exhibits 
reduced echogenicity. 

In support of our results, the presence of 
calcifications has been found to increase the likelihood 
of malignancy in different studies (29), particularly 
the presence of microcalcification. Since the size of 
microcalcifications has been reported to range from 
0.5–3.0 mm in different studies (8-11,21;25,26,30), 
one should expect an overlap between micro- and 
macrocalcifications. However, macrocalcification as a 
possible suspicious feature has not been included in 
previous TI-RADS classifications (7,9,11,12,17). It is 
important to note that presence of macrocalcification is 
generally associated with an increased risk of malignancy 
(5,25,29). Additionally, it can be difficult to distinguish 
microcalcification from colloid crystal in the absence of 
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a comet-tail artifact; this prevents the identification of 
colloid crystal, which typically correlates with benign 
nodules (5,29,32). In uncertain cases, it is appropriate 
to use the term “hyperechoic spot”; this feature may be 
associated with malignancy, as observed in this study 
and also in other previous reports (31).

A non-ovoid or nonparallel shape (i.e., a tall nodule) 
was also associated with the likelihood of malignancy 
in this study, which is consistent with previous reports 
(8,9,21,25,30). Furthermore, the relationship between 
height and longitudinal measurement, in addition to 
transverse measurement, was useful in this analysis. 
However, the taller-than-wide shape did not exhibit the 
same degree of association with malignancy compared 
with other ultrasound features proposed by Kim and 
cols. (30), a finding that is consistent with that reported 
by Russ and cols. (10).

We included Doppler flow analysis in this proposed 
TI-RADS, as done in other studies (7,10,17). 
Previously, the detection of any degree of internal blood 
flow was positively related to an increased likelihood 
of malignancy (17,28,33). However, in our study, this 
finding was not a useful predictor of malignancy. Only 
predominant central blood flow was found to be an 
independent factor associated with the likelihood of 
malignancy. Similar results regarding the vascularity of 
thyroid nodules have been reported (26).

In our sample, the presence of blurred margin 
was identified as an independent factor for benignity, 
as previously reported, based on its association with 
Hashimoto’s thyroiditis and benign nodules (31). 
These results reinforced the idea that a high number of 
pseudo-nodules in patients with Hashimoto’s thyroiditis 
may have been aspirated in the control group. Unlike 
blurred margins, irregular/microlobulated margins 
were found to be an important feature related to the 
likelihood of malignancy, which is consistent with 
findings of previous studies (3-12,21;25-30).

Most suspicious features were not present in a 
single nodule; conversely, benign and malignant 
features may overlap (29). All features positively and 
negatively associated with the likelihood of malignancy 
– which may be present in the same nodule – should 
be evaluated to yield an overall score. Previous authors 
have also evaluated the benign features of thyroid 
nodules (7,8,10,12,17). However, we attributed 
different weights to benign and malignant features, 
which resulted in a new and unique score, unlike the 
risk score for malignancy created by Kwak and cols. 

(21). Therefore, a separate evaluation of the findings, 
as done in prior studies (9,21), is a reliable and better 
way to predict malignancy than growth rate alone (24), 
in long-term follow up of thyroid nodules. In this 
study, as well as in others (9,21,29), a combination 
of suspicious findings increased the likelihood of 
malignancy. Moreover, a single feature with a high 
OR has been found to correlate more strongly with 
the likelihood of malignancy compared with the 
manifestation of two minor features (9). Likewise, the 
presence of features less related to malignancy should 
not be overlooked. In light of these considerations 
and our results, spongiform nodules, in the absence of 
other suspicious features, should not require FNAB. 
These nodules are associated with a very low risk for 
malignancy, as previously demonstrated by other 
researchers (7,25,27,29). 

A limitation of this study was the inclusion of 
limited Bethesda categories since we only evaluated 
thyroid nodules classified as Bethesda II, V, or VI. The 
selection criteria based on cytopathology may also have 
led to the exclusion of follicular carcinomas from our 
analyses since cytopathology alone is unable to confirm 
this diagnosis. Even so, a predominantly central flow 
was a relevant suspicious feature in our scoring system 
and is a useful predictor of malignancy in follicular 
neoplasms (5,34,35). In addition, papillary carcinomas 
are currently the most prevalent differentiated thyroid 
carcinomas (4), and cytopathology remains the most 
important tool in the decision to refer patients to 
surgery.

We did not include elastography in our analysis, 
which may also be a limitation of this study. However, 
elastography was also not included in several prior 
classifications (7-9,11,17), or in the latest ATA 
guidelines (4). 

An additional limitation of this study was the 
low rate of histopathological confirmation among 
nodules characterized as benign on cytopathology. 
However, this limitation has also plagued previous 
studies for ethical reasons (7-12,17,18). In contrast, 
our subanalysis including only control thyroid nodules 
with a confirmed histopathology or a second FNAB 
strengthened our results. Nodules with two benign 
cytopathological results are associated with a 100% 
chance of benignity, as previously reported (4,24). 

Important strengths of our study include the fact 
that all examinations were conducted by a single 
radiologist, as reported in a previous study (10). 
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Moreover, we indirectly assessed reproducibility by 
analyzing the agreement between two ultrasound 
specialists in a subgroup of randomly selected nodules.

In conclusion, this newly proposed TI-RADS 
involves the quantification of ultrasound features 
positively and negatively associated with malignancy, 
with different values attributed to each of these 
features. We reported the likelihood of malignancy 
based on cytopathology for different categories of the 
classification and achieved an adequate association. 
Additional studies are necessary to validate our findings.
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Deaths related to differentiated 
thyroid cancer: a rare but real event

Ana Kober N. Leite1, Beatriz G. Cavalheiro1, Marco Aurélio Kulcsar1,  
Ana de Oliveira Hoff2, Lenine G. Brandão3, Claudio Roberto Cernea3,  
Leandro L. Matos1

ABSTRACT
Objective: The present study describes the clinical and tumor characteristics of patients that died 
from differentiated thyroid cancer and reports on the cause and circumstances of death in these 
cases. Subjects and methods: Retrospective analysis of all the differentiated thyroid cancer (DTC) 
related deaths at a single institution over a 5-year period, with a total of 33 patients. Results: Most 
of the patients were female (63.6%), with a mean age at diagnosis of 58.2 years. The most common 
histologic type was papillary (66.7%) and 30.3% were follicular. The distribution according to the TNM 
classification was: 15.4% of T1; 7.7% T2; 38.4% T3; 19.2% of T4a and 19.2% of T4b. Forty-four percent 
of cases were N0; 20% N1a and 36.6% of N1b. Twelve patients were considered non-responsive to 
radioiodine. Only one of the patients did not have distant metastases. The most common metastatic 
site was the lung in 69.7%. The majority of deaths were due to pulmonary complications related 
to lung metastases (17 patients, 51.5%), followed by post-operative complications in 5 cases, 
neurological disease progression in 3 cases, local invasion and airway obstruction in one patient. 
Median survival between diagnosis and death was reached in 49 months while between disease 
progression and death it was at 22 months. Conclusion: Mortality from DTC is extremely rare but 
persists, and the main causes of death derive from distant metastasis, especially respiratory failure 
due to lung metastasis. Once disease progression is established, median survival was only 22 
months. Arch Endocrinol Metab. 2017;61(3):222-7.
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INTRODUCTION

T hyroid cancer (TC) is the most common 
endocrine malignancy and the fifth most common 

cancer diagnosed in women. It has been reported 
that its incidence has the largest annual increase in 
men and women amongst all cancers in the United 
States (1). In Brazil, it is estimated that during 2016, 
1,090 new cases will be diagnosed in men and 5,870 
in women, making it the 8th most common cancer in 
women (2). 

The vast majority of TCs (> 90%) originate from 
follicular cells and are defined as differentiated thyroid 
cancers (DTC) and the two histological subtypes are the 
papillary TC with its variants and the follicular TC (3).

Differentiated thyroid cancer is usually an indolent 
disease that with adequate treatment has an excellent 
prognosis (3). The literature reports that less than 5% 
of patients die from the disease within 10 years (4-6). 
However few, there are deaths related to DTC, but the 

rarity of this event and the long course of the disease 
makes it hard to analyze and determine specific risk 
factors for this outcome (7).

The aim of the present study was to describe the 
clinical and tumor characteristics of patients that died 
from DTC and to report the cause and circumstances 
of death in these cases. 

SUBJECTS AND METHODS

We conducted a retrospective cohort study at Instituto 
do Câncer do Estado de São Paulo (ICESP) amongst the 
1,114 patients treated for thyroid cancer from January 
2009 to November 2015. The inclusion criteria were 
patients with DTC that died from disease progression 
or complications directly related to cancer treatment. 
Thirty-three cases (3.0%) were identified and included 
in this study. The study was approved by the Institutional 
Review Board under the number 176/15.
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From these charts data was collected and analyzed 
based on patient’s demographics, tumor characteristics 
(histologic type, size, extra-thyroid spread, recurrence, 
vascular invasion, node status, extra-capsular spread), 
treatment (surgical details, use of radioiodine, external-
beam radiation, chemotherapy), outcome (recurrence, 
distant metastases, cause of death and the period for 
each outcome). 

Follow-up was done according to institutional 
protocol: clinical examination, laboratorial analyses of 
thyroid hormones, thyroglobulin and anti-thyroglobulin 
anti-bodies every six months; neck ultrasound, chest 
radiography and whole body scan (selected cases) 
annually. Locoregional recurrence was determined 
when confirmed by cytological or histological analyses 
whereas, in distant metastasis determination, suggestive 
imaging studies were accepted. 

The disease was considered refractory to radioiodine 
(RAI) therapy acording to the definition in the 
2015 American Thyroid Association Guidelines: the 
malignant or metastatic tissue did not ever concentrate 
RAI, the tumor tissue lost the ability to concentrate 
RAI following previous evidence of RAI-avid disease, 
the RAI was concentrated in some lesions but not in 
others, and the metastatic disease progressed despite 
significant concentration of RAI.

For statistical analysis, SPSS® version 17.0 (SPSS® 
Inc; Illinois, USA) was used. The values obtained from 
the study of each continuous variable were described 
by means and standard-deviation (SD) and also by 
median and 95% confidence interval (95%CI) and 
relative. Absolute and relative frequencies were used 
to describe qualitative data. The Kaplan-Meier method 
was employed for survival analysis.

RESULTS 

Amongst the 33 patients that died from DTC, the 
majority (63.6%) were female, and the absolute majority 
(94.0%) of cases were diagnosed in individuals older than 
45 years, with a mean age at diagnoses of 58.2 ± 12.0 
years. The most common histologic type of tumor was 
the papillary thyroid cancer, responsible for 22 cases and 
66.7% of deaths. There were 10 cases of follicular cancer 
and one case of not specified differentiated thyroid cancer. 

Considering TNM classification, initially, most 
patients had T3 tumors (10 cases; 38.4%), follow by 
T4a and T4b with 19.2% each, four cases (15.4%) of 
T1 and two cases of T2 tumors. Multifocal disease was 

found in 50% of patients and mean tumor size was 4.7 
± 3.4 cm (minimum of 0.5 cm and maximum of 13.5 cm). 
Forty-four percent were N0, 20% N1a and 36% N1b. 
The descriptive data of the patients included in the 
study are described in Table 1.

Thirty-one patients were submitted to surgical 
treatment initially; only two cases were not because 
were considered inoperable from the moment of 
diagnosis. Thirteen patients were submitted to total 
thyroidectomy; eight had total thyroidectomy and 
central node dissection; eight had total thyroidectomy, 
central and lateral node dissection and two partial 
thyroidectomies as the initial treatment.

Twenty-two patients (66.7%) received radioactive 
iodine (RAI) therapy, with an average of 499.4 
mCi ± 264.8 in total dose (minimum of 50mCi and 
maximum of 1200 mCi). Twelve cases were considered 
unresponsive to RAI throughout the treatment. The 
mean stimulated thyroglobulin was 19,755 ± 5,850 
ng/mL and just one case had negative thyroglobulin 
during the follow-up.

Table 1. Descriptive data of patients with differentiated thyroid carcinoma 
that died from the disease (N = 33)

Variable N (%)

Age

≥ 45 years 31 (94.0)

< 45 years

Mean ± SD

2 (6.0)

58.2 ± 12.0

Gender

Male

Female

12 (36.4)

21 (63.6)

Histologic type

Papillary

Follicular

22 (66.7)

10 (30.3)

T stage

T1

T2

T3

T4a

T4b

4 (15.4)

2 (7.7)

10 (38.4)

5 (19.2)

5 (19.2)

N stage

N0

N1a

N1b

11 (44.0)

5 (20)

9 (36.0)

Multifocality 

Yes

No

9 (50.0)

9 (50.0)

N: number of cases.
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Sixteen patients developed nodal recurrence and 
fourteen of these were submitted to a new surgical 
procedure. Thirty-two patients presented distant 
metastasis. Of these, in 42.4% the metastasis was 
diagnosed at the same time as the primary tumor. The 
most common site of metastasis was the lung (69.7%), 
followed by bone in 66.7%. Two patients had liver 
metastasis and two had kidney metastasis, but all of 
these also had lung spread as well. Forty-two percent 
of cases had metastasis in more than one site. During 
disease progression nine cases were considered to have 
dedifferentiation from the initial tumor.

Only eight patients did not receive treatment 
specifically for the metastasis or its complications. Ten 
were submitted to surgery, six received sorafenib as part 
of a clinical trial, eleven underwent radiation therapy 
and six chemotherapy. 

When analyzing the specific cause that lead to their 
deaths, it was established that the majority of patients 

died from respiratory failure related to their lung 
metastasis (17 patients, 51.5%). Other causes were 
post-operative complications in 5 cases, neurological 
disease progression in 3 cases (central nervous system 
invasion), local invasion and airway obstruction 
in one patient and other causes in 7 patients. The 
absolute majority of patients (85.3%) died either from 
progression of their metastasis or complications derived 
directly from its treatment. 

The mean time between diagnosis and death was 
of 71.4 months (median 49 months, minimum of 4 
months and maximum of 279 months). The survival 
analysis (Figure 1) revealed that the great majority 
of patients have low cumulative survival in the first 5 
years of follow-up. Median survival between diagnosis 
and first evidence of metastatic disease was reached 
in 9 months (CI95%: 0.0 – 20.9 months), between 
the diagnosis and disease progression in 21 months 
(CI95%: 9.9 – 32.1 months), between diagnosis and 

Figure 1. Kaplan-Meier curves demonstrating the evolution of cumulative survival between diagnosis and metastatic disease (A), between the diagnosis 
and disease progression (B), between diagnosis and death (C) and between metastasis diagnosis and death (D) in the evolution of the disease in patients 
that died from differentiated thyroid carcinoma.
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death in 49 months (CI95%: 36.8 – 61.2 months) 
and between first metastasis diagnosis and death in 31 
months (CI95%: 24.3 – 37.6 months). Moreover, the 
median survival was reached in 22 months (CI95%: 
14.2 – 29.8 months) from the disease progression until 
death (Figure 2).

DISCUSSION 

The present study identified a death rate of 3.0% in 
a cohort of 1,114 patients treated for differentiated 
thyroid cancer in a single institution, one of the largest 
casuistic in the literature. Moreover, the majority 
of these patients had advanced disease, almost all of 
them with distant metastasis, especially pulmonary. 
Some developed RAI therapy refractory disease, tumor 
dedifferentiation and most patients quickly developed 
disease progression, despite the therapeutic approach. 
We also found that once disease progression has been 
established, the mean survival drops significantly and 
within 22 months of disease progression 50% of the 
patients are dead.

Physicians consider differentiated thyroid cancer 
an indolent disease that will have a good outcome if 
correctly treated at diagnoses. As a result, there is a 
global tendency to treat DTC less aggressively over 
the years (8-12). However, since its extremely low 
mortality is balanced by its high prevalence, the number 
of deaths cannot be overlooked. The American Cancer 
Society estimates over 2,800 deaths related to DTC in 
2014 (13).

Similarly to the present study that demonstrated a 
death rate of 3.0%, mortality related to DTC is reported 
to be lower than 5% at 10 years (4-6,14). Because it is a 
rare outcome in a disease with long clinical course it is 
extremely difficult to analyze the factors that may lead 
to it prospectively, which makes reports like the present 
one become more significant. 

Initial reports on this subject from the 1960s show 
that local disease progression with airway obstruction 
was a significant cause of death, almost as much as 
distant metastasis. Tollefsen and cols. (15) in 1964 
reported 40% of deaths from thyroid cancer related 
to local disease progression and 52% related to distant 
metastasis. Smith and cols. (16) at Mayo Clinic reported 
a similar scenario in 1988, with 36% of deaths from 
local disease progression and 37% from lung metastasis 
progression. 

However, this distribution changed in the series 
closer to 21st Century and deaths due to local disease 
progression became rare. In 2001, Beasley and 
cols. (17) showed 70% of deaths related to distant 
metastasis and 20% from local recurrence. Nixon 
and cols. (7) reported on 17 deaths from DTC with 
88% of deaths from distant metastasis and two from 
aspiration pneumonia that could be related to local 
disease complications. These findings are similar to the 
results reported in the present study, that show 85.3% 
of deaths related to distant metastasis progression and 
only one case (3%) from local disease progression. 

This shift on the specific cause that leads to death 
in DTC patients can most certainly be explained by the 
change in treatment approach in the last decades, with 
more aggressive surgical therapy to remove all gross 
disease, including airway and esophagus resection if 
necessary. Also, radioiodine treatment is more available 
and used in the majority of cases, which probably 
contributes to this shift in disease progression. 

Studies associate deaths from DTC with extra-
thyroid extension, nodal disease, age over 45 years and 
distant metastasis (7,16,17). In our series the majority 
of patients had age over 45 years, nodal disease and all 
but one patient had distant metastasis.

Many cases had advanced disease at presentation, 
with 42.5% of metastasis already at initial diagnosis and 
60% of T3 and T4 tumors. The literature also shows 
that advanced disease is usually present at the initial 
diagnosis in the patients that will die from DTC (7,17).

However, there are some cases that do not follow 
this pattern. In this series two patients presented with 

Figure 2. Kaplan-Meier curves demonstrating a short time between 
disease progression and death in patients with differentiated thyroid 
carcinoma (median survival reached in 22 months).
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initial tumors, no nodal or distant metastasis, and during 
follow-up developed lung metastasis that eventually 
led to their deaths. One was a 63 year-old male with a 
1.3 cm papillary TC that had a nodal recurrence after 
two years of thyroidectomy, as well as lung metastasis 
four years after initial diagnosis, and died within one 
year. The other was a 42 year-old female with a 0.5 cm 
unifocal folicullar carcinoma and no nodal metastasis 
that developed lung metastasis after four years of 
surgery and died six years after initial diagnosis from 
lung disease progression (Figure 3).

Nilubol and Kebebew (13) identified, using the 
database of SEER (Surveillance, Epidemiology, and 
End Results), that amongst 1,753 deaths from DTC 
12.3% were tumors with less than 2.0 cm, which brings 
directly into question the safety of non-operative 
management of initial DTC that has recently been 
advocated by some authors (11). Our findings of two 

cases with less than 2.0 cm in 33 deaths from DTC 
corroborate that the non-operative approach should be 
treated with caution.

In conclusion, mortality from DTC is extremely rare 
but persists, and the main cause of death is respiratory 
failure due to lung metastasis. The absolute majority 
of patients die from distant metastasis with rapid 
progression and present with advanced disease, but there 
are cases of initial indolent disease that later develop 
metastasis that lead to death. The very low mortality 
by DTC makes this a hard subject to study. There are 
only small series available in the literature with distinct 
inclusion criteria and methodologies and, therefore, 
it is not possible to make any useful conclusions as to 
what makes some DTC behave so aggressively. Further 
studies in molecular biology are necessary to establish 
factors associated with aggressiveness in DTC so that 
we can select the patients at high risk for mortality and 
treat them accordingly. 

This study has the limitation of being a retrospective 
descriptive analyses of a cohort of patients that died 
from DTC, therefore preventing further analyses 
of factors related to this outcome. Prospective trials 
would bring very useful knowledge on this subject, 
but are very hard to do since mortality is very low and 
disease clinical course is long. Also, because it was not 
a prospective study, follow up and scans intervals may 
have varied between patients. 

Disclosure: no potential conflict of interest relevant to this article 
was reported.
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anthropometric parameters  
and cord blood adiponectin and 
high-sensitivity C-reactive protein 
in gestational diabetes mellitus
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ABSTRACT
Objectives: The objectives were to evaluate the relation between fetal anthropometric parameters 
and cord blood concentration of adiponectin and high sensitivity C-reactive protein (hs-CRP). 
Subjects and methods: A total of 104 pregnant women (52 with gestational diabetes mellitus [GDM], 
52 with normal glucose tolerance (NGT) participated. Venous cord blood samples were obtained at 
delivery, centrifuged and the plasma was stored at -20°C. The samples were assessed for adiponectin 
and hs-CRP using the ELISA method. Statistical analysis was done using SPSS software. Results: 
The adiponectin concentration was higher in the GDM group than in the NGT group (11.05 ± 4.1 µg/
mL in GDM vs. 5.34 ± 2.63 µg/mL in NGT, p < 0.001). GDM was also higher in neonates delivered 
at later gestational ages (p < 0.001, Pearson correlation = 0.59). There was a positive correlation 
between cord blood adiponectin and birth weight in the GDM group (p < 0.001, Pearson correlation 
= 0.619) but not in the NGT group. There was no significant correlation between adiponectin and 
infant length or head circumference. There was also no significant difference in cord blood hs-CRP 
concentration between groups. No relation was found between hs-CRP and newborn anthropometric 
parameters. Conclusion: In the GDM group, adiponectin concentration was considerably higher and 
had a positive correlation with the ponderal index and birth weight which was not found in the NGT 
group. Arch Endocrinol Metab. 2017;61(3):228-32.
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INTRODUCTION

G estational diabetes mellitus (GDM) is impaired 
glucose tolerance that develops or is first 

diagnosed during pregnancy (1-3). Recent studies have 
shown a 20-fold increase in the prevalence of GDM. 
A further 4-fold increase in prevalence is anticipated 
(3,4) after adoption of the new diagnostic criteria 
suggested by the International Association of Diabetes 
and Pregnancy Study Groups (IADPSG) (1,5). The 
presence of GDM means that many infants are exposed 
to hyperglycemic conditions in utero which can cause 
neonatal adiposity and metabolic disorders later in life. 

The pathogenesis of GDM and its features that 
result in obesity and metabolic disorders remain unclear. 
Recent studies have shown that the inflammatory system 
may play a role in the development and pathogenesis 
of GDM (1). Insulin resistance and inflammation are 
major features of maternal metabolic state in women 

with GDM. Both of these conditions can affect fetal 
growth (2). The inflammatory environment alters 
placental gene transcription and fetal metabolic 
programming. Genes for lipid metabolism and those 
for inflammatory pathways are upregulated in the 
placenta of women with GDM (2). This upregulation 
increases or unbalances production of inflammatory 
cytokines and energy metabolism regulatory cytokines 
such as adipokines (2,6,7), which increases adiposity 
at birth (8,9) and predisposes the newborn to become 
overweight and develop metabolic diseases such as 
impaired glucose tolerance, metabolic syndrome, and 
cardiovascular disease (2,6-8). Previous studies have 
focused on the pathophysiologic pathways and cytokine 
levels in GDM and their possible effect on offspring 
comorbidities later in life (1,6,7,10). 

Adiponectin is a cytokine that is released 
exclusively by adipocytes in adults (9,11-13). Maternal 
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adiponectin has a high molecular weight; therefore, it 
probably does not pass through the placental barrier; 
its concentration in the umbilical cord is of fetal origin 
(14,15). The origin of adiponectin in the fetus is 
not clearly understood (13). In adults, adiponectin 
concentration is inversely related to adiposity, but 
its association with adiposity is poorly understood 
(9,11,13). Some studies indicate a positive correlation 
between cord plasma adiponectin concentration and 
adiposity in infants (8,12,14,16-20) and some have 
found no significant correlation (9,15).

C-reactive protein (CRP) is an acute phase 
protein in plasma synthesized by the liver in response 
to pre-inflammatory cytokines. Its concentration 
increases 12-24 hours after the commencement 
of an inflammatory process and preserves its level 
throughout the inflammation. There is a positive 
correlation between CRP concentration and insulin 
resistance and elevated levels of CRP have been 
reported in GDM. A growing body of evidence 
suggests that CRP is related to development and 
progression of cardiovascular disease (21).

The present study evaluated the relationship 
between fetal anthropometric parameters, cord blood 
adiponectin and hs-CRP concentration at birth 
and compared mean cord plasma adiponectin and  
hs-CRP concentrations in the GDM and normal 
glucose tolerant (NGT) groups. 

SUBJECTS AND METHODS

This analytical, case-controlled study was conducted at 
Imam Khomeini Hospital (a university-affiliated hospi-
tal) in the city of Ahvaz in Iran. Recruitment began in 
June 2014 and ended in July 2015. The study proto-
col was approved by the Research Ethics Committee 
of Ahvaz Jundishapur University of Medical Sciences. 
Informed consent was obtained from all patients. Prior 
to participation, all the participants underwent an oral 
glucose tolerance test (3 hour, 100 g glucose). Those 
who had two or more values exceeding the thresholds 
of the GDM diagnostic criteria as suggested by the Na-
tional Diabetes Data Group (NDDG) were included in 
the GDM group. Women who had no values meeting a 
NDDG criteria were included in the NGT group. Tho-
se who had only one value exceeding the threshold of 
the criteria were excluded from the study (22). 

Inclusion criteria were a gestational age at delivery of 
35 to 41 weeks, singleton pregnancy, first minute Apgar 

score > 7 and uncomplicated delivery. Exclusion criteria 
were substance abuse by mother (including cigarettes, 
alcohol, etc.), chronic disease and overt diabetes in the 
mother and the presence of congenital anomalies.

Eventually 104 pregnant women entered the study 
(52 women in the GDM group and 52 in the NGT 
group). Of the 52 women with GDM, 38 women were 
given a 40% carbohydrate diet to control their GDM 
and 14 women were treated with insulin.

Clinical and demographic data

The demographic data was gathered by questionnaire. 
The height and weight of the pregnant women were 
measured using a calibrated medical scale and recorded. 
The body mass index (BMI) was calculated as BMI = 
weight (kg)/height (m2). The length of the newbor-
ns was measured using a calibrated length board and 
their weight with a calibrated scale. To assess fetal gro-
wth pattern, the ponderal index (PI) was calculated as

(PI =  Birth weight (gr)   × 100). 
 Body lenght (cm)3

Lab measurement

Venous cord blood samples were obtained from the 
104 full-term healthy infants. After delivery and cord 
clamping, 5 mL of cord blood was collected from the 
umbilical vein in prepared and heparinized tubes at am-
bient temperature using the aseptic method. The sam-
ples were centrifuged and the plasma was kept frozen 
and stored at -20oC until analysis. 

Adiponectin was assayed using an ELISA kit 
specific to human adiponectin (Biovendor; Laboratorni 
Medicina; Czech Republic). Serum adiponectin was 
measured as micrograms per milliliter (µg/mL). 
Quantitative high sensitivity C-reactive protein (hs-
CRP) was assayed using an i-CHROMA kit for 
fluorescence immunoassay specifically for determination 
of human hs-CRP (Boditech Med Europe; United 
Kingdom). Serum hs-CRP was measured as milligram 
per milliliter (mg/mL).

Statistics

The data were analyzed by SPSS 13 software (SPSS; 
USA). The unpaired student T-test was utilized to as-
sess differences between groups. Simple linear regres-
sion was employed to eliminate the influence of other 
predictor values. Pearson correlation was used to analy-
ze the bivariate correlation between adiponectin levels 
and anthropometric parameters.
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RESULTS
All infants were healthy and were born at Imam Kho-
meini Hospital. The demographic and clinical data of 
the study population are shown in Table 1. Although 
there was no statistically significant difference in age, 
parity and BMI between groups. The offspring of the 
GDM group had higher adiposity, were more prone to 
be delivered by cesarean section, and were delivered one 
week earlier on average than the NGT group (Table 1).

All of the 104 infants were included in the study (51 
males and 53 females; gestational age: 35-41 weeks; birth 
weight: 2300-4150 g). No significant differences were 
observed between groups. The mean birth weight and 
PI were higher in the GDM group than the NGT group 
(birth weight: 3535.1 ± 400 g vs. 3041.7 ± 350 g, PI: 
2.74 ± 0.28 g/cm3 vs. 2.40 ± 0.18 g/cm3; p < 0.001). 
There was no significant difference between the mean 
length (50.50 ± 1.96 cm in GDM group vs. 50.14 ±  
1.43 cm in NGT group; p = 0.29) and head circumference 
(34.22 ± 0.65 cm in GDM group vs. 34.12 ± 0.79 cm in 
NGT group, p = 0.5) between groups.

The adiponectin present in the cord blood 
ranged from 0.8 to 22.30 µg/mL. Mean cord blood 
adiponectin was 11.05 ± 4.1 µg/mL in the GDM 
group and 5.34 ± 2.63 µg/mL in the NGT group and 
was significantly higher in the GDM group (p < 0.001). 
In addition, there was a significant correlation between 
cord blood adiponectin and birth weight in the GDM 
group (p < 0.001, Pearson correlation = 0.619). No 
such relation was found in the NGT group. There was 
no significant correlation between adiponectin and 
length or head circumference of the infants.

No difference in adiponectin concentrations 
was observed according to gender or by mode of 
delivery between groups. Cord blood adiponectin 
concentrations were higher at later gestational ages and 
there was a significant correlation between gestational 
age and adiponectin concentration (p < 0.00; Pearson 
correlation = 0.59). There was no significant difference 
in cord blood hs-CRP concentration between groups. 
No significant relationship was found between hs-CRP 
and newborn anthropometric parameters.

Table 1. Demographic and clinical data of the study population

Whole group NGT group GDM group P value

n 104 52 52

Maternal characteristics:

Age (years) 27.89 ± 5.63 (17-40) 26.8 ± 5.05 28.9 ± 6.02 NS

BMI 25.17 ± 4.89 24.96 ± 5.24 25.37 ± 4.53 NS

Parity

   0 41 19 22 

NS   1 37 21 16 

   > 1 26 12 14 

Children (boys/girls) 51/53 27/25 24/28 NS

Gestational age at delivery (weeks) 38.12 ± 1.46 (35.44-41) 38.65 ± 1.45 37.6 ± 1.28 < 0.001

HbA1c - - 5.24 ± 0.32

Delivery

< 0.001   Vaginal 93 50 43

   Caesarian 11 2 9

Neonatal characteristics:

Birth weight (kg) 3.28 ± 0.45 (2.30-4.15) 3.04 ± 0.35 3.53 ± 0.40 < 0.001

Ponderal index (gr⁄cm3) 2.57 ± 0.29 (2.04-3.39) 2.40 ± 0.18 2.74 ± 0.28 < 0.001

Birth length (cm) 50.32 ± 1.72 (47-56) 50.14 ± 1.43 50.50 ± 1.96 NS

Head circumference (cm) 34.17 ± 0.72 (30-36) 34.12 ± 0.79 34.22 ± 0.65 NS

Cord serum adiponectin (µg/mL) 8.20 ± 4.470 (0.8-22.30) 5.34 ± 2.63 11.05 ± 4.1 < 0.001

Cord serum hsCRP (mg/mL) 0.19 ± 0.30 (0.1-2.0) 0.19 ± 0.28 0.19 ± 0.33 NS

Data are mean ± SD;  HbA1C: glycosylated hemoglobin; NS: not significant.



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

231

Fetal anthropometrics, adiponectin and hsCRP in GDM

Arch Endocrinol Metab. 2017;61/3

DISCUSSION

Adiponectin is a cytokine of great importance because 
it can cause establishment of metabolic diseases. Adipo-
nectin concentration has a reverse correlation with in-
flammatory diseases such as obesity and cardiovascular 
disease (23,24). Studies have shown that adiponectin 
affects insulin sensitivity, β oxidation and inflammatory 
pathways. The fact that adiponectin concentrations in-
crease at later gestational ages suggests a role for it in 
the early growth and development of the fetus (9,13). 
The present study revealed that the mean cord blood 
adiponectin concentration in the GDM group was sig-
nificantly higher than that in the NGT group. Previous 
studies have reported lower cord blood adiponectin 
concentrations in the GDM group (11).

The data showed a significant correlation between 
PI (Pearson correlation: 0.421), birth weight (Pearson 
correlation: 0.619) and cord blood adiponectin 
concentration. Increased adiponectin levels may play a 
role in increased birth weight and PI. Ballesteros and 
cols. (11) reported similar findings. In contrast, Lindsay 
and cols. (9) found no significant correlation between 
adiponectin concentration and anthropometric 
parameters. Another study suggested a reverse 
correlation between PI and adiponectin concentration 
(11,25). Some studies have shown a positive correlation 
between adiponectin concentration and birth weight 
(8,12,14,16-20), but few have failed to find a significant 
correlation (9,15). The current study found a positive 
correlation between adiponectin concentration and 
gestational age in the GDM group although there was 
no such correlation in the NGT group. Ballesteros and 
cols. (11) reported similar results, but Lindsay and cols. 
(9) found no significant correlation between gestational 
age and adiponectin.

There was no significant correlation found for 
adiponectin concentrations versus delivery mode, which 
agrees well with the findings of Lindsay and cols. (9). 
The results also show no difference in adiponectin levels 
by gender. By contrast, Lindsay and cols. (9) reported 
a difference by gender for adiponectin concentration. 
No difference in adiponectin concentration was found 
between women with GDM who were treated with a 
40% carbohydrate diet and those who were treated with 
insulin in the present study.

This study found no significant difference in cord 
blood hs-CRP concentration between groups. These 
findings were similar to those of Mordwinkin and 

cols. (26) and Jahromi and cols. (27). No significant 
relation was found between hs-CRP and newborn 
anthropometric parameters in the present study. To 
our knowledge the present study is one of the first to 
investigate the relation between hs-CRP and newborn 
anthropometric parameters. No similar studies were 
found to compare with the results of the present study. 

The study had certain limitations. Only Iranian 
women were involved, so the results cannot be 
extrapolated to other ethnicities. Moreover, financial 
limitations prevented adoption of IADSPG criteria for 
screening and diagnosing GDM. This study is one of few 
to assess the level of adiponectin and hs-CRP in GDM 
and their relation with fetal anthropometric parameters. 
Inflammatory pathophysiology may play a role in the 
development of GDM (1), but the mechanism is not 
fully understood. The findings of the previous studies 
have conflicted. Further investigation is needed to 
examine whether or not a significant difference exists 
between cord serum concentration of adiponectin 
and hs-CRP among women with GDM compared to 
healthy pregnant controls and investigate their relation 
to fetal anthropometric parameters. To summarize, 
a significantly higher adiponectin concentration was 
found in the GDM group and had a positive correlation 
with PI and birth weight which was not observed in the 
NGT group.
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Serum Fluorescent Advanced 
Glycation End (F-AGE) products 
in gestational diabetes patients
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ABSTRACT 
Objectives: Advanced glycation end products (AGEs) are involved in the pathogenesis and 
complications of diabetes mellitus (DM). Gestational DM (GDM) is characterized by increased glycemia 
and oxidative stress, which are factors associated with high serum AGE concentrations. The aim of 
this study was to evaluate the utility of a serum fluorescence AGE (F-AGE) method as a screening tool 
for gestational diabetes. Subjects and methods: Serum samples from 225 GDM patients and 217 
healthy pregnant women (healthy controls) were diluted 50-fold in phosphate-buffered saline, and 
the AGEs were estimated by fluorometric analysis (λEx 350 nm/ λEm 440 nm). Results: No significant  
(P > 0.05) differences in AGE concentrations, expressed in Arbitrary Units (UA/mL × 104), were 
observed in the women with GDM or in the healthy controls. Furthermore, F-AGE concentrations did 
not change significantly during the pregnancy (12-32 weeks of gestation). Only the GDM group had 
a positive correlation (r = 0.421; P < 0.001) between F-AGEs and serum creatinine concentrations. 
Conclusion: It was not possible to distinguish women with gestational diabetes from the healthy 
controls on the basis of serum F-AGE concentrations. Arch Endocrinol Metab. 2017;61(3):233-7.
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INTRODUCTION

A dvanced glycation end products (AGEs) are 
generated by the non-enzymatic reaction of a 

sugar ketone or aldehyde group with the free amino 
groups of proteins, amino acids, lipids, and nucleic 
acids under conditions of hyperglycemia and oxidative 
stress (1,2). AGEs may cause tissue injury both directly, 
through phenomena such as trapping and cross-linking, 
and indirectly, by binding to specific receptors such as 
receptors for AGE (RAGE), which is expressed on the 
surface of numerous cell types, such as macrophages, 
monocytes, endothelial cells, neurons, and smooth 
muscle cells (3,4). The AGE-RAGE interaction can 
lead to oxidative stress, production of growth factors 
and cytokines, chronic inflammatory responses, and 
cellular and vascular dysfunction (5,6).

Elevated AGEs concentrations are associated 
with several diseases, including diabetes mellitus 
(DM) (5,7,8). DM is a pathology characterized 
by hyperglycemia, oxidative stress, inflammation, 
and consequently, the AGE-RAGE interaction is 
enhanced (1,5). While some studies have shown that 

AGE concentrations are higher in type 1 (T1D) and  
type 2 (T2D) diabetic patients than in healthy subjects, 
especially in diabetes with secondary complications 
(9,10), others have shown that AGE concentrations 
are also elevated in gestational DM (GDM) (11,12), 
and still other studies have demonstrated that AGEs 
concentrations were not significantly different between 
women with GDM and healthy pregnant women 
(13,14). However, a standard method to measure 
AGEs has not yet been established, making it difficult 
to compare results (15).

The absence of a universal method to measure AGEs 
is largely due to the characteristics of these compounds. 
AGEs constitute a large, complex, and heterogeneous 
group of molecules, and only some structures have 
been identified (1,16). εN-carboxymethyl-lysine 
(CML), pentosidine, and methylglyoxal derivatives 
are examples of well-characterized AGEs (4,16). 
High performance liquid chromatography (HPLC), 
enzyme-linked immunosorbent assay (ELISA), 
immunohistochemistry and fluorescence spectroscopy 
have been used to measure the concentrations of the 
different types of AGEs (17-19).
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Most AGEs have a characteristic fluorescence with 
an excitation maximum approximately at 370 nm and 
an emission maximum around 445 nm (20). Unlike 
other methods, fluorescence spectroscopy is rapid, cost 
effective and sample preparation is simple. 

In this study, the fluorescence method was applied 
to measure the AGEs in the serum of pregnant women 
with GDM and healthy pregnant women in order to 
evaluate the screening capacity of this method and to 
examine the relationship AGEs concentration to other 
biochemistry parameters.

MATERIALS AND METHODS 

Subjects 

A total of 442 unrelated Euro-Brazilian pregnant 
women were examined. Healthy pregnant women were 
classified as controls (n = 217). Women with gestational 
diabetes (GDM, n = 225) were classified by the criteria 
of the Brazilian Diabetes Society – 2009 (21). Briefly, 
fasting plasma glucose ≥ 6.1 mmol/L and glycemia 2 
h after 75 g oral glucose ≥ 7.8 mmol/L at 24th – 28th 
weeks of gestation. Patients with overt renal failure and 
cardiovascular disease were not included in the study.

The study was approved by the Federal University 
of Paraná’s Ethics Committee according to the 
Declaration of Helsinki, and all subjects gave written 
consent before measurements.

Clinical and laboratory data

Clinical and anthropometric data were collected from 
patient files or from electronic patient registers. Fasting 
(8 h) blood was collected in Ethylenediaminetetraacetic 
Acid tripotassium salt tubes (K3EDTA, Vacutainer®, 
Becton Dickinson, New Jersey, USA) and Serum 
Separator tubes (Gel SST® II Advance, Becton 
Dickinson, New Jersey, USA). The plasma and serum 
obtained were stored at -20 °C. The biochemical 
blood parameters were determined using an Architect 
Ci8200 system (Abbott Diagnostic Laboratory, Illinois, 
USA) with reagents, calibrators, and controls from the 
manufacturer (Table 1). 

Fluorescent AGE assay

Measurement of fluorescent AGEs (F-AGEs) 
concentrations was based on the spectrofluorimetric 
detection (22). Serum was diluted 50-fold with 
phosphate-buffered saline (KH2PO4 1.06 mmol/L, 

NaCl 155.10 mmol/L and Na2HPO4.7H2O 2.97 
mmol/L, pH 7.4) and homogenized with vortex 
mixer for 10 seconds. The diluted serum (300 µL) was 
transferred into black 96-well plates. The excitation 
and emission wavelengths were 350 nm and 440 nm, 
respectively (Spectrofluorimeter Infinitive M200, 
TECAN, Mannedorf, Switzerland). PBS solution was 
used as blank. The fluorescence intensity was expressed 
in arbitrary units per milliliter of serum (AU/mL) and in 
AU/g of total protein. The total protein was measured 
by the biuret method (Architect Ci8200 system, Abbott 
Diagnostic Laboratory, Illinois, USA). The analytical 
coefficient of variation (CVa) was determined intra-assay 
as 5.1% (n = 15) and inter-assay as CVa = 7.9% (n = 22). 

Table 1. Anthropometric and laboratory characteristics of the study 
groups 

Parameters Control  
(n = 217)

GDM  
(n = 225) P

Age (years) 29 (27–33) 32 (28–36) < 0.001*

Weight (kg) 66.1 (58.5–73.8) 80.3 (70–93) < 0.001*

Height (m) 1.61 ± 0.06 1.60 ± 0.07 0.003

BMI (kg/m2) 25.4 (22.5–28.3) 32.0 (27.7–36.4) < 0.001*

Fasting glucose 
(mmol/L)

4.7 (4.4–4.9) 4.8 (4.6–5.4) < 0.001*

Glucose 2h-75g 
(mmol/L)

4.8 (4.5-5.6) 9.0 (8.2–10.0) < 0.001*

HbA1C (%) - 5.6 (5.3–6.1) -

Total Protein (g/L) 69 ± 7 63 ± 5 < 0.001

Albumin (g/L) 43 (38–46) 34 (32–36) < 0.001*

Creatinine (µmol/L) 70.7 (61.9–79.6) 61.9 (53.0–70.7) < 0.001*

AGE (AU/mL × 104) 2.50 ± 0.86 2.42 ± 0.72 0.262

AGE (AU/g × 105) 3.65 ± 1.15 3.84 ± 1.36 0.114

Values are presented as mean ± SD, median (interquartile range); - no information available.
Control, healthy pregnant women; GDM: gestational diabetes mellitus. P values, Student t-test 
(two-sided) or * Mann–Whitney U test.

Statistical analysis

The Kolmogorov-Smirnov test was applied to test the 
data for a normal distribution. Variables with a normal 
distribution were reported as mean ± SD and those with 
non-normal distribution as median (interquartile range, 
25-75%). Comparisons between groups with continuous 
variables were tested with Student’s t test (independent) 
or the Mann–Whitney U test, as appropriate. ANOVA 
was used to compare more than two groups with normal 
distributions. The correlation analyses were carried 
out with Pearson’s correlation test. A P-value < 0.05 
was accepted as the threshold for defining statistical 



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

235

Fluorescent-AGEs in GDM

Arch Endocrinol Metab. 2017;61/3

significance. Statistical evaluation was performed with 
the Statistica software for Windows, version 8.0 (StatSoft 
Inc., Tulsa, OK, USA). ROC (Receiver Operating 
Characteristics) curves, cut-off points and the area under 
the curve (AUC) were calculated using MedCalc ver 
12.2.1.0 (Mariakerke, Belgium).

RESULTS 

The clinical and laboratory characteristics of the healthy 
women and women with GDM pregnant patients are 
shown in Table 1. The low fasting glucose and HbA1C 
concentrations suggested that the GDM patients had 
good glycemic control. Additionally, the low creatinine 
concentrations (< 106 µmol/L) indicate an absence of 
kidney damage.

The F-AGEs concentrations expressed as arbitrary 
units per unit volume (AU/mL) and per mass of protein 
(AU/g) were not statistically significant (P > 0.05) 
between the two groups (Table 1). ROC curve analysis 
(Figure 1), with the area under the curve (AUC) of 
0.537 (P = 0.188), showed that the fluorescence assay 
did not have sufficient specificity (67.3%) and sensibility 
(48.7%) to classify the groups. 

The F-AGEs were also not significantly different 
in four gestational periods (Figure 2). There was a 

significant positive correlation (r = 0.421; P < 0.001) 
between F-AGE concentration (UA/g protein) 
and serum creatinine concentrations in the GDM 
group (Figure 3). Healthy pregnant women showed 
no correlation between F-AGE concentration and 
creatinine concentrations (r = 0.124; P = 0.049).

Figure 1. Receiver operating characteristic (ROC) curve for F-AGEs values 
in pregnant women with and without gestational diabetes. The AUC is 
0.537 ± 0.036 (P = 0.188). The black circle (arrow) indicates the cut-off 
point (> 3.9 AU/g of protein) with sensitivity and specificity values of 
48.7% and 67.3%, respectively. The dotted lines delimit the 95% 
confidence interval and the straight line is the line of equality.
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Figure 2. F-AGEs expressed in AU/g of protein were compared in four 
gestational periods. The results for healthy pregnant woman are shown as 
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(Student’s t test) compared the F-AGE concentrations in the same 
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Figure 3. Linear correlation between serum creatinine and F-AGEs for 
the GDM group. Pearson’s Correlation (r = 0.421; P < 0.001) between 
F-AGEs and serum creatinine. The regression (solid) and 95% confidence 
interval (dotted) lines are shown.
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DISCUSSION 

Serum AGEs can be detected by many analytical methods, 
such as ELISA, radioimmunoassay, radioreceptor assay, 
fluorescence spectroscopy, and HPLC (18,20,23,24). 
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Fluorescence spectroscopy is an easy and rapid method 
(22). Different studies have shown that the fluorescence 
assay (detecting F-AGEs) can be used to distinguish  
type 1 (T1D) and type 2 (T2D) diabetic patients from 
healthy subjects (19,22). The high oxidative stress 
conditions associated with diabetes likely play a more 
important role in AGE formation, in particular in type 2 
diabetes, than the hyperglycemic state (22). 

We postulated that GDM-induced mild 
hyperglycemia combined with oxidative stress could 
promote a significant increase in AGE concentrations 
when compared to that observed in healthy pregnant 
women. Therefore, we decided to evaluate the utility of 
a simple, fast, and inexpensive fluorimetric method to 
screen for GDM, where 96 samples could be processed 
in a short interval of time and with acceptable analytical 
performance (CVa < 8%; inter-assay). Our results 
showed that the proposed method could not be used 
to distinguish between the healthy patients and the 
GDM patients (Table 1). The ROC curve analysis  
(Figure 1) confirms that fluorescent AGEs were not 
able to efficiently discriminate the studied groups by 
the low sensibility and specificity observed.

These results are also consistent with a previous 
study, which showed that the skin autofluorescence 
AGE, measured using the AGE-Reader (DiagnOptics 
Technologies BV, Groningen, The Netherlands), 
also failed to distinguish GDM patients from healthy 
pregnant women (13). The authors justified this result 
due to mild severity and short duration of hyperglycemia 
in GDM at diagnosis. In our study, the good glycemic 
control observed in the GDM group (HbA1c 5.6%) 
likely explains the inability of fluorescence spectroscopy 
method to distinguish the GDM group from the healthy 
pregnant women. Therefore, we hypothesize that the 
presence of the mild hyperglycemia and oxidative stress 
in our GDM patients did not generate serum F-AGEs 
concentration enough to discriminate the groups 
studied. Buongiorno and cols. (11) differentiated GDM 
patients without adequate glycemic control from the 
control group by quantifying the AGE concentrations 
using the ELISA method, but could not differentiate 
women who previously had DM pregnancies and good 
glycemic control from healthy pregnant women. 

In addition, in our population studied, no difference 
in F-AGEs was observed in the four major periods of 
gestation between the healthy women and women with 
gestational diabetes (Figure 2). On the other hand, 
AGE concentrations measured by the fluorescence 

method in the serum of Chinese GDM pregnant 
women in mid-gestational and later gestational periods 
were also similar, but higher when compared to those 
of healthy pregnant women in the same gestational 
periods (25). 

Of the correlations tested between F-AGE 
concentrations and biochemical blood parameters, 
the F-AGE was positively correlated with serum 
creatinine concentrations only in the GDM group 
(Figure 3). Similar results were described for T1D 
and T2D patients (r = 0.84; P < 0.001) (26,27). In 
contrast, a significant positive correlation between low 
molecular weight serum F-AGEs and serum creatinine 
was shown in individuals with only minimal renal 
disturbance or with normal creatinine concentrations 
(28). Pentosidine (free form), an F-AGE, and possibly 
other AGEs are filtered through the glomeruli and 
reabsorbed in the proximal tubules (29). Therefore, 
decreased glomerular filtration rate and tubule cell 
damage could also be involved in AGE accumulation, 
as suggested by Wagner and cols. (27), who showed 
that patients with impaired renal function presented 
with increased serum CML and F-AGE concentrations 
and decreased creatinine clearance. In the present 
study, it is not clear why GDM pregnant women with 
normal serum creatinine concentrations presented 
with increased AGE concentrations, and more studies 
are necessary to determine the extent to which these 
findings are repeated elsewhere. 

In summary, serum F-AGEs concentrations 
measured by fluorescence spectroscopy were not able 
to distinguish women with gestational diabetes from 
the healthy pregnant controls in our population. 
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Type 2 diabetes-associated genetic 
variants of FTO, LEPR, PPARg, and 
TCF7L2 in gestational diabetes 
in a Brazilian population 
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ABSTRACT
Objective: Gestational diabetes mellitus (GDM) is a metabolic disorder that shares pathophysiologic 
features with type 2 diabetes mellitus. The aim of this study was to investigate the association of the 
polymorphisms fat mass and obesity-associated (FTO) rs1421085, leptin receptor (LEPR) rs1137100, 
rs1137101, peroxisome proliferator-activated receptor gamma (PPARg) rs1801282, and transcription 
factor 7-like 2 (TCF7L2) rs7901695 with GDM. Subjects and methods: 252 unrelated Euro-Brazilian 
pregnant women were classified into two groups according to the 2015 criteria of the American and 
Brazilian Diabetes Association: healthy pregnant women (n = 125) and pregnant women with GDM 
(n = 127), matched by age. The polymorphisms were genotyped using fluorescent probes (TaqMan®). 
Results: All groups were in Hardy-Weinberg equilibrium. The genotype and allele frequencies of the 
studied polymorphisms did not show significant differences between the groups (P > 0.05). In the 
healthy and GDM groups, the C allele frequencies (95% CI) of the FTO rs1421085 polymorphism were 
36.8% [31–43%] and 35.0% [29–41%]; the G allele frequencies (95% CI) of the LEPR rs1137100 poly-
morphism were 24.8% [19–30%] and 22.8% [18–28%]; the G allele frequencies (95% CI) of the LEPR 
rs1137101 polymorphism were 43.6% [37–50%] and 42.9% [37–49%]; the G allele frequencies (95% 
CI) of the PPARg rs1801282 polymorphism were 7.6% [4–11%] and 8.3% [5–12%]; and the C allele fre-
quencies (95% CI) of the TCF7L2 rs7901695 polymorphism were 33.6% [28–39%] and 39.0% [33–45%], 
respectively. Conclusion: The studied polymorphisms were not associated with GDM in a Brazilian 
population. Arch Endocrinol Metab. 2017;61(3):238-48.
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Diabetes; gestational diabetes mellitus; polymorphisms; genetic variants; genotype

INTRODUCTION

G estational diabetes mellitus (GDM) is a complex 
metabolic disorder defined as glucose intolerance 

diagnosed in the second or third trimester of pregnan-
cy (1). In Brazil, about 7% of pregnant women exhibit 
GDM and this prevalence is increasing in parallel with 
the obesity epidemic (2).

As for type 2 diabetes mellitus (T2DM), the 
pathogenesis of GDM is associated with insulin 
resistance owing to a reduction of beta cell function. 
In GDM, pancreatic beta cells are unable to produce 
enough insulin to compensate for the insulin resistance 
that commonly occurs during pregnancy (3,4). GDM 
and T2DM have similar pathophysiologic features, 
suggesting that GDM is also a polygenic disease (5). 
Therefore, studies on the etiology of GDM have 

primarily been based on T2DM-associated genetic 
variants (6).

To further elucidate the genetic mechanisms 
underlying GDM, we selected several gene 
polymorphisms previously associated with T2DM: 
rs1421085 (fat mass and obesity associated; FTO), 
rs1137100 and rs1137101 (leptin receptor; LEPR), 
rs1801282 (peroxisome proliferator-activated receptor 
gamma; PPARg), and rs7901695 (transcription factor 
7-like 2; TCF7L2) and investigated their association 
with GDM. To our knowledge, this is the first study 
involving these genetic variants and GDM in a 
Brazilian population. Figure 1 illustrates the genes and 
polymorphisms studied.

FTO is a protein-coding gene located at the 
chromosome region 16q12.2 and associated with the 
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control of food intake and energy balance (7). Because 
of the relationship between FTO and obesity, several 
studies have been conducted to verify the association 
of FTO polymorphisms and T2DM (8,9). In certain 
populations, FTO variants increase susceptibility to 
T2DM independent of their effect on weight gain, 
suggesting that changes in the environment or other 
genetic factors may contribute to the different associations 
observed between different ethnic groups (10).

Leptin is a hormone produced by adipocytes and 
other tissues such as the gastric mucosa, which acts 
as a signaling molecule in the regulation of body 
fat mass by negative feedback. Reaching the brain 
via the bloodstream, leptin acts on hypothalamic 
receptors thereby reducing appetite, stimulating energy 
consumption and the loss of body mass as well as the 
sympathetic nervous system (11). Leptin exerts its 
function by binding to leptin receptors (Ob-R). The 
soluble isoform of the Ob-R receptor, called Ob-Re, 
is generated by alternative splicing or by proteolytic 

cleavage of the membrane isoform. Leptin molecules 
may circulate as the free form or linked to Ob-R. This 
binding appears to postpone the action of leptin as the 
leptin-soluble receptor complex increases the half-life 
of leptin and modulates its action on target cells (12). 
Leptin receptors are encoded by the LEPR gene (13). 

Leptin receptors are located mainly in the 
hypothalamus, but are also found in tissues and cells 
that regulate glucose homeostasis such as pancreatic 
beta cells. Therein, leptin receptors effect the inhibition 
of insulin secretion mediated by leptin. This behavior 
suggests LEPR as a candidate gene for association with 
DM (14). Consistent with this, LEPR was recently 
identified as a strong candidate for GDM (15) and was 
therefore selected for our study.

Peroxisome proliferator activated receptors, known 
as PPARs, belong to the superfamily of hormonal 
nuclear receptors that act as transcription factors 
regulating gene expression. PPARs play a key role 
in regulating cell differentiation, the metabolism of 

Figure 1. Genomic structure of the studied genes and the location of the selected polymorphisms. rs: reference sequence. (A) FTO: fat mass and obesity 
associated gene. (B) LEPR: leptin receptor gene. (C) PPARg: peroxisome proliferator-activated receptor gamma gene. (D) TCF7L2: transcription factor 
7-like 2 gene.
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glucose and lipids, and inflammation (16). In long 
periods of hypoglycemia, PPARs are involved in the 
supply of fatty acids and ketone bodies from adipose 
tissue as a source of energy. There are 3 subtypes of 
PPARs encoded by distinct genes: α, β/δ, and γ 
(Figure 1). PPARγ (PPARg) acts as a mediator of 
the link between lipid and glucose metabolism (17). 
Accordingly, PPARg agonists have been used in the 
treatment of dyslipidemia and hyperglycemia (18).

TCF7L2 is a transcription factor involved in 
stimulating the proliferation of pancreatic beta cells 
and the production of GLP-1, which stimulates insulin 
secretion (19). The TCF7L2 gene has been associated 
with T2DM in different populations (19-21). Common 
variants in intronic region of TCF7L2 have been 
identified as strong predictors of T2DM genetic risk 
(22). TCF7L2 polymorphisms modulate blood glucose 
and insulin secretion and the association of rs7901695 
with GDM has previously been described in Caucasians 
(19). Another TCF7L2 polymorphism (rs7903146), 
which is in linkage disequilibrium with rs7901695, has 
been associated with GDM in Danish (23), Australian 
(21), Greek (5), and Swedish (20) populations. 

SUBJECTS AND METHODS

This cross-sectional study was conducted with unrelated 
Euro-Brazilian pregnant women who attended a 
Public Hospital in Southern Brazil. The ethnic group 
classification was based on phenotype (pigmentation of 
the abdomen, hair color, and type and conformation of 
the nose and lips). Participants having white skin and 
European physical characteristics and/or self-reported the 
European ancestry was classified as Euro-Brazilians (24).

The Ethics Committee of the Federal University 
of Parana approved the study and written informed 
consent was obtained from the subjects.

Euro-Brazilians pregnant women with any 
gestational period were included in the study. Subjects 
with kidney (preeclampsia) disease, cardiovascular 
disease or infection disease were excluded.

The sample (n = 252) was classified into two groups 
according to the 2015 criteria of the American Diabetes 
Association (1) and Brazilian Diabetes Association 
(2): healthy pregnant women (Control; n = 125) 
and patients with GDM (n = 127). The groups were 
matched by age. 

Clinical and anthropometric data were obtained 
from all subjects. Hypertension was defined according 

to the VI Brazilian Hypertension Guidelines (25), which 
consider hypertension in pregnancy when the systolic 
blood pressure > 140 mmHg and/or diastolic blood 
pressure > 90 mmHg. No subjects were under anti-
hypertensive treatment. Biochemical parameters were 
determined by routine laboratory methods using the 
automated system Architect ci8200 (Abbott Laboratórios 
do Brasil, Curitiba, PR, Brazil) with reagents, calibrators, 
and controls as recommended by the manufacturer. 
1,5 anhydroglucitol concentrations were measured 
enzymatically (GlycoMark, Inc., New York, NY, USA). 
Glycated hemoglobin (HbA1c) was measured using 
Cobas Integra® 400 Plus (Roche Diagnostica Brasil Ltda., 
São Paulo, SP, Brazil) with the A1C-2 Tina-Quant® 
Hemoglobin A1c Gen 2 reagent method certified by the 
National Glycohemoglobin Standardization Program.

DNA was extracted from whole blood using 
a modified “salting out” method (26) and the 
concentrations were normalized to 20 ng/μL for 
subsequent assays. Only samples with absorbance 
ratios (280/260) between 1.8 and 2.0 (NanoDrop, 
ThermoScientific, Waltham, MA, USA) were used 
in this study. The polymorphisms were genotyped 
using real-time polymerase chain reaction (PCR) 
amplification with fluorescent probes as described in 
Table 1. Genotyping experiments were carried out 
using a 7500 Fast™ Real-Time PCR System (Life 
Technologies/Applied Biosystems Foster City, CA, 
USA). The manufacturer provided the reagents (Master 
Mix® and Genotyping Assay® SNPs) and other real-
time PCR materials (Applied Biosystems). The reaction 
mixture (8 μL final volume) contained 3.0 μL Master 
Mix (DNA polymerase, Mg2+, buffer, and additives), 
0.1 μL SNP Genotyping Assay (40X), 1.9 μL ultrapure 
water, and 3.0 μL genomic DNA at 20 ng/μL. The 
cycle sequencing conditions were: 1 cycle of 1 min at 
60°C (pre-PCR), 1 cycle of 10 min at 95°C, 45 cycles 
of 15 s at 95°C followed by 60°C for 90 s, and 1 final 
cycle of 30 s at 60°C (final extension). The quality of 
the genotyping was 98% or higher.

Normality was tested with the Kolmogorov-Smirnov 
test. Comparisons of parameters with normal distribution 
were performed using the Student t-test for independent 
samples or the Mann-Whitney U test for non-normally 
distributed variables. Categorical variables were compared 
using the Fisher exact test (two-tailed) or the Chi-square 
test, as appropriate. Allele frequencies and Hardy-
Weinberg (HW) equilibrium were evaluated by the Chi-
square test (http://ihg.gsf.de/cgi-bin/hw/hwa1.pl).
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Table 1. Characteristics of the studied polymorphisms

OMIM number Gene Chromosome position Location Polymorphism TaqMan® probe

610966 FTO 16q12.2 Intron 1 rs1421085 C>T C___8917103_10

601007 LEPR 1p31.3 Exon 4

Exon 6

rs1137100

rs1137101

A>G

A>G

C____518168_20

C___8722581_10

601487 PPARg 3p25.2 Exon B rs1801282 C>G C___1129864_10

602228 TCF7L2 10q25.2– 25.3 Intron 3 rs7901695 C>T C___384583_10

OMIM: Online Mendelian Inheritance in Man®.
References: (46,47).

Data analysis was performed using Statistica for 
Windows 8.0 software (StatSoft Inc., Tulsa, OK, USA), 
and a probability less than 5% (P < 0.05) was considered 
significant for all analyses.

RESULTS 

Anthropometric and laboratorial data are presented in 
Table 2. The GDM group presented a higher body mass 
index (32.7 ± 5.0 vs 26.9 ± 6.3 kg/m2; P < 0.001). 
The mean of systolic and diastolic blood pressure 
(mmHg) for control and GDM groups were 108.8 ± 
13.3/68.7 ± 9.2 vs 118.4 ± 12.9/73.8 ± 10.5 (P < 
0.001). The frequency of hypertension in subjects with 
GDM differed from the control group, being higher 
(14.9% vs 4.8%, respectively, P = 0.007). GDM group 
also had a higher family history of DM (approximately 
70%) when compared with Euro-descendant healthy 
pregnant women from Portugal (16%) (27) and France 
(19%) (28). The median (control vs GDM) of fasting 
glucose and 2-h, 75g glucose, 84 (79–88) vs 88 (81–
95) mg/dL and 86.2 (79–102) vs 161.0 (149–176) 
mg/dL, showed higher concentration in GDM group 
(P < 0.001). In GDM group no one of the patients 
were under insulin therapy. The lipid profile showed 
no difference between the groups (P > 0.05), but 
triglycerides was higher in GDM group, 124.0 (96–
171) vs 221.0 (175–270) mg/dL (P < 0.001) (Table 2). 
The other parameters were within reference range for 
both groups.

The genotype and allele frequencies of the studied 
polymorphisms were not significantly different (P > 
0.05) between the groups (Table 3). All genotypes 
were in Hardy-Weinberg equilibrium for both groups 
(P > 0.05). One-way ANOVA and correlation analysis 
(Pearson) were applied to identify association and 
correlation between laboratory biomarkers described in 
Table 2 and the studied polymorphisms. Genotypes for 
all polymorphisms, coded 1 (common homozygous),  

2 (heterozygous) and 3 (rare homozygous), showed no 
significance (P > 0.05) for all analysis.

DISCUSSION

Elevated BMI is a strong predictor of GDM and insulin 
resistance (29). In the present study, pregnant women 
with GDM were found to be heavier than healthy 
pregnant women (Table 2). The rate of hypertension in 
the GDM group was higher than that reported in the 
literature, which is 5–10% (30,31). However, GDM 
group showed good glycemic control as assessed by a 
HbA1c median value of 5.6%.

Notably, pregnant women with a family history for 
DM are at increased risk for developing GDM and for 
giving birth to macrosomic children (32,33). GDM also 
induces a dyslipidemia state that is consistent with insulin 
resistance (34); triglycerides concentrations in particular 
were higher in the GDM group (P < 0.001). Finally, 
although total protein, albumin, creatinine, urea and 
uric acid levels differed between the groups (P < 0.001), 
they were within the reference range for these parameters 
and none of the subjects exhibited clinical symptoms of 
kidney disease or others pathologies. Pregnancy affects 
essentially all aspects of kidney physiology. Glomerular 
filtration rate (GFR) increases 50% as compared with 
nonpregnant levels (35) with subsequent decrease in 
serum creatinine, urea, and uric acid values (36). Also, 
increases in glomerular filtration rate and minor increases 
in urinary albumin excretion have been reported early 
in the course of diabetes (37,38). These events, could 
explain the lower total proteins, albumin, creatinine and 
urea levels found in GDM compared to control group. 
The uric acid concentration in GDM was approximately 
0.7 mg/dL higher than in control group (4.3 vs 3.6 
mg/dL, p < 0.001) (Table 2). This observations has 
been described in other studies and associated with 
insulin resistance and hypertension, which predominates 
in GDM group (39-41).
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Table 2. Anthropometric and laboratory characteristics of the studied groups

Characteristics Control (n = 125) GDM (n = 127) P

Age, years 30.6 ± 4.7 31.9 ± 6.4 0.070

Body mass indexa, kg/m2 26.9 ± 5.0 32.7 ± 6.3 < 0.001

Hypertension, % 4.8 14.9 0.007*

Family history for diabetes, % – 70.1 –

Fasting glucose, mg/dL 84.0 (79–88) 88 (81–95) < 0.001**

2-h 75g glucose, mg/dL 86.2 (79–102) 161.0 (149–176) < 0.001**

HbA1c, % – 5.6 (5.3–5.9) –

1,5 anhydroglucitol, µg/mL 11.7 ± 6.9 9.8 ± 5.1 0.060

Total cholesterol, mg/dL 213.9 ± 50.0 224.7 ± 45.6 0.074

HDL-cholesterol, mg/dL 55.4 ± 15.8 56.8 ± 12.5 0.451

LDL-cholesterol, mg/dL 130.9 ± 41.5 123.5 ± 38.9 0.146

Triglycerides, mg/dL 124.0 (96–171) 221.0 (175–270) < 0.001**

Total protein, g/dL 6.9 ± 0.8 6.4 ± 0.5 < 0.001

Albumin, g/dL 4.2 ± 0.6 3.4 ± 0.4 < 0.001

Creatinine, mg/dL 0.80 (0.7–0.9) 0.70 (0.60–0.72) < 0.001**

Urea, mg/dL 20.4 ± 5.3 16.1 ± 4.8 < 0.001

Uric acid, mg/dL 3.6 (3.0–3.9) 4.3 (3.7–4.9) < 0.001**

Values are presented as mean ± SD, median (interquartile range) or %; “ –”: no information available. Control: healthy pregnant women; GDM: gestational diabetes. a Pregnant BMI calculated at 
blood collection time. P-values, Student’s t-test (independent variables), * Chi-square test or ** Mann-Whitney U test.

Table 3. Genotype and allele frequencies of the genetic variants studied in the Control and GDM groups

Gene/SNP Genotypes Control
n = 125

GDM
n = 127 P

FTO
rs1421085

(C>T)

TT 53 (42.4) 52 (40.9) 0.420*

TC 52 (41.6) 61 (48.0)

CC 20 (16.0) 14 (11.1)

C-allele

[95% CI]

36.8

[31–43]

35.0

[29–41]

0.680

LEPR 
rs1137100

(A>G)

AA 70 (56.0) 73 (57.5) 0.687*

AG 48 (38.4) 50 (39.4)

GG 7 (5.6) 4 (3.1)

G-allele

[95% CI]

24.8

[19–30]

22.8

[18–28]

0.604

LEPR
rs1137101

(A>G)

AA 43 (34.4) 38 (29.9) 0.228*

AG 55 (44.0) 69 (54.3)

GG 27 (21.6) 20 (15.8)

G-allele

[95% CI]

43.6

[37–50]

42.9

[37–49]

0.876

PPARg
rs1801282

(C>G)

CC 107 (85.6) 108 (85.0) 0.851*

CG 17 (13.6) 17 (13.4)

GG 1 (0.8) 2 (1.6)

G-allele

[95% CI]

7.6

[4–11]

8.3

[5–12]

0.782

TCF7L2 
rs7901695

(C>T)

TT 52 (41.6) 44 (34.6) 0.413*

CT 62 (49.6) 67 (52.8)

CC 11 (8.8) 16 (12.6)

C-allele

[95% CI]

33.6

[28–39]

39.0

[33–45]

0.209

Genotypes depicted as number (%). 95% CI: Confidence interval of 95%.  
All polymorphisms were in Hardy-Weinberg equilibrium. 
P: probability. Chi-square test or * Two tailed Fisher’s Exact test.
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FTO rs1421085 polymorphism 

The FTO rs9939609 predisposes to childhood, 
adult (42,43) and pregnancy obesity (44). The FTO 
rs1421085 polymorphism is associated with obesity in 
adults and in European and Chinese children (45) and 
with obesity and T2DM in African Americans (46). 
No information is available regarding its frequency 
in pregnant women or its association with GDM, 
underlying why this polymorphism was selected for 
analysis in the present study. However, the FTO 
rs1421085 polymorphism was not associated with 
GDM in the current population studied, nor with the 
parameters analyzed. The effect of sample size might 
have contributed to this result. Furthermore, the 
physiological effect of the presence of this intronic 
variant and the reported increased risk of obesity and 
DM need to be elucidated.

The frequency of the C allele on healthy pregnant 
women in this study was approximately two to three-
fold higher than the frequency reported in European, 
Chinese, and Japanese populations, whereas it was 
approximately 5 times lower than that reported in an 
African populations (HapMap – YRI). Brazilians are an 
admixture population. This genetic background could 
explain the differences of alleles frequencies when 
compared to others populations, even with populations 
with more similar ancestors such as Caucasians. Table 4 
compares the reported risk allele frequencies in healthy 
subjects, including the current cohort of pregnant 
women, from different populations. 

LEPR rs1137100 and rs1137101 polymorphisms 

The LEPR rs1137100 polymorphism (K109R; 
Lys109Arg; 326A > G) is characterized by an A > G 
substitution resulting in a change of lysine to arginine 
at codon 109 (Figure 1). Caucasians with the AA 
genotype are 2-fold more likely to develop T2DM 
than those with other genotypes (47). The LEPR 
rs1137101 polymorphism (Q223R; Gln223Arg; 
668A > G) is an A> G substitution resulting in the 
exchange of glutamine for arginine at position 668 
of LEPR (Figure 1). The presence of this variant 
was considered as an independent risk factor for 
T2DM in Malaysian subjects (48). Finns with glucose 
intolerance and the presence of the GG genotype 
(Finnish Diabetes Prevention Study) showed a higher 
risk for T2DM compared to those carrying the A 
allele. The rs1137100 and rs1137101 variants are 
each located in the region encoding the extracellular 

domain of the leptin receptor. The exchange of amino 
acids generated by the variants affects all receptor 
isoforms and might change the action of leptin toward 
insulin (49).

The allele frequency for rs1137100 G reported in 
the present studied was higher than the rate reported 
for Africans and significantly lower than that for 
Asians. The ethnic composition of the sample of this 
study (Euro-Brazilians) is the probable reason for the 
similarity with the frequencies reported for the English, 
French, and Europeans in general (Table 4). Elevated 
leptin concentrations are associated with adiposity 
and insulin resistance and it has been reported that 
individuals with the AA genotype of LEPR rs1137100 
showed higher concentrations than the G allele carriers. 
Although the function of this variant has not been 
elucidated, it was associated with the promotion of a 
change in the extracellular domain of the receptor that 
affects the leptin binding affinity (50). In this study 
it was not possible to verify the association of the 
polymorphism with obesity, BMI, or lipid or glucose 
changes (data not showed).

The frequency of G allele for rs1137101 variant was 
similar to those reported for Europeans and lower than 
those of Africans (HapMap). Asian subjects presented 
a higher frequency of the G allele for rs1137101 than 
other populations, as shown in Table 4. The variants 
rs1137100 and rs1137101 of LEPR were not associated 
with GDM in the studied population, nor with the 
analyzed parameters described in Table 2 (P > 0.05).

PPARg rs1801282 polymorphism

The PPARg rs1801282 polymorphism results in a 
substitution of proline for alanine at codon 12 of exon 
B (C > G; Pro12Ala; Figure 1). This polymorphism 
causes a conformational change in the protein, and the 
presence of the minor allele is associated with a reduction 
in the activity of PPARg (50). The rs1801282 C allele 
is associated with increased transcriptional activity 
of PPARg and, consequently, increased sensitivity to 
insulin. The association with T2DM is controversial, 
as some studies have found a positive association while 
others showed that the presence of the variant conferred 
protection against T2DM (51). Similarly, some studies 
found no association of rs1801282 with GDM (5,23). 
In a study conducted in Turkey, this polymorphism 
had no effect on the prevalence of GDM or glucose 
concentrations in pregnant women, but its presence 
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Table 4. Comparison between the allele frequencies of healthy pregnant women from the current study with those obtained from healthy subjects in other 
studies

FTO rs1421085 polymorphism

Population Characteristics n
Genotype 

(%)
Allele  
(%) Reference

TT TC CC C

Euro-Brazilian GDM

Controls

127

125

40.9

42.4

48.0

41.6

11.1

16.0

35.0

36.8

Present work

Chinese Han 90 70.7 24.4 4.9 11.6 HapMap-HCB

European 180 27.4 53.1 19.5 16.7 HapMap-CEU

Japanese 91 67.1 28.2 4.7 18.8 HapMap-JPT

Turkish Obeses

Controls

190

97

30.5

28.8

51.1

52.6

18.4

18.6

43.9

44.8
(48)

Caucasian Obeses 29.5 30.5 40 55.2 (49)

African 90 86.7 13.3 0 6.6 HapMap-YRI

LEPR rs1137100 polymorphism

Population Characteristics N
Genotype 

(%)
Allele  
(%) Reference

AA AG GG G

Euro-Brazilian GDM

Controls

127

125

57.5

56.0

39.4

38.4

3.1

5.6

22.8

24.8

Present work

African 90 69.6 27.7 2.7 16.5 HapMap-YRI

French Obeses

Controls

877

877

56.7

53.4

37.4

39.2

5.9

7.4

24.6

27.0

(50)

British Obeses

Controls

190

132

54.0

55.0

38.0

39.0

8.0

6.0

27.4

25.8

(51)

European 180 49.6 42.5 8.0 29.2 HapMap-CEU

Brazilians Hypertension 470 42.8 46.8 10.4 33.8 (52)

Chinese Han 90 2.5 27.5 70.0 83.7 HapMap-HCB

Japanese 91 2.5 40.2 57.3 97.4 HapMap-JPT

LEPR rs1137101 polymorphism

Population Characteristics N
Genotype 

(%)
Allele  
(%) Reference

AA AG GG G

Euro-Brazilian GDM

Controls

127

125

29.9

34.4

54.3

44.0

15.8

21.6

42.9

43.6
Present work

French Obeses

Controls

877

877

31.6

31.6

50.0

47.1

18.4

21.3

43.4

44.9

(50)

British Obeses

Controls

190

132

29.0

28.0

53.0

58.0

18.0

14.0

44.6

42.8

(51)

European 180 25.9 53.6 20.5 47.3 HapMap-CEU

African 90 11.1 58.3 30.6 59.7 HapMap-YRI

Japanese 91 1.2 30.5 68.3 83.5 HapMap-JPT

Chinese Han 90 2.2 17.8 80.0 88.9 HapMap-HCB

impacted the weight of pregnant women with GDM 
(52). The presence of the rs1801282 GG genotype was 
associated with a higher BMI before pregnancy and a 

higher pre-pregnancy obesity rate, but was related to a 
50% reduction in the risk of developing GDM in a French 
population (53).
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PPARg rs1801282 polymorphism

Population Characteristics n
Genotype 

(%)
Allele  
(%) Reference

CC CG GG G

Euro-Brazilian GDM

Controls

127

125

85

85.6

13.4

13.6

1.6

0.8

8.3

7.6

Present work

French Mothers with 
glucose tolerance

1708 80 19 1 10.4 (42)

Danish GDM

Women with glucose 
tolerance

283

2446

75.8

75.2

22.6

22.7

1.6

2.1

12.8

13.5

(22)

Danish T2DM

Controls 

1461

4986

76

75

22

23

2

2

13.0

13.9

(53)

Italian Peripheral arterial 
disease

Controls

201

201

74.1

84.6

23.9

14.9

2.0

0.5

14.0

8.0

(54)

Scandinavian GDM

Controls

637

1232

73.5

74.5

24.8

24.2

1.7

1.3

14.1

13.4

(19)

Scandinavian

Arabs 

GDM

Controls

GDM

Controls

400

428

100

122

71.5

74.1

91

86.9

27.7

24.5

9

12.3

0.8

1.4

0

0.8

14.6

13.7

4.5

7.0

(44)

Turkish GDM

Controls

62

100

80.7

84

19.3

16

0

0

19.4

16.0

(41)

Korean GDM

Controls

94

41

94.6

82.9

5.4

17.1

0

0

2.7

8.5

(55)

Greek GDM

Controls 

148

107

96.6

93.5

3.4

6.5

0

0

3.0

2.0

(5)

Chinese GDM

Controls 

55

173

94.5

90.8

5.5

9.2

0

0

3.0

5.0

(56)

Korean GDM

Controls

869

632

91.7

89.7

8.2

10.0

0.1

0.3

4.0

5.0

(43)

TCF7L2 rs7901895 polymorphism

Population Characteristics n
Genotype 

(%)
Allele  
(%) Reference

TT TC CC C

Euro-Brazilian GDM

Controls

127

125

34.6

41.6

52.8

49.6

12.6

8.8

39.0

33.6

Present work

Chinese Han 90 95.3 4.7 0 2.3 HapMap-HCB

Swedish women GDM

Controls

1102

794

51.2

34.2

34.2

43.1

7.6

11.5

26.5

34.4

(45)

Swedish men T2DM

Controls 

825

793

52.6

59.2

39.9

36.0

7.5

4.8

27.5

22.8

(57)

European 180 54.5 34.8 10.7 28.1 HapMap-CEU

Japanese 91 94.2 4.7 0.1 3.5 HapMap-JPT

Caucasian

African-American

GDM

GDM

-

-

-

-

-

-

-

-

30

40

(18)

Spanish GDM

Controls

45

25

38

40

44

52

18

8

40

34

(58)

African 90 27.4 56.5 15.9 44.2 HapMap-YRI

Allele frequencies are presented as % [95% confidence interval]. The frequencies of the minor allele (T) that differ from the confidence interval (95%) for the healthy group of the current study are 
highlighted in bold.
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PPARg rs1801282 was not associated with GDM 
in the current studied population, nor with the 
analyzed parameters described in Table 2 (P > 0.05). In 
accordance with the results of our study, no association 
of the variant with GDM was found in Korean (54), 
Scandinavian, or Arab pregnant women (55). The G 
allele frequencies observed in this study were similar 
to the French and greater than those reported for the 
Arab, Greek, Korean, and Chinese populations, whereas 
Danish, Scandinavian and Turkish populations showed 
a higher frequency of the G allele (Table 4). Regional 
population differences might explain these findings.

TCF7L2 rs7901695 polymorphism

The T allele of rs7901695 conferred increased risk 
for GDM in American Caucasians, with an odds ratio 
of 1.98 (19). In Swedish patients with GDM the CT 
and CC genotypes of rs7901695 showed a strong 
association with GDM even after adjusting for maternal 
age, number of pregnancies, and family history of 
DM and HLA-DQ genotypes (56). Based on this 
information, we expected to find an association between 
the rs7901695 polymorphism and GDM in the current 
studied population, but this was not observed. 

The rs7901895 C allele is more common in African 
populations. The frequency found in healthy pregnant 
women in the present study is similar to those reported 
for Europeans in general and for Swedish and Spanish 
pregnant women. In this study, pregnant women with 
GDM showed allele frequencies similar to those of 
Spanish, Caucasian, and African American women with 
GDM, and slightly higher than those of Swedish women 
with GDM (Table 4). In contrast, less than 5% of the 
Asian population carries the C allele. Ethnicity-specific 
factors might be responsible for these differences.

In conclusion, the FTO rs1421085, LEPR 
rs1137100 and rs1137101, PPARg rs1801282, 
and TCF7L2 rs7901695 polymorphisms were not 
associated with GDM in a Brazilian population, nor 
with the other parameters analyzed. The data from 
this study will likely contribute to the understanding 
the potential roles of these variants across populations; 
however, further research is required to identify the 
underlying factors influencing the risk of GDM in the 
Brazilian white population.

Disclosure: no potential conflict of interest relevant to this article 
was reported. 
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Serum levels of leptin and 
adiponectin and clinical parameters 
in women with fibromyalgia 
and overweight/obesity
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ABSTRACT
Objectives: The objectives of this study were to evaluate the serum levels of adipokines in women with 
fibromyalgia with and without overweight/obesity, and to correlate the adipokines levels with clinical 
parameters associated with fibromyalgia and adipose tissue mass (body fat). Subjects and methods: 
The study included 100 women divided into four groups: (a) fibromyalgia and overweight/obesity; 
(b) fibromyalgia and normal weight; (c) controls and overweight/obesity; and (d) controls and normal 
weight. Patients and controls were evaluated for clinical, anthropometric, and fibromyalgia-related 
parameters. Assessments included serum levels of leptin, adiponectin, monocyte chemoattractant 
protein-1 (MCP-1), and C-reactive protein (CRP). Levels of adipokines were further adjusted for fat 
mass. Results: Fibromyalgia patients with overweight/obesity or normal weight had no differences 
in clinical parameters. Unadjusted leptin levels were lower in fibromyalgia patients than controls, 
a finding that was more remarkable in fibromyalgia patients with overweight/obesity. Leptin levels 
had no correlation with clinical parameters of fibromyalgia or inflammation markers (MCP-1 and 
CRP), and adiponectin levels showed no difference between groups. Conclusions: No correlation 
was observed between adjusted leptin levels and clinical parameters of fibromyalgia. Patients with 
fibromyalgia and overweight/obesity presented lower levels of leptin than controls with overweight/
obesity. Arch Endocrinol Metab. 2017;61(3):249-56.

Keywords
Fibromyalgia; obesity; leptin; adiponectin 

1 Departamento de Medicina 
Interna, Universidade Federal do 
Paraná (UFPR), Curitiba, PR, Brasil
2 Departamento de Nutrição, 
UFPR, Curitiba, PR, Brasil
3 UFPR, Curitiba, PR, Brasil, 
University of Rome Tor 
Vergata, Rome, Italy
4 Laboratório de Imunopatologia, 
Hospital de Clínicas, UFPR, 
Curitiba, PR, Brasil
5 Serviço de Endocrinologia 
e Metabologia (SEMPR), 
Departamento de Medicina Interna, 
UFPR, Curitiba, PR, Brasil

Correspondence to:
Eduardo S. Paiva
Departamento de Medicina Interna,
Universidade Federal do Paraná,
Hospital de Clínicas
Rua General Carneiro, 181 
80060-900 – Curitiba, PR, Brasil
eduevicky@terra.com.br

Received on Oct/3/2016
Accepted on Nov/25/2016

DOI: 10.1590/2359-3997000000248

INTRODUCTION

F ibromyalgia is a clinical syndrome characterized 
by diffuse muscle pain and hyperalgesia on muscle 

palpation (1) in the absence of articular or muscle 
inflammation. Several other symptoms may be present, 
such as fatigue, non-restorative sleep, and cognitive 
changes represented by memory and concentration 
problems. Fibromyalgia is a common syndrome, with 
a worldwide prevalence of 2 to 5%, (2) and the most 
accepted pathophysiology explaining its occurrence 
involves a sensitization  of the central nervous system 
to pain (1). 

Even though fibromyalgia is not an inflammatory 
disease, there is great interest in the study of cytokines 
in its pathophysiology, since these mediators are related 
to nociceptive sensitization  (3). Adipocytes produce 

several substances that act as inflammatory mediators 
(4), including adipokines (or adipocytokines), which 
are cytokine-like substances mainly produced by the 
adipose tissue, such as leptin, adiponectin, and resistin 
(5). Adipokines act mainly in satiety mechanisms and 
body weight maintenance, but also present pro- and 
anti-inflammatory actions, as well as pro- and anti-
nociceptive properties which modulate pain perception 
(5). 

Leptin tends to increase the levels of C-reactive 
protein (CRP) and may have a role in maintaining 
neuropathic pain (6) and pain related to knee 
osteoarthritis (7). Adiponectin is related to decreased 
inflammatory activity and leads to decreased levels of 
TNF-alpha, IL-6, and IL-1 and increased levels of IL-
10 (an anti-inflammatory cytokine) (8). 
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According to the literature, the occurrence of 
overweight and obesity is associated with the worsening 
of fibromyalgia symptoms (9,10). However, little is 
known about the role of adipokines in modulating 
fibromyalgia symptoms. There are also no studies 
correlating the levels of adipokines with the actual 
adipose tissue mass in patients with fibromyalgia. 

The main objective of this cross-sectional study 
was to evaluate the levels of leptin and adiponectin 
in patients with fibromyalgia with and without 
overweight/obesity. The secondary objective was 
to analyze the correlation of the adipokines levels 
with clinical fibromyalgia criteria and the impact of 
overweight/obesity on these same parameters.

SUBJECTS AND METHODS

Women with a clinical diagnosis of fibromyalgia were 
recruited from the Fibromyalgia Outpatient Clinic at 
Hospital de Clínicas, Universidade Federal do Paraná 
(UFPR). The reason for including only women in 
the study was the low prevalence of fibromyalgia 
among men. The inclusion criterion was a diagnosis of 
fibromyalgia according to the 1990 classification criteria 
of the American College of Rheumatology (ACR) (11). 
Patients with fibromyalgia and depression or anxiety 
were only included if their treatment had remained 
unchanged for 3 months. The exclusion criteria were 
medication change over the previous 4 weeks, use 
of corticosteroids or anticytokine agents, pregnancy, 
lactation, and a diagnosis of diabetes, decompensated 
endocrine diseases, infectious diseases (over the 
previous 4 weeks), demyelinating neurological diseases, 
peripheral neuropathies, inflammatory articular diseases, 
systemic autoimmune diseases, severe cardiovascular 
diseases, malignancy (over the previous year), and severe 
psychiatric diseases (substance abuse, schizophrenia, 
psychosis). Nonsteroidal anti-inflammatory agents were 
suspended 48 hours before collection of blood samples, 
and all other medications were required to remain 
unchanged for at least 30 days. Additionally, we excluded 
patients with class II and III obesity (body mass index 
[BMI] ≥ 35 kg/m2 and > 40 kg/m², respectively) or 
low weight (BMI ≤ 18.5 kg/m2). The control group 
comprised employees of the Hospital de Clínicas at 
UFPR, matched by age and BMI with the fibromyalgia 
patients. 

Assessments of clinical and laboratory parameters 
and body composition by bone densitometry were 

performed on the same day for each participant. The 
blood samples for laboratory tests were collected after a 
12-hour fast and immediately placed on ice, centrifuged 
at 4°C, and stored at -80°C. Measurement of serum 
leptin, adiponectin, and monocyte chemoattractant 
protein-1 (MCP-1) were performed by enzyme 
immunoassay (ELISA, Quantikine RDSY-DLP00 
and RDSY-DRP300, R & D Systems, Minneapolis, 
MN, USA) and the results were adjusted according 
to the participants’ fat mass, assessed by dual-energy 
X-ray absorption (DXA; Lunar Prodigy Advance, GE 
Healthcare, Pittsburgh, PA, USA) (12). Additionally, 
we measured CRP levels by nephelometry (Siemens 
BNII, Munich, Germany; minimum detection level  
0.1 mg/dL). 

After a small meal offered by the investigators, 
the participants underwent a clinical evaluation that 
included tender points (TPs) count and evaluation of 
pain threshold in the trapezius muscle using a Fischer 
algometer (model FDK 20, Wagner Instruments, 
Greenwich, CT, USA). Each TP was manually palpated 
with a strength of 4 kg/cm2 and the response was 
recorded as positive (with pain) or negative (without 
pain). In order to measure the pain threshold in the 
TP located in the right trapezius, the algometer was 
placed against the skin of the participant and pressed 
with a strength of 1 kg/sec until pain onset. Then, the 
pressure (in kg/cm2) was recorded and defined as the 
pain threshold. 

All participants filled out the Patient Health 
Questionnaire-9 (PHQ-9) to screen for depression 
and anxiety; (13) a final score above nine in the PHQ-
9 indicates the occurrence of a mood disorder. We 
used the Fibromyalgia Impact Questionnaire (FIQ) 
validated for Brazilian Portuguese (14) to measure 
the degree of impact of fibromyalgia on the patients’ 
quality of life. The FIQ comprises 10 questions with a 
maximum score of 100 points; the higher the score, the 
greater the impact of fibromyalgia on the individual’s 
quality of life. 

After that, the participants underwent 
anthropometric assessment for BMI calculation and 
DXA evaluation for analysis of body composition (total 
and compartmental body fat, lean mass, and bone 
mineral content) (15).

Statistical analysis 

The required number of participants was inferred 
by results of studies analyzing adipokines in painful 
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conditions, such as rheumatoid arthritis (16) and 
headache (17). We concluded that 25 patients would 
be required in each group to detect a 20% difference 
in adipokines and cytokines levels. In the fibromyalgia 
and normal weight group, two samples were 
destroyed; therefore, only 23 patients were evaluated 
in this group. 

The statistical analysis was performed with the 
software JMP 7.0 (SAS Institute Inc., Cary, NC, 
USA). To compare continuous variables, we used 
Student’s t and Wilcoxon-Mann tests for parametric 
and nonparametric data, respectively. For correlations, 
we used Pearson’s test and Spearman’s correlation for 
parametric and nonparametric data, respectively. To 
test ratios, we used the chi-square test, and although 
we used median values to calculate nonparametric data, 
we present the data as mean and standard deviation 
(SD) values for the purpose of clarity (18).

RESULTS

The study included 100 women categorized into one of 
the following groups: (a) fibromyalgia and overweight/

obesity I (n = 27); (b) fibromyalgia and normal weight 
(n = 23); (c) controls with overweight/obesity I (n = 
25); and controls with normal weight (n = 25). The 
occurrence of overweight/obesity I was defined by a 
BMI ≥ 25 kg/m² and ≤ 35 kg/m², respectively, while 
normal weight was determined by a BMI between 18.5 
and 24.9 kg/m².

Table 1 compares the data of the participants with 
fibromyalgia and controls. The mean age was similar 
in both groups (47.92 ± 8.22 years versus 47.14 ± 
9.93 years, respectively) and the mean BMI (26.40 ± 
3.85 kg/m2 versus 25.56 ± 3.61 kg/m2, respectively) 
indicated slight overweight in both groups. The mean 
FIQ score in patients with fibromyalgia was 70.62 ± 
17.73, reflecting a great impact of the disease on the 
participants’ quality of life. 

As for the group of patients with fibromyalgia as a 
whole, as well as for the groups of fibromyalgia with 
overweight/obesity and normal weight, we found no 
correlation between the BMI with measures related 
to the impact of fibromyalgia, such as the number of 
TPs, pain threshold, FIQ score, and PHQ-9 results 
(Table 2). 

Table 1. General characteristics of the participants with fibromyalgia and controls

Mean values (±SD) Fibromyalgia
n = 50

Controls
n = 50 p

Age (years) 47.92 (±8.22) 47.14 (±9.93) NS

WC (cm) 92.80 (±9.48) 90.52 (±8.83) NS

BMI (kg/m²) 26.40 (±3.85) 25.56 (±3.61) NS

FM (kg) 25.30 (±7.63) 25.69 (±7.31) NS

TP (n) 16.1 (±1.97) 4.72 (±4.04) < 0.0001

Pain threshold (kg/m²) 2.90 (±0.75) 5.46 (±1.93) < 0.0001

FIQ (AU) 70.62 (±17.73) 10.64 (±12.32) < 0.0001

PHQ-9 (AU) 16.28 (±5.69) 3.76 (±4.31) < 0.0001

Leptin (pg/mL) 12,812.2 (±8,619.3) 18,316.3 (±10,190.2) < 0.005

Adjusted leptin (pg/mL/kg) 531.63 (±365.13) 684.05 (±300.27) < 0.05

Adiponectin (ng/mL) 16,396 (±10,088.2) 15,316.5 (±7,188.5) NS

MCP-1 (pg/mL) 441.04 (±184.74) 487 (±267.04) NS

CRP (mg/dL) 0.31 (±0.34) 0.31 (±0.44) NS

FM: fibromyalgia; WC: waist circumference; BMI: body mass index; FM: fat mass; TP: tender points; FIQ: Fibromyalgia Impact Questionnaire; AU: arbitrary units; PHQ-9: Patient Health Questionnaire-9; 
MCP-1: monocyte chemoattractant protein-1; CRP: C-reactive protein; NS: statistically not significant. 

Table 2. Correlation of clinical fibromyalgia parameters with body mass index (r Spearman correlation) in patients with fibromyalgia

Tender Points Pain Threshold PHQ-9 FIQ MCP-1 CRP

BMI 0.09 (NS) 0.11 (NS) -0.06 (NS) 0.04 (NS) -0.03 (NS) 0.46 (p < 0.005)

Adjusted leptin -0.10 (NS) -0.04 (NS) -0.07 (NS) -0.10 (NS) -0.03 (NS) 0.002 (NS)

FM: fibromyalgia; BMI: body mass index; FM: fat mass; TP: tender points; FIQ: Fibromyalgia Impact Questionnaire; PHQ-9: Patient Health Questionnaire-9; MCP-1: monocyte chemoattractant 
protein-1; CRP: C-reactive protein; NS: statistically not significant.
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Among patients with fibromyalgia, there was no 
difference between overweight/obesity subjects versus 
those with normal weight in regards to fibromyalgia 
parameters, including TPs count, pain threshold, FIQ 
scores, and PHQ-9 (Table 3). 

Leptin

Since fat tissue is the main source of serum leptin, 
before analyzing the results of the study, we correlated 
the levels of this adipokine with the participants’ BMI. 
We found that leptin levels correlated positively and 
significantly with the BMI in the entire cohort (r = 
0.47, p < 0.0001), in the fibromyalgia group (r = 0.36, 
p = 0.009), and in the control group (r = 0.70, p < 
0.0001). 

Compared with the control group, the fibromyalgia 
group had lower unadjusted leptin levels (12,812.2 ± 
8,619.3 pg/mL versus 18,316.3 ± 10,190.2 pg/mL, 
respectively; p < 0.005). A comparison of the leptin 
levels adjusted by fat mass showed similar results, with 
lower levels present in the group with fibromyalgia when 
compared with controls (531.63 ± 365.13 pg/mL/kg 
versus 684.05 ± 300.27 pg/mL/kg, respectively; p < 
0.05) (Table 1). This finding occurred mainly due to 
the fact that the unadjusted leptin levels were lower 
in patients with fibromyalgia and overweight/obesity 
than in controls with overweight/obesity (14,715.00 ± 
8,884.65 pg/mL versus 23,903.00 ± 9,788.74 pg/mL; 
p < 0.005). The same finding was observed regarding 
the leptin values adjusted by fat mass (Table 4). 

Although the leptin levels in patients with 
fibromyalgia and overweight/obesity were lower 
than those in participants in the control group with 
overweight/obesity, when we compared patients 
with fibromyalgia with overweight/obesity with 
those with normal weight we found a trend towards 
higher unadjusted leptin levels in the overweight/
obesity group (14,715.00 ± 8,884.65 pg/mL versus 
10,578.00 ± 7,906.84 pg/mL; p = 0.05). This suggests 
that patients with fibromyalgia and overweight/obesity 
produce more leptin than those with fibromyalgia and 
normal weight. Still, the leptin levels were well below 
those produced by controls with overweight/obesity 
matched for BMI, waist circumference (WC), and fat 
mass. 

In none of the general groups (fibromyalgia 
patients and controls) there was a correlation between 
serum levels of leptin with clinical parameters related to 
fibromyalgia, such as FIQ scores, PHQ-9 results, pain 
threshold, or TPs count. Also, there was no correlation 
between levels of leptin and inflammation markers 
(MCP-1 and CRP) in patients with fibromyalgia 
(Table 2).

Adiponectin 

There was no difference in adiponectin levels between 
patients and controls. However, in the group with 
fibromyalgia and overweight/obesity, a slightly positive 
correlation was found between adiponectin levels and 
TPs count (r = 0.38; p = 0.04). 

Table 3. Comparison between fibromyalgia groups (overweight/obesity versus normal weight)

Mean values (±SD) Fibromyalgia overweight/obesity Fibromyalgia normal weight

n = 27 n = 23 p

Age (years) 50.25 (±6.76) 45.17 (±9) < 0.05

WC (cm) 99.50 (±5.43) 84.93 (±6.37) < 0.0001

BMI (kg/m²) 29.44 (±2.1) 22.82 (±1.76) < 0.0001

FM (kg) 30.90 (±4.97) 18.73 (±4.14) < 0.0001

TP (n) 16.4 (±1.9) 15.73 (±2) NS

Pain threshold (kg/m²) 2.85 (±0.55) 2.95 (±0.94) NS

FIQ (AU) 71.94 (±17.9) 69.09 (±17.8) NS

PHQ (AU) 16.07 (±5.74) 16.52 (±5.75) NS

Leptin (pg/mL) 14,715 (±8,884.65) 10,578 (±7,906.84) p = 0.05

Adjusted leptin (pg/mL/kg) 476.13 (±276.9) 596.78 (±445.1) NS

Adiponectin (ng/mL) 15,140 (±8,936.5) 17,870 (±11,317.6) NS

MCP-1 (pg/mL) 425.26 (±171.8) 459.56 (±202.17) NS

CRP (mg/dL) 0.42 (±0.41) 0.19 (±0.18) < 0.05

FM: fibromyalgia; WC: waist circumference; BMI: body mass index; FM: fat mass; TP: tender points; FIQ: Fibromyalgia Impact Questionnaire; AU: arbitrary units; PHQ-9: Patient Health Questionnaire-9; 
MCP-1: monocyte chemoattractant protein-1; CRP: C-reactive protein; NS: statistically not significant.
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MCP-1 and CRP

No difference in MCP-1 and CRP levels was observed 
between the fibromyalgia and control groups. In a 
comparison between the group of fibromyalgia and 
overweight/obesity versus that of fibromyalgia with 
normal weight, the CRP levels were higher in the 
former (0.42 ± 0.41 mg/dL versus 0.19 ± 0.18 mg/dL, 
respectively; p < 0.05). In the group of patients with 
fibromyalgia and overweight/obesity, the CRP levels 
correlated directly with values of WC, BMI, and fat 
mass, demonstrating an inflammatory component 
associated with overweight and obesity.

DISCUSSION

The aim of this study was to evaluate the levels of the 
adipokines leptin and adiponectin in patients with 
fibromyalgia with and without overweight/obesity. 
According to the literature, leptin levels may be 
increased in patients with fibromyalgia and overweight/
obesity, since leptin is considered a pro-nociceptive 
adipokine. The findings of this study demonstrated 
that patients with fibromyalgia and overweight/obesity 
had decreased leptin levels and that the levels did 
not correlate with clinical parameters associated with 
fibromyalgia. 

The association between overweight and obesity 
with musculoskeletal pain is evident in some diseases 
such as osteoarthritis, in which the joints that support 

the excess weight are more symptomatic, and a loss in 
weight leads to symptom improvement (19). However, 
the relationship between pain and fat seems to be more 
complex. In migraine, for instance, the patient’s BMI 
has been associated with the occurrence of symptoms, 
which clearly cannot be explained by mechanical 
overload (20). In a cross-sectional study of 470 
patients aged ≥ 70 years, WC was one of the strongest 
variables associated with the occurrence of chronic 
pain. Even though the occurrence of fibromyalgia was 
not evaluated in that study, there was a trend among 
participants with abdominal obesity to present a greater 
number of painful areas (21).

The occurrence of overweight and obesity is 
common in fibromyalgia, where prevalence rates 
range from 50% to 70% (22). There may be several 
hypotheses to explain the contribution of obesity in 
worsening the symptoms of fibromyalgia, including 
worse physical conditioning (23), changes in sleep 
quality related to obesity (22), and a strong association 
between fibromyalgia and depression, which in turn can 
be associated with weight disorders and an increased 
risk of other musculoskeletal injuries. However, 
studies on the impact of excess weight in patients with 
fibromyalgia have shown conflicting results. In patients 
with systemic lupus erythematosus and fibromyalgia, 
increased BMI has been linked with an increased 
risk of the concurrent presence of fibromyalgia (24). 
Another study including 36 patients with fibromyalgia 

Table 4. Comparison between groups with overweight/obesity with and without fibromyalgia

Mean values (±SD) Fibromyalgia overweight/obesity Control overweight/obesity p

n = 27 n = 25

Age (years) 50.25 (±6.76) 49.92 (±8.64) NS

WC (cm) 99.50 (±5.43) 96.43 (±6.63) NS

BMI (kg/m²) 29.44 (±2.1) 28.49 (±2.44) NS

FM (kg) 30.90 (±4.97) 31.41 (±4.74) NS

TP (n) 16.4 (±1.9) 5.16 (±4.16) < 0.0001

Pain threshold (kg/m²) 2.85 (±0.55) 6.12 (±1.95) < 0.0001

FIQ (AU) 71.94 (±17.9) 9.9 (±12.46) < 0.0001

PHQ (AU) 16.07 (±5.74) 3.08 (±3.51) < 0.0001

Leptin (pg/mL) 14,715 (±8,884.65) 23,903 (±9,788.74) < 0.005

Adjusted leptin (pg/mL/kg) 476.13 (±276.9) 758.39 (±305.3) < 0.005

Adiponectin (ng/mL) 15,140 (±8,936.5) 17,407 (±8,222.6) NS

MCP-1 (pg/mL) 425.26 (±171.8) 578.08 (±287.17) = 0.08

CRP (mg/dL) 0.42 (±0.41) 0.29 (±0.28) NS

FM: fibromyalgia; WC: waist circumference; BMI: body mass index; FM: fat mass; TP: tender points; FIQ: Fibromyalgia Impact Questionnaire; AU: arbitrary units; PHQ-9: Patient Health Questionnaire-9; 
MCP-1: monocyte chemoattractant protein-1; CRP: C-reactive protein; NS: statistically not significant.
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(with half of the participants being obese and 21% 
overweight) found no correlation between BMI and 
TPs count, FIQ score, or depression and anxiety 
levels (22). A cross-sectional study conducted in Spain 
including 177 female patients with fibromyalgia (25), 
of whom 70% were overweight or obese, has shown 
that patients with a BMI ≥ 25 kg/m² had higher levels 
of pain and fatigue when evaluated with the FIQ and 
the Short Form-36 Health Survey (SF-36); however, 
no correlation was found between BMI and pain 
threshold. 

The impact of the BMI on fibromyalgia may be 
greater in severely obese patients, as a study conducted 
at Mayo Clinic (9) has shown that individuals with 
severe obesity had worse FIQ scores and results in 
several SF-36 domains. In another study (10) including 
179 patients with fibromyalgia, only the group with 
severe obesity showed worse scores in the physical 
function domain of the SF-36. This relationship could 
not be observed in the present study since it did not 
include severely obese patients. 

The adipose tissue is an actively secretory organ that 
sends and responds to signals that modulate appetite, 
energy expenditure, and insulin sensitivity, as well as the 
endocrine and reproductive systems, bone metabolism, 
and inflammatory and immune responses (5). Patients 
with overweight and obesity are commonly described 
as having a low but constant level of inflammation. For 
example, macrophages residing in the white adipose 
tissue produce 30% of the circulating IL-6 (5). In the 
adipose tissue, these cytokines may be regulated by 
adipokines. Leptin is considered a proinflammatory 
adipokine since it increases the number and survival 
of T lymphocytes and directs them to a Th1 profile 
(26). In addition, leptin may attract macrophages 
to the adipose tissue, especially by inducing the 
production of MCP-1 (7). In the case of adiponectin, 
an experimental evaluation indicates that it may have an 
anti-inflammatory mechanism of action (8). 

Evidence shows that adipokines also participate in 
pain perception (5). Among animals with ligation of 
the sciatic nerve, only those producing leptin manifest 
tactile allodynia (leptin-deficient ob/ob mice do 
not manifest allodynia) (27). In pain associated with 
knee osteoarthritis, leptin secreted in the infrapatellar 
(Hoffa’s) fat can contribute to nociception (7). In 
addition, adiponectin is associated with decreased 
baseline inflammatory activity, reduction in  
TNF-alpha, IL-6, and IL-1, in addition to an increase 

in IL-10 (anti-inflammatory), which correlates with 
lower nociception levels (8). 

In the present study, fibromyalgia patients with 
overweight/obesity presented lower levels of leptin 
than controls, a finding that differs from others in the 
literature. This was mainly due to the fact that patients 
with fibromyalgia and overweight/obesity showed 
lower leptin levels compared with the participants 
in the control group with overweight/obesity. In 
addition, there was no correlation between leptin levels 
and clinical fibromyalgia parameters. 

Leptin levels in musculoskeletal conditions and 
fibromyalgia have shown contradicting results. In 
patients with knee osteoarthritis assessed before 
and after bariatric surgery (28), the surgery led to a 
significant decrease in BMI (20%) with improvement 
in pain standards and knee function, and a reduction 
in levels of markers of articular destruction, serum 
IL-6, CPR, and leptin. Before the procedure, there 
was a correlation between pain and knee function 
questionnaires with the levels of inflammatory markers 
and articulation destruction, but not with leptin. 
Following surgery and clinical improvement, there was 
no longer a correlation of these questionnaires with 
any serum marker, which led the authors to conclude 
that the improvement in low-degree inflammation 
associated with obesity and the reduction in leptin had 
little or no importance in the clinical improvement 
associated with the weight loss. 

A small cross-sectional study including 16 patients 
with fibromyalgia and 21 controls matched for BMI 
found no difference in leptin levels measured by ELISA. 
Additionally, there was also no association between 
leptin levels with clinical parameters of fibromyalgia, 
such as FIQ scores and the mental and physical 
components of the SF-36 questionnaire (29).

The study that mostly resembled ours examined 
50 women with fibromyalgia and 50 controls matched 
by BMI. However, such study failed to adjust the 
leptin levels by fat mass or stratify them by BMI (30). 
These authors demonstrated that leptin levels were 
significantly lower in patients with fibromyalgia than in 
controls. In addition, leptin levels correlated negatively 
with several clinical fibromyalgia parameters, such as 
pain intensity, fatigue and anxiety, and with the quality 
of life scores, depression, sleep, and FIQ. The authors 
suggested that the lack of leptin or resistance to its action 
could favor a depressive status, and this factor could 
lead to worsening of fibromyalgia. The leptin levels 
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are decreased in depression, and the administration 
of leptin may improve depressive symptoms (31). In 
the present study, mood changes, as determined by 
the PHQ-9, showed no difference between the two 
fibromyalgia groups. 

The lower levels of leptin found in patients with 
fibromyalgia and overweight/obesity in our study 
could be related to changes in the hypothalamic-
pituitary-adrenal (HPA) axis. Most studies have shown 
that the baseline functioning of the HPA axis is normal 
in fibromyalgia (32), but under chronic stress, there is 
an increase in cortisol levels with a “flattened” daytime 
pattern (33). Since leptin has a suppressive action in 
the HPA axis (34), its lower levels in patients with 
fibromyalgia could collaborate with a hyperactivity of 
the axis, but we cannot rule out that a variability in 
leptin levels in humans could hinder the evaluation of 
this adipokine. A study on metabolic syndrome and 
leptin has shown a wide variation in leptin levels, even 
among obese patients (almost seven times between 
the lowest and highest values in patients with BMI >  
40 kg/m2) (12).

We found no correlation between adiponectin levels 
with clinical or functional fibromyalgia parameters, 
except for a slight positive correlation with the TPs 
count. 

The role of cytokines in fibromyalgia has been 
the target of several studies (3). Patients with 
fibromyalgia have high serum levels of IL-1RA and  
IL-6. IL-8 inflammatory chemokines (cytokines related 
to chemotaxis) such as MCP-1 have also been described 
as being increased in patients with fibromyalgia. A 
study of 92 patients with fibromyalgia has shown that 
these patients have higher MCP-1 levels than controls 
and that their sera induce increased migration of 
macrophages. Interestingly, the levels of these cytokines 
did not differ when obese and non-obese patients with 
fibromyalgia were compared, a finding similar to the 
present study (35). 

We observed that patients with fibromyalgia and 
overweight/obesity had increased CRP levels and that 
this group was the only one with a correlation, albeit 
weak, between CRP and FIQ scores. This finding could 
suggest that this group of patients has two sources of 
inflammation, the adipose tissue and the fibromyalgia 
itself (22). 

The present study has limitations. For example, 
we did not include patients with severe obesity, which 
could have led to more pronounced results. The choice 

of not including these patients aimed to avoid the 
presence of mechanical articular problems, especially 
osteoarthritis of the spine and knees, which could impair 
the evaluation. The correlation of adipokines with 
visceral fat mass (measured by computed tomography, 
for example) could represent better the source of 
these substances; the measurement of adipokines in 
the cerebrospinal fluid could have been used to check 
their action in the central nervous system. In contrast, 
a strong point of our study was the inclusion of a 
correlation between leptin and adiponectin levels with 
the patients’ total fat mass. 

The role of overweight/obesity and adipokines in 
fibromyalgia is more complex than a linear relationship 
between obesity, leptin production, and more severe 
pain. The leptin levels were lower in patients with 
fibromyalgia and overweight/obesity when compared 
with control participants with overweight/obesity, 
which may indicate that the occurrence of fibromyalgia 
in overweight patients leads to decreased production of 
leptin. We did not observe a correlation between leptin 
levels and clinical parameters of fibromyalgia among 
patients with this condition. Nor was there a correlation 
between this adipokine with inflammation markers, 
although patients with fibromyalgia and overweight 
have a greater inflammatory status indicated by the 
presence of higher CRP levels. Regarding adiponectin, 
the group with fibromyalgia and overweight presented 
a negative correlation between this adipokine and BMI, 
a paradoxical fact that has also been verified in other 
studies. There was no effect of overweight and obesity 
on the impact of the disease as measured by the FIQ 
in patients with fibromyalgia, just as in those observed 
with depression. 
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Applicability of predictive 
equations for resting energy 
expenditure in obese patients 
with obstructive sleep apnea 

Mariana Pantaleão del Re1, Camila Maria de Melo1,  
Marcus Vinicius dos Santos2, Sergio Tufik1, Marco Túlio de Mello3

ABSTRACT
Objective: To investigate the applicability of predictive equations for resting energy expenditure 
(REE) in obese individuals with obstructive sleep apnea (OSA) and the effects of OSA severity 
on REE. Materials and methods: Twenty-nine obese men, 41.5 ± 7 years old, with moderate and 
severe OSA were recruited. All subjects were submitted to a clinical polysomnography, body 
composition, and indirect calorimetry measurements. REE was also predicted by three different 
equations: Harris and Benedict (1919), Cunningham (1990), and DRI (2002). Results: No effects 
of OSA severity on REE were found. The measured REE (2416.0 ± 447.1 kcal/day) and the REE 
predicted by equations were different from each other (F = 2713.88; p < 0.05): Harris and Bene-
dict (2128.0 ± 245.8 kcal/day), Cunningham (1789.1 ± 167.8 kcal/day) and DRI (2011.1 ± 181.4 kcal/
day). Pearson correlations showed a moderate positive correlation between the REE measured 
and predicted by all equations. Conclusion: Our findings suggest that predictive equations for 
REE underestimate the energy expenditure in obese patients with sleep apnea. Also, no effects 
of OSA severity on REE were found. Arch Endocrinol Metab. 2017;61(3):257-62.
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INTRODUCTION

O bstructive sleep apnea (OSA) is characterized 
by repeated episodes of total or partial upper 

airway obstruction during sleep (1). A bidirectional 
relationship between OSA and obesity/weight gain 
is already described (2). While OSA can develop as a 
consequence of obesity, the disease per se might result 
in energy expenditure changes and excessive daytime 
sleepiness, leading to weight gain (2,3). 

The total energy expenditure (TEE) is determined by 
different components: resting energy expenditure (REE), 
thermic effect of food (TEF), and physical activity-related 
energy expenditure (PAEE) (4). OSA might modulate 
energy expenditure in all components of TEE.

Studies suggest that REE is increased in OSA 
patients. Ucok and cols. (5) showed higher REE in 
OSA patients compared with a group of snorers, even 
after corrections for body mass and fat-free mass. 

Oxyhemoglobin desaturation, successive arousals, and 
continuous sympathetic activation might be responsible 
for enhanced metabolism in OSA patients (5,6). OSA 
also leads to elevated diurnal somnolence and fatigue, 
which contributes to a sedentary lifestyle and decreased 
PAEE. 

From the clinical practice point of view, it’s 
important that clinicians accurately estimate energy 
expenditure in their patients so that higher success 
rates of nutritional management could be achieved. 
Many methods for energy expenditure measurements 
are available nowadays, such as indirect calorimetry, 
accelerometers, and doubly labeled water (4,7). 
Indirect calorimetry is a method commonly used by 
researchers and physicians to measure REE, although it 
is not available in many hospitals and outpatient health 
care clinics. In the absence of more accurate methods, 
many predictive equations were developed during past 
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decades for distinct populations and physiological 
conditions (7-9). Considering the disturbance in 
oxygen saturation and energy expenditure found in 
OSA patients, we tested the hypothesis that predictive 
equations currently available might not be accurate 
for this particular population. The aim of the present 
study was to compare the REE measured by indirect 
calorimetry with prediction equations in obese OSA 
patients and, as a secondary aim, to compare the effects 
of OSA severity on REE. 

MATERIALS AND METHODS

The present study was approved by Ethics Committee 
of Universidade Federal de São Paulo (#142861) 
and registered in Clinical Trials (#NCT01985035). 
Twenty-nine adult obese men (body mass index 
between [BMI] between 30 and 40 kg/m²) between 
30 and 50 years old were included in the study. All 
subjects were submitted to clinical polysomnography 
for diagnosis and classification of OSA severity. Apneas 
and hypopneas were scored using standard American 
Academy of Sleep Medicine guidelines (1), and apnea-
hypopnea index (AHI) was used for OSA severity 
classification. 

REE was measured by indirect calorimetry (Quark 
CEPET, COSMED) (10). The measurement was made 
after an overnight fast. The measurement lasted for 30 
minutes with the patients in the supine position and in 
a temperature- and luminosity-controlled room. Body 
composition was evaluated by plethysmography (BOD 
POD) (11). REE and body composition measurements, 
and the clinical polysomnography, were all performed 
with the maximum of one week between procedures. 

The measurement of REE by indirect calorimetry 
was compared with three prediction equations: Harris 
and Benedict (8), Cunningham (9), and the equations 
recommended by the Food and Nutrition Board (DRI) 
(12), as demonstrated in Table 1. 

Statistical analysis was performed using SPSS 
software (IBM Corp., Armonk, NY-version 19.0). 
Shapiro-Wilk test was used for normality. To observe 
the effect of OSA severity on REE subjects, the subjects 
were distributed into three groups based on OSA 
severity: AHI > 15 ≤ 30 events/h (Group 1), AHI > 
30 ≤ 50 events/h (Group 2) and AHI > 50 events/h 
(Group 3). For comparison between measured REE 
and REE predicted by equations, and for group 
comparisons, ANOVA tests were used to make repeated 
measures. Pearson correlations were also performed 
between predicted and measured REE values. Bland–
Altman agreements plots were made using the MedCalc 
software (Medcalc Software, Ostend, Belgium) to 
determine the agreement between measured and 
predicted REE, and p < 0.05 was adopted for statistical 
significance. 

RESULTS

Twenty-nine adult men, 41.53 ± 7.26 years, obese, 
and diagnosed with mild or severe OSA were included 
in this study. Subjects’ characteristics are described in 
Table 2. Besides a difference in body mass between 
Group 2 and Group 3, no other significant differences 
were found in anthropometric and body composition 
assessments. As expected, some differences were found 
in sleep parameters: Group 3 showed higher AHI, 
respiratory disturbance index (RDI), NREM sleep 
stage 1 (%), spent more time in SaO2 lower than 90%, 
less NREM sleep stage 3, and less REM sleep than 
Group 1 and 2. 

The measured REE by indirect calorimetry showed 
higher values of energy expenditure (2416.0 ± 447.1 
kcal/day) than that predicted by all equations: Harris 
and Benedict (2128.0 ± 245.8 kcal/day), Cunningham 
(1789.1 ± 167.8 kcal/day) and DRI (2011.1 ± 181.4 
kcal/day), as demonstrated in Figure 1. 

Pearson correlations were made for agreement 
between different methods and all equations showed 
moderate correlation with REE measured by indirect 
calorimetry, as showed in Figure 2. Between groups 
divided by AHI, no differences were found in total REE 
or REE corrected by body mass or fat-free mass (Table 3).

Figure 3 represents the Bland–Altman agreement 
plots. There were agreements in the measured REE 
and the values predicted by equations. However, in the 
resulting the agreements, substantial differences were 
observed between the methods. 

Table 1. Resting energy expenditure predictive equations compared with 
indirect calorimetry 

Author (Year) Equation

Harris e Benedict (8) REE = 66,5 + (13,8 x Weight (kg)) +  
(5 x Height (m)) + (6,8 x Age)

Cunningham (9) REE = 370 + (21,6 x Fat Free Mass (kg))

DRI (12) REE = 293 - 3,8 x Age + 456,4 x Height (m) +  
10,12 x Weight (kg)
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Table 2. Anthropometrics and sleep characteristics of obese patients with sleep apnea

Variables All participants
(Mean ± SD)

Group 1
N = 8

(Mean ± SD)

Group 2
N = 8

(Mean ± SD)

Group 3
N = 13

 (Mean ± SD)

Body mass (kg) 106.4 ± 15.2 106.5 ± 11.8 95.5 ± 7.9 113.2 ± 17.1b

Height (m) 1.75 ± 0.07 1.76 ± 0.07 1.71 ± 0.06 1.76 ± 0.08

Body mass index (kg/m²) 34.7 ± 4.2 34.1 ± 3.8 32.6 ± 2.8 36.5 ± 4.6

Body fat (%) 37.7 ± 5.2 35.2 ± 3.3 37.5 ± 6.0 39.3 ± 5.5

Fat-free mass (%) 62.1 ± 5.5 64.8 ± 3.3 62.5 ± 6.0 60.1 ± 5.8

Fat-free mass (kg) 65.7 ± 7.7 68.9 ± 5.6 59.7 ± 7.1 67.4 ± 7.7

Sleep latency (min) 7.0 ± 7.5 8.1 ± 6.2 5.4 ± 6.1 8.0 ± 9.1

Total sleep time (min) 280.4 ± 158.5 386.6 ± 33.7 343.5 ± 129.9 342.7 ± 53.8

Sleep eficiency (%) 86.4 ± 10.6 89.3 ± 7.1 92.9 ± 3.2 81.2 ± 12.7

NREM Sleep stage 1 (%) 18.9 ± 13.1 11.4 ± 5.9 10.4 ± 4.6 28.6 ± 13.4a

NREM Sleep stage 2 (%) 45.6 ± 8.4 46.2 ± 10.2 44.4 ± 6.3 46.5 ± 8.8

NREM Sleep stage 3 (%) 16.9 ± 8.5 22.5 ± 67.0 19.1 ± 7.2 9.1 ± 8.0a

REM Sleep (%) 19.4 ± 6.5 19.9 ± 7.1 26.1 ± 5.2a 15.8 ± 3.0b

Total Arousals (n) 101.4 ± 108.2 141.8 ± 56.7 162.7 ± 58.9 345.4 ± 115.7

AHI (events/h) 51.7 ± 24.7 23.6 ± 2.8 40.0 ± 5.9a 76.8 ± 10.4a,b

RDI (Events/h) 54.0 ± 22.9 28.9 ± 3.6 42.4 ± 6.4 77.2 ± 10.1a,b

SaO
2
 (%) 93.4 ± 1.5 93.5 ± 1.3 93.5 ± 0.6 93.1 ± 1.6b

Min SaO
2
 (%) 74.4 ± 8.9 80.2 ± 3.9 77.7 ± 6.0 68.7 ± 9.5a,b

TRT SaO
2
 < 90% (%) 18.7 ± 19.1 9.0 ± 9.0 7.4 ± 4.9 32.6 ± 21.3a,b

Group 1: AHI > 15 ≤ 30 ev/h; Group 2: AHI > 30 ≤ 50 ev/h; Group 3: AHI > 50 ev/h; a Different from Group 1 (p < 0.05); b Different from Group 2 (p < 0.05); Mild OSA: AHI ≥ 15 events/h; Severe 
OSA: AHI ≥ 30 events/h; NREM: Non-rapid eye movement sleep; REM: Rapid eye movement sleep; SaO

2
: Average Oxyhemoglobin saturation; Min SaO

2
: Minimal Oxyhemoglobin saturation;  

TRT SaO
2
 < 90%: Total Recording Time with SaO

2
 < 90%.

Figure 1. Resting energy expenditure measured by indirect calorimetry 
and estimated by different equations. São Paulo, 2015.

IC: indirect calorimetry; HB: Harris & Benedict equation; DRI: DRI’s 
equation. Measured repeated ANOVA, F = 49.992 p ≤ 0,05. Values 
presented in Mean ± Standard Deviation; * p < 0.05.
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by indirect calorimetry in obese individuals with OSA. 
The relationship between OSA and obesity has been 
extensively studied in recent years (2,3), and the effects 
of OSA on energy expenditure have been a target of 
some studies (5,6,13). 

In contrast with previous studies that suggested 
that REE is increased in OSA patients, our study 
doesn’t confirm any effect of OSA severity on REE. 
In a pioneer study, Ryan and cols. (6) compared 14 
eutrophic subjects with moderate or severe OSA with 
14 healthy control subjects and found increased REE 
in OSA patients, but failed to find differences when 
REE values were corrected by fat-free mass values. 
Kezirian and cols. (13) observed a positive correlation 
between REE and AHI in a sample of 212 individuals 
with OSA. It’s important to note that in these studies, 
the REE values were not corrected for body mass and 
body composition. Recently, Fekete and cols. (14), in 
a study with 92 individuals with OSA and 19 control 
subjects, also found a higher REE in patients with 
OSA. In two other studies, the authors failed to find 
differences in REE between patients with OSA and 
healthy subjects (15,16). 

DISCUSSION
The principal finding of the present study is that the 
predictive equations underestimate the REE measured 
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Figure 3. Bland-Altman plots of resting energy expenditure measured by indirect calorimetry and predicted by different equations. São Paulo, 2015.

HB: Harris & Benedict equation; DRI: DRI’s equation.
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Figure 2. Pearson correlation between measured resting energy expenditure and prediction equations. São Paulo, 2015.
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The abovementioned studies highlight that OSA has 
direct effects on energy expenditure. The intermittent 
hypoxia and sleep fragmentation might lead to a 
continuous sympathetic activation, increasing energy 
expenditure during the night (17). Furthermore, this 
nocturnal sympathetic hyperactivity could be extended 
during the day, increasing the REE (18,19). 

While REE seems to be enhanced in individuals 
with OSA, TEE could be compromised. Excessive 
diurnal somnolence and lower physical activity levels 
observed in these population might contribute to 
lowering TEE. Major and cols. (17) concluded that 
the more time spent in low saturation rates (below 
90%) during the night, the lower the 24 h energy 
expenditure, which could be a possible explanation 
for the relationship between OSA and weight gain. 
In patients with OSA, the nocturnal desaturation and 
the arousals during the night culminate in higher 
sympathetic activity and higher energy expenditure. 
However, in the long term, this mechanism could lead 
to an adaptive decrease in adrenoceptors activation 
(17), resulting in decreased energy expenditure in 
OSA patients in the long term. 

Besides the controversy, the fact is that one way or 
another, energy expenditure could be affected by OSA, 
which is an important issue for obesity management in 
patients with OSA. Due to the limited availability of 
the indirect calorimetry method in clinical practice, it’s 
important that physicians recognize these metabolic 
disruptions and choose the best method to predict 
energy expenditure of obese patients with OSA (19). 
The prediction equations were described as able to 
provide an easy way for energy expenditure estimation. 
In our study, three equations were used to compare 
the measurement of REE: the Harris and Benedict 
equation, the Cunningham equation, and the DRI 
equation. The first two were developed using indirect 
calorimetry data from healthy individuals while the 
last one used doubly labeled water data from obese 
individuals (8,9,12). 

Based on our results from Person correlations and 
Bland–Altman plots, it’s possible to say that besides the 
equations underestimating the measured REE, all three 
equations had at least moderate agreements with the 
measured values. The Bland–Altman analysis showed 
some important dispersion of the data. Even though it 
is the oldest equation, the Harris and Benedict equation 
showed the biggest agreement with the measured 
REE. This equation has been considered a reasonable 
equation for obese individuals (20,21). It’s important 
to say that it was not developed using data from obese 
individuals; therefore, some concerns about accuracy in 
this population persist (20). 

Although the equations underestimate the REE of 
OSA patients, it should be taken into consideration that 
the elevation in energy expenditure due to OSA is small 
compared with the rise in energy intake that a sleep-
restricted person might experience, which culminates 
in an increased predisposition to gain weight. 

Based on the data from the present study and the 
aforementioned literature, we believe that the energy 
expenditure equations commonly used in clinical 
practice may have significant biases, considering that 
OSA can disrupt energy expenditure behavior during 
sleep, and this change might persist during the day. 
Clinical physicians and nutritionist should recognize 
the presence of OSA in obese patients and take into 
consideration this fact when weight loss is desired.

In conclusion, prediction equations for REE 
can underestimate the REE measured by indirect 
calorimetry in obese patients with OSA, despite the 
agreement between methods and that the severity of 
OSA had no effect on REE. 
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Table 3. Resting energy expenditure in all participant and subgroups of AHI. São Paulo, 2015

Characteristics All participants (Mean ± SD) Group 1 N = 8 (Mean ± SD) Group 2 N = 8 (Mean ± SD) Group 3 N = 13 (Mean ± SD)

REE (kcal/day) 2416.0 ± 447.1 2539.5 ± 400.6 2072.7 ± 424.3 2551.3 ± 399.0

REE/kg (kcal/day) 22.79.8 ± 3.42 23.8 ± 2.4 21.8 ± 4.7 22.7 ± 3.1

REE/kg of FFM (kcal/day) 36.9 ± 6.0 36.9 ± 5.0 35.0 ± 7.5 38.0 ± 5.7

Group 1: AHI > 15 ≤ 30 ev/h; Group 2: AHI > 30 ≤ 50 ev/h; Group 3: AHI > 50 ev/h; REE: resting energy expenditure; FFM: Fat-free mass. 
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original article

Orange juice with a high-fat 
meal prolongs postprandial 
lipemia in apparently healthy 
overweight/obese women

Raquel Cristina L. A. Coelho1, Helen Hermana M. Hermsdorff1, 
Renata S. Gomide1, Raquel Duarte M. Alves1, Josefina Bressan1

ABSTRACT
Objective: We investigated the postprandial response of lipid markers to a high-fat meal (HFM) 
with two different beverages in apparently healthy normal-weight and overweight/obese women. 
Subjects and methods: This crossover, randomized study enrolled 36 women, of whom 21 had 
normal weight (body mass index [BMI] 22 ± 1.8 kg/m2) and 15 had overweight/obesity (BMI 31 ±  
3.7 kg/m2). In two different test days, the participants ingested a HFM (37% of energy as saturated fat) 
with 500 mL of water (HFM-W) or 500 mL of orange juice (HFM-OJ). Blood samples were collected 
at baseline (12-hour fasting), and at 2, 3, and 5 hours postprandial. The analysis included fasting 
and postprandial total cholesterol, HDL-c, LDL-c, triglycerides (TG), uric acid, and complement 
C3. Brazilian Clinical Trials Registry (ReBEC); Primary Identification Number: RBR-2h3wjn (www.
ensaiosclinicos.gov.br). Results: TG levels increased at 3 hours with HFM-OJ in normal-weight women  
(p = 0.01) and returned to normal levels at 5h. TG increased at 3 hours with HFM-W (p = 0.01) and 
HFM-OJ (p = 0.02), and remained high at 5 hours (p = 0.03) in overweight/obese women. Complement 
C3 remained unchanged, but showed different responses between meals (p = 0.01 for positive 
incremental area under the curve [piAUC] HFM-OJ vs. HFM-W, respectively). Conclusions: In 
apparently healthy overweight/obese women compared with normal-weight ones, the concomitant 
intake of orange juice with a HFM prolonged postprandial lipemia but had no effect on postprandial 
complement C3 concentrations. Arch Endocrinol Metab. 2017;61(3):263-8.
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INTRODUCTION

P ostprandial lipemia (PPL) refers to the dynamic 
changes in serum lipids and lipoproteins that occur 

after a fat load or meal. These responses are reflected 
mainly in changes in plasma triglycerides (TG). TG-
rich lipoproteins and their remnants are known as risk 
predictors of coronary heart disease (1-2). Indeed, 
PPL has gained interest since recent reports have 
demonstrated that increases in postprandial TG levels 
are possibly even stronger independent predictors of 
cardiovascular diseases than fasting TG (3). Moreover, 
complement C3 has been positively associated with 
obesity, insulin resistance, metabolic syndrome features, 
and fasting and postprandial TG (4).

In this sense, the Western dietary pattern, 
characterized by a consumption of high-energy density 
diets and refined foods, contributes to a positive energy 

balance leading to weight gain and obesity and may 
trigger low-grade systemic inflammation and metabolic 
syndrome abnormalities (5,6). Western individuals 
remain in a postprandial state for most of the day (7). 
Consequently, repeated acute dietary stressors induced 
by a high-fat meal (HFM) could trigger a large increase 
of most risk factors for cardiovascular diseases related to 
obesity, such as increased circulating cholesterol, TG, 
and glucose (8). In turn, fruit intake has been associated 
with an improvement in lipid profile and reduction in 
concentrations of inflammatory and oxidative stress 
markers (9,10). We have previously published a review 
of studies assessing the anti-inflammatory properties 
of orange juice (OJ), which appears to mediate the 
plasma levels and gene expression of factors involved in 
metabolic and inflammatory responses in postprandial 
and chronic (≥ 7 consecutive days) periods (11).
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In the present study, we investigated the postprandial 
response of lipid markers to a HFM with two different 
beverages (water and OJ) in apparently healthy normal-
weight and overweight/obese women.

SUBJECTS AND METHODS

Subjects

Recruitment was conducted through the university 
website, posters, and active search in clinical and medical 
service centers. In total, 74 women were recruited 
and 45 were enrolled in the study. Six women failed 
to complete the study claiming lack of time and three 
presented technical problems in blood collection. 
The participants comprised normal-weight (n = 21) 
and overweight/obese (n = 15) women. They were 
apparently healthy with no recent acute or chronic 
inflammatory diseases and/or use of anti-inflammatory 
or immunosuppressive drugs and steroids. They were 
non-smokers and, to be enrolled, could not be pregnant 
or nursing. Subjects were excluded if they had any past 
or present cardiovascular disease, diagnosed diabetes or 
any inflammatory condition, or used medications known 
to affect the study outcomes. Approval for the study 
was obtained from the Ethics Committee for Human 
Research at Universidade Federal de Viçosa (Of. Ref.  
Nº 184/2011) and all procedures involving human 
subjects complied with the Declaration of Helsinki, as 
revised in 2000. All participants signed a written informed 
consent form. The study is registered at the Brazilian 
Clinical Trials Registry (ReBEC; www.ensaiosclinicos.gov.
br) with the primary identification number RBR-2h3wjn.

Study design

The dietary intervention followed a randomized 
crossover design, with a washout period of at least 7 
days between the test days. Two days prior to each 
test day, the subjects followed a low-antioxidant diet 
(washout) by avoiding olive and fish oils, fresh fruits 
and vegetables, tea, coffee, fruit juices, and wine. 
The subjects were then randomly assigned to either a 
HFM plus 500 mL of water (HFM-W) or a HFM plus  
500 mL OJ (HFM-OJ) group. On the morning of 
each test day, the participants arrived at the laboratory 
at 7:00-7:30 am. Body weight, height, and blood 
pressure were measured, and a fasting blood sample 
was taken before the test meal. Body weight and height 
were measured using standard procedures according 

to previously described protocols (12). Body mass 
index (BMI) was calculated using the equation: BMI 
= weight (kg)/height2 (m2). The percentage of body 
fat was estimated by bioelectrical impedance analysis 
(Biodynamics 310e, Chicago, USA) using standard 
protocols (12). Blood pressure  was  measured  using 
a standard mercury sphygmomanometer, with the 
patient in the seated position.

The test meals were served at 7:30-8:00 am and 
consumed within 30 min. Postprandial blood samples 
were obtained at 2, 3, and 5 hours after the beginning of 
the test meals. The subjects remained in the laboratory 
and were not allowed to consume any additional foods 
or beverages, except for water. 

Composition of the meals

The HFM consisted of two muffins with bacon and 
cheese (90g each), providing 1010 kcal, with 78% of 
energy as fat (37% as saturated fat), 16% as carbohydrates, 
and 6% as protein. The muffins were accompanied 
by 500 mL of water (HFM-W) or OJ (HFM-OJ) in 
different test meal days. Concentrated integral sugar-
free OJ (100% OJ) was provided by Fast Fruit® in 
1-liter packages; an amount of 500 mL provides 215 
kcal from 50g of carbohydrates (information provided 
by the manufacturer). The juice package was opened at 
the time of the consumption. 

Assessment of metabolic markers

Fasting and postprandial blood samples were collected 
in EDTA tubes using a 21G butterfly needle and were 
centrifuged immediately at 2,200 x g at 5ºC for 15 min. 
The plasma was then separated and stored at -80ºC. 
The analyses were performed in the semiautomatic 
analyzer BS200 (Mindray, Nanshan, China). Plasma 
concentrations of TG, total cholesterol, HDL-c, LDL-c, 
uric acid, and glucose were measured using colorimetric 
enzymatic commercial kits (Bioclin, Belo Horizonte, 
Brazil). Plasma concentrations of complement C3 were 
measured by turbidimetric methods using commercially 
available kits (Bioclin, Belo Horizonte, Brazil). 

Statistical analysis 

The results are presented as mean ± standard deviation 
(SD). Age, BMI, body weight and composition, and 
plasma baseline metabolic biomarkers were compared 
between groups using Student’s t test or Mann-Whitney 
test, as appropriate. As the groups (normal-weight and 
overweight/obese) differed in age, the analyses were 
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adjusted for this variable (Tukey-Kramer test). A mixed 
model using a three-way repeated-measures ANOVA 
was applied to test the differences between test meals 
throughout the test day for postprandial metabolic and 
inflammatory variables with test meals, groups, and time 
as repeated factors. Post hoc testing was performed using 
the Tukey-Kramer test. The statistical analyses were 
performed using the SAS statistical package (version 9.2; 
SAS Institute Inc, Cary, NC, USA). The rejection level 
of significance used was 5%. The incremental area under 
the curve (piAUC) was calculated using GraphPad 
Prism (Version 5; GraphPad Software Inc., USA). Power 
analysis, calculated with the analyst procedure of SAS, 
indicated that a sample of 15 subjects per group would 
allow the detection of a treatment effect accounting for 
5% of the within-subject variance in TG with more than 
99% of power at the 5% level of probability.

RESULTS

Baseline

A total of 36 women completed the study and served 
as controls for themselves. Baseline values of weight, 
BMI, body fat, glucose, HDL-c, and uric acid differed 
between groups (normal weight vs. overweight/obese), 
as presented in Table 1. 

Metabolic postprandial response

After consumption of the HFM-W meal, TG levels 
tended to increase in normal-weight volunteers at 
3 hours postprandial relative to fasting (p = 0.07). 
However, this increase at the third hour was only 
significant when these participants consumed the 
HFM-OJ meal (p = 0.01). At 5 hours, there was no 
difference between baseline and postprandial TG in 
normal-weight women (p = 0.99). Overweight/obese 
women presented increased TG in relation to fasting 
at 3 hours postprandial both after the HFM-W (p = 
0.01) and HFM-OJ (p = 0.02) meals. Furthermore, 
the increase in TG compared with fasting remained 
at 5 hours after consumption of the HFM-OJ meal in 
overweight/obese volunteers (p = 0.03) (Figure 1).

At 5 hours postprandial, there was a trend 
towards a difference in TG levels between the groups 
of normal-weight and overweight/obese volunteers 
(p = 0.06). Complement C3 presented a significantly 
higher piAUC (p = 0.03) in the normal-weight 
group. 

Total cholesterol, HDL-c, and LDL-c did not vary 
statistically over time or between diets.

DISCUSSION

In this study, PPL occurred 3 hours after the ingestion 
of a HFM. Studies have shown that circulating TG 
presents a pronounced increase (i.e., PPL) 1 hour after 
consumption of a typical fat-containing meal (30–60g 
of fat) and may remain high for 5–8 hours (13,14). 
Recent epidemiological studies have clearly evidenced 
the predictive relationship between the extent of 
postprandial hypertriglyceridemia and a relative risk of 
cardiovascular events (15,16). This finding is relevant 
concerning the analyses of lipids as biomarkers in 
chronic diseases. 

The relevant finding of this study was that 
overweight/obese women consuming a HFM-OJ meal 
had a prolonged TG increase, with higher TG levels at 5 
hours postprandial. Peairs and cols. reported increased 
postprandial TG in obese patients (17). The first point of 
the discussion is the difference in PPL between normal-
weight and overweight/obese women. Normal-weight 
women presented a TG increase only after the HFM-
OJ meal, while overweight/obese volunteers had a TG 
increase after both meals. In fact, the amplitude and 
duration of the PPL are related to the meal composition 
and the physiopathological condition of the subjects, 

Table 1. Baseline characteristics of the participants 

  Normal-weight 
women

Overweight/
Obese women P value

Participants (n) 21 15

Age (y) 24 ± 4 31 ± 8 0.022

Weight (kg) 58 ± 5 81.4 ± 13  < 0.001

BMI (kg/m2) 22 ± 1.8 31.1 ± 3.7 < 0.001

Body fat (%) 25.8 ± 3.2 37 ± 3.2  < 0.001

SBP (mmHg) 103.3 ± 7.2 110.6 ± 8.8 0.200

DBP (mmHg) 64.8 ± 6.7 69.4 ± 8.7 0.103

Glucose (mg/dL) 88.2 ± 6.5 97.9 ± 7 0.004

TC (mg/dL) 168.5 ± 31.6 168.21 ± 26.4 0.793

HDL-c (mg/dL) 67.2 ± 17.2 50.8 ± 7.1 0.005

LDL-c (mg/dL) 81.4 ± 24 87 ± 16.5 0.672

TG (mg/dL) 96.8 ± 32.8 136.3 ± 65.8 0.176

Uric acid (mg/dL) 3.7 ± 0.7 4.4 ± 0.6 0.004

C3 (mg/dL) 137.5 ± 29.3 142.9 ± 25.9 0.436

Values are expressed as mean ± standard deviation (SD).
BMI: body mass index; MBR: basal metabolic rate; SBP: systolic blood pressure; DBP: diastolic 
blood pressure; TC: total cholesterol; TG: triglycerides.
P values for comparisons between groups using Student’s t test or Mann-Whitney test. The 
results remained after adjustment by age (Tukey-Kramer test).
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including obesity (18,19). PPL in overweight/obese 
women disclosed a lipid intolerance state that could 
not be detected in fasting. In obese humans, fasting 
plasma lipids can be normal but  postprandial  lipid 
metabolism is abnormal with an accumulation of TG-
rich remnant lipoproteins. In addition, the catabolism 
of their chylomicrons (CM) remnants was markedly 
decreased when compared with lean women (20). The 
decreased clearance of CM remnants in overweight/
obese subjects may be explained by a competition 
between these remnants and the increased hepatic 
production of VLDL for clearance by low-density 
lipoprotein receptors. 

The second point of the discussion is the role of 
OJ on PPL in normal-weight and overweight/obese 
women. Studies about the effect of fruit-derived 
antioxidant and fructose intake on fatty meal-induced 
metabolic changes have reported contradictory 
results. We observed an enhanced PPL when OJ was 
added to the HFM. Similar to our findings, Stanhope 
and cols. observed that diets rich in highly digestible 
carbohydrates can lead to higher levels of fasting plasma 
TG as a result of hepatic VLDL and CM remnant 
accumulation due to altered lipoprotein secretion and/

or clearance (21). Cerletti and cols. found that the 
concomitant intake of OJ resulted in a reduced increase 
in plasma TG and reduction in total cholesterol (22). 
These findings altogether indicate that postprandial 
metabolism resulting from the digestion and 
absorption of available nutrients is a highly complex 
process involving numerous potential interactions. In 
addition, other studies have shown that the amount or 
type of carbohydrate in a meal alter the postprandial 
lipid metabolism (23). However, data obtained after 
addition of glucose (50 to 100g) to a HFM have not 
provided reproducible findings in healthy subjects 
(24). Thus, despite epidemiological data suggesting 
an inverse association between citrus fruits intake and 
cardiovascular disease risk, our understanding of the 
mechanisms by which flavonones potentially reduce 
this risk remains unclear.

As a limitation of the study, the total energy intake 
in the meal with OJ was 215 kcal higher than that in 
the meal with water. The addition of OJ increased 
the amount of carbohydrates in the meal (40.7g for 
HFM-W vs. 91g for HFM-OJ), without contributing 
to fat content. Given its fructose content, OJ may have 
altered the PPL by increasing hepatic fat synthesis (25). 

Figure 1. Line plots showing the changes (as mean ± standard error) in plasma triglycerides and C3 after a high-fat meal plus water (HFM-W) and a 
high-fat meal plus orange juice (HFM-OJ) in normal-weight (A and C, respectively) and overweight (B and D, respectively) participants. Mixed model using 
three-way repeated-measures ANOVA followed by Tukey-Kramer post hoc analysis: * p < 0.05; § p < 0.01. Difference between beverages at a single point.
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However, Stookey and cols. have shown that the 
addition of OJ to a meal with 12g of fat limited fat 
oxidation in the postprandial period (26). These results 
suggest that reduced fat oxidation might mediate the 
effects of caloric beverages on weight gain, independent 
of energy excess. In adults, reduced fat oxidation 
predicts weight gain, independent of metabolic rate 
(27). Another point is the 48-hour washout diet applied 
before the test meal days. This low-antioxidant diet 
aimed to minimize the variability of the biochemical and 
inflammatory markers analyzed, which was important 
in view of the physiological approach in the current 
study. However, this diet could hamper the application 
of the results in free-living conditions.

Regarding complement C3, some studies have 
shown a correlation between fasting C3 and TG 
(28,29). However, we did not find correlations 
between fasting C3 and metabolic syndrome 
parameters, probably because of the small number 
of individuals assessed. Furthermore, Halkes and 
cols. have found plasma C3 levels significantly higher 
than fasting at 2, 4, and 6 hours after fat ingestion  
(50g/m2 of fat) by normolipidemic subjects with 
coronary artery disease and healthy controls (30). We 
did not find a significant postprandial difference in 
plasma C3. Possible causes for this negative outcome 
are the different populations assessed, different fat 
overload, and the addition of OJ. Charlesworth and 
cols. also found no significant postprandial changes 
in C3 after a mixed meal, although their study lacked 
information about the amount of fat (31). Van Oostrom 
and cols., while studying the relationship of PPL with 
meal composition in healthy subjects, observed that the 
addition of glucose to a fat overload decreased PPL and 
prevented a fat-specific increase in C3 (32). For Schär 
and cols., OJ or hesperidin supplement did not acutely 
affect cardiovascular risk biomarkers (33). Because of 
existing controversial results concerning postprandial 
response of complement C3 to meal composition, more 
studies are necessary to investigate the biochemical and 
dietary factors related to variations in circulating C3 in 
healthy and obese people. 

In conclusion, our study has shown that overweight/
obese women have enhanced PPL when compared 
with normal-weight women, and that the increase 
in TG was more prolonged when these overweight/
obese volunteers consumed a HFM with OJ. Since the 
findings of our present study and previously published 
ones are still controversial, more studies are necessary 

to clarify the role of OJ or citrus juice intake in the lipid 
metabolism and in the prevention of chronic diseases. 
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Ultrasonographic assessment of 
thyroid volume in 
oldest-old individuals
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ABSTRACT
Objective: The aim of this study was to describe the relationship between thyroid volume and age, 
gender, anthropometric characteristics, and echogenicity in oldest-old subjects in an iodine-sufficient 
area. Subjects and methods: The study included 81 independent elderly individuals aged ≥ 80 years 
(65 [80.2%] women). We determined these individuals’ anthropometric characteristics, body mass 
index (BMI), and lean body mass, as well as thyroid volume and echogenicity by ultrasonography. 
Results: We observed that octogenarians and nonagenarians had different profiles of thyroid 
echogenicity. The volume of the thyroid was smaller in nonagenarians than octogenarians (p = 0.012, 
r = 0.176), and subjects aged 80–89 years had more often hypoechoic glands than those aged ≥ 90 
years (p = 0.01 versus 0.602). Conclusion: The identification of ultrasonographic differences in oldest-
old individuals will contribute to establishing preclinical markers, such as echogenicity, to identify 
individuals at risk of developing autoimmune thyroid disease. Future prospective studies should 
identify if 80–89-year-old individuals with hypoechoic glands progress to hypothyroidism, and if the 
absence of changes in echogenicity (i.e. a normal thyroid parenchyma) would have a positive impact 
on longevity among nonagenarians. Arch Endocrinol Metab. 2017;61(3):269-75.
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INTRODUCTION

U ltrasonography is widely used in clinical practice 
as the most reliable method to determine the 

volume (1,2) and structure of the thyroid gland. The 
volume of the thyroid is influenced by age, gender, body 
mass index (BMI), lean body mass, iodine intake, and 
genetic factors (3-5). Post-mortem thyroid examination 
of individuals aged ≥ 50 years (6) and confirmed in 
centenarians (7) has identified progressive atrophy, 
fibrosis, increased adipose tissue, and decreased follicles 
and colloid, contributing to a decrease in the volume of 
the gland with aging (8). However, studies evaluating 
the dimensions of the thyroid in elderly individuals 
have not included many participants aged ≥ 80 years 
and have failed to report the biometric characteristics 
of the individuals in this specific age group, despite the 
fact that these characteristics are known to influence the 
volume of the thyroid in children and adults (9). 

Thyroid ultrasonography is considered an auxiliary 
method to identify the occurrence and prognosis 
of autoimmune thyroid diseases (10-12), and has an 
important role in identifying individuals at risk of these 

conditions in epidemiological studies (13,14). Thyroid 
glands affected with autoimmune disorders may show 
a hypoechoic pattern (15,16) caused by increased 
cellularity and a variable degree of lymphocytic 
infiltration (17). These structural changes usually 
precede the detection of autoantibodies in the serum 
and other laboratory abnormalities (18-20).

Measurement of thyroid-stimulating hormone 
(TSH) levels is a common screening method to identify 
thyroid dysfunction. In 15% of the individuals above 
the age of 70 years, TSH levels may be elevated, 
suggesting that the superior limit of the normal 
range of this hormone may change with aging (21). 
However, serum TSH is not a sensitive marker in old 
individuals (22); therefore, thyroid ultrasonography 
may bring additional information and help predict the 
progression to thyroid diseases. A better understanding 
of the ultrasonographic features predicting the 
development of thyroid diseases, in addition to TSH 
measurement, could have a large impact on clinical 
practice guidelines in the geriatric population. In this 
study, we analyzed by ultrasonography the thyroid 
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volume of oldest-old individuals, and the relationship 
of the thyroid volume with age, gender, anthropometric 
characteristics (weight, height, BMI, lean body mass), 
and echogenicity.

SUBJECTS AND METHODS

A total of 81 independent subjects (65 women, 16 
men) aged ≥ 80 years and living in São Paulo, Brazil, 
were recruited from the geriatrics clinic at Universidade 
Federal de São Paulo between August, 2012, and 
February, 2014. The participants were included in the 
study after signing an informed consent form. The 
study received approval of the Ethics Committee at 
Universidade Federal de São Paulo and was conducted 
according to the Declaration of Helsinki. 

After recruitment, the individuals were allocated to 
a “normal TSH group” or an “increased TSH” group; 
this last included individuals with serum TSH levels > 4.5 
mIU/L. The exclusion criteria were cognitive impairment; 
renal, hepatic or hematological diseases; and history of 
radioiodine therapy or thyroidectomy. Serum TSH values 
(normal range 0.5–4.5 mIU/L) and free thyroxine 
(FT4; normal range 0.83–1.7 ng/dL) were obtained 
from medical records. Lean body mass was assessed by 
bioelectrical impedance analysis (Biodynamics-310, 
Model A, Biodynamics Corp., Seattle, USA) according 
to the device manufacturers’ instructions.

Thyroid ultrasonography was performed by the 
same physician (GD) to avoid interobserver variation. 
The evaluations were conducted on a LOGIC e (GE) 
equipment attached with a 7.5 MHz linear transducer. 
The gain was adjusted to minimize the echoes in the 
carotid artery and jugular vein, limiting variations 
in brightness. During the examination, the subjects 
rested in a supine position with their necks slightly 
hyperextended. We obtained images in the transverse 
and longitudinal planes, and measured each lobe at its 
maximum transverse, longitudinal, and anteroposterior 
diameters (height, width, and depth) to calculate the 
volume of the thyroid according to Brunn and cols. 
(23). For the purpose of this study, we considered as 
“appropriate” those thyroid volumes between 6 and 20 
milliliters (mL) (24).

We determined the echogenicity of the thyroid 
parenchyma using a grayscale analysis, comparing the 
parenchyma with adjacent structures. The observed 
echogenicity was then categorized into one of three 
classes: isoechoic (when the echogenicity of the 

parenchyma was similar to that of the submandibular 
gland), mildly hypoechoic (when the parenchyma was 
hypoechoic compared with the submandibular gland, 
but hyperechoic in relation to the cervical muscles), or 
hypoechoic (when the parenchyma was isoechoic or 
hypoechoic when compared with the cervical muscles).

Statistical analysis

We used independent samples  t  test or Mann-
Whitney test to evaluate the relationship between 
anthropometric features and thyroid function 
according to age group or gender. Chi-square test 
or Fisher’s exact test was used to analyze qualitative 
variables. Analysis  of variance (ANOVA) compared 
the volume of the thyroid according to age group 
(octogenarians, 80–89 years; and nonagenarians, 
≥ 90 years), and levels of echogenicity. Spearman’s 
correlation coefficient or multiple linear regression 
were used to correlate the volume of the thyroid 
with age, weight, height, BMI, lean body mass, 
and echogenicity. P values < 0.05 were considered 
significant. All analyses were performed with the 
statistical software R, version 2.15.2 and/or NCSS.

RESULTS

A total of 81 patients (65 women, 16 men) were 
allocated to the normal TSH group (n = 52) or 
increased TSH group (n = 29). Overall, there were 54 
(66.7%) individuals aged 80–89 years and 27 (33.3%) 
aged ≥ 90 years (Table 1). 

As expected, the average TSH level found in elderly 
individuals in the normal TSH group was lower than 
that in individuals in the increased TSH group, with 
a significant difference for both octogenarians (2.95 
versus 5.69 mIU/L; p = 0.027) and nonagenarians 
(3.17 versus 5.56 mIU/L; p = 0.013) (Table 1). There 
were no differences regarding FT4 values between 
both groups (normal TSH versus increased TSH). All 
anthropometric characteristics and thyroid function 
tests are shown in Table 1.

Among individuals aged 80–89 years, 35 were in 
the normal TSH group, and 19 were in the increased 
TSH group. There were no differences in thyroid 
volumes (10.0 ± 3.60 mL versus 9.18 ± 6.59 mL,  
p = 0.105) between individuals in the normal TSH and 
increased TSH groups. In contrast, hypotrophic glands 
(< 6 mL) were observed in six elderly individuals in the 
normal TSH group (17%) and eight in the increased 
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TSH group (42%). Goiter (> 20 mL) was found in one 
oldest-old individual and was associated with nodules, 
but the TSH level in this individual was in the normal 
range. When we compared octogenarians allocated to 
the normal TSH group with those in the increased TSH 
group, we observed an increased frequency of isoechoic 
glands in the first group and of hypoechoic glands in 
the second one (p = 0.001). 

Among individuals aged ≥ 90 years, the mean thyroid 
volume was significantly different between individuals 
in the normal TSH and increased TSH groups, also as 
expected (11.50 ± 4.13 mL versus 7.37 ± 3.29 mL, 
respectively, p = 0.012). There were six hypotrophic  
(< 6 mL) glands, two in the normal TSH group and four 

in the increased TSH group. We did not observe any 
patient with goiter among nonagenarians, or differences 
in echogenicity pattern between nonagenarians patients in 
the normal TSH and increased TSH groups (p = 0.602). 

Thyroid nodules were present in 30 octogenarians 
and 21 nonagenarians, totaling 62.9% of the sample. 
Six patients with nodules greater than 1.0 cm and 
suspicious ultrasonographic features (solid and 
hypoechoic, with microcalcifications and irregular 
borders) were referred to fine-needle aspiration biopsy, 
which excluded malignancy. 

Mean thyroid volumes, echogenicity, and presence 
or absence of nodules in both groups and subgroups 
are shown in Table 2.

Table 1. Anthropometric characteristics and thyroid function in oldest-old individuals

 
 

80-89 years ≥ 90 years

Normal TSH Increased TSH P Normal TSH Increased TSH P

Characteristics

Mean ± SD (n = 35) (n = 19) (n = 17) (n = 10)

Weight (kg) 63.78 ± 14.06 57.77 ± 10.84 0.112* 60.25 ± 10.15 61.40 ± 9.22 0.841a

Height (m) 1.55 ± 0.09 1.52 ± 0.06 0.118* 1.54 ± 0.07 1.47 ± 0.03 0.010a

BMI (kg/m2) 26.19 ± 4.22 25.05 ± 4.31 0.384a 25.28 ± 3.72 28.36 ± 4.22 0.040a

Lean body mass (kg) 40.11 ± 9.42 34.28 ± 5.18 0.027a 37.89 ± 7.64 35.59 ± 4.73a 0.353*

TSH mIU/mL 2.95 ± 1.81 5.69 ± 4.78 0.031a 3.17 ± 1.90 5.56 ± 2.39 0.013a

T4L ng/dL 1.19 ± 0.23 1.20 ± 0.24 0.911* 1.26 ± 0.25 1.72 ± 1.18 0.414a

* Student’s t test; a Mann-Whitney test.

Table 2. Thyroid volume, echogenicity, and presence of nodules in oldest old individuals

 
 

80-89 years ≥ 90 years

Normal TSH Increased TSH P Normal TSH Increased TSH P

Thyroid volume (mL)  
– Mean ± SD

(n = 35) (n = 19)   (n = 17) (n = 10)  

Total 10.07 ± 3.60 9.18 ± 6.59 0.105a 11.50 ± 4.13 7.37 ± 3.29 0.012*

< 6 mL (n; %) 6; 17.1% 8; 42.1% 0.058b 2; 11.8% 4; 40.0% 0.154b

> 20 mL (n; %) 0; 0.0% 1; 5.3% 0.352b 0; 0.0% 0;0.0% -

Echogenicity – (n; %)

ECO1 22; 62.9% 4; 21.1%

0.001c

8; 47.1% 3; 30%

0.602bECO2 11; 31.4% 7; 36.8% 4; 23.5% 2; 20%

ECO3 2; 5.7% 8; 42.1% 5; 29.4% 5; 50%

Nodules – (n; %)

Yes 23; 65.7% 7; 36.8% 0.080c 14; 82.4% 7; 70% > 0.999b

No 12; 34.3% 12; 63.2% 3; 17.6% 3; 30%

* Student’s t test; a Mann-Whitney test; b Fisher’s exact test; c chi-square test.

ECO1: isoechoic (the echogenicity of the parenchyma was similar to that of the submandibular gland); ECO2: mildly hypoechoic (the parenchyma was hypoechoic compared with the submandibular 
gland, but hyperechoic in relation to the cervical muscles); ECO3: hypoechoic (the parenchyma was isoechoic or hypoechoic when compared with the cervical muscles).
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Concerning gender, there were 16 men and 65 
women (19.7% and 80.3%, respectively) in the overall 
cohort. The p values for the statistical tests are not 
shown for men, only the descriptive results in each 
group. This approach was preferred due to the fact that 
there were only two men in the increased TSH group. 
The thyroid volume of men in the normal TSH group 
was 11.66 ± 3.40 mL compared with 12.86 ± 4.78 mL 
in those in the increased TSH group. 

Among women, there were significant differences 
regarding TSH levels in the normal TSH and increased 

TSH groups, as expected (normal TSH group, 3.01 
± 1.74 mIU/L; increased TSH group, 5.67 ± 4.02 
mIU/L; p = 0.03) and thyroid volume (10.13 ± 3.90 
mL versus 8.24 ± 5.68 mL, respectively; p = 0.015). 
There were eight (21.1%) women in the normal TSH 
group with atrophic glands, and no cases of goiter. In 
the increased TSH group, 12 individuals had thyroid 
volumes smaller than 6 mL, and one female patient had 
a volume greater than 20 mL. Regarding qualitative 
variables, only the echogenicity was statistically 
significant (p = 0.001), as shown in Tables 3 and 4. 

Table 3. Anthropometric characteristics and thyroid function by gender in oldest-old individuals

 
Male Female

Normal TSH Increased TSH Normal TSH Increased TSH P

Characteristics
(n = 14) (n = 2) (n = 38) (n = 27)  

Mean ± SD

Weight (kg) 69.76 ± 12.56 54.00 ± 6.08 60.00 ± 12.20 59.40 ± 10.52 0.905a

Height (m) 1.63 ± 0.08 1.57 ± 0.08 1.52 ± 0.07 1.50 ± 0.05 0.124a

BMI (kg/m2) 26.24 ± 3.05 22.15 ± 4.88 25.76 ± 4.39 26.49 ± 4.42 0.513*

Lean body mass (kg) 47.76 ± 9.66 38.45 ± 0.49 36.04 ± 5.90 34.49 ± 5.04a 0.305*

TSH mIU/mL 3.07 ± 2.11 5.05 3.01 ± 1.74 5.67 ± 4.02 0.003a

FT4 ng/dL 1.21 ± 0.22 1.00 1.22 ± 0.25 1.43 ± 0.80 0.074a

* Student’s t test; a Mann-Whitney test.

BMI: body mass index; FT4: free thyroxine.

Table 4. Thyroid volume, echogenicity, and presence of nodules by gender in oldest-old individuals

 
 

Men Women

Normal TSH Increased TSH P Normal TSH Increased TSH P

(n = 35) (n = 19)   (n = 17) (n = 10)  

Thyroid volume (mL)  
– Mean ± SD

Total 11.66 ± 3.40 12.86 ± 4.78 10.13 ± 3.90 8.24 ± 5.68 0.015a

< 6 mL (n; %) 0; 0.0% 0; 0.0% 8; 21.1% 12; 44.4% 0.082c

> 20 mL (n; %) 0; 0.0% 0; 0.0% 0; 0.0% 1;3.7% 0.415b

Echogenicity – (n; %)

ECO1 10; 71.4% 2; 100.0% 20; 52.6% 5; 18.5%

0.001cECO2 1; 7.1% 0; 0.0% 14; 36.8% 9; 33.3%

ECO3 3; 21.4% 0; 0.0% 4; 10.5% 13; 48.1%

Nodules – (n; %)

Yes 8; 57.1% 1; 50.0% 29; 67.4% 14; 32.6% 0.074c

No 12; 34.3% 12; 63.2% 3; 17.6% 3; 30%

* Student’s t test; a Mann-Whitney test; b Fisher’s exact test; c Chi-square test.

ECO1: isoechoic (the echogenicity of the parenchyma was similar to that of the submandibular gland); ECO2: mildly hypoechoic (the parenchyma was hypoechoic compared with the submandibular 
gland, but hyperechoic in relation to the cervical muscles); ECO3: hypoechoic (the parenchyma was isoechoic or hypoechoic when compared with the cervical muscles).
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DISCUSSION

Although there has been an increasing prevalence of 
thyroid disorders in elderly individuals (25,26), most 
population studies have failed to dedicate exclusive 
attention to individuals aged 80 years or older. 
In our study, we compared the thyroid volume of 
octogenarians and nonagenarians with and without 
evidence of thyroid disorder, since it is not clear in 
the literature if the volume of this gland in elderly 
men and women are predictive of thyroid disease. In 
a clinical context, overt hypothyroidism is preceded 
by a period of subclinical thyroid dysfunction, with a 
range of nonspecific symptoms that can be confounded 
with other geriatric syndromes (27) and may, as a 
consequence, be undertreated (28,29).

According to some authors, the volume of the 
thyroid decreases with aging (6-8,24). Although 
the mean thyroid volume in the overall cohort was 
deemed appropriate according to the criteria adopted 
in our study, we observed that 20.5% of our oldest-old 
individuals had a reduced thyroid volume and 1.2% had 
goiter (> 20 mL). The finding of a prevalence of goiter 
below 5% was already expected in our population, since 
the city of São Paulo, where our study was conducted, 
is considered an iodine-sufficient area (9,30,31).

Anthropometric characteristics are known to affect 
the volume of the thyroid. We found no difference in 
anthropometric characteristics in our octogenarian and 
nonagenarian subjects (p = 0.301, r = 0.087), although 
there were significant differences between individuals in 
the normal TSH and increased TSH groups regarding 
lean body mass (p = 0.027, r = 0.486) in individuals 
aged 89–89 years, and regarding height (p = 0.01, r = 
0.303) and BMI (p = 0.04, r = -0.114) in those aged 
≥ 90 years. The volume of the thyroid was reduced 
in nonagenarians (p = 0.012, r = 0.176). Elderly 
individuals are known to have a progressive decrease 
in height with increasing age, which in turn impacts 
their BMI, changing the correlation between BMI and 
thyroid volume. 

Men are described as having larger thyroids than 
women (32-34). Our study showed that oldest-old 
men had slightly larger thyroids than women, although 
we were unable to conclude this finding with statistical 
tests due to the limited number of elderly men in the 
increased TSH group, which prevented the comparison 
between gender and thyroid volume. In contrast, our 
results indicated a significant number of women with a 

small thyroid volume (< 6 mL) and more hypoechoic 
glands (p = 0.001, r = -0.380) when compared with 
men in our cohort. 

Our observation that the thyroid volume correlated 
inversely with thyroid echogenicity (p = 0.001, r = 
-0.424; Figure 1) in the elderly population has also been 
shown in children and adults (15,16). The echogenicity 
of the thyroid changed from isoechoic in individuals 
allocated to the normal group, to moderately or 
markedly hypoechoic in octogenarians and women in 
the increased TSH group. This corroborates previous 
reports that the hypoechogenicity of the gland is linked 
to the presence of circulating antithyroid antibodies 
(35), reflecting intraglandular inflammatory activity 
and thyroiditis (36). 

Even though our objective was to describe thyroid 
ultrasonographic features and factors influencing the 
variation in thyroid volume, a limitation of our study 
was the fact that we lacked information regarding 
antithyroid antibody concentrations in these patients, 
especially antithyroperoxidase. This prevented a 
correlation between ultrasonographic findings and the 
occurrence of autoimmune thyroid disease (15,16,35). 
However, our finding that certain groups with TSH > 
4.5 mIU/L had smaller and more hypoechoic glands 
could be a sign of autoimmune thyroid disease in these 
individuals. 

There were differences in echogenicity patterns 
between octogenarians and nonagenarians. Among 
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Figure 1. Total thyroid volume (mL) versus echogenicity in oldest-old 
individuals.
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individuals allocated to the increased TSH group, 
subjects aged 80–89 years had more often hypoechoic 
glands than those aged ≥ 90 years. It is possible that 
the decreased echogenicity in octogenarians glands, 
if properly followed up until they reach the age of 90 
years or more, could reflect a higher rate of progression 
to hypothyroidism. Also, the absence of echogenicity 
abnormalities in individuals aged ≥ 90 years could 
potentially be associated with longevity.

As expected and previously described, the 
occurrence of nodules increased progressively with age 
and affected 62.9% of the individuals in our cohort, 
confirming findings from the literature (37). 

Thyroid abnormalities are commonly found in 
elderly individuals. TSH measurements alone may not 
identify if these abnormalities represent physiological 
changes in thyroid hormone levels with advancing age 
or subclinical diseases (22,38). The fact that we searched 
for ultrasonographic elements that could help decide 
when levothyroxine replacement should be started is a 
strength of our study. Although the size of our cohort 
cannot be characterized as representative of an entire 
population, our study adds important information for 
the management of oldest-old patients, since there is 
a literature gap on specific data about this long-lived 
population. Although our cross-sectional study does 
not add definitive information, it is still relevant to 
enhance the therapeutic planning of very old patients.

Thyroid ultrasonography has become a low-cost 
method to support diagnostic and therapeutic decisions 
in thyroid disorders by considering parameters such 
as gland volume and echogenicity. It is important to 
know that the inverse correlation between volume 
and echogenicity that we found in our cohort could 
represent a sign of significant thyroid failure. Each 
geographic region should have its own reference 
regarding normal thyroid volume, taking into account 
nutritional variations (including iodine intake) and 
genetic differences, although there are many logistical 
challenges in individualizing the ultrasonographic 
findings in each elderly population. 

In conclusion, this study included thyroid 
ultrasonographic evaluation of oldest-old individuals 
in São Paulo, Brazil, offering specific thyroid volume 
values which correlated inversely with echogenicity. 
Future prospective studies should demonstrate if 
hypoechoic glands in individuals aged 80–89 evolve 
into hypothyroidism, and if the absence of echogenicity 
changes would be associated with longevity in 

individuals aged ≥ 90 years. Ultrasonographic follow-
up of patients older than 80 years could contribute to 
establishing a preclinical marker of autoimmune thyroid 
diseases in predisposed individuals.
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Can FIB4 and NAFLD fibrosis 
scores help endocrinologists refer 
patients with non-alcoholic fat 
liver disease to a hepatologist?

Rodrigo Bremer Nones1, Cláudia Pontes Ivantes1, Maria Lucia Alves Pedroso2

ABSTRACT
Objective: The objective of this study is to evaluate the performance of mathematical models used in 
non-invasive diagnosis of liver fibrosis in nonalcoholic fatty liver disease (NAFLD) patients to determine 
when the patient needs to be referred to a hepatologist. Subjects and methods: Patients referred by 
endocrinologists to the liver outpatient departments in two hospitals in Curitiba, Brazil, over a 72-month 
period were analyzed. The results calculated using the APRI, FIB 4, FORNS and NAFLD Fibrosis Score 
non-invasive liver fibrosis assessment models were analyzed and compared with histological staging 
of this population. Results: Sixty-seven patients with NAFLD were analyzed. Forty-two of them (62.68%) 
were female, mean age was 54.76 (±9.63) years, mean body mass index 31.42 (±5.64) and 59 (88.05%) 
of the 67 cases had glucose intolerance or diabetes. A diagnosis of steatohepatitis was made in 45 
(76.27%) of the 59 biopsied patients, and advanced liver fibrosis (stages 3 and 4) was diagnosed in 18 
(26.86%) of the 67 patients in the study population. The FIB 4 and NAFLD Fibrosis Score models had a 
high negative predictive value (93.48% and 93.61%, respectively) in patients with severe liver fibrosis 
(stages 3 and 4). Conclusion: In conclusion, use of the FIB 4 and NAFLD Fibrosis Score models in NAFLD 
patients allows a diagnosis of severe liver disease to be excluded. Arch Endocrinol Metab. 2017;61(3):276-81.
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INTRODUCTION

Nonalcoholic fatty liver disease (NAFLD) is of 
considerable interest to endocrinologists because 

of the high prevalence of this condition in diabetic and 
obese patients (1). The prevalence of NAFLD in the 
western population is estimated to be 30% (2), a figure 
similar to that reported in Brazilian epidemiologic studies 
(3,4). The condition is defined as fat deposits in the 
liver (hepatic steatosis) similar to those found in alcohol 
abusers but in patients who neither consume significant 
amounts of alcohol nor use other substances that are a 
secondary cause of steatosis (5,6). NAFLD is classified as 
simple hepatic steatosis or nonalcoholic steatohepatitis 
(NASH). While the former accounts for the majority 
of cases and has a benign course (2,7,8), the latter 
affects 10% of patients and is characterized by steatosis 
accompanied by signs of cell injury (hepatocellular 
ballooning) and liver inflammation. In 20% of these cases, 
it can progress to cirrhosis and hepatocellular carcinoma 
(9). Distinguishing between the two conditions is a 

major challenge as patients are usually asymptomatic 
(10-12) with normal liver enzyme levels, and imaging 
tests can fail to identify the steatosis (2,7). A liver biopsy 
is the only gold-standard diagnostic test for NASH 
(9,13). However, routine biopsies are not risk-free and 
occasionally cannot be performed with an adequate 
sample size. Moreover, interobserver agreement for 
evaluation of histological criteria of NASH may be low 
(14,15). In recent years, there has been a search for 
non-invasive diagnostic methods to assess liver damage, 
i.e., methods for identifying liver fibrosis that can 
indicate possible development of advanced liver fibrosis 
or even cirrhosis without the need for a liver biopsy. 
These include a) laboratory tests used in mathematical 
models or diagnostic algorithms, such as the ELF panel, 
FibroMeter, FibroTest, NAFLD Fibrosis Score, FIB 4, 
FORNS and BARD (16), and (b) imaging tests, such 
as elastography, which assesses the elasticity of the liver 
(17). Non-invasive methods allow examinations to be 
performed in sequence to assess the course of the disease 
(7). However, there is a dearth of studies investigating 
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the performance of these methods in Brazilian NAFLD 
patients. This study therefore sought to evaluate the 
results of non-invasive laboratory tests for diagnosing 
liver fibrosis in patients with NAFLD.

SUBJECTS AND METHODS

The study population consisted of patients seen at the 
liver outpatient departments in two hospitals in Curitiba, 
Brazil (Hospital de Clínicas da Universidade Federal 
do Paraná and Hospital Nossa Senhora das Graças) 
between March 2005 and January 2011, after referral by 
endocrinologists. Patients with an echographic diagnosis 
of hepatic steatosis who agreed to have a percutaneous liver 
biopsy during this period were selected. Patients with liver 
cirrhosis secondary to NAFLD, in whom the diagnosis 
was based on clinical, endoscopic and/or echographic 
findings and who had metabolic syndrome, were also 
included. Other etiologies of liver disease, including 
alcohol abuse, hepatitis B and C infections, autoimmune 
hepatitis, hereditary hemochromatosis, α-1 antitrypsin 
deficiency, Wilson’s disease, primary biliary cirrhosis and 
primary sclerosing cholangitis were excluded in all the 
patients in the study. It was established in direct patient 
interviews that none of the patients selected had a 
history of hepatic steatosis-inducing drug use or alcohol 
consumption in excess of 20 g per day. Anthropometric 
data (weight, height and waist circumference) were 
collected, and body mass index [weight in kg / (height in m)2] 
(BMI) was calculated. Overweight and obesity were 
defined as a BMI ≥ 25 and 30, respectively. Diagnosis of 
glucose intolerance and diabetes followed the American 
Diabetes Association criteria (18), while diagnosis of 
metabolic syndrome was based on the NECP ATP III 
guidelines (19). Of the various non-invasive models 
for evaluating liver fibrosis, several that could be easily 
performed using simple demographic and laboratory data 
and were part of routine patient follow-up were selected. 
The models used were APRI ([AST level / upper limit 
of normal AST] x 100 / platelet count (109/L)) (20), 
FIB 4 (age x AST / [platelet count (109/L) x (ALT)1/2]) 
(21), FORNS (7.811 – 3.131 x ln [platelet count 
(109/L)] + 0.78 x ln [GGT] + 4.367 x ln [age] – 0.014 
x [total cholesterol]) (22) and NAFLD score (-1.675 + 
0.037 x age + 0.094 x BMI (kg/m2) + 1.13 x diabetes/
glucose intolerance [yes = 1, no = 0] + 0.99 x ALT/
AST – 0.013 x platelet count (109/L) – 0.66 x albumin 
(g/dL)) (23). Values for all the models were calculated 
for all the patients selected, apart from those for whom 

laboratory data were not available. In the case of patients 
who did not have a biopsy, the results of laboratory tests 
at the time of the echographic examination were used. 
The liver biopsies were always examined by the same 
pathologist. The criterion for diagnosis of steatohepatitis 
was the concomitant presence of hepatic steatosis, 
hepatocellular ballooning and lobular inflammation. At 
the same time, the presence and extent of liver fibrosis 
were also evaluated and classified as follows: stage 1, 
zone 3 perisinusoidal fibrosis; stage 2, portal fibrosis 
in addition to stage 1; stage 3, bridging fibrosis in 
addition to stage 2; stage 4, cirrhosis (13). The results 
obtained using the non-invasive models were compared 
with the findings of histological staging of the study 
population. For each model an ROC curve was fitted, 
the optimal cut-off point (best sensitivity and specificity) 
was estimated and the area under the curve (AUROC), 
sensitivity and specificity were calculated with a 95% 
confidence interval. The negative predictive value (NPV) 
and positive predictive value (PPV) were calculated using 
the data for the prevalence of liver fibrosis in each of the 
groups in the study population. A significance level of 
p < 0.05 was used. The study protocol was approved 
by the Ethics Committee at the Hospital de Clínicas, 
Universidade Federal do Paraná. 

RESULTS

In all, 195 patients were evaluated and 67 selected. 
Of these, 59 had a liver biopsy and 8 were diagnosed 
with cirrhosis based on the clinical, endoscopic and/or 
echographic findings. Mild or no fibrosis was present in 
55% of patients, stage 2 or higher fibrosis in 45% and 
stage 3 or 4 fibrosis in 27%. Of the patients biopsied, 
45 (76.3%) were diagnosed with steatohepatitis  
(p < 0.0001). Table 1 summarizes the demographic, 
laboratory and histological data and the results obtained 
using the non-invasive models to evaluate fibrosis in all 
the patients. The laboratory data available was used in the 
APRI, FIB 4, FORNS and NAFLD Score mathematical 
models. All the results for the non-invasive models were 
higher in patients with significant fibrosis. Table 2 shows 
the performance of each of the models for patients with 
stage 2 or higher liver fibrosis. The estimated AUROC 
as well as the cut-off points and positive and negative 
predictive values are also shown. Figure 1 shows the 
ROC curves for the non-invasive models for stage 2 
or higher liver fibrosis. The best diagnostic accuracy 
was achieved with the FIB 4 model (AUROC = 0.83). 
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Sensitivity and specificity varied between 50.0% and 
68.2% and 79.3% and 94.6%, respectively. The best 
specificity was achieved with the FIB 4 model. The PPV 
of this model (90.47%) was also better than that of any 
of the other models. The NPVs for all the models were 
similar and varied between 68.0% and 76.1%.

Table 1. Demographic, laboratory and histological data and the results 
obtained using the non-invasive models to evaluate liver fibrosis in all the 
patients

Results Level of 
significance

Age (years) (n = 67) 54.76 ± 9.63

Females (n = 67) 42 / 67 (62.68%) p = 0.0498

BMI > 25 (n = 67) 57 / 67 (85.06%) p < 0.0001

Waist circumference (cm) (n = 67) 102.99 ± 12.88

Glucose intolerance or DM (n = 67) 59 / 67 (88.05%) p < 0.0001

Metabolic syndrome (n = 59) 46 / 59 (68.65%) p = 0.0031

Glucose (mg/dL) (n = 65) 134.02 ± 49.82

Total cholesterol (mg/dL) (n = 59) 192.37 ± 53.31

Platelets (109/L) (n = 67) 227.94 ± 82.50

AST (UI/L) (n = 67) 42.48 ± 30.45

ALT (UI/L) (n = 67) 54.61 ± 41.34

GGT (mg/dL) (n = 58) 127.74 ± 205.09

Albumin (g/dL) (n = 56) 4.46 ± 0.61

Size of the liver biopsy (cm) (n = 59) 2.11 ± 1.00

Portal spaces analyzed (n = 59) 13.56 ± 5.09

Liver fibrosis (n = 67)

0 and 1 37 (55.22%)

2 12 (17.91%)

3 4 (5.97%)

4 14 (20.89%)

APRI (n = 67) 0.57 ± 0.54

FIB4 (n = 67) 1.72 ± 1.43

FORNS (n = 51) 5.17 ± 1.90

NAFLD Score (n = 51) -1.05 ± 1.63

Table 2. Comparison of the performance of the different non-invasive 
models for evaluating liver fibrosis in patients with stage 2, 3 or 4 fibrosis

APRI FIB 4 FORNS NAFLD Score

AUROC 0.705 0.830 0.765 0.674

95% CI 0.58-0.81 0.718-0.910 0.625-0.872 0.525-0.823

p value 0.002 0.0001 0.0001 0.035

Cut-off 0.518 1.7432 5.3097 -0.054

Sensitivity (%) 50.00 63.33 68.18 50.00

Specificity (%) 89.19 94.59 79.31 86.21

PPV 78.94 90.47 72.76 74.61

NPV 68.76 76.09 75.46 68.02

AUROC: area under the ROC curve; PPV: positive predictive value;  
NPV: negative predictive value; CI: confidence interval. 

Figure 1. ROC curves NAFLD Score and FIB 4 models in patients in stage 
2 or higher liver fibrosis.

AUROC: area under the ROC curve; PPV: positive predictive value; NPV: negative 
predictive value; CI: confidence interval.
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Table 3. NPV of the different non-invasive models for evaluation of liver 
fibrosis in patients with fibrosis stage 3 and 4

Cut-off NPV Patients that could 
avoid a liver biopsy

Estimated
false 

negative

APRI 0,4467 90,48 32/67 (52,23%) 3 (9,52%)

FIB 4 1,7432 93,48 45/67 (67,16%) 3 (6,52%)

FORNS 6,6024 89,73 37/51 (72,54%) 4 (10,27%)

NAFLD Score -0,037 93,61 36/51 (70,58%) 2 (6,39%)

Table 4. NPV of the different non-invasive models for evaluation of liver 
fibrosis in patients with fibrosis stage 2, 3 and 4

Cut-off NPV
Patients that 
could avoid a 
liver biopsy

Estimated
false negative

APRI 0,518 78,94 26/67 (38,80%) 14 (21,06%)

FIB 4 1,7432 90,47 22/67 (32,83%) 6 (9,53%)

FORNS 5,3097 72,76 21/51 (41,17%) 14 (27,24%)

NAFLD Score -0,054 74,61 16/51 (31,37%) 13 (25,39%)
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DISCUSSION

In addition to being one of the main current causes 
of liver disease, NAFLD can be expected to be the 
main liver disease in the future, given the increasing 
prevalence of obesity and diabetes in the adult and 
pediatric populations (1,24). Diagnosis of this condition 
will therefore be more important for endocrinologists 
and for public health systems (6) as it may increase 
direct and indirect health costs (7), generate referrals 
to specialists (12) and alter morbidity and mortality 
of patients, due to increased risk of cardiovascular 
events (25,26), and progression of the liver disease (27). 
Hepatocellular carcinoma rates are expected to increase 
in the future (28,29), and NAFLD is predicted to be 
the main reason for liver transplants in 2020 (27). 
Differentiating between simple hepatic steatosis and 
steatohepatitis and, in particular, diagnosing the 
presence of significant liver fibrosis in NAFLD patients 
is of enormous importance for prognosis of the disease. 
Although liver biopsy is considered the gold standard 
for diagnosing and staging patients with possible 
NAFLD, its routine use is questionable in overweight 
and obese individuals, in whom the procedure may 
be technically more difficult and there is a higher risk 
of the liver fragment not being suitable for analysis 
(15,17,30-32). Furthermore, the benign progression 
of NAFLD in most individuals with this condition and 
the lack of effective treatment for steatohepatitis makes 
patients reluctant to undergo a biopsy (8,9,11,33). 
In addition, liver biopsies are not readily available to 
most of the population in Brazil, who depend on the 
public health service (34). These difficulties were also 
encountered in the present study. Assessment of the 
different clinical parameters analyzed in this population, 
such as gender, BMI, waist circumference, glucose 
intolerance, diabetes and metabolic syndrome, failed to 
identify the presence of liver fibrosis or steatohepatitis. 
These parameters were found in similar proportions in 
all the groups, as reported in other studies (35). Only 
patient age varied significantly, as patients with more 
advanced disease stage were older. This finding could 
be explained by NAFLD having a longer course and 
progressing silently with greater distortion of normal 
liver architecture in this population. Furthermore, 
the use of simple laboratory parameters, such as AST 
and ALT levels, did not help stage NAFLD in the 
patients evaluated, as has already been described in 
other populations and studies (16,36-40). Of the 45 

patients with a histological diagnosis of steatohepatitis, 
17 (37.77%) had normal levels of both transaminases, 
and of the 14 cirrhotic patients analyzed, four also had 
normal transaminase levels (28.57%). Mathematical 
models based on simple demographic and laboratory 
data are cheap, practical, easy to reproduce and allow 
liver fibrosis stages to be determined non-invasively 
in NAFLD patients. Nevertheless, in this study, these 
models had high NPVs in patients with advanced liver 
fibrosis or cirrhosis (liver fibrosis stage 3 and 4). The 
best NPVs were observed for the FIB 4 and NAFLD 
Score models (93.48% and 93.61%, respectively) using 
cut-off values low of 1.743 and -0.037, respectively. In 
other words, when these tests are carried out, 93% of 
cases without advanced liver fibrosis or cirrhosis would 
be identified, as shown in Table 3. Similar performances 
for these two models were already reported in other 
populations (16,31,39,41-44) and despite their varied 
cut-off levels, the bulk of evidence gathered highlights 
the ability of these tests to indicate reliably the absence 
of advanced fibrosis. These indirect markers models have 
a high NPV, so that liver biopsies can be indicated only 
in cases in which there is diagnostic uncertainty about 
the severity of the disease. In contrast, the diagnostic 
performance of the models analyzed in patients with 
moderate or advanced liver fibrosis or cirrhosis (liver 
fibrosis stage 2, 3 and 4) was not uniform. The other 
models could not be used for this purpose as their 
performance was inferior. This study has shown that a 
greater understanding of this subject is required. Further 
research should therefore be undertaken with larger study 
populations and, if possible, the mathematical models 
should be used in association with other methods for 
non-invasive evaluation of fibrosis, such as elastography, 
as proposed by other authors (16,27). Another question 
that remains to be elucidated is what advantages the 
sequential use of these markers to monitor the progress of 
NAFLD in these patients may offer.

In conclusion, in this Brazilian population of NAFLD 
patients, referred by endocrinologists, the FIB 4 and  
NAFLD score mathematical models used were able to 
identify which patients had the greater likelihood of not 
having advanced fibrosis or cirrhosis. Further studies with 
larger populations and more cirrhotic patients should be 
carried out so that the findings can be compared with the 
results of this study.

Disclosure: no potential conflict of interest relevant to this article 
was reported.
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Visceral adiposity index and 
triglyceride/high-density lipoprotein 
cholesterol ratio in hypogonadism

Cem Haymana1, Alper Sonmez1, Aydogan Aydogdu1, Serkan Tapan2,  
Yalcin Basaran1, Coskun Meric1, Kamil Baskoy3, Mustafa Dinc1, Mahmut Yazici1, 
Abdullah Taslipinar1, Cem Barcin4, Mahmut Ilker Yilmaz5, Erol Bolu6, Omer Azal1 

ABSTRACT
Background: Cardiometabolic risk is high in patients with hypogonadism. Visceral adiposity index 
(VAI) and triglyceride/high-density lipoprotein cholesterol (TG/HDL-C) ratio are the practical markers 
of atherosclerosis and insulin resistance and independent predictors of cardiaovascular risk. To date, 
no study has evaluated VAI levels and TG/HDL-C ratio in hypogonadism. Subjects and methods: A 
total of 112 patients with congenital hypogonadotrophic hypogonadism (CHH) (mean age, 21.7 ± 
2.06 years) and 124 healthy subjects (mean age, 21.5 ± 1.27 years) were enrolled. The demographic 
parameters, VAI, TG/HDL-C ratio, asymmetric dimethylarginine (ADMA), high-sensitivity C-reactive 
protein (hs-CRP), and homeostatic model assessment of insulin resistance (HOMA-IR) levels were 
measured for all participants. Results: The patients had higher total cholesterol (p = 0.04), waist 
circumference, triglycerides, insulin, and HOMA-IR levels (p = 0.001 for all) than the healthy subjects. 
VAI and ADMA and TG/HDL-C levels were also higher in patients than in healthy subjects (p < 0.001 
for all). VAI was weakly correlated with ADMA (r = 0.27, p = 0.015), HOMA-IR (r = 0.22, p = 0.006), 
hs-CRP (r = 0.19, p = 0.04), and total testosterone (r = −0.21, p = 0.009) levels, whereas TG/HDL-C 
ratio was weakly correlated weakly with ADMA (r = 0.30, p = 0.003), HOMA-IR (r = 0.22, p = 0.006), 
and total testosterone (r = −0.16, p = 0.03) levels. Neither VAI nor TG/HDL-C ratio determined ADMA, 
HOMA-IR, and hs-CRP levels. Conclusions: The results of this study demonstrate that patients with 
hypogonadism have elevated VAI and TG/HDL-C ratio. These values are significantly correlated with 
the surrogate markers of endothelial dysfunction, inflammation, and insulin resistance. However, 
the predictive roles of VAI and TG/HDL-C ratio are not significant. Prospective follow-up studies are 
warranted to clarify the role of VAI and TG/HDL-C ratio in predicting cardiometabolic risk in patients 
with hypogonadism. Arch Endocrinol Metab. 2017;61(3):282-7.
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INTRODUCTION 

H ypogonadism is a syndrome characterized by low 
testosterone levels and a clinical spectrum of poor 

libido, energy loss, muscle atrophy, and depression. 
In addition to fertility disturbance, cardiometabolic 
risk is increased in patients with hypogonadism (1,2). 
The prevalence of cardiac and metabolic disorders, 
such as type 2 diabetes mellitus, hypertension, 
dyslipidemia, and obesity, are significantly increased 
in these patients (2,3). However, the mechanism by 
which cardiometabolic risk increases in patients with 
hypogonadism remains to be completely elucidated. 
Inflammation, insulin resistance, and endothelial 
dysfunction are the major contributors to increased 
cardiometabolic risk in hypogonadism (4-8). In our 

previous studies, we observed that even young patients 
with hypogonadism exhibit endothelial dysfunction, 
inflammation, and insulin resistance (9-11). However, 
none of the surrogate markers of endothelial dysfunction, 
inflammation, and insulin resistance are sufficiently 
robust to be used as prognostic tools. Thus, a simple, 
widely available, relatively inexpensive, and generally 
reproducible marker to predict cardiometabolic risk in 
patients with hypogonadism is needed.

Visceral adiposity index (VAI) is a mathematical 
model based on simple anthropometric [body mass 
index (BMI) and waist circumference (WC)] and 
metabolic [triglycerides (TG) and high-density 
lipoprotein cholesterol (HDL-C)] parameters and is 
considered as a simple surrogate marker of visceral 
adipose dysfunction (12). VAI is strongly associated with 
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visceral adiposity measured using magnetic resonance 
imaging and cardiovascular and cerebrovascular events 
(12). Recent data also indicate that hypertriglyceridemia 
and low HDL-C are key components of the metabolic 
syndrome and are strongly predictive of coronary 
artery disease (13,14). The TG/HDL-C ratio is 
another practical marker of atherosclerosis and 
insulin resistance and an independent predictor of 
cardiovascular risk (15-17). The role of TG/HDL-C 
ratio in predicting cardiometabolic risk has been 
tested in several metabolic disorders, such as diabetes 
mellitus, hypertension, chronic kidney disease, and 
nonalcoholic fatty liver disease (18-21). 

To date, no studies have investigated VAI and 
TG/HDL-C ratio in patients with hypogonadism. 
Therefore, we designed the present study to answer the 
following questions: 1. Do VAI and TG/HDL-C ratio 
differ between patients with hypogonadism and healthy 
subjects? 2. Are insulin resistance, inflammation, and 
endothelial dysfunction associated with VAI and TG/
HDL-C ratio?

SUBJECTS AND METHODS

This retrospective analysis was performed by evaluating 
the database of the Department of Endocrinology 
and Metabolism, Gulhane Military Medical Academy 
School of Medicine, Ankara, Turkey. Military service is 
compulsory for all young men in Turkey, and Gulhane 
Military Medical Academy School of Medicine is the 
tertiary medical center for military recruits. Patients 
with hypogonadism are referred to the Department 
of Endocrinology and Metabolism for both treatment 
and follow-up. Some of these patients, generally those 
living in rural regions, have never received treatment. 
A total of 273 young patients with hypogonadism 
were registered between 2007 and 2012. Of these, 
64 patients were excluded because of a history of 
androgen replacement; 27 because of high testosterone 
levels (200–300 ng/dL); 16 because of liver, kidney, 
or pulmonary disease; 22 because of a diagnosis 
other than hypogonadotropic hypogonadism (CHH; 
i.e., primary hypogonadism, panhypopituitarism, or 
pituitary adenoma); and 32 because of incomplete data 
on demographic and metabolic parameters. A total 
of 112 treatment-naive patients (mean age, 21.7 ± 
2.06 years) with congenital CHH were included. The 
control group included 124 age- and BMI-matched 
healthy subjects (mean age, 21.5 ± 1.27 years). 

A portion of the data for this study population 
was previously published (9-11). None of the control 
subjects had a chronic disorder or used any medications, 
including over-the-counter drugs. All subjects provided 
informed consent, and the Local Ethical Committee 
of Gulhane School of Medicine approved the study. 
This study has been registered with Clinicaltrials.gov 
(NCT02111434).

Detailed medical histories of all patients were 
obtained before the study. Height, weight, and WC were 
measured with the subjects in their underwear. BMI was 
computed as the ratio of weight to the square of height 
(kg/m2). WC was measured on the line between the iliac 
crest and the lower costal margin parallel to the ground 
after subjects exhaled. The pubertal developments of 
the subjects were assessed according to the Tanner 
stages. CHH diagnosis was based on a history of failure 
to undergo spontaneous puberty before 18 years of age 
and was confirmed with tests demonstrating low serum 
total testosterone and normal or low gonadotropin 
levels. Pituitary hormones were evaluated in all patients 
to exclude panhypopituitarism, and pituitary or 
hypothalamic mass lesions were excluded by evaluation 
with magnetic resonance imaging. 

Sample collection and laboratory measurements

For biochemical analyses, all blood samples were 
collected from the antecubital veins between 08:00 
and 09:00 h after overnight fasting. The samples were 
centrifuged for 15 min at 4,000 × g, aliquoted, and 
immediately frozen at −80°C for analyses. Fasting plasma 
glucose, total cholesterol, TG, and HDL-C levels were 
measured by the enzymatic colorimetric method using 
an Olympus AU-2700 autoanalyzer with reagents from 
Olympus Diagnostics (GmbH, Hamburg, Germany). 
Low-density lipoprotein cholesterol level was calculated 
using Friedewald’s formula (22). Serum basal insulin, 
total testosterone, follicle-stimulating hormone, and 
luteinizing hormone levels were measured by the 
chemiluminescence method using a UniCel DxI 800 
Access Immunoassay System (Miami, FL, USA). 
Complete blood count was obtained using the Olympus 
AU-2700 autoanalyzer (GmbH). Insulin sensitivity 
was calculated by the homeostatic model assessment-
insulin resistance (HOMA-IR) using the following 
formula: HOMA-IR = (insulin × glucose)/405 (23). 
Plasma high-sensitivity C-reactive protein (hs-CRP) 
levels were determined in 58 patients and 69 control 
subjects. Plasma asymmetric dimethylarginine (ADMA) 
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levels were determined in 59 patients and 33 control 
subjects using the enzyme-linked immunosorbent 
assay kit (Immundiagnostik, Bensheim, Germany). 
The minimum detectable concentration of ADMA was 
0.05 µmol/L. The hs-CRP level was determined in 
serum by the immunoturbidimetric fixed rate method 
using the Olympus AU-2700 autoanalyzer (GmbH). 
The intra- and inter-assay coefficients of variation were 
5.8% and 3.1%, respectively. The minimum detectable 
concentration of hs-CRP was 0.07 mg/L. VAI was 
calculated using the following sex-specific equation 
(13):

Males : VAI = ( ) ( ) ( )39.68 + (1.88 × BMI) 1.03 HDL
× ×

WC TG 1.31

DISCUSSION

The results of the present study show that patients 
with hypogonadism have significantly higher VAI and 
TG/HDL-C ratio than control subjects. Moreover, 
VAI and TG/HDL-C ratio are significantly correlated 
with endothelial dysfunction, insulin resistance, and 
inflammation (VAI only). However, neither VAI nor 
TG/HDL-C ratio is applicable as the independent 
predictor of endothelial dysfunction, inflammation, or 
insulin resistance in patients with CHH. 

Cardiovascular and metabolic disorders, such as 
obesity, dyslipidemia, hypertension, and type 2 diabetes 
mellitus, are prevalent in patients with hypogonadism 
(24-27), but the mechanism by which cardiovascular 
and metabolic risk increase in hypogonadism is 
unknown. Inflammation, oxidative stress, insulin 
resistance, and endothelial dysfunction are the 

Statistical analysis

All data were recorded in a computer database and 
analyzed using the SPSS 18.0 program (SPSS, Inc., 
Chicago, IL, USA). Results are expressed as means 
± standard deviation. The variables were assessed 
for normality using the Kolmogorov–Smirnov test, 
and the equality of variance was evaluated using the 
Levene’s test. Inter-group differences were analyzed 
using the Student’s t-test and Mann–Whitney U test as 
appropriate. The correlations were performed using the 
Pearson’s or Spearman’s correlation tests. Differences 
were considered significant at a p value of < 0.05.

RESULTS

The demographic and biochemical characteristics of 
the patients and control subjects are given in Table 1.  
Compared with healthy controls, patients had 
significantly higher total cholesterol levels (p = 0.04); 
WC, TG, insulin, and HOMA-IR levels (p = 0.001 
for all); and ADMA and TG/HDL-C levels and VAI 
(p < 0.001 for all). VAI were weakly correlated with 
ADMA (r = 0.27, p = 0.015), HOMA-IR (r = 0.22,  
p = 0.006), hs-CRP (r = 0.19, p = 0.04; Figure 1A), and 
total testosterone (r = −0.21, p = 0.009) levels, whereas 
TG/HDL-C ratio was weakly correlated with ADMA 
(r = 0.30, p = 0.003), HOMA-IR (r = 0.22, p = 0.006; 
Figure 1B), and total testosterone (r = −0.16, p = 0.03) 
levels. In a stepwise linear regression analysis, neither 
VAI nor TG/HDL ratio remained in the model to be 
independent determinants of ADMA or HOMA-IR 
levels. Total testosterone level was the only significant 
independent determinant of ADMA level, whereas WC 
was an independent determinant of HOMA-IR level. 

Table 1. Demographic and metabolic parameters of patients with 
congenital hypogonadotropic hypogonadism and healthy control subjects 
in this study

Healthy controls
(n = 124)*

Patients  
(n = 112)* p

Age (year) 21.5 ± 1.27 21.7 ± 2.06 0.31

BMI (kg/m²) 22.8 ± 2.11 22.17 ± 3.26 0.09

WC (cm) 79.16 ± 6.24 83.61 ± 11.14 0.001

SBP (mmHg) 115 ± 10.7 117.2 ± 13.2 0.451

DBP (mmHg) 68.84 ± 5.88 72.07 ± 8.73 0.093

FBG (mg/dL) 84.08 ± 1.0 85.7 ± 7.62 0.16

T. Chol (mg/dL) 151.1 ± 34.1 160.8 ± 26.4 0.04

TG (mg/dL)a 74.0 (54.7–97.0) 89.0 (63.0–130.5) 0.001

HDL-chol (mg/dL) 51.7 ± 15.0 47.1 ± 10.0 0.007

LDL-chol (mg/dL) 84.7 ± 30.7 91.6 ± 22.3 0.06

T. testosterone (ng/mL) 550.8 ± 127.7 35.3 ± 42.4 < 0.001

Insulin (µU/mL)a 6.59 (4.96–8.7) 8.49 (5.65–12.83) 0.001

HOMA-IRa 1.39 (0.92–1.84) 1.8 (1.18–2.76) 0.001

VAI 2.17 ± 1.17 3.22 ± 2.31 < 0.001

TG/HDL-C 1.69 ± 0.95 2.35 ± 1.5 < 0.001

hs-CRP (mg/L) 0.87 ± 1.21

n = 58

1.18 ± 1.1

n = 69

0.13

ADMA (µmol/L) 0.33 ± 0.6

n = 59

0.66 ± 0.17

n = 33

< 0.001

a Mann-Whitney U test. Results are given as means (25% – 75%). 
p: Student’s t-test; comparison of parameters between healthy control subjects and patients. 
* hs-CRP and ADMA levels are provided separately.
ADMA: asymmetric dimethylarginine; BMI: body mass index; DBP: diastolic blood pressure; 
FBG: fasting blood glucose; HDL-chol: high-density lipoprotein cholesterol; HOMA-IR: 
homeostatic model assessment-insulin resistance; hs-CRP: high-sensitivity C-reactive protein; 
LDL-C: low-density lipoprotein cholesterol; SBP: systolic blood pressure; T. chol: total 
cholesterol; TG: triglycerides; TG/HDL-C: triglycerides/high-density lipoprotein cholesterol ratio; 
T. testosterone: total testosterone; VAI: visceral adiposity index; WC: waist circumference.
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fundamental contributors to increased cardiometabolic 
risk (4-8). In our previous studies, we reported 
metabolic derangements and endothelial dysfunction, 
inflammation, and insulin resistance in young and 
treatment-naïve patients with hypogonadism (9-11). 
Patients with hypogonadism have increased fat mass 
and visceral adiposity, and the latter is associated with 
an increased risk of developing diabetes, hypertension, 
dyslipidemia, and atherosclerosis (28,29). We 
hypothesized that VAI, as an applicable marker for 
evaluating visceral adipose function, is useful for 
assessing increased cardiometabolic risk in patients with 
hypogonadism. 

VAI has been recently developed as a novel sex-
specific index based on WC, BMI, TG, and HDL-C 
(12). VAI is a marker of visceral adipose dysfunction 
and is strongly associated with cardiovascular events 
and type 2 diabetes (12,30,31). VAI is significantly 
correlated with inflammation and insulin resistance 
in patients with type 2 diabetes and cardiovascular 
disorders (12,32). VAI is also a practical measure for 
assessing cardiometabolic risk in patients with polycystic 
ovary syndrome (33).

TG/HDL-C ratio is another clinical indicator 
of insulin resistance and has been evaluated as a 
predictor of diabetes and coronary heart disease (34-
36). This ratio may serve as a simpler method for 
identifying insulin-resistant individuals with increased 
cardiometabolic risk (37). TG/HDL-C ratio is also 
correlated with endothelial dysfunction. In our previous 
study, we showed that TG/HDL-C ratio is a significant 
determinant of endothelial dysfunction and a simple 
predictor of cardiovascular outcomes in patients with 
chronic kidney disease (38). Low HDL-C and increased 
TG levels are also well-established features of patients 
with hypogonadism (9,39,40).

ADMA is an endogenous inhibitor of nitric oxide 
synthase and a well-known surrogate marker of 
endothelial dysfunction (41). Elevated ADMA levels 
in chronic metabolic diseases, such as type 2 diabetes, 
hypertension, dyslipidemia, and chronic kidney disease 
predict cardiovascular morbidity and mortality (42). 
We have previously reported elevated ADMA levels in 
patients with hypogonadism (10,11), which implies 
increased endothelial dysfunction in this patient 
group. Most of the markers, such as ADMA, used to 
define increased cardiometabolic risk in patients with 
hypogonadism are time-consuming or costly, which 
precludes their use in routine daily practice. To our 
knowledge, the present study is the first to measure VAI 
and TG/HDL-C ratio in patients with hypogonadism. 

Our results show that VAI and TG/HDL-C ratio are 
significantly increased in patients with hypogonadism 
and are related to markers of inflammation, insulin 
resistance, and endothelial dysfunction. However, 
the roles of VAI and TG/HDL-C ratio in predicting 
endothelial dysfunction, inflammation, and insulin 
resistance are not sufficiently robust for these 
parameters to be applicable in clinical practice to predict 
cardiometabolic risk in patients with hypogonadism. 
According to the results, total testosterone level and WC 

Figure 1. (A) Scatter plot diagram of the correlation between visceral 
adiposity index (VAI) and asymmetric dimethylarginine (ADMA), high-
sensitivity C-reactive protein (hs-CRP), and homeostatic model 
assessment-insulin resistance (HOMA-IR) levels. (B) Scatter plot diagram 
of the correlation between triglycerides/high-density lipoprotein cholesterol 
ratio (TG/HDL-C) and asymmetric dimethylarginine (ADMA), high-
sensitivity C-reactive protein (hs-CRP), and homeostatic model 
assessment-insulin resistance (HOMA-IR) levels.
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are the only independent determinants of endothelial 
dysfunction and insulin resistance, respectively. 

This study has both limitations and advantages. The 
study population comprising young, treatment-naïve 
patients with CHH may not be representative of the 
general population of patients with hypogonadism. 
Our small sample size may be another limitation. 
However, because few patients with hypogonadism 
reach adulthood without receiving treatment, we 
believe that the number of the patients in our study 
is adequate because of the unique conditions of the 
study population. The advantages of the present study 
are its homogeneous study population and the lack 
of confounding factors, such as chronic metabolic 
disorders and concomitant medications.

In conclusion, the present study shows that patients 
with hypogonadism have elevated VAI and TG/
HDL-C ratio, which are significantly correlated with 
the surrogate markers of endothelial dysfunction, 
inflammation, and insulin resistance. However, the 
predictive roles of VAI and TG/HDL-C ratio for 
endothelial dysfunction, inflammation, and insulin 
resistance are not significant. Prospective follow-up 
studies are warranted to clarify the role of VAI and 
TG/HDL-C ratio in determining cardiometabolic risk 
in patients with hypogonadism. 

Disclosure: no potential conflict of interest relevant to this article 
was reported.
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Intrathoracic stomach mimicking 
bone metastasis from thyroid 
cancer in whole-body iodine-131 
scan diagnosed by SPECT/CT
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SUMMARY
The whole-body iodine-131 scintigraphy is an imaging technique in monitoring patients with a history 
of thyroid cancer. Although the rate of false positives is negligible, it is not nonexistent. We report 
the case of an intervened and treated patient for thyroid cancer with good clinical and biochemical 
response. Scintigraphic findings were consistent with unsuspected bone metastasis. Fused SPECT/CT 
data allowed accurate diagnosis of giant diaphragmatic hernia associated with intrathoracic stomach, 
a very rare pathology that can lead to false positive results. Arch Endocrinol Metab. 2017;61(3):288-90.
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CASE REPORT

W e report a 76 year old female with history of 
T1N0M0 well differentiated papillary thyroid 

cancer being operated and treated with ablative 
dose of iodine-131 (131I). During regular follow-
up, a whole-body 131I scintigraphy was performed 12 
months after treatment ends in order to evaluate the 
persistence of  thyroid remainders. Whole-body 131I 
scan (Figure 1) revealed high intense hypermetabolic 
uptake foci, located in the midline. This finding 
was observed with greater intensity of uptake in the 
posterior projection (Figure 1, right panel; black arrow) 
being consistent with disease progression as spine bone 
metastasis. Intense back pain was referred when the 
patient was purposely questioned. Hormone levels at 
moment of scan were stimulated Tg < 0.2 ngr/mL, 
nonstimulated Tg < 0.2 ngr/mL and antithyroglobulin 
antibodies (TgAB) 349.4 U/L (Reference range: 0.0-
200.0 U/L).

Subsequently, a single photon emission computed 
tomography/computed tomography (SPECT/CT) 
was performed due to discordance between biochemical 
findings (low hormone levels) and the clinical picture 
of intense back pain and functional imaging consistent 
with spine bone metastasis. A severe thoracolumbar Figure 1. Whole-body iodine-131 scintigraphy. 150 x 252 mm (96 x 96 DPI).

scoliosis that determines a giant diaphragmatic hernia 
was revealed thanks to multimodality scan (Figure 2). 
Thereby, high intense hypermetabolic foci corresponded 
to physiological activity of the improperly positioned 
gastric mucosa mimicking bone metastasis. 
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DISCUSSION

The giant diaphragmatic hernia associated with 
intrathoracic stomach is a very rare entity (1) that seems 
to be related to increased intra-abdominal pressure 
and diaphragmatic laxity or kyphoscoliosis deviation 
in obese patients (2). Usually it corresponds to a type 
III hiatal hernia, with both sliding and paraesophageal 
components, wherein at least 30% of the stomach is 
in intrathoracic situation (3). Diaphragmatic hernias 
remain a diagnostic and surgical challenge, in which 
imaging techniques have become the cornerstone. 

In another vein, whole-body 131I scintigraphy has 
proven to be a minimally invasive and safe technique 
that allows the diagnosis metastasis and recurrence 
after thyroidectomy when performed at 6-12 months 
of thyroid remainders ablation with radioiodine, as 
well as in monitoring during the long-term follow-up. 
However, the ATA and ETA guidelines state that low-
risk individuals who have had a first post-radioactive 
iodine remnant ablation whole-body scan with an 
undetectable Tg level and a negative anti-Tg antibody 
level as well as a negative neck ultrasound do not 
require routine follow-up whole-body scan. Even if 
false positives in 131I body scans are extremely rare, 
they have been reported due to contamination by 
body fluids, ectopic thyroid tissue, infectious and 
inflammatory processes, benign and malignant tumors, 
serous cysts and even pulmonary bronchiolitis (4,5). 
Few cases of false negatives by intrathoracic hernia 
have been described, because the strange location of 
the physiological uptake of radioiodine by the gastric 
mucosa and the limited resolution of planar imaging 
may suggest that results from a recurrence of the 

disease (6-10). It can also be seen in healthy tissue, 
such as thymus, breast, liver and gastrointestinal tract 
(11) being able to be causes of false positive (12).

In this case, 131I SPECT/CT allowed reaching 
an accurate diagnosis, by discarding unsuspected 
metastatic bone disease and changing significantly the 
management and prognosis of the patient. Laparotomy 
or laparoscopic surgical repair is still the treatment of 
choice for giant hiatal hernia (13).

Imaging findings

Whole-body scintigraphy after intravenous injection 
of 187 MBq (5 mCi) of 131I (Figure 1) demonstrated 
physiological uptake of the radiotracer as well as a 
pathological uptake deposit which was located in the 
midline. This finding was present in both anterior and 
posterior projections, presenting much greater intensity in 
the latter (black arrow). Due to lack of precise anatomical 
definition of this technique, it was compatible with spinal 
bone metastases as a result of the central location, greater 
in backplanes and high intensity of uptake.

A 131I SPECT/CT (128x128 matrix; step and shoot 
mode; 360 degrees orbit; 25 seconds per image; low-
dose CT: 140 kV, 2.5 mA) was performed in order to 
clarifying our clinical and radiological inconsistency. 
Fused images, SPECT alone and CT alone (top-down, 
respectively) revealed severe kyphoscoliosis associated 
with giant diaphragmatic hernia and intrathoracic 
stomach. In this way, hypermetabolic foci corresponded 
to physiological radiotracer uptake of the gastric 
mucosa. 

It is known that SPECT/CT was highly accurate 
in patients who underwent a  single  challenge of 
radioiodine therapy (9). In our case, SPECT/CT 
helped clarify our diagnostic doubt and substantially 
modified the management and prognosis of the patient.

Disclosure: no potential conflict of interest relevant to this article 
was reported. 
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A rare case of ectopic ACTH 
syndrome originating from 
malignant renal paraganglioma

Esra Tutal1, Demet Yılmazer1, Taner Demirci2, Evrim Cakır2,  
Salih Sinan Gültekin3, Bahadır Celep4, Oya Topalog #lu2, Erman Çakal2

SUMMARY
Ectopic adrenocorticotropic hormone (ACTH) syndrome is characterized by hypercortisolism due to 
the hypersecretion of a non-pituitary ACTH-secreting tumor leading to Cushing’s syndrome. Only 
a few cases have been reported previously as causing ectopic ACTH related to paraganglioma. 
Herein, we present a case of Cushing’s syndrome, in who was proved to be attributable to an ACTH-
secreting renal malignant paraganglioma. A 40-year-old woman presented with a five-month history 
of newly diagnosed hypertension and diabetes, weakness, hyperpigmentation, oligomenorrhea, 
hirsutism, and acneiform lesions. She showed cushingoid features, including moon face, facial 
hirsutism, facial and truncal acne, hyperpigmentation, and severe muscle weakness of the limbs. 
She did not have other findings such as striae, supraclavicular fat accumulation, and buffalo hump. 
Laboratory examination showed the presence of hypopotasemia, hyperglycemia, hyperthyroidism, 
and leukocytosis. The serum levels of ACTH, cortisol, and urine-free cortisol were markedly elevated. 
Results of an overnight 2-mg dexamethasone suppression test included a basal serum cortisol of  
61.1 mcg/dL (normal range: 4.6-22.8 mcg/dL) and a cortisol value of 46.1 mcg/dL after dexamethasone 
administration. There was no suppression found after 2-day 8-mg dexamethasone administration. 
Magnetic resonance imaging (MRI) of the pituitary gland indicated two microadenomas. An 
abdominal MRI scan revealed horseshoe kidney, bilateral adrenal hyperplasia, and masses with 
dimensions of 35 x 31 mm in the left kidney. Inferior petrosal sinus sampling showed no evidence 
of a central-to-peripheral gradient of ACTH. A positron emission tomography/computed tomography 
scan showed intense increased activity in the lower pole of the left kidney. Left adrenalectomy and 
left partial nephrectomy were performed. The resected tumor was diagnosed as the ACTH-secreting 
paraganglioma in the pathological examination, which was confirmed by immunohistochemical 
studies with chromogranin A, synaptophysin, and ACTH. Only a few cases of paragangliomas as a 
cause of ectopic ACTH syndrome have been reported. To our knowledge, this is the first case of renal 
paraganglioma resulting in Cushing’s syndrome due to ectopic ACTH hypersecretion. Arch Endocrinol 
Metab. 2017;61(3):291-5.
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INTRODUCTION 

E ctopic adrenocorticotropic hormone (ACTH) 
syndrome is characterized by hypercortisolism 

with bilateral adrenocortical hyperplasia and 
hyperfunction due to the hypersecretion of non-
pituitary ACTH-secreting tumor, which leads to 
Cushing’s syndrome. Ectopic ACTH syndrome 
appears in approximately 10-15% of adult patients with 
Cushing’s syndrome (1). Most cases of ectopic ACTH 
syndrome are caused by malignancies, including the 
small-cell type of lung carcinomas, thymic carcinoids, 
islet cell tumors of the pancreas, medullary carcinoma 
of the thyroid, and bronchial adenomas or carcinoids. 
Paragangliomas are rare tumors that arise from 

neural crest cells and are associated with autonomic 
ganglia. Pheochromocytomas that cause ectopic 
ACTH syndrome are very rare (2). A few cases with 
ACTH-secreting paragangliomas have been previously 
reported, which have been localized in the paranasal 
sinus (3,4), cervical (5), mediastinal/thoracic (6-8), 
and retroperitoneal (9) regions. To the best of our 
knowledge, there hasn’t been any published report in 
the literature about ACTH-secreting renal malignant 
paraganglioma.

In this report, we present a case of a 40-year-old 
woman diagnosed with Cushing’s syndrome, which 
proved to be attributable to an ACTH-secreting renal 
malignant paraganglioma. 
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CASE REPORT

A 40-year-old woman presented with a five-month 
history of newly diagnosed hypertension and  
diabetes, weakness, hyperpigmentation, oligomenorrhea, 
hirsutism, and acneiform lesions. Physical examination 
revealed a blood pressure of 140/95 mmHg, a heart 
rate of 82 beats/min, weight of 58 kg, and height of 
155 cm. She showed cushingoid features including 
moon face, facial hirsutism, facial and truncal acne, 
hyperpigmentation, and severe muscle weakness of 
the limbs. She did not show findings such as striae, 
supraclavicular fat accumulation, and buffalo hump. The 
thyroid examination revealed a 2 cm diameter nodule. 
Her mood was not depressed. She did not give a special 
medical problem history in her family. Laboratory 
examination showed the presence of hypopotasemia, 
hyperglycemia, hyperthyroidism, and leukocytosis  
(Table 1). The serum levels of ACTH, cortisol, and urine-
free cortisol were markedly elevated (Table 2). Results 

of an overnight 2-mg dexamethasone suppression test 
included a basal serum cortisol of 61.1 mcg/dL (normal 
range: 4.6-22.8 mcg/dL) and a cortisol value of  
46.1 mcg/dL after the dexamethasone administration. 
There was no suppression after 2-day 8-mg dexamethasone 
administration (Table 3). We didn’t find any elevation of 
urinary metanephrine and nometanephrine levels. The 
patient gave her written informed consent. 

Thyroid scintigraphy showed a hyperactive nodule, 
which was localized in the right lobe of the thyroid 
gland (Figure 1). 

Magnetic resonance imaging (MRI) of the pituitary 
gland indicated two microadenomas at the mid-anterior 
and left-posterior sites. An abdominal MRI scan 
revealed horseshoe kidney, bilateral adrenal hyperplasia, 
and masses with dimensions of 35 x 31 mm in the left 
kidney (Figure 2). Thoracic MRI findings were normal. 

Table 1. Baseline laboratory values of the patient

  Results Normal range 

WBC 11.17 5.2-11.4 10^3/µL 

Hg 11.7 12-18 g/dL 

Plt 218 130-400 10^3/µL

Neutrophil 9.45 1.9-8 10^3/µL

Eosinophil 0 0-0.8 10^3/µL

Lymphocyte 1.11 0.9-5.2 10^3/µL

Glucose 133 70-100 mg/dL

Na 143 136-145 mmol/L

K 2.8 3.5-5.1 mmol/L

WBC: white blood cell; Hg: hemoglobin; Plt: platelet; Na: sodium; K: potassium.

Table 2. Baseline hormonal values of the patient

  Results Normal range

ACTH (basal) 679 0-46 pg/mL

Cortisol (basal) 61.1 4.6-2.28 ug/dL

Urinary free cortisol 2032.5 3.5-5.5 ug/24 hr

Free T4 1.14 0.74-1.52 ng/dL

Free T3 2.7 2.3-4.2 pg/mL

TSH 0.07 0.64-6.27 muI/L

FSH 4.9 IU/L

LH 1.0 IU/L

Estradiol 57.8 pg/mL

PRL 4.4 3.4-29.8 ng/mL

GH 1.05 0-10 ng/mL

Total testosterone 98.45 14.2-73.1 ng/dL 

ACTH: adrenocorticotropic hormone; TSH: thyroid-stimulating hormone; FSH: follicle-stimulating 
hormone; LH: luteinizing hormone; PRL: prolactin; GH: growth hormone.

Table 3. Results of the 2-mg and 8-mg dexametasone supression tests

  ACTH (pg/mL) Cortisol (mcg/dL) Urinary free 
cortisol (ug/d) 

Basal 679 61.1 2032, 1850*

2 mg DST 46.1

8 mg DST 856 46.8 1030

* Urinary free cortisol were measured two times.

Figure 1. PET/CT scan. (A) Shows a mild focal uptake in the pituitary 
gland region. (B) Demonstrates horseshoe kidney deformity and intense 
increased activity in the lower pole of the left kidney (thick black arrow).  
(C, D) Show heterogeneous increased uptake in the right adrenal gland 
(thick white arrow), intense increased uptake in the left adrenal gland 
(black arrowheads), and a focal increased uptake in a lymph node located 
in the inferior adjacent to the left adrenal gland (thin yellow arrows).
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We did not found any increment after desmopressin 
injection. Inferior petrosal sinus sampling showed that 
there was no evidence of a central-to-peripheral gradient 
of ACTH at baseline or after administration of ovine 
corticotropin-releasing hormone (CRH) (Table 4). 

A positron emission tomography/computed 
tomography (PET/CT) scan was performed using 
18F-fluorodeoxyglucose (FDG). The images (Figure 
1) showed several pathological uptakes. A mild focal 
uptake with the maximum standardized uptake value 
(SUVmax: 2.76) was observed in the pituitary gland 

region. The horseshoe kidney deformity, in addition to 
an intense increased activity in the lower pole of the 
left kidney (SUVmax: 9.87), was detected. There was a 
bilateral increased uptake in both adrenal glands with 
the right one having a heterogeneous character (left 
SUVmax: 7.21 and right SUVmax: 6.21). A focal increased 
uptake (SUVmax: 4.31) in a lymph node located in the 
inferior adjacent to the left adrenal gland was observed.

Left adrenalectomy and left partial nephrectomy 
were performed. The resected tumor was diagnosed 
as the ACTH-secreting paraganglioma in the 
pathological examination, which was confirmed by 
immunohistochemical studies with chromogranin A, 
synaptophysin, and ACTH (Figure 2). The periadrenal 
lymph node was evaluated as a metastatic lymph node 
(Figure 3). The left adrenal mass was assessed as 
compatible with the adrenal hyperplasia. After surgical 
resection of the paraganglioma, the patient’s blood 
glucose and potassium levels have gradually returned 
to the near normal ranges without medication. 
Postoperative levels of plasma ACTH and cortisol 
returned to the normal ranges. She needed a 7.5-mg 

Table 4. Results of Inferior Petrosal Sinus Sampling at baseline and after 
administration of ovine CRH

  ACTH (right) ACTH (left ) ACTH 
(peripheral) 

-2 min 848 832 812

0 min 866 904 814

2 min 916 948 846

5 min 858 818 795

10 min 866 837 839

Figure 2. Hematoxylin and eosin (H&E) stain of the tumor in the kidney (A), immunohistochemistry with antibodies specific for ACTH (B), chromogranin A 
(C), and synaptophysin (D).
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consensus about long-term postoperative follow-up, 
these patients should be monitored for recurrence (13). 

During preoperative workup for neuroendocrine 
disorders such as paragangliomas, which may have 
adrenal or extra-adrenal localizations, an accurate 
definition of the disease or disease extension, and 
the nature of the lesions, can be possible by means 
of whole-body PET/CT imaging due to the 
simultaneous assessment of functional and anatomical 
information and the obtaining of standard uptake 
values of the lesions (14,15). It may be challenging 
to make differential diagnosis between the benign and 
malignant pathologies in a case with bilateral increased 
FDG uptake of adrenal glands (16). However, in 
the current patient, final assessment was decided in 
accordance with benign hyperplasia for adrenal uptakes 
and as a malignant tumor with regional metastasis for 
the renal lesion due to the more intense FDG uptake 
in the left renal mass observed by MRI and CT with its 
higher density (> 10 HU), and the presence of increased 
FDG uptake in the adjacent lymph node involvement. 
Another recommended functional imaging modality 
is 123I or 131I-metaiodobenzylguanidine (MIBG) 
scintigraphy, which has been used widely for 
the assessment of patients with paragangliomas. 
18F-labelled fluoro-deoxy-glucose (18F-FDG) PET and 
somatostatin analogues labelled with gallium-68 may 
be used for detection of small lesions and metastatic 
lesions (17).

The primary aim of the treatment of malignant 
paragangliomas is surgical removal of the primary 
tumor and, if possible, the resection of the metastatic 
foci. In our patient, after complete surgical removal of 
the tumor and the metastatic lymph node, clinical and 
biochemical improvement was found. For inoperable 
tumors, radioactive isotop treatment with 131I-MIBG 
may provide symptomatic relief and some tumor 
shrinkage. 

Only a few cases of paragangliomas as the cause 
of ectopic ACTH syndrome have been reported. 
To our knowledge, this is the first case of metastatic 
renal paraganglioma resulting in Cushing’s syndrome 
due to ectopic ACTH hypersecretion. However, we 
could not perform a genetic analysis of the patient 
using succinate dehidrogenase enzyme, particularly for 
SDHB mutations.

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

Figure 3. Hematoxylin and eosin (H&E) stain of the metastatic periadrenal 
lymph node.

dose of prednisolone per day. In addition, one month 
after surgery, the patient was treated with radioiodine 
131I in a dose of 740 MBq (20 mCi) due to clinically 
apparent hyperthyroidism. 

DISCUSSION

Paragangliomas are rare tumors arising from chromaffin 
tissue cells derived from the embryonic neural crest. 
Paragangliomas may be located between the cervical 
region and the lower pelvis cavity (wherever sympathetic 
or parasympathetic ganglia are present). Most of these 
tumors arise sporadically in the later period of life, 
especially after the sixth decade. Approximately 20% of 
these tumors are malignant (10).
In the majority of cases, paragangliomas of the head 
and neck are benign. Typically, these tumors are 
asymptomatic, but sometimes, catecholamine excess 
symptoms and signs, including hypertension, diabetes, 
and hypermetabolism, may be seen. Hypersecretion 
of catecholamines were not found in our patient. 
However, 15-35% of abdominal paragangliomas are 
malignant, especially in patients who have mutations of 
the gene encoding the B subunit of the mitochondrial 
complex II enzyme succinate dehidrogenase enzyme 
subunit B (SDHB) (11). We could not evaluate 
SDHB mutation in our patient for financial reasons. 
Malignancy is defined by the presence of metastases, 
and the most common sites for metastases of malignant 
paragangliomas are lymphatic nodes (local or distant), 
as in our patient. The other common sites for metastases 
are bones, lungs, and liver (12). Although there is no 
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Glycated albumin: a potential 
biomarker in diabetes

Priscila Aparecida Correa Freitas1,  
Lethicia Rozales Ehlert¹, Joíza Lins Camargo1,2

ABSTRACT
Diabetes mellitus (DM) is a chronic and metabolic disease that presents a high global incidence. 
Glycated hemoglobin (A1C) is the reference test for long-term glucose monitoring, and it exhibits 
an association with diabetic chronic complications. However, A1C is not recommended in clinical 
situations which may interfere with the metabolism of hemoglobin, such as in hemolytic, secondary 
or iron deficiency anemia, hemoglobinopathies, pregnancy, and uremia. The glycated albumin (GA) 
is a test that reflects short-term glycemia and is not influenced by situations that falsely alter A1C 
levels. GA is the higher glycated portion of fructosamine. It is measured by a standardized enzymatic 
methodology, easy and fast to perform. These laboratory characteristics have ensured the highlight 
of GA in studies from the last decade, as a marker of monitoring and screening for DM, as well as a 
predictor of long-term outcomes of the disease. The aim of this review was to discuss the physiologi-
cal and biochemistry characteristics of the GA, as well as its clinical utility in DM. Arch Endocrinol Metab. 
2017;61(3):296-304.
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INTRODUCTION

D iabetes mellitus (DM) is a chronic metabolic 
disease caused by diminished or absent secretion 

of insulin or even by reduced tissue sensitivity to insulin 
(1,2). Presently, DM is a worldwide epidemic and a 
great challenge to health care systems everywhere. The 
International Diabetes Federation (IDF) estimates that 
one in eleven adults have DM, totalizing approximately 
415 million people, and 193 million of them have not 
yet been diagnosed (1).

Chronic hyperglycemia is a common feature in all 
subtypes of this disease and is associated with long-term 
damage, which increases the morbidity and mortality 
rates and causes dysfunction of different organs, such as 
kidney failure, blindness, and amputation of limbs (2). 
These chronic complications are costly to the health 
care systems and reduce the life expectancy of diabetic 
patients (1,2).

Currently, the laboratory tests used to diagnose 
DM are glycated hemoglobin (A1C), fasting plasma 
glucose (FG) and two-hour plasma glucose (2hG) after 
a 75g oral glucose tolerance test (OGTT) (2,3). A1C 
is also the reference test for glycemic monitoring since 
it directly reflects mean glycemia (5) and is strongly 

correlated to the long-term complications of DM 
(4,5). However, the use of A1C is not recommended in 
some clinical situations that influence the hemoglobin 
metabolism (3,6,7), due to the possible interference 
in its results making them misinterpreted. Moreover, 
recent studies have shown a disagreement between the 
A1C levels in different ethnic groups for equal levels 
of glycemia (8,9), but the reasons for these disparities 
have not yet been well explained.

Glycated albumin (GA) is a laboratory test that 
has gained some importance for glycemic monitoring 
in DM in the last decades (10,11). GA is one of the 
fructosamines, but it has the advantage of not being 
influenced by the concentration of other serum 
proteins since it is specific to the albumin glycation 
rates (12). Further, GA does not require fasting for its 
measurement and reflects short-term glycemia due to 
the half life time of the albumin, which is approximately 
3 weeks. Compared to A1C, GA is not affected by the 
presence of hemolytic processes and abnormal Hb 
(13). Besides, in conditions such as anemia, pregnancy, 
postprandial hyperglycemia and DM using insulin, GA 
seems to be a better glycemic marker than A1C (11) 
and also it is especially indicated for diabetic patients on 
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hemodialysis (14,15). Recently, studies on type 1 (16) 
and type 2 DM patients (17) reported an association of 
GA with the chronic complications of the disease.

Although GA is being studied in the last few years, 
this test is not yet widely used in laboratory routine, 
and few commercial reagents are available on the 
market to its analysis. However, the results of clinical 
investigations make GA a promising marker in DM. In 
this context, the proposal of this review is to present 
the physiological and laboratory characteristics of GA, 
and discuss its clinical usefulness in the diagnosis and 
management of DM.

BIOCHEMICAL CHARACTERISTICS OF GA AND 
BIOLOGICAL IMPACT OF GLYCATION 

Albumin is a high molecular weight protein with 
66.7 kDa, composed of a single polypeptide chain 
which contains 585 amino acids, 17 disulfide bridges 
and 3 homologous domains that are connected in a 
helical structure (18). It is the main plasma protein, 
representing about 60% of the total proteins in the 
blood, with concentrations between 3.0 and 5.0 g/dL and 
a half-life of 14 to 20 days (18,19). Albumin structure 
makes it easier to perform its physiological functions, 
such as maintaining pH and blood osmotic pressure. 
Also, albumin acts as a powerful antioxidant and as the 
main transporter of metabolic products, ions, nutrients, 
drugs, hormones and fatty acids (20).

Similar to the other proteins, albumin also goes 
through the physiologic process of glycation (21). By 
definition, glycation is a non-enzymatic spontaneous 
reaction in which a reducing sugar is added to a free 
amino group, typically lysine or arginine present within 
proteins, also called as Maillard reaction (Figure 1) 
(18-20). The first step of this reaction involves the 
formation of an unstable and reversible product known 
as Schiff base, formed by the bonding of a carbonyl 
group of an acyclic carbohydrate with the N-terminal 
amino acid (19). This intermediate product can suffer 
a change in its conformation and result in a stable 
and irreversible ketamine, known as the Amadori 
product (22). The main Amadori adduct formed is 
fructoselysine, a reaction between glucose and lysine, 
which may occur on 59 lysine sites present in albumin 
(18). However, lysine 525 has been identified as the 
largest albumin glycation site, which is evidenced both 
in vivo and in vitro experiments (23,24). The set of 
ketamines formed by non-enzymatic glycation of 

proteins is chemically called “fructosamine”. Among 
the serum fructosamines, GA is the main constituent, 
representing about 80% of the total of glycations in 
plasma (18).

The glucose concentration and time of exposure 
between protein and sugar are the determining factors for 
the glycations performed during the life of the protein. 
In other words, glycation depends on the degree and 
duration of hyperglycemia (22). Extracellular proteins, 
such as albumin, may be more susceptible to Amadori 
rearrangements than intracellular proteins as Hb (18). 
This is due to plasmatic proteins being directly exposed 
to plasma glucose. These features could justify the 
differences in the rates of albumin glycation that are 
about 9 to 10 times greater than those of hemoglobin 
(25). However, in the in vitro experiment by Ueda and 
Matsumoto, it was evidenced that GA production was 
about 4.5 times greater than A1C after adding known 
and equal concentrations of glucose in previously 
treated samples from healthy volunteers. These 
findings showed that even in identical in vitro glycation 
conditions, GA is produced faster than A1C (20).

In advanced glycation stages, additional oxidative 
and irreversible events occur regarding the glycated 
proteins, producing stable and heterogeneous 
compounds known as advanced glycation end products 
(AGEs – Figure 1). Although the formation of AGEs 

NH2
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Figure 1. Maillard reaction illustration. In the first glycation stage, there is 
production of Shiff base by a reaction between a reducing sugar and a 
free amine group present into the polypeptide chain of plasma proteins 
and, subsequently, a rearrangement yield the Amadori product. In the 
following stages, the degradation of the Shiff base and Amadori products, 
as well as sugar autoxidation are responsible for forming reactive 
dicarbonyl compounds, known as AGEs’ precursors.
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is a normal process, conditions of typical hyperglycemia 
in patients with DM increase their production rates 
(26). AGEs receptors are present in cells of different 
tissues, such as macrophages, muscle, endothelial 
and glial cells (27). They are expressed as membrane 
molecules, constituents of immunoglobulin superfamily 
and act as signal transduction receptors, inducing 
oxidative stress and starting an inflammatory cascade 
by activation of the nuclear factor-κB (NF-κB). NF-κB 
modulates the gene transcription of pro-inflammatory 
molecules such as interleukins 1, 6 and 8 and tumor 
necrosis factor-α, and also the vascular cell adhesion 
molecule-1 and intercellular adhesion molecule-1 
(26). As a consequence of this cascade, there is an 
increased production of reactive oxygen species, which 
is directly associated with the pathogenesis and long-
term complications in DM (21,27). Kisugi and cols. 
evaluated samples from a patient with DM during 
one month of hospitalization due to hyperglycemia 
symptoms and evidenced that the formation of AGEs 
was drastically reduced with the concomitant reduction 
of the GA levels (24). 

LABORATORY MEASUREMENT OF GA

Historically, fructosamine has been used in clinical 
practice when a short-term glycemia evaluation is needed 
(12,28). However, this test presents low accuracy since 
it is influenced by all plasma proteins and also by other 
molecules present in the blood, such as bilirubin, 
uric acid and low molecular weight substances (12). 
Further, fructosamine is not available at all laboratories 
(18,29) and there are no well-established international 
standards for its use. 

Methods for the evaluation of GA have been 
developed since the 1980s using serum or plasma 
samples (28). The older methods presented many 
disadvantages due to the techniques complexity or 
the high costs and/or lack of precision. Besides, the 
non-standardization of these assays corroborated to the 
unpopularity of GA, and all attention were directed to 
A1C (30).

GA can be measured by ion-exchange high-
performance liquid chromatography (HPLC), 
boronate affinity chromatography, immunoassays 
(radioimmunoassay and Enzyme Linked Immuno 
Sorbent Assay), colorimetric method with thiobarbituric 
acid and enzymatic methods using proteinase and 
ketamine oxidase (12,28,29,31), however these 

methods are currently not available in the laboratory 
routine (32). 

The reference intervals described for GA depend on 
the method used since GA levels may vary according 
to the glycation sites analyzed by the assay employed, 
and also if the method of analysis considers the GA 
molecule for measurement and not its glycated amino 
acids (31). For instance, the immunoassay techniques, 
colorimetric methods with thiobarbituric acid and 
enzymatic methods consider the glycated amino acids as 
the reference for the GA levels. On the other hand, the 
HPLC techniques and other chromatography methods 
consider the GA molecule to define their levels. Despite 
this difference, all methods available agree that the 
proportion of GA in patients with DM increases 2 to 5 
fold compared to normoglycemic patients (18).

An enzymatic methodology with a shorter 
operational time and easier to perform both manually 
and automatically was proposed to evaluate the GA levels 
in order to overcome the limitations of the previously 
existing techniques (12). This method presents three 
steps (Figure 2), using specific proteinase for albumin 
and ketamine oxidase, besides the bromocresol green 
reagent for albumin determination and later calculation 
of %GA. In the validation performed to introduce 
the test on the market, the analytic performance was 
excellent and the assay was not influenced by bilirubin 
and glucose, but a slight interference in the GA levels in 
the presence of Hb and ascorbic acid was reported (12). 
Other studies described similar results, concluding that 
the new enzymatic methodology, known as “Lucica 
GA-L®” (Asahi Kasei Pharma Corporation, Tokyo, 
Japan) showed reproducibility, accuracy (31) and a 
good correlation with A1C (30). Subsequently, other 
manufacturers have released similarly methodologies 
for GA analysis, but instead of a specific measurement 
of its levels, these assays employ math equations to 
obtain %GA levels (33,34). In addition, the biological 
variation of GA measured by Lucica GA-L® is lower 
when compared to fructosamine and A1C (1.7%, 2.8% 
and, 2.4%, respectively) (35).

GA presents good stability when frozen at very 
low temperatures. In the study by Kohzuma and 
cols. frozen samples at -80ºC maintained the GA 
levels stable for 4 years (31). Watano and cols. found 
similar results for storage of serum samples at -70ºC. 
However, they observed a considerable increase in GA 
levels frozen at -20°C after 6 months (36). Nathan and 
cols. measured the GA levels in samples of participants 



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

299

Glycated albumin in diabetes mellitus

Arch Endocrinol Metab. 2017;61/3

in the study The Diabetes Control and Complications 
Trial Research Group (DCCT) frozen at -70ºC 23 
years ago and concluded that the stability of this analyte 
remained adequate (16).

However, despite all the characteristics cited, the 
GA test is not yet regularly available in laboratory 
practice (3), but it has been much used in DM clinical 
research in the last decade. The factor responsible 
for the increased number of studies on GA was the 
consolidation, although without a defined international 
consensus, of Lucica GA-L® enzymatic assay for GA 
determination. Even though others enzymatic assays 
for GA have been launched into the market, currently 
there are only foreign suppliers available (34). It makes 
the GA a costlier test than A1C in Brazil. Recently, we 
compared two different assays for GA and the price per 
test was around U$ 4 to 6, in contrast with A1C test 
that is around U$ 2 to 3 in Brazil (34). However, this 
outlook is likely to change in a near future.

USE OF GA UNDER CONDITIONS THAT AFFECT A1C

In clinical practice, A1C is used as a reference test for 
glucose monitoring in DM, and it is also a diagnostic tool 
(2). However, there are some punctual disadvantages and 

controversies that limit it use. They are related to certain 
clinical situations or to the analytical methods employed 
(3,6). These conditions may yield false results for A1C that 
are not truly correlated with the mean glycemia (28), and 
directly affecting the identification and management of 
patients with DM. In such cases, GA may be an adequate 
alternative for A1C in the glycemic control (37).

GA and presence of alterations in Hb

GA can be used as an alternative to A1C in any 
hematological alteration that interferes in the half-
life of red blood cells and/or in the structure or 
chemical characteristics of Hb (28). Hemolytic 
anemias and bleeding episodes reduce the A1C values, 
while iron deficiency anemias, thalassemias, and 
hemoglobinopathies may elevate its results (6,11,38). 
During the fetal period, the main type of Hb in the red 
blood cells is the fetal Hb (HbF), which is gradually 
replaced by HbA after birth. Since A1C is a glycation 
product of the HbA, neonates tend to have falsely 
diminished levels (39). However, the interferences 
with A1C measurements are method-dependent. 
Some analytical methodologies may not be affected by 
common interferences such as hemoglobin variants. The 
National Glycohemoglobin Standardization Program 

Figure 2. Enzymatic reaction for GA determination. First step: glycated amino acids are released from the GA molecule through an albumin-specific 
protease. A ketoamine oxidase separates the free amino acids and glucosone, this last an intermediate product of Amadori reaction. The final pigment is 
proportional to the amount of GA in the sample; Second step: plasma albumin reacts with bromocresol green into an acid environment, resulting in a 
colored compound that is related to total albumin concentration; Third step: the percentage of GA is obtained by a math calculation considering the two 
previous reactions.
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(NGSP) provides detailed information regarding 
interference in A1C assays by manufacturers (7).

GA and pregnancy

During pregnancy, it is recommended that women who 
already have DM and those who develop gestational 
DM be followed by glucose self-monitoring and by the 
A1C levels (2). However, it has been well established 
that during the last months of pregnancy there is an 
increased demand for iron, which directly reflects on 
changes in the A1C throughout the pregnancy (40). In 
a prospective study by Hashimoto and cols. conducted 
in pregnant Japanese women with DM, a significant 
elevation of A1C was found at the end of pregnancy, 
inversely to the ferritin levels and transferrin saturation. 
On the other hand, GA remained stable through this 
period, because it did not suffer interference from the 
physiological changes characteristic of pregnancy (41). 

GA and chronic kidney disease (CKD)

In patients with DM and CKD, A1C may not be a 
reliable marker of glycemic control (42). Patients with 
CKD generally present erythropoietin deficiency and, 
consequently, they develop anemia. Thus it is necessary 
to use exogenous erythropoietin to compensate the 
diminished endogenous synthesis by the kidney, 
and also iron, which falsely alters the levels of A1C. 
Further, these patients may need blood transfusion 
frequently and, when on hemodialysis, they present 
a 20-50% diminished lifetime of the erythrocytes, 
also contributing to false values of A1C (43). The 
increased uremia in CKD results in the production of 
carbamylated Hb, an in vitro interfering factor in some 
analytic methodologies for A1C (6). 

Some studies have demonstrated that GA provides 
a more precise control of glycemia in patients with 

advanced stages of CKD (14,15,42). However, in 
the presence of massive proteinuria with diminished 
serum albumin, the GA levels can also be falsely 
altered (42,44), and it is necessary to perform a critical 
evaluation and adequately choose the best glycemic 
marker in this condition.

GA IN THE DIAGNOSIS OF DM
Despite the evident informative value of A1C in 
monitoring DM, some authors have questioned the 
cutoff point used for this test in diagnosing the disease. 
This is because the current criteria adopted show a 
discrepancy between the proportion and profile of 
patients identified as having DM by the A1C, compared 
to the tests based on glycemia (45,46). In addition, the 
patients who present special conditions that interfere 
with A1C results should be screened for DM with 
alternative markers. Since the enzymatic method for 
GA was recently developed, few diagnostic accuracy 
studies of GA for DM have been published (Table 1).

In 2006, the Japan Diabetes Society (JDS) established 
a reference interval for GA from 12.3% to 16.9% (47). 
Years later, in a larger study (N = 1.575), Furusyo and 
cols. published a reference interval for GA from 12.2% 
to 16.5%, corroborating with that reported by the JDS. 
Further, this study found that the cutoff point of GA ≥ 
15.5% presented a good sensitivity and specificity (both 
83.3%) to identify DM, using FG and/or A1C (≥ 126 
mg/dL and ≥ 6.5%, respectively) as reference tests (48). 
In 2015, the same group evaluated 176 residents of Japan 
diagnosed with DM by the OGTT, according to WHO 
criteria. ROC curve analysis showed that GA presented 
significant differences in the area under the curve (AUC) 
for DM diagnosis, and these values increased when 
combining GA with FG or 2hG than GA when isolated 
(AUC: 0.863, 0.968 and 0.672, respectively) (49).

Table 1. Diagnostic accuracy studies of GA and the cutoff points found to screening DM

Study N Country Male RI GA (%) DM cutoff SxS

Tominaga and cols. 2006 699 Japan 52% 12.3 - 16.9 - -

Paroni and cols. 2007 32 Italy 37% 11.7 - 16.9 - -

Kohzuma and cols. 2011 201 USA 47% 11.9 - 15.8 - -

Furusyo and cols. 2011 1.575 Japan 30% 12.2 - 16.5 15.5% 83.3 x 83.3

Hwang and cols. 2014 852 Korean 58% - 14.3% 66.4 x 52.5

Ikezaki and cols. 2015 176 Japan 46% - 15.2% 62.1 x 61.9

Hsu and cols. 2015 2.192 Taiwan 50% - 14.9% 78.5 x 80.0

Testa and cols. 2017 252 Italy 38% 9.0 - 16.0 - -

RI GA: reference interval for GA; SxS: sensitivity and specificity to the cutoff points found.
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Hwang and cols. assessed different cutoff points 
of GA for DM and pre-DM diagnosis in 852 Korean 
adults, using the ADA criteria to classify the disease. 
The study reported a cutoff point of 12.5% for pre-DM 
and 14.3% for DM. GA presented greater sensitivity 
than A1C (66.4% GA versus 52.5% A1C), but less 
specificity (88.3% GA versus 95.1% A1C) to predict 
2 hG ≥ 200 mg/dL. When the values of 14.3% of 
GA were associated with FG ≥ 126 mg/dL, higher 
sensitivity was obtained (77.5%, CI: 72.17–82.0) to 
diagnose DM (50). Hsu and cols. described a cutoff 
point of GA ≥ 14.9% for DM (sensitivity: 78.5%; 
specificity: 80.0%), evaluating 2,192 adult individuals 
in Taiwan. Also, when the values of 5.7% and 6.5% 
of A1C were considered, the corresponding GA was 
14.5% and 16.5%, respectively (51).

Smaller studies described GA intervals in individuals 
without DM ranging from 11.9 to 15.8% (N = 201 
residents of North Carolina, USA) (31); 10.2 to 16.1% 
(N = 217 African immigrants in America) (52); 10.5 to 
17.5% (N = 44 volunteers of a Canadian study) (33); 
and 9.0 to 16.0% (N = 252 European persons) (53). 
In young obese persons aged from 10 to 18 years, the 
value of GA to diagnose DM was ≥ 12% when 2 hG was 
used as the reference test, and ≥ 14% when A1C was 
used as reference diagnostic criterion (54).

GA IN GLUCOSE MONITORING 

Differently from A1C long-term formation (about 
120 days, mean life of the erythrocytes), GA is formed 
in a period of approximately 2 to 4 weeks (Figure 3) 
(37). This feature enhances GA sensitivity to the 
rapid alterations in glucose levels, which may not be 
efficiently identified with an isolated measure of plasma 
glucose (13,19).

Compared to A1C, GA is more suitable to monitor 
the beginning of drug therapy in DM (55), and also to 
control the dose and change of medication (51), since 
its levels diminish faster than A1C in intensive treatment 
(19). Paroni and cols. evidenced that GA was a better 
marker to evaluate the responses to treatment with insulin 
in type 2 DM patients with inadequate glycemic control, 
and also that GA presented a greater correlation with FG 
than A1C (R = 0.75 versus R = 0.54, respectively) (30). 
Moreover, Yoon and cols. reported that the worsening 
of the beta-pancreatic cell function was associated with 
the time of duration of DM, and also with increased GA 
and GA/A1C ratio, but not with A1C alone (56). 

In general, GA can be employed to show mean 
glycemia and also to evaluate the glycemic variability 
and postprandial glucose levels more adequately than 
A1C (37,57). Elevations in postprandial glycemia are 
associated with the increased risk of cardiovascular 
diseases and microangiopathy, thus the detection of 
these glucose variations is important (37). The reasons 
why GA is better related to postprandial glycemia have 
not yet been elucidated (11). 

GA AS A PREDICTOR OF LONG TERM 
COMPLICATION IN DM

The chronic hyperglycemia considerably increases the 
risk of developing micro and macrovascular diseases 
over time (1,2). A1C is a marker that has been strongly 
explored in clinical research and much evidence has 
supported its use as a predictor for these complications 
in DM (4,5). However, there is still controversy if 
mean glycemia itself or glycemic variability is the main 
determining factor for chronic damage in DM (16). 
Recent studies have evaluated the predictive potential 
value of tests that are more associated with the short 
term glycemia and that can be used as alternative 
markers for A1C, such as GA (8,16,17,58).

Selvin and cols. cross-sectionally evaluated 1,600 
individuals recruited for the Atherosclerosis Risk in 
Communities (ARIC) study conducted in the USA. They 
observed that in participants with type 2 DM, both GA 
and fructosamine were significantly associated with the 
prevalence of albuminuria, CKD, and retinopathy (8). In 
a longitudinal study, the same group evaluated 12,306 
participants from ARIC, who were followed for over 20 
years and demonstrated that both GA and fructosamine 
were similarly associated with A1C to predict retinopathy 
and CKD in DM. These findings were confirmed in 

Figure 3. Glycation rates of GA e A1C. GA is produced over the life span of 
albumin of approximately 8 weeks, however, the first 2 weeks account for 
half of its production. Differently, due to the life span of erythrocytes, that is 
around 120 days, A1C takes approximately 4 months to be completely 
produced, and the first month is responsible for half of its glycation.

0 15

GA

A1c

30 60

25%

25% 25%

25%50%

50%

90 120 days



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

302

Glycated albumin in diabetes mellitus

Arch Endocrinol Metab. 2017;61/3

patients diagnosed with DM during the baseline period 
and in those who developed DM during the follow-up. 
The odds ratio (OR) observed for the onset of retinopathy 
in patients with DM and GA levels between 15.7% and 
23.0%, was lower than when GA > 23.0% (OR > 8 and 
OR > 15, respectively), even in a statistical model adjusted 
for the A1C levels (17). In addition, Selvin and cols. have 
also demonstrated a similar association between GA and 
A1C regarding coronary heart disease, ischemic stroke, 
heart failure, and death (59). 

Nathan and cols. used data from the DCCT 
and Epidemiology of Diabetes Interventions and 
Complications (EDIC) studies to evaluate the correlation 
between GA and chronic complications in type 1 DM. 
They showed that GA, as well as A1C, were strongly 
associated with the onset of retinopathy and nephropathy 
after a mean follow-up time of 6.5 years, but none 
evidence was seen for 7-points glucose profile. Only A1C 
was associated with cardiovascular disease (16). In another 
smaller study with 154 type 1 DM patients followed over 
2.8 years, the progression to nephropathy was associated 
only with GA and not with A1C. The authors did not 
find association between these two glycemic markers and 
the cardiovascular outcomes (58).

Apparently, GA is predictive for microvascular 
complications both in type 1 and type 2 DM. However, 
regarding macrovascular outcomes, GA seems to be 
a good marker only in type 2 DM. The mechanisms 
involved in the development of atherosclerosis and 
cardiovascular diseases in type 1 DM might explain 
these findings.  

LIMITATIONS OF GA 

Some situations that interfere with albumin metabolism 
may also influence GA values. Theoretically, GA is not 
altered by the serum albumin levels, since its values are 
corrected for the total albumin, but low levels of this 
protein are associated with increased glycation rates. On 
the other hand, increased protein metabolism implicates 
in lower GA levels (60). Therefore, in conditions 
as hyperthyroidism, hypothyroidism, liver cirrhosis, 
nephrotic syndrome with massive proteinuria, or other 
specific disorders, the use of GA may be misleading and 
should be avoided (32). However, because this test 
is relatively new, few studies have been carried out to 
verify interfering factors in GA levels.

Other interfering situations on GA levels already 
described are age, obesity and inflammatory conditions 

(observed by the increase of C-reactive protein), 
smoking, and hypertriglyceridemia (11,32,37). 
There is little evidence regarding the interpretation 
of GA in different ethnic groups. However, Selvin 
and cols. analyzed 1,376 persons without DM and 
343 with DM, and found that both GA and A1C are 
significantly elevated in Blacks compared to Whites 
(8). Thus, the data presented here show the necessity 
of being careful when interpreting GA levels in some 
clinical situations. 

CONCLUSIONS

GA is a short-term marker of glycemia that has been 
evaluated as an alternative test to A1C in patients 
with DM. If compared to A1C, GA is more reliable 
to evaluate glycemic variability. Also, it is especially 
indicated for patients on hemodialysis and its levels are 
not affected in the presence of anemias or hemolytic 
processes. Compared to the fructosamine test, GA is 
more advantageous, since it is not influenced by other 
serum proteins. The enzymatic methodology for its 
analysis is easy and quick to implement, and highly 
efficient analytically and with greater standardization. As 
previously described, in clinical situations that falsely alter 
A1C levels, the measurement of GA may assign a reliable 
result for monitoring DM. However, the physiology of 
the formation of these two glycated proteins ensures 
advantages to GA compared to A1C in access glucose 
control, even in the absence of interfering factors. 
Finally, many studies have shown that GA has good 
diagnostic accuracy and is strongly associated with the 
diabetic microvascular complications. Despite all benefits 
of GA, it does not replace the use of A1C, once each test 
has its advantages and limitations. The choice regarding 
which test to use should be guided by the clinical patient 
features and tests availability. Further, it is necessary 
an international consensus about laboratory issues and 
clinical use of GA, to guarantee its inclusion in the 
routine of clinical laboratory worldwide, thus improving 
the future screening and management of DM patients.
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review

Diagnosis and management 
of primary aldosteronism

Leticia A. P. Vilela1, Madson Q. Almeida1,2

ABSTRACT
Primary aldosteronism (PA) is the most common form of secondary hypertension (HTN), with an 
estimated prevalence of 4% of hypertensive patients in primary care and around 10% of referred 
patients. Patients with PA have higher cardiovascular morbidity and mortality than age- and sex-
matched patients with essential HTN and the same degree of blood pressure elevation. PA is 
characterized by an autonomous aldosterone production causing sodium retention, plasma renin 
supression, HTN, cardiovascular damage, and increased potassium excretion, leading to variable 
degrees of hypokalemia. Aldosterone-producing adenomas (APAs) account for around 40% and 
idiopathic hyperaldosteronism for around 60% of PA cases. The aldosterone-to-renin ratio is the 
most sensitive screening test for PA. There are several confirmatory tests and the current literature 
does not identify a “gold standard” confirmatory test for PA. In our institution, we recommend 
starting case confirmation with the furosemide test. After case confirmation, all patients with 
PA should undergo adrenal CT as the initial study in subtype testing to exclude adrenocortical 
carcinoma. Bilateral adrenal vein sampling (AVS) is the gold standard method to define the PA 
subtype, but it is not indicated in all cases. An experienced radiologist must perform AVS. Unilateral 
laparoscopic adrenalectomy is the preferential treatment for patients with APAs, and bilateral 
hyperplasia should be treated with mineralocorticoid antagonist (spironolactone or eplerenone). 
Cardiovascular morbidity caused by aldosterone excess can be decreased by either unilateral 
adrenalectomy or mineralocorticoid antagonist. In this review, we address the most relevant issues 
regarding PA screening, case confirmation, subtype classification, and treatment. Arch Endocrinol Metab. 
2017;61(3):305-12.
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Hypertension (HTN) affects between 10 to 40% of the 
general population and is the leading risk fator for 

premature death in the world (1,2). Robust experimental 
and clinical evidence implicates mineralocorticoids in 
the pathogenesis of HTN (3). Most monogenic forms 
of HTN in humans can be associated to defects in renal 
sodium balance (4). Several studies demonstrated that 
elevated aldosterone levels are predictors of adverse 
outcome in HTN (5), heart failure (6,7), myocardial 
infarction (8), and renal insufficiency (9).

Primary aldosteronism (PA) is the most common form 
of secondary HTN with an estimated prevalence of 4% 
of hypertensive patients in primary care and around 10% 
of referred patients (10,11). PA is particularly common 
in patients with resistant HTN, with a prevalence of 14 
to 21% (12,13). Resistant HTN is defined as office, or 
clinic, systolic blood pressure (BP) of ≥ 140 mmHg, 
diastolic BP of ≥ 90 mmHg, or an elevation of both, 
on at least 3 antihypertensive medications from different 
drug classes, preferably including a diuretic (14).  

PA is the most common curable form of HTN. Because 
of the adverse cardiovascular effects of excess aldosterone 
that are independent of high BP levels, patients with PA 
have higher cardiovascular morbidity and mortality than 
age- and sex-matched patients with essential HTN and 
the same degree of BP elevation (15,16) (Table 1). 

Table 1. Cardiovascular and metabolic complications in primary 
aldosteronism (PA) compared to essential hypertension (EH)

PA (%) EH (%) p

Cardiovascular events

Atrial fibrilation (17) 3.9 1.1 0.001

Coronary artery disease (17) 5.7 2.8 0.03

Heart failure (17) 4.1 1.2 0.003

Nonfatal myocardial infarction (17) 4.4 1.7 0.01

Stroke (18) 7.4 3.5 0.006

Metabolic alterations

Metabolic syndrome (19) 41.1 29.6 0.05

Abnormal glucose metabolism (20)# 22.4 16.8 0.04

# Meta analysis.
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PA is characterized by an autonomous aldosterone 
production which is inappropriately high for sodium 
state and is not regulated by angiotensina II or 
plasma potassium concentrations. This autonomous 
aldosterone production causes sodium retention, 
plasma renin supression, HTN, cardiovascular damage, 
and increased potassium excretion, leading to variable 
degree of hypokalemia (21). In the largest study of 
PA prevalence, hypokalemia was identified in 48% of 
aldosterone-producing adenomas (aldosteronomas) 
and in 17% of idiopathic hyperaldosteronism (bilateral 
adrenal hyperplasia) (22). The frequency of PA subtypes 
and hypokalemia in different cohorts depends on 
whether PA is routinely screened among hypertensive 
patients and if adrenal vein sampling (AVS) is available 
in the specialized center. In general, aldosterone-
producing adenomas (APAs) account for around 40% 
and idiopathic hyperaldosteronism for around 60% 
of PA cases. APAs are small benign tumors (1-3 cm) 
originating from the glomerulosa zone, but in few 
cases can be smaller than 1 cm and diagnosed only if 
the AVS shows a lateralized aldosterone production. 
If a patient with PA has an adrenal tumor larger than 
4 cm, we should consider the rare possibility of an 
aldosterone-producing adrenal carcinoma. Other rare 
causes of PA, accounting for less than 1%, are unilateral 
adrenal hyperplasia and familial PA, which is discussed 
elsewhere in this review. In our cohort of 104 PA cases 
from the Clinics Hospital of Sao Paulo University 
Medical School, aldosteronomas were diagnosed in 
79% and idiopathic hyperaldosteronism in 20% of our 
cases, suggesting that idiopathic hyperaldosteronism is 
probably underdiagnosed at our institution. Familial 
PA type I (glucocorticoid remediable form of PA) 
was diagnosed in a single patient. Hypokalemia was 
identified in 79% of patients with aldosteronomas and in 
68% of those with idiopathic hyperaldosteronism. The 
case detection of PA is recommended in the conditions 

listed in Table 2, as addressed in the 2016 Endocrine 
Society Clinical Practice Guideline of PA (23).

SCREENING AND CASE CONFIRMATION

The aldosterone-to-renin ratio is the most sensitive 
test that screens for PA. Immunometric assays can be 
employed to measure renin either by testing for plasma 
renin activity (PRA) or for direct renin concentration 
(DRC). Currently, most comercial kits measure direct 
renin concentration; however, the aldosterone-to-renin 
ratios used in PA screening were determined using 
PRA. Because the aldosterone-to-renin ratio is more 
dependent on renin, assays should be sensitive enough 
to detect PRA levels of 0.2-0.3 ng/mL/h (or DRC of 
2 mU/L). When measuring plasma aldosterone (A) in 
ng/dL and PRA in ng/mL/h, the most commonly 
adopted A/PRA cut-off for PA screening is 30 (21). 
In the presence of low renin levels, the aldosterone-to-
renin ratio may be elevated even when aldosterone is 
not high. Then, a minimum aldosterone concentration 
of 15 ng/dL has been proposed as part of the screening 
criteria. In our institution, 6% of PA patients had 
aldosterone levels between 12.5 and 15 ng/dL. 
Because of that, we use the minimum aldosterone 
level of 12.5 ng/dL to proceed with PA investigation 
(Figure 1). In a recently introduced and already 
commonly used automated DRC assay (DiaSorin, 
LIAISON XL instrument), we can use the conversion 
factor of 12 (DRC/12 = PRA) to calculate the A/PRA 
ratio (21). A recent study validated this automated 
chemiluminescent assay for DRC and aldosterone. 
Using DRC (mU/L), the A/DRC ratio of 2.1 had 
a sensitivity of 92%, a specificity of 92%, and negative 
predictive value of 99% to PA diagnosis. When using 
the A/DRC of 3.3, sensitivity was 84% and specificity 
was 96% for PA diagnosis (24). Although we need more 
studies to validate the aldosterone-to-renin ratio using 

Table 2. Recommendations for primary aldosteronism (PA) screening in clinical setting

Hypertension and spontaneous or diuretic-induced hypokalemia

Hypertension and adrenal incidentaloma

BP above 150/100 on three separate measurements obtained on different days

Hypertension (BP ≥ 140/90) resistant to three conventional antihypertensive drugs (preferably including a diuretic)

Controlled BP (< 140/90) on four or more antihypertensive drugs

Hypertension and sleep apnea

Hypertension and a family history of early onset hypertension or cerebrovascular accident at a young age (< 40 years)

All hypertensive first-degree relatives of patients with PA

BP: blood pressure.
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DRC, it seems that A/DRC between 2 and 3 should be 
equivalent to A/PRA ratio of 30.

women have a positive screening for PA, we can repeat 
the test without oral contraceptives (if is the case) 
or during the follicular phase, or even proceed with 
confirmatory testing.

Figure 1. Algorithm for the detection and confirmation of primary 
aldosteronism.

A: aldosterone; DRC: direct renin concentration; PRA: plasma renin 
activity; CT: computed tomography.

Positive screening for primary aldosteronism:
Aldosterone ≥ 12 ng/dL and A/DRC ratio ≥ 2.5 or A/PRA ratio ≥ 30 (correct low K+)

To perform furosemide test or
saline infusion test

Positive test:
Furosemide test: DRC < 24 mUI/mL (PRA < 2 ng/mL/h)

Saline infusion test: Aldosterone > 10 ng/dL

Adrenal CT scan

A ≥ 20 ng/dL, supressed DRC and
A/DRC ratio ≥ 8.8

(A/PRA ratio ≥ 100)

No need to perform
con�rmatory tests

In order to increase sensitivity, aldosterone and 
renin samples should be collected in the morning after 
patients have been out of bed for at least 2 hours, and 
usually after they have been seated for 5-15 minutes. 
Ideally, patients should have unrestricted dietary salt 
intake before testing and should be potassium-replete 
(21). It should be emphasized that mineralocorticoid 
antagonists (spironolactone or eplerenone) and 
other types of diuretics should be withdrawn for at 
least 4 weeks before testing. When it is not clinically 
possible to withdraw mineralocorticoid antagonists or 
diuretics, suppressed renin levels associated with high 
aldosterone levels strongly suggest a PA diagnosis.

In many cases (excluding mineralocorticoid 
antagonist or diuretic treatment), the aldosterone-
to-renin ratio can be confidently interpreted despite 
the effect of continued medications, thus avoiding 
delay and allowing the patient to proceed directly 
to confirmatory testing. Very often, a washout of all 
interfering antihypertensive medications is not feasible 
in patients with severe HTN. Then, the aldosterone-to-
renin ratio should be interpreted in light of the potential 
confounding factors (Table 3) (21). In premenopausal 
ovulating women, false positives can occur during the 
luteal phase, but only if renin is measured as DRC. 
Similarly, the use of oral contraceptives is associated 
with a false positive screening for PA, but only if renin 
is measured as DRC (25). Then, if premenopausal 

Table 3. Factors that may interfere with screening for primary 
aldosteronism

Aldosterone DRC Aldosterone/
DRC

β-Adrenergic blockers    (FP)

Central agonists 
(clonidine, 
α-methyldopa)

   (FP)

Diuretics    (FN)

Ca2 blockers (DHPs)    (FN)

ACE inhibitors, ARBs    (FN)

Advancing age    (FP)

Premenopausal women 
(vs. Male)

   (FP)

DRC: direct renin concentration; FP: false positive; FN: false negative; ARBs: angiotensin II  
type 1 receptor blockers; DHP: dihydropyridines.

In the Endocrine Division of the Clinics Hospital of 
University of Sao Paulo Medical School, we follow the 
algorithm for detection and confirmation of PA shown 
in Figure 1. First, potassium levels should be normal 
to adequately interpret the aldosterone-to-renin ratio. 
If a patient has aldosterone levels ≥ 12.5 ng/dL and A/
PRA (ng/mL/h) ratio ≥ 30 or A/DRC (mU/L) ratio 
≥ 2.5, the PA screening is considered positive. In our 
cohort, all PA patients had the A/PRA ratio above 30 
or A/DRC ratio above 2.5 when DRC was determined. 

As mentioned before, we always recommend 
the withdrawn of mineralocorticoid antagonists and 
diuretics for at least 4 weeks when clinically feasible. 
Otherwise, we perform the PA screening with all other 
antihypertensive medications. If aldosterone levels are 
< 20 ng/dL and PRA or DRC are not suppressed (but 
within the lower normal range), we recommend the 
replacement of the antihypertensive medications with 
verapamil, hydralazine, and α-1 blockers (doxazosin 
or prazosin). Clonidine can be added if a fourth 
medication is needed.

If a patient has aldosterone levels ≥ 20 ng/dL and 
suppressed PRA or DRC levels, there is no need for 
further confirmatory testing and we can proceed with 
a computed tomography (CT) scan to investigate PA 
etiology (26). In other cases, we perform confirmatory 
testing to exclude false positives (Figure 1). There are 
several confirmatory tests and the current literature 



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

308

Primary aldosteronism diagnosis

Arch Endocrinol Metab. 2017;61/3

does not identify a “gold standard” confirmatory test 
for PA (21). Specialized centers choose their preferred 
confirmatory test based on their own experience. We 
suggest starting case confirmation with the furosemide 
test. In our experience, the furosemide test had an 
accuracy higher than 90% in diagnosing PA. If the 
furosemide test is not conclusive and the patient 
doesn’t have contraindication for sodium loading, we 
perform the saline infusion test. The main problem 
with the saline infusion test is the volume overload 
in a short period performed in patients with severe/
resistant HTN or congestive heart failure. Currently, 
we only use the captopril test as a first option in 
patients with very impaired renal function, because 
of its too low reproducibility. Before performing any 
confirmatory test, we should check to see if potassium 
levels are normal and should correct hypokalemia. 
Below is detailed description of the three confirmatory 
tests mentioned above:
• Furosemide test: Patients receive furosemide 

40 mg iv and stay in an upright position for 
2h, starting at 8-9.30 AM. Blood samples for 
PRA or DRC, aldosterone, and potassium are 
drawn at time zero and after 2 h. PRA < 2  
ng/mL/h (or DRC < 24 mU/L) confirms the PA 
diagnosis (26). Although patients with essential 
hypertension can present low renin levels, plasma 
renin activity (PRA) increases above 2 ng/mL/h 
after furosemide injection.

• Saline infusion test: Patients stay in the recumbent 
position for at least 1 h before and during the 
infusion of 2L of 0.9% saline iv over 4h, starting at 
8-9.30 AM. Blood samples for aldosterone, PRA 
or DRC, and potassium are drawn at time zero and 
after 4 h. Aldosterone levels > 10 ng/dL confirm the 
diagnosis of PA, and aldosterone < 5 ng/dL excludes 
the diagnosis. Aldosterone levels between 5 and 10 
ng/dL are considered indeterminate, although a 
cutoff of 6.8 ng/dL has been found to have the best 
trade-off between sensitivity and specificity (27).

• Captopril test: Patients receive 50 mg of captopril 
orally after sitting or standing for at least 1 h. Blood 
samples are drawn for measurement of PRA or DRC, 
plasma aldosterone, and cortisol at time zero and at 
1h and 2h after captopril, with the patient remaining 
seated during this period. Plasma aldosterone 
is normally suppressed by captopril (> 30%). In 
patients with PA, aldosterone level remains elevated 
and renin remains suppressed (26). APAs can be 

abnormally regulated by ACTH. Then, if cortisol 
levels decrease during the test, we should diminish 
the percentage of cortisol variation from aldosterone 
variation to analyze only the captopril effect.

SUBTYPE CLASSIFICATION

All patients with PA should undergo adrenal CT 
as the initial study in subtype testing to exclude 
adrenocortical carcinoma. Magnetic resonance imaging 
has no advantage over CT in subtype evaluation of PA 
(21). Proper distinction between APAs and bilateral 
hyperplasia is crucial, because the former is treated 
by adrenalectomy and the latter by mineralocorticoid 
receptor antagonists. For the diagnosis of these two 
subtypes, adrenal CT scan or bilateral adrenal vein 
sampling (AVS) is used. Adrenal CT has several 
limitations, because its accuracy for diagnosing APAs is 
limited. CT scan can reveal normal-appearing adrenals, 
but the patient can have a very small APA below the 
detection limit of CT. Moreover, nonfunctioning 
unilateral adrenal adenomas are not uncommon, 
especially in older patients (> age 40 years), and an APA 
can be incorrectly diagnosed in a patient with bilateral 
adrenal hyperplasia and normal-appearing adrenal (28). 
In a different situation, bilateral adrenal nodules might 
be interpreted as bilateral hyperplasia on the basis of CT 
findings, but the patient can have an APA and an adrenal 
incidentaloma in the contralateral side (Figure 2).

The 2016 Endocrine Society Clinical Practice 
Guideline of PA recommends not to perform AVS 
in younger patients (< 35 years) with spontaneous 
hypokalemia, marked aldosterone excess, and 
unilateral adrenal lesions with radiological features 
consistent with a cortical adenoma on adrenal CT scan 
(21). In this situation, the probability of an adrenal 
incidentaloma is very low. At our institution, we don’t 
consider the age of PA diagnosis to indicate AVS but 
the age of HTN diagnosis, because the median time 
of HTN before PA diagnosis is 14 years. In other 
words, most of patients with APA had been diagnosed 
with HTN before 35 or 40 years, but PA was only 
diagnosed after 40 years. This trend reflects the fact 
that PA screening is very delayed in our country. Based 
on this observation, we do not recommend AVS in 
patients with severe PA (A ≥ 20 ng/dL, hypokalemia 
and suppressed DRC or PRA) with HTN diagnosed 
before 40 years and unilateral adrenal lesion (> 1cm) 
and normal contralateral adrenal on adrenal CT scan.
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In a recent randomised controlled trial (SPARTACUS 
TRIAL), patients with PA were randomly assigned to 
undergo either adrenal CT or AVS to determine the 
presence of APA (with subsequent treatment consisting 
of adrenalectomy) or bilateral adrenal hyperplasia 
(subsequent treatment with mineralocorticoid 
receptor antagonists) (29). Of the 184 patients that 
completed follow-up, 92 received CT-based treatment 
(46 adrenalectomy and 46 mineralocorticoid receptor 
antagonist) and 92 received AVS-based treatment (46 
adrenalectomy and 46 mineralocorticoid receptor 
antagonist). The persistence of PA was higher in patients 
who received CT-based treatment (20%) compared to 
patients who received AVS-based treatment (11%), 
but this difference was not statistically significant (29). 
This important trial showed that AVS should not be 
recommended for all PA patients, but it did not rule 
out the importance of AVS in PA subtype classification, 
particularly in cases with bilateral lesions or normal-
appearing adrenal. Although the SPARTACUS trial is 
the first randomized study to compare CT- vs. AVS-

based approaches, we need to reanalyze this issue in 
larger cohorts.

AVS should be performed under a condition of 
suppressed renin, because increased renin levels by 
diuretics or mineralocorticoid antagonists can lead to 
the stimulation of the contralateral adrenal to an APA, 
and unilateral PA might be misclassified as bilateral. 
Therefore, it is important to check if DRC or PRA is 
suppressed before performing AVS. An experienced 
radiologist is required to perform AVS. AVS includes 
catheterization and collecting blood samples from the 
right and left adrenal veins and from the inferior vena 
cava to measure cortisol and aldosterone. The right 
adrenal vein may be especially difficult to catheterize 
because it is short and enters the inferior vena cava at 
an acute angle (30). We recently started to measure 
serum cortisol during the AVS procedure to evaluate 
the successful catheterization of the right adrenal vein. 
Currently, our rate of successful catheterization is 80%. 
This strategy has been previously employed to improve 
successful catheterization (31).

Figure 2. A male patient, 69 years, with resistent hypertension for 30 years, diagnosed with PA. Hormonal data: aldosterone (A) = 24.4 ng/dL; DRC < 
1.6 mU/mL (PRA 0.13); A/DRC ratio = 15.25; A/PRA ratio = 188. (A) Adrenal CT showing a 1.8 cm nodule at right adrenal gland and a 1.2 cm nodule at 
left adrenal gland. (B) Fluoroscopic imaging from AVS. (C) Analysis of AVS sampling showed lateralization of aldosterone production to the left side. Then, 
this patient had an adrenal incidentaloma on the right side and an aldosterone-producing adenoma on the left side. The patient underwent left adrenal 
adrenalectomy and had biochemical cure of PA.

A: aldosterone; C: cortisol; A/C: aldosterone to cortisol ratio; PA: primary aldosteronism; AVS: adrenal vein sampling.

Right adrenal vein Left adrenal vein

A C

B

• Right adrenal vein
  Cortisol: 701 µg/dL
  Aldosterone: 647 ng/dL
  A/C ratio: 0.923

• Left adrenal vein
  Cortisol: 335.2 µg/dL
  Aldosterone: 1890 ng/dL
  A/C ratio: 5.6
• Inferior vena cava
  Cortisol: 30.3 µg/dL
  Aldosterone: 41.6 ng/dL
  A/C ratio: 1.37

• Cortisol right adrenal vein/Inferior 
vena cava: 23.1

• Cortisol left adrenal vein/Inferior vena 
cava: 11.06

• A/C Left/Right (lateralization): 6.1

• A/C Right adrenal vein/Inferior vena 
cava (contralateral supression) = 0.67
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We perform AVS under cosyntropin infusion 
with sequential bilateral AVS. The use of continuous 
cosyntropin infusion during AVS minimizes stress-
induced fluctuations in aldosterone secretion (since 
aldosterone can be regulated by ACTH in APAs). 
In addition, the cosyntropin infusion maximizes the 
gradient of cortisol from adrenal vein to inferior vena 
cava, confirming the successful sampling of the adrenal 
vein (32). To determine the aldosterone lateralization 
and contralateral suppression, we use the cortisol-
corrected aldosterone ratio (aldosterone divided by 
cortisol level in its respective vein; A/C) to correct 
for dilution effects. To evaluate if the nondominant 
adrenal (not oversecreting aldosterone) is suppressed, 
we calculate the contralateral suppression (defined 
as the A/C ratio from the low-side to inferior vena 
cava). See the AVS protocol in the Clinics Hospital of 
Sao Paulo University Medical School below: 1) Dilute 
cosyntropin (250 µg) in 250 mL of saline 0.9% and 
start 50 mL/h (30 min before AVS); 2) Collect blood 
for aldosterone and cortisol measurements from right 
and left adrenal veins and from inferior vena cava; 3) 
Determine cortisol ratio between adrenal veins and 
the periphery (if the ratio is > 5 on each side, the 
catheterization was successful); 4) Determine A/C 
ratio to evaluate lateralization. We should calculate 
the A/C ratio from high-side to low-side. A ratio of 
more than 4:1 indicates unilateral aldosterone excess. 
A ratio of less than 3:1 suggests bilateral aldosterone 
hypersecretion. With these cutoffs, AVS for detecting 
unilateral aldosterone hypersecretion has a sensitivity 
of 95% and specificity of 100%; 5) If the lateralization 
ratio is between 3:1 and 4:1, the AVS is undetermined. 
But if contralateral suppression is < 0.67, it suggests 
a lateralization to the higher side (33). In Figure 
2, we demonstrate a clinical case in which AVS was 
recommended and very useful in the subtype definition. 

If a patient with PA has an APA ≥ 2.5 cm or 
macronodular bilateral hyperplasia, screening 
for subclinical Cushing is recommended: 1 mg 
dexamethasone suppression test, ACTH, 24h urinary 
free cortisol, salivar cortisol and dehydroepiandrosterone 
sulfate.

FAMILIAL PRIMARY ALDOSTERONISM

In patients with an onset of confirmed PA earlier than 20 
years of age, and in those who have a family history of 
PA or stroke at a young age (< 40 years), the Endocrine 

Society Clinical Practice Guideline of PA suggests genetic 
testing for familial PA type I (glucocorticoid remediable 
aldosteronism) and type III (caused by KCNJ5 germline 
mutations) (21) (Table 4).

Table 4. Familial forms of primary aldosteronism 

Type I Type III Type III

Cause Hybrid

CYP11B1/
CYP11B2

Unknown Germline

KCNJ5

Transmission Autosomal 
dominant

Autosomal 
dominant

Autosomal 
dominant

Genetic diagnosis Long PCR No KCNJ5 sequencing

Hypertension 
onset

Very often  
< 20 years

Adulthood Very often  
< 10 years

Hypertension 
severity

Severe to resistant 
hypertension 

(normal BP is rare)

Stage 1 to 
resistant 

hypertension 
(normal BP is not 

often)

Stage 3 to 
resistant 

hypertension

Hypokalemia Rare Not often Very often

Aldosterone after 
dexamethasone

< 4 ng/dL > 4 ng/dL > 4 ng/dL

Adrenal CT Normal Unilateral or 
bilateral lesions

Bilateral 
macronodular 
hyperplasia

Treatment Dexamethasone 
or 

mineralocorticoid 
antagonist

Unilateral 
adrenalectomy or 
mineralocorticoid 

antagonist

Bilateral 
adrenalectomy or 
mineralocorticoid 

antagonist

BP: blood pressure. CT: computed tomography.

Familial PA type I is caused by an unequal crossover 
between the genes CYP11B1 (which encodes steroid 
11α-hydroxylase) and CYP11B2 (which encodes 
aldosterone synthase) (34,35). The resulting hybrid 
gene encodes an enzyme chimera with aldosterone 
synthase activity that is expressed in the adrenal 
zona fasciculata under control of ACTH instead of 
angiotensin II. Patients with familial PA type I show 
suppressed plasma aldosterone levels (< 4 ng/dL) after 
dexamethasone (0.5 mg every 6h during 48 or 72h) 
(36). Familial PA type I is treated with dexamethasone 
in adults (0.125-0.25 mg/d). If additional drugs are 
necessary to control BP or normalize renin levels, 
mineralocorticoid antagonist can be added (37,38).

Familial PA type II is clinically and biochemically 
indistinguishable from sporadic forms. Prevalence was 
reported to be as high as 6% in a large population with PA 
(39). Familial PA type II is diagnosed when at least two 
first-degree members of the same family have confirmed 
PA (APA or bilateral hyperplasia). The molecular basis of 
FH-II is still unknown, but genetic analyses demonstrated 
a link with chromosome 7p22 (40).
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Familial PA type III is caused by mutations in the 
KCNJ5 gene encoding the potassium channel Kir 3.4, 
resulting in increased sodium conductance and cell 
depolarization (41). Familial PA type III is characterized 
by severe HTN in early childhood associated with PA, 
hypokalemia, and macronodular bilateral hyperplasia (42). 
Because of the HTN severity, bilateral adrenalectomy may 
be needed to control BP (36).

TREATMENT
Cardiovascular morbidity caused by aldosterone excess 
can be decreased by either unilateral adrenalectomy or 
mineralocorticoid antagonist (43). Overall reduction of 
left ventricular mass has been demonstrated to be similar in 
unilateral adrenalectomy or mineralocorticoid antagonist 
treatment at the end of a 6.4 year follow-up (44). 
However, a study comparing both treatments in terms of 
cardiovascular mortality remains to be conducted. 

Unilateral laparoscopic adrenalectomy is indicated 
for patients with APAs. If the patient with an APA 
is unable or unwilling to undergo surgery, medical 
treatment including a mineralocorticoid antagonist 
is recommended. Before unilateral adrenalectomy, 
the patient should be treated with mineralocorticoid 
antagonist in order to normalize potassium levels and 
renin levels, avoiding hyporeninemic hypoaldosteronism 
in the postoperative period. In addition, we should 
measure sodium, potassium, aldosterone, and renin 
levels in the first week after surgery to monitor treatment 
response. After unilateral adrenalectomy, HTN is 
cured in about 50% (range of 35-80%) of patients with 
APA (21). Primary HTN in first-degree relatives and 
a longer duration of HTN before diagnosing PA are 
associated with low rates of HTN cure after unilateral 
adrenalectomy (45,46).

Bilateral hyperplasia should be treated with 
mineralocorticoid antagonist (spironolactone or 
eplerenone). In Brazil, only spironolactone is available 
for treatment. Spironolactone (50-400 mg/d) has 
been the agent of choice in the medical treatment 
of PA, reducing BP levels as well as the need for 
antihypertensive drugs (47). The starting dose for 
spironolactone is 50 mg in a single dose. The dose 
should be increased by 50 mg each 3-4 weeks. During 
treatment, we aim to control blood pressure and to 
normalize potassium and renin levels.

Since spironolactone antagonizes androgen 
receptor and inhibits androgen production, it promotes 
dose-dependent gynecomastia and loss of libido in 

men. In females, spironolactone can cause menstrual 
irregularities and breast tenderness and enlargement 
(48). To avoid or decrease side effects, amiloride or 
a small dose of thiazide diuretic can be used to avoid 
a higher dose of spironolactone. In patients with 
stage III chronic kidney disease or in older patients, 
mineralocorticoid antagonist should be administered 
with caution because of the risk of hyperkalemia and 
worsening renal function. 

Eplerenone is a selective mineralocorticoid antagonist 
without antiandrogen effects and, therefore, is less 
associated with endocrine side effects and given twice 
daily (49). Despite its better tolerability, eplerenone has a 
higher cost and can be less effective than spironolactone 
to lower BP in the medical treatment of PA (50). In 
the next years, it is likely that new mineralocorticoid 
antagonists and selective aldosterone synthase inhibitors 
will be available to treat PA (21).

Disclosure: no potential conflict of interest relevant to this article 
was reported.
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AE&M, and any information relevant to the manuscript. Elsewhere on the sub-
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the exclusion of up to three others. 
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1. Title page.
2.  Structured abstract (or summary for case reports).
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5.  Acknowledgments.
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Introduction 
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Materials and Methods 
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to be able to repeat the study. The source of hormones, unusual chemicals and rea-
gents, and special pieces of apparatus should be stated. For modified methods, only 
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Results and Discussion 
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sion should focus on the interpretation and significance of the findings, with conci-
se objective comments that describe their relation to other studies in that area. The 
Discussion should not reiterate the Results. 

Authorship 
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Figures and Legends 
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of reproducing color figures in print (the publisher will provide price quotes upon 
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lureia; inibidor da DPP4 (com ou sem metformina); ou insulina (isolada ou com até duas me-
dicações antidiabéticas orais), quando a terapia existente juntamente com dieta e exercícios 
não proporciona controle glicêmico adequado. Indicado em combinação inicial com metformina 
quando ambas as terapias são apropriadas. FORXIGA não é indicado para uso por pacien-
tes com diabetes tipo 1 e não deve ser utilizado para o tratamento de cetoacidose diabética 
Contraindicações: hipersensibilidade a dapagliflozina ou aos outros componentes da fórmula. 
Advertências e Precauções: Foram reportados alguns relatos pós-comercialização de ce-
toacidose em pacientes diabéticos tipo 1 e tipo 2 em uso de FORXIGA. Embora uma relação 
causal ainda não tenha sido estabelecida, recomenda-se que pacientes que apresentem sinais 
de cetoacidose incluindo náusea, vômitos, dor abdominal, prostração ou dispneia sejam avalia-
dos quanto a presença de cetoacidose, mesmo que sua glicemia esteja menor que 250 mg/dL. 
FORXIGA® deve ser usado com cautela ou ser temporariamente suspenso em pacientes sob 
risco de depleção de volume, pacientes com hipertensão ou outra doença cardiovascular, infec-
ções do trato urinário, incluindo urosepse e pielonefrite, uso concomitante com medicamentos 
que podem causar hipoglicemia, gravidez, lactação uso pediátrico, uso geriátrico. Categoria 
de Risco na Gravidez: C. Reações Adversas: infecção genital, infecção do trato urinário, 
dor nas costas, poliúria e erupção cutânea. Interações Medicamentosas: (sem alterações 
clínicas relevantes, sem necessidade de ajuste de dose) metformina, pioglitazona, sitagliptina, 
glimepirida, voglibose, hidroclorotiazida, bumetanida, valsartana, sinvastatina, rifampicina, áci-
do mefenâmico. Outras interações: os efeitos da dieta, tabagismo, produtos à base de plantas 
e uso de álcool sobre a farmacocinética da dapagliflozina não foram especificamente estuda-
dos. Interferência com o teste 1,5-anidroglucitol (1,5-AG). Posologia: a dose recomendada de 
FORXIGA, em monoterapia ou terapia combinada, é 10 mg, uma vez ao dia, a qualquer hora do 
dia, independentemente das refeições. Para pacientes em risco de depleção de volume devido 
a condições coexistentes, uma dose inicial de 5 mg de FORXIGA pode ser apropriada. Não são 
necessários ajustes de dose de FORXIGA com base na função renal ou hepática. Apresentações: 
embalagens com 30 comprimidos revestidos de 5 mg e embalagens com 14 ou 30 comprimidos 
revestidos de 10 mg. USO ORAL. USO ADULTO. VENDA SOB PRESCRIÇÃO MÉDICA. SE 
PERSISTIREM OS SINTOMAS, O MÉDICO DEVERÁ SER CONSULTADO. Para maiores infor-
mações, consulte a bula completa do produto. Reg. MS - 1.0180.0404 (FRX013_min).

CONTRAINDICAÇÕES: FORXIGA® é contraindicado 
a pacientes com conhecida hipersensibilidade à 
dapagliflozina ou aos outros componentes da fórmula. 
INTERAÇÕES MEDICAMENTOSAS: em estudos 
realizados em indivíduos sadios, a farmacocinética 
da dapagliflozina não foi alterada pela metformina, 
pioglitazona, sitagliptina, glimepirida, voglibose, 
hidroclorotiazida, bumetanida, valsartana ou sinvastatina.

XigDuo XRTM (dapagliflozina + cloridrato de metformina) comprimidos revestidos de liberação 
prolongada. Indicações: XIGDUO XR é indicado como adjuvante à dieta e exercícios para me-
lhorar o controle glicêmico em adultos com diabetes mellitus tipo 2 quando o tratamento com 
ambos, dapagliflozina e metformina, é apropriado. XIGDUO XR não é indicado para uso em 
pacientes com diabetes tipo 1. XIGDUO XR não deve ser usado para o tratamento da cetoacidose 
diabética. Contraindicações: doença ou disfunção renal moderada a grave (p.ex., níveis de 
creatinina sérica ≥1,5 mg/dL [homens], ≥1,4 mg/dL [mulheres] ou TFGe <60 mL/min/1,73 m2 
ou ClCr <60 mL/min pelo Cockcroft-Gault), inclusive secundária a condições como choque, IAM 
e septicemia; acidose metabólica aguda ou crônica, incluindo cetoacidose diabética, com ou 
sem coma, que deve ser tratada com insulina; história de reação de hipersensibilidade grave à 
substância ativa ou a qualquer um dos excipientes; disfunção hepática. Cuidados e Advertên-
cias: acidose láctica (metformina plasmática > 5 µg/mL - maior risco em idosos, disfunção re-
nal, doença hepática, insuficiência cardíaca congestiva, hipoxemia, desidratação, sepse, inges-
tão excessiva de álcool e uso de contraste intravascular), disfunção renal, disfunção hepática, 
ingestão excessiva de álcool, cetoacidose (maior risco em disfunções pancreáticas como DM1, 
pancreatite, cirurgia pancreática, redução da dose de insulina, redução da ingestão calórica, 
infecções, cirurgias, doenças concomitante e abuso de álcool), níveis de vitamina B12 (risco 
de redução em pacientes susceptíveis), procedimentos cirúrgicos, alterações no estado clíni-
co, medicações concomitantes que afetem a função renal ou a hemodinâmica ou a eliminação 
da metformina, administração de meio de contraste intravascular iodado (aumento do risco de 
insuficiência renal aguda), estados de hipóxia (choque, ICC, IAM, insuficiência renal pré-renal), 
mau controle glicêmico secundário a febre, trauma, infecção ou cirurgias, pacientes sob risco 
de depleção de volume intravascular (idosos, uso de diuréticos), uso concomitante com medi-
camentos que causam hipoglicemia (insulina e sulfonilureias), sepse urinária e pielonefrite, uso 
em idosos, gravidez, lactação, uso pediátrico, câncer de bexiga ativo. Categoria de Risco na 
Gravidez: C. Interações Medicamentosas: com dapagliflozina (sem alterações clínicas rele-
vantes, sem necessidade de ajuste de dose): bumetanida, sinvastatina, rifampicina, ácido mefe-
nâmico; com metformina: medicamentos catiônicos (cimetidina), glibenclamida, furosemida, ni-
fedipino; outros medicamentos hiperglicemiantes (tiazidas e outros diuréticos, corticosteroides, 
fenotiazinas, produtos da tireoide, estrógenos, contraceptivos orais, fenitoína, ácido nicotínico, 
simpatomiméticos, medicamentos bloqueadores do canal de cálcio e isoniazida). Interferência 
com teste do 1,5-anidroglucitol (1,5.AG). Reações Adversas: infecção genital, infecção do tra-
to urinário, poliúria, dor nas costas, dor de cabeça, hipoglicemia, desidratação, hipovolemia ou 
hipotensão, diarreia, náuseas, vômitos, erupção cutânea, redução dos níveis séricos de vitamina 
B12, aumento do hematócrito. Posologia: deve ser individualizada com base no regime atual 
do paciente, desde que não exceda a dose máxima recomendada de 10 mg de dapagliflozina e 
de 2000 mg de cloridrato de metformina de liberação prolongada. XIGDUO XR deve, de modo 
geral, ser administrado uma vez ao dia com a refeição da noite. Apresentações: XigDuo XR 
comprimidos revestidos de liberação prolongada de: 5 mg/1000 mg em embalagens com 14 e 
60 comprimidos; 10 mg/500 mg em embalagens com 14 comprimidos e 10 mg/1000 mg em 
embalagens com 14 e 30 comprimidos. USO ADULTO. USO ORAL. VENDA SOB PRESCRIÇÃO 
MÉDICA. SE PERSISTEREM OS SINTOMAS, O MÉDICO DEVERÁ SER CONSULTADO. Para 
maiores informações, consulte a bula completa do produto. www.astrazeneca.com.br. Reg. MS 
– 1.0180.0407 (XIG006_min).

CONTRAINDICAÇÕES: doença renal ou disfunção renal 
moderada a grave. INTERAÇÃO MEDICAMENTOSA: 
cimetidina.
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