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The elusive clinical significance 
of osteocalcin actions in energy 
metabolism in human

Bruno Ferraz-de-Souza1

I n spite of its stagnant gross appearance, the skeleton is a highly metabolically 
active organ. The continuous process of bone remodeling, allowing homeostatic 

availability of calcium and renovation of the important structural material of bone, 
requires ample energy supply (1). Extreme examples of such energy demand had been 
noticed a long time ago in high bone turnover states, for instance in the cachexia 
accompanying severe hyperparathyroidism or in slender children with osteogenesis 
imperfecta, but lacked an explanation. Therefore, when the first mechanistic pieces of 
evidence linking bone and energy metabolism in animal models started arising (2), it 
not only made sense in physiological terms, but it was also felt as if by identifying these 
missing links we would potentially be able to tackle simultaneously two major health 
care concerns, adiposity and osteoporosis.

It has now been more than 10 years since the paramount work of Lee and cols. 
placed osteocalcin (Oc) as the foremost bone-derived hormone to influence energy 
metabolism (3), rocketing Oc from its role as a (perhaps second rate) bone formation 
marker to a means by which bone, as an endocrine gland, would direct insulin sensitivity 
and production, and fat accumulation. From then onwards, subsequent evidence have 
solidified that, in mice, Oc favors glucose tolerance and insulin sensitivity (4,5). Its 
role as an energy metabolism effector in humans, however, remains elusive.

Osteocalcin is produced by osteoblasts and secreted in a fully carboxylated form into 
the bone matrix, where it acts to regulate bone mineralization. Under acidic pH in the 
osteclastic resorption lacuna, it suffers decarboxylation generating undercarboxylated 
Oc – importantly, this is the form of Oc that has been chiefly linked to a metabolic role, 
but its determination in serum is not straightforward in clinical or even in research 
settings (5). Several studies in humans have investigated the relationship of total serum 
Oc and a variety of metabolic parameters, and results have been conflicting (6). Indeed, 
an effect, when seen, was considerably smaller in magnitude to what was observed in 
mice. 

Two articles in this issue of the Archives of Endocrinology and Metabolism (AE&M) 
have aimed to shed light on this topic through different approaches. Campos and 
cols. have analyzed clinical, laboratory and anthropometric and body composition 
parameters in a cohort of 34 obese adolescents submitted to a one-year interdisciplinary 
intervention including exercise, diet and psychological support (7). As expected, the 
intervention resulted in a reduction in body mass and fat was seen, accompanied by a 
significant increase in adiponectin and in lean mass. Even though an increase in bone 
mineral content was observed after the 1-year intervention, the expected progression 
of bone accretion during this period of life precludes ascertaining a positive effect 
of exercise on bone formation. The authors focused their analysis on the relation 
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between adipokines and bone turnover markers, 
finding a positive correlation between the adiponectin/
leptin ratio (a marker of adipose tissue dysfunction and 
insulin resistance) and osteocalcin at baseline. While it is 
tempting to suggest that the metabolic improvement in 
insulin resistance and adiposity that resulted from their 
concerted intervention efforts led to bone formation, 
it should be noted that at the end of the intervention 
period, the observed (and expected) increase in the 
adiponectin/leptin ratio was not accompanied by 
significant changes in Oc. 

Barroso and cols. report a cross-sectional analysis 
of a large longitudinal birth cohort in Ribeirao Preto 
consisting of 468 young adults, evaluating bone and 
metabolic parameters (8). The mean age of subjects 
was 23 years, meaning that peak bone mass might had 
not been attained by most participants and that the 
physiologic scale could still be tipped in favor of bone 
formation. The majority of the cohort had normal body 
mass index and waist circumference, and moderate to 
high physical activity, showing that these were mainly 
metabolically healthy subjects. While positive findings 
included a correlation between bone mineral density 
and HOMA-estimated glucose metabolism, that was 
modified by visceral adiposity as assessed by waist 
circumference, no significant association between 
osteocalcin and glucose metabolism was seen. 

Collectively, these two papers exemplify the 
frustrating quest for the role of osteocalcin in human 
energy metabolism. Notably, both papers analyzed total 
osteocalcin, demonstrating the persisting difficulties 
of regularly studying undercarboxylated Oc; it could 
be speculated that results might have been different if 
the more “metabolically active” form of Oc had been 
analyzed. However, the bulk of the literature by now 

points towards confusion in this matter, and it is unlikely 
that further association studies will help elucidate it. In 
fact, osteoporosis treatment with antiresorptive agents 
for the past decades has effectively manipulated levels 
of Oc in hundreds of thousands of individuals, and a 
striking deleterious effect in energy metabolism has not 
been seen. As human Oc is yet unavailable as a drug to 
be tested in randomized controlled intervention trials, 
the question remains whether, in humans, circulating 
osteocalcin is physiologically relevant as a marker or an 
effector of metabolic health.

Disclosure: no potential conflict of interest relevant to this article 
was reported.
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How deep is our anxiety during 
treatment of thyroid cancer?

Flavio Carneiro Hojaij1

T he sentinel lymph node procedure is a technique that aims, with minimal surgical 
invasion, to diagnose lymph node metastasis and, later, to define the prescribed 

treatment: full lymph node dissections, radiotherapy, chemotherapy and others. It 
requires tools such as lymphographies, scintigraphies and surgical approaches followed 
by anatomopathological and immunohistochemical analyses (1). 

Its use began in the 1960s in facial epidermoid carcinomas. In the 1970s, it was 
incorporated in the treatment of penile carcinomas and, in the last 20 years, it has 
been used in the treatment of cutaneous melanomas and malignant neoplasms in the 
mammary exocrine glandular tissue (2).

In Head and Neck Surgery, the sentinel lymph node procedure has gained strength 
in the last decade, mainly for the treatment of oral cavity tumors; but, due to the learning 
curve and the complicated logistics, it has not become popular in our midst (1).

The study conducted by Steck and cols., present in this issue of Archives of 
Endocrinology and Metabolism (AE&M) (3), poses legitimate questions about the 
comprehensiveness of the treatment of well differentiated thyroid carcinoma. The 
authors state that the treatment should vary according to its need. Should there be a 
metastasis in a lymph node, the best conduct, according to the authors, is a therapeutic 
neck dissection.

However, this work arrived in the middle of a hurricane, which is how I’ve been 
calling the present scenario. We are experiencing a “hurricane” of indagations, 
directives and controversial information about the aggressivity of well differentiated 
thyroid carcinomas. The authors of the article even express their anguish about this in 
their Introduction and Discussion (3,4).

Certainly, the tumors we treat nowadays are smaller than the ones we have treated 
20 years ago. These new features are directly influenced by an increase in the number 
of diagnostics, which is the result of better exams being performed and in a greater 
amount (4-6).

Faced with so much data and those clinical characteristics, we, the ones who treat 
the patients, live in an atmosphere of bipolarity. In one hand, we have the active 
observation suggested for thyroid neoplasms (4,5) but, on the other hand, another 
authors (3,6-8) stress the danger of lymph node metastases and give us tools with 
which to handle with them.

Due to this duality, some questions must be raised:
1. Do we really need to be concerned about lymph node metastases that aren’t 

detected neither in the preoperative ultrasound nor by the surgeon during the 
procedure?
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2. Does the detection of micrometastases (sub-
millimetric) in millimetric lymph nodes play a 
clinical role and an impact on the survival of 
patients?

3. Should the sentinel lymph node procedure, 
which has already been validated, follow the 
same precepts and logistics established for other 
tumors in the case of malignant thyroid neo-
plasms?

4. If so, can it be put into practice? 
The answers to these questions will surely be 

controversial and, considering the polarization we 
face in oncologic thyroidology, I think the moment 
demands calm. We should adapt extreme conducts 
to intermediary positions, opting for partial surgeries 
instead of limiting ourselves to two radically opposite 
postures: mere observation or comprhensive surgeries.

We should also individualize treatment, so that its 
comprehensiveness will be adequate to the patients’ 
background, culture and expectations. And, finally, we 
should wait for the development of molecular tools 
capable of guiding and further helping the daily clinical 
practice (8,9).

Disclosure: no potential conflict of interest relevant to this article 
was reported.
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Relationship between adiponectin 
and leptin on osteocalcin in 
obese adolescents during 
weight loss therapy

Raquel Munhoz da Silveira Campos1, Deborah Cristina Landi Masquio2, 
Flávia Campos Corgosinho3, Joana Pereira de Carvalho-Ferreira4, 
Bárbara Dal Molin Netto5, Ana Paula Grotti Clemente6, Lian Tock7, 
Sergio Tufik8, Marco Túlio de Mello5,8,9, Ana Raimunda Dâmaso5

ABSTRACT 
Objectives: Obesity is a multifactorial disease characterized by the presence of the pro-inflammatory 
state associated with the development of many comorbidities, including bone turnover marker 
alterations. This study aimed to investigate the role of the inflammatory state on bone turnover 
markers in obese adolescents undergoing interdisciplinary weight loss treatment for one year. 
Subjects and methods: Thirty four post-pubescent obese adolescents with primary obesity, a body 
mass index (BMI) greater than > 95th percentile of the CDC reference growth charts, participated in 
the present investigation. Measurements of body composition, bone turnover markers, inflammatory 
biomarkers and visceral and subcutaneous fat were taken. Adolescents were submitted to one year 
of interdisciplinary treatment (clinical approach, physical exercise, physiotherapy intervention, 
nutritional and psychological counseling). Results: Reduction in body mass, body fat mass, visceral 
and subcutaneous fat, as well as, an increase in the body lean mass and bone mineral content was 
observed. An improvement in inflammatory markers was seen with an increase in adiponectin, 
adiponectin/leptin ratio and inteleukin-15. Moreover, a positive correlation between the adiponectin/
leptin ratio and osteocalcin was demonstrated. Further, both lean and body fat mass were predictors 
of osteocalcin. Negative associations between leptin with osteocalcin, adiponectin with Beta CTX-
collagen, and visceral fat with adiponectin were observed. Conclusions: It is possible to conclude 
that the inflammatory state can negatively influence the bone turnover markers in obese adolescents. 
In addition, the interdisciplinary weight loss treatment improved the inflammatory state and body 
composition in obese adolescents. Therefore, the present findings should be considered in clinical 
practice. Arch Endocrinol Metab. 2018;62(3):275-84

Keywords
Inflammation; bone turnover markers; obesity; adolescents; weight loss

INTRODUCTION

O besity is a multifactorial disease associated with 
a pro-inflammatory state including a lower 

adiponectinemia and hyperleptinemia framework. Many 
comorbidities are associated with obesity, including 
bone mineral alterations, metabolic syndrome, 
cardiovascular complications, non-alchoolic fatty liver 
disease, sleep disorders and asthma (1,2). 

Concomitant with this, body fat distributions, 
especially visceral adipocytes, are linked to the secretion 
of pro-inflammatory adipokines that can act negatively 
on bone metabolism (3). In a previous study, it 
was shown that visceral fat, as well as the visceral/

subcutaneous ratio, were independent, negative 
predictors of bone mineral density (BMD) (4).

Beta-CTx collagen and osteocalcin are bone 
metabolism biomarkers that may represent bone 
turnover. Beta-CTx collagen is the C-terminal 
telopeptide of type I collagen, the main component 
(approximately 90%) of the protein matrix of bone. 
Beta-CTx collagen is released into the bloodstream 
during bone resorption and is almost entirely excreted 
by the kidneys. Its quantification serves as a specific 
marker for the degradation of mature type I collagen 
from bone (5). Osteocalcin is the major noncollagenous 
protein that acts locally in the bone mineralization. It is 
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synthesized by the osteoblasts and has been utilized as a 
marker of bone formation or bone turnover (6). 

Leptin, an adipokine that is primarily expressed 
by adipose tissue, is considered to be involved in 
neuroendocrine control of energy balance. However, 
in human obesity, hyperleptinemia was associated with 
a reduction of bone formation biomarkers, especially 
osteocalcin (7). On the other hand, adiponectin 
seems to improve bone formation (8), promoting the 
proliferation, differentiation, and mineralization of 
osteoblastic cells (9). In addition, serum osteocalcin 
levels were significantly associated with plasma 
adiponectin levels and inversely related to leptin levels, 
in the presence of metabolic syndrome (10). 

The adiponectin/leptin ratio is associated as a better 
inflammatory biomarker of inflammation in metabolic 
syndrome patients than these adipokines analyzed in 
isolation (11). However, the relationship between the 
adiponectin/leptin ratio and bone biomarkers, mostly 
considering its role in osteocalcin in obese adolescents, 
has yet to be explored. Moreover, considering obesity to 
be a multifactorial disease, clinical strategies to promote 
weight loss, associated with physical exercise, nutrition 
and psychological interventions can be an interesting 
approach to promote weight loss and health benefits 
(12). In this way, the aim of the present investigation 
is to analyze the effects of interdisciplinary weight loss 
therapy on pro/anti-inflammatory adipokines and their 
role in bone turnover markers in obese adolescents. 

SUBJECTS AND METHODS
Population

For this study, it was involved 34 post-puberty obese 
adolescents of both genders, with age of 15-19 years. 
Inclusion criteria were Tanner stage five (13), primary 
obesity, body mass index BMI > 95th percentile of the 
CDC reference growth charts (14). Non-inclusion 
criteria were the use of birth control pills, cortisone, 
anti-epileptic drugs, history of renal disease, alcohol 
intake, smoking and secondary obesity due endocrine 
disorders. There were no obese adolescents with 
diagnoses of ferritin alteration, autoimmune diseases 
and virus of Hepatitis A, B and C. 

The main reasons for dropping out (n = 4) in our 
study were financial and family problems, followed by 
school and job opportunities. No sex differences were 
observed in adherence rates. The study was conducted 

with the principles of the Declaration of Helsinki and 
was approved by the ethics committee on research 
at the Universidade Federal de São Paulo (Unifesp) 
(0135/04; 152.281), Clinical Trial: NCT01358773. 
All procedures were clear to those responsible for the 
volunteers and it was obtained consent for research. 
All evaluations were performed at two different times 
(baseline and after interdisciplinary intervention). 

Anthropometric measurements

Weight was measured by plethysmography scale 
(BODPOD equipment), where patients wore 
minimum clothing possible and height was measured 
using a stadiometer (Sanny – model ES 2030). After 
obtaining the data was calculated using the body mass 
index (BMI) by dividing the weight by height squared 
(kg/m²). Body composition, including body fat 
mass (percentage and kilograms) and body lean mass 
(percentage and kilograms), was obtained through air 
displacement pletismography (BODPOD).

Bone mineral density (BMD) and bone mineral 
content (BMC)

A whole-body DXA absorptiometry scan was 
performed per unit of bone densitometry to determine 
the whole-body of bone mineral density-BMD  
(g/cm²) and bone mineral content-BMC (grams) using 
a Lunar Prodigy Advance System (GE Healthcare). The 
whole-body scan required the subjects to be placed in 
a supine position with their arms and legs positioned 
according to the manufacturers’ specifications (15). 
Quality control was performed daily using a phantom, 
and measurements were maintained within the 
manufactures standards of ≤ 1%. In order to obtain 
statistically precise measurements, 68% of the exams 
were repeated within a coefficient of variation of 1DP 
(± 0.010 g/cm³ for total body size).

Serum analysis

Blood samples were collected at the outpatient clinic 
at approximately 8:00 A.M. after an overnight fast (12 
hours). The adipokines concentrations (adiponectin, 
leptin and interleukin-15) were measured using a 
commercially available multiplex assay (EMD Millipore: 
HMHMAG-34K; HCYTOMAG-60K). Manufacture-
supplied controls were included to measure assay 
variation and all samples were analyzed on the same day 
to minimize day-to-day variation. A minimum of 100 
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beads were collected for each analyzed using a Luminex 
MagPix System (Austin, Texas), which was calibrated 
and verified prior to sample analysis. Unknown sample 
values were calculated offline using Milliplex Analyst 
Software (EMD Millipore) (16). Serum osteocalcin and 
Beta CTx-collagen levels were obtained using the ECLIA 
(Electrochemiluminescent immune Assay). For the leptin 
hormone, the following values were adopted: males, 
between 1 and 20 ng/mL and females, between 4.9 and 
24 ng/mL previously described by Gutin and cols. (17). 

Visceral and subcutaneous adiposity measurements 

The abdominal ultrasonography procedures and the 
measurements of visceral and subcutaneous fat tissue 
and fatty liver were performed by the same physician, 
who was blinded to the subject assignment groups at 
the baseline time-point and following 1 year therapy. 
This physician was a specialist in imaging diagnostics. A 
3.5-MHz multifrequency transducer (broad band) was 
used to reduce the risk of misclassification. The intra-
examination coefficient of the variation for ultrasound 
(US) was 0.8%. US measurements of intra-abdominal 
(visceral) and subcutaneous fat were obtained. US 
determined subcutaneous fat was defined as the 
distance between the skin and external face of the rectus 
abdominal muscle, and visceral fat was defined as the 
distance between the internal face of the same muscle 
and the anterior wall of the aorta. The cut-off points 
for the definition of visceral obesity by ultrasonography 
were based on the previous methodological descriptions 
made by Ribeiro-Filho and cols. (18). 

Descriptive methodology of interdisciplinary weight 
loss therapy

All sessions were conducted by an interdisciplinary group 
of health professionals. Three times of week during 
two hours per day not consecutive, the adolescents 
participated of supervised therapy in physical exercise, 
nutrition and psychological attendances during one 
year. Once each month the adolescents were followed 
by an endocrinologist (Figure 1).

Clinical intervention

All obese adolescents visited the endocrinologist with 
their parents once each month. In all of these visits, the 
entire GEO team (Study Group of Obesity) was also 
present. The doctor monitored and evaluated all clinical 
exams of adolescents and treated health problems 

during therapy. The medical follow-up included the 
initial medical history and a physical examination of 
blood pressure, cardiac frequency and body mass, and 
the adolescents were checked for their adherence to all 
interdisciplinary therapies. The team discussed with the 
adolescents and their parents some possible changes in 
lifestyle to promote their health (Figure 1).

Physical exercise intervention: aerobic plus 
resistance training (AT + RT) 

During the 1-year therapy period, the adolescents 
followed a combined exercise training therapy. The 
protocol was performed three times per week for 1 
year and included 30 min of aerobic training plus 30 
min of resistance training per session. The subjects 
were instructed to reverse the order of the exercises 
(aerobic and resistance) at each training session. The 
aerobic training consisted of running on a motor-
driven treadmill (Life Fitness – model TR 9700HR) or 
bicycle at a cardiac frequency intensity representing the 
ventilatory threshold I (±4 bpm), which was determined 
by the results of an initial oxygen uptake test for aerobic 
exercises (ergoespirometry). The exercise therapy was 
based on the guidelines from the American College of 
Sports Medicine (ACSM). Resistance training was also 
designed based on ACSM recommendations (19,20) 
(Figure 1).

Nutrition intervention 

Energy intake was set at the levels recommended by 
the dietary reference intake for subjects with low levels 
of physical activity and of the same age and gender 
following a balanced diet (21). No pharmacotherapies 
or antioxidants were recommended. Once a week, 
adolescents had dietetics lessons educating participants 
on the food pyramid, diet record assessment, weight 
loss diets and fad diets, food labels, dietetics, fat-
free and low-calorie foods and other related topics. 
Monthly, they had individual consultations (Figure 1).

Physiotherapy intervention

The adolescents were accompanied by a physiotherapist 
during the therapy, in order to prevent musculoskeletal 
injuries. Once a week, the volunteers had lessons 
regarding such topics as the postural orientation, 
prevention of musculoskeletal injuries, diaphragmatic 
breathing, hydrotherapy, isostretching, and balance.
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Figure 1. Descriptive methodology of study. 

Psychological intervention 

Psychological therapy treatment plans were established 
on the basis of validated questionnaires that considered 
some of the psychological problems caused by obesity, 
as described in the literature. These include depression, 
eating disorders, anxiety, decreased self-esteem and 
body image disorders. Interdisciplinary therapy 
consisted of a weekly 1h group session. Individualized 
psychological therapy was recommended when it was 
necessary according psychological assessment (Figure 1).

Statistical analysis

Statistical analysis was performed using the program 
STATISTICA version 7.0 for Windows Vista. The 
adopted significant value was α ≤ 5%. Data normality 
was verified with the Shapiro Wilk test. Parametric data 

were expressed as mean ± SD, and non-parametric data 
were expressed as median, minimum and maximum 
values. The effects of interdisciplinary therapy during 1 
year were analyzed by t test dependent by samples. For 
the non-parametric data the Wilcoxon test was applied. 
Correlations were established through the Pearson test 
for parametric data and Spearman for nonparametric 
data. Finally, it was verified the dependencies of 
variables by simple linear regression. The correlations 
and regression test were analyzed with baseline and 
final values. 

RESULTS

The present study was composed by 34 obese 
adolescents: 18 girls (11 ± 1age of menarche) and 16 
boys with 16 ± 1 years old, primary obesity (diagnosis 
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of obesity around 10 ± 3 years old), body mass 94.5 ± 
15.45 (kg) and body mass index 33.21 ± 3 (kg/m²). 

Effects of interdisciplinary weight loss therapy

One year of interdisciplinary weight loss therapy 
demonstrated significantly reduction in body mass (kg), 
BMI (kg/m²), body fat mass (kg and %), visceral fat 
(cm), subcutaneous fat (cm) and visceral/subcutaneous 
ratio. Increases in the values of body lean mass (%), bone 
mineral content (g), adiponectin (µg/L), adiponectin/
leptin ratio, and interleukin-15 (IL-15) (pg/mL) were 
observed (Tables 1 and 2).

Correlations analysis

Baseline values 

Negative correlations were showed between bone mineral 
content (g) with body fat mass (%), visceral fat (cm) with 
adiponectin (ng/mL) and Beta CTX-collagen (ng/ml) 
with adiponectin (ng/mL). Positive correlations were 

demonstrated between bone mineral content (g) with 
body lean mass (% and kg), visceral fat (cm) with body 
mass index (kg/m²) and body fat mass (kg), leptin (ng/
mL) with body mass index (kg/m²) and body fat mass 
(kg) (Table 3).

Final values 

Negative correlations were showed between bone 
mineral content (g) with body fat mass (%); osteocalcin 
(ng/mL) with leptin (ng/mL); and adiponectin/leptin 
ratio with subcutaneous fat (cm). Positive correlations 
were demonstrated between bone mineral content (g) 
with body lean mass (% and kg) (Table 3). 

Regression analysis

As shown in the Figure 2 leptin (β -0.41; p = 0.04), 
adiponectin/leptin ratio (β 0.79; p < 0.001), body fat mass 
(β -0.66; p < 0.001) and body lean mass (β 0.66; p < 0.001) 
were predictors for changes in osteocalcin concentration. 

Table 1. Effects of interdisciplinary weight loss therapy in body composition of obese adolescents

Variables Baseline 1 year p value Δ value

Body mass (kg) 94.50 ± 15.45 88.70 ± 14.62* < 0.001 -5.27 ± 4.5

Height (m) 1.68 ± 0.10 1.69 ± 0.12 0.60 0 ± 0.002

Body mass index (kg/m²) 33.21 ± 3.09 31.52 ± 3.19* < 0.001 -1.90 ± 1.61

Body fat mass (%) 40.40 ± 6.50 37.35 ± 7.03* < 0.001 -3.31 ± 2.98

Body fat mass (kg) 38.19 ± 8.75 33.17 ± 8.32* < 0.001 -4.98 ± 4.22

Body lean mass (%) 59.60 ± 6.50 62.65 ± 7.03* < 0.001 3.32 ± 2.98

Body lean mass (kg) 56.38 ± 10.89 57.55 ± 10.84 0.36 1.17 ± 2.00

Bone mineral density (g/cm²) 1.25 ± 0.08 1.26 ± 0.08 0.82 0 ± 0.02

Bone mineral content (g) 3192.21 ± 465.89 3338.12 ± 547.06* < 0.001 140.34 ± 121.74

Visceral fat (cm) 4.46 ± 1.34 3.69 ± 1.20* < 0.001 -0.66 ± 0.87

Subcutaneous fat (cm) 3.66 ± 0.79 3.40 ± 0.84* 0.01 -0.44 ± 0.54

Visceral/subcutaneous ratio 1.27 ± 0.45 0.29 ± 1.46* 0.001 -0.91 ± 1.20

* Statistical difference p ≤ 0.05. Effects of therapy: comparison between baseline and 1 year of therapy.

Table 2. Effects of interdisciplinary weight loss therapy in bone turnover markers and inflammation biomarkers of obese adolescents

Variables Baseline 1 year p value Δ value

Beta-CTx collagen (ng/mL) 0.77 ± 0.46 0.64 ± 0.18 0.26 -0.16 ± 0.54

Osteocalcin (ng/ml) 30.3 (19/57.20) 34.60 (23.10/56.20) 0.28 3.60 (-7.2/43.3)

Adiponectin (µg/L) 1.9 ± 1.06 3.2 ± 1.2* < 0.001 1.3 ± 1.4

Leptin (ng/ml) 24.65 ± 13.12 24.66 ± 14.53 0.50 -1.16 ± 8.53

Adiponectin/leptin ratio 0.09 ± 0.06 0.17 ± 0.16* < 0.001 0.08 ± 0.13

IL-15 (pg/mL) 0.05 (0/1.23) 0.10 (0/1.28)* 0.04 0.06 (-0.98/0.81)

Beta-CTx collagen: C-terminal telopeptides of type I collagen; IL-15: interleukin-15.
* Statistical difference p ≤ 0.05. Effects of therapy: comparison between baseline and 1 year of therapy.
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Table 3. Correlations analysis

Variables r p value

Baselines values

Bone mineral content (g)

Body fat mass (%) -0.48 0.012

Body lean mass (%) 0.48 0.012

Body lean mass (kg) 0.56 0.003

Visceral fat (cm)

Body mass index (kg/m²) 0.64 0.0001

Body fat mass (kg) 0.61 0.001

Adiponectin (ng/mL) -0.47 0.013

Adiponectin (ng/mL)

Beta CTX-collagen (ng/mL) -0.45 0.03

Leptin (ng/mL)

Body mass index (kg/m²) 0.50 0.009

Body fat mass (kg) 0.46 0.016

Final values

Bone mineral content (g)

Body fat mass (%) -0.47 0.037

Body lean mass (%) 0.47 0.037

Body lean mass (kg) 0.51 0.020

Adiponectin/leptin (ng/mL)

Subcutaneous fat (cm) -0.53 0.01

Osteocalcin (ng/mL)

Leptin (ng/mL) -0.52 0.020

DISCUSSION

The first aim of the present investigation was to analyze 
the role of inflammatory biomarkers in bone turnover. 
The most important findings were the negative 
association with leptin concentration; and the positive 
correlation between the adiponectin/leptin ratio and 
osteocalcin. Therefore, we were able to confirm the 
hypothesis that pro/anti-inflammatory adipokine 
is a key mediator of bone turnover markers in obese 
adolescents.

According to our understanding, our group 
was the first to demonstrate the positive correlation 
between the adiponectin/leptin ratio and osteocalcin 
in obese adolescents, showing the beneficial effect 
of an improved adiponectin/leptin ratio on bone 
metabolism. Osteocalcin is a biomarker only secreted 
by osteoblasts, which enables the recognition of cell 
turnover in the skeletal system (7). Leptin concentration 
has an important influence on bone metabolism. In an 
experimental study leptin-deficient ob/ob and leptin-

resistant db/db showed increased osteocalcin levels 
(22), indicating that leptin is an inhibitor of osteoblastic 
bone formation. 

Corroborating with this data, we were able to show 
a negative correlation between leptin and osteocalcin. 
In accordance, recently, investigations have shown that 
a reduction in leptin concentration correlated with an 
improvement of osteocalcin levels in obese adults (7). 
Additionally, weight loss promotes an increase in the 
adiponectin concentration, which plays an important 
role in bone mass. Another investigation showed that 
an increase in adiponectin concentration was associated 
with an improvement in the osteoblastic activity, 
suggesting an increase in osteocalcin concentration 
only in the experimental study. However, these 
authors suggest that adiponectin exerts an activity that 
increases bone mass by suppressing osteoclastogenesis 
and by activating osteoblastogenesis, indicating that 
adiponectin manipulation could be therapeutically 
beneficial for patients with osteopenia (8).

It is relevant to observed that, in our results a positive 
correlation was demonstrated between the adiponectin/
leptin ratio and osteocalcin in obese adolescents, 
considering the baseline values. Additionally, at the end 
of treatment an increase in the adiponectin/leptin ratio 
without significant statistical changes in osteocalcin was 
observed. However, it is important to note a discreet 
change in the osteocalcin concentration was observed in 
the median baseline values compared with the final value 
(increase of 12%). In this way, it is possible to suggest that 
a positive change in the adiponectin/leptin ratio could 
promote benefits in osteocalcin concentration in obese 
adolescents. Moreover, a previous study considered the 
adiponectin/leptin ratio to be a better inflammatory 
marker for the metabolic syndrome population. This 
ratio has high sensitivity and specificity for the diagnosis 
of metabolic syndrome (11). 

In fact, in the present study adiponectin was 
negatively correlated with visceral fat; and adiponectin/
leptin correlated negatively with subcutaneous fat. 
It is likely that the impaired actions of adiponectin 
are clinically important in obese patients because 
adiponectin is the most abundant adipocyte-derived 
hormone with established anti-inflammatory effect (1). 

Additionally, in the present investigation, it was 
found that both lean and body fat mass are predictors of 
osteocalcin. Concomitant to this, negative and positive 
correlations were observed between bone mineral 
content and body fat and lean body mass, respectively. 
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In a previous investigation, it was demonstrated that the 
serum level of total osteocalcin was positively associated 
with fat-free mass independent of age, fat mass, leptin, 
and other confounders in premenopausal women. 
The hypothesis suggested to explain this association 
is based on the fact that fat-free mass could indirectly 
reflect the mechanical load on the bone, which can 
further stimulate bone formation, whereas low skeletal 
muscle mass is considered a risk factor for low bone 
mineral density (23). Moreover, corroborating with 
our findings, an inverse association was observed 
between osteocalcin and body fat mass in men with 
type 2 diabetes and in the elderly population. It is 
suggested that body fat mass accumulation is closely 
linked to bone turnover. Adipocytes are responsible for 
secreting many pro/anti-inflammatory cytokines such 
as TNF-alpha, interleukin-6, interleukin-10, leptin and 

adiponectin, which are capable of modulating bone 
metabolism (24,25).

Notably, Beta-CTx collagen correlates negatively 
with adiponectin and positively with visceral fat. 
Adiponectin, an anti-inflammatory adipokine, could 
promote the acceleration of osteogenesis (26). Beta-
CTx collagen is the C-terminal telopeptide of type I 
collagen, the main component (approximately 90%) 
of the protein matrix of bone. Beta-CTx collagen is 
released into the bloodstream during bone resorption 
and is almost entirely excreted by the kidneys.  
Its quantification serves as a specific marker for the 
degradation of mature type I collagen from the  
bone (5). 

In addition, visceral fat promotes a secretion of 
many pro-inflammatory adipokines that are associated 
with an increase in the bone reabsorption and a decrease 

Figure 2. Simple linear regression established between osteocalcin (ng/mL) with: A) leptin (ng/mL); B) adiponectin/leptin ratio; C) body fat mass (%) and 
D) body lean mass (%).
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in bone formation (26). In this regard, our results 
showed that the pro-inflammatory profile present in 
obese adolescents is associated with an increase in Beta 
CTX-collagen and weight loss. A reduction in visceral 
fat, specifically, is associated with an increase in the 
adiponectin concentration and a reduction in the bone 
reabsorption biomarker as shown in the correlation 
analysis. 

The second objective was to analyze the effects of 
interdisciplinary weight loss treatments on pro/anti-
inflammatory adipokines and their role in bone turnover 
markers in obese adolescents. Therefore, another 
important finding from the present investigation 
is that weight loss therapy promotes a significant 
reduction in visceral fat (cm), subcutaneous fat (cm), 
visceral/subcutaneous ratio, total body fat mass and an 
increase in the lean body mass enhanced by nutritional 
counseling and physical exercise training. These results 
are important since it is well-established in the literature 
that fat deposition in the visceral compartment is related 
to the development of some diseases (1,27). 

In fact, visceral fat plays a pathological role, due to 
the secretion of certain pro-inflammatory adipokines 
also related to the deterioration of bone mass and is 
associated with development of many comorbidities, 
such as metabolic syndrome, dyslipidemia, and 
cardiovascular complications. A prior study showed 
that an increase of 1 cm in visceral fat was associated 
with a 1.97 fold (95% CI 1.06–3.66) in boys and 
2.08 fold (95% CI 1.38–3.13) in girls increased risk of 
developing nonalcoholic fatty liver disease (27). 

In addition to these results, an increase in the IL-15 
concentration after weight loss therapy was observed. 
IL-15 is considered an important fat mass regulator. 
In a prior investigation, a negative association between 
plasma IL-15 and fat mass was found, independent of 
the diagnosis of type 2 diabetes, which suggests that IL-
15 may be involved in the regulation of body fat mass 
(28). In experimental research, it was found that the 
administration of IL-15 seems to decrease circulating 
triglycerides by decreasing both the liver lipogenic 
rate and very-low-density lipoprotein (VLDL). 
Moreover, IL-15 decreases lipoprotein lipase activity 
and the lipogenic rate in adipose tissue. Experimental 
studies showed a significant decrease in the intestinal 
lipid absorption, which may in part explain the anti-
obesity effects of IL-15. Finally, it has been shown 
that lipoaspirate-derived human adipocytes treated 
with IL-15 inhibited pre-adipocyte differentiation.  

The mechanism of IL-15 signaling in adipocytes 
however, is currently unknown (29). Together, these 
findings suggest that IL-15 treatment could result in 
weight loss and decreased visceral fat, corroborating 
with the control of the inflammatory state related to 
obesity (30).

Corroborating with our findings, Brunelli and 
cols. (31), showed that 24 weeks of moderate-high-
intensity combined training (including aerobic and 
resistance exercises), in obese middle-aged men 
promotes an increase in the IL-15, concomitant with 
an improvement in the adiponectin concentration; and 
a decrease in the body fat. Also, it is suggested that the 
increase in the fat free mass and decreased body fat mass, 
may have contributed to the in IL-15 concentration in 
humans has a relevant anti-inflammatory function in  
the metabolic profile and may enhance energy 
expenditure to protect the body from obesity and type 
2 diabetes (32).

Additionally, an increase in adiponectin concentration 
and adiponectin/leptin ratio was observed after 
interdisciplinary weight loss therapy. Adiponectin is 
a potent anti-inflammatory adipokine that possesses 
multiple beneficial effects on obesity-related medical 
complications (33). It may also have anti-atherogenic 
and anti-inflammatory properties, and high levels of 
circulating adiponectin have been related to a lower risk 
of coronary heart disease (34). However, no statistical 
difference was observed in the leptin concentration, 
probably explained because at baseline the adolescents 
showed a normal leptin concentration as recommended 
for this population (22). Although, it is relevant to 
note that hyperleptinemia is consider an important 
condition that contribute to the pro-inflammatory state 
observed in obesity population, including adolescents, 
and associated with comorbidities development (35). 
Considering bone health, studies demonstrated a 
negatively association between leptin and bone turnover 
biomarkers, especially with osteocalcin (7,10,36,37). 

Another important result was the increase in BMC. 
This finding is possibly associated with improvement 
in the inflammatory profile, a reduction in visceral 
fat and the benefits of physical exercise intervention 
combined with other therapies realized by volunteers 
during the development of the study. It has been 
previously demonstrated that physical exercise can 
improve osteogenesis, which consequently increases 
bone mineral density and content (38). Moreover, 
resistance physical exercise at moderate intensity is 
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related to decreased bone resorption markers (39). 
We know that aerobic physical exercises are associated 
with weight loss, but the combination of two kinds 
of physical exercise in the same session (aerobic plus 
resistance training) could optimize weight loss with 
greater benefits such as improvement in bone turnover 
markers and lean body mass as previously shown (2,40) 
as well as in the present study. 

Finally, we showed that interdisciplinary weight loss 
therapy improves pro/anti-inflammatory profile and 
was related to bone turnover. Together, our results 
suggest the importance of controlling the inflammatory 
state and the effects on bone turnover markers related 
to obesity in adolescence. 

CONCLUSIONS AND FUTURES DIRECTIONS

In the present study, we were able to show that both 
leptin and adiponectin/leptin ratio were negatively 
and positively associated with osteocalcin, respectively, 
modulating bone turnover markers. Finally, the 
interdisciplinary weight loss treatments were seen to 
be effective at reducing body fat mass, visceral fat and 
at increasing lean body mass, bone mineral content, 
adiponectin and IL-15. Together, these results 
suggest that this kind of intervention is considered an 
interesting alternative to prevent and treat obesity and 
promote bone health. 
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Waist circumference is an effect 
modifier of the association 
between bone mineral density 
and glucose metabolism

Lygia N. Barroso1, Dayana R. Farias1, Marcia Soares-Mota2,  
Heloisa Bettiol3, Marco Antônio Barbieri3, Milton Cesar Foss3,  
Antônio Augusto M. da Silva4, Gilberto Kac1

ABSTRACT 
Objective: The role of bone markers on insulin resistance (IR) remains controversial. The objective of 
this study is to evaluate the association between bone mineral density (BMD) and glucose metabolism 
and investigate if visceral hyperadiposity, evaluated by waist circumference (WC), is an effect 
modifier of this association. Subjects and methods: Cross-sectional analysis with 468 young adults 
from the fourth follow-up of the 1978/79 Ribeirão Preto prospective birth cohort, Brazil. BMD, total 
osteocalcin (OC), fasting plasma glucose and insulin concentrations were assessed. IR, sensitivity 
(S) and secretion (β) were estimated by homeostasis model assessment (HOMA) indexes. Multiple 
linear regression models were constructed to estimate the association between BMD and glucose 
metabolism. Beta coefficient, R2 and p-values were provided. WC was tested as an effect modifier and 
OC as a confounder. The covariates were selected based on Direct Acyclic Graph. Results: Significant 
interaction between BMD (femoral neck and proximal femur areas) and WC on glucose metabolism 
was observed in the adjusted models. Subjects with increased WC presented a positive association 
between BMD and log HOMA1-IR while an inverse association was found in those with normal WC 
(femoral neck R2 = 0.17, p = 0.036; proximal femur R2 = 0.16, p = 0.086). BMD was negatively associated 
with log HOMA2-S in individuals with increased WC and positively in those with normal WC (femoral 
neck R2 = 0.16, p = 0.042; proximal femur R2 = 0.15, p = 0.097). No significant associations between 
BMD, log HOMA2-β and OC and glucose metabolism markers were observed. Conclusions: BMD 
was associated with glucose metabolism, independently of OC, and WC modifies this association. 
Arch Endocrinol Metab. 2018;62(3):285-95
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INTRODUCTION

Insulin resistance (IR) is characterized by a reduction of 
the action of the hormone in targets sites, such as muscle, 
adipose tissue and the liver, resulting in hyperglycemia. 
To maintain glucose homeostasis, the pancreas adapts 
through changes in the pancreatic β-cells, resulting 
in increased insulin secretion. However, exceeding 
the functional and adaptive capacity can result in the 
development of type 2 diabetes mellitus (DM2) (1).

Several factors, such as being overweight, age, sex, 
skin color and lifestyle (physical activity, smoking and 
alcohol intake) (2-8), may be involved in the etiology 
of IR. Visceral obesity, is associated with a chronic 
inflammatory response associated with the development 

of IR (1). In addition to these classic factors, a possible 
role of bone markers in IR was found in experimental 
models (9).

Bone mineral density (BMD) results of the 
remodeling process, i.e., complex process of bone 
reabsorption and formation, which include the 
participation of calcitropic hormones that act directly 
on osteoblasts, osteoclasts and osteocytes. Osteocalcin 
(OC) is a protein synthesized by osteoblasts during bone 
formation and therefore affected by the concentration 
of calcitropic hormones, such as calcitonin and the 
parathyroid hormone (10). The visceral adipose tissue is 
associated with the genesis of osteoclasts and therefore 
with increased bone reabsorption (11). Thus, this 
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tissue can affect bone turnover and the concentration 
of bone turnover markers, such as OC, which seems to 
be inversely associated with body fat in Chinese men 
(12). Recent investigations have studied the effects of 
bone turnover markers in glucose metabolism, adding 
evidence of the existence of a possible bone-pancreas 
endocrine axis (9,13). OC seems to be positively 
associated with proliferation of pancreatic β-cells, insulin 
secretion and sensitivity and inversely associated with IR 
in experimental models. In humans, these associations 
remains controversial in the literature (9,14,15). 

The association between bone and glucose 
metabolism is not well defined and few studies have 
sought to study BMD in this context. We expect an 
inverse association between BMD and IR in young 
adults without visceral hyperadiposity, which also 
appear to have a higher concentration of OC (12), 
and tested if this is dependent of OC. In individuals 
with increased waist circumference (WC), we suspect 
that this association can be modified due to changes in 
bone metabolism. So we considered WC as a modifying 
effect on the association between bone and glucose 
metabolism.

The objective of this study was to evaluate if BMD 
predicts alterations in glucose metabolism, and assess 
the potential role of OC in this association. In addition, 
the relationship between OC and WC was tested in our 
sample. 

SUBJECTS AND METHODS
Study design and participants 

This cross-sectional study was developed with data 
collected in the fourth phase of the prospective cohort 
study of individuals born in Ribeirão Preto from the 
1st of June 1978 to the 31st of May, 1979. At baseline, 
information was obtained from 9,067 live newborns 
delivered in the maternity hospitals of Ribeirão Preto. 
Infants born to mothers who did not reside in the 
municipality (n = 2,094) and twins (n = 146) were 
excluded from the original study. The initial sample 
comprised 6,827 infants born to mothers residing in 
Ribeirão Preto.  

In 2002, when the fourth cohort follow-up was 
conducted, 5,665 young adults between 23 and 25 
years of age were identified as living in the city. Ribeirão 
Preto consists of 4 geo-economic regions. A sub sample 
was created from the original study, of which one of 

three individuals who lived in the same geo-economic 
area were invited to participate in this phase of the 
study, resulting in a total of 2,063 young adults. 

Of the 2,063 individuals included in the fourth 
phase of the cohort, 513 agreed to undergo the BMD 
evaluation. Seventeen subjects were excluded due to 
the presence of a condition that would interfere with 
the clinical assessment or measures of bone metabolism 
(i.e., type 1 diabetes, asthmatics using corticosteroids, 
amaurosis, anorexia nervosa, scoliosis, urolithiasis and 
stroke). Additionally, 28 subjects were lost due to 
missing data or because their total OC and markers 
of glucose metabolism (fasting glucose and insulin) 
were not measured. The final sample of the present 
study comprised 468 individuals (females = 235) who 
underwent BMD, OC and HOMA [(homeostasis 
model assessment (HOMA), IR, insulin sensitivity (S), 
and β-cell function (β)] evaluations. More detailed 
information about this cohort can be obtained from 
previous publication (16).

Measurements

A 40-mL blood sample was collected after 12-hour 
fasting period. All laboratory tests (fasting insulin and 
glucose and OC) were analyzed at the time of data 
collection. Fasting glucose and insulin were determined 
using commercial kits by GOD/PAP human diagnostic 
colorimetric enzymatic method (Chronolab AG, 
Zug, Switzerland) and radioimmunoassay (Insulin 
kit, DPC, Los Angeles, CA, USA), respectively. OC 
was determined using an immunoradiometric method 
(DSL-7600, IRMA, Webster, TX, USA).

IR was estimated using the original HOMA1-IR, 
calculated according to the formula: fasting plasma 
glucose (mmol/L) x fasting plasma insulin (µU/
mL)/22.5. To estimate insulin sensitivity (HOMA2-S) 
and secretion (HOMA2-β), we used the HOMA 
computer model (HOMA2 model), available from 
https://www.dtu.ox.ac.uk/homacalculator/. 

BMD (g/cm2) were obtained by dual-energy X-ray 
absorptiometry (DXA) using Hologic QDR-4500 
(Waltham, MA, USA) equipment. Measurements of 
absolute precision error (and the percentage coefficient 
of variation) for BMD were 0.007 g/cm2 (0.66%), 
0.015 g/cm2 (1.77%) and 0.007 g/cm2 (0.70%) for 
the three evaluated anatomic areas: the lumbar spine, 
femoral neck and total proximal femur, respectively. 
The phantom coefficient of variation throughout the 
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study was 0.38%. A standardized technician performed 
the quality control and all measurements. The analysis 
was performed in the nuclear medicine laboratory of 
the Clinics Hospital, Faculty of Medicine of Ribeirão 
Preto, University of São Paulo, Brazil. 

The following socio-demographic and lifestyle 
variables were obtained through structured 
questionnaires: sex (male; female), age (23-25), self-
classified skin color (white; mulatto/black/yellow), 
schooling (≤ 8; 9-11 and ≥ 12 years of study) and 
smoking (smokers; non-smokers). 

Physical activity was measured using the short version 
of the International Physical Activity Questionnaire 
(IPAQ), validated for the Brazilian population, and 
categorized as low, moderate, or high activity (17). 

Caloric intake (kcal/day) was estimated based on an 
adaptation of a validated food frequency questionnaire 
(FFQ) (18). The software Dietsys version 4.0 was used 
(National Cancer Institute, Bethesda, MD, USA). 
Alcohol consumption was estimated based on the FFQ, 
expressed as a percentage of total dietary energy per day.

Adult weight and height were obtained using 
standardized techniques. A mechanical scale (Filizola, 
São Paulo, Brazil) with an accuracy of 100 g and a 
freestanding wood stadiometer (University of São 
Paulo, Ribeirão Preto, Brazil) with an accuracy of 0.1 
cm were used. Body mass index (BMI) was categorized 
as < 25 (underweight or normal weight), 25 to 29.9 
(overweight) and ≥ 30 kg/m2 (obesity) (19).

Waist circumference (WC) was measured by a 
D-loop non-stretch fiberglass tape as the smallest 
circumference between the ribs and the iliac crest while 
the subject stood with the abdomen relaxed at the end 
of a normal expiration. The individuals were classified 
as normal/increased WC (women: < 80 cm; ≥ 80 cm; 
men: < 94 cm; ≥ 94 cm) according to cutoff points 
of WC proposed by the World Health Organization 
(WHO) (20). 

Ethics 

This study was approved by the Research Ethics 
Committee of the Clinics Hospital, Faculty of Medicine 
of Ribeirão Preto, University of São Paulo, Brazil, in 
February 2000 (protocol no. 7606/99). 

Statistical analyses

The subject characteristics were described using means 
(standard deviation) and p-value refers to the Student’s 

t-test or median (interquartile range) and Mann-
Whitney U test. Categorical variables are expressed as 
absolute and relative frequency and compared by qui-
squared test.

The study outcomes were described using medians 
and interquartile ranges stratified by categories of 
potentially associated factors. Continuous variables 
were categorized into tertiles, and comparisons between 
categories were performed using Mann-Whitney U and 
Kruskal-Wallis tests. 

To evaluate the association between BMD and IR 
(HOMA1-IR), sensitivity (HOMA2-S) and secretion 
(HOMA2-β), multiple linear regression models were 
fitted for each outcome. For this analysis, HOMA1-IR, 
HOMA2-S and HOMA2-β were log-transformed.

WC was tested as an effect modifier in multiple 
linear regression models considering that inflammation 
associated with visceral adipose tissue can affect bone 
metabolism markers, which may explain the association 
between BMD and IR. We constructed linear prediction 
plots of the associations between each anatomic bone 
area (spinal, femoral neck and proximal femur) and the 
outcomes, stratified by WC cutoff points (normal/
increased), in order to interpret the interactions.

The covariates were selected for inclusion in the final 
model based on a directed acyclic graph [(DAG, www.
dagitty.net), Figure S1]. A DAG is a graphic model in 
which potential confounding factors that can distort the 
causal inference process can be identified and included 
as covariates in adjusted models (21). DAGs can make 
more explicit the relationship between exposure and 
outcome and help avoid inappropriate adjustments. 

OC concentration was included in the models as 
a confounder because of its association with both the 
exposure and the outcome. We tested whether the 
association between BMD and glucose metabolism is 
dependent of OC or if there is an independent pathway 
linking BMD and IR. The relationship between OC and 
WC was tested by Pearson correlation test, stratified by sex.

In the analysis, associations with p-value < 0.05 
were considered significant, except in the evaluation of 
interactions, in which a p-value < 0.1 was considered 
significant (22). The regression analysis provided a 
beta coefficient, the co-variable for the p-value, the R2 
(variation explained by the models) for each model, and 
the p-value of all the multiple models. All analyses were 
performed using Stata Data Analysis and Statistical 
Software (STATA) version 12.0, 2011, College Station, 
TX (StataCorp LP). 
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Figure S1. Causal diagram of the association between BMD and IR. Minimal sufficient adjustment sets for estimating the total effect of BMD and IR, 
suggested by DAG – age, alcohol consumption, osteocalcin, physical activity, sex, skin color and smoking. Colors of variables: green – exposure; blue – 
outcome; red – co variables.

RESULTS

We evaluated 468 (233 men and 235 women) adults. 
The study participants had a mean age of 23.5 (0.5) years 
and a mean BMI of 23.7 (4.2) kg/m². The majority 
of the sample was white (65%), presented normal WC 
(78%), had more than 8 years of schooling (88%), 
reported moderate or high physical activity (74%) and 
were non-smokers (85%). The mean calorie intake and 
alcohol consumption were 2,188.9 (713.4) kcal/day 
and 1.8% (2.3) of EI/day, respectively. The median 
(interquartile range) of IR, insulin sensitivity and β-cell 
function were 1.1 (0.7:1.7), 136.6 (92.7:217.9) and 
98.1 (73.7:132.4), respectively. Men presented higher 
IR and lower insulin secretion compared to women (p 
< 0.05). The mean OC concentration was 12.6 (5.1) 
ng/mL, and the BMD was 1.0 (0.1) g/cm2 for the 
spinal anatomic area, 0.9 (0.2) g/cm2 for the femoral 
neck and 1.0 (0.2) g/cm2 for the proximal femur. 

Higher mean of OC and BMD (spinal, femoral neck 
and proximal femur) were detected among men (p < 
0.001) (Table 1). 

A positive association between nutritional status 
markers (BMI and WC) and HOMA1-IR and 
HOMA2-β and an inverse association with HOMA2-S 
was found (p < 0.001 for all). Individuals who reported 
low physical activity had higher median HOMA1-IR  
(p = 0.007) and HOMA2-β values (p < 0.001) and 
lower HOMA2-S values (p = 0.002) than those 
reporting moderate or high levels of physical activity. 
The median HOMA1-IR and HOMA2-β levels differed 
between the sexes, i.e., men presented higher mean IR 
values (p = 0.016) and lower hormone secretion (p = 
0.024) than women. Subjects classified in the 1st tertile 
of OC presented significantly higher median levels 
of HOMA2-β than those in the 2nd and 3rd tertiles  
(p = 0.018). The femoral neck and proximal femur 
BMD were inversely associated with insulin sensitivity 
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Table 1. Descriptive characteristics of a young adults sample, 2002-2004 Ribeirão Preto cohort, Brazil, fourth follow-up

Characteristics Total (n = 468) Men (n = 233) Women (n = 235) p-value1

Age (years) 23.5 (0.5) 23.5 (0.03) 23.5 (0.03) 0.312

BMI (kg/m2) 23.7 (4.2) 24.7 (0.27) 22.7 (0.26) < 0.001

WC (cm)2 0.025

Normal 363 (78.0) 180 (49.6) 183 (50.4) 

Increased 105 (22.0) 53 (50.5) 52 (49.5)

Skin color 0.070

White 304 (65.0) 142 (46.7) 162 (53.3)

Black/mullato/yellow 164 (35.0) 91 (55.5) 73 (44.5)

Schooling (years) 0.277

≤ 8 58 (12.0) 27 (46.5) 31 (53.5)

9-11 262 (56.0) 139 (53.0) 123 (47.0)

≥ 12 148 (32.0) 67 (45.3) 81 (54.7)

Energy intake (kcal/day) 2188.9 (713.4) 2415.9 (45.8) 1963.8 (42.6) < 0.001

Alcohol consumption (% of EI/day) 1.8 (2.3) 2.44 (0.16) 1.13 (0.12) < 0.001

Physical activity 0.002

Low 121 (26) 46 (38.0) 75 (62.0)

Moderate 200 (43) 99 (49.5) 101 (50.5)

High 147 (31) 88 (59.9) 59 (40.1)

Smoking 0.016

Yes 68 (85.0) 43 (63.2) 25 (36.8)

No 400 (15.0) 190 (47.5) 210 (52.5)

HOMA1-IR 1.1 (0.7;1.7) 1.26 (0.78;1.92) 1.1 (0.7;1.5) 0.016

HOMA2-S 136.6 (92.7;217.9) 131.5 (83.1;204.8) 140.2 (100;223.6) 0.104

HOMA2-β 98.1 (73.7;132.4) 92.4 (69.9;131) 104.3 (76.5;134.2) 0.024

Osteocalcin (ng/mL) 12.6 (5.1) 14.01 (0.33) 11.22 (0.31) < 0.001

BMD Spinal (g/cm2) 1.0 (0.1) 1.06 (0.00) 0.99 (0.00) < 0.001

BMD Femoral neck (g/cm2) 0.9 (0.2) 1.00 (0.01) 0.84 (0.00) < 0.001

BMD Proximal femur (g/cm2) 1.0 (0.2) 1.09 (0.01) 0.90 (0.00) < 0.001

Continuous variables are expressed as mean (standard deviation) and 1 p-value refers to the Student’s t-test or median (interquartile range) and Mann-Whitney U test. Categorical variables are 
expressed as absolute and relative frequency and compared by qui-squared test. 2 Categorized using World Health Organization cutoff points, normal WC: < 80 cm for women and < 94 cm for men; 
increased WC: ≥ 80 cm for women and ≥ 94 cm for men.
For EI variable, we had 1 exclusion due to high calorie value (> 6000 kcal/day). 
BMI: body mass index; WC: waist circumference; EI: energy intake; HOMA: homeostatic model assessment; HOMA1-IR: insulin resistance; HOMA2-S: insulin sensitivity; HOMA2-β: β-cell function 
(insulin secretion); BMD: bone mineral density.

(p = 0.036 and p = 0.002) and were positively associated 
with IR (p = 0.013 and p < 0.001) (Table 2). 

A significant inverse correlation between OC and 
WC was observed in men (r = -0.23, p = 0.002) and 
women (r = -0.15, p = 0.020) (data not shown). 

We found a significant interaction between BMD 
(femoral neck and proximal femur) and WC in the 
fully adjusted regression (p < 0.1). We observed 
a positive association between BMD and the log 
HOMA1-IR level in individuals with increased WC 
and an inverse association in those with normal 

WC (femoral neck R2 = 0.17, p=0.036; proximal 
femur R2 = 0.16, p = 0.086). BMD was negatively 
associated with the log HOMA2-S level in subjects 
with increased WC and positively associated in those 
with normal WC (femoral neck R2 = 0.16, p = 0.042; 
proximal femur R2 = 0.15, p = 0.097). We did not 
observe significant associations between BMD 
(spinal, femoral neck and proximal femur) and the 
log HOMA2-β level and OC and the log HOMA1-
IR, HOMA2-S and HOMA2-β levels (Table 3 and 
Figures 1 and 2). 
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Table 2. Distribution of insulin resistance (HOMA1-IR1), insulin sensitivity (HOMA2-S2) and β cell function (HOMA2-β2) in 468 young adults according to 
categories of selected variables, 2002-2004 Ribeirão Preto cohort, Brazil, fourth follow-up

n HOMA1–IR p1 HOMA2-S p1 HOMA2-β p1

BMI (kg/m2)

< 25 312 1.0 (0.6;1.4)a 157.9 (110.6;247.2)a 92.0 (70.2;122.2)a

≥ 25-29.9 116 1.4 (0.9;1.9)b 116.3 (84.9;170.1)b 108.9 (77.9;139.5)b

≥ 30 40 2.5 (1.5;3.3)c < 0.001 68.9 (50.3;100.0)c < 0.001 144.4 (109.8;182.0)c < 0.001

WC2

Normal 363 1.0 (0.6;1.5) 154.5 (108.0;242.7) 92.3 (70.5;122.0)

Increased 105 1.8 (1.1;3.2) < 0.001 88.9 (55.4;135.4) < 0.001 129.4 (95.0;165.5) < 0.001

Sex

Women 235 1.1 (0.7;1.5) 140.2 (100.0;224.8) 104.3 (76.5;134.2)

Men 233 1.3 (0.8-1.9) 0.016 131.5 (83.1;204.8) 0.105 92.4 (69.9;131.0) 0.024

Physical activity

Low 121 1.3 (0.9;2.0)a 118.5 (80.9;174.7)a 111.8 (88.5;147.5)a

Moderate 200 1.1 (0.7;1.6)b 136.7 (101.4;228.0)b 94.6 (72.8;126.3)b

High 147 1.0 (0.6;1.7)b 0.007 152.1 (93.9;262.4)b 0.002 87.5 (67.0;125.8)b < 0.001

Smoking

No 400 1.1 (0.7;1.7) 136.0 (95.0;217.9) 98.7 (73.7;131.3)

Yes 68 1.1 (0.7;1.9) 0.907 146.5 (82.5;214.1) 0.890 94.5 (69.9;147.9) 0.955

Skin color

White 304 1.1 (0.7;1.6) 141.1 (97.8;223.9) 95.1 (72.4;129.3)

Black/mullato/yellow 164 1.2 (0.8;2.0) 0.055 128.8 (81.2;194.3) 0.055 100.4 (74.9;141.5) 0.154

Schooling (years)

≤ 8 58 1.2 (0.7;2.0) 117.6 (77.2;208.6) 104.9 (76.4;135.8)

9-11 262 1.2 (0.7;1.7) 133.6 (90.2;211.9) 97.5 (72.9;131.7)

≥ 12 148 1.1 (0.7;1.6) 0.177 151.2 (100.7;221.6) 0.117 95.6 (73.8;132.5) 0.349

Alcohol consumption (% of EI/day)

1st and 2nd tertiles (0.0-2.1) 315 1.1 (0.7;1.7) 136.1 (93.9;217.5) 98.3 (74.8;134.0)

3rd tertile (2.2-12.1) 153 1.1 (0.7;1.7) 0.727 139.8 (89.6;218.4) 0.857 98.0 (69.1;130.2) 0.479

Energy intake (kcal/day)

1st and 2nd tertiles (851.1-2377.6) 313 1.1 (0.7;1.6) 141.3 (96.6;211.9) 98.9 (73.8;134.2)

3rd tertile (2394.1-4940.7) 154 1.3 (0.7;1.8) 0.221 125.7 (88.5;219.1) 0.363 96.5 (72.1;131.0) 0.602

Osteocalcin (ng/mL)

1st tertile (2.9-9.6) 151 1.2 (0.8;1.9) 131.8 (83.5;197.6) 106.6 (78.5;144.6)a

2nd tertile (9.8-14.3) 161 1.1 (0.7;1.6) 139.8 (99.7;219.1) 93.8 (72.9;130.2)b

3rdtertile (14.4-32.9) 156 1.1 (0.6;1.7) 0.174 151.1 (95.0;238.6) 0.110 93.4 (68.6;120.7)b 0.018

BMD Spinal (g/cm2)

1st and 2nd tertiles (0.7-1.1) 309 1.1 (0.7;1.6) 141.0 (97.2;224.3) 98.5 (73.1;130.2)

3rd tertile (1.1-1.4) 159 1.2 (0.7;1.8) 0.062 123.0 (85.4;200.0) 0.089 97.0 (74.5;134.6) 0.415

BMD Femoral neck (g/cm2)

1st and 2nd tertiles (0.5-1.0) 310 1.1 (0.7;1.6) 140.6 (99.4;229.5) 99.9 (73.7;130.9)

3rd tertile (1.0-1.5) 158 1.3 (0.8;1.9) 0.013 125.7 (80.9;197.2) 0.036 95.3 (73.7;135.8) 0.864

BMD Proximal femur (g/cm2)

1st and 2nd tertiles (0.6-1.0) 309 1.1 (0.7;1.5) 147.2 (100.0;229.5) 99.0 (73.7;129.3)

3rd tertile (1.0-1.5) 159 1.4 (0.9;2.3) < 0.001 115.7 (75.0;180.8) 0.002 96.3 (73.7;141.4) 0.447

1 p-value refers to Kruskall Wallis test and Mann-Whitney U test. Values with differing superscript letters (a, b, c) denote statistically significant differences across the categories.
2 Categorized using World Health Organization cutoff points, normal WC: < 80 cm for women and < 94 cm for men; increased WC: ≥ 80 cm for women and ≥ 94 cm for men.
Data are expressed as median (interquartile range). For EI variable, we had 1 exclusion due to high calorie value (> 6000 kcal/day). 
HOMA: homeostatic model assessment; HOMA1-IR: insulin resistance; HOMA2-S: insulin sensitivity; HOMA2-β: β-cell function (insulin secretion); BMI: body mass index; WC: waist circumference; 
EI: energy intake; BMD: bone mineral density.
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Figure 1. Scatter and linear prediction between BMD and Log HOMA1-IR according to WC in 468 young adults, 2002-2004 Ribeirão Preto, Brazil, fourth 
cross-sectional evaluation. A) Spinal BMD. B) Femoral neck BMD. C) Proximal femur BMD.  
HOMA1-IR: homeostatic model assessment – insulin resistance; WC: waist circumference; BMD: bone mineral density. 
Fitted values were predicted using linear regression models; WC was categorized using World Health Organization cutoff points, normal WC: < 80 cm for 
women and < 94 cm for men; increased WC: ≥ 80 cm for women and ≥ 94 cm for men.

Figure 2. Scatter and linear prediction between BMD and Log HOMA2-S according to WC in 468 young adults, 2002-2004 Ribeirão Preto, Brazil, fourth 
cross-sectional evaluation. A) Spinal BMD. B) Femoral neck BMD. C) Proximal femur BMD.
HOMA2-S: homeostatic model assessment – insulin sensitivity; WC: waist circumference; BMD: bone mineral density.
Fitted values were predicted using linear regression models; WC was categorized using World Health Organization cutoff points, normal WC: < 80 cm for 
women and < 94 cm for men; increased WC: ≥ 80 cm for women and ≥ 94 cm for men.

DISCUSSION

The present study has three main results. First, we found 
that BMD predict alterations in glucose metabolism in 
young adults. Second, we observed that the direction of 
the association differed according to WC classification, 

i.e., adults with increased WC had a positive association 
between BMD and IR, while those with normal WC 
had an inverse association between these two markers. 
The association between BMD and insulin sensitivity 
occurred in the opposite direction, i.e., we observed 
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an inverse association in individuals with increased WC 
and a positive association in those with normal WC. 
Finally, we did not observe any significant association 
between OC and glucose metabolism in the adjusted 
models.

This study has some potential limitations. Although 
we used a large sample size from a birth cohort, only 
24.9% (n = 513/2,063) of the individuals evaluated in 
the fourth phase of the birth cohort follow-up consented 
to undergo DXA assessments, and after exclusions, the 
final sample comprised 468 subjects who had valid 
BMD measurements. In addition, although WC is a 
very practical and internationally used tool to evaluate 
the deposition of intra-abdominal fat, recommended by 
WHO (20), its use has as a limitation the fact that it does 
not separate visceral adipose tissue of the subcutaneous 
tissue. Moreover, it was not possible to use the WHO 
protocol to measure waist circumference (WC) in our 
study, because data collection occurred from 2002 to 
2004, while the WHO STEPS protocol was published 
in 2008 (23). Additionally, this study was based on 
a cross-sectional analysis, a study design that cannot 
determine whether the results are merely associations 
or if BMD exerts a causal effect on glucose metabolism 
in these young adults. Finally, although in experimental 
studies OC uncarboxilated has been reported to 
be the metabolically active form (9,13), we did not 
differentiate plasma OC by gamma-carboxylation 
status, and our assessment included all forms of OC. 
The strength of this study is the number of young 
adults evaluated by DXA, a very accurate procedure for 
measuring bone density. Moreover, in the multivariate 
analysis, we evaluated the inclusion of co-variables based 
on a DAG that allows for the minimization of bias in 
epidemiological studies. DAGs allows the identification 
of the minimum sufficient adjustment to estimate the 
total and direct effect of a certain exposure on the 
studied outcome (21). To the best of our knowledge, 
this is only the second study that has evaluated if BMD, 
assessed by a gold standard measure (DXA), predict 
alterations in glucose metabolism (IR, sensitivity and 
secretion) in young adults. 

This study provides new information about the 
association between bone and glucose metabolism. 
We found a significant association between BMD and 
IR and insulin sensitivity and a significant interaction 
between BMD and WC. A non-significant association 
between BMD and glucose metabolism (plasma glucose 
and serum insulin) has been found in the unadjusted 

model, which persisted after adjusting the analysis in 
155 healthy young adults (24). In that study, although 
fat mass was considered a confounder, the adipose tissue 
was not tested as an effect modifier in the association 
between bone and glucose metabolism (24), as done 
in our study. 

It is known that body fat, particularly visceral fat, may 
affect bone metabolism markers and BMD. Chronic 
low-grade inflammation associated with visceral fat 
is related to the genesis of osteoclasts, increased 
bone resorption and decreased OC concentration 
(11,12). Individuals with obesity present increased 
risk of fractures possibly associated with metabolic 
dysfunction that result in reduction of bone turnover 
and bone quality (25). Therefore, considering the 
effects of inflammation on bone turnover and mass, 
our conceptual framework considers that WC plays an 
important role in the association between BMD and 
IR. We have hypothesized that WC acts as an effect 
modifier and not as a confounder, and for this reason, 
this marker of visceral fat deposition was not included 
in the DAG that depicted the theoretical relationship 
between all involved variables. 

OC is one of the most studied bone biomarkers in 
the association with glucose metabolism. In the current 
study, it was observed an inverse correlation between 
OC and WC in a sample of predominantly white young 
adults of both sexes (data not shown). These results 
corroborates with the inverse relationship between OC 
and visceral fat area found in Chinese men (12) and an 
inverse relationship between OC and trunk fat in men 
with obesity (26). These findings suggest a negative 
effect of adipose tissue, especially visceral fat, on OC.

Despite this, we did not find a significant association 
between OC concentrations and HOMA1-IR or 
HOMA2-S in either the crude or adjusted analysis. 
Animal studies, however, have demonstrated the 
positive effect of OC on insulin secretion and the 
sensitivity and proliferation of pancreatic β-cells 
(9,27). To exert these effects, OC binds to its receptor 
GPCR6a in pancreatic β-cells and can also increase 
the expression of anti-inflammatory adipokines and 
reduce the secretion of pro-inflammatory cytokines 
(13). In humans, the findings remain controversial. 
In line with our results, 137 young adults (18.6 years) 
were evaluated and no association was found between 
OC and HOMA1-IR (28). In addition, other studies 
found no association between OC and HOMA1-
IR, HOMA2-β, QUICKI insulin sensitivity marker, 
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blood glucose and insulin in pre- and post-menopausal 
women (14,29). On the other hand, some studies 
have found an inverse association between OC and 
IR and a positive association between OC and insulin 
sensitivity and secretion (12,26,30). The differences 
between these studies and ours may be explained by 
the fact that we studied healthy young adults while the 
others studies investigated older people (approximately 
50 years of age) and/or individuals with obesity, which 
tend to have higher IR. Moreover, we also found 
methodological differences as most studies used only 
correlation statistical procedures (12,26), and only one 
study performed adjusted regression models like ours 
(30). Unlike our study, none of the published articles 
evaluated the selection of covariates with a DAG model. 
Finally, we expected that the addition of OC in the 
regression model could explain the association between 
BMD and IR, however, we observed that associations 
between bone and glucose metabolism is independent 
of this bone metabolism marker (because the inclusion 
of OC in the regression model did not affect the 
association between BMD and glucose metabolism). 

Some studies have demonstrated that osteoprotegerin 
(OPG), that promotes bone formation, appears to be 
increased in metabolic disorders, such as obesity (31), 
and in individuals with obesity was found a positive 
association between OPG and HOMA1-IR (32). 
In experimental study, OPG increased inflammation 
in adipose tissue (33). This association of OPG with 
inflammation may explain its association with IR. In 
addition to OPG, the amino terminal propeptide of 
procollagen type 1 (P1NP), a marker of bone formation 
as OC, was also positively associated with HOMA1-
IR in young women with overweight or obesity (15). 
In view of this, we suggest that further studies be 
performed to investigate the action of biomarkers other 
than OC, that may explain the positive association 
between BMD and HOMA1-IR observed in our study.

Individuals in the accrual phase present higher 
speed of bone mass gain, especially until reaching peak 
bone mass. Considering that in our study we found a 
positive effect of BMD on IR in young individuals with 
increased WC, it can be concluded that this is a critical 
phase of life, associated with increased metabolic risk. It 
is recognized that IR is involved in the pathophysiology 
of DM2, a global public health problem. The 
association between bone and IR suggests the existence 
of bone-pancreas axis. However, the exact mechanism 
that links bone mass and glucose metabolism is not 

fully understood, and this study sought to contribute 
evidence to clarify this relation. We believe that a 
better understanding of this association can contribute 
to improve IR. Corroborating this statement, other 
studies have been developed with the aim of modulating 
pharmacologically bone metabolism markers to 
improve glycemic control (34). Additionally, disorders 
associated with IR, such as obesity, seem related to 
reduced bone quality and formation and increased 
bone fracture risk (25). Thus, the investigation of the 
relationship between bone and glucose metabolism 
may not only contribute to the glycemic control but 
also to bone fragility prevention.

Moreover, as expected, we found that subjects with 
obesity and those with increased WC present higher IR 
and secretion and lower insulin sensitivity. Individuals 
with obesity were evaluated and it was identified that 
those with a higher percentage of lean mass also had 
higher insulin sensitivity and lower inflammatory status 
(35). Greater insulin secretion was found in individuals 
who have greater IR, which characterizes the pancreatic 
response in compensation of IR (1). 

It is known that the increased secretion of 
adiponectin and the positive effect of estrogen on 
glucose homeostasis contributes to the lower IR 
observed in women compared to men (6), as found 
in our results. In addition, we found that men had a 
higher mean BMI compared to women, which may also 
explain the higher rate of IR in this group. 

We conclude that BMD was associated with glucose 
metabolism and this association is independent of OC. 
We also found that the WC modifies the association 
between BMD and IR and sensitivity. These results 
indicate that bone may play a role in the metabolic profile 
of IR and obesity. However, further studies are needed 
to assess the direction of the association between BMD 
and IR and to test the possible mechanisms involved in 
this relationship.
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ABSTRACT
Objectives: The objectives of this study were to evaluate the following: 1) the accuracy of sentinel 
lymph node mapping (SLNM) in detecting metastasis in papillary thyroid carcinoma (PTC), and 2) if 
SLNM could modify the American Joint Committee on Cancer (AJCC) staging of previous cN0 PTC 
patients. Subjects and methods: Forty SLNM were performed prospectively in 38 consecutive cN0 
PTC patients, with total thyroidectomy and elective compartment neck dissection (CND). The results 
of SLNM were compared with CND pathological findings to verify the accuracy of sentinel SLNM. 
Results: The mean patients’ follow-up was 36 months. A total of 133 SLN were found at levels VI, II, 
III and IV. The SLN was identified in 95% of the patients with one false negative, 95% sensitivity, a 94% 
negative predictive value and 97% accuracy. The SLNM upstaging from cN0 to pN+ was 49%, and to 
stages III and IVa, it was 21%. Conclusions: For this series of cN0 PTC patients: 1) SLNM accuracy was 
97%, and 2) SLNM upstaging from cN0 to pN+ was 49%, whereas to stages III and IVa, it was 21%. Arch 
Endocrinol Metab. 2018;62(3):296-302
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INTRODUCTION

P apillary thyroid carcinoma (PTC) is the most 
common endocrine neoplasm and has shown 

a global increase in its prevalence in the past three 
decades (1). The incidence of lymphatic metastasis 
in PTC at initial diagnosis varies from 30% to 90% in 
different reports (2,3), and they are more commonly 
found in the central compartment. However, most 
lymph nodes harbor micrometastasis, which is not 
detectable clinically or radiologically. A controversy  
exists in the literature regarding the necessity of elective 
or prophylactic central compartment neck dissection 
(CND) in patients classified as cN0 (neck clinically 
without metastasis) PTC, according to the American 
Joint Committee on Cancer (AJCC) (4,5). Uncertainty 
about the real impact of this metastasis in the prognosis 
is one of the reasons for this controversy. In addition, 
an increased risk of postoperative complications is 
related to elective CND, such as hypoparathyroidism 
(3). Therefore, a less invasive method, such as sentinel 
lymph node mapping (SLNM), may be used to evaluate 

the true pathologic status of clinically normal lymph 
nodes in these patients.

SLNM has been widely used in patients with 
cutaneous melanoma, breast cancer and other malignant 
solid neoplasms, to stage them and to indicate lymph 
node dissection only in cases with histologically proven 
metastasis. The SLNM has the potential of avoiding 
CND and its risks to the neck with no metastasis 
(pN0). Even with no previous indication of elective 
CND, SLNM can be used to stage the neck and to 
suggest further treatment with radioiodine therapy 
if the clinical team considers this to be necessary. 
SLNM has potential advantages when compared with 
elective CND: It helps one to avoid the morbidity of 
CND in negative necks and to better stage the lateral 
compartment when lateral drainage is present.

The objectives of this study were to verify the 
accuracy of SLNM in detecting occult neck lymph 
node metastasis in PTC, and to evaluate if the SLNM 
could modify the stage grouping of patients with 
PTC cN0.
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SUBJECTS AND METHODS

After institutional review board approval and written 
informed consent were obtained, 38 consecutive 
patients with thyroid nodes were evaluated 
prospectively. Two of them had bilateral thyroid nodes, 
so were performed a total of 40 SLNM. The inclusion 
criteria were as follows: fine needle aspiration (FNA) 
cytology classified as Bethesda V or VI, clinically 
N0, evaluated with ultrasonography, at Mario Gatti 
Hospital in Campinas, Brazil, between 2010 and 2015. 
The exclusion criteria were as follows: 1) previous 
neck surgery or radiotherapy, 2) final histopathological 
exams without thyroid neoplasm confirmation and 3) 
patients without radioisotope lymphatic drainage.

All 38 patients underwent the preoperative 
ultrasound-guided intratumoral injection of a 
radioisotope (99mTc-phytate). In 23% of procedures 
(9/40 procedures), the injection was given the evening 
before surgery, and the other 77% of procedures were 
injected in the operating room. The volume of the 
isotope injected ranged from 0.02 to 0.10 ml, with 
higher activity for those injected the evening before 
surgery (400 to 1200 microCi).

Total thyroidectomy was performed before the 
SLNM in all cases to eliminate shine through effect 
and to facilitate SLN identification. Following total 
thyroidectomy, the radio guided SLNM was performed 
following the standard technique adopted for 
melanoma. The central and lateral compartments were 
scanned bilaterally with gamma probe Neoprobe 2000® 
(Neoprobe Corporation, Cincinnati, OH, USA); a 
collimator was used to obtain a little thickness (7.5 
mm) of the detection center. The contralateral side was 
used to quantify the background (BG) radioactivity. 
Next, nodes with three times or more radioactivity than 
the BG were located and removed. Other nodes were 
removed if they reached 10% of the hottest SLN count 
(10% rule) (6). The average time course of mapping 
was 24.5 minutes, with the time range stretching from 
six to 50 minutes. 

After the completion of SLNM, elective conventional 
CND was performed. 

The final histopathological report of the SLN was 
compared with the final pathology report of the specimen 
of the CND, to verify if SLNM was able to detect occult 
neck lymph node metastasis in cases with PTC. 

The SLN analysis was conducted through serial 
sections in paraffin blocks and hematoxylin and eosin 

staining. After this analysis, patients were classified as 
the TNM system from the AJCC (5).

To verify the effectiveness of SLNM in detecting 
lymphatic metastasis in PTC, the indexes used to 
evaluate the diagnostic tests were calculated: quantity 
of false negatives and positives, sensitivity, specificity, 
accuracy, and positive and negative predictive values. 
The statistical power was calculated using program 
G*Power 3.0.10, 2008, Universitat Kiel, Germany.  

For a comparison between the averages of two 
parametric sample populations, Student’s t-test was 
used (7,8), and for a comparison of the frequency, the 
Fisher’s exact test (9,10) with IBM SPSS® Statistics 
19.0.0, 2010; Illinois, USA, was employed. Statistical 
significance was defined as p ≤ 0.05.

RESULTS

A flowchart revealing the objectives and results is 
displayed in Figure 1.

PTC: papillary thyroid carcinoma.

Figure 1. Flowchart summarizing the casuistic, objectives and results. 

Tc99 injection was performed in 38 patients; 
females were 90% (34/38) of them in a proportion of 
9:1. The mean age of the casuistic was 44 ± 15 years 
(range: 20 – 76 years).

The FNA biopsy of 40 thyroid nodes revealed that 
72% (29/40) had malignant findings (Bethesda VI),  
and 28% (11/40) were suspicious for malignancy 
(Bethesda V). The histopathological final diagnosis 
confirmed papillary thyroid carcinoma in 95% (38/40) 
of biopsied thyroid nodes. The two cases without thyroid 
neoplasm were excluded for the metastasis analyses.

The primary tumor mean diameter was 14 ± 9 
mm (range: 3 - 43 mm). The 38 primary tumors were 
classified as pT1a: 42% (16/38), pT1b: 24% (9/38), 

40 injections

38 patients

38 with PTC 36 with PTC

Objective 1

4 procedures without drainage = 34 3 patients without drainage = 33

True positives + True negatives / 34 16 pacients cN0 with pN+ SLN

Accuracy 97%
(33/34)

Upstage 49%
(16/33)

Objective 2
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pT2: 8% (3/38), pT3: 24% (9/38) and pT4a: 2% 
(1/38).

In 4/40 (10%) of the SLN scintigraphy procedures, 
no Tc99 lymphatic drainage occurred, so it was not 
possible to localize the SLN. These four procedures 
were excluded. In addition, one patient presented no 
drainage at the left-side node but exhibited drainage 
from the right-side injection. Thus, we had a total of 36 
feasible SLNM in 35 patients. The mean size of these 
four tumors was 33 ± 9 mm compared with 11 ± 6 mm 
of the tumors with Tc99 drainage (Student’s t-test, p 
= 0.0001). The three largest tumors of the sample did 
not have any Tc99 drainage. Two of these four tumors 
without drainage presented positive CND and two 
negative without recurrence with 39 and 43 months 
of follow-up.

Considering the 36 procedures with radioisotope 
drainage, two SLNM did not present any lymphoid tissue 
at the histologic evaluation. Therefore, the SLN was 
properly identified in 34 of 36 (95%) procedures in which 
SLNM was feasible. Thus, 95% of SLNM were effective.

In 35/36 (97%) of the feasible SLNM, SLN was 
found in the central neck, and in 12/36 (33%), it was 
found in the lateral neck. One case revealed only a lateral 
SLN. In 4/36 (11%) of feasible mappings, SLN was at 
level II, 9/36 (25%) at level III and 2/36 (6%) at level IV.

The mean number of SLN identified in each procedure 
was 4 ± 2 nodes and at the central neck the mean number 
was 3 ± 2 lymph nodes (range: 1 to 8 nodes).

Considering cases with feasible SLNM and with 
confirmed PTC (34 procedures), 16/34 (47%) had a 
metastatic SLN in the central neck, and 4/12 (33%) 
of the SLNMs had drainage to the lateral neck. 
Considering procedures with positive SLN in the central 
neck, only 9/16 (56%) presented other positive nodes 
in the CND specimen, and 3/16 (19%) presented node 
metastases detected in the lateral compartment as well. 
One patient presented skip metastasis (positive lateral 
neck lymph node with no positive central compartment 
lymph node).

Surgical complications were as follows: vocal 
fold paralysis in 4/76 (5%) laryngeal nerves at risk, 
3/76 (4%) with temporary paralysis and 1/76 (1%) 
with definitive paralysis. All paralyses were unilateral. 
Transient hypoparathyroidism occurred in 3/38 
(8%) patients, and definitive hypoparathyroidism was 
observed in 1/38 patients (3%).

Resected parathyroid glands were detected at the 
final pathology report: only 9% (3/32) were found on 

SLNM specimens, whereas the other 91% were found 
on CND specimens. Thus, the risk of inadvertently 
resected parathyroid glands was 10 times higher in 
CND specimens compared with SLNM specimens.

The mean follow-up period was 36 ± 13 months (range: 
3 - 56 months). A minimum follow-up of 24 months was 
achieved in 83% (30/36) of the cases with PTC.

The specific disease survival was 100%, and the 
disease-free survival was 89 ± 11%. Only one patient 
developed recurrence in the contralateral neck after 46 
months.

SLNM accuracy

The comparison between the SLNM and the final 
pathologic classification of cervical lymph nodes is shown 
in Table 1. For these analyses, were excluded the two 
procedures without confirmed papillary carcinoma and 
the four SLNM without radioisotope lymphatic drainage.

Table 1. Comparison between sentinel lymph node mapping results with 
the final pathologic classification of cervical lymph nodes in patients 
treated for papillary thyroid carcinoma

pN status
SLN mapping pathologic status

Total
Positive** Negative**

pN positive 17 (94%) 1 (6%) 18 (100%)

pN negative 0 (0%) 16 (100%) 16 (100%)

Total 17 (50%) 17 (50%) 34 (100%)

SLN: sentinel lymph node; pN: pathological status of the cervical lymph nodes. 
** Fisher’s exact test: p = 0.0001.

The values used to evaluate the diagnostic tests were 
calculated to determine the diagnostic ability of the 
SNLM to detect neck node metastases in PTC (Table 2). 
The statistical power was 95%.

Table 2. Diagnostic test evaluation values of the sentinel lymph node 
mapping to detect lymph node metastasis of papillary thyroid carcinoma

Values

False positive 0 (0%)

False negative 1 (3%)

Sensitivity 94%

Specificity 100%

Predictive positive value 100%

Predictive negative value 94%

Accuracy 97%

The false-negative case revealed no lymphoid 
tissue in the histologic SLN specimen. However, 
microscopically positive metastatic nodes were detected 
in the CND pathology report (1/5). This case involved 
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a 42-year-old man, with a 10mm PTC macroscopically 
extended to the trachea, classified as T3N1aM0. He 
underwent radioiodine therapy and was followed for 
47 months. He presented recurrence at the lateral neck 
nodes 46 months after surgery and was treated via neck 
dissection.

To determine the density of the SLN positivity, the 
SLN positivity ratio (PR) was idealized and calculated 
by dividing the number of positive SLN by the total 
number of SLN. The PR was obtained for non-SLN 
too. The mean SLN PR (35 ± 7%) was higher compared 
with the non-SLN PR (16 ± 5%) (p = 0.031) (Figure 2).

A negative correlation was found between age and 
positive SLN number (Pearson’s correlation coefficient 
= -0.34, p = 0.039).

The postoperative TNM staging of the 36 patients 
with PTC was: stage I, 72% (26/36); stage II, 3% 
(1/36); stage III, 8% (3/36) and stage IVA, 17% 
(6/36).

DISCUSSION

PTC has a high frequency of occult lymph node 
metastases in various series (2), confirmed in the present 
series as 50%. Although still a subject of controversy, 
the prognostic value of lymph node metastases was 
revealed in some recent studies, and it has been taken 
into consideration for determining the AJCC’s TNM 
staging system, which designates the mortality risk, and 
the American Thyroid Association risk stratification, 
which states the recurrence risk (5,11,12). Therefore, 
there has been an increasing interest in determining 
the lymph node involvement in PTC to appropriately 
stage the patient, with the goal being to decrease the 
locoregional recurrence rate (12). Ultrasonography of 
the neck is considered the best method for staging the 
neck before surgery, but the sensitivity for detecting 
metastasis in level VI when the thyroid gland is still 
present is low, 35 to 50% (13,14). The most sensitive 
method for determining the presence of positive nodes 
in the central compartment in PTC cN0 is CND, 
which can be performed electively at the same time as 
thyroidectomy (15,16). Some meta-analysis indicated 
a higher recurrence-free survival rate in patients 
undergoing CND (17). However, a controversy exists in 
the literature regarding whether the elective CND must 
be indicated in all patients with PTC, due to increased 
complications, especially transient hypoparathyroidism. 
Moreover, not all PTC patients receive treatment from 
experienced surgeons, which is essential for reducing the 
complication rate. In fact, significant discrepancies can 
be found among the various evidence-based guidelines 
of the important societies of experts involved in the 
treatment of PTC. Some suggest elective CND only 
for advanced cases of PTC (T3 and T4), whereas others 
recommend it for all cases (11,18,19). In the present 
study, CND was performed in all patients after SLNM, 
to compare the SLN status with the remaining CND 
and to meticulously evaluate its accuracy.

In the present study, SLNM provided the same 
information for lymph node staging as CND did. Thus 

Figure 2. Comparison between the mean of sentinel lymph node positivity 
rate of papillary thyroid carcinoma metastasis (and 95% confidence 
interval) and the non-sentinel lymph node positivity rate (Student’s t-test, 
p = 0.031).

Upstaging after SLNM

For this analysis, we considered the number of patients 
instead of procedures. Of the 38 initial patients, the 
following were excluded: two without confirmed 
carcinoma and three without any radioisotope 
lymphatic drainage.

As all patients included in this study were classified 
as clinically N0, SLNM upstaging was 49% (16/33). 
Final pN classification, based only upon the SLNM, 
was as follows: 17/33 (52%) pN0; 12/33 (36%) pN1a 
and 4/33 (12%) pN1b. For CND specimens, the final 
N classifications were 50% (18/36) pN0 and 50% 
(14/36) pN1.

The mean age of the patients with a positive SLN 
was 38 ± 14 years compared with 49 ± 13 years for 
those with negative SLN (Student’s t-test, p = 0.015). 
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SLNM could adequately select patients who would 
benefit from CND. If the SLN was histologically 
negative, CND did not need to be performed. On the 
other hand, if the SLN was positive, the indication for 
the CND was no longer elective (or prophylactic) but 
rather therapeutic. This was an initial study whose aim 
was to compare the sentinel lymph node content with 
the histological examination of the neck dissection, 
the gold standard method for detecting the presence 
of neck metastasis, to establish SLNM feasibility in the 
neck. We will continue the study with an intraoperative 
frozen section investigation of the SLN. Thus, in the 
same operative procedure, we will be able to perform 
neck dissection only for patients with positive sentinel 
lymph node.

Immunohistochemistry could be used for a post-
operative micrometastasis search, although the impact 
of these micrometastases on the prognosis is not well 
established.

Some features of the central compartment of 
the neck can lead to greater technical difficulty for 
SLNM, such as the small sizes of the lymph nodes 
in the region (20), and the proximity of the site of 
radioisotope injection in the primary tumor. Therefore, 
the first procedure must be thyroidectomy, to reduce 
background radioactivity, thus preventing the so-called 
shine-through effect of the injection site, which could 
hide nearby lymph nodes.

Three meta-analyses (21-23) evaluated the SLNM 
technique for PTC. The vast majority of studies 
employed only blue dye to map the SLN. In the two 
largest and most recent meta-analyses, only six studies 
using the radioisotope were included (22,23). The 
injection site of the radioisotope, intra or peritumoral, 
did not have any influence on the SLN detection rate 
(23). All meta-analyses concluded that using only the 
blue dye would be less effective for detecting the SLN 
than the radioisotope, alone or in combination with 
the blue dye. The techniques using the radioisotope 
had higher detection rates (83% with the blue dye 
compared with 96 to 98% with the radioisotope) (21). 
In the present study with the use of the radioisotope, 
the SLN was detected in 94.5% of SLNM.

After radioisotope injection, 4/40 SLNM did 
not demonstrate any lymphatic drainage. These four 
patients had an average diameter of the primary tumor 
that was three times larger than that of those with 
lymphatic drainage. Therefore, although larger primary 
tumors usually have a higher risk of metastasis, in this 

series, they had a greater chance of drainage failure. It 
is possible that in some of these tumors, the lymphatic 
vessels were already blocked via neoplastic cell invasion, 
impairing the migration of the radioisotope. SLN 
drainage difficulty and the increased risk of false 
negatives have been reported when the SLNM is used 
for locally advanced tumors from other locations, such 
as oral cancer (24).

SLN accuracy

In 97% of the SLNM, the SLN was located in the 
central compartment and in lateral compartment in 
33%. In one case, drainage to the lateral compartment 
was found without concomitant drainage to the central 
compartment. Another patient had central and lateral 
drainage, but metastasis was confirmed only in the 
lateral SLN. Thus, another advantage of SLNM is to 
detect these unusual drainage patterns to the lateral 
compartment at the time of the initial treatment (skip 
metastases) (25). 

In half of the SLNM, proven SLN metastasis was 
discovered. Additional metastases to non-sentinel 
lymph nodes were found in 56% of CND specimens.

One false negative SLN (negative SLN with other 
positive lymph nodes in the central compartment) 
existed. In this patient, the hot SLN contained, in fact, 
only thymus fragments in the final pathology report. 
This was the only patient of the series who had lymph 
node recurrence on the contralateral lateral neck.

Sensitivity was 94.4% with a specificity of 100%, the 
positive predictive value was 100% and the negative 
predictive value of 94.1%. The accuracy of SLNM in 
detecting lymph node metastases in PTC was 97.1%. 
These results are comparable to the best data published 
in the literature, although few authors who reported 
the use of the radioisotope have been able to calculate 
the accuracy of the method, as the gold standard of pN 
status of the whole CND specimen was not available in 
all cases. In the meta-analysis of Balasubramanian and 
Harrison (22), which analyzed 24 studies, the SLNM 
accuracy was evaluated only in 15. Of these, however, 
13 used only the blue dye, and the SLNM sensitivity 
of this group was 91.6%, with 100% specificity, 95.8% 
accuracy and a false negative rate of 7.7%. Two meta-
analyses evaluated the use of the radioisotope, with or 
without blue dye, with a sensitivity of 67%, specificity 
of 100%, accuracy of 88% and false negative of 16%. 
Another study of 25 patients featured a sensitivity of 
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100%, specificity of 100%, accuracy of 100% and false 
negative of 0%. This variability of the accuracy can stem 
from the use of various techniques and the SLNM 
learning curve in thyroid surgery. In the present study, 
the team’s experience with the use of SLNM in other 
cancers, combined with experience in thyroid surgery, 
may have led to the good accuracy level.

In this series, frozen sections were not performed 
because, by protocol, all patients would be subjected 
to CND anyway. The authors plan to evaluate the 
efficacy of SLNM with frozen sections to determine the 
need for CND in the same surgery. In the literature, 
frozen sections present a false negative rate of 5-12% in 
detecting lymph node metastases in PTC (22). 

SLN’s positive ratio (PR) was higher (35%) than the 
non-SLN PR (16%) was, suggesting that the concept 
of SLN would apply to the PTC similarly as in other 
solid tumors. When metastasis is present, they would be 
more likely to be found in the SLN than in any other 
neck node.

Upstaging

The SLNM could improve thyroid cancer staging, as 
it had better sensitivity and accuracy compared with 
ultrasound. During the surgery, the accuracy of SLNM 
in detecting lymph node metastasis was the same as that 
of the CND, and it was better than surgeon-performed 
intraoperative palpation (22,26). The presence of 
positive SLN metastasis in the central compartment 
increased the cN0 patient’s staging to pN1a (39%). 
The SLNM was able to make the diagnosis of occult 
metastases in the lateral compartment, which is an 
advantage compared with elective CND, which 
evaluates only the central compartment, with the 
potential to increase the staging from cN0 to pN1b 
when the lateral SLN is positive (11%).

In the present study, if only CND had been 
analyzed, the lymph node upstaging would be 50%, 
similar to SLNM upstaging (49%). The CND staging, 
however, would be in the central compartment only 
(pN1a). Without SLNM, information on the lateral 
compartment would have been lost in this series in 
11% of the procedures. Thus, we considered that the 
SLNM was at least as effective as the CND was for 
properly staging the central neck, with the advantage of 
providing information about the lateral compartment.

In this series, it was not possible to assess the 
complications of the SLNM procedure because CND 

was performed in all patients. However, at least in 
theory, the main complication of CND, which is 
hypoparathyroidism, would be reduced in SLNM. In 
fact, only three out of a total of 32 (9.4%) parathyroid 
glands were removed accidentally via SLNM, whereas 
the other (90.6%) were removed in the CND specimen, 
a 9.6 times greater risk of resection in the CND versus 
SLNM.

This upstaging in the lymph node status could be 
particularly important in patients older than 45 years 
old. In this age group, the AJCC staging would be 
III or IV in the presence of metastases, maybe with a 
negative prognostic impact (27). In the present series, 
the upstaging to stage III or IV in this age group was 
observed in 21% of the cases. Interestingly, occult 
metastases to SLN were found more frequently among 
young patients; yet, in this age group, they do not 
affect the AJCC staging.

In conclusion, this study revealed that the SLN 
concept applies to PTC just as in other solid tumors. 
Larger tumors were less likely to have lymphatic 
drainage. The accuracy of SLNM in detecting cervical 
lymph node metastases in PTC was 97%. The sensitivity 
was 94.4%, with a specificity of 100%, a positive 
predictive value of 100% and a negative predictive 
value of 94.1%. SLNM upstaging from cN0 to pN+ 
PTC patients was 49%, and to AJCC stages III or IVa, 
upstaging made up 21% of the cases. The accuracy was 
comparable to CND but with the advantage of also 
staging the lateral neck compartment and theoretically 
with less risk of hypoparathyroidism than the CND.
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Estimated costs of hospitalization 
due to coronary artery 
disease attributable to familial 
hypercholesterolemia in the 
Brazilian public health system

Luciana R. Bahia1, Roger S. Rosa2, Raul D. Santos3, Denizar V. Araujo1 

ABSTRACT
Objective: Cardiovascular diseases are the leading cause of death in Brazil, imposing substantial 
economic burden on the health care system. Familial hypercholesterolemia (FH) is known to greatly 
increase the risk of premature coronary artery disease (CAD). This study aimed to estimate the 
economic impact of hospitalizations due to CAD attributable to FH in the Brazilian Unified Health 
Care System (SUS). Subjects and methods: Retrospective, cross-sectional study of data obtained 
from the Hospital Information System of the SUS (SIHSUS). We selected all adults (≥ 20 years of age) 
hospitalized from 2012 -2014 with primary diagnoses related to CAD (ICD-10 I20 to I25). Attributable 
risk methodology estimated the contribution of FH in the outcomes of interest, using international 
data for prevalence (0.4% and 0.73%) and relative risk for events (RR = 8.56). Results: Assuming 
an international prevalence of FH of 0.4% and 0.73%, of the 245,981 CAD admissions/year in Brazil, 
approximately 7,249 and 12,915, respectively, would be attributable to an underlying diagnosis   of 
FH. The total cost due to CAD per year, considering both sexes and all adults, was R$ 985,919,064, 
of which R$ 29,053,500 and R$ 51,764,175, respectively, were estimated to be attributable to FH. 
The average cost per FH-related CAD event was R$ 4,008. Conclusion: Based on estimated costs of 
hospitalization for CAD, we estimated that 2.9-5.3% are directed to FH patients. FH can require early 
specific therapies to lower risk in families. It is mandatory to determine the prevalence of FH and 
institute appropriate treatment to minimize the clinical and economic impact of this disease in Brazil. 
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INTRODUCTION

C ardiovascular diseases (CVDs) are the main cause 
of death in Brazil, with coronary artery disease 

(CAD) being the main cause among all CVDs (31%), 
followed by cerebrovascular disease (30%), and heart 
failure (18%). A significant reduction in the mortality 
associated with CVDs has been demonstrated over the 
last decade, possibly due to the control of some risk 
factors like smoking and greater access to health care. 
However, the mortality associated with other factors, 
such as obesity and diabetes, is still out of control or on 
the rise and is also influenced by population aging. In 
2012, CVD was responsible for approximately 940,000 
hospitalizations in the Brazilian Unified Health Care 
System (SUS) and, in relative terms, accounted for 
8.3% of all causes of hospitalizations and 18.6% of costs 
reimbursed.

The economic impact of CVDs in public and private 
health care systems has been the subject of some national 
studies (1-3). These costs are high due to requirements 
from patients with CVDs of hospitalization, diagnostic 
procedures and revascularization, medical follow-up, 
and chronic use of several medications. 

Familial hypercholesterolemia (FH) is a genetic 
disease that affects the lipoprotein metabolism with 
an autosomal dominant inheritance that is usually 
characterized by a two- to four-fold increase in blood 
low-density lipoprotein (LDL-c) concentration. FH 
is a serious disease that greatly increases the risk of 
premature CAD, accounting for 5-10% of coronary 
events occurring before the age of 50 years (4). In the 
absence of treatment, young FH carriers present a 90-
fold increased mortality rate (5).
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The diagnosis of FH is complex, and the exact 
prevalence of this disease is unclear in several 
populations, including the Brazilian one. The World 
Health Organization estimates about 10 million 
individuals with FH in the world; however, less than 
10% of these have a known diagnosis of FH, and less 
than 25% receive lipid-lowering treatment (6).

This study aimed to estimate the impact of FH 
on hospitalizations due to CAD using the population 
attributable risk methodology and cost data from the 
hospital admission system of the Brazilian SUS.

SUBJECTS AND METHODS 

This was a cross-sectional and descriptive study of 
secondary data related to hospital reimbursement 
obtained from the SUS database (DATASUS). The data 
sources studied were the abridged files of the Hospital 
Information System of the SUS (SIHSUS), which 
controls payments for services provided by hospitals 
(7). Data were obtained from the standard forms for 
hospital admission authorization (AIH), used by public 
managers for prospective payment based on diagnostic-
related groups (DRG), with some adaptations (8).

The number of hospitalizations is slightly greater than 
that of hospitalized individuals, since the same individual 
may be hospitalized more than once for the same reason 
during the considered period. Hospitalizations with a 
primary diagnosis (reason for hospitalization) related to 
CAD of possible atherosclerotic origin were identified 
from all hospitalizations of adults (≥ 20 years) in the SUS 
between 2012 and 2014. The selected international 
codes of diseases (ICD 10) were: I20 (angina pectoris), 
I21 (acute myocardial infarction), I24 (other acute 
ischemic heart diseases), I22 (recurrent myocardial 
infarction), I23 (certain complications following acute 
myocardial infarction), and I25 (chronic ischemic heart 
disease).

In order to stabilize annual fluctuations, we 
determined the average number of hospitalizations and 
hospital deaths in the triennium 2012-2014 by region 
of residence (North, Northeast, Southeast, South, and 
Central-West), sex, and age groups (20-44, 45-64, 65-
74, and 75 years or older). 

Costs are expressed in Brazilian reais (R$), which 
were converted to international dollar (Intl$) through 
a division by a correction factor (1.646) defined by 
the World Bank for the year 2013 (Purchasing Power 
Parity, PPP) (9).

Attributable fraction due to familial 
hypercholesterolemia

The attributable risk methodology has been widely 
used to overcome the problem generated by the 
absence or underestimation of information regarding 
the diagnosis to be studied. This method is based on 
the relative risk or odds ratio for a medical condition 
(hospitalization for CAD) according to the presence 
or absence of a particular health condition (FH) 
and combines risk or reason with estimates of the 
proportion of the population with the health condition 
(FH prevalence) to calculate an etiological fraction. 
The etiologic fraction calculated in this study estimated 
the proportion of hospitalizations for CAD that would 
be attributable to the presence of FH.

For calculation of the attributable fraction of the 
target group by sex and age group, the following 
formula was used (10): 

 RAPi = [ P x (RRi – 1) ] / [ P x (RRi – 1) + 1 ]

 where RAPi is the population attributable risk 
fraction for the medical condition “i” due to 
hypercholesterolemia, P represents the pre-
valence of FH, and RRi is the relative risk or 
odds ratio of the medical condition “i” for indi-
viduals with FH compared with those without 
the disease.

Prevalence of familial hypercholesterolemia and risk 
of coronary events

In the absence of national data on the prevalence of 
FH, we conducted a literature search and selected two 
population-based studies that estimated the prevalence 
of FH in the United States (unselected population 
of 36,949 individuals and prevalence of 0.4%, 95% 
confidence interval [95%CI] 0.32-0.48%) (11) and 
Denmark (unselected population of 69,106 individuals 
and prevalence of 0.73%) using the same diagnostic 
criteria (Dutch Lipid Clinic Network) (12,13). 
Considering that the prevalence of FH in Brazil is 
unknown and there is great racial and ethnic variability 
in the country, we opted to carry out the analyses based 
on the prevalence rates found in those two populations.

The source of relative risk estimation was obtained 
from a Danish general population study (The 
Copenhagen General Population Study) (14). In this 
study, the odds ratio adjusted for other risk factors for 
coronary events was 13.2 (95%CI 10.0-17.4) for the 
group with a definitive or probable diagnosis of FH. 
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For use in the attributable fraction formula, this value 
was converted into a relative risk of 8.56 (14).

RESULTS

Tables 1, 2, and 3 show the total number of 
hospitalizations for CAD and related costs in Brazil 
by sex, age group, and region of residence. Most 
hospitalizations (48%) occurred due to a diagnosis of 
angina (I20) in the age group between 45-74 years 

(76.3%) and in the Southeast region (47.8%). Men had 
more hospitalizations for all diagnosis of CAD than 
women (60.4% vs. 40.6%). 

Of the total of 246,981 hospitalizations per year 
in individuals aged 20 years or older, 7,249 to 12,915 
would be attributable to FH, assuming a prevalence of 
0.4% or 0.73%, respectively. Of the total costs, 2.9-5.3% 
would be attributable to FH. The average cost per event 
was R$ 4,008 (R$ 4,254 for men and R$ 3,631 for 
women).

Table 1. Hospitalizations due to coronary artery disease attributable to familial hypercholesterolemia in the population aged ≥ 20 years distributed by sex. 
Annual average values for the period of 2012-2014 (Brazilian Unified Health Care System, SUS)

Coronary artery disease ICD-10
Hospitalizations Cost per year (R$/Intl$)* Cost per case (R$/Intl$)

Men Women Men Women Men Women

I20 Angina pectoris 68,745 49,863 294,160,412 171,880,995 4,278,99 3,447,04

I21 ST elevation and non-ST elevation myocardial infarction 54,787 31,576 189,979,637 100,366,337 3,467,60 3,178,53

I22 Subsequent ST elevation and non-ST elevation 
myocardial infarction

13,431 8,854 69,601,281 38,064,261 5,182,27 4,298,94

I23 Certain current complications following ST elevation 
and non-ST elevation myocardial infarction (within the 28 
day period)

1,280 752 3,945,129 2,219,376 3,081,33 2,949,99

I24 Other acute ischemic heart diseases 599 375 2,129,970 1,245,642 3,557,86 3,324,67

I25 Chronic ischemic heart disease 9,865 5,853 72,816,065 39,509,958 7,381,00 6,750,76

Total 148,707 97,274
632,632,494 / 
384,345,379

353,286,570 / 
214,633,396

4,254 / 2,584 3,631 / 2,206

Attributable to FH (prevalence 0.4%) 4,382 2,867
18,642,695 / 
11,326,060

10,410,805 / 
6,324,912

- -

(%) of total 2.9 2.9 2.9 2.9 - -

Attributable to FH (prevalence 0.73%) 7,808 5,107
33,215,043 / 
20,179,467

18,548,772 / 
11,268,999

- -

(%) of total 5.3 5.3 5.3 5.3 - -

ICD-10: International Classification of Diseases, Tenth Revision; R$: Brazilian Real; Intl$: International Dollar; FH: Familial Hypercholesterolemia.  
* International dollar: PPP 2013; correction factor 1.646.

Table 2. Hospitalizations due to coronary artery disease attributable to familial hypercholesterolemia and distributed by age group. Annual average values 
for the period of 2012-2014 (Brazilian Unified Health Care System, SUS)

ICD-10: I20 – I25
Age groups (years)

Total
20-44 45-64 65-74 75+

Total CAD 18,012 123,306 64,426 40,237 245,981

COSTS (R$/Intl$)* 48,956,113 / 
29,742,474

508,160,232 / 
308,724,321

286,604,042 / 
174,121,532

142,198,678 / 
86,390,448

985,919,064 / 
598,978,775

Attributable to FH (prevalence 0.4%) 531 3,634 1,899 1,186 7,249

Coef/10,000/year 0.1 0.9 2.1 2.1 0.5

COSTS (R$/Intl$)*
1,442,660 /  

876,464
14,974,691 / 

9,097,625
8,445,775 /  
5,131,091

4,190,374 / 
2,545,792

29,053,500 / 
17,650,972

Attributable to FH (prevalence 0.73%) 946 6,474 3,383 2,113 12,915

Coef/10,000/year 0.1 1.6 3.7 3.7 1.0

COSTS (R$/Intl$)*
2,570,366 / 
1,561,583

26,680,177 / 
16,209,099

15,047,708 / 
9,141,985

7,465,924 / 

4,535,799

51,764,175 / 

31,448,466

ICD-10: International Classification of Diseases, Tenth Revision; CAD: Coronary Artery Disease; R$: Brazilian Real; Intl$: International Dollar; FH: Familial Hypercholesterolemia; Coef/10,000/year: 
coefficient per 10,000 inhabitants per year. 
* International dollar: PPP 2013; correction factor 1.646.



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

306

Familial hypercholesterolemia hospitalizations

Arch Endocrinol Metab. 2018;62/3  

Table 3. Hospitalizations for coronary artery disease attributable to familial hypercholesterolemia in the population aged ≥ 20 years distributed by region 
of residence. Annual average values for the period of 2012-2014 (Brazilian Unified Health Care System, SUS)

ICD-10: I20 – I25
Brazilian Region

Total
North Northeast Southeast South Central-West

Total CAD 7,622 40,901 117,553 63,765 16,140 245,981

Coef/10,000/year 0.9 10.2 128.9 110.8 1.2 18.2

COSTS (R$/Intl$)**
25,708,081 / 
15,618,518

151,315,900 / 
91,929,465

475,074,666 / 
288,623,733

271,105,593 / 
164,705,706

62,714,824 / 
38,101,351

985,919,064 / 
598,978,775

Attributable to FH 

(prevalence 0.4%)
225 1,205 3,464 1,879 476 7,249

Coef/10,000/year* 0.2 0.3 0.6 0.9 0.5 0.5

COSTS (R$/Intl$)** 757,577 / 460,253
4,459,044 / 
2,709,018

13,999,711 / 
8,505,292

7,989,060 / 
4,853,621

1,848,108 / 
1,122,788

29,053,500 / 
17,650,972

Attributable to FH

(prevalence 0.73%)
400 2,147 6,172 3,348 847 12,915

Coef/10,000/year* 0.4 0.6 1.0 1.7 0.8 1.0

COSTS (R$/Intl$)**
1,349,764 / 

820,026
7,944,610 / 
4,826,616

24,943,070 / 

15,153,749

14,233,985 / 

8,647,622
3,292,746 / 
2,000,453

51,764,175 / 

31,448,466

ICD-10: International Classification of Diseases, Tenth Revision; CAD: Coronary Artery Disease; R$: Brazilian Real; Intl$: International Dollar; FH: Familial Hypercholesterolemia; Coef/10,000/year: 
coefficient per 10,000 inhabitants per year. 
* Not adjusted to age. ** International dollar: PPP 2013; correction factor 1.646.

DISCUSSION

The present study analyzed hospitalizations in the 
Brazilian public health system for CAD and estimated 
the attributable fraction of FH in these hospitalizations. 
CAD was responsible for approximately 2.2% of 
all admissions to the public health system, with 
an amount paid for 245,981 hospitalizations of  
R$ 986 million per year (Intl$ 599 million), which 
is equivalent to 10.6% of all public hospitalization 
expenses in adults (approximately R$ 9,3 billion). 
Considering the prevalence of FH in American and 
European studies, we estimated that 2.9 to 5.3% of 
these hospitalizations and CAD expenses would be 
attributable to FH (R$ 29 to 51 million/year). As 
expected, we observed a higher prevalence of events 
and costs in males, between the ages of 45-64 years, 
and in the Southeast region. The largest share of costs 
was for the treatment of angina pectoris and acute 
myocardial infarction, although the cost per case 
was higher for individuals with recurrent myocardial 
infarction and chronic ischemic disease.

Azambuja and cols. estimated the number of cases 
of severe cardiovascular disease (coronary heart disease, 
cerebrovascular disease, heart failure, and others) from 
the inpatient lethality and mortality rates and sick 
leaves and retirement data. Approximately 2 million 
cases of severe CVD were reported in 2004 in Brazil, 

accounting for 5.2% of the population over the age of 
35 years. The annual cost corresponded to 1.74% of the 
national gross domestic product (GDP) in 2004 and a 
potential loss of 0.97% of the GDP attributed to loss of 
productivity (15). Ribeiro and cols. demonstrated that 
hospitalizations for heart failure and coronary artery 
revascularization (angioplasty and surgeries) were 
responsible for the largest share of costs in the public 
health system in 2012 (2). Although the number of 
hospitalizations due to heart failure decreased between 
2007 and 2012, there was a significant increase in the 
number of angioplasty procedures during the same 
period (1).

Some studies on costs related exclusively to CAD 
have been conducted in Brazil. In 2011, Teich and 
Araujo estimated the costs of CAD from the perspectives 
of the public and private sectors, including indirect 
costs of productivity loss. Through an analysis of the 
historical series of hospitalizations for acute myocardial 
infarction, angioplasty, and revascularization (1998-
2010) in the DATASUS database, the authors estimated 
the average costs per hospitalized patient to be R$ 5,236 
and R$ 16,905 in the public and private health care 
systems, respectively (3). From the public perspective, 
the estimated values   are higher than those shown in 
this study, possibly due to the inclusion of indirect costs 
attributed to loss of productivity associated with death 
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or recovery time following the event until work activity 
is resumed. This share of costs accounted for 73% of 
the total costs. Using primary collected data, Ribeiro 
and cols. estimated the costs of CAD in a group of 147 
patients attending a referral center in public and private 
health care systems in a state in southern Brazil. They 
demonstrated annual costs of outpatient treatment of 
R$ 1,488 in the public and R$ 2,094 in the private 
health care system for the year 2002 (16).

Our study has some limitations. In the absence of 
data on the prevalence of FH and risk of related events 
in our population and the fact that international data are 
not disaggregated by age, we used the same prevalence 
of FH for all age groups over 20 years, as well as the 
same relative risk for events. This prevented us from 
observing differences in the number of hospitalizations 
and costs between individuals in the general population 
and those with FH, as we had supposed by the early 
occurrence of events in this population.

DATASUS is a database with a substantial number 
of national registries and coverage that reflects the 
amounts reimbursed to health care units but does not 
necessarily take into account all the resources used. 
This database was initially developed for administrative-
financial functions, and may not be free of coding and 
diagnostic errors, intentional or not. The data refer 
only to the hospitalizations of establishments owned or 
contracted by the public network (SUS), even though 
they represent an expressive part of the hospitalizations 
in the country. In addition, the unit of analysis is the 
hospitalization, not the patient; therefore, it does not 
include variables with explanatory potential such as 
age, regional differences, and severity of the clinical 
condition at the time of hospitalization. In addition, 
our data prevents us from evaluating the total cost 
attributable to FH in the entire country since we did 
not assess the impact of this disease on the private 
health care system.

Chronic diseases carry high costs for the patients, 
their families, and the entire society due to lost 
productivity attributed to absenteeism, medical leave, 
early retirement, and premature death. For a more 
comprehensive and realistic estimate of the costs 
of a chronic disease, it is necessary to include such 
indirect costs, which was not done in the present 
analysis. In addition, the outpatient costs associated 
with pharmacological treatment, rehabilitation, 
medical examinations, and consultations were also 
not estimated, suggesting that the estimates obtained 

would underestimate the real economic impact of CAD 
in Brazil.

The number of individuals with FH in Brazil is 
unknown, but is probably comparable to that in other 
countries, in which FH is reported to affect between 
1/250 and 1/500 individuals (14). Importantly, 
Jannes and cols. demonstrated in a national cascade 
screening program (Hipercol Brasil) that early CAD 
was present in 12% of the index and family cases 
affected by FH, confirmed by molecular diagnosis. The 
high risk of development of ischemic events in younger 
age groups makes early diagnosis and treatment very 
important in order to minimize the great clinical and 
economic impact (17). Due to the high costs associated 
with the diagnosis and treatment of FH, international 
economic analyses have been conducted with the 
objective of estimating the cost-effectiveness of cascade 
genetic screening (18-20) and different therapeutic 
approaches for health care systems (21,22). However, it 
is important to consider that with the end of patents for 
statins and ezetimibe, which are still the treatments of 
choice for FH in our country, the cost of lipid-lowering 
treatment should reduce substantially (23).

Cost estimates of hospitalizations are essential for 
economic evaluations and cost-effectiveness studies of 
several technologies for diagnosis and treatment, old or 
new, aimed at a more efficient management of ischemic 
heart disease in Brazil. Since FH is probably responsible 
for high costs secondary to CAD, the diagnosis and early 
intervention with cholesterol-lowering medications 
can have a strong impact in reducing the clinical and 
economic burden of the disease in the country.
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Metabolic syndrome components 
are associated with oxidative stress 
in overweight and obese patients

Nayara Rampazzo Morelli1, Bruna Miglioranza Scavuzzi1,  
Lucia Helena da Silva Miglioranza2, Marcell Alysson Batisti Lozovoy3,  
Andréa Name Colado Simão3, Isaias Dichi4

ABSTRACT
Objective: The aim of this study is to evaluate the influence of the body mass index (BMI) and the 
metabolic syndrome (MetS) parameters on oxidative and nitrosative stress in overweight and obese 
subjects. Subjects and methods: Individuals were divided into three groups: the control group (G1, 
n = 131) with a BMI between 20 and 24.9 kg/m2, the overweight group (G2, n = 120) with a BMI 
between 25 and 29.9 kg/m2 and the obese group (G3, n = 79) with a BMI ≥ 30 kg/m2. Results: G3 
presented higher advanced oxidation protein products (AOPPs) in relation to G1 and G2 (p = 0.001 
and p = 0.011, respectively) whereas G2 and G3 had lower levels of nitric oxide (NO) (p = 0.009 and 
p = 0.048, respectively) compared to G1. Adjusted for the presence of MetS to evaluate its influence, 
the levels of AOPPs did not differ between the groups, whereas NO remained significantly lower. 
Data adjusted by the BMI showed that subjects with higher triacylglycerol levels had higher AOPPs 
(p = 0.001) and decreased total radical-trapping antioxidant parameter/uric Acid (p = 0.036). Subjects 
with lower high-density lipoprotein (HDL) levels and patients with higher blood pressure showed 
increased AOPPs (p = 0.001 and p = 0.034, respectively) and lower NO levels (p = 0.017 and p = 0.043, 
respectively). Subjects who presented insulin resistance had higher AOPPs (p = 0.024). Conclusions: 
Nitrosative stress was related to BMI, and protein oxidation and nitrosative stress were related to 
metabolic changes and hypertension. MetS components were essential participants in oxidative and 
nitrosative stress in overweight and obese subjects. Arch Endocrinol Metab. 2018;62(3):309-18
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INTRODUCTION

O besity and overweight are chronic disorders of 
multifactorial origin, which can be defined as an 

increase in the accumulation of body fat (1). Changes 
in lifestyle and diet have resulted in an increased 
number of overweight and obese subjects in developed 
and developing countries (2). This trend has been 
verified in practically all ages, genders and ethnicities 
(2). Therefore, overweight and obesity have emerged 
as two of the largest public health problems worldwide. 
Excess body weight  is associated  with an increased 
risk of developing metabolic syndrome (MetS). MetS 
is a complex disorder that is represented by a cluster 
of cardiovascular risk factors that are associated with 
central fat deposition, abnormal plasma lipid levels, 
elevated blood pressure, insulin resistance and a low-

grade inflammatory state. MetS has also been associated 
with increased oxidative and nitrosative stress (3). 

The harmful effects of free radicals, which are 
mainly represented by reactive oxygen species (ROS) 
or reactive nitrogen species, have been implicated in the 
physiopathology of overweight, obesity, hypertension, 
endothelial dysfunction, and MetS (4,5), suggesting 
that oxidative stress can be the underlying mechanism 
of this dysfunctional metabolic picture in obese 
subjects (6). In addition, high ROS production and 
the decrease in antioxidant capacity leads to various 
abnormalities. These abnormalities include endothelial 
dysfunction – which is characterized by a reduction 
in the bioavailability of vasodilators, particularly nitric 
oxide (NO) (7), and an increase in endothelium-derived 
contractile factors, favoring atherosclerotic disease (1).
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Although markers of oxidative stress have been 
studied in obese and overweight patients with 
and without MetS, we are not aware to date of 
studies evaluating the influence of body weight on 
oxo-nitrosative stress in the other components of MetS.

In a previous study performed by our group, we 
verified that an increase in oxidative stress is mostly 
attributable to obesity in patients with MetS (8), but 
this is not the case in overweight subjects without 
MetS. It is therefore unclear whether metabolic 
changes of obesity, referred to as metabolic obesity, are 
independent risk factors for increased oxo-nitrosative 
stress than the other components of MetS. In order to 
extend the data of the mentioned study, the objective 
of the present study was to evaluate the influence of 
the body mass index (BMI) on oxidative and nitrosative 
stress in overweight and obese subjects and to verify 
whether the presence of the components of MetS 
would modify the results.

SUBJECTS AND MATERIALS

Subjects

Patients from the Internal Medicine Ambulatory of 
the University Hospital of Londrina, Paraná, Brazil 
were chosen to participate in this cross-sectional study. 
Three hundred and thirty patients agreed to participate 
in the study. Inclusion criteria were patients (both 
genders) aged from 18 to 65 years. Exclusion criteria 
were thyroid, renal, hepatic, gastrointestinal, infectious 
or oncological diseases and the use of lipid-lowering 
drugs, drugs for hyperglycemia, anti-inflammatory 
drugs, hormone replacement therapy, and antioxidant 
supplements. For ethical reasons, patients who were 
taking antihypertensive drugs were not excluded and 
were allowed to continue taking the same dose of the 
drugs.

The patients were divided into three groups: the 
control group included 131 subjects with a BMI 
between 20 and 24.9 kg/m2. The overweight group 
consisted of 120 subjects with a BMI between 25 and 
29.9 kg/m2, and the group with obesity consisted of 79 
subjects with a BMI ≥ 30. MetS was defined following 
the Adult Treatment Panel III criteria. A diagnosis 
of MetS was arrived at for subjects with at least three 
of the following five characteristics: (1) abdominal 
obesity, which was defined as a waist circumference 
(WC) ≥ 102 cm in men and ≥ 88 cm in women; (2) 

hypertriglyceridemia, which was defined as triglycerides 
≥ 150 mg/dL; (3) low levels of high-density lipoprotein 
(HDL) cholesterol, which was defined as HDL ≤ 40 
mg/dL in men and ≤ 50 mg/dL in women; (4) high 
blood pressure, which was defined as blood pressure ≥ 
130/85 mmHg; and (5) high-fasting glucose, which 
was defined as glucose ≥ 100 mg/dL.

Ethics, consent, health and safety 

The research was conducted in an ethical and responsible 
manner and is in full compliance with all relevant codes 
of experimentation. In addition, the Ethical Committee 
of the University of Londrina – Paraná, Brazil – 
approved all procedures involving human participants 
(185/2013). This clinical investigation was conducted 
according to the principles expressed in the Declaration 
of Helsinki.

Written informed consent was obtained from all 
the participants, who acknowledged that they cannot 
be identified via the paper and that they are fully 
anonymized.

All mandatory laboratory health and safety 
procedures have been complied.

Anthropometric and blood pressure measurements

Anthropometric measurements and laboratorial 
parameters were assessed. Body weight was measured 
to the nearest 0.1 kg in the morning through the 
use of an electronic scale, with individuals wearing 
light clothing and no shoes; height was measured to 
the nearest 0.1 cm through the use of a stadiometer. 
BMI was calculated as weight (kg) divided by height 
(m) squared. WC was measured on standing subjects 
midway between the lowest rib and the iliac crest. 
Three blood pressure measurements taken with a 
1-min interval after the participant had been seated 
were recorded on the left arm. The mean of these 
measurements was used in the analysis. We considered 
the current use of antihypertensive medication as an 
indication of high blood pressure.

Biochemical, immunological, and hematological 
biomarkers

After fasting for 12 hours, the subjects underwent 
the following laboratory blood analysis evaluated 
through a biochemical auto-analyzer (Dimension Dade 
AR Dade Behring, Deerfield, IL, USA) using Dade 
Behring® kits: total cholesterol, HDL, low-density 
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lipoprotein (LDL), triacylglycerol (TG), glucose and 
uric acid (UA). Plasma insulin level was determined 
by chemiluminescence microparticule immunoassay 
(Architect, Abbott Laboratory, Abbott Park, IL, USA). 
The homeostasis model assessment insulin resistance 
(HOMA-IR) was used as a surrogate measurement of 
insulin sensitivity. HOMA-IR = fasting insulin (U/ml) 
x fasting glucose (mmol/L)/22.5. IR was considered 
when HOMA-IR ≥ 2.5 (9).

Oxidative and nitrosative stress measurements

Samples for evaluating oxidative stress and total 
antioxidant capacity were analyzed with e thylenediamine 
tetraacetic acid as an anticoagulant and antioxidant. All 
samples were centrifuged at 3,000 rpm for 15 minutes, 
and plasma aliquots were stored at -70ºC until assayed. 
All stress measurements were performed in triplicate.

Tert-butyl hydroperoxide-initiated 
chemiluminescence (CL-LOOH)

CL-LOOH in plasma was evaluated as described 
previously by Gonzales Flecha and cols. (10). CL-
LOOH is considered to be much more sensitive and 
specific than the thiobarbituric acid reactive substances 
method, the usual method to determine lipid oxidation. 
For the CL measurement, reaction mixtures were 
placed in 20-mL scintillation vials (low-potassium glass) 
containing final concentrations of plasma (250 uL), 30 
mM KH2PO4/K2HPO4 buffer (pH 7.4), and 120 
mM KCl with 3 mM of LOOH in a final volume of 2 
mL. CL-LOOH was measured in a Beckman LS 6000 
liquid scintillation counter set to the out-of-coincidence 
mode, with a response of 300 to 620 nm. The vials 
were kept in the dark until the moment of assay, and 
determination was carried out in a dark room at 30°C. 
The results were expressed in counts per minute.

Determination of advanced oxidation protein 
products (AOPPs)

AOPPs were determined in the plasma using the 
semi-automated method described by Witko-Sarsat 
and cols. (11). AOPP concentrations were expressed 
as micromoles per liter (µmol/L) of chloramines-T 
equivalents.

Total radical-trapping antioxidant parameter (TRAP)

TRAP was determined as reported by Repetto and 
cols. (12). This method detects hydrosoluble and 

liposoluble plasma antioxidants by measuring the 
chemiluminescence inhibition time induced by 
2,2-azobis (2-amidinopropane). The system was 
calibrated with the vitamin E analog TROLOX, and the 
values of TRAP were expressed in the equivalent of μM 
Trolox/mg UA. TRAP measurements in conditions 
associated with hyperuricemia, such as MetS, may be 
inaccurate because the UA concentration accounts for 
60% of the total plasma antioxidant capacity. Some 
reports have verified an unexpected increase in TRAP 
in MetS subjects (13). Thus, a correction of TRAP 
based on UA concentration was performed (13).

Determination of sulfhydryl (SH) groups of proteins

SH groups of proteins were evaluated in plasma 
samples through a spectrophotometric assay based on 
2,2-dithiobisnitrobenzoic acid (DTNB), as reported 
previously (14), and the results are expressed in μM.

Evaluation of nitric oxide metabolites (NOx)

The NO concentration in a sample was estimated by 
measuring the NOx in nitrites (NO2-) and nitrates 
(NO3-) using cadmium beads for the reduction of nitrate 
to nitrite. The concentrations of these metabolites were 
later determined according to the method proposed by 
Griess (15). The values   were expressed in µM.

Statistical analysis

Categorical data were analyzed through a chi-squared 
test or, when appropriate, through Fisher’s exact 
test, and data were expressed in absolute values. The 
Kolmogorov-Smirnov test was used to assess the 
normality of distribution. All continuous variables 
presented non-parametric distribution, even after 
logarithmic transformation. The comparisons of the 
three groups categorized by BMI were performed 
through the use of the non-parametric Kruskal-Wallis 
test with the post-hoc Dunn test. The variables that 
presented significance in the univariate analysis of 
variance were included in the multinomial logistic 
regression to verify which oxidative stress parameters 
were associated with BMI. The Mann-Whitney test 
was used to compare two groups, and a logistic 
binary regression analysis was performed to adjust 
for age, sex, ethnicity and BMI. The results were 
considered significant when P < 0.05. A statistical 
analysis program, SPSS version 20.0, was used for 
evaluations.
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RESULTS

There was no statistically significant difference 
in ethnicity between the three groups (Table 1). 
Overweight (G2) and obese subjects (G3) did not differ 
regarding sex and age. However, the control group 
(G1) had a higher frequency of women compared to 
the subjects in G2 (p < 0.0001) and G3 (p < 0.05), 
and they were younger (p < 0.0001) than those in 
the G2 and G3 groups. The presence of MetS was 
higher (p < 0.0001) in G3 compared to G1 and G2 
and in G2 compared to G1 (Table 1 and Figure 1). 
G3 presented higher WC (p < 0.0001, p < 0.0001), 
glucose (p < 0.0001, p < 0.05), insulin (p < 0.001, p 
< 0.001), HOMA-IR (p < 0.001, p < 0.001), and TG 
(p < 0.001, p < 0.01) and decreased HDL–cholesterol 
(p < 0.001, p < 0.05) levels compared to G1 and G2, 
respectively (Table 1). Meanwhile, G2 had higher WC 
(p < 0.0001), glucose (p < 0.001), insulin, HOMA-IR, 
and TG and decreased (p < 0.001) HDL-cholesterol 
levels compared to G1. G2 and G3 showed higher total 
cholesterol (p < 0.05) and LDL cholesterol (p < 0.01) 
levels compared to those of G1 (Table 1). 

Table 2 shows the results of oxidative stress in the 
three studied groups with p values adjusted for sex and 
age. G3 presented higher AOPP values in relation to 

Table 1. Clinical and laboratory characteristics of controls (G1), overweight (G2) and obese subjects (G3)

G1 (n = 131) G2 (n = 120) G3 (n = 79) G1 X G2 G1 X G3 G2 X G3

Gender (% men) 18 43 32 < 0.0001 < 0.05 0.1231

Ethnicity (% caucasians) 80 78 82 0.8420 0.8525 0.6180

MetS (Y/N) 12/119 65/55 72/7 < 0.0001 < 0.0001 < 0.0001

Age 32.0 (25.0-43.0) 43.0 (34.5-53.0) 43.0 (34.0-50.0) < 0.001 < 0.001 NS

BMI (kg/m2) 22.04 (20.90-23.57) 27.12 (25.98-28.33) 32.25 (31.04-34.99) <0.001 < 0.001 < 0.001

WC (cm) 82.0 (77.0-88.0) 97.0 (91.0-101.0) 108.0 (103.0-115.0) < 0.0001 < 0.0001 < 0.0001

Fating glucose (mg/dL) 86.0 (83.0-92.0) 92.0 (85.0-98.0) 98.0 (88.0-107.0) < 0.001 < 0.001 < 0.05

Insulin (U/mL) 6.4 (4.65-8.80) 8.10 (5.90-12.90) 14.5 (10.9-17.4) < 0.001 < 0.001 < 0.001

HOMA-IR 1.338 (1,020-1,940) 1.989 (1.285-3.238) 3.234 (2.696-4.781) < 0.001 < 0.001 < 0.001

Total cholesterol (mg/dL) 186.0 (152.5-209,0) 197.0 (168.0-226.0) 198.0 (180.0-224.0) < 0.050 < 0.010 NS

HDL-cholesterol (mg/dL) 56.5 (48.5-67.0) 46.5 (38.0-59.5) 42.0 (37.0-51.0) < 0.001 < 0.001 < 0.05

LDL-cholesterol (mg/dL) 109.8 (83.8-130.2) 121.0 (95.2-141.1) 125.3 (100.5-142.0) < 0.050 < 0.010 NS

Triacylglycerol (mg/dL) 74.5 (48.5-107.5) 124.0 (90.0-183.0) 175.0 (127.0-231.0) < 0.001 < 0.001 < 0.01

MetS: metabolic syndrome; BMI: body mass index; WC: waist circumference; IR: insulin resistance; HOMA: homeostasis model assessment; HDL: high-density lipoprotein; LDL: low-density 
lipoprotein; NS: nonsignificant; WC: waist circumference.

Table 2. Oxidative stress evaluation in controls (G1), overweight (G2) and obese subjects (G3)

G1 (n = 131) G2 (n = 120) G3 (n = 79) G1 X G2* G1 X G3* G2 X G3*

Hydroperoxides (cpm) 13900 (10740-17010) 14120 (10950-17350) 13540 (10250-16260) NS NS NS

AOPP (µmol/L) 127.2 (98.2-174.4) 159.5 (124.7-230.3) 195.2 (157.3.257.1) NS 0.001 0.011

NO (μM) 25.67 (13.67-40.45) 13.83 (8.17-42.84) 12.10 (7.96-27.63) 0.009 0.048 NS

TRAP/UA (μM Trolox/mg/dL) 177.1 (147.2-207.5) 158.8 (126.9-190.0) 138.0 (115.3-164.9) NS NS NS

AOPP: advanced oxidation protein products; NO: nitric oxide; TRAP: total radical-trapping antioxidant parameter; UA: uric acid; NS: nonsignificant.

* Adjusted p value for sex and age. AOPP was not significant after adjusting for the presence of MetS, whereas NO maintained its significance.

Figure 1. Prevalence of the metabolic syndrome across body mass index 
categories. Normal weight, < 25 kg/m2; overweight, 25-30 kg/m2; and 
obese, ≥ 30 kg/m2.
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Table 3. Stepway analysis for oxidative stress evaluation in controls (G1), overweight (G2) and obese subjects (G3) BMI

Parameters Wald p* Odds-Ratio Confidence interval

Gender G1 x G2

G1 x G3

G2 x G3

14.294

0.944

6.174

< 0.0001
0.331

0.013

3.635

1.501

2.422

1.862 – 7.098

0.662 – 3.404

1.205 – 4.868

Age G1 x G2

G1 x G3

G2 x G3

20.998

5.46

3.211

< 0.0001
0.019
0.073

1.067

1.040

1.026

1.038 – 1.097

1.006 – 1.074

0.998 – 1.056

MetS G1 x G2

G1 x G3

G2 x G3

13.538

53.367

21.823

< 0.0001
< 0.0001
< 0.0001

4.308

29.759

0.145

1.979 – 9.378

11.974 – 73.956

0.064 – 0.326

AOPP G1 x G2

G1 x G3

G2 x G3

0.080

0.102

0.491

0.777

0.750

0.483

0.999

1.001

0.999

0.995 – 1.004

0.996 – 1.005

0.995 – 1.002

NO G1 x G2

G1 x G3

G2 x G3

7.377

3.440

0.065

0.007
0.064

0.799

1.018

1.016

1.002

1.005 – 1.031

0.99 – 1.032

0.987 – 1.017

MetS: metabolic syndrome; AOPP: advanced oxidation protein products; NO: nitric oxide. * Adjusted p value for sex, age and presence of MetS.
AOPP was not significant after adjusting for sex and age, whereas NO maintained its significance when comparing controls and overweight subjects.

G1 and G2 (p = 0.001 and p = 0.011, respectively), 
whereas significantly lower NOx values were found 
in G2 and G3 when compared to those of G1 (p = 
0.009 and p = 0.048, respectively). The groups were 
then adjusted for the presence of MetS to evaluate its 
influence on the results. In this new analysis, AOPPs did 
not differ between the groups, whereas significant lower 
NO maintained its significance. Lipid hydroperoxides 
and TRAP/UA did not have any significant change in 
the groups. Table 3 shows the results obtained after 
performing multiple regressive stepwise analyses to 
clarify the importance of body weight on oxidative 
and nitrosative stress; AOPPs were not significant after 
adjusting for sex, age and the presence of MetS when 
comparing controls and overweight, controls and 
obese and overweight and obese (0.777; 0.750; 0.483, 
respectively). NO maintained its significance when 
comparing controls and overweight subjects (0.007; 
0.064; 0.799, respectively).

To verify the association between oxidative stress 
biomarkers and the presence of MetS, a binary logistic 
regression was performed and was adjusted for sex and 
age. The AOPP levels were directly associated with the 
presence of MetS (Wald = 16.039, df = 1, OR = 1.009, 
95% CI = 1.005-1.009, p < 0.0001), and the NO values 
were inversely associated (Wald = 18.941, df = 1, OR 
= 0.958, 95% CI = 0.940-0.977, p < 0.0001) with the 
presence of MetS (data not shown).

The association between the oxidative stress 
parameters and the individual components of MetS was 
measured, and the values were adjusted by BMI, sex, age 

and ethnicity; the results are shown in Table 4. Subjects 
with higher TG levels had higher AOPPs (p = 0.001) 
and decreased TRAP/UA levels (p = 0.036) compared 
to individuals without hypertriacylglycerolemia. 
Subjects with lower HDL cholesterol and patients with 
higher blood pressure levels showed increased AOPPs 
(p = 0.001 and p = 0.034, respectively) and lower NO 
levels (p = 0.017 and p = 0.043, respectively) compared 
to individuals without low HDL-cholesterol levels and 
with normal blood pressure. Subjects who presented 
insulin resistance had higher AOPP levels (p = 0.024) 
compared to those without insulin resistance. 

Multiple regressive stepwise analyses were performed 
(Table 5). After adjusting for sex, age and the presence 
of MetS, AOPPs maintained their significance for TG, 
HDL, blood pressure and HOMA-IR (< 0.0001, 
< 0.0001, 0.017, and 0.024, respectively); NO 
maintained its significance for HDL (0.025), and 
TRAP maintained its significance for TG (0.034).

DISCUSSION

The redox state was similar in healthy, overweight 
and obese subjects when controlled for the presence 
of MetS, and therefore, the principal finding of the 
present study was that oxidative stress evaluated 
through lipid and protein oxidation in patients with 
obesity is mainly related to the presence of MetS and 
is less related to BMI. However, nitrosative stress with 
decreased NO bioavailability was associated with BMI, 
independently of the presence of MetS. In addition, 
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Table 4. Oxidative stress evaluation according to the components of the metabolic syndrome

Gender 
(%men)

Ethnicity 
(% cauc) Age BMI (Kg/m2) LOOH (cpm) AOPP (µmol/L) NO (μM) TRAP/UA (μM 

Trolox/mg/dL)

TG < 150 mg/dL  
n = 218

22 81
36.0 

(28.0-47.0)
24.42 

(21.74-27.68)
14120 

(10900-17730)
134.2 

(101.2-174.7)
23.72 

(12.29-42.84)
170.7 

(138.4-204.1)

TG ≥ 150 mg/dL  
n = 108

46 78
46.0 

(37.0-53.0)
29.75 

(26.63-32.10)
13570 

(8549-18750)
225.1 

(160.1-275-89)
11.19 

(6.60-27.63)
137.8 

(118.0-173.0)

p < 0.001 0.6321 < 0.0001 < 0.0001 NS < 0.0001 < 0.0001 < 0.0001

* Adjusted p ---- ---- ---- ---- NS 0.001 NS 0.036

Normal HDL 
n = 186

26 80
38.5 

(30.0-47.0)
24.36 

(21.91-28.04)
14290 

(10800-18110)
136.8 

(102.9-181.2)
25.78 

(12.38-43.93)
163.9 

(138.0-205.1)

Reduced HDL 
n = 137

35 80
42.0 

(30.5-50.0)
27.99 

(25.44-31.60)
13650 

(11480-16720)
183.8 

(131.4-256.5)
12.37 

(7.53-29.91)
149.6 

(122.4-186.3)

p NS NS NS < 0.0001 NS < 0.0001 < 0.0001 0.0011

* Adjusted p ---- ---- ---- ---- ---- 0.001 0.017 NS

Normotensive 
n = 217

27 80
35.0 

(27.0-44.0)
24.80 

(21.83-28.04)
13750 

(11130-17650)
134.4 

(100.4-183.8)
22.84 

(11.90-40.23)
166.3 

(137.8-200.9)

Hypertensive 
n = 112

36 79
47.0 

(39.0-55.0)
28.60 

(26.17-31.70)
14550 

(10010-18190)
195.7 

(154.3-274.2)
11.95 

(6.80-33.73)
145.7 

(119.5-184.8)

p 0.1414 0.9926 < 0.0001 < 0.0001 0.7971 < 0.0001 0.0010 0.0010

* Adjusted p ---- ---- ---- ---- NS 0.034 0.043 NS

Without IR 
n = 163

7 23
38 

(29.0-47.0)
24.22 

(21.76-26.67)
14200 

(11070-17890)
137.4 

(104.0-184.9)
23.5 

(11.91-41.00)
169.6 

(138.0-203.2)

With IR 
n = 115

36 22
42 

(30.0-53.0)
30.05 

(27.21-32.92)
13550 

(9291-16690)
182 

(127.9-256.5)
11.78 

(7.07-27.74)
146.3 

(116.3-179.6)

p 0.0781 NS 0.023 < 0.0001 NS < 0.0001 < 0.0001 < 0.0001

* Adjusted p ---- ---- ---- ---- ---- 0.024 NS NS

Cauc: Caucasian; BMI: body mass index; IR: insulin resistance; LOOH: hydroperoxides; AOPP: advanced oxidation protein products; NO: nitric oxide; TRAP: total radical-trapping antioxidant 
parameter; UA: uric acid; TG: tryacylglycerols; NS: nonsignificant.
* Binary logistic regression adjusted for sex, age, ethnicity and BMI. 

this study verified that protein oxidation was associated 
with several individual components of MetS, including 
insulin resistance.

The present data are partially in agreement with 
our previous study, which showed that increases in 
oxidative stress markers in overweight subjects were 
only verified in the presence of MetS (8). However, in 
that study, obese subjects and nitrosative stress were 
not evaluated, which differs from the conditions of the 
present study. Thus, the impact of this original work 
lays in the observation that only nitrosative stress was 
related to BMI, whereas protein oxidation was related 
to each component of MetS.

Although an increase in oxidative stress in patients 
with obesity is an undisputed issue and can be caused 
by several factors (16), the present study is in line with 
others, which pointed out the utmost importance of the 
presence of MetS to reinforce this association. Skalicky 
and cols. (17) verified in obese subjects and Krzystek-

Korpacka and cols. (18) verified in overweight and obese 
adolescents that oxidative stress seemed to be increased 
through a combination of risk factors associated with 
MetS rather than by obesity per se. Fujita and cols. (19) 
demonstrated that values of oxidative stress increased 
with the number of components of MetS. Taken 
together, these data suggest that – although weight 
gain or visceral fat may contribute, to some extent, to 
an increase in oxidative stress – the presence of MetS 
is fundamental in showing ROS augmentation in 
overweight and obese subjects.

Our data are also in accordance with that of previous 
studies, which showed that hypertriacylglycerolemia, 
hypertension, lower HDL cholesterol values and insulin 
resistance are essential factors in provoking oxidative 
stress (13,19,20). Obesity and IR are considered 
key factors for the development of MetS. There is 
mounting evidence that oxidative stress is involved in 
the development of insulin resistance and that, once IR 
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Table 5. Multiple regressive stepwise analysis for oxidative stress evaluation in different components of the metabolic syndrome

Parameters Wald p Odds-Ratio Confidence interval

TG Sex 8.613 0.003 0.289 0.126 – 0.662

Age 0.098 0.755 1.005 0.972 – 1.040

BMI 21.695 < 0.0001 1.212 1.118 – 1.314

AOPP 20.380 < 0.0001 1.011 1.006 – 1.016

NO 1.082 0.298 0.992 0.977 – 1.007

SH 0.104 0.748 1.949 0.033 – 113.506

TRAP-UA 4.495 0.034 0.990 0.980 – 0.999

HDL BMI 13.434 < 0.0001 1.113 1.051 – 1.179

AOPP 14.431 < 0.0001 1.006 1.003 – 1.010

NO 5.006 0.025 0.987 0.975 – 0.998

TRAP-UA 0.062 0.803 0.999 0.993 – 1.005

Blood Pressure Age 20.787 < 0.0001 1.086 1.048 – 1.125

BMI 16.929 < 0.0001 1.167 1.084 – 1.256

AOPP 5.683 0.017 1.005 1.001 – 1.009

NO 3.509 0.061 1.013 0.999 – 1.028

SH 0.737 0.391 4.993 0.127 – 196.458

TRAP-UA 1.586 0.208 0.995 0.987 – 1.003

HOMA-IR Age 4.753 0.029 0.969 0.0942 – 0.997

BMI 57.168 < 0.0001 1.463 1.325 – 1.614

AOPP 5.092 0.024 1.004 1.001 – 1.008

NO 1.574 0.210 0.991 0.977 – 1.005

TRAP-UA 0.370 0.543 0.998 0.990 – 1.005

TG: triacylglycerol; HDL: high-density lipoprotein; HOMA-IR: homeostasis model assessment-insulin resistance; BMI: body mass index; AOPP: advanced oxidation protein products; NO: nitric oxide; 
Sulfhydryl (SH) groups of proteins; TRAP-UA: total radical-trapping antioxidant parameter-uric acid.
After adjusting for sex and age AOPP maintained its significance for TG, HDL, hypertension and HOMA-IR, NO maintained its significance for HDL and TRAP-AU maintained its significance for TG. 
Whereas the other oxidative and nitrosative stress markers lost significance.

is acquired, all the other components of MetS could be 
developed as a result (21,22). Hypertriacylglycerolemia 
and hypertension lead to an increased production of 
superoxide anion (O2

-) via the nicotinamide adenosine 
diphosphate oxidase pathway. This anion reacts rapidly 
with NO to form peroxynitrite (ONOO-) – thus 
inactivating NO and leading to endothelial dysfunction, 
one of the mechanisms responsible for hypertension 
in these patients (23) – whereas HDL cholesterol 
antioxidant activity, a major mechanism mediating 
its cardioprotective effect, is impaired (20). Of note, 
in the current study, hypertriacylglycerolemia showed 
the highest degree of redox imbalance, as it was the 
only MetS component, and it concomitantly increased 
protein oxidation and decreased antioxidant capacity.

Our results show an association between the 
presence of insulin resistance and increased levels 
of protein oxidation. Although several reports have 
established the importance of insulin resistance and 

oxidative stress in the development of both diabetes 
and cardiovascular disease (24,25), the precise role of 
oxidative stress as a cause or consequence of insulin 
resistance is still debated. Furukawa and cols. (26) 
demonstrated in cultured adipocytes that elevated 
levels of fatty acids increased oxidative stress via 
NADPH oxidase activation, and oxidative stress caused 
dysregulated production of adipocytokines – including 
adiponectin, plasminogen activator inhibitor-1, IL-
6, and monocyte chemotactic protein-1. In addition, 
in mice with obesity, treatment with an NADPH 
oxidase inhibitor reduced ROS production in adipose 
tissue; attenuated the dysregulation of adipocytokines; 
and improved diabetes, hyperlipidemia, and hepatic 
steatosis. NADPH oxidase inhibitors could improve 
insulin sensitivity via the suppression of the effects 
induced through chronic exposure to ROS. These 
results suggested that increased oxidative stress in 
accumulated fat is an early instigator of MetS and that 
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the redox state in adipose tissue is a potentially useful 
therapeutic target for obesity-associated MetS. In 
addition, hydrogen peroxide impairs insulin signaling 
and inhibits glucose transport, two cardinal features of 
insulin resistance (27). On the other hand, insulin itself 
promotes hydrogen peroxide formation in human fat 
cells (4). Altogether, it is tempting to speculate that 
oxidative stress can be both cause and consequence of 
insulin resistance (16,28). 

It has been suggested that AOPPs are an early marker 
of MetS and are the most appropriate parameter for the 
determination of oxidative stress in MetS patients (29). 
AOPPs are formed during oxidative stress through the 
action of chlorinated oxidants, mainly hypochlorous 
acid and chloramines, produced by myeloperoxidase 
in activated neutrophils (11). AOPPs are structurally 
similar to advanced glycation end products (AGEs) 
and exert similar biological activities to those of AGEs 
– i.e., induction of pro-inflammatory cytokines and 
adhesion molecules (11). The present study showing 
that AOPPs were associated with metabolic changes 
and hypertension is in line with the importance of 
protein oxidation in patients with these components of 
MetS, independent of BMI, and confirm our previous 
finding that protein oxidation is more related to MetS 
parameters than lipid oxidation (30). Of note, BMI 
does not participate in the definition of the MetS and 
does not have a robust association verified between 
WC and insulin resistance. Although some studies 
have reported an association between AOPPs and BMI 
(13,30), the current study only presented this finding 
when the groups were not adjusted for the presence of 
MetS. 

Changes in NOx levels have been linked with 
disorders of metabolic and cardiovascular homeostasis 
that can culminate in obesity-induced IR and 
endothelial dysfunction. Serum NOx were shown to 
be increased in MetS and be associated with other 
metabolic components such as BP, BMI, waist-to-hip 
ratio, and fasting plasma glucose in cluster analyses 
(31). In addition to overproduced NO, reduced levels 
of NO may also be a risk factor for the development 
of cardiometabolic disease (32). Although endothelial 
dysfunction has been considered an important issue 
in patients with obesity, the results of studies on 
NOx levels have been contradictory. Whereas some 
reports have shown higher NO levels (33), others have 
found the opposite results, similarly to the present 
study (34). NO is synthesized in endothelial cells by 

endothelial nitric oxide synthase (eNOS) activity, and it 
is responsible for vasodilatation and the maintenance of 
endothelial function; eNOS is expressed constitutively 
and synthesizes NO in only small amounts under 
basal conditions. In contrast, oxidative stress provokes 
inducible nitric oxide synthase (iNOS) expression even 
in low-grade inflammatory conditions, such as obesity, 
and consequently increases NO – which would be 
consumed in a reaction with superoxide anion, yielding 
peroxynitrite (35). This hypothesis is supported 
by some authors who demonstrated an increase in 
nitrotyrosine, a marker of endogenous peroxinitrite 
generation (36). Thus, the balance between eNOS 
and iNOS could explain NO increases or decreases in 
obese subjects. Although oxidative stress may induce 
NO production, the NO decrease associated with 
BMI found in the present study is probably related 
to higher NO consumption through oxidative stress, 
reducing NO bioavailability. Furthermore, previous 
investigations have shown that HDL induces a variety 
of signaling events – involving scavenger receptor B 
type I, cholesterol efflux and the stimulation of the 
phosphorylation of eNOS – that lead to the activation 
and increased expression of eNOS and the subsequent 
production of NO. Thus, the decreased NO levels in the 
present study may be related to the HDL cholesterol 
reduction (37,38). 

Overweight is highly associated with arterial 
hypertension, independently from the occurrence of 
MetS, and a BMI of 25 kg/m2 or greater accounted 
for approximately 34% and 62% of hypertension in men 
and in women, respectively (35). NO plays a major 
role in regulating blood pressure, and its deficient 
bioactivity is an important component of hypertension 
(37). Hypertensive subjects have increased generation 
of ROS – which scavenge NO, thereby reducing 
NO bioavailability (23). This study confirms the 
well-established relationship between NO decreases 
and hypertension, independent of whether BMI is 
considered.

The following limitations have to be considered 
in the present study. The first limitation is the small 
number of participants. Second, the food pattern and 
physical activities of the individuals were not measured. 
Third, the antihypertensive drugs the patients were 
taking, such as angiotensin-converting enzyme 
inhibitors, may elevate plasma adiponectin levels, 
which in turn can increase NO levels (23). Fourth, 
additional tests to evaluate oxidative and, especially, 
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nitrosative stress would make our data more consistent. 
Nevertheless, the present study also has several 
strengths. First, to our knowledge, this is the first study 
to evaluate concomitantly oxidative and nitrosative 
stress in overweight and obese subjects. Second, we 
adjusted the results of oxidative stress measurements 
for the presence of MetS to evaluate its influence on 
the results.

In conclusion, only nitrosative stress was related 
to BMI, whereas protein oxidation was related to 
each component of MetS. In addition, both NO and 
advanced oxidative protein products were related to 
hypertension. In general, MetS components were 
essential participants in overweight and obese subjects, 
but hypertriacylglycerolemia was the parameter 
that showed the highest degree of redox imbalance. 
Although more studies are warranted to confirm the 
present data, this study reinforces the importance of 
concomitantly analyzing oxidative and nitrosative stress 
to obtain a more complete picture of overweight, 
obesity and associated conditions.

Disclosure: no potential conflict of interest relevant to this article 
was reported. 
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ABSTRACT
Objective: Hypoparathyroidism is characterized by parathyroid hormone deficiency and 
hypocalcemia. It has been demonstrated that these patients may also present psychiatric 
symptoms and decrease of quality of life. The aims of this study were to evaluate the presence of 
psychopathological symptoms in a cohort of patients with hypoparathyroidism and compare to 
a control group. Subjects and methods: Patients were submitted to a cross-sectional Symptom 
Checklist-90-R (SCL-90-R) questionnaire that evaluates psychopathological symptoms by means 
of the Global Severity Index (GSI), Positive Symptoms Total (PST) and Positive Symptom Distress 
Index (PSDI). A score based in the positive symptoms was calculated (T-score). The test group was 
composed of patients with hypoparathyroidism, and control by thyroidectomized patients without 
hypoparathyroidism. A correlation between the presence of psychological symptoms and clinical 
features was analyzed. Results: The study included 57 patients with a mean age of 51.1 ± 16.4 years; 
20 as a control and 37, test group. There were no differences between groups regarding gender, mean 
age and age at diagnose. Hypoparathyroidism patients presented higher GSI index than the control 
group (p = 0.038). Mean T-score of the test group was as elevated as 58.2 ± 5.3 (reference range < 
55). No correlation of the number of psychological symptoms to clinical and laboratorial parameters 
was observed. Conclusion: Patients with hypoparathyroidism attending our outpatient clinics 
presented an increase in the number of self-report of psychological symptoms when compared with 
a control group. However, no correlation with hypocalcemia and clinical parameters was observed. 
Future studies are necessary to evaluated if the absence of PTH play a role on it. Arch Endocrinol Metab. 
2018;62(3):319-24
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INTRODUCTION

P arathyroid hormone (PTH) is the main regulator 
of calcium metabolism. It maintains calcium 

homeostasis by directly regulating bone remodeling 
and renal excretion, and indirectly regulating the 
production of 1,25-dihydroxyvitamin D. Deficiency of 
PTH leads to hypoparathyroidism, a metabolic disorder 
in which the diagnosis is confirmed by the occurrence 
of hypocalcemia (1). Although several etiologies may be 
associated with hypoparathyroidism, in approximately 
75% of the patients the disease occurs after surgery 
in the anterior cervical region (thyroidectomy and 
parathyroidectomy) (2).

Hypoparathyroidism is a rare disorder, and only 
a few studies have directly assessed its prevalence. 
Estimates point out to approximately 77,000 cases (3) 

and 37/100,000 person-years (4) in the United States, 
and 22/100,000 person-years in Denmark (5). 

Treatment of hypoparathyroidism includes 
supplemental calcium at high doses and calcitriol 
or other vitamin D analogs. The main morbidities 
affecting these patients are due to the occurrence of 
hypocalcemia and hyperphosphatemia and the adverse 
effects of long-term use of calcium and vitamin D 
treatment such as nephrolithiasis, nephrocalcinosis, 
and renal function impairment (1). Studies have shown 
that patients with hypoparathyroidism present a variety 
of psychological and neurological manifestations (6-9) 
and a high prevalence of psychiatric morbidities (7,8), 
including an increased incidence of depression and 
bipolar disorder (7) and a greater risk of hospitalization 
due to neuropsychiatric conditions (8). Decreased 
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cognitive function has also been demonstrated in 
these patients (9). In an online interview with over 
300 adults with hypoparathyroidism, more than 50% 
of the respondents reported cognitive and emotional 
symptoms (6), including mental lethargy (72%), 
memory loss (65%), sleep disturbances (57%), anxiety 
(59%), and depression (53%).

Although evidence shows frequent psychological 
and neurological manifestations interfering with the 
quality of life of patients with hypoparathyroidism, 
these manifestations have not been carefully detailed, 
and are not usually identified by physicians caring 
for these patients. In a US study including patients 
with permanent hypoparathyroidism following 
thyroidectomy, 47% of the respondents reported 
feeling that their health was “much worse” after surgery 
(10). In contrast, only 16% of the surgeons who had 
operated on these patients estimated that the patients  
were dissatisfied after surgery. The authors then 
concluded that the impact of postoperative 
hypoparathyroidism on a patient’s quality of life is 
actually underestimated (10). 

The aims of this study were to evaluate the presence 
of psychopathological symptoms, which is related 
to well being and mood, in a cohort of patients 
with hypoparathyroidism undergoing conventional 
treatment with calcium and vitamin D, and analyze the 
association between these symptoms to other clinical 
factors including disease duration and serum calcium 
levels. 

SUBJECTS AND METHODS

In this cross-sectional, case-control study, we 
conducted an active search of medical records of 
patients attending the Thyroid Cancer and Bone 
Metabolism outpatient clinics at the Endocrine 
Division at Federal University of Paraná (SEMPR) to 
identify patients with hypoparathyroidism and controls 
without hypoparathyroidism. We identified 57 patients 
who were further contacted by phone and invited to 
participate in the study. All patients who agreed to 
participate signed an informed consent form. The study 
was approved by our local Ethics Committee.

The study groups consisted of 37 patients with 
postsurgical or autoimmune hypoparathyroidism and 
20 control patients without hypoparathyroidism who 
had undergone total thyroidectomy. The majority of 
the patients were underwent to surgery in the last 23 

years by the head and neck surgery team of the Hospital 
de Clínicas, Federal University of Parana. Exclusion 
criteria comprised a duration of hypoparathyroidism 
shorter than 6 months and a history of psychiatric or 
neoplastic diseases, except for thyroid neoplasms. 

We performed a detailed review of the medical 
records of the participants to gather information 
regarding their age, gender, etiology, disease duration, 
age at diagnosis, and doses of medications in use. In 
addition, we obtained the patients’ serum levels of 
calcium, phosphate, 25-hydroxyvitamin D, and PTH, 
collected on average 6 months after surgery, and 
calculated their mean levels and standard deviations. To 
calculate the mean levels of serum calcium, phosphate, 
and PTH, we analyzed the first and last visits of each 
patient, as well as three intermediate visits (a total of 
five time points). We have previously published the 
mean treatment doses of calcium carbonate, calcitriol, 
and cholecalciferol used by the patients at five time 
points during their follow-up (11). 

Patients in both groups filled out the Symptom 
Checklist-90-R (SCL-90-R) questionnaire, an 
internationally and nationally validated (12) tool. The 
SCL-90-R was chosen, since it is the most complete 
questionnaire to evaluated psychopathological 
symptoms and also has been previously used in well-
recognized study in patients with hypoparathyroidism 
receiving conventional therapy (13). The questionnaire 
comprises 90 items, each item graded on a scale from 
0 (none) to 4 (extreme). The patient must choose the 
grade (number) that best corresponds to how much 
they have worried or how much distress they have 
experienced related to that item over the previous 7 
days. After receiving instructions, the patients filled out 
the questionnaires individually. 

The SCL-90-R assesses presence of 
psychopathological symptoms of an individual by 
evaluating three global indices of distress: the Global 
Severity Index (GSI), the Positive Symptom Total 
(PST), and the Positive Symptom Distress Index 
(PSDI) (12,14,15). GSI is considered the best 
indicator to assess the current level of the disorder, 
and is calculated by adding up the obtained values and 
dividing the result by the number of items answered, 
thus reflecting the quality of life in general. The PST 
assesses the number of symptoms, and is calculated 
by the number of items scored above zero. The PSDI 
measures the intensity of symptoms and is calculated 
by dividing the sum of the items answered by the 
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number of items scored above zero. The latter is also 
used to assess the patient’s response style, or in other 
words, if they tend to “augment” or “attenuate” their 
symptoms (12,14,15). Lastly, the SCL-90-R evaluates 
nine dimensions of psychological symptoms, including 
somatization, obsessive-compulsive traits, interpersonal 
sensitivity, depression, anxiety, hostility, phobic anxiety, 
paranoid ideation, and psychoticism (12,14,15). These 
nine dimensions of psychological symptoms of the 
SCL-90-R were not evaluated in the present study. 

We converted the GSI responses to T-scores in 
order to compare these results with those in the 
literature. The classification is based on T-score values, 
as follows: T-scores between 40 and 55 are within the 
normal range, those greater than 55 indicate already 
significant impairment of mood, while those above 
60 are considered pathological, equivalent to severe 
impairment of well-being and mood (12,14,15).

Statistical analysis

We analyzed the data with the software R, version 
3.2.3 (16). The normality of the data was evaluated 
with the Shapiro-Wilk test. To evaluate statistical 
differences between groups of data following a normal 
distribution (serum calcium), we used the parametric 
Student’s t test, and  for data without a normal 
distribution (current age, age at diagnosis, disease 
duration, etiology, phosphate, vitamin D, and PTH), 
we used the nonparametric Wilcoxon-Mann-Whitney 
test. To evaluate whether the proportion of men and 
women between the groups differed statistically, we 
used Fisher’s exact test. Student’s t test was also used 
to analyze the sum of the items of the questionnaire, 
as well as the scores obtained for each of the indices – 
GSI, PST, and PSDI. To assess the correlation between 
quality of life and disease duration, age at diagnosis, 
etiology, and serum calcium and phosphate, we used 
Spearman’s rank correlation coefficient, because the 
data followed a non-normal distribution. We considered 
p values < 0.05 as statistically significant.

RESULTS

The study included 57 patients with a mean age of 
51.1±16.4 years. In total, 20 patients were allocated to 
the control group and 37 to the hypoparathyroidism 
group. In the latter, 31 patients had postsurgical 
hypoparathyroidism, and six had autoimmune 

Table 1. Characteristics of the study population regarding clinical and 
laboratory parameters

Parameters Control Hypoparathyroidism P value

Gender1 19 women

1 man

34 women

3 men

1

Current age (years)2 52.7 ± 14.9 50.2 ± 17.3 0.535

Age at diagnosis (years)2 43.0 ± 17.1 38.0 ± 18.6 0.425

Disease duration (years)2 8.4 ± 7.3 13.1 ± 5.9 0.025*

Calcium (mg/dL)3 9.3 ± 7.3 8.4 ± 1.0 0.003*

Phosphate (mg/dL)2 3.6 ± 0.4 8.4 ± 1.0 < 0.001*

Vitamin D (mg/dL)2 33.6 ± 11.1 50.2 ± 22.2 0.131

PTH (pg/mL)2 49.5 ± 15.7 8.9 ± 4.7 < 0.001*

1 Statistical analysis with Fisher’s exact test.
2 Mann-Whitney statistical analysis.
3 Student’s t test statistical analysis.
* Statistically significant difference.
The values are expressed as mean ± standard deviation.

hypoparathyroidism. There were no significant 
differences between groups regarding gender, mean age, 
mean age at diagnosis, and education level. In general, 
patients with hypoparathyroidism were asymptomatic 
except by presenting occasional paresthesia and cramps. 
Table 1 presents the laboratory parameters in both 
groups. As expected, the serum levels of calcium, 
phosphate, and PTH differed significantly between 
the groups, with patients with hypoparathyroidism 
presenting lower calcium and higher phosphate levels 
when compared with those in the control group. 

Patients in the hypoparathyroidism group received 
conventional replacement therapy with calcium and 
vitamin D. The mean daily doses prescribed were 
1.321 ± 705 mg of calcium carbonate, 0.5 ± 0.28 mcg 
of calcitriol, and 25500 ± 15000 IU of cholecalciferol. 

Table 2 shows the SCL-90-R scores. When compared 
with control patients, those with hypoparathyroidism 
had greater GSI scores (1.1 ± 0.5 and 0.8 ± 0.4, 
respectively, p = 0.03). The significance was maintained 
when only the post surgical hypoparathyroidism 
patients (N:31) were compared to the control group 
(0.8 ± 0.4 vs. 1.1 ± 0.6; p = 0.04). The mean number 
of the questionnaire items filled out by the patients was 
higher in the hypoparathyroidism group (93.5 ± 47.3) 
compared with the control group (84.3 ± 45.2, p = 
0.036). No differences were observed between groups 
in regard to the PST and PSDI subscales (Table 2). 

The mean GSI T-score in patients with 
hypoparathyroidism was 58.1 ± 5.6. Overall, 27 
patients with hypoparathyroidism (72.9%) presented 
impaired quality of life (T-scores above 55). There was 
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the authors also observed a significant impairment of 
mood with a pattern usually seen in anxiety disorders 
among patients with hypoparathyroidism when 
compared with thyroidectomized controls without 
hypoparathyroidism. In both groups, the authors found 
no correlation between neuropsychiatric assessment 
scores with serum calcium or disease duration. The 
mean T-score related to the GSI was only slightly 
higher than that in our cohort, but it was higher than 
55 in both studies, reflecting a significant impairment 
of mood among patients with hypoparathyroidism 
across different cultural contexts. 

Other studies also assessing patients with 
hypoparathyroidism undergoing replacement with 
calcium and vitamin D had different methodologies 
than ours, including the absence of a control group and 
lack of a detailed description of treatment type or use of 
T-scores. These differences hinder a direct comparison 
of these studies with ours. Despite that, these studies 
also demonstrated neurological and psychological 
impairments in this group of patients (6-9). 

The causes of the neuropsychiatric changes in 
patients with hypoparathyroidism are still unclear. Both 
our study and the one by Arlt and cols. (13) have shown 
a negative correlation between quality of life assessment 
scores with serum calcium and disease duration. In 
addition, most patients undergoing conventional 
treatment managed to maintain calcium levels within 
the normal range. Mitchel and cols. periodically 
measured the serum calcium levels of 120 patients with 
hypoparathyroidism undergoing calcium and vitamin 
D replacement for 7 years, and demonstrated that 71% 
of the patients achieved an acceptable range of calcemia 
for the disease, considered by the authors as between 
7.5 and 9.5 mg/dL (17). 

Considering that the high prevalence of 
neuropsychiatric manifestations coexists with normal 
serum calcium levels in large part of the patients, 
this has led to the question of whether the presence 
of psychological symptoms and therefore, decrease in 
quality of life, might not be another consequence of 
chronic hypocalcemia.

Interestingly, it has been described that the PTH 
receptor PTH2R is more common in the brain than 
in other tissues (18). One study has used in situ 
hybridization to study the distribution of this receptor 
in the brain of primates and humans, revealing that 
its location suggests that it may be related to areas 
regulating fear, anxiety, reproductive behavior, and 

Table 2. Indices obtained with the SCL-90-R questionnaire in the controls 
and hypoparathyroidism groups

SCL-90-R Control
(n = 20)

Hypoparathyroidism
(n = 37) P

Sum of items answered1 67.4 ± 36.2 93.5 ± 47.3 0.036

Number of Items 
Answered²

87.7 ± 10.0 87.9 ± 9.4 0.252

GSI (Global Severity Index)1 0.8 ± 0.4 1.1 ± 0.5 0.038*

PST (Positive Symptom 
Total)¹

34.2 ± 16.1 43.3 ± 18.4 0.069

PSDI (Positive Symptom 
Distress Index)1

1.9 ± 0.7 2.1 ± 0.5 0.324

1 Student’s t test statistical analysis.
2 Mann-Whitney statistical analysis.
* Statistically significant difference.
The values are expressed as mean±standard deviation.

no correlation between GSI scores with age, disease 
duration, etiology, or levels of serum calcium and 
phosphate. No correlation between quality of life and 
disease duration was found.

DISCUSSION

This study demonstrated that patients with 
hypoparathyroidism presented status of more 
psychological distress compared with a control group 
of individuals without hypoparathyroidism, albeit a 
correlation with the clinical factors investigated was not 
confirmed. The significant difference in GSI between 
the two groups showed that this impairment of mood 
and in some cases, well-being, might have affected 
several dimensions of physical and mental symptoms 
and therefore, quality of life. As demonstrated by the 
PST scores, patients with hypoparathyroidism showed 
a tendency to present more symptoms. Regarding the 
PSDI, the difference between the two groups was also not 
significant, showing that in spite of the global decrease 
in well-being, patients with hypoparathyroidism do not 
tend to amplify the intensity of their symptoms. 

A few studies have evaluated of psychological distress 
and well-being in patients with hypoparathyroidism. 
Arlt and cols. have published a case-control study 
with the application of questionnaires assessing 
a broad-spectrum of well-being parameters in 
patients with hypoparathyroidism undergoing 
conventional treatment in Germany (13). In their 
study, 25 patients with hypoparathyroidism following 
thyroidectomy were evaluated with the SCL-90-R 
and other questionnaires. In line with our findings, 
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nociception. Moreover, the location of the receptor in 
the brain in primates and humans is very similar (19). 
These findings suggest that PTH action in the central 
nervous system may be important in neuromodulating 
several behaviors related to general well-being.

Some studies have evaluated patients receiving 
synthetic PTH replacement, a treatment option that 
became available in the United States in 2015. Two 
publications (20,21) have shown improvements in 
quality of life following replacement with this type of 
hormone. However, these studies have not approached 
the relation between serum calcium and well-being 
scores, as done in our study and in that by Arlt and 
cols. (13).

Vescini and cols. (20) used the 36-item short-
form health survey (SF-36) questionnaire to evaluate 
42 patients with hypoparathyroidism before and after 
PTH (1-34) replacement for 6 months. The authors 
observed a significant improvement in all domains 
assessed with the questionnaire, including physical and 
mental symptoms.

The positive effects of the treatment with PTH (1-
84) were confirmed in another study that evaluated 
69 patients during 5 years, as part of a cohort 
study of patients with postsurgical and idiopathic 
hypoparathyroidism assessed before, during, and after 
discontinuation of hormone therapy, using the SF-36 
questionnaire. After 2 months of treatment with PTH 
(1-84), the patients showed improvements in quality of 
life indices, a result that persisted in the last evaluation 
performed 5 years after treatment start. In addition, 27 
patients who discontinued treatment due to side effects 
experienced decreased well-being at the end of that 
period when compared with those who maintained the 
therapy. These patients showed significant improvement 
in T-scores related to social interaction, vitality, mental 
health, limitations caused by physical health problems, 
and general health perception (21).

In summary, treatment with PTH replacement 
was associated with improved quality of life in some 
studies with a longitudinal patient follow-up model. 
Clearly, patients with hypoparathyroidism present some 
degree of impaired quality of life. The neuropsychiatric 
complications of the disease are not well recognized 
and are often underestimated. Nevertheless, at the 
First International Conference on “The Diagnosis, 
Management, and Treatment of Hypoparathyroidism” 
in 2015, researchers have emphasized the quality of life 
as one of the areas requiring additional research within 

the next 5 years (22). In fact, more evidence is necessary 
to determine the relation between these patients’ well-
being and their biochemical parameters, as well as their 
response to different treatments. 

In conclusion, patients with hypoparathyroidism 
attending our outpatient clinics presented an increase 
in the number of self-report of psychological symptoms 
when compared with a control group, which was 
similar to results found in other studies. However, no 
correlation with hypocalcemia and clinical parameters 
was observed. Clinicians should recognize the presence 
of this psychological distress since hypoparathyroidism 
is a long-term disease that often develops early in life.

Future studies are necessary to improve the 
understanding of the etiology and pathophysiology of 
the psychiatric changes associated with this disease. In 
addition, it is important to elucidate if the absence of 
PTH play a role on it.
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ABSTRACT
Objective: The testosterone:cortisol ratio (T:C) is suggested to be used in order to examine whether 
physical exercise generates either a “catabolic environment” or an “anabolic environment”. The 
present study aims to evaluate the acute time-course profile of cortisol and testosterone due to an 
episode of physical exercise. A biphasic profile in the T:C ratio response was hypothesized. Materials 
and methods: Morning sessions of treadmill running at two different intensities (Heart Rate at 65% 
and 80% of the maximum cardiac reserve) were performed by 6 male non-runners (NR) and 12 
trained male runners (subdivided into trained runners T1 and T2). Cortisol and testosterone were 
measured in saliva. NR and T1 ran for 30 minutes at both intensities, and T2 ran for 46 minutes (± 4.1) 
at 65% and 42 minutes (± 3.5) at 80%. Results: In the 80% heart rate target, both groups of runners 
showed the biphasic time-profile, while the non-runners group did not. However, at the 65% level, 
none of the groups presented the hypothesized biphasic response. Conclusions: A biphasic time-
profile in the testosterone:cortisol ratio can be seen in short-bout, high intensity exercise (treadmill 
running) during the morning in men trained for this specific physical activity. Arch Endocrinol Metab. 
2018;62(3):325-31
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INTRODUCTION

F rom the classic fight-or-flight reaction to subtle 
dominance relationships in groups, changes are 

observed in specific hormonal values (1,2). Part of 
these changes can be understood in terms of their 
direct metabolic consequences, and both physical and 
psychological factors seem to play a role as causal factors 
(1). Although physical exercises are beneficial to health, 
such activities can generate harmful effects in both men 
(3) and women (4), a situation that is aggravated by 
excessive physical exercise (5,6). However, it is not fully 
known how the beneficial health and fitness-related 
effects of exercise come to end, subsequently becoming 
harmful to the human body. The study of hormonal 
changes related to physical exercise, which have been 
the focus of much research in the fields of physiology 
and health, may contribute to this subject (1). 

Although there is still no isolated marker capable 
of diagnosing training problems and/or overtraining 
(7-9), several indicators have been proposed in recent 

decades in search of this supposed turning point. One 
of these markers is the ratio between testosterone, 
considered an anabolic hormone, and cortisol, 
considered a catabolic hormone (10,11). 

The testosterone:cortisol ratio has been reported 
as a sign of anabolic status in athletes before 
competing (12), acute training response (13,14), 
psychophysiological responses to competition venue 
(15), training effects (16) and training motivation 
(12,17). An imbalance between the anabolic and 
catabolic milieu of the metabolism could be associated 
with certain components of the prescribed exercise 
(e.g. training volume and intensity) that should be 
monitored with the intention of improving sports and 
exercise performance whilst avoiding any deleterious 
effects from such activity (18). 

With regards to acute hormonal responses related 
to exercise, the testosterone: cortisol ratio (T:C) 
has been suggested to be used in order to examine 
whether physical exercise generates either a “catabolic 
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environment” or an “anabolic environment” (19). In a 
long-term training process, monitoring T:C has been 
advocated in order to verify the hormonal responses to a 
given training load, which could aid in preventing non-
functional overreaching or overtraining syndrome (20). 
In this case, is believed that a catabolic environment 
might be persistently present (with elevated cortisol 
and low testosterone concentration) (21), associated 
with decline in performance, psychological changes, 
and neuroendocrine disorders. 

In general, a low testosterone concentration may 
be indicative of poor health in men (22), and extreme 
levels of circulating androgens, whether high or low, 
can have negative effects on women’s health (23). In 
women, chronic hypercortisolism has been associated 
with exercise-induced amenorrhea (24). In fact, the 
analysis of bone mineral density in this group changed 
the idea of amenorrhea in athletes being a benign event, 
and linked this phenomenon to premature bone loss 
associated with a decline in the levels of progesterone 
and estradiol (25). In a prospective, population-based 
study of chronic heart disease related to “stress” in men, 
a low ratio between testosterone and cortisol showed 
a strong positive association with the components of 
insulin resistance syndrome (26).

According to some studies, the onset of physical 
activity stimulates the production of both cortisol 
and testosterone (27,28). However, cortisol remains 
elevated in the circulation following the episode of 
exercise, negatively affecting the synthesis of testicular 
testosterone (29). These events could generate a biphasic 
time-profile in the T:C ratio, a possible occurrence that 
has not yet been well studied. These events, which are 
considered in our hypotheses, are pictorially illustrated 
in Figure 1 (References used to build the chart (30-
32), in which we show the expected circadian variation 
in T:C and the biphasic response elicited by the physical 
activity described above. 

From this point of view, it is possible to observe 
that the added effect of acute exercise and the circadian 
rhythms of testosterone and cortisol obscures our 
understanding of the biphasic time-profile. Therefore, it 
is important to analyze the dynamics of these hormones 
throughout the day. A single isolated measurement 
might provide a poor picture depending on the 
sampling phase in relation to the action of cortisol. In 
fact, this putative biphasic time-profile could play a role 
in the contradictory data presented in the literature 
regarding the T:C ratio and acute physical activity (33). 

Hour
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Figure 1. Graphical representation of the T:C ratio throughout the morning. 
The dashed line shows the expected physiological circadian rhythm of T:C. 
The dotted line represents the hypothesized biphasic response due to a 
bout of exercise. 

Questions in the study

The present study aims to evaluate the acute time-
course profile of cortisol and testosterone due to an 
episode of physical exercise, and to answer the following 
questions:

1)  Is there a biphasic profile in the response of the 
T:C ratio?

2)  Is there a relationship between this profile and 
the intensity of acute physical exercise?

3)  Is there a relationship between this profile and 
the duration of acute physical exercise?

4)  Is there a difference in this profile between run-
ners and non-runners?

MATERIALS AND METHODS
Subjects

Volunteers were selected and divided into two groups 
in accordance to their previous habitual physical 
exercise profile (the trained runner group (T, n = 
12) and non-runner group (NR, n = 6)). The trained 
volunteers ran an average of 42 (± 19.2) km/week. 
They were randomly assigned to two subgroups, T1 
and T2, described below. The non-runner volunteers 
had varied physical activities but they were not 
runners. Only male volunteers were selected for the 
study (mean age = 36 years (± 8.32); mean body 
mass = 68.8 kg (± 8.32). All participants had a clinical 
follow-up and signed an informed consent form (the 
study was approved by the Ethics Committee of the 
Bioscience Institute – University of Sao Paulo, CAAE 
12937713.0.0000.5464).
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Preliminary data collection

Volunteers visited the laboratory for the first time in 
order to be physically evaluated and receive instructions 
about the experimental procedures. Subsequently, each 
volunteer performed a running session on the treadmill 
to establish the individual speed corresponding to the 
target heart rates (see below).

Exercise intensity zones – target heart rates – 
intensity versus demand

The exercise intensity was determined by the heart 
rate reserve method (34):

Rp = Rrest + p × (Rmax – Rrest) (1)

Where Rrest is the resting heart rate, Rmax is the 
inferred maximum heart rate of the subject (220 – age 
in years), p is the desired percentage of the maximum 
intensity (heart rate reserve) and Rp is the computed 
target heart rate.

The protocols used were differentiated by the 
exercise intensity, the training level of the subjects, and 
a controlling variable (time or heartbeat) that limits the 
duration of the exercise. The protocols for each subset 
are summarized in Table 1. 

of beats to be attained was 6,300 (this number of beats 
resulted in sessions that lasted longer than the 30-min 
ones completed by the NR and T1 groups, but not so 
long as to compromise the similarity in the time of day 
for hormonal collection). From the preliminary data 
collection, the individual running time at R65 and R80 
were computed for each volunteer as the session time = 
6,300 / Rp. As such, the mean running time at R65 was 
46 minutes (± 4.1) min and 42 minutes (± 3.5) at R80.

Running sessions

The experiments were conducted at a controlled room 
temperature of 21 (± 0.5) degrees Celsius. The average 
relative air humidity was 66% (± 10%). Estimated 
altitude of the laboratory: 785 meters above sea level.

All running sessions were performed in the 
morning, beginning between 08:00 and 09:00. There 
were two running sessions, one day at 65% of the heart 
rate reserve (R65) and the other at 80% of the heart rate 
reserve (R80). The order of the sessions was randomly 
assigned to each volunteer.

During the running session, the volunteer’s heart 
rate was continuously monitored by surface ECG. The 
electrodes were attached to the thorax and abdomen 
(CM5 – a modified Lead I configuration). The ECG 
was acquired using a sampling rate of 1000 Hz and 
standard filters with a MP30 interface and the Biopac 
Student Lab Pro software (Biopac Systems Inc., Goleta, 
CA, USA). 

Hormone collection and analysis 

The saliva samples for the hormonal analysis were 
obtained by direct salivation into plastic tubes, stored 
in a thermal bag at 10° Celsius and then in a freezer 
(at - 20° Celsius).

Samples were taken at three different occasions, at 
approximately the same time of day, in order to avoid 
circadian variations. 

Basal hormones. Basal samples were collected at 08:00 
and 11:00 on days when the volunteer did not perform 
any physical exercise. The volunteers were required to 
eat a small meal with around 40 grams of carbohydrate 1 
hour before the first saliva sample (07:00).

Experimental hormonal data. On the experimental 
days, the saliva was collected prior to physical activity 
(around 08:00 – PRE; the volunteers were instructed 
to maintain a similar routine pattern as on the day of 
basal collection), immediately after the bout of exercise 

Table 1. Schematics of the experiments

Fitness Non-runners Trained Trained

Protocol Fixed time Fixed time Fixed 
heartbeats

Intensity 65% NR R
65

T1 R
65

T2 R
65

80% NR R
80

T1 R
80

T2 R
80

The experimental groups were separated into subsets with regards to training level (trained 
runners vs. non-runners) and the protocol (fixed time vs. fixed heartbeats). Individuals from 
these subsets performed the exercise at two intensities (65% vs. 80%).

The two exercise intensities selected were 65% and 
80% of the heart rate reserve (R65 and R80, respectively). 
During the experimental procedures, treadmill speed 
was adjusted every 5 min based on the mean heart rate 
observed within this 5 min period in order to keep the 
heart rate as close as possible to the desired target zone.

Each running session for volunteers belonging to 
the NR or T1 groups comprised a 30-min run at the 
individually predetermined R65 and R80. Therefore, 
these groups performed the exercise at fixed intensities.

The T2 group performed the exercise in a fixed final 
energy demand. To impose such a similar final demand 
within the T2 group, the total number of heartbeats 
for a running session was fixed. The selected number 
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(around 08:45 – POST), and later on after the activity 
(around 11:00 – LATE). The volunteers conducted 
their normal daily activities between the POST and the 
LATE samples, but were oriented not to ingest large 
amounts of food. 

Salivary cortisol and testosterone were measured 
using a specific enzyme-linked immunosorbent assay 
(ELISA) for each hormone (DiaMetra – Salivary Steroid 
Hormones, Italy; intra-assay variation ≤ 10% and inter-
assay variation ≤ 8.3% for the cortisol kit, and intra-
assay variation ≤ 8.0% and inter-assay variation ≤ 13.2% 
for the testosterone kit). Testosterone was measured in 
picograms per milliliter, and cortisol in nanograms per 
milliliter.

Statistical approaches

First stage: In order to characterize the primary 
differences between the groups, a one-way ANOVA 
or two-way ANOVA with repeated measures was 
employed, as indicated in the results section. Statistical 
significance was set at p £ 0.05 in this stage.

Second stage: Heart rate. The question of whether 
the NR group has similar heart rates as the T1 and T2 
groups as a whole was addressed by a t-test using the 
Holm-Bonferroni method for post-hoc significance. 
A priori, there were four potential comparisons: NR 
vs. T1; NR vs. T2, NR vs. (T1 and T2), T1 vs. T2. 
Therefore, the adjusted significance levels (critical 
p-values) were 0.013, 0.017, 0.025, 0.050 for the 
ordered p-values obtained in the comparisons.

Time-profile of the T:C ratio. In this case, for each 
group, there were three potential comparisons: PRE vs. 
POST; PRE vs. LATE; POST vs. LATE. In a similar 
manner to the heart rate comparisons, the differences 
were addressed by a t-test using the Holm-Bonferroni 
method for post-hoc significance. The adjusted 
significance levels were 0.017, 0.025, 0.050 for the 
ordered p-values obtained in the comparisons.

RESULTS 

The first step in the analysis was the characterization of 
the groups based on their heart rates in each running 
section (Table 2). A one-way ANOVA comparison of 
the heart rates showed an F-critical (2.15) of 3.68 and 
the F values obtained for the R65 and R80 were 5.53 
and 3.72, respectively (p-values of 0.015 and 0.048), 
leading to the conclusion that the groups are dissimilar 
in their heart rates.

Comparisons between groups (see statistical 
approaches section) revealed that NR is different 
from the T group as a whole (p = 0.004 for R65, and  
p = 0.013 for R80), while T1 and T2 are not different  
(p = 0.596 for R65, and p = 0.887 for R80).

Therefore, despite the fact that the individuals in 
the NR group are not sedentary, their heart rates are 
higher than the those of individuals in the T1 and T2 
groups, who had trained for running.

Table 3 contains the raw T:C ratio data for all the 
volunteers in the present study. A two-Way ANOVA 
with repeated measures detected that the 80% intensity 
zone generates a difference among the groups (detected 
as the groups themselves, p = 0.00004, and in the 
sample time, p = 0.01), while at the 65% level these 
differences are not significant. 

To complete the analysis and remain on track with 
the focus of the present study, i.e. whether there is a 
biphasic time-profile in the T:C ratio elicited by physical 
activity, the time-profile (i.e. PRE, POST and LATE) 
within each group was characterized as described in the 
statistical analysis section:

• Non-runner group: there were no differences over 
time both at the 65% and 80% intensity zones.

• T1 runner group: in the 80% intensity zone, 
POST > PRE (p = 0.0059).

• T2 runner group: in the 65% intensity zone, 
POST > PRE (p = 0.0231) and LATE > PRE 
(p = 0.0021), although POST and LATE were 
not different. In the 80% intensity zone, POST 
> PRE (p = 0.0083). 

Figures 2A and 2B are graphical representations 
of these results superimposed on the circadian and 
biphasic response hypothesis depicted in Figure 1. 

DISCUSSION

A biphasic time-profile in the testosterone:cortisol 
ratio can be seen in short-bout, high intensity exercise 
(treadmill running) during the morning in men 
trained for this specific physical activity. Irrespective 
of the level of training and intensity, it seems that a 
session of exercise in the morning causes a disruption 
in the circadian rhythm of the T:C ratio. How long 
such a disruption remains during the rest of the day 
deserves further investigations. Moreover, whether 
the modification in the T:C ratio promotes a catabolic 
milieu or not remains an open question, as well as the 
use of this ratio to evaluate the performance of athletes 
in acute physical exercise.
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Table 2. Heart rates

Group Subject
R65 R80

bpm min thb bpm min thb

NR 1 150 30 4500 164 30 4920

2 159 30 4770 169 30 5070

3 145 30 4350 161 30 4830

4 154 30 4620 163 30 4890

5 140 30 4200 153 30 4590

6 155 30 4650 160 30 4800

T1 1 146 30 4380 157 30 4710

2 139 30 4170 156 30 4680

3 133 30 3990 151 30 4530

4 128 30 3840 141 30 4230

5 123 30 3690 141 30 4230

6 135 30 4050 156 30 4680

T2 1 140 45 6300 161 39 6300

2 128 49 6300 140 45 6300

3 146 43 6300 157 40 6300

4 119 53 6300 131 48 6300

5 140 45 6300 150 42 6300

6 150 42 6300 158 40 6300

Heart rates (bpm), running time (min) and total heartbeats (thb) for each individual in each protocol (65% and 80%).

Table 3. T:C data

Group Subject
R65 R80

PRE POST LATE PRE POST LATE

NR 1 11.40 17.67 13.41 13.58 13.17 25.38

2 15.12 14.75 13.59 9.68 13.85 14.76

3 17.14 12.11 18.71 13.25 8.48 22.50

4 11.72 15.60 11.88 18.94 23.63 15.16

5 20.80 19.31 22.58 16.87 23.46 23.64

6 9.19 12.26 15.85 21.00 21.34 14.26

T1 1 10.47 15.68 9.14 12.92 14.69 10.00

2 19.46 11.84 14.74 10.20 17.37 17.30

3 14.89 18.06 13.00 13.13 16.45 13.51

4 16.96 17.77 17.23 11.26 15.67 15.81

5 15.92 20.05 22.39 13.35 15.27 18.13

6 12.30 14.03 15.15 13.05 16.62 15.03

T2 1 9.09 13.32 12.36 21.40 23.23 15.84

2 10.92 11.21 14.48 15.38 26.89 21.15

3 9.31 17.20 16.60 13.37 23.43 24.07

4 19.76 22.11 26.52 17.64 23.11 23.57

5 9.67 13.37 18.43 18.47 22.15 23.32

6 12.81 14.85 16.47 17.88 23.77 15.69

PRE: prior to running; POST: immediately after running; LATE: around 2.5 hours after the running section.
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Here, in a biphasic mode or otherwise, and despite 
the specific training level, it seems that a bout of acute 
exercise is able to perturb the circadian rhythm of T:C, 
reducing the ratio found a few hours after physical 
activity. An exception for that was the T2 group in the 
65% target, and we have no hypothesis or explanation 
for this result.

Tremblay and cols. (35) describe a significant 
increase in cortisol only after 120 minutes of running 
at 55% of O2max in trained runners (contrasting with 
running sessions of 40 and 80 minutes). Jacks and 
cols. (36) evaluated the salivary cortisol responses in 
60-minute exercise sessions on a cycle ergometer at 
three intensities (44.5, 62.3 and 76% of O2max) in 
10 untrained men. The hormone fell in the low and 
moderate intensities and increased in the high intensity. 
Despite the intensity, cortisol sampled at 40 minutes 
during the bouts of exercise showed no significant 
difference (36). Hoffman (37) describes a dual 
response of testosterone depending on the duration of 
the physical activity, with an increase in short bouts (less 
than 2 ½ hours) and a reduction in exercises lasting 
longer than 3 hours. Therefore, the picture of a “rise 
and fall” in cortisol and testosterone level is not evident 
prima facie. Actually, many of these studies do not 
consider the biphasic time-profile and, as a consequence, 
additional data acquisition (e.g. at different post-exercise 
times) could lead to different results.

In a recent meta-analysis (33), the authors concluded 
that salivary cortisol, and particularly testosterone, 
are highly influenced by both the study design and 
sampling time. The present results seem to support 
this, as described above. In addition, the time (period 
of the day) of sampling the hormones should be taken 
into account due to the circadian variation of cortisol 
and testosterone, both in their circulating levels and in 
their response curves. 
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Figure 2. Graphical representation of the T:C results shown in Table 2. (A) 
Target heart rate of 65% (R

65
). (B) Target heart rate of 80% (R

80
). The 

curves shown in Figure 1 are in faded gray (circadian and biphasic).

The results of the present study suggest that biphasic 
behavior in the T:C profile seems to depend on the 
energetic demand of the exercise, as well as the training 
status of the individuals. Therefore, in the 80% heart 
rate target, both groups of runners show the biphasic 
time-profile, while the non-runner group does not. 
However, at the 65% level, none of the groups present 
the hypothesized biphasic response.

This also answers our questions regarding whether 
there is an association between the biphasic time-profile 
and the intensity or duration of the acute physical 
exercise. The answer is yes, there is such an association 
between the biphasic time-profile and both intensity 
and duration, in the sense that biphasic behavior of the 
T:C ratio could only be detected in more elevated levels 
of demand, i.e. at the 80% heart rate target. 

Our final query was in respect to the putative 
biphasic time-profile and the individual’s training 
status. The results shown in Figure 2B indicate that 
training specificity plays a role in eliciting a biphasic 
response.
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Maternal hypothyroxinemia in the first 
trimester of gestation and association 
with obstetric and neonatal 
outcomes and iron deficiency: 
a prospective Brazilian study
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ABSTRACT
Objective: To evaluate the association of isolated hypothyroxinemia in the first trimester with 
obstetric and neonatal outcomes and iron deficiency. Subjects and methods: The study was 
prospective. Women who had become pregnant spontaneously were initially selected. Next, anti-
thyroid peroxidase antibodies (TPOAb), free T4 (FT4), total T4 (TT4), TSH, and ferritin were measured. 
TPOAb-positive women were excluded. The final sample consisted of 596 women with serum TSH 
between 0.1 and 2.5 mIU/l. Hypothyroxinemia was defined as FT4 < 0.86 ng/dL and < 0.92 ng/dL, 
corresponding to the 5th and 10th percentiles, respectively, and TT4 < 7.8 ng/dL. None of the pregnant 
women was treated with levothyroxine until the end of pregnancy. Results: The women ranged in 
age from 18 to 36 years, with a median gestation of 9 weeks. T4 levels were not correlated with 
BMI or maternal TSH. Isolated hypothyroxinemia was observed in 4.3% (FT4 < 0.86 ng/dL), 9% 
(FT4 < 0.92 ng/dL), and 7% (TT4 < 7.8 ng/dL) of the pregnant women. The frequencies of obstetric 
and neonatal outcomes were similar in women with versus without hypothyroxinemia. In women 
without iron deficiency, 8.4%, 3.9%, and 6.5% had FT4 < 0.92 ng/dl, FT4 < 0.86 ng/dL and TT4 < 7.8 mg/
dL, respectively. These frequencies of hypothyroxinemia were significantly higher among women 
with iron deficiency (20.7%, 14.8% and 17.2%, respectively). Conclusions: This prospective Brazilian 
study found no association between isolated hypothyroxinemia in the first trimester of gestation 
and obstetric or neonatal outcomes, but an association was demonstrated with iron deficiency. Arch 
Endocrinol Metab. 2018;62(3):332-6

Keywords
Pregnancy; first trimester; hypothyroxinemia; iron deficiency; obstetric and neonatal outcomes

INTRODUCTION

W hen screening for thyroid dysfunction in 
pregnancy is indicated, it should be performed 

in the first prenatal visit, which usually occurs in the 
first trimester. Possible consequences of subclinical 
hypothyroidism and isolated maternal hypothyroxinemia 
also appear to be more worrisome when they occur in 
the first trimester of gestation, a period when the fetus 
still does not produce thyroid hormone and depends 
on maternal thyroxine (T4) (1). It is therefore more 
important to know the impact of these conditions when 
diagnosed in the early stages of pregnancy (1,2).

Isolated hypothyroxinemia is diagnosed in the 
presence of serum TSH within the normal range 
associated with T4 concentrations below the 2.5th, 5th 
or 10th percentile (2-4). Regarding TSH, except when 

the assay- and population-specific references values 
are available, the range of 0.1 to 2.5 mIU/l has been 
accepted for the definition of maternal euthyroidism in 
the first trimester (2,3,5-7). It is worth noting that this 
range does also seem to be adequate for our population 
(8). Iodine deficiency appears to the most important 
factor in the etiology of isolated hypothyroxinemia, 
but other factors have also been implicated, such as 
environmental disruptors, obesity, and iron deficiency 
(4). No consensus exists regarding the consequences 
and need for levothyroxine (L-T4) replacement therapy 
in isolated hypothyroxinemia (4). The American 
College of Obstetricians and Gynecologists (ACOG) 
does not consider this condition in its guidelines (9). 
The American Thyroid Association (ATA) does not 
recommend its treatment (3), while the Endocrine 
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Society proposes partial replacement therapy (5). 
According to the European Thyroid Association (ETA), 
treatment can be considered when hypothyroxinemia is 
detected in the first trimester, but not when it is detected 
in the second or third trimester (2). A large recent 
study found no benefit of L-T4 replacement therapy in 
isolated hypothyroxinemia, but one limitation of that 
study is that this therapy was generally initiated only in 
the 18th week of gestation (10,11).

In view of the lack of consensus regarding the 
management of isolated hypothyroxinemia, notably 
when detected in the first trimester, the objective 
of this study was to evaluate the association of this 
condition with obstetric and neonatal outcomes. The 
association with iron deficiency was also explored. To 
our knowledge, no Brazilian study has so far evaluated 
these associations. 

SUBJECTS AND METHODS

The study was prospective and was approved by the 
local Research Ethics Committee (8).

Selection

The population studied was from the metropolitan 
region of Belo Horizonte (Minas Gerais, Brazil). 
One thousand and eighty two pregnant women who 
underwent prenatal exams at a clinical analysis laboratory 
and who had become pregnant spontaneously were 
initially interviewed and examined (8). Women who 
met the clinical criteria shown in Table 1 (n = 748) 
were first selected. Next, anti-thyroid peroxidase 
antibodies (TPOAb), free T4 (FT4), total T4 (TT4), 
TSH, and ferritin were measured. TPOAb-positive 
pregnant women (n = 38) were excluded. Women 
with hyperemesis gravidarum, twin pregnancy or 
trophoblastic disease (n = 50) were also excluded. The 
sample consisted of 660 women and 596 with serum 
TSH between 0.1 and 2.5 mIU/l (2,3,5-7,8) were 
selected.

Protocol

At the time of the study, and still today, T4 measurement 
is not necessary in women with TSH ≤ 2.5 mIU/L 
without TPOAb. There was also, and continues to be, 
no consensus recommendation regarding the treatment 
of hypothyroxinemia. Hence, in order to avoid 
interference with the results, the protocol was approved 

foreseeing the non-repetition of thyroid function tests 
during pregnancy and was thus executed. None of the 
pregnant women was treated with L-T4 until the end 
of pregnancy. Regarding iron supplementation, the 
women only received the recommended daily doses in all 
pregnant women without additional supplementation 
in those with iron deficiency.

Outcomes

Obstetric and neonatal outcomes were compared 
between women with FT4 < 0.86 ng/dL and  
< 0.92 ng/dL and those with FT4 ≥ 0.92 ng/dL. 
These values correspond, respectively, to the 5th and 
10th percentiles of FT4 concentrations obtained for the 
initially selected 660 TPOAb-negative women (8). We 
also compared women with TT4 < 7.8 ng/dL and ≥ 
7.8 ng/dL. This value is provided by the assay as the 
lower limit of normal for the first trimester of gestation 
and corresponds exactly to 1.5 times the lower limit 
of the reference range for non-pregnant healthy 
adults (12). The outcomes (reported in Table 2) were 
predefined before the start of the study based on those 
used in the largest series that evaluated the association 
between hypothyroxinemia and pregnancy outcomes 
(13). The definitions of hypothyroxinemia were also 
pre-established.

Laboratory

Iron deficiency was defined as a ferritin concentration 
< 15 ng/mL (14). TSH, FT4, TT4 and TPOAb were 
measured with a chemiluminescent assay (Diagnostic 
Products Corporation, Los Angeles, CA). Serum 
samples were obtained from the women in the morning 
(at about 8 a.m.) after an 8- to 10-h fast (8).

Table 1. Inclusion criteria

Clinical criteria

Absence of thyroid disease, no current or previous treatment with antithyroid 
drugs or L-T4, no history of 131I therapy or thyroidectomy

No use of potentially interfering medications such as dopaminergic agonists or 
antagonists, neuroleptics, corticosteroids, estrogen, amiodarone, interferon, 
lithium, anticonvulsants, metformin, octreotide; or recent (in the past 8 weeks) 
exposure to iodinated contrast agents

No history of head and neck external radiotherapy

Absence of type 1 diabetes or other autoimmune diseases

No family history of thyroid disease

Absence of goiter or any palpable thyroid anomaly

Absence of ophthalmopathy

Complementary criteria: ≤ 12 weeks gestation
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Table 2. Obstetric outcomes

Obstetric outcomes FT4 (ng/dL) TT4 (mg/dL)

< 0.86*

(n = 26)*

< 0.92**

(n = 54)**

≥ 0.92* **

(n = 542)* **

< 7.8***

(n = 42)***

≥ 7.8***

(n = 554)***

Hypertensive disease of pregnancy 2 (7.7%)* 5 (9.2%)** 47 (8.6%)* ** 4 (9.5%)*** 50 (9%)***

Gestational mellitus diabetes 3 (11.5%)* 6 (11.1%)** 56 (10.3%)* ** 5 (12%)*** 60 (10.8%)***

Placental abruption 0* 0** 2 (0.3%)* ** 0*** 2 (0.3%)***

Delivery before 34 weeks of gestation 0* 1 (1.8%)** 5 (0.9%)* ** 1 (2.4%)*** 5 (0.9%)***

Delivery before 37 weeks of gestation 1 (3.8%)* 2 (3.7%)** 15 (2.7%)* ** 2 (4.7%)*** 16 (2.8%)***

Fetal loss (after initial evaluation) 0* 2 (3.7%)** 16 (2.9%)* ** 2 (4.7%)*** 16 (2.8%)***

FT4: free T4; TT4: total T4.
* FT4 < 0.86 ng/dL versus ≥ 0.92 ng/dL: p ≥ 0.5 in all comparisons.
** FT4 < 0.92 ng/dL versus ≥ 0.92 ng/dL: p ≥ 0.65 in all comparisons.
*** TT4 < 7.8 mg/dL versus TT4 ≥ 7.8 mg/dL: p ≥ 0.35 in all comparisons.

Table 3. Characteristics of the 596 patients

Age [range, median (years)] 18-36 (27)

Body mass index [range, median (kg/m2)] 18-30 (22.6)

Gestational age [range, median (weeks)] 7-12 (9)

Primigravidae 312 (52.3%)

TSH [range, median (mIU/L)] 0.1-2.5 (0.98)

Hypothyroxinemia Free T4 < 0.86 ng/dL: 26 (4.3%)

Free T4 < 0.92 ng/dL: 54 (9%)

Total T4 < 7.8 mg/dL: 42 (7%)

Iron deficiency 29 (4.8%)

Statistical

The Spearman or Pearson correlation test was used 
to analyze the correlation between T4 and body mass 
index (BMI) and TSH. The t-test or Mann-Whitney 
test and Fisher’s exact test or the c2 test were used for 
comparison between groups. A P value < 0.05 was 
considered statistically significant.

RESULTS

The characteristics of the 596 patients are shown in 
Table 3.

FT4 levels were not correlated with BMI (p = 0.6) 
or maternal TSH (p = 0.1). TT4 levels were also not 
correlated with BMI (p = 0.7) or maternal TSH (p = 
0.15).

Tables 2 and 4 show the obstetric and neonatal 
outcomes, respectively, according to maternal T4 
concentrations in the first trimester of gestation. The 
groups were similar in terms of age, BMI and maternal 
TSH levels. No difference in the frequencies of obstetric 
or neonatal outcomes was observed, regardless of the 
definition of isolated hypothyroxinemia.

Iron deficiency was diagnosed in 29 (4.8%) pregnant 
women. This frequency was 4.2% in women with FT4 
≥ 0.92 ng/dL. The frequencies of iron deficiency 
were significantly higher in women with FT4 < 0.86  
ng/dL and < 0.92 ng/dL (hypothyroxinemia), 15.4% 
(p = 0.03) and 11.1% (p = 0.04), respectively. Women 
with TT4 < 7.8 mg/dL (hypothyroxinemia) also 
exhibited a higher frequency of iron deficiency than 
women with TT4 ≥ 7.8 mg/dL (12% versus 4.3%, p = 
0.045). In women without iron deficiency, 8.4%, 3.9% 
and 6.5% had FT4 < 0.92 ng/dL, FT4 < 0.86 ng/dL 
and TT4 < 7.8 mg/dL respectively. These frequencies 
of hypothyroxinemia were significantly higher among 
women with iron deficiency, 20.7% (p = 0.038), 14.8% 
(p = 0.032) and 17.2% (p = 0.045), respectively.

DISCUSSION

Some characteristics of the present study should 
be highlighted. This was a prospective study. 
Hypothyroxinemia was defined using three different 
criteria of T4 concentration. Regarding TSH, a cutoff 
of 2.5 mIU/l was used since it is still the most accepted 
value for the first trimester of gestation (2,3,5-7) 
and is compatible with the normal range for our 
population (8). In addition, an overestimated TSH 
cutoff may compromise the conclusions because of the 
inclusion of women with subclinical hypothyroidism. 
Women with TPOAb were excluded to rule out 
the possible interference of thyroid autoimmunity 
with the outcomes. The women were evaluated in 
the first trimester since eventual repercussions of 
isolated hypothyroxinemia would be greater during 
this period (1,2,11) and treatment is particularly 
considered in this stage of pregnancy (2). None of 
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Table 4. Neonatal outcomes

Neonatal outcomes FT4 (ng/dL) TT4 (mg/dL)

< 0.86*

(n = 26)*

< 0.92**

(n = 54)**

≥ 0.92* **

(n = 542)* **

< 7.8***

(n = 42)***

≥ 7.8***

(n = 554)***

Birth weight < 2,500 g 1 (3.8%)* 2 (3.7%)** 32 (5.9%)* ** 2 (4.7%)*** 33 (5.9%)***

Birth weight < 1,500 g 0* 1 (1.8%)** 8 (1.4%)* ** 1 (2.3%)*** 8 (1.6%)***

Need for intensive therapy 0* 1 (1.8%)** 11 (2%)* ** 1 (2.3%)*** 11 (2%)***

Need for mechanical ventilation > 24 h 0* 1 (1.8%)** 11 (2%)* ** 1 (2.3%)*** 11 (2%)***

Necrotizing enterocolitisa 0* 0** 1 (0.2%)* ** 0*** 1 (0.2%)***

Intraventricular hemorrhage grade 3 or 4 0* 0** 0* ** 0*** 0

Major congenital malformations 0* 1 (1.8%)** 5 (0.9%)* ** 0*** 6 (1%)***

Neonatal death (< 28 days) 0* 0** 3 (0.5%)* ** 0*** 3 (0.5%)***

FT4: free T4; TT4: total T4. a With need for surgery.
* FT4 < 0.86 ng/dL versus ≥ 0.92 ng/dL: p ≥ 0.8 in all comparisons.
** FT4 < 0.92 ng/dL versus ≥ 0.92 ng/dL: p ≥ 0.45 in all comparisons.
*** TT4 < 7.8 mg/dL versus TT4 ≥ 7.8 mg/dL: p ≥ 0.5 in all comparisons.

the women was treated with L-T4 during pregnancy. 
Finally, few studies have investigated the relationship 
between hypothyroxinemia and iron deficiency. To our 
knowledge, this is the first Brazilian study analyzing 
the association of hypothyroxinemia with obstetric and 
neonatal outcomes and iron deficiency. 

Regarding the association of hypothyroxinemia with 
iron deficiency, our results confirm the data of a Chinese 
observational study, which also evaluated women in the 
first trimester of gestation from an iodine-sufficient 
area (15). Since it would be more than a coincidence 
that iron and iodine deficiencies are the consequence 
of broad nutritional deficiency or that isolated 
hypothyroxinemia (in the absence of hypothyroidism) 
causes iron deficiency, iron deficiency is more likely to 
contribute to hypothyroxinemia (15). It is possible that 
iodine sufficiency influences the consequence of iron 
deficiency in terms of thyroid dysfunction, whether 
it is predominantly hypothyroxinemia (without TSH 
elevation) in an iodine-sufficient population (15) 
like ours, or subclinical hypothyroidism in an iodine-
deficient population (16). However, further clinical 
studies involving pregnant women are necessary to 
consistently confirm this association.

We found no association between isolated 
hypothyroxinemia in the first trimester of gestation 
and obstetric or neonatal outcomes. Casey and cols., 
comparing 16,011 women with normal TSH and 
T4 and 233 with hypothyroxinemia before 20 weeks 
of gestation, also observed no association between 
this alteration and any of the obstetric or neonatal 
outcomes analyzed (13). Cleary-Goldman and cols. 

evaluated 10,021 pregnant women with normal TSH 
and T4 and 232 with hypothyroxinemia (17). In the 
first trimester, hypothyroxinemia was associated with 
preterm labor (adjusted odds ratio [aOR] 1.62; 95% 
confidence interval [CI] 1.00-2.62) and macrosomia 
(aOR 1.97; 95% CI 1.37-2.83) (17). In the second 
trimester, it was associated with gestational diabetes 
(aOR 1.7; 95% CI 1.02-2.84) (17). Finally, a third 
study involving more than 5,000 women revealed an 
association of hypothyroxinemia with preterm labor 
(18), but not with hypertensive disease in pregnancy 
(19). A meta-analysis that included these and other 
smaller studies found only a statistically significant 
increased risk of placental abruption (OR 2.3; 95% CI: 
1.1–4.8) compared to euthyroid controls (20). Taken 
together, these findings show that the association 
of hypothyroxinemia with obstetric and neonatal 
outcomes is still inconsistent (4). In fact, there is no 
reproducibility of the results in the different studies and 
no cause-effect relationship could be established.

We recognize some limitations of the study. First, 
the number of women with hypothyroxinemia may 
have been insufficient to obtain statistical significance 
of small differences compared to euthyroid women. 
Second, since this was not an intervention study, the 
objective was limited to demonstrating the association 
between iron deficiency and hypothyroxinemia, but 
we did not evaluate the effect of iron supplementation 
on T4 concentrations. Finally, we analyzed obstetric 
and neonatal outcomes but not parameters of fetal 
brain development, which could also be compromised 
by isolated hypothyroxinemia (3). Although an 
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association between hypothyroxinemia at the beginning 
of pregnancy and some impairment of fetal brain 
development has been reported in some series (3,20), 
two randomized studies found no beneficial effect of 
L-T4 therapy on this aspect (10,21).

In conclusion, this prospective Brazilian study 
found no association of isolated hypothyroxinemia in 
the first trimester of gestation with obstetric or neonatal 
outcomes. Despite the need for confirmation in larger 
series, this result weakens the concern regarding serum 
T4 in pregnant women with normal TSH, i.e., with 
isolated hypothyroxinemia. In contrast, an association 
was demonstrated between hypothyroxinemia and 
iron deficiency. This finding suggests the importance 
of iron and possible repercussions of its deficiency on 
thyroid function and the need for intervention studies 
evaluating the effects of iron supplementation on 
thyroid status in pregnant women.
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Effectiveness and safety of 
carbohydrate counting in the 
management of adult patients 
with type 1 diabetes mellitus: a 
systematic review and meta-analysis

Eliege Carolina Vaz1, Gustavo José Martiniano Porfírio2, 
Hélio Rubens de Carvalho Nunes3, Vania dos Santos Nunes-Nogueira1

ABSTRACT
Objective: This study aimed to evaluate the effectiveness and safety of carbohydrate counting 
(CHOC) in the treatment of adult patients with type 1 diabetes mellitus (DM1). Materials and 
methods: We performed a systematic review of randomized studies that compared CHOC with 
general dietary advice in adult patients with DM1. The primary outcomes were changes in glycated 
hemoglobin (HbA1c), quality of life, and episodes of severe hypoglycemia. We searched the following 
electronic databases: Embase, PubMed, Lilacs, and the Cochrane Central Register of Controlled 
Trials. The quality of evidence was analyzed using the Grading of Recommendations Assessment, 
Development and Evaluation (GRADE). Results: A total of 3,190 articles were identified, and two 
reviewers independently screened the titles and abstracts. From the 15 potentially eligible studies, 
five were included, and 10 were excluded because of the lack of randomization or different control/
intervention groups. Meta-analysis showed that the final HbA1c was significantly lower in the CHOC 
group than in the control group (mean difference, random, 95% CI: -0.49 (-0.85, -0.13), p = 0.006). The 
meta-analysis of severe hypoglycemia and quality of life did not show any significant differences 
between the groups. According to the GRADE, the quality of evidence for severe hypoglycemia, 
quality of life, and change in HbA1c was low, very low, and moderate, respectively. Conclusion: The 
meta-analysis showed evidence favoring the use of CHOC in the management of DM1. However, 
this benefit was limited to final HbA1c, which was significantly lower in the CHOC than in the control 
group. Arch Endocrinol Metab. 2018;62(3):337-45

Keywords
Type 1 diabetes mellitus; carbohydrate counting; quality of life; systematic review; meta-analysis 

INTRODUCTION

D iabetes mellitus (DM) comprises a heterogeneous 
group of metabolic disorders that commonly 

feature hyperglycemia, which results from disturbances 
in insulin secretion, insulin action, or both (1). In most 
cases, type 1 DM (DM1) is an autoimmune disease 
characterized by the destruction of insulin-producing 
beta cells, accounting for 5% to 10% of all DM cases 
(1). In Brazil, eight of every 100,000 people under the 
age of 20 have DM1 (2).

The therapeutic treatment and control of DM1 
includes the use of insulin for glycemic control, 
balanced diet, and regular physical activity. Daily 
insulin requirements vary based on age, diet, patient 
self-monitoring of blood glucose and daily routines.

Glycemic control of patients with DM is important 
because it impacts the development of diabetic 
complications (3). Diabetes control is evaluated 
mainly according to the levels of HbA1c, fasting 
blood glucose, and postprandial blood glucose (blood 
glucose measured two hours after meal consumption). 
Borderline normal values without the risk of 
hypoglycemia, impaired mental status, and patient 
welfare indicate good glycemic control (4).

The American Diabetes Association recommends 
the following levels for nonpregnant adults: HbA1c 
< 7%, preprandial capillary plasma glucose between 
80 mg/dL and 130 mg/dL, and peak postprandial 
capillary plasma glucose < 180 mg/dL (4). The 
Diabetes Control and Complications Trial (DCCT) 
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showed that adequate glycemic control in patients with 
DM1 (e.g., fasting blood glucose levels up to 110 mg/dL, 
postprandial glucose levels lower than 180 mg/dL, 
and HbA1c < 6.5%) delays the onset and progression 
of microvascular complications, such as retinopathy, 
nephropathy, and neuropathy, and reduces the risk of 
any cardiovascular event by 42% and that of nonfatal 
infarction, stroke, and death by 57% (3). 

The treatment of patients with DM1 facilitates proper 
development in children and adolescents and improves 
the quality of life (QOL) of patients in general (5).

DM1 control cannot be achieved solely via regular 
insulin use. Combining insulin use with diet and 
physical activity is important. In particular, adjusting 
insulin therapy to an individualized food plan is 
key to proper metabolic control (3). Conventional 
nutritional advice for patients with DM1 is the same 
as for the general population. Specifically, a balanced 
nutrition with appropriate concentrations of macro- 
and micronutrients should be based on the goals of 
treatment (i.e., total carbohydrate (CHO), 45%-60% of 
total energy intake (VET); protein, 15%-20% of VET; 
total fat (GT), up to 30% of VET; and minimum dietary 
fiber, 20 g/day or 14 g/1000 kcal) (6).

In addition to conventional nutritional DM1 
treatments, carbohydrate counting (CHOC) is a meal 
planning tool that allows for great variation in food 
choices among individuals with DM (7), with the main 
objective of providing flexibility in food intake (8). Few 
dietary restrictions and the option to decide the number 
of meals (traditional treatment plans recommend 
eating six meals per day) may improve acceptance of 
the disease and overall QOL (9).

CHOC consists of measuring the amount of 
carbohydrates to be eaten during every meal in grams. 
Based on that count and preprandial blood glucose 
levels, the patient calculates the dose of fast or regular 
insulin they need before each meal (10,11). This 
method can be used for any patient with diabetes in 
combination with the use of varying doses of rapid-
acting insulin or continuous subcutaneous insulin 
infusion (12). Two CHOC methods are widely used: 
listing carbohydrate equivalents (A) and measuring 
the carbohydrate in grams (B). In method A, foods 
are grouped so that each food portion chosen by the 
patient corresponds to 15 g of carbohydrate, classifying 
them as equivalents. Method B consists of the sum of 
carbohydrate grams in each food per meal based on 
information in food labels and tables (13).

To improve glycemic control and decrease the 
frequency of acute and chronic complications, CHOC 
is now recommended as another nutritional tool (3,14). 

Regarding the efficacy of the CHOC method 
in metabolic DM1 control in the DCCT study, 
individuals who adjusted their pre-meal insulin doses 
based on carbohydrate counts had a 0.5% decrease in 
HbA1c compared to the group that used a fixed dose 
(15). Dias and cols. (16) showed that HbA1c levels 
were reduced in a group of 55 adult patients, and 
although the total daily dose of insulin increased, no 
weight gain was observed. Waller and cols. (17) also 
evaluated CHOC in children and adolescents with 
DM1 and reported no changes in HbA1c, body mass 
index (BMI), or frequency of hypoglycemic episodes. 
However, the children and their parents showed an 
improvement in QOL. 

We hypothesized that the CHOC method in adult 
individuals with DM1 may be more effective and 
efficient for glycemic control and better improve QOL 
compared to conventional nutritional guidance.

This study aimed to evaluate the effectiveness and 
safety of CHOC in the treatment of adult patients with 
DMI using a systematic literature review.

MATERIALS AND METHODS

This review was performed according to Cochrane 
Methodology (18) and reported according to the 
PRISMA Statement (19).

Eligibility criteria

We included randomized controlled trials with at 
least three months of follow-up, and evaluation of 
outcomes in which patients were randomly divided 
into two groups, intervention or comparison. Data 
were interpreted based on patient-characteristics, 
intervention, comparison, and outcomes (PICO) as 
described below.

Patients

Patients consisted of men and women aged over 18 
years old who had been diagnosed with DM1 for at 
least six months and were not in the “honeymoon 
period”, in which the pancreas can produce small 
amounts of insulin that can be enough to achieve 
adequate glycemic control at a daily dose of less than 
0.5 IU insulin/kg in 24 hours. Patients had standard 
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nutritional counseling with a professional nutritionist 
and took slow-acting or intermediate and multiple 
fast or regular insulin doses before meals (breakfast, 
lunch, and dinner) or continuous subcutaneous insulin 
infusion (CSII). Studies that included pregnant women, 
individuals with a BMI > 40 kg/m², kidney failure, or 
HbA1c >14% were excluded from analysis.

Intervention

Individuals in the intervention group had nutritional 
counseling for CHOC to determine the amount of fast 
or regular insulin that they would need before each 
main meal.

Comparison

The comparison group included individuals who had 
conventional nutritional advice and used fixed doses of 
fast or regular insulin before meals.

Outcomes

Assessed outcomes were reduction in HbA1c, 
frequency of severe hypoglycemia, improved QOL, 
body weight or BMI gain, lipid profile, and total daily 
dose of insulin. Validated questionnaires were used to 
evaluate QOL: Audit of Diabetes-Dependent Quality 
of Life (ADDQoL), Diabetes Treatment Satisfaction 
Questionnaire (DTSQ), and Diabetes Quality of Life 
Measure (DQoL).

Search strategy and selection

No language restriction was imposed. We searched the 
following electronic databases through November 30, 
2016 to identify randomized clinical trials involving 
CHOC versus conventional nutritional advice in the 
treatment of DM1 patients: Embase (1980-2016), 
PubMed (1966-2016), Lilacs (1982-2016), and 
the Cochrane Central Register of Controlled Trials 
(CENTRAL, the Cochrane Library, issue 2016). We also 
searched for ongoing clinical trials on the clinicaltrials.
gov website. Medical Subject Heading terms used 
included “Type 1 Diabetes Mellitus”, “Carbohydrates”, 
“Nutrition Therapy”, and “Randomized Controlled 
Trial”.

Two reviewers (ECV and VSNN) independently 
screened the titles and abstracts identified in the literature 
search. Studies potentially eligible for inclusion in the 
review were selected for complete reading.

Data extraction and risk of bias

Both reviewers assessed the study quality and extracted 
data using an extraction template. For each trial, 
we assigned the risk of bias considering the quality 
scores for random sequence generation, allocation 
concealment, blinding of outcome assessment, and 
incomplete outcome data. We used the criteria 
described in the Cochrane Reviewer’s Handbook (18) 
to classify these scores as adequate (low risk of bias), 
unclear, and inadequate (high risk of bias). 

Data synthesis and analysis

We performed the meta-analysis by using a random-
effects model in Review Manager 5.3 software. For 
dichotomous outcomes, the relative risk was calculated 
with a 95% confidence interval and continuous variables 
were expressed as a weighted mean difference with 95% 
confidence intervals. Potential causes of heterogeneity 
among studies were also analyzed. The I2 statistic was 
used to measure the impact of heterogeneity for each 
outcome (where an I2 ≥ 50 indicates a considerable level 
of heterogeneity) (18). When we found heterogeneity, 
we attempted to determine possible reasons for it via 
subgroup analysis or by examining individual studies. 

Quality assessment

The quality of evidence per outcome measurement was 
graded according to the Grading of Recommendations 
Assessment, Development and Evaluation (GRADE) 
Working Group. The confidence of the GRADE system 
decreases if randomized studies have major limitations that 
may interfere with treatment effect estimates (20). These 
limitations include risk of bias for each study, inconsistency, 
indirectness, imprecision, and publication bias of each 
evaluated outcome per GRADE considerations.

RESULTS

From the database searches, 3190 articles were identified 
(Figure 1). Fifteen articles were potentially eligible 
for inclusion in the analysis and were selected for full 
review. Five of the 15 studies were included for analysis 
(7,10,15,21,22). Of the 10 excluded studies, three were 
not randomized (23-25), three compared two different 
methods for mealtime insulin dosing; no group had 
conventional nutritional advice using a fixed dose of 
fast or regular insulin before meals (8,26,27). In three 
studies, patients were children or adolescents (28-30), 
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and one study compared three different possibilities of 
insulin self-adjustments, without a group using a fixed 
dose of fast or regular insulin before meals (31). 

The baseline characteristics of study participants and 
eligibility criteria of the included studies are presented 
in Tables 1 and 2, respectively. P values < 0.05 were 
considered statistically significant.

Dafne and cols. (7) performed a single-center study 
in England. A total of 169 patients with DM1 who 
had been diagnosed more than two years prior without 
chronic complications and intensive insulin therapy 
were randomized to CHOC or conventional nutritional 
treatment. The main outcome measures after a  

Figure 1. Flowchart for identifying eligible studies

1 of additional records 
identified through other sources
Conferences 0

Hand-searches 1

Specialist in the field 0

3190 of records after duplicates removed

53 of records screened

15 of full-text articles 
assessed for eligibility

5 of studies included in 
quantitative synthesis 
(Meta-analysis)

33 of records excluded

10 of full-text articles excluded, with 
reasons: 
03 The groups were different from 
proposed PICO

03 Non-randomized studies

01 Control group was different from 
proposed PICO

03 Patients were children or adolescents

3246 of records identified through 
databases searching
PubMed 1586

Embase 1480

Lilacs and Central Cochrane 180

Table 1. Baseline characteristics of patients in each included study

Study
Number of 

randomized 
patients

Male/Female Age (SD) HbA1C (SD) Fasting Glucose 
nmol/L (SD)

BMI or weight (kg) 
(SD) Insulin dose (SD)

Dafne, 2002 G1 = 84 
G2 = 85

-  

-

G1- 9.4 (1.2)

G2 = 9.3 (1.1)

- G1 = 80.5 (1.7)

G2 = 77.4 (13.4)

-

Laurenzi, 
2011

G1 = 28

G2 = 28

G1 = 15/13

G2 = 09/19

G1 = 41.2 (10.0)

G2 = 39.8 (9.8)

G1 = 7.9 (0.9)

G2 = 8.1 (1.5)

- G1 = 23.7 (21-25.2)

G2 = 23.8 (20.8-26.8)

**G1 = 36 (24.5-49)

**G2 = 33 (28.5-39.5)

Scavone, 
2010

G1 = 100

G 2 = 156

G1 = 49/51

G2 = 74/82

G1 = 39 (11)

G2 = 39 (11)

G1 = 7.8 (1.3)

G2 = 7.5 (0.8)

- - -

Schmidt, 
2012

G1 = 26

G2 = 09

G1 = 10/11

G2 = 06/02

G1= 41 (10)

G2 = 46 (09)

G1 = 9.2 (0.6)

G2 = 9.1 (0.7)

- - *G1 = 0.6 (0.2)

*G2 = 0.7 (0.17)

Trento, 2009 G1 = 27

G2 = 29

G1= 18/9

G2 = 12/17

G1 = 37.33 (12.6)

G2 = 36.76 (7.9)

G1 = 7.6 (1.3)

G2 = 7.7 (1.24)

G1 = 9.64 (5.17)

G2 = 9.05 (5.08)

G1 = 24.4 (2.6)

G2 = 23.5 (3.3)

**G1 = 47.9 (10.6)

**G2 = 45.7 (12.6)

G1: intervention group; G2: control group. * Daily insulin dose per kg; ** Total insulin dose (basal and bolus). - No information provided.

six-month follow-up were: HbA1c, severe 
hypoglycemia, and the impact of diabetes on QOL as 
assessed using the ADDQoL questionnaire. 

Laurenzi and cols. (10) recruited patients from a 
clinic in Milan, Italy. A total of 61 adult patients with 
DM1 who had been treated with CSII were randomly 
assigned to learn CHOC in the intervention group or 
to estimate pre-meal insulin doses empirically for six 
months. The main outcome measures were: HbA1c, 
fasting glucose, BMI, waist circumference, daily insulin 
dose, hypoglycemic events, and analysis of QOL 
through the Diabetes-Specific Quality-of-life Scale, 
which evaluates individual treatment goals in patients 
with DM1. 

In the study of Scavone and cols. (Italy) (21), 256 
patients with DM1 who had been diagnosed for more than 
five years were randomized to a CHOC group or a control 
group. Weight, BMI, HbA1c, lipid profile, uric acid, 
creatinine, microalbuminuria, daily insulin requirements, 
and number of episodes of hypoglycemia (blood glucose < 
70 mg/dL) were the main outcomes evaluated. 

Schmidt and cols. (15) recruited patients from two 
centers in Denmark. The authors randomized 63 adults 
with DM1 and poor metabolic control (HbA1c: 8.0% to 
10.5%) to the CHOC or control groups for more than 
12 months using analogues of basal and fast insulin. 
The main outcome measures were: change in HbA1c, 
weight, satisfaction with the treatment of diabetes, 
and perceived frequency of hyper- and hypoglycemia. 
The parameters were measured according to the 
Diabetes Treatment Satisfaction status version and 
version change questionnaires (DTSQs and DTSQc, 
respectively). QOL was analyzed using the ADDQoL 
questionnaire. 
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Table 2. Length of follow-up, inclusion criteria, and outcomes of included studies

Study Follow-up Inclusion criteria Outcomes

DAFNE, 2002 6 months > 18 years of HbA1c from 7.5% to 12% and diagnosis greater 
than 2 years without advanced complications

Change in HbA1C (HPLC), severe hypoglycemia and 
hyperglycemia, quality of life (ADDQoL, DTSQ, and W-BQ12), 
weight, blood pressure, lipid profile, injections, glucose 
monitoring, and daily total dose of insulin

Laurenzi, 2011 3 and 6 
months

Age between 18 and 65 years and treatment with continuous 
insulin infusion pump for more than 3 months

Change in HbA1C (HPLC), hypoglycemia, quality of life 
(DSQOLS), BMI, waist, fasting glucose, and daily insulin dose

Scavone, 2010 9 months Diagnosis of type 1 diabetes mellitus over 5 years Changes in HbA1c, hypoglycemia, daily insulin dose, weight, 
lipid profile, creatinine, and microalbuminuria

Schmidt, 2012 4 months Age between 18 and 65 years, poor metabolic control, 
diabetes duration over 12 months, and use of basal and fast 
analogue insulin.

Changes in HbA1C, severe hypoglycemia, treatment 
satisfaction and perceived frequency of hypo- and 
hyperglycemia (DTSQs and DTSQc), quality of life (ADDQoL), 
change in the perception of problem areas (PAID), and change 
in fear of hypoglycemia (HFS)

Trento, 2009 30 months Age <70 years, onset of diabetes before 30 years of age, and 
onset of insulin use within the first year of the diagnosis

Changes in HbA1C (HPLC), severe hypoglycemia and 
hyperglycemia, quality of life (DQOL, GISED, CSI), BMI, and lipid 
profile and fasting glucose

Trento and cols. (22) included 56 patients with 
DM1 who had all been diagnosed before age 30 years. 
Twenty-seven subjects were randomized to a CHOC 
program and the remaining patients were assigned 
to the control group. Body weight, fasting glucose, 
HbA1c, total cholesterol, high-density lipoprotein 
cholesterol, triglycerides and creatinine, frequency 
of hypoglycemia, and QOL were the main outcome 
measures.

Risk of bias 

Dafne and cols. (7) and Laurenzi and cols. (10) 
randomized patients using a computer-generated 
random number. Schmidt and cols. (15) performed 
the random distribution with a 1: 3: 3 ratio in blocks 
of 14 with sealed, opaque envelopes containing group 
assignments. Scavone and cols. (21) and Trento and 
cols. (22) did not describe how the randomization 
sequence was generated. 

Only Dafne, Laurenzi, and Schmidt described 
allocation concealment and as such were classified as 
low risk of bias. The other two studies did not provide 
any information regarding the allocation process. 

Most of the studies included did not report blinding 
for outcome evaluation. However, except for severe 
hypoglycemia, most were laboratory assessments, which 
were not susceptible to bias. QOL questionnaires were 
self-applied and could not be blinded. 

Only Laurenzi and cols. reported that patients who 
did not complete the treatment regimen were included 
in the final analysis (low risk) (10). Trento and cols. 
(22) reported that all participants completed the 

treatment (low risk). In the study of Dafne and cols. 
(7), 28 patients were lost to follow-up and were not 
included in the final analysis, although the number of 
patients who were lost was not significantly different 
between the groups (15 in the intervention group and 
13 in the control group) (low risk). Scavone and cols. 
(21) had a 27% loss of patients in the intervention 
group, and they were not included in the final analysis 
(high risk). Schmidt and cols. (15) had a 19% loss, and 
these patients were not included in the final analysis 
(high risk). 

Meta-analysis of outcomes

The five studies included analyzed changes in HbA1c 
levels at the end of the study. Meta-analysis showed that 
the final HbA1c was significantly lower in the CHOC 
group than in the control group (mean difference, 
random, 95% CI: -0.49 (-0.85, -0.13), p = 0.006, I2 = 
72%) (Figure 2). 

In the four trials, the number of patients who 
experienced at least one episode of severe hypoglycemia 
can be assessed (7,15,21,22). The meta-analysis of this 
outcome was not significantly different between groups 
(risk ratio, random, 95% CI: 0.94 (0.55, 1.6), p = 0.82, 
I2 0%) (Figure 3). 

Regarding QOL, two studies (7,15) used the 
ADDQoL instrument, but no difference was noted 
between groups (mean difference, random, 95% CI: 
-0.23 (-1.4, 0.94), p = 0.7, I2 = 84%). The same studies 
also used the DTSQs questionnaire and found no 
difference between groups (mean difference, random, 
95% CI: 3.53 (-7.11, 14.16), p = 0.52, I2 = 95%). 
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Figure 2. Meta-analysis of change in HbA1c.

Figure 3. Meta-analysis of episodes of severe hypoglycemia.

We plotted the QOL outcomes using different 
questionnaires (DQOL and DTSQs) cited in three 
studies (7,15,22,23) and found no significant 
differences between groups (std. mean difference, 
random, 95% CI: 0.64 (-0.7, 1.98), p = 0.35, I2 = 94%). 

Meta-analysis of total cholesterol, HDL-C, and 
triglycerides could only be performed based on the 
results reported in the study of Dafne and cols. (7) and 
Trento and cols. (22); no significant differences were 
noted among groups. 

According to the GRADE, the quality of evidence 
of the primary outcomes was moderate for changes in 
HbA1c, low for episodes of severe hypoglycemia, and 
very low for QOL (Table 3).

DISCUSSION

Most individuals with DM1 have a hard time managing 
fasting and postprandial blood glucose levels. In 
addition, many patients with this disease have poor 
compliance to dietary advice. 

Poor disease control can increase the risk of 
complications, such as retinopathy and other 
microvascular conditions (3). Ahola and cols. (32) 
reported that only one-third of patients maintained 
controlled blood glucose levels after a meal and that 
approximately 40% experienced frequent hyperglycemia 
despite having seemingly normal metabolic control. As 
such, the search for tools to improve these health issues 

Table 3. Quality of evidence of primary outcomes according to GRADE approach

Outcomes Risk of bias Inconsistency Indirectness Imprecision Publication 
bias

Intervention vs 
comparator 95% CI

Participants 
(studies)

Quality of 
evidence

Severe 
hypoglycemia

Serious* (-1) No No Serious (-1)*** Unlikely RR 0.92 (0.54 a 1.56) 453 (4) +Low

Quality of Life 
(ADDQoL)

Serious* (-1) Serious (-1)** No Serious (-1)**** Unlikely MD 3.53 (-7,11 a 14.16) 168 (2) +++Very low

Change in HbA1c Serious* (-1) No No No Unlikely MD -0.45 (-0.77, -0.13) 535 (5) + Moderate

* Most of the included studies did not report about allocation concealment, and they did not perform an intention-to-treat analysis. ** Presence of statistical heterogeneity (I2 > 75%). *** 95% CI 
overlaps no effect but includes important benefit or important harm. **** Optimal information size criterion was not meet. ADDQOL: Audit of Diabetes – Dependent Quality of Life. RR: Relative risk. 
MD: Mean difference. ++ Low evidence: The authors are not confident in the effect estimate, and the true value may be substantially different from it. ++ Very low evidence: The authors do not 
have any confidence in the estimate, and it is likely that the true value is substantially different from it. + Moderate evidence: Further research is likely to have an important impact on our confidence 
in the estimate of effect and may change the estimate.
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has increased, and CHOC may be the only effective 
option for adherence to dietary requirement in patients 
with variable dietary habits.

To reduce postprandial blood glucose, protocols 
from the DAPHNE program and the Diabetes 
Teaching and Treatment have used the CHOC method 
for nutritional counseling (33). Some studies reported 
that CHOC can provide better glycemic control and 
lead to an improved QOL for patients (3,17). Patients 
using this method have greater flexibility in food choices 
without the concern of postprandial hyperglycemia 
given that the amount of carbohydrates ingested is 
considered when computing the amount of insulin to 
be administered before meals.

 In daily clinical practice, the goal is to maintain 
good long-term disease control, prevent chronic 
complications from DM, and reduce the frequency of 
hypoglycemia to improve overall QOL. We performed 
a systematic review focusing on the efficacy and safety of 
the CHOC method in the management of patients with 
DM1. We included randomized trials that compared 
the CHOC method with conventional nutritional 
guidance in the treatment of patients with DM1. 

Five studies met the established inclusion criteria 
and were included in qualitative and quantitative 
analyses. Most of the studies assessed changes in 
HbA1c, frequency of hypoglycemia, and QOL as 
primary endpoints. Meta-analysis showed a significant 
difference in final HbA1c favoring the intervention 
group.

A criticism of HbA1c is that even though levels are 
associated with the frequency of chronic complications 
and rate of morbidity and mortality, the value of 
this laboratory outcome is often discussed without 
considering glycemic variability. Although it is 
important for HbA1c levels to be lower than the cutoff 
values that indicate disease control, blood glucose 
levels can range from high to low. An association 
between glycemic variability and development of micro 
diabetes-related complications has been shown in type 
2 DM and has also been studied as a possibility in 
DM1 (34). If confirmed, HbA1c values in DM1 would 
be inadequate to determine the superiority of one 
treatment to another. However, in this present review, 
the frequency of hypoglycemia was the same between 
the groups, which means that the relevance of lowering 
HbA1c would not be reduced.

Regarding QOL outcomes, several different 
instruments were used in the studies included, which 

negatively affected the single meta-analysis of this 
parameter. However, independent of the instrument 
used, an improvement in QOL from baseline compared 
with the final visit in most of the studies was noted, 
although no difference was observed between the 
intervention and control groups. Improvement in QOL 
can be more associated with follow-up programs and 
nutritional guidance than the initial methods evaluated.

Applying the GRADE approach for the outcomes 
“change in HbA1c” and “severe hypoglycemia,” it was 
necessary to rate down for the risk of bias because five 
out of the six studies lost patients to follow-up without 
an intention to treat analysis. In addition, concealment 
allocation and randomization processes were unclear in 
two of the studies. Similarly, imprecision was rated down 
for both, because optimal information size criterion 
was not met and 95% CI overlaps no effect but includes 
important benefit or important harm, respectively. 
Rating down for indirectness and publication bias 
was unnecessary. The quality of evidence for “change 
in HbA1c” and “severe hypoglycemia” was moderate 
and low, respectively, indicating that further research is 
likely to have an important impact on our confidence 
and authors are not confident in the effect estimate. 
The quality of the evidence regarding QOL outcomes 
was very low, and any estimate of its effect is uncertain. 

Bell and cols. (35) recently published a similar 
systematic review. They included a study that was not 
included in our analysis because the comparison groups 
were different from the proposed PICO (31) They 
also included another study that we excluded because 
patients in the control group were predominantly 
children, and they were provided nutritional guidance 
of low glycemic index (36). Finally, Bell and cols. 
did not use the GRADE. The results of the previous 
study favored the intervention group, and the authors 
interpreted the results in support of recommending 
CHOC instead of general dietary advice in patients 
with DM1.

Considering the studies included in the present 
systematic review, the meta-analysis showed evidence 
favoring the use of CHOC in the management of adult 
patients with DM1. However, this benefit was limited 
to final HbA1c, which was significantly lower in the 
CHOC group than in the control group. Therefore, 
new randomized trials with greater internal and 
external validation and long-term outcomes are needed 
to analyze whether or not a significant difference exists 
between these two nutritional guidance tools in terms 
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of other important diabetes-related outcomes, such as 
mortality, QOL, and diabetes complications. 

Disclosure: no potential conflict of interest relevant to this article 
was reported. 
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ABSTRACT 
Objective: Roux-en-Y gastric bypass (RYGB) reduces body weight and the comorbidities associated 
with obesity. The aim of this study was to evaluate whether glucose and lipid profiles were maintained 
during a 5-year follow-up period after RYGB. Subjects and methods: Anthropometric and laboratory 
data from 323 patients who had undergone this operation were analyzed. Differences in laboratory 
variables between the baseline and 12, 24, 36, 48 and 60 months postoperatively (PO) were assessed 
using a one-way ANOVA test to compare the three groups. Delta significance using one-way ANOVA 
was performed to assess anthropometric variable in the postoperative period (p < 0.05). Results: 77 
patients (24%) were included in Group 1 (G1), 101 (32%) in Group 2 (G2), and 141 (44%) in Group 3 
(G3). The majority of patients, 71.7% in G1, 82.8% in G2, and 70% in G3, showed high triglycerides 
(TG) before surgery. A decrease in weight loss was observed in all groups followed by an increase in 
body weight in G2 and G3 at 36, 48 and 60 months. Laboratory results for G1, G2 and G3 showed no 
significant differences between groups at baseline and during the post-operative period. Conclusion: 
Our results suggest that weight regain after RYGB has no significant impact on the long-term 
evolution of the lipid profile and glycemia. Arch Endocrinol Metab. 2018;62(3):346-51

Keywords
Bariatric surgery; weight regain; lipemia; glycemia

INTRODUCTION

O besity is considered a risk factor for the 
development of various comorbidities, including 

impaired glucose homeostasis and cardiovascular disease 
(1). Roux-en-Y gastric bypass (RYGB) is the most 
commonly performed surgical treatment for obesity; 
however, although it is well documented that RYGB 
results in weight loss and metabolic improvements, 
some degree of weight regain has been observed 2–3 
years after surgery (2), supporting the hypothesis  
that obesity is a chronic, incurable and progressive 
disease (3).

RYGB includes the anatomical diversion of the 
upper gastrointestinal tract. These changes in intestinal 
anatomy are thought to alter the function of the nutrient-
driven enteroendocrine system, causing beneficial 
effects on glucose homeostasis that are independent 
of weight loss itself (4). In addition, weight loss elicits 
metabolic and cardiovascular benefits after RYGB, 
but evidence suggests that surgery might also activate 

weight-independent lipid amelioration mechanisms (1). 
Garcia-Marirrodriga and cols. (5) reported significant 
associations between lipid subfractions and excess 
weight loss after RYGB. However, a recent study 
conducted by Bradley and cols. (6) does not support 
the notion of clinically meaningful, weight loss-
independent effects of RYGB surgery on β cell function 
and insulin sensitivity in non diabetic obese subjects 
after they have experienced considerable weight loss.

Weight loss results in improvements in glycemia and 
lipemia, and this is most evident in patients who have 
undergone RYGB (7). However, an elegant review by 
Shah and cols. (8) showed that the initial improvements 
seen following surgery decreased over a long-term 
follow-up period, possibly because of weight regain 
or unsatisfactory weight loss. Since weight gain can be 
considered a risk factor for dyslipidemia and changes 
in glucose levels, the aim of this study was to evaluate 
whether glucose and lipid profiles were maintained 
during a 5-year follow-up period after RYGB.
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SUBJECTS AND METHODS
Subjects

This retrospective study was conducted by examining 
the medical records of 323 patients who underwent 
RYGB in a private clinic in Rio de Janeiro from 2000 
to 2007 and maintained regular postoperative follow-
up visits for at least 24 months after surgery. Personal, 
anthropometric and laboratory data were obtained 
from the medical records. This study was approved by 
the Research and Ethics Committee of the Clementino 
Fraga Filho University Hospital (176/09).

Three groups were classified according to the rate 
of inclination of each individual weight over time 
using linear regression slope for subjects with at least 
36 months follow-up. The slope was obtained from 
the first 24 months after surgery, when patients’ body 
weight is expected to stabilize. Negative slopes were 
considered G1 (patients without weight regain). 
Positive slopes (variation between 0 and 2 kg) were 
considered G2 (patients who might or might not regain 
weight). Positive slopes (over to 2 kg) were considered 
G3 (patients with weight regain). 

Anthropometric and laboratory assessment

Anthropometric variables which were assessed included 
height and weight measured during the preoperative 
period and at 12, 24, 36, 48 and 60 months PO. 
Body mass index (BMI) was calculated by dividing 
the body weight in kilograms (kg) by the square of 
the height in meters (m2) (9). Total body mass and 
stature were measured following Gibson, using a 
mechanical anthropometric balance (Welmy®) with a 
maximum capacity of 300 kg, divided by 100 g, and 
the stadiometer from the anthropometric balance with 
a scale of 0.1 cm (10). The patients were barefoot and 
wore minimal clothing when weighed.

Laboratory parameters assessed included total 
cholesterol (TC), low-density lipoprotein cholesterol 
(LDLc), high-density lipoprotein cholesterol (HDLc), 
triglycerides (TG) and glucose. These were measured 
during the preoperative period and at 12, 24, 36, 
48 and 60 months PO. TC, HDLc, TG and glucose 
were determined by the enzymatic-colorimetric 
method (11). Concentrations of LDLc were calculated 
based on Friedwald’s equation (12). Concentrations 
of serum lipids  that were considered normal were 
those provided in the guidelines of the National 
Cholesterol Education Program – Adult Treatment 
Panel III (NCEP/ATPIII): CT < 200 mg/dL, TG <  

150 mg/dL, HDLc > 40 mg/dL e LDL-c < 130 
mg/dL (13). A concentration of < 100 mg/dL was 
considered normal for fasting blood glucose (14).

Statistical analysis

Means and standard deviations (SD) were determined 
for quantitative data. All data were assessed for normality 
using the Kolmogorov-Smirnov test. The Chi-square test 
was used for the comparison of proportions of abnormal 
values in TC, LDLc, HDLc, TG and glucose to baseline. 
Differences in laboratory variables between the baseline 
and at 12, 24, 36, 48 and 60 months PO were assessed 
using a one-way ANOVA test to compare the groups. 
Delta significance using one-way ANOVA was used to 
assess anthropometric variables PO. Statistical significance 
was defined as two-tailed p < 0.05. Statistical analysis was 
performed using SPSS (Statistical Package for the Social 
Sciences) software, version 21.0 for Windows.

RESULTS

Of the 323 patients included in this study, 77 were 
included in G1 (24%), 101 in G2 (32%), and 141 in 
G3 (44%). Demographic data and the proportion of 
patients with abnormal laboratory values at baseline are 
shown in Table 1. 

Table 2 showed no difference in the proportion of 
groups with abnormal values for the lipid subtractions 
and glucose concentration at baseline. Most patients 
from the 3 groups showed high TG before surgery.

Figure 1 shows weight loss for G1, G2 and G3 
during the postoperative period. Comparing these 
groups, a decrease in weight loss was observed in all 
groups followed by an increase in body weight for G2 
and G3 at 36, 48, and 60 months (p < 0.01).

Table 1. Baseline characteristics  of the patients who received RYGB over 
5 years of follow-up

Number of patients (n = 323)

Female 72% (233/323)

Male 29% (90/323)

Age (years) 38 ± 10

Height (m) 1,65 ± 0,86

Baseline Weight (kg) 123,91 ± 21,9

Baseline BMI (Kg/m2) 45,4 ± 6,1

TC > 200 mg/dL 40% (86/217)

LDLc > 130 mg/dL 31% (64/206)

BMI: body mass index, TC: total cholesterol; LDLc: Low-density lipoprotein cholesterol;  
HDLc: high density lipoprotein cholesterol; TG: triglycerides.
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Table 2. Laboratorial profile with abnormal levels at baseline

Laboratorial data
G1 G2 G3

p value
n Percentage N Percentage n Percentage

TC > 200 mg/dL 19 36.5% 28 43.1% 39 39% 0.76

LDLc > 130 mg/dL 16 32% 20 32.8% 64 31.1% 0.90

HDLc < 40 mg/dL 16 32% 22 34.4% 30 30.9% 0.90

TG > 100 mg/dL 38 71.7% 53 82.8% 70 70% 0.17

Glucose > 100 mg/dL 15 28.8% 34 48.6% 43 41.7% 0.08

TC: total cholesterol; LDLc: low-density lipoprotein cholesterol; HDLc: high-density lipoprotein cholesterol; TG: triglycerides. 

Figure 1. Weight loss (mean) in kilograms per year in patients who underwent RYGB.
M: months; kg: kilograms; G1: group 1; G2: group 2; G3: group 3.

Laboratory results for G1, G2 and G3 are shown in 
Table 3. No differences between groups at baseline and 
during the post-operative period were found.

DISCUSSION

This study examines the impact of weight regain on 
plasma glucose concentrations and lipid profiles in 
obese subjects during a 5-year follow-up period after 
marked RYGB-induced weight loss. The three groups 
of patients were comparable in terms of age, gender, 
anthropometric characteristics and laboratory results at 
baseline.

After the second or third year PO, long-term studies 
have shown a tendency for a weight increase in gastric 
bypass patients (15-20). In this study, weight loss did 
not differ significantly over the first 24 months after 
surgery. 

Weight reduction can improve the lipid profile, 
alter carbohydrate metabolism, reduce morbidity and 
mortality, and generally enhance the quality of life of 

morbidly obese patients (21). Upper gastrointestinal 
tract diversion results in weight loss, but also may have 
weight loss-independent metabolic effects. Studies have 
reported contradictory findings regarding weight-loss 
dependent and independent effects of gastric bypass on 
glucose homeostasis and lipid profiles (1,8). 

The RYGB technique may itself improve total 
cholesterol and LDLc levels (22). An observational 
study in obese patients confirmed that BMI is correlated 
with levels of TG and HDLc, but not with LDLc levels 
(23). In our study, glucose and lipid profiles were lower 
in all groups after surgery and this was not related to 
weight. Further studies analyzing laboratory parameters 
and weight dynamics after RYGB might contribute to 
clarifying whether the metabolic improvements seen 
after RYGB rely on weight loss or are an effect of the 
surgical technique itself.

The proportion of patients with abnormal total 
cholesterol concentrations prior to surgery was high 
in all groups but decreased during the long-term 
outcomes. Brolin and cols. (24) found that the greatest 
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Table 3. Lipid profiles and glucose concentrations (means and standard deviation) of patients who underwent RYGB

Variable Groups
Baseline 12 mPO 24 mPO 36 mPO 48 mPO 60 mPO

N Mean/SD n Mean/SD N Mean/SD N Mean/SD N Mean/SD n Mean/SD

TC G1 52 196±43 65 164 ± 33 56 170 ± 30 48 169 ± 43 20 164 ± 31 17 171 ± 32

G2 65 200 ± 46 87 162 ± 28 77 170 ± 32 65 170 ± 34 44 170 ± 35 25 179 ± 32

G3 100 200 ± 47 127 170 ± 34 107 170 ± 32 83 176 ± 36 71 180 ± 34 39 174 ± 41

p value -- 0.85 -- 0.18 -- 0.99 -- 0,48 -- 0.12 -- 0.77

LDL G1 50 120 ± 35 64 93 ± 24 54 93 ± 22 48 84 ± 27 21 89 ± 28 17 89 ± 17

G2 61 124 ± 43 86 90 ± 23 78 90 ± 27 65 90 ± 23 44 91 ± 27 38 89 ± 22

G3 95 119 ± 36 125 95 ± 28 105 93 ± 24 81 95 ± 28 70 97 ± 30 88 ± 24

p value -- 0.70 -- 0.45 -- 0.66 -- 0.07 -- 0.38 -- 0.98

HDL G1 50 46 ± 10 62 56 ± 17 54 57 ± 14 48 65 ± 20 22 64 ± 15 19 67 ± 17

G2 64 47 ± 15 86 56 ± 12 78 63 ± 17 64 64 ± 16 43 64 ± 16 25 68 ± 23

G3 97 46 ± 11 123 55 ± 11 106 62 ± 15 80 67 ± 18 71 65 ± 20 41 61 ± 25

p value -- 0.90 -- 0.94 -- 0.06 -- 0.68 -- 0.85 -- 0.35

TG G1 53 147 ± 70 62 87 ± 34 56 85 ± 37 46 83 ± 46 21 84 ± 35 17 89 ± 46

G2 64 160 ± 93 86 78 ± 31 77 77 ± 29 63 78 ± 35 43 83 ± 41 25 84 ± 34

G3 100 143 ± 63 125 86 ± 35 109 78 ± 32 82 78 ± 29 71 82 ± 34 37 86 ± 24

p value -- 0.38 -- 0.18 -- 0.29 -- 0.70 -- 0.95 -- 0.89

Glucose G1 52 99 ± 20 63 83 ± 12 51 85 ± 8 44 83 ± 8 19 85 ± 8 14 89 ± 13

G2 70 110 ± 36 87 85 ± 9 77 84 ± 8 58 87 ± 12 41 87 ± 12 21 89 ± 10

G3 103 104 ± 29 127 83 ± 12 106 84 ± 6 78 89 ± 30 68 90 ± 32 35 86 ± 8

p value -- 0.12 -- 0.56 -- 0.51 -- 0.43 -- 0.65 -- 0.35

TC: total cholesterol; LDLc: low-density lipoprotein cholesterol; HDLc: high-density lipoprotein cholesterol; TG: triglycerides; 12 mPO: 12 months post-operative; 24 mPO: 24 months post-operative; 
36 mPO: 36 months post-operative; 48 mPO: 48 months post-operative; 60 mPO: 60 months post-operative.

postoperative reductions in cholesterol and triglycerides 
generally occur in patients with the highest preoperative 
elevations, which is in accordance with our results for 
TG. Previous studies have shown a decline in total 
cholesterol and TG concentrations, and an elevation 
in HDLc concentrations, during the PO period. These 
changes were sustained over a long period of time in 
those patients who kept lost weight off as well as in 
those who experienced weight regain over time. Jamal 
and cols. (25) reported that the amelioration of the 
overall lipid profile was sustained over a 6-year PO 
follow-up. 

Laguna and cols also showed that TG and LDL-C 
levels decreased 30% with respect to preoperative levels, 
while HDL-C increased 97% over initial values. Both 
TC:HDL-C and TG:HDL-C ratios normalized after 
RYGB and values were sustained over the weight regain 
period until the end of the study (26).

Bradley and cols. (6) support the idea that weight 
loss itself is primarily responsible for the clinical effects 
of RYGB on insulin sensitivity, β cell function, and 
oral glucose tolerance in non diabetic obese adults. 

On the other hand, Reed and cols. (27) showed 
improved fasting insulin and glucose levels a week after 
RYGB, despite persistent insulin resistance. Peterli and 
cols. (28) also reported early and augmented insulin 
responses as early as a week PO, potentially mediating 
improved early glycemic control. In our study, improved 
blood glucose levels were maintained throughout the 
postoperative period, regardless of weight regain. This 
may be associated with the enteroendocrine effects of 
RYGB, and suggests that glucose homeostasis after 
RYGB is weight-independent. Postoperative reduction 
in the levels of gastric inhibitory protein (GIP), and 
enhanced production of the antidiabetic hormone 
glucagon-like peptide (GLP-1), may underlie the 
changes in glucose seen after surgery (29). In addition, 
patients who participated in a prospective human study 
of gastric bypass had increased intestinal peptide YY 
(PYY) and GLP-1 responses, which were sustained 
even more than a year PO (30). 

Numerous other factors have been implicated as 
potential contributors to the metabolic improvement 
observed after bariatric surgery, including other 
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intestinal gut hormones (GLP-2, PYY), ghrelin (an 
anorexic hormone secreted by the gastric fundus), 
adipokines, the increased energy expenditure following 
surgery, changes in the gut microbiome, and bile acid 
metabolism (31).

Weight regain after gastric bypass has been 
attributed to multiple factors, including dilation of the 
gastric reservoir and gastrojejunostomy site, increased 
calorie intake of high glycemic index carbohydrates 
and fats, intolerance to red meat, hormonal alterations 
resulting from the adaptive process, binge eating, 
alcohol and drug consumption (32,33), difficulty 
promoting behavior changes, and lack of physical 
exercise. However, low adherence to follow-up with 
the multidisciplinary team PO is notoriously prevalent 
and problematic following bariatric surgery (34). 
Wardé-Kamar and cols. (35) suggest that such low 
adherence may occur due to underestimation of, or 
misinformation about, the surgery’s consequences after 
long periods of time. Patients who regain weight may 
also feel embarrassed to seek help from the care service 
center where they had the operation. Reasons such as 
loss or change of health insurance, job loss, moving to 
another city or simply choosing not to continue the 
treatment after surgery may also reduce follow-up 
participation.

The limitations of our study include the 
retrospective nature of the analysis, incomplete follow-
up, reduced sample size at the end of the study, and 
difficulty contacting patients who did not attend their 
scheduled follow-up appointments. These limitations 
are commonly reported in the literature for this kind 
of study. As laboratory results might change with 
further increases in body weight, a follow-up period 
of longer than 5 years would be necessary to establish 
whether they eventually return to preoperative levels 
(impairing the surgery’s success and the patient’s 
health). However, in spite of these limitations, long-
term studies are crucial to determine long-term patient 
outcomes after bariatric surgery.

In conclusion, our results suggest that weight regain 
has no significant impact in the long-term evolution of 
the lipid profile and glycemia after RYGB. This study 
highlights the need for closer follow-up of RYGB 
patients, and for the implementation of actions aimed 
at improving adherence to the treatment protocols 
established by multidisciplinary teams. Additional long-
term studies are required to establish whether a weight 
regain threshold might affect laboratory results, and to 

elucidate the exact mechanisms leading to these effects 
and their clinical consequences for the patient’s health.
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ABSTRACT
Polycystic ovary syndrome (PCOS) is a common and complex endocrine disorder that affects 5-20% 
of reproductive age women. PCOS clinical symptoms include hirsutism, menstrual dysfunction, 
infertility, obesity and metabolic syndrome. There is a wide heterogeneity in clinical manifestations 
and metabolic complications. The pathogenesis of PCOS is not fully elucidated, but four aspects 
seem to contribute to the syndrome to different degrees: increased ovarian and/or adrenal androgen 
secretion, partial folliculogenesis arrest, insulin resistance and neuroendocrine axis dysfunction. A 
definitive etiology remains to be elucidated, but PCOS has a strong heritable component indicated 
by familial clustering and twin studies. Genome Wide Association Studies (GWAS) have identified 
several new risk loci and candidate genes for PCOS. Despite these findings, the association studies 
have explained less than 10% of heritability. Therefore, we could speculate that different phenotypes 
and subphenotypes are caused by rare private genetic variants. Modern genetic studies, such as 
whole exome and genome sequencing, will help to clarify the contribution of these rare genetic 
variants on different PCOS phenotypes. Arch Endocrinol Metab. 2018;62(3):352-61
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INTRODUCTION

P olycystic ovary syndrome (PCOS) is a common 
and complex endocrine disorder that affects 5 

to 20% of reproductive age women, and it is a major 
cause of hirsutism and anovulatory infertility (1). 
However, PCOS is more than a reproductive disease; it 
is associated with a wide range of metabolic disorders, 
such as glucose intolerance, diabetes, dyslipidemia, 
hypertension, hepatic steatosis, and increased 
cardiovascular surrogate markers. An increased 
prevalence of cardiovascular outcomes and mortality 
has not yet been demonstrated in this population (2).

PCOS diagnosis is currently based on a combination 
of the following signs and symptoms: hyperandrogenism 
and/or hyperandrogenemia, ovulatory dysfunction 
and polycystic ovarian morphology (PCOM). In the 
first attempt to define diagnostic criteria, the National 
Institutes of Health (NIH) Conference proposed in 
1990 that the presence of both hyperandrogenism 
and chronic anovulation were mandatory for diagnosis 
(3) (Table 1). In 2003, the Rotterdam Consensus 
included PCOM finding as a criterion, and defined 
that the presence of at least two out of the three main 
characteristics were necessary to confirm the diagnosis 

(Table 1) (4). Therefore, the Rotterdam Consensus 
expanded the possibilities of combinations of the three 
classic manifestations, allowing the characterization of 
four main phenotypes (Table 2). In 2006, the Androgen 
Excess Society proposed a modification, in which 
hyperandrogenism would be an essential condition for 
diagnosis, reducing the number of phenotypic possibilities 
(5). More recently, a Consensus by NIH tried to unify the 
recommendations, suggesting the use of the Rotterdam 
Consensus for PCOS diagnosis in order to include the 
four phenotypes possibilities, and thus expanding the 
population with PCOS to its largest number (6).

CLINICAL ASPECTS: WIDE HETEROGENEITY

There is wide clinical heterogeneity, in terms of not only 
the main components of the syndrome, but also of the 
metabolic aspects. Cross-sectional studies have shown 
that metabolic abnormalities are more common in the 
classic and NIH phenotypes, often classified together 
with the denomination of classic (also adopted in this 
current review), compared to the other Rotterdam 
phenotypes, namely, ovulatory and normoandrogenic 
(Table 2). Moghetti and cols. found that the prevalence 
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of each phenotype is about 70% for classic, 15% for 
ovulatory and 15% for normoandrogenic phenotypes 
(7). Other epidemiological studies in unselected 
populations reported the prevalence of 40–45% for 
classic phenotype, ~35% for ovulatory phenotype 
and ~20% for normoandrogenic phenotype (8). The 
prevalence of insulin resistance in PCOS patients is 
around 70%; however, insulin resistance differs among 
phenotypes: 80% in the classic, 65% in the ovulatory 
and only 38% in the normoandrogenic phenotype 
(7). The presence of metabolic syndrome also differs 
among these groups. Çelik and cols. compared 183 
normoandrogenic PCOS patients with 504 classic/
ovulatory PCOS patients and found a significantly 
higher prevalence of metabolic syndrome (OR 2.95) 
in the classic/ovulatory group (9). This clinical and 
metabolic heterogeneity could be explained by distinct 
pathogenic causes.

both 17α-hydroxylase and 17,20-lyase activity, the 
rate-limiting step in sex steroid synthesis. Androgen 
production is cyclical and modulated by intra-
ovarian and extra-ovarian mechanisms. As LH rises, 
a downregulation of LH receptors and a decrease 
in CYP17A1 expression occur, minimizing the 
androgenic production. Estrogen and androgen inhibit 
17α-hydroxylase and 17,20-lyase activity in a paracrine 
and autocrine negative feedback loop. In contrast, 
insulin and IGFs stimulate the P450c17 enzyme and 
up-regulate LH receptor sites (10) (Figure 1).

PCOS ovaries are typically hypersensitive to LH, 
which is caused by partial escape from LH receptor 
downregulation. The imbalance of the intra-ovarian 
regulatory system seems to play a role in this increased 
sensitivity to LH. Exogenous factors, such as insulin 
resistance and hyperinsulinemia, are examples of extra-
ovarian modulators that disrupt normal intra-ovarian 
regulatory mechanisms (10) (Figure 1). 

In vitro studies have demonstrated that isolated theca 
cells or tissues from PCOS women secrete more androgen 
than cells from normal controls. The increased androgen 
synthesis in PCOS theca cells results from increased 
expression of 17α-hydroxylase/17,20-lyase and the 
cholesterol side-chain cleavage enzyme, suggesting an 
intrinsic theca cell defect (11). Taken together, these 
data indicate that ovarian cells from PCOS patients have 
intrinsic and stable characteristics that contribute to 
their phenotype, even after exclusion of gonadotrophin, 
hyperinsulinemia and hyperandrogenism stimulus.

Although the ovaries are considered the main source 
of androgens in PCOS, increased adrenal androgens, 
mainly DHEA and DHEAS, are present in around 
20–30% of PCOS women (12). Normal adrenal zona 
reticularis steroidogenic enzymes resemble theca cell 
enzymes, favoring the formation of DHEA, which is 
rapidly sulfated to DHEAS by sulfotransferase 2A1 
(SULT2A1). DHEAS is the most abundant adrenal 
precursor, but it is an inert terminal product. However, 
DHEAS can be converted to DHEA, which can be 
metabolized into more potent androgens. Genetic 
variants in SULT2A1 have been shown to alter the 
DHEAS/DHEA ratio in PCOS (13).

Increased adrenal P450c17 activity is also suggested 
in PCOS women with adrenal hyperandrogenism. This 
adrenal hyperandrogenism does not seem to depend on 
an increased hypothalamic–pituitary-adrenal drive, but 
it reflects a generalized adrenal hyper-responsiveness 
for androgenic biosynthesis (12). 

Table 1. Diagnostic criteria for PCOS

NIH 1990 Rotterdam 2003 AE-PCOS Society 2006

• Chronic anovulation

• Clinical and/or 
biochemical signs of 
hyperandrogenism

 (Both criteria 
needed)

• Oligo- and/or 
anovulation

• Clinical and/or 
biochemical signs of 
hyperandrogenism

• Polycystic ovaries

 (Two of three criteria 
needed)

• Clinical and/or 
biochemical signs of 
hyperandrogenism

• Ovarian dysfunction 
(Oligo-anovulation 
and/or polycystic 
ovarian morphology)

 (Both criteria needed)

Table 2. PCOS phenotypes according to each diagnostic criteria

Phenotypes
1 2 3 4

Classic NIH Ovulatory Normoandrogenic

Hyperandrogenism Yes Yes Yes No

Chronic anovulation Yes Yes No Yes

Polycystic ovaries Yes No Yes Yes

NIH 1990 X X

Rotterdam 2003 X X X X

AE-PCOS Society 2006 X X X

PCOS PATHOGENESIS ASPECTS
Ovarian and adrenal hyperandrogenism

There are considerable evidences, an that PCOS is an 
intrinsic disorder of the ovaries and that the primary 
defect resides in the increased androgen biosynthesis. 
Normally, ovarian theca cells produce androgens in 
response to LH. The theca cells express the CYP17A1 
gene, which encodes the P450c17 enzyme, catalyzing 
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Figure 1. Ovarian steroidogenesis. (A) Normal ovarian steroid synthesis. (B) PCOS ovarian steroid synthesis. In comparison to normal theca cells, PCOS 
theca  cells show  increased expression of  LH receptor and increased expression  of CYP17A1  gene, leading to enhance of 17α-hydroxylase and 
17,20-lyase activity, and amplifying androgen synthesis. Exogenous factors, such as hyperinsulinemia and IGFs are modulatory hormones that can disrupt 
normal intra-ovarian regulatation of steroidogenesis.
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Genetic and epigenetic factors are probably 
implicated in the theca cell and adrenal steroidogenesis 
dysfunction. An example of a genetic cause of adrenal 
PCOS is cortisone reductase deficiency. The original 
study described mutations in 11β-hydroxysteroid 
dehydrogenase (11βHSD) type I and hexose-6-
phosphate dehydrogenase in a digenic triallelic mode of 
inheritance. In11β-HSD type I deficiency, cortisone is 
not convert into cortisol, with a consequent elevation of 
ACTH, which stimulates androgen production, leading 
to the PCOS phenotype (14).

Ovarian folliculogenesis

The beginning of follicular recruitment is an intrinsic 
ovarian process, independent of gonadotropins. The 
primordial follicles are maintained in the quiescence 
state by epithelial-mesenchymal interactions, inhibitory 
transcription factors (LKB1/STK11/ BMP4) and pro-
apoptotic factors (FOX) secreted by oocytes. A set of 
local follicular factors regulates follicular recruitment 
(GDF9, BMP6 and BMP9) (10), follicle growth and 
development. For example, BMP15 acts synergistically 
with GDF9 proliferating the granulosa cells (10). 

Another important modulator of folliculogenesis 
is AMH, a member of the GFR-beta superfamily that 
is produced by the granulosa cells of small growing 
follicles. The highest expression of AMH is detected in 
preantral and small antral follicles of ≤ 4 mm. Once the 
follicles reach > 8 mm, AMH expression is reduced, and 

Figure 2. Role of AMH in folliculogenesis. AMH has an inibitory effect on initial recruitment of primary follicles, on FSH-dependent follicular maturation 
and selection of dominant follicle, and on FSH-induced aromatase expression on granulosa cells, reducing the conversion of testosterone into estradiol. 
Higher AMH levels in PCOS patients turns the follicles more resistant to FSH action, culminating in inhibition of follicular maturarion and ovulation, and in 
inhibiton of aromatase expression, and consequently, leading to hyperandrogenism. Adapted from Azziz and cols. 2016 (1). 

these follicles become more sensitive to FSH action, 
culminating with increased follicle growth and estrogen 
production, selection of the dominant follicle and 
subsequent ovulation in the normal ovary (15). AMH 
acts to prevent the initial FSH-independent recruitment 
of primary follicles from the primordial follicle pools, 
inhibits FSH-dependent follicular maturation and the 
selection of the dominant follicle (1) (Figure 2). 

Several studies have shown that serum AMH levels 
are significantly higher in patients with PCOS (15-17), 
and this finding is compatible with the large number 
of follicles in the preantral and antral stages, both of 
which are stages of maximum AMH production. 
Pellatt and cols. demonstrated that the production 
of AMH per cell is 75 times greater in the granulosa 
cells of anovulatory PCOS patients (16). This finding 
suggests that high serum AMH levels are not only a 
consequence of the increased granulosa cell mass in 
anovulatory patients, but are also a potential causal 
factor for anovulation in PCOS (15,16). However, 
the cause for the increased production of AMH per 
granulosa cell remains unknown. Several other signals 
produced by granulosa cells and oocytes modulate 
(positively and negatively) the ovarian environment 
for oocyte maturation. These factors include inhibin B, 
TGF-beta superfamily members (ex. BMPs), cytokines 
(ex. TNF-alpha), and microRNAs (10).
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Regulatory folliculogenesis factors, such as GDF9 
and BMP15, have already been studied as possible 
causes of PCOS, but there is still no evidence that these 
molecules are responsible for abnormal folliculogenesis 
(18). Mutations of BMP15 have been implicated in 
early ovarian failure caused by ovarian dysgenesis (19). 

FOX transcription factors have also demonstrated 
a potential role in PCOS pathogenesis. Mikaeili and 
cols. correlated FOX03 expression and activation in 
granulosa cells with apoptosis rates, and found a positive 
correlation between them, making this transcription 
factor a potential candidate target (20).

Insulin resistance

In 1970, rare forms of severe insulin resistance 
(IR), acanthosis nigricans and hyperandrogenism, 
were described (Insulin Resistance type A, Rabson-
Mendenhall Syndrome and Leprechaunism) (21). The 
molecular mechanism of insulin resistance in these 
diseases was explained by a reduction in the binding 
of insulin to its receptor and by a defect in insulin 
receptor autophosphorylation (22,23). Family forms of 
lipodystrophy with severe IR were also associated with 
hyperandrogenism at the same time (24). Remarkable 
hyperinsulinemia, as a common feature of these 
syndromes, suggested for the first time that insulin 
could directly stimulate androgen production (24).

In 1980, Burghen and cols. reported that women 
with PCOS had increased insulin levels in response to 
the oral glucose tolerance test that were not justified 
only by obesity (25). In addition, women with classical 
PCOS had acanthosis nigricans, which gave them a 
phenotypic picture similar to the rare IR syndromes 
described previously (25). 

Observational studies suggest that in obese 
PCOS women, metabolic abnormalities related to 
IR and obesity have a greater impact on anovulation 
mechanisms than excess androgens (26). However, 
IR in PCOS patients is not necessarily associated with 
obesity. Some lean patients with PCOS present with IR, 
and even obese women have IR disproportionate to the 
degree of adiposity (27). Therefore, insulin resistance 
in PCOS is an intrinsic characteristic aggravated by 
obesity and not simply a consequence of obesity.

In PCOS syndrome, IR is not generalized in all 
tissues. Defects in metabolic actions of insulin occur 
in muscle and adipose tissues, but mitogenic and 
steroidogenic actions of insulin in ovaries are preserved 
(28). By acting on the ovarian insulin receptor, insulin 

amplifies the response of theca cells to LH and increases 
the expression of P450c17 and 3β-HSD2, leading to 
increased androgen production (29). This pathway is 
well illustrated by studies in rats presenting IR induced 
by an obesogenic diet; in these studies, the knock-out 
of insulin receptors improved hyperandrogenism and 
anovulation (30). Reaffirmation of the role of insulin in 
steroidogenesis is observed in the treatment of PCOS. 
All treatments that reduce serum insulin levels, whether 
weight loss due to lifestyle changes, bariatric surgery, 
metformin or thiazolidinedione, significantly diminish 
anovulation and hyperandrogenemia (31,32).

Neuroendocrine axis

Since ovarian steroidogenesis is directly related to the 
gonadotropic stimulus, alterations of LH are indicated 
as one of the factors involved in the development of 
PCOS.

Progesterone is the primary regulator of GnRH 
pulsatility. It is known that PCOS patients present a 
GnRH-generating pulse resistance to negative feedback 
by progesterone, which results in a higher LH pulses 
frequency and/or amplitude (33). This phenomenon has 
already been attributed to hyperandrogenemia in several 
studies, in which treatment with flutamide for 4 weeks 
restored hypothalamic sensitivity to ovarian steroids 
(34). At this point, alterations of the gonadotropic 
axis appear to be secondary to hyperandrogenemia. 
Moreover, LH excess is an inconstant feature of 
PCOS, thus, it is difficult to attribute a primary role 
to LH excess in the pathogenesis of all PCOS patients. 
However, in patients with congenital virilization, 
changes in LH pulsatility appear to be determinant for 
the PCOS phenotype (10).

Therefore, ovarian and adrenal hyperandrogenism, 
altered folliculogenesis, increased insulin resistance and 
neuroendocrine axis dysfunction could have a greater 
or lesser role in PCOS pathogenesis (Figure 3). The 
classification of specific clinical patterns in patients 
with PCOS could improve the search for genetic 
determinants and potentially the development of 
specific treatment regimens.

PCOS GENETIC HERITABILITY

Since 1968, studies have suggested an important 
genetic role contributing to the etiology of PCOS (35). 
First-degree relatives of PCOS patients have a higher 
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Figure 3. Schematic components of PCOS pathogenesis. Four main physiologic mechanisms contribute to PCOS pathogenesis: hyperandrogenism (HY), 
insulin resistance (IR), folliculogenesis dysfunction (FC), and neuroendocrine axis dysfunction (ND). These mechanisms contribute to each phenotype in 
different degrees. The classical phenotype shows alterations in all four mechanism, being HY and IR the main ones (A). In the ovulatory phenotype, HY 
and ND predominate and folliculogenesis seems not compromised (B). In contrast, in the normoandrogenic phenotype, FC seems to play the most 
important role in the pathogenesis, while HY is not present (C).

Table 3. PCOSGWAS susceptibility gene markers

Han Chinese: 2011 
(41), 2012 (42) European 1 2015 (47) European 2 2015 (48)

LHCGR GATA4/NEIL2 ERBB4

FSHR FSHB FSHB

C9orf3 C9orf3 RAD50

THADA THADA

DENND1A KRR1

YAP1 YAP1

RAB5B5

HMGA2

TOX3

INSR

risk of being affected by the syndrome compared to 
the general population. Kahsar-Miller and cols. studied 
first-degree relatives of 93 PCOS patients and found 
that 35% of non-menopausal mothers and 40% of sisters 
were also affected (36). 

Examining a large twin cohort of 1332 monozygotic 
and 1873 dizygotic twin sisters, Vink and cols. found 
a higher correlation for PCOS in monozygotic 
compared to dizygotic twins. This study concluded 
that the genetic component contributes to over 70% 
of PCOS pathogenesis (37). Therefore, PCOS is a 
complex genetic disease with high inheritance rates and 
heterogeneous phenotypes.

Studies based on candidate genes for PCOS have 
not been successful. Studies involving more than 100 
candidate genes, especially those related to reproductive 
axis, insulin resistance and chronic inflammation have 
not shown reproducible results (38,39). The lack of 
consistency across studies may stem from the small 
sample size, phenotypic heterogeneity among patients, 
an inadequate control group, the lack of comorbidity 
matching (obesity, insulin resistance), or the limitation 
to only one or two variants genotyped in each gene of 
interest instead of the whole gene (40).

The genome-wide association study (GWAS) is a 
more recent genomic approach to understanding the 
genetics of complex diseases. This method searches 
the genome for single nucleotide variants that occur 
more frequently in people with a particular disease than 
in people without the disease. The goal is to identify 
genetic risk factors for common diseases. Two GWAS 
conducted in Han Chinese women identified 11 loci, 
accounting for 17 SNPs, with a strong association risk 

for PCOS (41,42) (Table 3). These data were validated 
in Caucasians, confirming the presence of 12 out of 
the 17 variants with the same risk effect, indicating 
a similar genetic risk profile in different populations 
(43-48). However, the frequency of risk alleles differs 
significantly among populations (43). 

GWAS results have provided new insights into 
the biological pathways that may be involved in 
PCOS pathogenesis. The DENND1A (Differentially 
Expressed in Normal and Neoplastic Development 
isoform A1) gene was identified as a potential risk 
marker. DENND1A encodes a protein (connecdenn 1) 
associated with clathrin-coated pits where cell-surface 
receptors reside. The DENND1A protein is located 
in the cytoplasm and in the nuclei of theca cells (10). 
This gene has two major transcripts: DENND1A 
variant 1 (DENND1A.V1), which encodes a 1,009-aa 
protein with a C-terminal proline-rich domain, and 

Classic phenotype Ovulatory phenotype Normoandrogenic phenotypeA B C



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

358

An update of genetic basis of PCOS pathogenesis

Arch Endocrinol Metab. 2018;62/3  

DENND1A variant 2 (DENND1A.V2), which encodes 
a truncated 559-aa protein that contains the DENN 
domain and a clathrin-binding domain; however, the 
protein lacks the proline-rich domain and includes 
a C-terminal 33-aa sequence that is not found in the 
larger connecdenn variant 1 (49). McAllister’s group 
showed that DENND1A.V2 protein is more expressed 
in PCOS theca cells compared to normal theca cells. 
They also forced overexpression of DENND1A.V2 in 
normal theca cells, resulting in increased CYP17A1 
and CYP11A1 expression and increased androgen 
biosynthes, compatible with PCOS theca cells 
profile. Additionally, knock-out of DENND1A.V2 in 
PCOS theca cells reduced CYP17A1 and CYP11A1 
expression and androgen biosynthesis (10,49). 
Recently, DENND1A expression in the adrenal zona 
reticularis was shown (50). Taking all these data into 
consideration, the DENND1A variant 2 is potentially 
one of the mechanisms involved with the intrinsic 
abnormality in ovarian theca cells steroidogenesis in 
PCOS. 

Some other genes (LHCGR, FSHR, INRS, 
THADA, HMGA2, RAB5B, SUOX, YAP, ZNF217) 
located in susceptibility loci indicated by GWAS studies 
were related to the gonadotropic regulatory axis, 
glucose and lipid metabolism, and cell cycle regulation.

• The LHCGR (luteinizing hormone/
choriogonadotropin receptor) gene is a G 
protein-coupled receptor, which is expressed 
in granulosa cells, mainly in the preovulatory 
follicles. Increased LHCGR expression 
in granulosa cells in preovulatory follicles 
allows these follicles to respond to the LH 
peak in the middle of the cycle, resulting in 
ovulation. Inactivating mutations of this gene 
result in increased LH levels, amenorrhea or 
oligomenorrhea and infertility (51,52). In 
contrast, activating mutations of this gene are 
associated with hyperandrogenism (53).

• The FSHR (follicle stimulating hormone 
receptor) gene is related to the ovarian response 
to FSH and appears to be a highly plausible 
candidate gene for PCOS. Inactivating 
mutations of FSHR lead to hypergonadotropic 
hypogonadism and follicles stagnation in the 
preantral stage (50). Polymorphic variations 
of this gene in patients with PCOS have been 
associated with increased FSH concentrations 
(44) and resistance to exogenous ovarian 

stimulation with gonadotrophins and 
clomiphene (54).

• The INRS gene is the most prominent gene 
associated with insulin resistance indicated by 
GWAS. Mutations in the tyrosine kinase domain 
of the insulin receptor are known causes of 
insulin resistance and severe hyperinsulinemia 
(55). Polymorphic variants in different exons 
have been reported as risk factors for PCOS, 
but the results were generally not consistent in 
subsequent studies (50).

• THADA and HMGA2 genes have also been 
described in the GWAS studies involving 
patients with DM2 (56). RAB5B and SUOX 
genes are located at the susceptibility locus for 
DM1 (57). YAP and ZNF217 genes do not 
have a known ovarian function but they are 
related to cell proliferation and apoptosis (58).

The wide genetic possibilities indicated by GWAS 
could be related to the phenotypic heterogeneity. 
However, these loci identified in GWAS so far explain 
less than 10% of PCOS heritability. The rationale for 
GWAS large-scale sequencing studies is “common 
disease is associated with common variants”, postulating 
that common diseases are related to allelic variants 
present in more than 1-5% of the population. From 
this principle, GWAS studies allow the identification 
of an enormous number of genetic variants associated 
with complex diseases; however, most of the variants 
individually or in combination confer small increments 
in risk (1.1-1.5 fold). Variants with lower frequency 
and larger effect size that are not captured by GWAS 
may account for the deficit in heritability found using 
this method (59).

Moreover, the associations of the PCOS risk variants 
and some PCOS features, such as testosterone levels, 
hyperinsulinemia, and ovarian morphology could not 
be clearly established. The next step in genomics era is 
understanding how these variants contribute to disease’s 
pathogenesis as discussed by Jones and Goodarzi (60). 

GENETIC APPROACH IN PCOS POS-GWAS 
DISCOVERIES

Currently, GWAS have provided insights into the 
genetics of PCOS, pointing to some susceptible 
loci, usually in a non-coding region associated with 
the disease, but at the same time, these studies have 
shown that this complex disease cannot be explained 
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by a limited number of variants with a low effect on 
phenotype. Much of the speculation about missing 
heritability from PCOS GWAS studies has focused on 
the role of rare genetic variants with substantial effect 
on phenotype. 

It is in this context that massive parallel sequencing, 
which can process millions of sequences in parallel, 
provides a mechanism to screen the whole exome or 
to sequence the whole genome for rare variants. Whole 
exome sequencing (WES) has been able to advance the 
understanding of complex diseases via two approaches: 
searching for lower frequency coding variants that 
may only be present in subsets of the population and 
sequencing individuals with a severe phenotype. Rare 
variants with large effects in a specific gene may be 
found in extreme phenotypes, which can provide 
insights into the underlying pathophysiology of the 
common disorder (61).

Recently, Gorsic and cols. identified 18 rare variants 
in PCOS patients using WES, and 17 of 18 (94%) of the 
variants were associated with reduced AMH signaling. 
They hypothesize that these AMH mutations lead to the 
PCOS phenotype by disrupting AMH’s transcriptional 
inhibition of CYP17A1, leading to increased androgen 
biosynthesis (62). As demonstrated, WES seems 
promising in identifying rare genetic variants that 
contribute to PCOS pathogenesis and in mapping 
genetic variants that contribute to different aspects of 
each phenotype of the syndrome. 

In conclusion, major advances in the genetics 
knowledge, combining with functional data and 
epigenetic studies in PCOS might increase our 
understanding of the etiology of this disease, with 
possible translational implications. The determination 
of genetic markers may improve the diagnosis of the 
syndrome and its phenotypes, allowing early intervention 
in associated co-morbidities and adequating treatment 
in a more individualized way.

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

Serum TSH level stability after 5 
years in euthyroid adults at low 
risk for thyroid dysfunction

Pedro Weslley Rosario1, Maria Regina Calsolari1

ABSTRACT
Objective: To evaluate changes in thyroid function after 5 years, the interval proposed for new 
assessment, in initially euthyroid adults. Subjects and methods: Initially, 1,426 apparently healthy 
adults considered low risk for thyroid dysfunction, were evaluated by measurement of TSH. After 5 
years, 1,215 (85.2%) subjects were reevaluated. Results: After 5 years, four subjects were receiving 
levothyroxine (L-T4) replacement therapy and 25 others had TSH > 4 mIU/L, only two of them with TSH 
> 10 mIU/L. All of these subjects had TSH > 3 mIU/L in the initial evaluation. During reassessment, none 
of the subjects had been or was treated for hyperthyroidism and 22 had TSH < 0.4 mIU/L (none of them 
< 0.1 mIU/L). Nineteen of these subjects had TSH ≤ 0.6 mIU/L in the initial evaluation. Among the 1,098 
subjects with TSH between 0.6 and 3 mIU/L in the initial evaluation, reassessment showed that none of 
the subjects was using L-T4; only three had TSH > 4 mIU/L (none of them > 10 mIU/L); none had been or 
was treated for hyperthyroidism, and only three had TSH < 0.4 mIU/L (none of them < 0.1 mIU/L). These 
results did not differ between men and women or between subjects ≤ 60 and > 60 years. Conclusion: 
Repeat TSH measurement within an interval of only 5 years would not be cost-effective in adults without 
known thyroid disease or risk factors for dysfunction who exhibit TSH between 0.6 and 3 mIU/L. Arch 
Endocrinol Metab. 2018;62(3):362-5
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INTRODUCTION

Although no consensus exists regarding age, some 
societies including the American Thyroid Association 

(1) and Brazilian Society of Endocrinology and Metabolism 
[SBEM in the Portuguese acronym] (2) recommend 
screening for thyroid dysfunction by serum TSH 
measurement in asymptomatic adults (1,2). In the case of 
individuals that exhibit normal TSH concentrations in the 
initial evaluation, a new measurement is recommended 
after 5 years (1-3). This interval was defined more because 
it is the recommended interval for periodic assessments of 
general health rather than resulting from a specific analysis 
of changes in thyroid function (1).

We previously evaluated thyroid function in healthy 
adults considered low risk for thyroid dysfunction (4,5). 
These adults were reevaluated after 5 years, the interval 
proposed for repetition in initially euthyroid adults (1-
3), in order to verify changes in thyroid function in 
these subjects.

SUBJECTS AND METHODS

This study was a reevaluation of two previous studies 
that evaluated the TSH reference values for Brazilian 

population. The initial results of those studies were 
published previously (4,5). Initially, 2,532 apparently 
healthy adults (age > 18 years), not including pregnant 
women, were interviewed (4,5). Of these, 2,327 subjects 
agreed to participate in the study. Nine hundred and 
one subjects were excluded because of high-risk factors 
for thyroid disease or conditions potentially interfering 
with thyroid function detected upon clinical evaluation 
(Table 1) (4,5). The final sample consisted of 1,426 
apparently healthy adults considered low risk for 

Table 1. Inclusion criteria

Absence of thyroid disease, no current or previous treatment with antithyroid 
drugs or L-T4, no history of 131I therapy or thyroidectomy

No use of potentially interfering medications such as dopaminergic agonists or 
antagonists, neuroleptics, corticosteroids, estrogen, amiodarone, interferon, 
lithium, anticonvulsants, metformin, octreotide; or recent (in the past 8 weeks) 
exposure to iodinated contrast agents

No history of head and neck external radiotherapy

Absence of type 1 diabetes or other autoimmune diseases

No family history of thyroid disease

Absence of goiter or any palpable thyroid anomaly

Absence of ophthalmopathy

Normal free T4
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thyroid dysfunction without known interfering factors 
(4,5). TSH was obtained in the initial evaluation.

After 5 years, these subjects were invited for a new 
clinical evaluation and TSH measurement. Of the 1,426 
subjects included, 1,215 (85.2%) were reevaluated 
(605 men and 610 women, 915 with age ≤ 60 years 
and 300 with age > 60 years). Reassessment was not 
possible in the remaining subjects because of failure to 
contact them, change of city, and refusal to participate.

The study was prospective and was approved by the 
local Research Ethics Committee.

Serum samples were obtained from the subjects in the 
morning (at about 8 a.m.) after an 8- to 10-h fast. TSH 
was measured with a chemiluminescent assay (Immulite 
2000, Diagnostic Products Corporation, Los Angeles, 
CA), with functional sensitivity of 0.02 mIU/L, and 
intra- and interassay coefficients of variation < 7% for 
values ranging from 0.1 to 40 mIU/L.

The Fisher’s exact test was used for statistical analysis 
(comparison between the two groups). A P-value less 
than 0.05 was considered significant.

RESULTS

After 5 years, four subjects were receiving levothyroxine 
(L-T4) replacement therapy initiated because of 
confirmed subclinical hypothyroidism and 25 others 
had TSH > 4 mIU/L, only two of them with TSH > 10 
mIU/L. It is worth noting that all subjects receiving 
L-T4 therapy and 22 subjects with TSH > 4 mIU/L 
(including the two with TSH > 10 mIU/L) had TSH 
> 3 mIU/L in the initial evaluation.

During reassessment, none of the subjects had been 
or was treated for hyperthyroidism and 22 had TSH < 

0.4 IUI/L (none of them with TSH < 0.1 mIU/L). It is 
worth noting that 19 subjects with TSH < 0.4 mIU/L 
had levels ≤ 0.6 mIU/L in the initial evaluation.

Among the 1,098 subjects with TSH between 0.6 
and 3 mIU/L in the initial evaluation, reassessment 
revealed that none of them was receiving L-T4; only 
three had TSH > 4 mIU/L (none of them with TSH 
> 10 mIU/L); none of the subjects had been or was 
treated for hyperthyroidism, and only three had TSH < 
0.4 mIU/L (none of them with TSH < 0.1 mIU/L). 
Among the subjects with initial TSH between 0.6 and 3 
mIU/L, the proportions of subjects with TSH of 0.4-4 
mIU/L, < 0.4 mIU/L or > 4 mIU/L after 5 years were 
the same in men (n = 546: 0.18%, 99.45%, and 0.37%, 
respectively) and women (n = 552: 0.36%, 99.46%, and 
0.18%, respectively) and in subjects £ 60 years (n = 822: 
0.24%, 99.51%, and 0.24%, respectively) and > 60 years 
(n = 276: 0.36%, 99.28%, and 0.36%, respectively).

The results of reassessment after 5 years according 
to initial TSH are shown in Table 2.

DISCUSSION

The results of the present study confirm that in 
subjects without known thyroid disease, but with a 
slightly reduced TSH measurement (0.2-0.4 mIU/L), 
spontaneous TSH normalization in the subsequent 
measurement is common (6). Even if normalization 
does not occur, persistence of the initial finding is 
more common than progression to TSH < 0.1 mIU/L 
or clinical hyperthyroidism (6,7). The same applies 
to adults with slightly elevated TSH (4-6 mIU/L) 
(6,8,9), with the observation of TSH normalization in 
approximately 40% and persistence of slightly elevated 

Table 2. Results of reassessment after 5 years according to initial serum TSH

Initial TSH 
(mIU/L)

Reassessment after 5 years

Treatment for 
hyperthyroidism

TSH < 0.1 mIU/L TSH 0.1-0.4 mIU/L TSH 0.4-4 mIU/L TSH 4-10 mIU/L TSH > 10 mIU/L Under L-T4 
therapy

< 0.4 (0.2-0.38) 
(n = 25)

0 0 13 (52%) 12 (48%) 0 0 0

0.4-0.6 (n = 25) 0 0 6 (24%) 19 (76%) 0 0 0

0.6-3  
(n = 1,098)

0 0 3 (0.27%) 1092 (99.45%) 3 (0.27%) 0 0

3-4 (n = 38) 0 0 0 30 (79%) 5 (13%) 1 (2.6%) 2 (5.2%)

> 4* (up to 5.84) 
(n = 29)

0 0 0 11 (37.9%) 15 (51.7%) 1 (3.4%) 2 (6.9%)

* None of the 24 patients without TPOAb in the initial assessment was treated with L-T4, 11 had normal TSH, and 13 continued to have elevated TSH but < 10 mIU/L. Among the 5 patients with 
TSH > 4 mIU/L and positive TPOAb in the initial assessment, 2 had elevated TSH < 10 mIU/L, one had TSH > 10 mIU/L, and 2 were taking L-T4.
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TSH in 50%, while progression to TSH > 10 mIU/L 
or need for L-T4 after 5 years is observed in only 10%. 
The consensual recommendation is to repeat the test 
in these individuals with slightly altered TSH before 
any treatment decision (10-12). Another implication 
of this observation is that in population studies 
evaluating the association between thyroid function 
and certain outcome(s), but obtaining only a single 
TSH measurement, a large proportion of the subjects 
with slightly altered TSH may, in fact, not have true 
thyroid dysfunction.

The most relevant finding of the study was that, 
among subjects without known thyroid disease or 
risk factors for thyroid dysfunction and with initially 
normal TSH (0.4-4 mIU/L), none had TSH < 0.1 
mIU/L and only 0.25% had TSH > 10 mIU/L after 5 
years. Most subjects who progressed to reduced (but 
> 0.1 mIU/L) or elevated TSH (but < 10 mIU/L) 
had initial TSH < 0.6 and > 3 mIU/L, respectively. 
With initial TSH between 0.6 and 3 mIU/L, 99.5% 
of the subjects remained euthyroid after 5 years. Thus, 
repetition of TSH in this subgroup detected alterations 
in only one of every 200 retested subjects and even 
these few individuals with altered TSH did not require 
treatment. A known previous study demonstrated 
that 98% of individuals with initially normal TSH 
continued to present normal TSH when retested 
within an interval of 5 years (6). However, important 
limitations of that study were (i) its retrospective 
design, (ii) only patients with known thyroid disease 
were excluded but not individuals at high risk for 
dysfunction, and (iii) the second TSH was obtained 
on average 19 months after the first measurement (6). 
Furthermore, that study was conducted exclusively in 
the Israeli population (6).

We highlight some characteristics of our study. This 
was a prospective study and the reassessment rate was 
high (85%). The interval to reassessment was exactly 
that recommended by some societies (1-3), including 
SBEM (2). Because this is a current recommendation 
in Brazil (2), we believe it is important to conduct a 
study in our country that evaluates this interval for TSH 
repetition. To our knowledge, no such study exists. On 
the other hand, it is important to note that the results 
reported here apply to individuals without known 
thyroid disease or without the risk factors for dysfunction 
listed in Table 1. Although measurement of antithyroid 
peroxidase antibodies (TPOAb) or ultrasonography 
(US) is not indicated in these individuals, the results 

could be different if TPOAb are positive or US is 
altered. The great stability in thyroid function observed 
after 5 years was limited to subjects with initial TSH 
between 0.6 and 3 mIU/L. Finally, the results permit 
us to conclude that the recommended interval of 5 
years (1-3) seems to be too short to reevaluate thyroid 
function, but the appropriate interval cannot be defined 
and it cannot be stated whether repetition would only 
be indicated if any clinical suspicion appears.

In conclusion, in this prospective Brazilian study 
performed in adults without known thyroid disease 
or risk factors for thyroid dysfunction (Table 1) who 
exhibit TSH between 0.6 and 3 mIU/L, TSH repetition 
within the recommended interval of 5 years (1-3) was 
not cost-effective. Two hundred reassessments were 
necessary to detect a single case of altered TSH, which 
even did not result in immediate treatment.

Disclosure: This work was supported by the Brazilian National 
Council for Scientific and Technological Development (CNPq) 
through a productivity fellowship granted to P.W.R. The initial 
evaluation of one of the studies (4) was partly supported by 
Sanofi-Aventis.
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Graves’ ophthalmopathy:  
low-dose dexamethasone reduces 
retinoic acid receptor-alpha gene 
expression in orbital fibroblasts

Sarah Santiloni Cury1, Miriane Oliveira1, Maria Teresa Síbio1,  
Sueli Clara1, Renata De Azevedo Melo Luvizotto1, Sandro Conde2,  
Edson Nacib Jorge3, Vania dos Santos Nunes1, Célia Regina Nogueira1,  
Gláucia Maria Ferreira da Silva Mazeto1

ABSTRACT
Objective: Graves’ ophthalmopathy (GO) is an autoimmune disease that leads to ocular proptosis 
caused by fat accumulation and inflammation, and the main treatment is corticosteroid therapy. 
Retinoid acid receptor-alpha (RARα) seems to be associated with inflammation and adipocyte 
differentiation. This study aimed to assess the effect of glucocorticoid treatment on orbital fibroblasts 
of GO patient treated or not with different glucocorticoid doses. Materials and methods: Orbital 
fibroblasts collected during orbital decompression of a female patient with moderately severe/severe 
GO were cultivated and treated with 10 nM and 100 nM dexamethasone (Dex). RARα gene expression 
in the treated and untreated cells was then compared. Results: Fibroblast RARα expression was not 
affected by 100 nM Dex. On the other hand, RARα expression was 24% lower in cells treated with 
10 nM Dex (p < 0.05). Conclusions: Orbital fibroblasts from a GO patient expressed the RARα gene, 
which was unaffected by higher, but decreased with lower doses of glucocorticoid. Arch Endocrinol Metab. 
2018;62(3):366-9

Keywords
Receptors; retinoic acid; gene expression; Graves ophthalmopathy

INTRODUCTION

G raves’ ophthalmopathy (GO) is characterized by 
expansion of the orbital tissue due to immune-

mediated inflammation and adipocyte proliferation 
secondary to orbital fibroblast (OF) differentiation 
(1). The main treatment for moderate to severe 
cases is corticosteroid therapy, which carries some 
risks (2,3), while other therapeutic approaches have 
provided with limited results in a reasonable number 
of patients (4). Thus, new GO treatment options are 
being sought. 

Retinoic acid (RA) is the biologically active form of 
vitamin A. It is widely used in clinical practice, especially 
in the form of isotretinoin for the treatment of acne 
(5). Nonetheless, studies indicate that RA may also 
play a role in adipogenesis (6,7) and inflammatory/
autoimmune processes (8). The effects of RA depend 
on nuclear receptors from two families of nuclear 

transcription regulators: RA receptor (RAR) and 
retinoid X receptor (RXR) (9,10). RAR, but not RXR, 
has affinity for all forms of RA (11). RARα stands out 
as it is the most frequently expressed RAR in cells (12). 

The OF of GO patients express RA receptors, 
including RARα, and retinoids could inhibit 
adipocyte growth and differentiation, and induce 
apoptosis in these cells, consequently presenting 
therapeutic potential in GO (13,14). However, the 
development of severe GO has been associated with 
the simultaneous use of RA, recombinant thyroid-
stimulating hormone (TSH), and radioactive iodine 
(15). Hence, the use of RA in GO may or may not 
have satisfactory results, depending on patient clinical 
condition, associated treatments, and RAR existence/
functionality/response. Other studies on the use of 
RA or the expression of its nuclear receptors in GO 
have not been found. 
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We recently reported the case of a 62-year-old 
female patient with inactive, moderately severe to severe 
GO, not previously treated with glucocorticoid, whose 
fibroblasts expressed the peroxisome proliferator-
activated receptor-gamma (PPARg) and estrogen 
receptor-alpha (ERα) genes. Interestingly, this gene 
expression responded to glucocorticoids in a dose-
related manner (16,17). Thus, the aim of this study 
was to evaluate the RARα gene expression by cultured 
OF from GO patient, which were treated or not with 
different glucocorticoid doses. 

MATERIALS AND METHODS

The present study, approved by the Research Ethics 
Committee of Botucatu Medical School under process 
number 4037-2011), assessed RARα gene expression 
in cultured OF treated or not with 10 nM or 100 
nM dexamethasone (Dex). The cells were initially 
obtained during orbital decompression performed at 
the Clinics Hospital (HC) of the Botucatu Medical 
School (FMB) – Unesp, placed in a falcon tube 
containing the medium 199 (LCG®) and antibiotic, and 
transported to the experimental laboratory of medical 
clinic, where the cells were cultivated, as previously 
described (16,17). Once the fibroblasts in the wells 
reached 80% confluence, they were treated with 10 
nM or 100 nM Dex in biological triplicates, and their 
RARα gene expression was compared with that of 
untreated fibroblasts (control group, C) (16,17). After 
treatment, the culture medium 199 was removed, 
and cells were collected from the plates with 400 µL of 
TRIzol® (Life Tech, USA) for RNA extraction, also 
perfomed with TRIzol®. Sample integrity was verified 
by running them for 30 minutes in 1% agarose gel 
at a voltage of 80 mV. The RNA samples were then 
analyzed by spectrophotometry. Samples with 260:280 
ratios below 1.6 were discarded because of protein 
contamination. Complementary deoxyribonucleic acid 
(cDNA) was synthesized from 1 µg of RNA by reverse 
transcription using the High-capacity cDNA Reverse 
Transcription Kit (Applied Biosystems, CA, USA). In 
short, the following were added to the RNA sample: 
2 µL of 10x buffer, 0.8 µL of 100 mM dNTP mix,  
2 µL of random primer, 1 µL of RNase inhibitor, 1 
µL of reverse transcriptase, and 12.2 µL of nuclease-
free water. Samples were incubated at 25ºC for 10 
minutes, at 37ºC for 120 minutes, at 85ºC for 5 
seconds, and maintained at 4ºC. Each cDNA sample 

was analyzed by TaqMan Assays (Life Technologies, 
USA) containing specific primers (ESR1: estrogen 
receptor alpha and cyclophilin: internal control) for the 
target RNAs. Each reaction used 10 μL of TaqMan® 
Universal PCR Master Mix (Life Technologies, USA) 
and 3 μL of the reverse transcription product. The final 
volume was adjusted to 20 μL with nuclease-free water. 
Quantitative reverse transcription polymerase chain 
reaction (RT-qPCR) was performed as instructed by the 
Minimum Information for Publication of Quantitative 
Real-Time PCR Experiment (MIQE) (18). Samples 
were normalized by the internal control (cyclophilin), 
and gene expression was quantified by the 2-DDCT 
method (19). The control group was adjusted for 
comparison between groups (16,17). All data were 
expressed as mean ± standard deviation. Intragroup 
treatments were compared by two-factor analysis of 
variance (ANOVA) complemented by Tukey’s multiple 
comparison test. The significance level was set at 5%  
(p < 0.05). 

RESULTS

Orbital fibroblasts expressed the RARα gene. Gene 
expression in cells treated with 10 nM Dex was 24% 
lower than the control group (p < 0.05). However, 
gene expression in cells treated with 100 nM Dex was 
not significantly different from controls or the 10 nM 
Dex group (Figure 1). 

Figure 1. Effect of 10 nM and 100 nM dexamethasone on retinoic acid 
receptor  alpha (RARα) mRNA in orbital fibroblasts from a patient with 
Graves’ ophthalmopathy. The experiment was performed in triplicate. Data 
were reported as mean and standard deviation. ANOVA was used in 
conjunction with Tukey’s test (p < 0.05).
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DISCUSSION

This study confirmed that the OF of GO patients 
expressed the RARα gene. Lower doses of 
glucocorticoid reduced RARα gene expression while 
higher doses did not change it significantly. 

RA plays an important role in adipogenesis. Low 
RA concentrations promote adipocyte differentiation 
(7), but supraphysiological concentrations inhibit 
it (6). These findings indicate the importance of 
studying RA receptors in disorders where adipocytes 
differentiate and proliferate as a pathophysiological 
mechanism. Normal human fibroblasts from the lungs 
and skin express RARα, and its expression is modulated 
in certain situations, such as types of cell growth 
conditions, and treatment with ascorbic acid, for 
example (20,21). Likewise, the OF of patients with GO 
express RARα, which respond differently, depending 
on the concomitant medication used (13,15).

An impact of RAR in GO physiopathology could 
be its role in adipogenesis. Wang and cols. found that 
mouse adipocytes treated with all-trans-retinoic acid 
(ATRA) had higher RAR expression, RARg more 
so than RARα, with consequent decrease of PPARg 
expression (14). It is known that PPARg plays a role 
in GO development, and recently, we reported that 
OF from a GO patient treated with small doses of 
corticosteroid had higher PPARg gene expression. This 
could lead to higher differentiation of fibroblasts into 
adipocytes and speculation that higher glucocorticoid 
doses would better treat this disease (16). 

Yet, in addition to adipogenesis, inflammation 
also has an important role in GO pathophysiology 
(1). Thus, vitamin A could act on immunity and 
inflammation. In autoimmune diseases, RA helps T-cell 
induction and gene regulation via RAR, which behaves 
as a transcription factor (8), making RAR essential 
for preventing and maintaining the tolerance to 
autoimmune/inflammatory diseases. In light of this, RA 
treatment could drive distinct pathogenesis evolution 
by its effects through RAR-modulated pathways 
in OF, mainly by changing cellular proliferation, 
differentiation, and apoptosis (13). Indeed, OF from 
GO patients treated with RA presented morphological 
alterations, and a decrease in cell growth/proliferation 
accompanied by the expression of RAR subtypes (13). 
Moreover, RARα agonist inhibited 36% of the TGF-β1 
stimulatory effect on extracellular matrix remodeling 
and human Tenon fibroblast contractility (22). 

Despite this, there is a lack of knowledge regarding 
the molecular mechanisms of RAR activation in 
GO. In addition, the OF from GO patients have a 
hyperresponsive phenotype and consist of several cell 
subsets, such as Thy1+/Thy1-, fibrocytes/CD34+ 
(23). Perhaps RAR stimulation in different types of 
fibroblasts could result in different responses, aimed 
at adipogenesis or fibrogenesis. Our results show that 
different doses of glucocorticoid, the main treatment 
for moderate to severe cases of GO, can lead to a 
differential RARα expression. This finding suggests 
that corticotherapy could alter the OF phenotype for 
RAR, and adds another variable to the pathophysiology 
of OG since it could result in a different response from 
these receptors to eventual stimuli.

To summarize, in the GO treatment, the appropriate 
RAR expression, modulated by glucocorticoid therapy, 
would help to reduce adipocyte proliferation and 
inflammation. As the smaller Dex dose reduced RARα 
expression, and the higher dose did not affect it, as 
observed with PPARg (16), one could speculate that 
lower glucocorticoid doses would have lesser effects, 
both anti-inflammatory and in inhibiting adipocyte 
differentiation. Considering the eventual therapeutic 
role of retinoids in GO, and the dynamic and sensitive 
mechanism that modifies RARα mRNA levels in 
fibroblasts, higher doses of glucocorticoids would be 
more appropriate if combined with RA. 

This study has some limitations, such as using 
OF from a single patient and not investigating other 
RA receptors or their protein expression. However, 
to our knowledge, this was the first study assessing  
RARα gene expression by the OF from a GO patient 
treated with different glucocorticoid doses, given that 
glucocorticoids are currently the main treatment for 
this ocular disorder.

In conclusion, the orbital fibroblasts from a 
GO patient expressed the RARα gene, which was 
not affected by higher, but decreased with lower, 
glucocorticoid doses. Other studies with more patients 
are needed to confirm these results. 

Acknowledgment: the authors are grateful to the Research Sup-
port Foundation of the State of Sao Paulo (Fapesp) for financial 
support (grant #:03/03651-0 and 2011/18464-8).

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



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

369

RARα in Graves’ ophthalmopathy

Arch Endocrinol Metab. 2018;62/3 

REFERENCES
1. Iyer S, Bahn R. Immunopathogenesis of Graves’ ophthalmopathy: 

the role of the TSH receptor. Best Pract Res Clin Endocrinol Metab. 
2012;26(3):281-9.  

2. Bahn R. High-dose intravenous glucocorticoid therapy for Graves’ 
ophthalmopathy: where are we now? Thyroid. 2012;22(1):1-2.

3. Philip R, Saran S, Gutch M, Agroyia P, Tyagi R, Gupta K. Pulse 
dexamethasone therapy versus pulse methylprednisolone 
therapy for treatment of Graves’s ophthalmopathy. Indian J 
Endocrinol Metab. 2013;17(Suppl 1):S157-9. 

4. Bartalena L, Baldeschi L, Boboridis K, Eckstein A, Kahaly GJ, 
Marcocci C, et al.; European Group on Graves’ Orbitopathy 
(EUGOGO). The 2016 European Thyroid Association/European 
Group on Graves’ Orbitopathy Guidelines for the Management of 
Graves’ Orbitopathy. Eur Thyroid J. 2016;5(1):9-26. 

5. Owen CE. Treating acne with high-dose isotretinoin. JAMA. 
2014;311(20):2121-2. 

6. Sato M, Hiragun A, Mitsui H. Preadipocytes possess cellular 
retinoid binding proteins and their differentiation is inhibited by 
retinoids. Biochem Biophys Res Commun. 1980;95(4):1839-45. 

7. Safonova I, Darimont C, Amri EZ, Grimaldi P, Ailhaud G, 
Reichert U, et al. Retinoids are positive effectors of adipose cell 
differentiation. Mol Cell Endocrinol. 1994;104(2):201-11.  

8. Kim  CH. Retinoic acid,  immunity, and  inflammation. Vitam 
Horm. 2011;86:83-101. 

9. Evans RM. The steroid and thyroid hormone receptor superfamily. 
Science. 1988;240(4854):889-95.  

10. Green S, Chambon P. Nuclear receptors enhance our 
understanding of transcription regulation. Trends Genet. 
1988;4(11):309-14.

11. Mangelsdorf DJ, Ong ES, Dyck JA, Evans RM. Nuclear receptor 
that identifies a novel retinoic acid response pathway. Nature. 
1990;345(6272):224-9. 

12. Elder JT, Fisher GJ, Zhang QY, Eisen D, Krust A, Kastner P, et al. 
Retinoic acid receptor gene expression in human skin. J Invest 
Dermatol. 1991;96(4):425-33. 

13. Pasquali D, Bellastella A, Colantuoni V, Vassallo P, Bonavolontà 
G, Rossi V, et al. All-trans retinoic acid- and N-(4-hydroxyphenil)-

retinamide-induced growth arrest and apoptosis in orbital 
fibroblasts in Graves’ disease. Metabolism. 2003;52(11):1387-92.  

14. Wang X, Yang P, Liu J, Wu H, Yu W, Zhang T, et al. RARg-C-Fos-
PPARg2 signaling rather than ROS generation is critical for all-
trans retinoic acid-inhibited adipocyte differentiation. Biochimie. 
2014;106:121-30. 

15. Berg G, Andersson T, Sjödell L, Jansson S, Nyström E. 
Development of severe thyroid-associated ophthalmopathy 
in a patient with disseminated thyroid cancer treated with 
recombinant human thyrotropin/radioiodine and retinoic acid. 
Thyroid. 2005;15(12):1389-94. 

16. Cury SS, Oliveira M, Síbio MT, Clara S, Luvizotto RD, Conde S, 
et al. Graves ophthalmopathy: low-dose glucocorticoid increases 
peroxisome proliferator-activated receptor-gamma gene 
expression. Arq Bras Oftalmol. 2014;77(5):339-340. 

17. Cury SS, Oliveira M, Síbio MT, Clara S, Luvizotto Rde A, Conde 
S, et al. Gene expression of estrogen receptor-alpha in orbital 
fibroblasts in Graves’ ophthalmopathy. Arch Endocrinol Metab. 
2015;59(3):273-6.  

18. Bustin SA, Benes V, Garson JA, Hellemans J, Huggett J, 
Kubista M, et al. The MIQE guidelines: minimum information 
for publication of quantitative real-time PCR experiments. Clin 
Chem. 2009;55(4):611-22.  

19. Livak KJ, Schmittgen TD. Analysis of relative gene expression 
data using real-time quantitative PCR and the 2(-Delta Delta C(T)) 
Method. Methods. 2001;25(4):402-8. 

20. Jaworski J, Klapperich CM. Fibroblast remodeling activity at two- 
and three-dimensional collagen-glycosaminoglycan interfaces. 
Biomaterials. 2006;27(23):4212-20. 

21. Duarte TL, Cooke MS, Jones GD. Gene expression profiling 
reveals new protective roles for vitamin C in human skin cells. 
Free Radic Biol Med. 2009;46(1):78-87. 

22. Liu Y, Kimura K, Orita T, Suzuki K, Teranishi S, Mori T, Sonoda K. 
Inhibition by a retinoic acid receptor g agonist of extracellular 
matrix remodeling mediated by human Tenon fibroblasts. Mol 
Vis. 2015;21:1368-77. 

23. Dik WA, Virakul S, van Steensel L.  Current perspectives on 
the role of orbital fibroblasts in the pathogenesis of Graves’ 
ophthalmopathy. Exp Eye Res. 2016;142:83-91.



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

370

case report

Arch Endocrinol Metab. 2018;62/3  

1 Endocrinologia, Instituto do Câncer 
do Estado de São Paulo, Faculdade 
de Medicina da Universidade de São 
Paulo (FMUSP), São Paulo, SP, Brasil
2 Laboratório de Endocrinologia 
Celular e Molecular (LIM25), 
Hospital das Clínicas, Faculdade 
de Medicina da Universidade 
de São Paulo (HCFMUSP), 
São Paulo, SP, Brasil 
3 Oncologia Clínica, Instituto do 
Câncer do Estado de São Paulo 
(ICESP), Faculdade de Medicina 
da Universidade de São Paulo 
(FMUSP), São Paulo, SP, Brasil
4 Cirurgia de Cabeça e Pescoço, 
Hospital das Clínicas, Faculdade 
de Medicina da Universidade 
de São Paulo (HCFMUSP), 
São Paulo, SP, Brasil 
5 Cirurgia de Cabeça e Pescoço, 
Instituto do Câncer do Estado de 
São Paulo (ICESP), Faculdade de 
Medicina da Universidade de São 
Paulo (FMUSP), São Paulo, SP, Brasil
6 Radiologia, Instituto do Câncer 
do Estado de São Paulo (ICESP), 
Faculdade de Medicina da 
Universidade de São Paulo 
(FMUSP), São Paulo, SP, Brasil 
7 Medicina Nuclear, Instituto do 
Câncer do Estado de São Paulo 
(ICESP), Faculdade de Medicina 
da Universidade de São Paulo 
(FMUSP), São Paulo, SP, Brasil 

Correspondence to:
Debora Lucia Seguro Danilovic 
Laboratório de Endocrinologia
Celular e Molecular (LIM 25), 
Faculdade de Medicina da
Universidade de São Paulo
Av. Dr. Arnaldo, 455, 4° andar, sala 4305
01246-903 – São Paulo, SP, Brasil 
deboradanilovic@usp.br

Received on Jan/11/2017
Accepted on Jan/17/2018

DOI: 10.20945/2359-3997000000046

Potential role of sorafenib as 
neoadjuvant therapy in  
unresectable papillary  
thyroid cancer

Debora L. S. Danilovic1,2, Gilberto Castro Jr.3, Felipe S. R. Roitberg3,  
Felipe A. B. Vanderlei4, Fernanda A. Bonani5, Ricardo M. C. Freitas6,  
George B. Coura-Filho7, Rosalinda Y. Camargo2, Marco A. Kulcsar5,  
Suemi Marui2, Ana O. Hoff1

SUMMARY
Total thyroidectomy, radioiodine (RAI) therapy, and TSH suppression are the mainstay 
treatment for differentiated thyroid carcinomas (DTCs). Treatments for metastatic disease 
include surgery, external-beam radiotherapy, RAI, and kinase inhibitors for progressive 
iodine-refractory disease. Unresectable locoregional disease remains a challenge, as 
standard therapy with RAI becomes unfeasible. We report a case of a young patient 
who presented with unresectable papillary thyroid carcinoma (PTC), and treatment with 
sorafenib allowed total thyroidectomy and RAI therapy. A 20-year-old male presented with 
severe respiratory distress due to an enlarging cervical mass. Imaging studies revealed 
an enlarged multinodular thyroid gland, extensive cervical adenopathy, severe tracheal 
stenosis, and pulmonary micronodules. He required an urgent surgical intervention and 
underwent tracheostomy and partial left neck dissection, as the disease was deemed 
unresectable; pathology revealed PTC. Treatment with sorafenib was initiated, resulting in 
significant tumor reduction allowing near total thyroidectomy and bilateral neck dissection. 
Postoperatively, the patient underwent radiotherapy for residual tracheal lesion, followed 
by RAI therapy for avid cervical and pulmonary disease. The patient’s disease remains 
stable 4 years after diagnosis. Sorafenib has been approved for progressive RAI-refractory 
metastatic DTCs. In this case report, we describe a patient with locally advanced PTC in 
whom treatment with sorafenib provided sufficient tumor reduction to allow thyroidectomy 
and RAI therapy, suggesting a potential role of sorafenib as an induction therapy of 
unresectable DTC. Arch Endocrinol Metab. 2018;62(3):370-5

INTRODUCTION

T he treatment of differentiated thyroid carcinomas 
(DTCs) involves a combination of total 

thyroidectomy, radioactive iodine (RAI) therapy, and 
TSH suppression. On the other hand, treatment of 
metastatic DTC is more complex and includes surgery 
when feasible, 131I therapy, external beam radiotherapy, 
and other localized treatment procedures such as 

thermal ablation or stereotactic radiation. However, a 
few cases of metastatic carcinomas progress despite RAI 
treatment, and therapy with multikinase inhibitors 
(MKIs) becomes the alternative to control systemic 
disease. The MKIs can inhibit tumor growth and 
angiogenesis. They block molecular targets involved in 
the pathogenesis of thyroid cancer, such as BRAF, RET, 
vascular endothelial growth factor receptors (VEGFRs), 
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platelet-derived growth factor receptors (PDGFRs), 
and fibroblast growth factor receptors (FGFRs). Due to 
clinical benefit demonstrated in phase-III clinical trials, 
the FDA has recently approved the use of sorafenib and 
lenvatinib in treatment of progressive iodine-refractory 
metastatic DTC (1,2).

Locally aggressive papillary thyroid carcinoma 
is as an unusual presentation, considering the 
characteristic slow growth of papillary carcinomas. 
Near total or total thyroidectomy is advised and 
necessary for effective RAI therapy; therefore, when 
invasive neck disease is unresectable, traditional 
therapy, especially RAI, becomes unfeasible. 

We present a case of a patient with unresectable 
papillary thyroid carcinoma at presentation in whom 
preoperative treatment with sorafenib allowed 
surgical intervention and RAI therapy. 

This case report was approved by the local 
Institutional Review Board. 

CASE REPORT

A 20-year-old male presented at the emergency 
room with severe respiratory distress. He had a 
4-year history of an enlarging cervical mass and 
dyspnea for 6 months. Imaging studies revealed 
a large and nodular heterogeneous thyroid with 
calcifications causing severe tracheal stenosis and 
compression of internal jugular veins, in addition to 
conglomerates of cervical lymph nodes and multiple, 
up to 1-cm, pulmonary nodules (Figure 1A, Figure 
2A). The severe respiratory distress required urgent 
surgical intervention. During surgery, the right 
thyroid lobe was completely adhered to the trachea, 
as were metastatic right neck lymph nodes to the 
thyroid. Due to extensive bleeding and functional 
impairment of the right recurrent laryngeal nerve 
during intraoperative neuromonitoring, total 
thyroidectomy was abandoned and only left neck 
dissection and tracheostomy were performed; 
an intraoperative frozen section biopsy revealed 
papillary thyroid carcinoma.

External beam radiotherapy is usually the first 
palliative choice for unresectable thyroid carcinoma, 
especially in older patients, but the presence of bulky 
disease would not only demand high cumulative doses 
but also result in high toxicity and even increased 
risk of secondary malignancies (3). Additionally, 
RAI therapy would not be feasible without 

thyroidectomy. Therefore, after multidisciplinary 
discussion, the recommendation was to proceed with 
sorafenib treatment. The patient tolerated sorafenib 
at a dose of 400 mg bid with manageable side 
effects of fatigue, hand and foot skin reaction, and 
diarrhea. Reduction of the cervical mass, particularly 
metastatic lymph nodes, and pulmonary nodules was 
observed within 6 months of therapy, resulting in 
removal of the tracheostomy tube. Sorafenib was 
maintained for 13 months until significant tumoral 
reduction to surgery (Figure 1B, Figure 2B). Near 
total thyroidectomy and bilateral neck dissection 
were performed after discontinuation of sorafenib for 
2 weeks with no complications. Pathology revealed 
a 7.2-cm multifocal, diffuse sclerosing papillary 
carcinoma with gross extrathyroidal extension, 
positive margins, and involvement of 13 out of 38 
metastatic lymph nodes (pT4pN1bM1, stage II) (4). 
Genetic analysis of tumoral tissue was negative for 
the p.V600E BRAF mutation.

The patient was placed on TSH suppression 
therapy; suppressed thyroglobulin was 1.5 ng/mL 
but with positive anti-thyroglobulin antibody (103 
UI/mL). He underwent external beam radiotherapy, 
70 Gy delivered in 35 fractions, for control of residual 
macroscopic tracheal lesion. A whole-body scan 
(131I-WBS) performed 3 months after radiotherapy 
revealed an uptake of 5.8% in the cervical area and 
iodine-avid pulmonary nodules (Figure 3A), which 
allowed him to be treated with 100 mCi of 131I. Post-
dose WBS with SPECT/CT confirmed radioiodine 
avid lesions in the thyroid bed (with persistent but 
smaller tracheal compression and lumen reduction), 
lymph nodes of the left retropharyngeal space, right 
neck level III, and left neck level V and bilateral 
pulmonary nodules (Figures 3B and 3C). Imaging 
studies 16 months after RAI therapy revealed a 
persistent but stable lesion in the thyroid bed, neck 
metastatic lymph nodes up to 1.4 cm, and stable 
pulmonary nodules up to 1.1 cm. Suppressed 
thyroglobulin was undetectable (< 0.2 ng/mL), but 
levels of anti-thyroglobulin antibody increased (944 
UI/mL). He received a second dose of RAI, 200 
mCi, confirming persistent radioiodine avid lesions. 
Patient remains asymptomatic with stable metastatic 
disease after 52 months of diagnosis (Figure 2C). His 
suppressed thyroglobulin level is undetectable with 
decreasing levels of anti-thyroglobulin antibodies 
(455 UI/mL).
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Figure 1. (A) Initial CT scans revealing thyroid enlargement with tracheal stenosis and bilateral conglomerates of cervical lymph nodes with compression 
of adjacent structures. (B) CT scans after 12 months of sorafenib therapy, demonstrating significant reduction of neck disease. 

Figure 2. CT imaging demonstrating improvement of tracheal compression and lumen reduction. (A) Initial scan. (B) Scan after 12 months of sorafenib. 
(C) Last scan after 4 years of diagnosis. 

DISCUSSION

Extensive invasive thyroid carcinoma is an 
uncommon initial presentation of DTC (5); however, 
its aggressive behavior significantly endangers 
prognosis. Cancer-specific mortality is 3-fold higher 

in the T4 stage according to the AJCC classification 
system (6). The 10-year disease-specific survival of 
thyroid carcinomas with extensive invasion of soft 
tissues, larynx, trachea, esophagus, or recurrent 
laryngeal nerve (T4a) reduces from 73% to 7.7% 
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Figure 3. (A) Diagnostic whole-body scan after 3 months of adjuvant external beam radiotherapy. (B) Post-therapy whole-body scan revealing radioiodine-
avid cervical lesions and pulmonary nodules. (C) Concomitant post-therapy single photon emission computed tomography–computed tomography 
(SPECT/CT) images. 

specifically when the tumor invades the prevertebral 
fascia or mediastinal vessels or encases the carotid 
artery (T4b) (7). Surgical removal is essential to 
eradicate the tumor. Residual microscopic disease can 
be managed with RAI therapy and TSH suppression, 
but macroscopic persistent disease may require other 
adjuvant therapy, usually external beam radiotherapy, 
to improve local control (8). 

Indication of induction chemotherapy in 
inoperable DTC is not well established (9). 
Retrospective nonrandomized studies reported 
the benefit of cytotoxic agents in locally invasive 
follicular and papillary carcinomas prior to surgery 
(10,11). The studies observed tumor reduction after 
preoperative use of vinblastine alone, vinblastine 
with doxorubicin, and other regimens, including 
radiotherapy in 14% and 25% of the cases. Ito and 
cols. reported significant tumor reduction in 1 out of 
2 papillary thyroid carcinomas with a squamous cell 
carcinoma component treated with paclitaxel before 
surgery (12). None of the studies reported toxicity. 

This is the first description of the off-label 
induction use of sorafenib in locally invasive papillary 

thyroid carcinoma. The phase-III trial for RAI-
refractory differentiated thyroid cancer (DECISION 
trial) included 7 patients (3.8%) with locally advanced 
thyroid cancer in the sorafenib arm (1), however, 
no specific information regarding this group of 
patients was provided. As inclusion criteria required 
RAI-refractory disease, one could assume that these 
patients likely had undergone thyroidectomy prior 
to a whole-body iodine scan and/or RAI therapy. 
Therefore, despite having locally advanced disease, 
they were likely different from our case report.

The preoperative use of MKI has been described 
in other cancers, alone or combined with other 
chemotherapies (13-15). Sunitinib has been used 
in an unresectable medullary thyroid cancer (16). 
Particularly in renal cell carcinomas, the neoadjuvant 
use of MKI provided 9.6% to 28.3% reduction in 
renal tumor diameter, and it changed unresectable 
to resectable tumors in around 20% of cases (13). 
Preferentially, an induction therapy should have high 
rates of tumor reduction. Despite a significant tumor 
shrinkage with sorafenib in our case, the objective 
response rate in the sorafenib phase-III trial was 
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only 12.2%. (1). On the contrary, a phase-III trial of 
lenvatinib in RAI-refractory DTC led to complete 
response in 15% and partial response in 63% of treated 
patients. The median time to objective response 
with lenvatinib was only 2 months (17). Possibly, 
lenvatinib would be a more effective alternative for 
induction therapy of locally advanced DTC. Clinical 
trials are necessary to define the most suitable drug. 

A major criticism of preoperative use of MKIs is 
wound complications. Inhibition of VEGFR impairs 
angiogenesis and granulation tissue formation (18). 
There are potential risks of severe bleeding and poor 
wound healing. Tracheoesophageal fistula could  
occur in a cervical invasive carcinoma. After 
a withdrawal period of 2 weeks, our patient 
had adequate wound healing. During previous 
experiences of patients on sorafenib with renal 
carcinomas, no major complications were observed, 
despite discontinuing the drug only a median of 
3 days before surgery. The authors attributed the 
safety of preoperative use of sorafenib to its short 
half-life (25-48 hours) (19). There are only a few 
reports of wound complications with MKIs (18). 
Therefore, more data are necessary to establish the 
adequate time to withhold the drug before a surgical 
procedure. It is possible that the use of more selective 
inhibitors would avoid wound complications, 
such as vemurafenib for BRAF-mutated papillary 
thyroid carcinomas, which is under investigation 
(NCT01709292). In a phase-II trial of vemurafenib 
in patients with BRAFV600E-positive metastatic or 
unresectable papillary thyroid cancer refractory to 
radioactive iodine, researchers observed a partial 
response in 38.5% of treated patients (20). Although 
the objective response was smaller than that observed 
with lenvatinib (2), the drug does not present an 
anti-angiogenic effect that favors aerodigestive 
fistulas and impairs wound healing. 

In this case report, we present 2 important 
observations. The first one is the potential use 
of sorafenib preoperatively for tumor reduction, 
permitting surgery. Surgical resection is more 
effective in the local control of the disease, 
preventing precocious airway obstruction and 
definite tracheostomy and reducing mortality 
related to invasive disease. We indeed improved the 
prognosis of a young patient with radioiodine-avid 
distant metastases. The other observation is the 
effective use of RAI after sorafenib and radiation 

therapy. The patient’s response to RAI probably 
was independent of sorafenib, as a previous study 
could not demonstrate the effect of sorafenib on the 
reinduction of RAI uptake despite control of tumor 
progression (21). Moreover, radioiodine uptake was 
not impaired by the prior radiotherapy. 

In summary, we describe the first case of 
unresectable papillary thyroid carcinoma in which 
sorafenib was used as an induction therapy. Sorafenib 
treatment resulted in improvement of respiratory 
symptoms and in sufficient reduction of the tumor 
mass to enable total thyroidectomy and radioactive 
iodine treatment, providing long-term control of 
the disease.
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Inflammatory myopathy in 
the context of an unusual 
overlapping laminopathy
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SUMMARY
Laminopathies are genetic disorders associated with alterations in nuclear envelope proteins, 
known as lamins. The LMNA gene encodes lamins A and C, and LMNA mutations have been linked 
to diseases involving fat (type 2 familial partial lipodystrophy [FPLD2]), muscle (type 2 Emery–
Dreifuss muscular dystrophy [EDMD2], type 1B limb-girdle muscular dystrophy [LGMD1B], and 
dilated cardiomyopathy), nerves (type 2B1 Charcot–Marie–Tooth disease), and premature aging 
syndromes. Moreover, overlapping syndromes have been reported. This study aimed to determine 
the genetic basis of an overlapping syndrome in a patient with heart disease, myopathy, and features 
of lipodystrophy, combined with severe metabolic syndrome. We evaluated a 54-year-old woman 
with rheumatoid arthritis, chronic hypercortisolism (endogenous and exogenous), and a history 
of cured adrenal Cushing syndrome. The patient presented with a complex disorder, including 
metabolic syndrome associated with mild partial lipodystrophy (Köbberling-like); mild hypertrophic 
cardiomyopathy, with Wolff–Parkinson– White syndrome and atrial fibrillation; and limb-girdle 
inflammatory myopathy. Mutational analysis of the LMNA gene showed a heterozygous c.1634G>A 
(p.R545H) variant in exon 10 of LMNA. This variant has previously been independently associated 
with FPLD2, EDMD2, LGMD1B, and heart disease. We describe a new, LMNA-associated, complex 
overlapping syndrome in which fat, muscle, and cardiac disturbances are related to a p.R545H 
variant. Arch Endocrinol Metab. 2018;62(3):376-82

INTRODUCTION

Mutations in the LMNA gene (NM_170707.2) have 
been associated with a broad spectrum of diseases 

(1), including type 2 familial partial lipodystrophy 
(FPLD2), LMNA-related metabolic syndrome,  
type 2 Emery–Dreifuss muscular dystrophy (EDMD2), 
type 1B limb-girdle muscular dystrophy (LGMD1B), 
conduction-system diseases and dilated cardiomyopathy 
(DCM1A), and progeroid syndromes. FPLD2 begins 
in women during puberty, with a phenotype of fat loss 
in the limbs and buttocks, fat accumulation in the face 
and neck, well-defined musculature, phlebomegaly, 
insulin resistance, atherogenic dyslipidemia, and high 
cardiovascular risk (2).

The differential diagnosis includes Cushing’s 
syndrome and truncal obesity. Previous studies have 
described a LMNA-associated metabolic syndrome 
with a Köbberling-like fat distribution (3,4). EDMD2 
is characterized as a progressive skeletal muscle 
weakness associated with early joint contractures. 

LGMD1B causes muscular weakness in the spine and 
pelvic girdle (1).

Cardiac muscle laminopathies can present as 
nonspecific alterations in electrical conduction, or they 
can cause malignant arrhythmias and sudden death. 
Two of the most intriguing features of laminopathies 
are their clinical heterogeneity and the prevalence of 
overlapping syndromes. We investigated a female patient 
with a double Cushing syndrome (endogenous and 
exogenous), metabolic syndrome, cardiomyopathy, and 
limb-girdle muscular dystrophy. We aimed to determine 
whether this syndrome was related to a LMNA mutation.

CASE AND METHODS

This study was approved by the Ethics Review Panel 
of the Xunta de Galicia. The patient and her relatives 
provided informed consent for participation in the 
study and for publication of their clinical, biochemical, 
and genetic information.
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Patient clinical history

The patient (Table 1) was a 45-year-old female 
diagnosed with rheumatoid arthritis at age 40 y and 
treated with corticosteroids from that point. She 
was referred to the Endocrinology Division due to 
high blood pressure, mixed dyslipidemia, and newly 
diagnosed diabetes (glycated hemoglobin: 9.6%; systolic 
blood pressure: 150 mmHg; diastolic blood pressure: 
90 mmHg; low-density lipoprotein cholesterol:  
5.2 mmol/L; high-density lipoprotein cholesterol: 
0.65 mmol/L; triglycerides: 3.42 mmol/L). The 
patient had had an android appearance since puberty, 
with mild lipoatrophy in the limbs and buttocks and fat 
accumulation in the abdomen and face (Figure 1). The 
patient reported that her deceased father had striking 
hypermuscular limbs, prominent abdominal fat, and 
diabetes. He had undergone a pacemaker implantation 
because of a third-degree atrioventricular block.

At age 46 y, the patient displayed poor glycemic 
control, and glucocorticoids were discontinued for 
several months, with no improvement. She was then 

diagnosed with adrenal Cushing’s syndrome, based on 
a 34-mm right adrenal adenoma (urinary free cortisol: 
1100 µg/ 24 h), which was histologically confirmed 
after a laparoscopic adrenalectomy. Additional 
hydrocortisone replacement was necessary, and the 
patient currently continues this treatment. After the 
adrenal tumor was resected, glycemic control, blood 
pressure, and lipid levels improved. She continued 
pharmacological treatment with antihypertensive drugs 
and metformin, but she was able to discontinue insulin.

Some months after the adrenalectomy, the patient 
was diagnosed with Wolff–Parkinson–White syndrome 
associated with atrial fibrillation, due to preexcitation, 
which was successfully ablated with radiofrequency. 
Transthoracic ultrasonography revealed a slightly 
hypertrophic non-dilated left ventricle, with preserved 
systolic function, type 1 diastolic dysfunction, and mild 
mitral regurgitation. No coronary lesions were detected 
with cardiac catheterization.

At age 50 y, the patient complained of muscular 
weakness without pain or contractures.

Table 1. Chronological evolution of clinical data

Age (years) 45 46 47 48 49-52

Event Adrenal

Diabetes. Start Cushing. Adrenal

antidiabetic Start statins surgery, Myopathy.

and and insulin; start Stop statins

antihypertensi intensive hydrocortiso at 49

ve drugs antihypertensi ne

ve therapy

BMI 30.5 31.7 30.8 36.5 25-26

BP (mmHg) 150/90 165/109 130/9 140/93 125/80

0

CPK (UI/L) - 176 88 157 378-2500

LDH (U/L) - - - 556-860

Glucose (mg/dL) 250 331 236 137 65-91

HbA1C (%) - 9.6 10.2 8.1 6-6.1

Triglycerides (mg/ dL) 164 122 146 254 202-214

HDL (mg/dL) - 37 41 30 40-40

LDL (mg/dL) - 161 126 - 63-139

Leptin (µg/L) - - 12.7 9.9 1-8.4

Insulin* (mUI/L) - 46.5 - - 43.9

UFC (Ug/24h) - 838 1014 - 36

Cortisol** (ug/dL) 23 30 27.4 2.2 1.6

ACTH - 13 9 - 60

BP: blood pressure; UFC: urinary free cortisol; *: without exogenous insulin: **: stopping oral corticoid almost 24h before.
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Figure 1. Photographs of the patient show body morphology due to a 
LMNA variant. (A) Before receiving a cure for Cushing’s syndrome (46 
years old). (B) Six years after receiving a cure for Cushing’s syndrome (54 
years old).

Creatine kinase levels ranged from 321 to 2525 
IU/L, and high levels persisted after discontinuation 
of statins. On physical examination, muscle weakness 
was evident, predominantly in the pelvic girdle. She 
was unable to get up from the ground and had marked 
difficulty in rising from a chair without hand support. 
Electromyoneurography revealed myopathy changes 
and spontaneous activity (fibrillation and positive 
waves) in proximal muscles, without polyneuropathy.

Body composition

Skinfolds (Table 2) were measured in triplicate on 
the dominant extremity with a Lange skinfold caliper 
(Cambridge Scientific Industries, MD, USA). Segmental 
body fat distribution was assessed with whole-body 
dual-energy X-ray absorptiometry, performed with a 
Lunar model DPX apparatus (GE Medical Systems, 
Milwaukee, WI, USA).

Molecular analyses

DNA was prepared from peripheral white blood cells 
following standard procedures (5). LMNA exons 1–12 

Table 2. Changes in body composition before and after Cushing cure evaluated by anthropometry and DXA

Active cushing Cured cushing Obese control* Non obese control*

Age 46 48.6

Weight (kg) 82.2 65.3

Height (cm) 161 161

BMI (kg/m2) 31.7 25.21 38.1 ± 6.5 26.6 ± 2.8

Tricipital skinfold (mm) 20 17 38.8 ± 10.0 29.4 ± 11.7

Bicipital skinfold (mm) 15 10 32.4 ± 11.6 21.5 ± 11.8

Suprailiac skinfold (mm) 42 15 52.2 ± 14.7 30.6 ± 14.4

Subescapular skinfold (mm) 35 18 44.2 ± 12.3 28.4 ± 16.4

Thigh skinfold (mm) 19 10 41.1 ± 14.5 22.7 ± 8.6

Calf skinfold (mm) 6 5 18.9 ± 14.2 11.2 ± 4.8

WHR 1.0 0.93 0.89 ± 0.08 0.88 ± 0.06

Total fat (kg) 37.5 20.06 43.8 ± 11.7 26.4 ± 7.7

Total fat (%) 46.1 30.6 48.2 ± 6.4 39.3 ± 7.0

Upper limbs fat (kg) 3.48 2.26 4.44 ± 1.1 3.1 ± 1.0

Upper limbs fat (%) 45.3 31.6 47.7 ± 5.7 42.1 ± 7.3

Lower limbs fat (kg) 9.69 6.16 12.4 ± 3.8 8.4 ± 2.2

Lower limbs fat (%) 40.8 30.5 44.6 ± 6.4 39.8 ± 6.4

Trunk fat (kg) 23.2 10.84 22.9 ± 5.1 14.0 ± 5.7

Trunk fat (%) 51.7 31.8 52.5 ± 7.6 40.8 ± 10.2

Visceral fat (g) ND 764 2012 ± 894 992 ± 693

Trunkal/Lower limbs fat ratio (kg) 2.39 1.75 1.61 1.66

*: Normal ranges from ref. 3; WHR: waist to hip ratio.



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

379

Inflammatory myopathy and laminopathy

Arch Endocrinol Metab. 2018;62/3 

and the surrounding intronic sequences were amplified 
by PCR. Primers and conditions have been previously 
described (6).

Histological muscle studies

Deltoid muscle biopsy samples were snap frozen in liquid 
nitrogen, and cryostat sections were processed and stained 
to exclude dystrophies and other pathological conditions 
(e.g., mitochondrial myopathies, metabolic diseases) as 
follows: PAS, modified Gomori trichrome, Oil Red O, 
enzyme histochemistry (muscle phosphorylase, muscle 
phosphofructokinase, lactate dehydrogenase, AMP 
deaminase, cytochrome-C oxidase, SDH, and NADH), 
and immunohistochemistry (beta-spectrin to check 
preservation of the plasma membrane; slow, fast, and 
fetal myosin; utrophin; alpha, beta, gamma, and delta 
sarcoglycan; dystrophin fractions: N- terminal, C-terminal, 
and rod domain; NOS; alpha and beta dystroglycan; 
dysferlin, caveolin-3, collagen type VI, laminin alpha2 
chain of merosin (laminin-2), telethonin, myotilin, 
desmin, calpain-3, MHC class I antigen, and inflammatory 

markers (CD68/KP1, CD3 and CD20 for histiocytes and 
lymphocytes). The only commercial antibodies available 
for Lamin A/C are not helpful for diagnostic purposes 
(here it was used as a positive control for emerin antibody).

Immunostains were performed after antigen retrieval 
using a standard avidin–biotin immunoperoxidase 
detection technique (EnVision Systems, Dako, Glostrup, 
Denmark).

RESULTS

We identified a heterozygous c.1634G>A (p.R545H) 
variant of LMNA, located in exon 10. This variant 
had not been probed for pathogenicity with in silico 
approaches (PolyPhen and SIFT).

Its allelic frequency was 0.00019 (1000 Genomes 
Project). Of the patient’s relatives whom we studied 
(mother, sisters, offspring), none carried this variant. 
Histological findings of muscle samples were consistent 
with acute and chronic, nonspecific, inflammatory 
myopathy (Figure 2).

Figure 2. (1) Snap frozen cryostat sections of deltoid muscle showing endomisial inflammatory infiltrates composed mainly of hystiocytes (asterisks) 
(Hematoxylin and eosin, 400x). (2) MHC class I antigen is upregulated in all fibers, with immunolabeling at plasma membrane (arrow) and sarcoplasm 
(asterisk). See also “pseudovacuoles” secondary to “ice crystals” snap frozen artifact (arrow head) (Immunoperoxidase reaction, diaminobenzidine brown 
staining chromogen, 400x). (3a) Immunostaining of CD68 (KP1) antibody remark histiocityc inflammatory component between myofibers, with (3b) a 
minor population of CD3 antibody positive T lymphocytes (asterisks) (400x).
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autoimmune background. Chronic hypercortisolism 
causes a characteristic fat distribution, in particular, 
excess abdominal fat (19); however, no particular 
changes in limb fat have been reported (20). Strikingly, 
in this patient, once hypercortisolism was cured, 
an abnormal fat distribution became more evident, 
although it was not as severe as observed in classical 
Dunnigan disease. This change in fat distribution was 
particularly intriguing because it highlighted important 
differences among LMNA mutations that cause FPLD 
(13). The R545H variant, previously associated with 
FPLD (7), caused severe metabolic syndrome with 
android fat distribution in this patient.

The patient was initially diagnosed with 
polymyositis, based on girdle weakness, high creatine 
kinase, and muscle lymphocyte infiltration. Because 
of her autoimmune background, this diagnosis was 
probably the most parsimonious. However, the 
R545H variant has been associated with LGMD1B 
(9), which clinically overlaps with polymyositis. Other 
LMNA mutations that cause muscular and/or cardiac 
laminopathies have been related to inflammatory 
changes in muscle specimen biopsies. For example, in 
biopsies from patients with infantile- onset LMNA-
associated myopathy, Komaki and cols. (21) reported 
mononuclear cell infiltrations that were positive for 
lymphocyte markers CD4, CD8, or CD20, active 
necrosis, and regeneration. Additionally, they observed 
elevated sarcolemmal HLA staining in many fibers. 
Similarly, HLA class I antigens were upregulated in our 
samples and in samples described previously in a study 
on LGMD1B (15,16). It cannot be ruled out that 
chronic hypercortisolism had influenced the myopathy. 
However, there are some clues to differences between 
the corticoid-myopathy case and the case described 
here.

In the first case, serum values of muscle 
enzymes are typically normal or slightly elevated, 
electromyoneurography is usually normal, and there are 
no inflammatory infiltrates or necrosis on muscle biopsy 
samples (22). Although unusual, polymyositis has been 
associated with cardiac involvement, manifested as 
rhythm disturbances, conduction defects, and heart 
failure (23). Similarly, laminopathies, like FPLD2 or 
LGMD1B (9,14), and particularly the R545H variant, 
have also been related to heart disease (10). Patients 
with cardiac compromise related to LMNA typically 
show initial signs of nonspecific rhythm disturbances 
after age 30 y (24), and they frequently need a 

DISCUSSION

We investigated an unusual case of laminopathy and 
found that it was due to a p.R545H LMNA variant 
that overlapped with chronic hypercortisolism. Thus, 
after chronic hypercortisolism had been diagnosed 
and cured, the patient exhibited atypical partial 
lipodystrophy, idiopathic inflammatory myopathy, 
and cardiomyopathy with conduction disturbances. 
Although this variant has not been shown to be 
pathogenic with in silico approaches, it has been 
associated with FPLD2 (7), EDMD2 (8), LGMD1B 
(9), and heart disease (10).

In FPLD2, more than 80% of cases are due to 
missense mutations in exon 8; however, atypical 
phenotypes have been related to mutations in other 
exons (11). Moreover, several patients with mutations 
outside the immunoglobulin-like fold of lamin A have 
lacked the typical FPLD2 phenotype but experienced 
insulin resistance (4). In addition, some cases of FPLD2 
have been associated with heart conduction disorders, 
valvulopathies, and cardiomyopathy (12-14). Other 
authors have reported LMNA-associated complex 
phenotypes, including heart failure and limb-girdle 
muscular dystrophy, due to a Ser334del variant (15,16); 
muscular dystrophy, lipodystrophy, and cardiac rhythm 
disturbances related to a R527P variant (17); or FPLD, 
early heart failure, first-degree atrioventricular block, 
and late proximal muscle weakness due to a R28W 
variant (12).

Exon 10 of LMNA corresponds to the C-terminal 
domain, common to both lamins A and C, which 
forms an immunoglobulin-like, three-dimensional 
structure (1). The conformation of this domain is well 
defined for residues 430–545 (18). Arginine 545 is at 
the external surface of the structure. Mutations in the 
Ig-fold can affect either head-to-tail polymerization, 
which destabilizes the three-dimensional structure of 
the C-terminal domain, or lamin A/C interactions with 
other proteins (1). At least 13 missense mutations at 
the C-terminal domain are related to EDMD2 (18), 
including the nearby R541H. Although the R545 
residue has not been specifically studied, it does not 
seem to influence the stability of the 3D structure. 
However, the exchange of arginine (positive polar) for 
histidine (neutral polar) could alter interactions with 
other proteins at the nuclear lamina.

This study was particularly challenging because 
of the presence of Cushing’s syndrome and the 
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permanent pacemaker. Later, cardiac compromise may 
be further complicated with cardiomyopathy (25). Our 
patient was diagnosed with Wolff–Parkinson–White 
syndrome, atrial fibrillation, mitral regurgitation, and 
mild hypertrophic cardiomyopathy. Taken together, the 
diagnoses of severe metabolic syndrome, girdle weakness 
appearing in the fourth decade, and heart involvement 
in a patient that carried the R545H variant in LMNA 
resembled a complex laminopathic disorder. However, 
the presence of chronic hypercortisolism represented a 
confounding factor, and rheumatoid arthritis prevented 
us from definitely ruling out a random association of 
different unrelated autoimmune entities.

In summary, this case emphasizes the need for 
actively searching for LMNA mutations in patients with 
clinical features compatible with partial lipodystrophy, 
cardiac conduction abnormalities, cardiomyopathy, 
and/or certain types of myopathy. A correct diagnosis 
can facilitate early interventions to prevent the 
consequences of these pathologies, which can be lethal.

Acknowledgments: we are indebted to the patients of this study 
for their collaboration. This work was funded by the Instituto 
de Salud Carlos III (grant number: PI081449) and the Euro-
pean Regional Development Fund, FEDER. In addition, SRG 
was awarded a Research Fellowship granted by the Asociación 
Española de Familiares y Afectados de Lipodistrofias (AELIP). 
None of the authors has any conflict of interest to disclose.

Ethical Publication Statement: we confirm that we have read the 
Journal’s position on issues involved in ethical publication and 
affirm that this report is consistent with those guidelines. 

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

REFERENCES
1. Broers JL, Ramaekers FC, Bonne G, Yaou RB, Hutchison CJ. Nu-

clear lamins: laminopathies and their role in premature ageing. 
Physiol Rev. 2006;86(3):967-1008.

2. Brown RJ, Araujo-Vilar D, Cheung PT, Dunger D, Garg A, Jack 
M, et al. The Diagnosis and Management of Lipodystrophy Syn-
dromes: A Multi-Society Practice Guideline. J Clin Endocrinol 
Metab. 2016;101(12):4500-11.

3. Guillin-Amarelle C, Sanchez-Iglesias S, Castro-Pais A, Rodriguez-
Canete L, Ordonez-Mayan L, Pazos M, et al. Type 1 familial partial 
lipodystrophy: understanding the Kobberling syndrome. Endo-
crine. 2016;54(2):411-21.

4. Decaudain A, Vantyghem MC, Guerci B, Hecart AC, Auclair M, 
Reznik Y, et al. New metabolic phenotypes in laminopathies: 
LMNA mutations in patients with severe metabolic syndrome. J 
Clin Endocrinol Metab. 2007;92(12):4835-44.

5. Sambrook J, Russell DW. The Condensed Protocols from Molecu-
lar Cloning: A Laboratory Manual: Cold Spring Harbor Laboratory 
Press; 2006.

6. Araujo-Vilar D, Loidi L, Dominguez F, Cabezas-Cerrato J. Phe-
notypic gender differences in subjects with familial partial lipo-
dystrophy (Dunnigan variety) due to a nuclear lamin A/C R482W 
mutation. Horm Metab Res. 2003;35(1):29-35.

7. Chan D, McIntyre AD, Hegele RA, Don-Wauchope AC. Familial 
partial lipodystrophy presenting as metabolic syndrome. J Clin 
Lipidol. 2016;10(6):1488-91.

8. Huong S. Molecular genetic studies in hereditary laminopathies 
of man.: Ernst- Moritz-Arndt-Universität, Greifswald; 2010.

9. Maggi L, Carboni N, Bernasconi P. Skeletal Muscle Laminopathies: 
A Review of Clinical and Molecular Features. Cells. 2016;5(3):pii: 
E33.

10. van Rijsingen IA, Nannenberg EA, Arbustini E, Elliott PM, Mo-
gensen J, Hermans-van Ast JF, et al. Gender-specific differences 
in major cardiac events and mortality in lamin A/C mutation car-
riers. Eur J Heart Fail. 2013;15(4):376-84.

11. Garg A, Vinaitheerthan M, Weatherall PT, Bowcock AM. Pheno-
typic heterogeneity in patients with familial partial lipodystrophy 
(dunnigan variety) related to the site of missense mutations in 
lamin a/c gene. J Clin Endocrinol Metab. 2001;86(1): 59-65.

12. Garg A, Speckman RA, Bowcock AM. Multisystem dystrophy 
syndrome due to novel missense mutations in the amino-termi-
nal head and alpha-helical rod domains of the lamin A/C gene. 
Am J Med. 2002;112(7):549-55.

13. Araujo-Vilar D, Lado-Abeal J, Palos-Paz F, Lattanzi G, Bandin MA, 
Bellido D, et al. A novel phenotypic expression associated with a 
new mutation in LMNA gene, characterized by partial lipodystro-
phy, insulin resistance, aortic stenosis and hypertrophic cardio-
myopathy. Clin Endocrinol (Oxf). 2008;69(1):61-8.

14. Panikkath R, Panikkath D, Sanchez-Iglesias S, Araujo-Vilar 
D, Lado-Abeal J. An Uncommon Association of Familial Par-
tial Lipodystrophy, Dilated Cardiomyopathy, and Conduc-
tion System Disease. J Investig Med High Impact Case Rep. 
2016;4(3):2324709616658495.

15. Madej-Pilarczyk A, Niezgoda A, Janus M, Wojnicz R, Marchel M, 
Fidzianska A, et al. Limb-girdle muscular dystrophy with severe 
heart failure overlapping with lipodystrophy in a patient with 
LMNA mutation p.Ser334del. J Appl Genet 2017;58(1):87-91.

16. Madej-Pilarczyk A, Niezgoda A, Janus M, Wojnicz R, Marchel M, 
Fidziańska A, et al. Limb-girdle muscular dystrophy with severe 
heart failure overlapping with lipodystrophy in a patient with 
LMNA mutation p.Ser334del. J Appl Genet. 2017;58(1):87-91.

17. van der Kooi AJ, Bonne G, Eymard B, Duboc D, Talim B, Van der 
Valk M, et al. Lamin A/C mutations with lipodystrophy, cardiac ab-
normalities, and muscular dystrophy. Neurology. 2002;59(4):620-3.

18. Krimm I, Ostlund C, Gilquin B, Couprie J, Hossenlopp P, Mornon 
JP, et al. The Ig-like structure of the C-terminal domain of lamin 
A/C, mutated in muscular dystrophies, cardiomyopathy, and par-
tial lipodystrophy. Structure. 2002;10(6):811-23.

19. Garrapa GG, Pantanetti P, Arnaldi G, Mantero F, Faloia E. Body 
composition and metabolic features in women with adrenal in-
cidentaloma or Cushing’s syndrome. J Clin Endocrinol Metab. 
2001;86(11):5301-6.

20. Rockall AG, Sohaib SA, Evans D, Kaltsas G, Isidori AM, Monson 
JP, et al. Computed tomography assessment of fat distribution in 
male and female patients with Cushing’s syndrome. Eur J Endo-
crinol. 2003;149(6):561-7.

21. Komaki H, Hayashi YK, Tsuburaya R, Sugie K, Kato M, Nagai T, 
et al. Inflammatory changes in infantile-onset LMNA-associated 
myopathy. Neuromuscul Disord. 2011;21(8):563-8.

22. Gupta A, Gupta Y. Glucocorticoid-induced myopathy: Pathophysi-
ology, diagnosis, and treatment. Indian J Endocrinol Metab. 
2013;17(5):913-6.

23. Eisen A, Arnson Y, Dovrish Z, Hadary R, Amital H. Arrhythmias and 
conduction defects in rheumatological diseases--a comprehen-
sive review. Semin Arthritis Rheum. 2009;39(3):145-56.



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

382

Inflammatory myopathy and laminopathy

Arch Endocrinol Metab. 2018;62/3  

24. van Berlo JH, de Voogt WG, van der Kooi AJ, van Tintelen JP, 
Bonne G, Yaou RB, et al. Meta-analysis of clinical characteris-
tics of 299 carriers of LMNA gene mutations: do lamin A/C mu-
tations portend a high risk of sudden death? J Mol Med (Berl). 
2005;83(1):79-83.

25. Carboni N, Mateddu A, Marrosu G, Cocco E, Marrosu MG. Ge-
netic and clinical characteristics of skeletal and cardiac muscle 
in patients with lamin A/C gene mutations. Muscle Nerve. 
2013;48(2):161-70.



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

Instructions for authors

GENERAL INFORMATION 
We emphasize the importance of following these instructions carefully. Failure to do 
so will delay the processing of your manuscript. 
Manuscripts should be submitted solely to the AE&M and should not have been 
published, or be under consideration for publication in any substantial form, in ano-
ther periodical-either professional or lay. 
Manuscripts should be submitted in English. Proofreading by a scientific editing ser-
vice is strongly recommended; the following companies are suggested: Voxmed Me-
dical Communications, American Journal Experts and PaperCheck. Manuscripts that 
successfully complete the peer-review process and are recommended for publication 
will only be accepted and published upon receipt of a certificate proving professional 
academic English proofreading. In extraordinary circumstances, the certificate can 
be waived by editorial decision.
All submissions are initially evaluated in depth by the scientific editors. Papers that 
do not conform with the general criteria for publication will be returned to the au-
thors without detailed review, typically within three to five days. Otherwise, manus-
cripts will be sent to reviewers (most commonly two). 

MANUSCRIPT CATEGORIES 
Reports of original research may be submitted to AE&M as Original Articles or Brief 
Reports. Other special categories of manuscripts are described below. All manus-
cripts must adhere to the word count limitations, as specified below, for text only; 
word count does not include the abstract, references, or figures/tables and their le-
gends. Word count must be shown on the title page, along with the number of figu-
res and tables. The format is similar for all manuscript categories, and it is described 
in detail in the “Manuscript Preparation” section. 

Original Articles 
The Original Article is a scientific report of the results of original research that has 
not been published or submitted for publication elsewhere (either in print or electro-
nically). It represents a substantial body of laboratory or clinical work. In general, 
Original Articles should not exceed 3,600 words in the main text, include more than 
six figures and tables, or more than 35 references. 

Review Articles 
The AE&M publishes Review Articles that show a balanced perspective on timely 
issues within the field of clinical endocrinology. All reviews are submitted upon in-
vitation and are subject to peer review. Articles in this category are requested by the 
Editors to authors with proven expertise in the field. Authors considering the sub-
mission of uninvited reviews should contact the editors in advance to determine 
whether the topic that they propose is of current potential interest to the Journal. 
Review articles should be no longer than 4,000 words in the main text, include no 
more than four figures and tables, and no more than 60 references. The author 
should mention the source and/or request authorization for use of previously publi-
shed figures or tables.

Consensus Statements 
Consensus Statements related to the endocrine and metabolic health standards and 
healthcare practices may be submitted by professional societies, task forces, and 
other consortia. All such submissions will be subjected to peer review, must be 
modifiable in response to criticism, and will be published only if they meet the usu-
al editorial standards of the Journal. Consensus Statements should typically be no 
longer than 3,600 words in the main text, include no more than six figures and ta-
bles, and no more than 60 references. 

Brief Report 
The Brief Report consists of new data of sufficient importance to warrant immediate 
publication. It is a succinct description of focused study with important, but very 
straightforward, negative or confirmatory results. Brevity and clarity are always li-
kely to enhance the chance of a manuscript being accepted for publication. A maxi-
mum of 1,500 words in the main text plus up to 20 references and normally no more 
than two illustrations (tables or figures or one of each) are acceptable for Brief Re-
ports. 

Case Report 
A Case Report is a brief communication presenting collected or single case reports 
of clinical or scientific significance. These reports should be concise and focused on 
the issue to be discussed. They should address observations of patients or families 
that add substantially to the knowledge of the etiology, pathogenesis, and delinea-
tion of the natural history or management of the condition described. Case Reports 

should be 2,000 words or less, with no more than four figures and tables, and no 
more than 30 references. 

We emphasize that only case reports that offer important basic translational or clini-
cal contributions, preferentially together with a review of the literature, will be con-
sidered for publication.

Letters to the Editor 

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

MANUSCRIPT PREPARATION 
GENERAL FORMAT 

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

•  The manuscript must be submitted in MS-Word format.
•  All text should be double-spaced with 2 cm margins on both sides using 11-point 

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

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

ted papers must be complete, including the title page, abstract, figures, and ta-
bles. Papers submitted without all of these components will be placed on hold 
until the manuscript is complete. 

ALL SUBMISSIONS MUST INCLUDE: 
• A cover letter requesting the evaluation of the manuscript for publication in 

AE&M, and any information relevant to the manuscript. Elsewhere on the sub-
mission form, authors may suggest up to three specific reviewers and/or request 
the exclusion of up to three others. 

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

ting the writing of the paper. 
7.  List of references. 

Title Page 
The title page must contain the following information: 

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

ding author. 
4.  Abbreviated title of no more than 40 characters for page headings.
5.  Up to five keywords or phrases suitable for use in an index (the use of MeSH 

terms is recommended).
6.  Word count – excluding title page, abstract, references, figures/tables and their 

legends.
7.  Article type 

Structured Abstracts 
All Original Articles, Brief Reports, Reviews, Case Reports should be submitted with 
structured abstracts of no more than 250 words. The abstract must be self-contained 
and clear without reference to the text, and should be written for general journal 
readership. The abstract format should include four sections that reflect the section 
headings in the main text. All information reported in the abstract must appear in 
the manuscript. Please use complete sentences for all sections of the abstract. 
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Introduction 
The article should begin with a brief introductory statement that places the study in 
historical perspective, and explains its objective and significance.

Materials and Methods 
These should be described and referenced in sufficient detail for other investigators 
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 
the modifications need be described. 

Results and Discussion 
The Results section should briefly present the experimental data in text, tables, and/
or figures. For details on preparation of tables and figures, see below. The Discus-
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 
The AE&M ascribes to the authorship and contributorship guidelines defined by the 
International Committee of Medical Journal Editors (www.ICMJE.org). Unrestricted 
joint authorship is allowed. A maximum of two corresponding authors is allowed. 
The uniform requirements for manuscripts submitted to medical journals state that 
authorship credit should be based only on substantial contribution to: 
1.  The conception and design, or analysis and interpretation of data. 
2.  The drafting of the article or its critical review for important intellectual content.
3.  The final approval of the version to be published.
All these conditions must be met. The corresponding author is responsible for ensu-
ring that all appropriate contributors are listed as authors, and that all authors have 
agreed with the content of the manuscript and its submission to the AE&M. 

Conflict of interest 
A conflict of interest statement for all authors must be included in the main document, 
following the text, in the Acknowledgments section. If authors have no relevant con-
flict of interest to disclose, this should be indicated in the Acknowledgments section. 

Acknowledgments 
The Acknowledgments section should include the names of those people who con-
tributed to a study but did not meet the requirements for authorship. The correspon-
ding author is responsible for informing each person listed in the acknowledgment 
section that they have been included and providing them with a description of their 
contribution so they know the activity for which they are considered responsible. 
Each person listed in the acknowledgments must give permission – in writing, if 
possible – for the use of his or her name. It is the responsibility of the corresponding 
author to provide this information.

References 
References to the literature should be cited in numerical order (in parentheses) in the 
text and listed in the same numerical order at the end of the manuscript on a separa-
te page or pages. The author is responsible for the accuracy of references. The num-
ber of references cited is limited for each category of submission, as indicated above. 

Tables 
Tables should be submitted in the same format as the article (Word), and not in 
another format. Please note: we cannot accept tables as Excel files within the ma-
nuscript. Tables should be self-explanatory and the data they contain must not be 
duplicated in the text or figures. Tables must be constructed as simply as possible 
and be intelligible without reference to the text. Each table must have a concise 
heading. A description of experimental conditions may appear together with foot-
notes at the foot of the table. Tables must not simply duplicate the text or figures. 

Figures and Legends 
All figures must display the figure number. Sizing the figure: the author is responsi-
ble for providing digital art that has been properly sized, cropped, and has adequate 
space between images. All color figures will be reproduced in full color in the online 
edition of the journal at no cost to the authors. Authors are requested to pay the cost 
of reproducing color figures in print (the publisher will provide price quotes upon 
acceptance of the manuscript). 

Photographs 
The AE&M strongly prefers to publish unmasked patient photos. We encourage all 
prospective authors to work with families prior to submission and address the issue 
of permission for review and possible publication of patient images. If your submis-
sion contains ANY identifiable patient images or other protected health information, 
you MUST provide documented permission from the patient (or the patient’s pa-
rent, guardian, or legal representative) before the specific material circulates among 
editors, reviewers and staff for the purpose of possible publication in AE&M. If it is 
necessary to identify an individual, use a numerical designation (e.g. Patient 1) ra-
ther than using any other identifying notations, such as initials. 

Units of Measure 
Results should be expressed in metric units. Temperature should be expressed in 
degrees Celsius and time of day using the 24-hour clock (e.g., 0800 h, 1500 h). 

Standard Abbreviations 
All abbreviations must be immediately defined after it is first used in the text. 

Experimental Subjects 
To be considered for publication, all clinical investigations described in submitted 
manuscripts must have been conducted in accordance with the guidelines of The 
Declaration of Helsinki, and must have been formally approved by the appropriate 
institutional review committees or their equivalent. 
The study populations should be described in detail. 
Subjects must be identified only by number or letter, not by initials or names. Pho-
tographs of patients’ faces should be included only if scientifically relevant. The 
authors must obtain written consent from the patient for the use of such photogra-
phs. For further details, see the Ethical Guidelines. 
Investigators must disclose potential conflict of interest to study participants and 
should indicate in the manuscript that they have done so. 

Experimental Animals 
A statement confirming that all animal experimentation described in the manuscript 
was conducted in accordance with accepted standards of humane animal care, as 
outlined in the Ethical Guidelines, should be included in the manuscript. 

Molecular Genetic Description 
• Use standard terminology for variants, providing rs numbers for all variants re-

ported. These can be easily derived for novel variants uncovered by the study. 
Where rs numbers are provided, the details of the assay (primer sequences, PCR 
conditions, etc.) should be described very concisely.

•  Pedigrees should be drawn according to published standards (See Bennett et al. 
J Genet Counsel (2008) 17:424-433 - DOI 10.1007/s10897-008-9169-9). 

Nomenclatures 
• For genes, use genetic notation and symbols approved by the HUGO Gene No-

menclature Committee (HGNC) – (http://www.genenames.org/). 
• For mutation nomenclature, please use the nomenclature guidelines suggested 

by the Human Genome Variation Society (http://www.hgvs.org/mutnomen/) 
• Provide information and a discussion of departures from Hardy-Weinberg equili-

brium (HWE). The calculation of HWE may help uncover genotyping errors and 
impact on downstream analytical methods that assume HWE. 

• Provide raw genotype frequencies in addition to allele frequencies. It is also de-
sirable to provide haplotype frequencies. 

• Whenever possible, drugs should be given their approved generic name. Where 
a proprietary (brand) name is used, it should begin with a capital letter. 

• Acronyms should be used sparingly and fully explained when first used.

Papers must be written in clear, concise English. 
Avoid jargon and neologisms. The journal is not prepared to undertake major correc-
tion of language, which is the responsibility of the author. Where English is not the 
first language of the authors, the paper must be checked by a native English speaker.
For non-native English speakers and international authors who would like assistan-
ce with their writing before submission, we suggest Voxmed Medical Communica-
tions, American Journal Experts or PaperCheck.
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