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The evolving field of thyroid 
cancer: refinement of old and 
creation of new paradigms 

Ana O. Hoff1

S ince the landmark paper by Mazzaferri and Jhiang (1) indicating the benefit of 
adequate surgery and postoperative radioactive iodine treatment in patients with 

well-differentiated thyroid cancer (DTC), a lot has been learned about prognostic 
factors associated with disease recurrence and mortality and the risks and benefits 
of treatment. In addition, over the past 3 decades we have experienced a dramatic 
improvement in imaging and laboratorial techniques resulting in highly sensitive and 
specific studies for disease detection, and have observed a significant advance in the 
understanding of the molecular pathogenesis of thyroid cancer. 

This accumulated knowledge has confirmed a few paradigms and has provided im-
portant insights that have refined the treatment of thyroid cancer. First, surgery is the 
mainstay treatment of thyroid cancer and therefore an experienced surgeon and an ade-
quate surgical treatment have the highest impact in cure. Second, the major roles and 
best responses of radioactive iodine treatment are in reducing recurrence rate in high-
-risk patients and in treating young patients with micronodular lung metastases and; 
third, the development of kinase inhibitors has been a major breakthrough in treating 
metastatic thyroid cancer, not only DTC but also medullary thyroid cancer (MTC). 

In this issue of Archives of Endocrinology and Metabolism three papers describe di-
fferent facets of thyroid cancer treatment. On one side of the spectrum, Furtado and 
cols. demonstrate the low incidence of persistent (3.5%) and recurrent disease (2.5%) 
in patients with papillary thyroid cancer with less than 5 lymph nodes detected only at 
the operative procedure and without other poor prognostic factors (2). As expected, 
these patients have low risk of recurrence raising the question whether radioactive 
iodine treatment provides any benefit, a situation in which the disease could be less 
harmful than the treatment. Interestingly, in the 2009 American Thyroid Association 
guidelines, all patients with lymph node (LN) metastases (N1 disease), regardless of 
number and size of LN, were considered intermediate risk and adjuvant radioactive 
iodine treatment was recommended (3). However, data have accumulated demons-
trating that the risk of recurrence is significantly lower in patients with small LNs de-
tected pathologically when compared to pre-operatively detected lymph nodes (4-6), 
findings confirmed in the study by Furtado and cols.

On the other side of the spectrum, two papers describe the “good and bad” of 
tyrosine kinase inhibitors. In one paper, Pitoia and cols. report a patient with advanced 
MTC and ectopic Cushing’s syndrome in whom treatment with vandetanib resulted 
in rapid resolution of hypercortisolism (7). Ectopic ACTH syndrome is rarely obser-
ved in MTC but is usually associated with extensive disease and significant symptoms. 
The control of cortisol hypersecretion results in symptomatic relief and better quality 
of life. This is an important observation that has been also demonstrated with sora-
fenib and sunitinib and expands the known effects of kinase inihibitors. In a second 
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paper, Pitoia and cols. report a patient with progressive 
iodine-refractory DTC in whom treatment with sora-
fenib provided partial tumor response but was associa-
ted with significant thrombocytopenia, requiring dose 
adjustment (8). Adverse events associated with kinase 
inhibitors are frequent and this report underlies the im-
portance of being aware that unexpected side effects, 
such as thrombocytopenia, can also be observed. 

In recent years a lot of progress has been made in the 
treatment of metastatic thyroid cancer. The discovery of 
the RET proto-oncogene and RAS mutations in MTC, 
mutations of RAS, BRAF, RET/PTC in DTC, as well 
as other molecular abnormalities that result in hyperac-
tivation of kinase receptors and signaling pathways im-
portant for tumor cell proliferation, provided the basis 
for the investigation and approval of several multi-kinase 
inhibitors for the treatment of metastatic thyroid cancer 
including vandetanib and cabozantinib for MTC and so-
rafenib and lenvatinib for DTC (9-13). For both MTC 
and DTC, these therapies are associated with improve-
ment of progression-free survival, tumor reduction and 
symptomatic control compared to patients treated with 
placebo. Despite the benefits observed in disease con-
trol, all of these drugs are associated with slightly diffe-
rent side-effect profiles, which makes clinical monitoring 
and careful management of adverse events a priority in 
the care of these patients. Despite the significant advan-
ces, the quest for the identification of newer therapies 
is still in progress, as the ideal treatment would be one 
associated with improvement of overall survival, less ad-
verse effects and ultimately cure of disease. 

Disclosure: no potential conflict of interest relevant to this article 
was reported.
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Persistent and recurrent disease 
in patients with papillary thyroid 
carcinoma with clinically apparent 
(cN1), but not extensive, lymph 
node involvement and without 
other factors for poor prognosis

Mariana de Souza Furtado1,2, Pedro Weslley Rosario1,3, Maria Regina Calsolari3

ABSTRACT
Objective: Lymph node metastases (LNM) are frequent in patients with papillary thyroid cancer 
(PTC). The risk of persistent disease (PD) and tumor recurrence (TR) is increased when factors for 
poor prognosis other than LNM exist, when LNM are numerous, large, detected by preoperative 
ultrasonography (US), or exhibit extranodal extension. This study evaluated the risk of PD and TR in 
patients with LNM not exhibiting these characteristics. Subjects and methods: Eighty-six patients 
with 5 or fewer LNM detected during intraoperative inspection, but not by preoperative US, who had 
no other factors for poor prognosis [tumors > 4 cm, extensive extrathyroid invasion, vascular inva-
sion, aggressive histological subtype, distant metastases, incomplete tumor resection], were stud-
ied. All patients underwent total thyroidectomy followed by radioiodine ablation. PD was defined as 
metastases on initial post-therapy whole-body scans (RxWBS) or detected by imaging methods up 
to 12 months after ablation. TR was defined as structural disease diagnosed more than one year after 
ablation in patients without PD. Results: PD was diagnosed in 3/86 patients (3.5%). TR was observed 
in 2/83 patients (2.5%) after 62 months of follow-up. There was no case of death due to the disease. A 
correlation was observed between pre-ablation Tg and PD or TR [1/48 (2%) with Tg ≤ 2 ng/mL versus 
2/22 (9%) with Tg > 2 ≤ 10 ng/mL versus 2/7 (28.5%) with Tg ≥ 10 ng/ml)]. It is noteworthy that 38 pa-
tients had up to 3 positive LN and pre-ablation Tg ≤ 2 ng/ml, and none of them had PD or TR. Conclu-
sions: The frequency of PD and TR was low in patients with PTC with 5 or fewer LNM and without 
other factors for poor prognosis. Low postoperative stimulated Tg was predictive of the absence of 
PD and TR in these patients. Arch Endocrinol Metab. 2015;59(4):285-91

Keywords
Thyroid cancer; lymph node metastases; persistent or recurrent disease; preoperative ultrasonography

1 Programa de Pós-graduação, 
Santa Casa de Belo Horizonte, 
Belo Horizonte, MG, Brazil
2 IMES/Famevaço, Faculdade 
de Medicina do Vale do Aço, 
Ipatinga, MG, Brazil
3 Serviço de Endocrinologia, 
Santa Casa de Belo Horizonte, 
Belo Horizonte, MG, Brazil 

Correspondence to:
Pedro W. Rosario
Instituto de Ensino e Pesquisa,
Santa Casa de Belo Horizonte
Rua Domingos Vieira, 590
30150-240 – Belo Horizonte, MG, 
Brazil
pedrowsrosario@gmail.com

Received on Apr/6/2015
Accepted on May/11/2015

DOI: 10.1590/2359-3997000000081

INTRODUCTION

L ymph node metastases (LNM) are frequent in 
patients with papillary thyroid cancer (PTC). Al-

though the impact on the prognosis is questionable, the 
presence of clinically apparent LNM [cN1, defined as 
LNM identified by preoperative physical examination 
or ultrasonography (US), or intraoperative inspection 
by the surgeon] excludes the patient from the group 
of low recurrence risk (1-6) and frequently indicates a 
more aggressive initial approach (1-8).

When factors for poor prognosis other than LNM 
exist, such as tumor size > 4 cm, aggressive histologi-
cal subtype, extensive extrathyroid invasion (pT4), vas-

cular invasion and distant metastases (M1), or when 
tumor resection was incomplete, there is consensual 
indication of ablation/therapy with 131I, TSH suppres-
sion, and external radiotherapy, occasionally, after total 
thyroidectomy. Furthermore, the risk of persistent dis-
ease [defined as metastases on initial posttherapy whole 
body scanning (RxWBS) or detected by the imaging 
methods until one year after ablation] and tumor recur-
rence (defined as strutural disease diagnosed more than 
one year after ablation) is significantly increased when 
LNM are detected by preoperative US (9-14), in the 
presence of numerous [> 5 positive LN (11,15-18)] 
and large LNM [≥ 3 cm (11,16,19)], or in the presence 
of extranodal tumor extension (15,16,18-21).
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The most relevant discussion is to know the risk of 
persistent disease and tumor recurrence in the patients 
with LNM not exhibiting the characteristics described 
above (22) and in the absence of other factors for poor 
prognosis. The present study was conducted to answer 
this question. The criterion used for the definition of 
LN status (preoperative US and intraoperative inspec-
tion by the surgeon) agrees with current guidelines 
since there is no clear indication for elective LN dissec-
tion in patients with tumors ≤ 4 cm and without appar-
ent extrathyroid invasion (1-7,23).

SUBJECTS AND METHODS

The data of patients with diagnosis of PTC treated at 
our institution from 2004 to 2012 were reviewed. The 
limit of 2012 was established to obtain a minimum fol-
low-up of 24 months. The study was approved by the 
Research Ethics Committee of our Institution.

Patients

Patients with suspicious or diagnostic cytology of PTC 
were routinely submitted to neck US before surgery. 
For this study, only patients with negative preoperative 
US for LNM were selected. All patients underwent to-

tal thyroidectomy. During intraoperative inspection by 
the surgeon, patients with a suspicion of LNM in the 
central neck compartment were submitted to bilateral 
dissection of this compartment combined with explo-
ration of the lateral compartments. Elective LN dissec-
tion was not performed. Patients with tumors > 4 cm, 
extensive extrathyroid invasion (pT4), vascular invasion, 
aggressive histological subtype (tall-cell, columnar-cell, 
diffuse follicular variant), distant metastases (clinical ex-
amination or simple chest x-ray), or incomplete tumor 
resection were excluded. Additionally, patients with > 5 
positive LN or LNM exhibiting macroscopic extranodal 
tumor invasion (16,19,21) also were excluded. Finally, 
patients with 5 or fewer positive LN detected during 
intraoperative inspection, but not by preoperative US, 
and in the absence of macroscopic extranodal extension; 
without other factors for poor prognosis were studied.

About 3 months after surgery, before ablation, a 
new US scan was obtained to exclude patients with in-
complete tumor resection (Figure 1).

Ablation with 131I

Approximately 4 months after thyroidectomy, all patients 
were submitted to ablation with 131I [1.1-5.5 GBq (30-
150 mCi)] after withdrawal of levothyroxine (L-T4) for 

Figure 1. Sequence of patient management and definitions used in this study. US: ultrasonography; RxWBS: post-therapy whole-body scanning. a These 
patients were excluded. b Imaging methods: US in all patients; chest and mediastinal CT if Tg > 1 ng/mL; MIBI scan and FDG-PET/CT if basal Tg > 1 ng/mL 
or Tg > 5 ng/mL after rhTSH or > 10 ng/mL after levothyroxine withdrawal, or Tg > 1 ng/mL in the presence of anti-Tg antibodies.

Total thyroidectomy and 
therapeutic lymph node 

dissection

Positive postoperative US 
(incomplete resection)a

Negative postoperative US 
(complete resection)

Radioiodine ablation

RxWBS with metastases

Persistent disease

Specific treatment
Tumor detected by 
imaging methodsb

Absence of tumor by 
imaging methodsb

Follow-up

Occurrence of tumor detected by imaging methods 
during follow-up (tumor recurrence)

RxWBS without metastases

Assessment 9-12 months 
after ablation
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4 weeks and prior administration of a low-iodine diet for 
10-14 days. Thyroglobulin (Tg) and anti-thyroglobulin 
antibodies (TgAb) were measured immediately before 
the administration of 131I. Anterior and posterior whole-
body images were obtained 7 days after ablation with 131I 
[post-therapy whole-body scanning (RxWBS)].

Assessment 9-12 months after ablation

Patients showing no ectopic uptake on RxWBS were 
evaluated 9 to 12 months after ablation by measure-
ment of Tg on L-T4 (Tg/T4) and TgAb and neck US. 
Other imaging methods [chest computed tomography 
(CT), whole-body scanning with 99mTc-sestamibi, fluo-
rodeoxyglucose-positron emission tomography (FDG-
PET)/CT)] were performed on patients with negative 
US and Tg/T4 > 1 ng/ml. Stimulated Tg [after L-T4 
withdrawal or recombinant human TSH (rhTSH)] 
was obtained for patients with Tg/T4 < 1 ng/ml and 
negative US. Patients with stimulated Tg > 1 ng/mL 
were submitted to chest CT (24). Additionally, 99mTc-
sestamibi scans and FDG-PET/CT were performed on 
patients with Tg > 10 ng/mL after L-T4 withdrawal or 
> 5 ng/ml after rhTSH (24,25), or stimulated Tg > 1 
ng/mL in the presence of TgAb (26).

Persistent disease

Persistent disease was defined as ectopic (metastatic) 
uptake on initial posttherapy whole body scanning (Rx-
WBS) or metastases detected by the imaging methods 
9-12 months after ablation (Figure 1).

Late follow-up

Patients without metastases detected on initial RxWBS 
or by the imaging methods 9-12 months after ablation 
were followed up by annual measurement of Tg/T4 and 
TgAb and neck US. Patients with initial Tg/T4 levels 
< 1 ng/ml, but with stimulated Tg > 1 ng/mL, were 
submitted to new Tg stimulation at an interval of 2 
years (27). Imaging methods other than US (chest CT, 
99mTc-sestamibi scans, FDG-PET/CT and RxWBS after 
an empirical activity of 3.7 GBq 131I) were performed 
when: (i) Tg/T4 < 1 ng/mL converted to levels > 1 
ng/mL, (ii) there was an increase > 50% (25,27) in Tg 
(Tg/T4 or stimulated Tg) when Tg was already > 1 ng/mL, 
(iii) negative TgAb became positive, or (iv) there was 
an increase in already positive TgAb titers. The patients 
were maintained on a dose of L-T4 sufficient to obtain 
serum TSH ≤ 0.5 mIU/l. The time of follow-up ranged 
from 30 to 102 months (median 62 months).

Tumor recurrence

Tumor recurrence was defined as structural disease di-
agnosed more than one year after ablation in patients 
without persistent disease (Figure 1).

The diagnosis of tumor in lesions detected by 
the imaging methods was made by cytology or his-
tology, and/or based on unequivocal ectopic uptake  
(excluding false-positive results) on RxWBS or FDG-
PET/CT.

Methods

Until 2006, Tg was measured with a radioimmunomet-
ric assay (ELSA-hTG; CIS Bio International, France) 
with a functional sensitivity of 1 ng/ml. After 2006, 
Tg was measured with a chemiluminescent assay (Ac-
cess Thyroglobulin Assay, Beckman Coulter, Fullerton, 
CA) with a functional sensitivity of 0.1 ng/mL. TgAb 
were measured with a chemiluminescent assay [Immu-
lite 2000, Diagnostic Products Corporation, Los An-
geles, CA (reference value of up to 40 IU/ml) or AR-
CHITET Anti-Tg, Abbott Laboratories, IL (reference 
value of up to 4.11 IU/mL)].

US was performed with a linear multifrequency trans-
ducer for morphological analysis (B-mode) and for Dop-
pler evaluation. US was performed by a radiologist with 
experience in thyroid and neck US. US was defined as 
negative when it did not detect suspicious lesions (28,29) 
or, in the presence of these lesions, when cytology and 
Tg measurement in the needle washout obtained by 
US-guided fine-needle aspiration were negative. Chest 
CT was performed by taking 5-mm sequential sections. 
99mTc-sestamibi scans were performed under L-T4 thera-
py using a tracer dose of 720-925 MBq. FDG-PET/CT 
was carried out after stimulation with rhTSH.

Statistical analysis

The c2 test was used to detect differences in the pro-
portion of cases. Multivariate Cox regression models 
were used to assess the independent effect of different 
variables on the risk for persistent disease or tumor re-
currence. A p value of less than 0.05 was considered to 
be significant.

RESULTS

Patients

The characteristics of the patients are shown in table 1.
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Ablation with 131I

The frequency of ectopic (metastatic) uptake on RxWBS 
is shown in table 2. Table 2 also shows the correlation 
between TgAb and Tg obtained immediately before ab-
lation and the presence of metastases on RxWBS. In pa-
tients without TgAb, median Tg was 3.57 ng/dL.

Initial assessment after ablation

The results of assessment 9-12 months after ablation 
obtained for patients without metastases on initial 

RxWBS is shown in table 3. In this assessment, three 
patients had suspicious LN on US, but cytology was 
negative and Tg in the needle washout was < 1 ng/mL.

Persistent disease was detected in 3/86 patients 
(3.5%).

Table 1. Characteristics of the 86 patients studied

Patients

Women 67 (78%)

Men 19 (22%)

Age (years) 10 to 78 (median 46)

Tumor

Size, mean (cm) 3.05

≤ 2 cm 29 (33.7%)

> 2 cm and ≤ 4 cm 57 (66.3%)

Multicentricity 34 (39.5%)

Extrathyroid invasion (pT3) 40 (46.5%)

T1a 4 (4.6%)

T1b 10 (11.6%)

T2 32 (37.2%)

T3 40 (46.5%)

Lymph node metastases

Location Central and lateral: 10 (12%)

Only central: 76 (88%)

Number of positive lymph nodes

1: 10 (11.6%)

2: 27 (31.4%)

3: 27 (31.4%)

4: 12 (14%)

5: 10 (11.6%)

Table 2. Correlation between TgAb and Tg obtained immediately before 
ablation and the presence of ectopic (metastatic) uptake on RxWBS

Positive RxWBS 

All patients 86 2/86 (2.3%)

Positive TgAb 9 0/9

Negative TgAb 

Tg ≤ 2 ng/mL 48 0/48

Tg > 2 ng/mL and ≤ 10 ng/mL 22 1a/22 (4.5%)

Tg > 10 ng/mL 7 1b/7 (14.3%)

a Ectopic cervical uptake (lymph node metastases).

b Pulmonary uptake.

Table 3. Result of assessment 9-12 months after ablation obtained for 
patients without metastases on initial RxWBS

n = 84

Positive TgAb and stimulated Tg < 1 ng/mL 5 (6%)

Negative TgAb

Stimulated Tg ≤ 1 ng/mL 70 (83.3%)

Stimulated Tg > 1 ng/mL and ≤ 5 or 10 ng/mLb 8 (9.5%)

Stimulated Tg > 5 or 10 ng/mLb 1a (1.2%)

a This patient had apparent disease on CT and FDG-PET/CT in lymph nodes.

b Cut-off of 5 ng/mL after rhTSH and of 10 ng/mL after L-T4 withdrawal.

Late follow-up

Among patients without apparent disease until the first 
year after ablation, tumor recurrence was diagnosed in 
2/83 (2.4%) patients (both with cervical metastases: 
one with positive cytology and the other with non-
diagnostic cytology, but Tg in the needle washout > 
400 ng/mL). Three patients exhibited suspicious LN 
on US during follow-up, but cytology was negative and 
Tg in the needle washout was < 1 ng/mL.

Evolution of patients with persistent disease or 
tumor recurrence

In the last assessment, after they had undergone new 
surgery (LN dissection) and/or had been treated with 
radioiodine and maintained under TSH suppression, 
three patients had achieved complete remission, struc-
tural disease persisted in one patient, and other patient 
had elevated Tg in the absence of apparent disease. 
There was no case of death due to the disease.

Factors predicting persistent or recurrent tumors

Sex, age (< 45 versus > 45 years), location of LNM 
(central compartment only versus central and lateral 
compartments), extrathyroid invasion (pT3), tumor 
size (≤ 2 cm versus 2-4 cm) or tumor multicentricity 
was not predictive of persistent or recurrent tumor. A 
correlation was observed between pre-ablation Tg and 
persistent or recurrent tumor [1/48 (2%) with Tg ≤ 2 
ng/ml versus 2/22 (9%) with Tg > 2 ≤ 10 ng/ml ver-
sus 2/7 (28.5%) with Tg ≥ 10 ng/mL)]. Three of 64 
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patients (4.6%) with up to 3 positive LN versus 2/22 
(9%) with 4 or 5 positive LN had persistent or recur-
rent tumor, but the difference was not significant. It 
is noteworthy that 38 patients of group cN1 had up 
to 3 positive LN and pre-ablation Tg ≤ 2 ng/mL in 
the absence of TgAb, and none of them had persistente 
disease or tumor recurrence.

DISCUSSION

It does not seem adequate to classify all patients with 
LNM and without distant metastases (N1M0) into a 
single group (30) since their evolution is highly heter-
ogenous. These patients (N1M0) have a poorer prog-
nosis if the primary tumor measures more than 4 cm 
(11,15,19,31) or aggressive histological subtype (32), 
and if there is extensive extrathyroid invasion (pT4) 
(11,17,19,33) or vascular invasion (18,33). With re-
spect to the characteristics of LN involvement, metasta-
ses detected by preoperative US (9-14), the presence of 
more than 5 positive LN (11,15-18), metastases ≥ 3 cm 
(11,16,19), and extranodal extension (15,16,18-21) 
are also associated with a poor prognosis (4,5,7,22). 
In these cases, there is little controversy about the need 
for a more aggressive initial approach. Therefore, the 
present study was designed to define the rate of persis-
tent disease and tumor recurrence in patients without 
other factors for poor prognosis, who presented non-
extensive LN involvement (22).

     US is an accessible, noninvasive method consen-
sually recommended before thyroidectomy. When pre-
operative US is negative, LNM, if present, are invariably 
< 3 cm and the vast majority is < 1-1.5 cm (11,34-37). 
For this reason, although the size of the LN and meta-
static foci was not available for our patients, the fact 
that US was negative ensures the absence of LNM > 
3 cm and makes LNM > 1.5 cm highly unlikely. Al-
though defined as an exclusion criterion of the present 
study, macroscopic extranodal invasion is uncommon 
in the case of small LNM (16,20,38) and not present in 
large numbers (15,16,38). In fact, extranodal invasion 
was observed in only 7/466 patients with LNM < 3 cm 
and up to 5 positive LN in a previous series (16) and in 
only 1/87 patients with negative US and up to 5 posi-
tive LN in the present study (data not shown). A pos-
sible poor prognosis related to the location of LNM in 
the lateral compartments (N1b) also seems to be mini-
mized when US is negative (9-12). Finally, the efficacy 
of initial LN dissection, based on the persistence or not 

of LNM after surgery (39), is an important prognostic 
factor. In this respect, the fact that we included only 
patients with apparently complete tumor resection and 
postoperative US negative for LNM may have contrib-
uted to the result found.

Thus, persitent disease and tumor recurrence were 
found in only 3.5% and 2.5% (respectively) of pa-
tients without other factors for poor prognosis, with 
5 or fewer positive LN detected during intraoperative 
inspection, but not by preoperative US, during a me-
dian follow-up of 5 years, a period during which 80% 
of recurrence are usually detected (40). Similar results 
have been reported by Ricarte-Filho and cols. in pa-
tients younger than 45 years (17) and by Leboulleux 
and cols. (15). It should also be noted that the patients 
had LNM that were detected during intraoperative in-
spection (cN1), and it could be possible that the rate of 
persistent disease and tumor recurrence are even lower 
among patients with LNM detected only during elec-
tive neck dissection (cN0pN1).

In low-risk patients without LNM (cN0), postop-
erative Tg < 1 ng/mL has shown an excellent negative 
predictive value (NPV) for PRD (41-45), even when 
they are not submitted to ablation with 131I (41,44,45). 
In the present study, also in the subgroup of patients 
with LNM (cN1), postoperative stimulated Tg com-
bined with neck US had an excellent NPV for persis-
tent disease and tumor recurrence. Previous series in-
volving a smaller number of patients with LNM also 
showed the absence of persistent disease on RxWBS in 
patients with low postoperative Tg (46-49). However, 
there are studies reporting apparently different results. 
Nascimento and cols. evaluated 102 patients with stage 
T1-3N1 disease whose US showed no abnormalities 
and stimulated Tg was < 1 ng/ml after thyroidectomy 
(43). The authors showed unequivocal ectopic uptake 
on RxWBS in six patients and suspicious uptake in one 
but, different from our sample, five of these patients 
had more than 5 positive LN (43). Robenshtok and 
cols. studied 84 patients with stage T1-3N1 disease 
and postoperative Tg < 0.6 ng/mL and found ectopic 
uptake on RxWBS (SPECT/CT) in eight; however, in 
contrast to the cases studied here, seven of these pa-
tients had > 5 positive LN or LNM > 3 cm or vascular 
invasion or the aggressive histological subtype (50). 
Furthermore, in the latter study, Tg was not obtained 
under TSH stimulation and postoperative US was not 
performed (50). Finally, Lepoutre-Loussey and cols. 
found ectopic uptake on RxWBS in 28/171 patients 
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with stage N1 disease, Tg-ablation < 1 ng/mL, and 
negative postoperative US (39). However, the authors 
did not report how many of these patients had tumors 
> 4 cm, aggressive histology, and extensive extrathyroid 
invasion, nor did they describe the characteristics of the 
LNM (size, number, extranodal extension). Further-
more, patients with TgAb were not excluded. Never-
theless, more studies are needed to determine the NPV 
of postoperative Tg in the absence of TgAb, especially 
under TSH stimulation and combined with US, in pa-
tients with LNM (N1) without other factors for poor 
prognosis and non-extensive LN involvement. This in-
formation is very important since the demonstration of 
an excellent NPV of low postoperative Tg would be 
an argument favoring the adoption of this criterion in 
order to also exempt patients with LNM and with the 
characteristics described above from ablation.

We conclude that persistent disease and tumor re-
currence were low in patients with 5 or fewer positive 
LN detected during intraoperative inspection, but not 
by preoperative US; without other factors for poor 
prognosis [tumor ≤ 4 cm of non-aggressive histological 
subtype, without extensive extrathyroid invasion (pT4) 
or vascular invasion and known distant metastases 
(M1), and apparently complete tumor resection]. Low 
postoperative stimulated Tg was predictive of the ab-
sence of persitent or recurrent tumor in these patients.

Disclosure: no potential conflict of interest relevant to this article 
was reported. 
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Serum testosterone does not 
affect bone mineral density in 
postmenopausal women

Dilek Arpaci1, Fatma Saglam2, Fatma Neslihan Cuhaci2, 
Didem Ozdemir2, Reyhan Ersoy2 Bekir Cakir2

ABSTRACT
Objective: The purpose of the present study was to investigate the correlation between serum testos-
terone levels and bone mineral density (BMD) in postmenopausal women. Materials and methods: 
The study group was made up of postmenopausal women admitted to our tertiary center. Serum 
calcium, phosphorus, albumin, parathyroid hormone (PTH), thyrotropin (TSH), 25-OH vitamin D, and 
total testosterone concentrations were measured. Subjects were categorized into three groups re-
garding bone mineral density (BMD) values: normal (n = 22), osteopenia (n = 21), and osteoporosis 
(n = 21). Subjects were also categorized into three groups according to serum testosterone levels: 
low testosterone (n = 10), normal testosterone (n = 42), and high testosterone (n = 12). Results: No 
significant difference was found for serum testosterone, TSH, calcium, phosphorus, albumin, PTH, 
and 25-hydroxyvitamin D levels among patients with normal BMD, osteopenia, and osteoporosis (p 
> 0.05). Lumbar spine, total femur, femoral neck, trochanteric, intertrochanteric, and Ward’s triangle 
BMD values were similar for the different testosterone levels (p > 0.05). Conclusion: There was no 
correlation between serum testosterone levels and patient age, body-mass index, or any measured 
BMD values. Given the findings in our study, which failed to demonstrate a statistically significant 
relationship between testosterone and BMD, adjustment of other risk factors for osteoporosis might 
have a more distinctive effect in this setting. Arch Endocrinol Metab. 2015;59(4):292-6

Keywords
Osteoporosis; testosterone; bone mineral density; postmenopausal women.

INTRODUCTION

O steoporosis is one of the most common skeletal 
diseases associated with susceptibility to fractures 

with minimal or no trauma, due to mechanical weak-
ness and reduced bone mineral density (BMD) (1). The 
growth in the incidence of osteoporosis is attributed 
to the increase in elderly population. Accordingly, os-
teoporosis-related fractures have become a worldwide 
health problem. BMD is the current reference standard 
for the diagnosis of osteoporosis (2). BMD mainly de-
pends on peak bone mass achieved during childhood, 
the rate of bone loss during menopause, and aging fol-
lowing menopause in postmenopausal women (3).

Estrogen deficiency is a well-known major risk fac-
tors for osteoporosis in women (4). However, not all 
women with estrogen deficiency develop osteoporosis. 
A recent study showed that androgens play a role in 
bone mass formation (5). In young women, androgen 
excess was shown to prevent the detrimental effects of 
estrogen deficiency (6). The most active androgen in 
women, testosterone, is a major source of estradiol in 

older women. According to the studies cited above and 
despite the possible role of androgens in the preven-
tion of osteoporosis in premenopausal women, this 
issue has not been accurately clarified yet in postme-
nopausal women. 

The aim of this study was to evaluate the effect of 
serum testosterone levels on BMD in postmenopausal 
women.

MATERIALS AND METHODS

Study design

This cross-sectional study was approved by the our In-
stitution Review Board. Written informed consent was 
obtained from all subjects. Postmenopausal women 
admitted to the Division of Endocrinology and Me-
tabolism of our tertiary center between April 2010 
and February 2012 constituted the study group. Post-
menopausal status was defined as no menses over 12 
months, and FSH levels > 30 ng/mL. None of the 
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study participants received any kind of medication for 
osteoporosis, hormone replacement therapy, or ste-
roids.

Patients with diseases that could affect serum andro-
gen levels (e.g., diabetes mellitus, thyroid disease, adre-
nal insufficiency, hypogonadism, pituitary adenoma) or 
bone metabolism (e.g. metabolic bone disease, Paget’s 
disease, primary or tertiary hyperparathyroidism, renal 
osteodystrophy, rheumatologic diseases, and malignan-
cies), current smoking, alcoholics were excluded from 
the study.

Outcome parameters

History and demographic data (age, menopause age, 
height, weight and body-mass index) were collect-
ed from all the patients; they were also submitted to 
physical examination in outpatient clinics. Body-mass 
index (BMI) was obtained by division of weight to 
their height squared. Blood samples were collected af-
ter 8-12 hour overnight fastening, and serum calcium 
(corrected according to serum albumin levels), phos-
phorus, albumin, parathyroid hormone (PTH), thyroid 
stimulating hormone (TSH), 25-OH vitamin D and 
total testosterone concentrations were also measured.

The ADVIA Centaur Testosterone assay, which is a 
competitive immunoassay using direct chemilumines-
cence in Advia Centaur XP system, was used to measure 
serum testosterone level.

Measurement of BMD was made in the right femur 
and lumbar vertebra (L1-L4) using dual X-ray energy 
absorptiometry (DEXA) (Hologic QDR2000 version 
5.4; g/cm2). BMD values of the participants were cat-
egorized into three groups, according to World Health 
Organization: normal (T scores of > -1.0) (n = 22), os-
teopenia (T score -1.0 to -2.5) (n = 21), and osteopo-
rosis (T scores of −2.50 or lower) (n = 21). Participants 
were further categorized three groups considering their 
serum testosterone levels: low testosterone (< 14 ng/
dL) (n = 10), normal testosterone (14-76 ng/dL)  
(n = 42), and high testosterone (> 76 ng/dL) (n = 12).

Statistical analysis

Data were analysed by the Statistical Package for Social 
Sciences 16.0 for Windows (SPSS Inc., Chicago, IL). 
Parametric tests were applied to data showing normal 
distribution, and non-parametric tests were applied to 
data of non-normal distribution. Pearson’s r was used 
to calculate correlation coefficients. Data were ex-

pressed as mean ± SD or medians (interquartile range), 
as appropriate. All differences associated with a prob-
ability of 0.05 or less were considered to be statistically 
significant.

RESULTS

A total of 64 postmenopausal women met the inclu-
sion criteria for the study. Of the 64 patients whose 
charts were reviewed, mean age was 57.8 ± 8.9 (rang-
ing from 45 to 85) years; mean menopause age 
was 45.4 ± 5.4 (ranging from 40 to 66 years; mean 
age of menopause in the country is 46) years; mean BMI 
was 29.2 ± 4.9 (ranging from 19 to 42.2) kg/m2; mean 
total serum testosterone was 34.3 ± 18.1 ng/dL; and 
mean BMD values were 0.84 ± 0.13 g/cm2 for the lum-
bar spine, and 0.73 ± 0.11 g/cm2 for the femoral neck.

Demographic parameters and laboratory results of 
groups according to measured BMD values are shown 
in table 1. With respect to demographic parameters, 
such as age (p = 0.058), menopausal age (p = 0.131), 
and BMI (p = 0.450), no significant differences were 
observed for any of the three groups. Similarly, no sig-
nificant difference was found for serum testosterone (p 
= 0.712) (Figure 1), TSH (p = 0.126), calcium (p = 
0.984), phosphorus (p = 0.684), albumin (p = 0.933), 
PTH (p = 0.045) and 25-hydroxyvitamin D (p = 
0.986) levels for the three groups. However, a slight 
significant difference was found in serum PTH levels 
between groups (p = 0.045).

BMI and measured BMD values in groups catego-
rized according to testosterone levels are shown in ta-
ble 2. No significant difference was found for lumbar 
spine (p = 0.671) (Figure 2), total femur (p = 0.961), 
femoral neck (p = 0.341), trochanteric (p = 0.601), in-
tertrochanteric (p = 0.891), and Ward’s triangle (p = 
0.991) BMD values for the three groups. 

Correlation analysis revealed absence of correlation 
between serum testosterone levels and patients age, 
BMI, or any measured BMD values (Table 3).

DISCUSSION

The purpose of the present study was to evaluate 
the possible effects of andogens on BMD in post-
menopausal women. We showed that serum testos-
terone did not effect on BMD. In empirical studies, 
the anabolic effects of androgens on BMD has been 
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Table 1. Demographic parameters and biochemical laboratory results of the groups according to bone mineral density values

Normal bone density 
(n = 22)

Osteopenia 
(n = 21)

Osteoporosis 
(n = 21) p Value

Age (years) 54 ± 6.3 56 ± 7.9 58 ± 1.0 0.058

Menopausal age (years) 46 ± 4.0 44 ± 5.4 43 ± 6.6 0.131

BMI (kg/m2) 30.5 ± 5.1 28 ± 5.3 27.6 ± 4.3 0.450

Testosterone (ng/dL) (14-76) 38.6 ± 20.2 27.1 ± 14.7 28.6 ± 19.2 0.712

TSH (mIU/mL) (0.35-4.94) 2.29 ± 2.08 2.20 ± 1.95 1.54 ± 3.0 0.126

Calcium
corrected

 (mg/dL) (8.5-10.5) 9.45 ± 0.56 9.40 ± 0.42 9.40 ± 0.57 0.984

Phosphorus (mg/dL) (2.3-4.7) 3.7 ± 0.79 3.6 ± 0.59 3.5 ± 0.48 0.684

Albumin (g/dL) (3.2-5.0) 4.4 ± 0.31 4.3 ± 0.40 3.5 ± 0.48 0.933

PTH (pg/mL) (11-67) 55.1 ± 2.98 60 ± 3.5 43.6 ± 1.37 0.045

25-hydroxyvitamin D (ng/mL) (25-80) 21.5 ± 16.3 24.8 ± 13.8 23.7 ± 14.2 0.986

BMI: body mass index; TSH: thyroid stimulating hormone; PTH: parathyroid hormone.

Table 2. Body mass index and bone mineral density values in groups categorized according to testosterone levels

Low testosterone
(n = 10)

Normal testosterone 
(n = 42)

High testosterone 
(n = 12) p Value

BMI (kg/m2 ) 29.6 ± 4.0 29.1 ± 5.1 31.2 ± 1.76 0.641

Lumbar spine (L1-L4) BMD (g/cm2) 0.82 ± 0.13 0.84 ± 0.13 0.78 ± 0.19 0.671

Total femur BMD (g/cm2) 0.80 ± 0.10 0.81 ± 0.13 0.88 ± 0.23 0.961

Femoral neck BMD (g/cm2) 0.73 ± 0.13 0.73 ± 0.11 0.86 ± 0.14 0.341

Trochanteric BMD (g/cm2) 0.54 ± 0.06 0.58 ± 0.13 0.57 ± 0.16 0.601

Intertrochanteric BMD (g/cm2) 0.91 ± 0.13 0.92 ± 0.14 1.00 ± 0.23 0.891

Ward’s triangle BMD (g/cm2) 0.57 ± 0.15 0.56 ± 0.14 0.57 ± 0.15 0.991

Body weight 74.6 ± 11.0 71.7 ± 13.8 73.3 ± 14.0 0.364

Age 58.6 ± 6.4 57.4 ± 9.2 60 ± 10.3 0.665

Height 158 ± 4.8 156 ± 6.0 159 ± 6.3 0.494

BMI: body mass index; BMD: bone mineral density.

Figure 1. Testosterone levels in the BMD groups. Figure 2. Lumbar BMD by testosterone level group.
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stated to be directly or indirectly dependent of estro-
gen levels (7). 

Previous reports showed that high androgen levels 
are associated with increased BMD in premenopause 
(5,8). In postmenopausal women with osteoporosis 
and fractures, both estrogens and androgens are lower, 
and estradiol and androgen therapy raised their BMD 
(9-11). In contrast with premenopausal women, testos-
terone levels are not predictors of BMD in postmeno-
pausal woman (12).

A positive correlation with testosterone concen-
trations and increase in BMD was confirmed by Wu 
and cols. (13). In contrast with the studies mentioned 
above, no association between the levels of endogen 
testosterone in each study group (normal, osteopenia, 
osteoporosis) and BMDs of any site of the body (lum-
bar or femoral) was found in the present study. Fur-
thermore, there was no relationship between testoster-
one and BMI. 

The effect of endogenous testosterone on BMD is 
still controversial. Several studies found no difference 
in serum testosterone levels between osteoporotic and 
non-osteoporotic postmenopausal women, support-
ing the findings of the present study (14-17). In other 
studies, no difference was found in serum testosterone 
levels in groups with or without fractures (18-20), tes-
tosterone did not protect bone mass (21) and not re-
duce fracture risk (22).

Akatsu found no association between serum testos-
terone and age. Age is negatively correlated with serum 
testosterone, androstenedione, and dehydroepiandros-
terone (DHEA) levels in premenopausal and postmen-
opausal women (23). This is also in agreement with our 
findings. Navarro and cols. showed that serum estradiol 

levels decrease with aging; however, serum testosterone 
levels do not (24). As mentioned above, the mean age 
of menopause in our country is compatible with that of 
Indian women, but it seems to be somewhat different 
in the western population (25).

Several studies have assessed serum parathormone 
levels in osteoporosis and a slightly decrease was found 
in serum parathormone in the osteoporosis group com-
pared with the non-osteoporotic group (14,26). In our 
study, we found a statistically reduction in parathor-
mone levels in osteoporosis group.

The limitations of our study are the relatively small 
size, being carried out in a single center, the fact that 
some factors that may affect the conclusions are still 
not completely clear, and the fact that the prevalence of 
bone fractures in our subjects according to the testoster-
one levels was not determined. Measurement of serum 
testosterone levels by automated methods is currently 
unsatisfactory. Finally, these limitations should be taken 
in consideration before our results are generalized. 

The studies mentioned above tried to prove 
the importance of androgens in postmenopausal 
women with relative estrogen deficiency. Neverthe-
less, the relationship between BMD and androgens 
is still controversial in pre-perimenopausal periods. 
Therefore, further trials are necessary. The results of 
the presented study, taken together with similar trials 
that failed to demonstrate statistically significant differ-
ences between testosterone and BMD, make it possible 
to emphasize that adjustment of other risk factors for 
osteoporosis might have a more significant effect in this 
setting.

Disclosure: no potential conflict of interest relevant to this article 
was reported. 
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Prevalence of the rs1801282 
single nucleotide polymorphism 
of the PPARG gene in patients 
with metabolic syndrome 

Renato Marano Rocha1,2, Gustavo Barcelos Barra1,3, Érica Carine 

Campos Caldas Rosa1,2, Érica Correa Garcia1,2, Angélica 
Amorim Amato1,2,4, Monalisa Ferreira Azevedo1,2,4

ABSTRACT
Objective: This study aimed to get the genotypic and allelic frequencies of rs1801282 in 179 volunteer 
donors and 154 patients with Metabolic syndrome (MetS) in Brasilia, Brazil and also examine the 
association with anthropometric, biochemical and hemodynamic variables in the latter group. MetS 
comprises a group of diseases resulting from insulin resistance, in-creased risk of type 2 diabetes and 
atherosclerotic cardiovascular disease. MetS is defined by the presence of increased visceral fat, ath-
erogenic dyslipidemia (elevated triglycerides (TGL)), with decreased high density lipoprotein (HDL) 
and increased low density lipoprotein (LDL) levels, hypertension (BPH) and disturbances in glucose 
homeostasis representing a significant burden across the world due to the alarming increase in the 
incidence over the last decades besides their significant morbidity and mortality. Peroxisome prolifer-
ator activated receptor-gamma (PPARg) has been mentioned as a candidate gene for determining the 
risk of MetS. It is a member of the nuclear receptors superfamily and a ligand-activated transcription 
factor, which regulates the expression of genes involved in the network lipogenesis and adipogen-
esis, insulin sensitivity, energy balance, inflammation, angiogenesis and atherosclerosis. Among the 
PPARG genetic variants, single nucleotide polymorphism rs1801282 has been the most extensively 
studied one since it was first described by Yen and cols. in 1997. This polymorphism is characterized 
by the replacement of a proline (CCC) to an alanine (GCA) at codon 12 of exon B, due to the exchange 
of a cytosine with a guanine. The Ala allele frequency varies in different ethnic groups. Materials and 
methods: DNA was extracted using Chelex-100 method and determinations of genotypes were per-
formed by allele-specific chain reaction. Results: The distribution of genotype frequency of the MetS 
group was not statistically different from the frequency in the donor population at large. In the first 
group, genotype frequency was CC to 0.869 and 0.103 for CG, while allelic frequencies were 0.948 for 
C and 0.052 for G allele. In the group of donors, the genotype and allele frequencies were 0.882 for 
CC, 0.117 to CG; and 0.941 to 0.059 for G and C, respectively. GG genotype was not found in any of the 
two groups. The genotype distribution and allele frequencies were in Hardy-Weinberg equilibrium. 
No marker could be detected from the analysis of anthropometric, biochemical and hemodynamic 
variables in the MetS group. Conclusion: Our data suggest that this polymorphism is not correlated 
with predisposition to MetS. The results obtained on a small sample of the population of Brasilia, 
corroborate the data reported in the literature on the prevalence of this polymorphism in PPAR in 
populations of different ethnic origins. Arch Endocrinol Metab. 2015;59(4):297-302
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INTRODUCTION

M etabolic syndrome (MetS) comprises a group of 
related disorders stemming from insulin resis

tance and leading increased risk of type 2 diabetes and 
atherosclerotic cardiovascular disease. MetS is defined 
by the presence of increased visceral adiposity, athe
rogenic dyslipidemia [increased triglycerides (TGL), 
with decreased highdensity lipoprotein (HDL), and 
increased lowdensity lipoprotein (LDL) cholesterol 

serum levels], hypertension (HBP), and disturbances 
in glucose homeostasis (1). It represents a significant 
worldwide burden due to the alarming increase in its 
incidence over the last decades, in addition to its sig
nificant morbidity and mortality (2).

Environmental and lifestyle changes are widely ac
cepted as the key factors driving insulin resistance (3) 
and adiposity (4) and hence the current epidemics of 
MetS. However, they don’t fully explain its occurrence 
and it is also believed that genetic factors play a major 
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role in determining the predisposition to the syndrome. 
PPARG is a plausible candidate gene in determining 
the risk of MetS. It encodes peroxisome proliferatorac
tivated receptor gamma (PPARg), a member of the nu
clear hormone receptor superfamily of ligandactivated 
transcription factor, which regulates the expression of 
network of genes involved in adipogenesis and lipoge
nesis, insulin sensitivity, energy balance, inflammation, 
angiogenesis and atherosclerosis (5).

Among the genetic variants of PPARG, the 
rs1801282 single nucleotide polymorphism has been 
the most extensively studied one since its first descrip
tion by Yen and cols. in 1997 (6). This variant is char
acterized by the replacement of a proline (CCA) by 
an alanine (GCA) at codon 12 of exon B, due to the 
exchange of a cytosine for a guanine. The Ala allele 
frequency ranges from 2 to 23% in different ethnic 
groups (7). Its frequency is low in Asian and African 
populations (1 to 3%) (6) and higher in Caucasians 
(20%) (810). Deeb and cols. (11) were among the 
first researches to describe the functional implications 
of the Alla allele, by demonstrating that this variant 
displayed decreased binding affinity to the cognate 
promoter element and reduced ability to transactivate 
PPARg-responsive promoters. These findings sug
gested that the rs1801282 variant could contribute 
to the observed lower body mass index (BMI) and 
insulin sensitivity among the carriers of this polymor
phism (11).

However, subsequent studies in different popula
tions have proposed opposed conclusions. Some de
scribe that the presence of polymorphisms confers a 
protective effect with respective do type 2 diabetes risk 
(12), whereas others indicate that it is associated with 
increased susceptibility to the disease (8,13). There 
are also studies in which no association was found be
tween this variant and the frequency of type 2 diabetes 
(1416). To our knowledge, the association between 
the PPARG variant rs1801282 and the risk of meta
bolic diseases has not been addressed in the Brazilian 
population. The aim of the present study was there
fore to describe the genotypic and allelic frequency of 
the rs1801282 polymorphism among MetS patients 
from the University Hospital of Brasilia, in compari
son with control subjects from Brasilia, Brazil. We also 
investigated whether the biochemical and anthropo
metric variables differed among MetS patients with the 
PPARG Ala variant when compared to those with the 
wild type Pro/Pro genotype.

MATERIALS AND METHODS

Subjects

All 154 MetS subjects enrolled in this study were 
from the population treated at the University Hospi
tal of Brasilia. The patients were unrelated, aged over 
45 years and had MetS in accordance to the National 
Cholesterol Education Program/Adult Treatment 
Panel III (NCEP/ATPIII) criteria (17). The 179 un
related volunteers, of both sexes, aged over 45, were 
blood donors from Blood Center Foundation of Brasil
ia. It was not possible to assess this population  in all 
anthropometric and biochemical variables  defined by 
NCEP ATPIII for MetS. However, the selection cri
teria helped us to exclude patients with diabetes (gly
cated hemoglobin < 6.5%) (18), hypertension (BP < 
130/85 mmHg) (19) and obesity (BMI < 30) (20). In 
both groups, the exclusion criteria were: patients who 
refused to participate in the study, under the age of 45 
years and using hyperglycemic medications such as glu
cocorticoids. Written informed consent was obtained 
from each participant after a full explanation of the 
study, which was approved by the Ethics Committee 
of the Health Sciences School from the University of 
Brasilia. Written informed consent was obtained from 
each participant after a full explanation of the study, 
which was approved by the Ethics Committee of the 
Health Sciences School from the University of Brasilia.

Anthropometric measurements and blood chemistry

Height, weight, waist circumference (WC), systolic and 
diastolic blood pressures were measured and the results 
were averaged. The body mass index (BMI) was cal
culated by dividing the weight (kg) by the height (m) 
squared. After an overnight fast, with at least 12 hours, 
blood samples were taken for determination of labo
ratory parameters considered for this project: fasting 
glucose, total cholesterol and fractions, triglycerides. 
All samples from patients with MetS were analyzed 
by conventional methods only in the Clinical Labora
tory of the University Hospital of Brasilia. The results 
of biochemical tests were analyzed according to cutoff 
points proposed by the NCEP/ATPIII criteria used for 
classification of MetS.

rs1801282 genotyping 

A venous blood sample (5 mL) was obtained from 
peripheral venipuncture using disposable material 
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and EDTAcontaining tubes. Samples from MetS 
patients were collected at the University Hospital of 
Brasilia and, from volunteers, at Hemocentro Brasilia 
Foundation. DNA was extracted by the Chelex100 
method (21), and rs1801282 genotype assignments 
were conducted by allelespecific polymerase chain 
reaction. 

Initially, each pair of primers for the rs1801282 poly
morphism was used in PCR reactions with allele specific 
singleplex, in a final volume of 25 µl containing 50 ng 
template DNA; 1 ng of each primer (direct, general and 
reverse); Syber Green Rox qPCR Master Mix Thermo 
Scientific and 1x H2O MilliQ qs (primers under re
quest). 

Amplifications were carried out in Step One Plus 
(Life Technologies®), which was composed of the fol
lowing: denaturation at 95°C for 10 minutes; followed 
by 40 cycles of 15 seconds denaturation at 95°C, 1 
minute at 60°C and melting curve 95°C for 15 sec
onds; 60°C 1 min, 95°C for 15 seconds.

Statistical analysis 

The categorical data were described as mean ± standard 
deviation. Variables were analyzed using nonparamet
ric analysis (Mann Whitney test and Fisher). Hardy
Weinberg equilibrium, differences in genotype and al
lele frequencies between MetS and general individuals 
were analyzed by using Pearson’s c2 test in GenAlex 
Program. All statistical tests were carried out using 
GraphPad Prism version 6.00 for Windows, GraphPad 
Software, San Diego, California, USA (www.graphpad.
com). A p value < 0.05 was considered statistically sig
nificant (twotailed).

RESULTS

Genotyping was carried out for 333 unrelated subjects 
(154 MetS patients and 179 individuals from general 
population) from the University Hospital of Brasilia 
and from the Hemocentro Foundation of Brasilia, 
Brazil. In the MetS group, the mean age was 57.9 ± 
6.83 years and 67.53% were female. In the population 
group, the mean age was 49.33 ± 4.22 years, however 
the majority was male (67%). Clinical characteristics of 
the individuals enrolled in the study are presented in 
tables 1 and 2. 

The genotyping results are summarized in table 3. 
Deviation from the HardyWeinberg equilibrium was 
not seen in either the MetS (c2 = 0.462, df = 1, p = 

0.49) or the general group (c2 = 0.695, df = 1, p = 
0.404). The genotype distribution of the rs1801282 
polymorphism for the MetS was 0.896 for the CC gen
otype and 0.103 for the CG genotype. For the general 
group, they were 0.888 and 0.112, respectively. There 
were no GG genotypes in both groups. The biochemi
cal and anthropometric results for all MetS subjects 
are shown in table 4. No differences were seen in the 
mean values of age, height, weight, WC, BMI, plasma 
triglyceride, plasma total cholesterol, HDL and LDL 
cholesterol, as well as systolic and diastolic blood pres
sure among different genotypes, when we analyzed the 
MetS group individually (Table 5). 

Table 1. Baseline characteristics of the metabolic syndrome subjects, 
University Hospital of Brasilia

n (154) Mean ± Standard deviation

Gender (M/F) 50/104

Age (years) 57.9 ± 6.83

Weight (kg) 79.87 ± 16.29

Height (cm) 1.62 ± 0.09

Waist circumference 111.61 ± 16.24

Systolic BP (mmHg) 131.50 ± 14.76

Diastolic BP (mmHg) 84.09 ± 7.97

BMI (kg/m2) 30.73 ± 6.57

FBS (mg/dL) 152.81 ± 73.66

Total-c (mg/dL) 184.89 ± 39.04

TGL (mg/dL) 180.92 ± 87.91

HDL-c (mg/dL) 42.25 ± 22.39

LDL-c (mg/dL) 108.67 ± 36.20

BP: blood pressure; BMI: body mass index; Total-c: total cholesterol; TGL: triglycerides; HDL-c: 
high density lipoprotein; LDL-c: low density lipoprotein; FBS: fasting glucose.

Table 2. Baseline characteristics of the volunteers subjects from the 
Hemocentro Foundation of Brasilia

n (179) Mean ± Standard deviation

Gender (M/F) 118/61

Age (years) 49.33 ± 4.22

Weight (kg) 77 ± 16.5

Height (cm) 1.72 ± 0.09

Systolic BP (mmHg) 124 ± 10.99

Diastolic BP (mmHg) 82 ± 10.83

BMI (kg/m2) 26.45 ± 4.32

Hb A1C (%) < 6.5%*

BP: blood pressure; BMI: body mass index; Total-c: total cholesterol; TGL: triglycerides; HDL-c: 
high density lipoprotein; LDL-c: low density lipoprotein; Hb A1C: glycated hemoglobin. 

* Criteria defined by the American Association of Diabetes and used by Hemocentro Foundation 
of Brasilia for screening type 2 diabetes mellitus.
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DISCUSSION

The observational of individual differences in the risk 
of developing MetS has led to an increased interest in 
genetic factors that might determine the susceptibility 
to insulin resistance, since it is the core physiopatho
logical component of MetS (2224). The identification 
of candidate genes for the syndrome has therefore been 
a major focus of research over the last decades, and it 
is expected that these findings will translate into bet
ter understanding of the physiopathology of MetS in 
addition to enabling the development of appropriate 
therapeutic and preventative strategies.

The initial description of the PPARG rs1801282 poly
morphism in patients with type 2 diabetes across diverse 
populations placed the gene as an attractive candidate in 
studies addressing genetic factors associated with meta
bolic disturbances. This was reinforced by well estab
lished role of PPARg  in regulating key aspects of energy 
balance, including adipocyte differenciation, lipogenesis 
and insulin action, in addition to the inflammatory re
sponse, angiogenesis and atherosclerosis (5). Many stud
ies have subsequently investigated the association be
tween rs1801282 and the various individual components 
of MetS. Nevertheless, few of them have explored this 
association with the MetS as an entity. Our study is one 
of the few studies investigating this association, and is the 
first one addressing this issue in a Brazilian population.

The distribution of rs1801282 polymorphism is quite 
wide, ranging from 0.630 to 0.956 for the CC genotype, 
from 0.015 to 0.300 for the CG genotype and from 0 to 
0.067 for GG. The frequency of the C allele ranges from 
0.780 to 0.977 and that of the G allele varies from 0.023 
to 0.220 for the G allele in an Iranian population (25). 
In the present study, we found that the frequency of the 
C allele was 0.95 and the frequency of the G allele was 
0.05 in both the MetS group and the nonMetS group, 
and these results are in line with previous results observed 
in the general population. Indeed, our findings are close 
to the data from other previously published studies inves
tigating diverse populations, such as the Chinese (26), 
Italian (27), French (28), African American (29), Korean 

Table 3. Allelic frequency and genotypes distribution of studied population

Groups
Allelic 

frequencies (%)
Genotypic  

frequencies n (%)

C (Pro) G (Ala) CC (Pro/Pro) CG (Pro/Ala) GG (Ala/Ala)

MetS 146 (94.8%) 5.2 (8%) 138 (89.61%) 16 (10.38%) 0

General population 168 (94.1%) 5.9 (11%) 159 (88.82%) 20 (11.17%) 0

MetS: metabolic syndrome.

Table 4. Comparison of biochemical, anthropometric and hemodynamic 
variables data of metabolic syndrome subjects between different groups 
of rs1801282 genotypes

Variables
n = 154

Pro12Ala polymorphism
pPro12Pro 

n (138) CC
Pro12Ala 
n (16) CG

Gender (M/F) 46/92 04/12 0.3658

Age (years) 57.9 ± 6.87 58.12 ± 6.69 0.9238

FBG (mg/dL) 155.91 ± 76.59 126.31 ± 30.83 0.1562

Total-c (mg/dL) 183.71 ± 39.26 188.18 ± 47.66 0.4851

TGL (mg/dL) 184.22 ± 90.16 152.87 ± 60.84 0.2626

HDL-c (mg/dL) 42.45 ± 23.44 40.56 ± 9.95 0.4963

LDL-c (mg/dL) 107.49 ± 35.08 118.18 ± 44.40 0.3384

BMI (kg/m2) 30.94 ± 6.63 28.89 ± 5.28 0.2780

Waist circumference 111.93 ± 16.14 108.81 ± 17.37 0.4368

Systolic BP (mmHg) 131.67 ± 15.11 130 ± 11.54 0.8509

Diastolic BP (mmHg) 84.13 ± 8.17 83.75 ± 6.19 0.7248

BP: blood pressure; BMI: body mass index; Total-c: total cholesterol; TGL: triglycerides; HDL-c: 
high density lipoprotein; LDL-c: low density lipoprotein; FBG: fasting blood glucose.

Table 5. Association of rs1801282 genotypes and the presence of 
metabolic syndrome components

MetS components Pro12Pro n 
(%) CC

Pro12Ala n 
(%) CG p

FBS ≥ 100 (mg/dL) 133 (96.37%) 14 (87.5%) 0.1562

BP ≥ 130/85 mmHg 81 (58.69%) 7 (43.75%) 0.2925

TGL ≥ 150 mg/dL) 77 (55.79%) 8 (50%) 0.7919

HDL-c < 40 mg/dL (men) 24 (17.39%) 3 (18.75%) 0.1147

HDL-c < 50 mg/dL (women) 77 (55.79%) 8 (50%) 0.2251

WC ≥ 88 cm (women) 89 (64.49%) 11 (68.75%) 0.3923

WC ≥ 102 cm (men) 29 (21.01%) 3 (18.75%) 0.6292

MetS: metabolic syndrome; BP: blood pressure; BMI: body mass index; Total-c: total cholesterol; 
TGL: triglycerides; HDL-c: high density lipoprotein; LDL-c: low density lipoprotein; FBS: fasting 
glucose; WC: waist circumference.

The analysis of the frequencies of the individual com
ponents of MetS also showed no significant difference 
among the genotypes (Table 6). To see if the effects 
of the polymorphisms were associated with hyperten
sion (BP > 130/85 mmHg), obese (BMI > 30 kg/m2) 
or impaired fasting glucose (fasting glucose > 100 mg/
dL), we divided the MetS group in three subgroups, 
but no statistically significant difference was found.



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

301

rs1801282 SNP and metabolic syndrome

Arch Endocrinol Metab. 2015;59/4 

(15), Scotish (30), German (31), Finn (28) and Hispanic 
(32) populations. Additionally, in the first five popula
tions listed above, the Ala12Ala genotype was not found, 
reinforcing the rarity of this variant worldwide.

Similar to other studies, the association between 
the rs1801282 polymorphism and MetS risk was not 
found in this small sample from Brasilia population. 
Moreover, this variant was not associated with any of 
the investigated biochemical, anthropometric or hemo
dynamic variables among the MetS group. A French 
populationbased study involving 1,155 individuals, 
including 279 men and women with MetS defined ac
cording to NCEP/ATPIII, concluded that none of 
the polymorphisms studied, including rs1801282, was 
associated with MetS risk (8). A small study involving 
253 Korean women diagnosed with MetS (also defined 
by NCEP/ATPIII recommendations) did not find any 
association of this syndrome with the genotypes ana
lyzed. There were also no differences between BMI, 
blood pressure, fasting glucose levels, fasting insulin 
levels and insulin resistance defined by the homeostatic 
model assessment in Ala carriers when compared with 
dominant Pro allele (15).

Rooki and cols. investigated the association between 
two PPARG genotypes polymorphisms (rs3856806 and 
rs1801282) and their haplotypes in patients with MetS 
in 340 individuals from Iran (175 patients with MetS 
and 165 healthy controls), and found a significant dif
ference between the frequency of rs3856806 frequencies 
among individuals with MetS and healthy controls, al
though no association was found between the frequen
cy of rs1801282 and the occurrence of MetS (33). Yang 

Table 6. Comparison of biochemical, anthropometric and hemodynamic variables data of metabolic syndrome subjects between different groups of 
rs1801282 genotypes in three subdivided groups according to hypertension, diabetes and obesity

MetS 
components

All subjects with MetS
Subjects with MetS  
and hypertension  

(BP ≥ 130/85 mm hg)

Subjects with MetS and diabetes
(FBS ≥ 100 mg/dL)

Subjects with MetS and obesity 
(BMI ≥ 30 kg/m2)

PRO12PRO
CC (N = 138) 

PRO12ALA
CG (N = 16)

PRO12PRO
CC (N = 81) 

PRO12ALA
CG (N = 7)

PRO12PRO
CC (N = 133) 

PRO12ALA
CG (N = 14)

PRO12PRO
CC (N = 69) 

PRO12ALA
CG (N = 7)

Systolic BP 
(mmHg)

131.67 ± 15.11 130 ± 11.54 140.72 ± 12.68 140 ± 8.16 131.66 ± 15.28 130.71 ± 12.06 132.59 ± 14.36 125.71 ± 9.75

Diastolic BP 
(mmHg)

84.13 ± 8.17 83.75 ± 6.19 87.29 ± 6.90 90 ± 0 83.99 ± 8.25 84.28 ± 6.46 84.21 ± 7.16 82.85 ± 4.87

FBS (mg/dL) 155.91 ± 76.59 126.31 ± 30.83 158.02 ± 87.87 127.85 ± 29.57 158.35 ± 76.97 131.64 ± 29.15 143.17 ± 49.01 131.71 ± 40.43

TGL (mg/dL) 184.22 ± 90.16 152.87 ± 60.84 191.27 ± 88.11 174.42 ± 63.80 185.54 ± 90.72 163.44 ± 57.46 177.44 ± 87.63 139.14 ± 47.92

HDL-c (mg/dL) 42.45 ± 23.44 40.56 ± 9.95 43.20 ± 28.66 38.71 ± 8.55 42.66 ± 23.82 39.28 ± 10.01 39.73 ± 11.14 42.14 ± 7.71

Waist 
circumference

111.93 ± 16.14 108.81 ± 17.37 112.50 ± 15.53 105.71 ± 17.19 111.56 ± 15.61 107.28 ± 15.10 119.72 ± 14.56 123.71 ± 14.04

MetS: metabolic syndrome; HDL-c: high density lipoprotein; BP: blood pressure; BMI: body mass index; TGL: triglycerides. 
P-value and the values   given refer to the crude analysis (i.e, not adjusted for age and sex).

and cols. also investigated the rs3856806 and rs1801282 
polymorphisms in 423 Chinese individuals with MetS 
and found that only rs3856 concluded that only the first 
one was associated with MetS (34). Another Chinese 
study with 792 subject from Beijing analyzed the cor
relations between the occurrence of insulin resistance 
and MetS and the PPARG variants rs1801282 and 
rs3856806, and found both polymorphisms were associ
ated with insulin results, but not with the components 
of MetS (35). Finally, results from a recent metaanal
ysis indicated that the rs1801282 polymorphism might 
not be related to MetS as an entity, but could affect 
the risk of the individual components of this syndrome 
(14). In our study, there was no association between the 
frequency of the rs1801282 polymorphism and either 
MetS as an entity or its individual components. 

In conclusion, the rs1801282 polymorphism in 
PPARG does not seem to be involved with MetS risk in 
a Brazilian population. We emphasize that a limitation 
of our study is the relatively small sample size. Thus, 
further studies with larger population bases are needed 
to clarify this issue.

Disclosure: no potential conflict of interest relevant to this article 
was reported.
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Effect of concurrent training on 
gender-specific biochemical 
variables and adiposity in 
obese adolescents

Barbara de Moura Mello Antunes1,2, Diego Giuliano Destro Christofaro3,  
Paula Alves Monteiro1,2, Loreana Sanches Silveira1,2, Rômulo Araújo Fernandes3,  
Jorge Mota4, Ismael Forte Freitas Júnior3 

ABSTRACT
Objective: The purpose of the present study was to analyze the effects of a 20-week concurrent train-
ing (20 WCT) intervention program on gender-specific body composition and metabolic variables in 
obese adolescents. Subjects and methods: Sample was composed of twenty-five obese adolescents, 
aged between 12 and 15 (13.4 ± 0.96) years. Fat-free mass (FFM), percentage trunk fat mass (TFM%) 
and percentage fat mass (%FM) were evaluated through dual-energy X-ray absorptiometry (DXA). 
Measurement of intra-abdominal adiposity (IAAT) was performed using ultrasound. Blood pressure 
was measured and blood samples analyzed for total cholesterol (TC), high-density lipoprotein cho-
lesterol (HDL-c), low-density lipoprotein cholesterol (LDL-c), triglycerides (TG) and plasma glucose. All 
participants performed the concurrent training (combination of weight training and aerobic training) 
three times per week, one hour per day, for 20 weeks. Descriptive analysis and analysis of variance 
(ANOVA) for repeated measures were used to compare baseline, 10 week and 20 week moments using 
the Bonferroni post-hoc test. Statistical significance was set at p < 0.05. Significant decrease in TC, LDL-
c and TFM% were verified in both genders after the 10 initial weeks of concurrent training. Results: A 
significant increase in height was found in both the male and female groups (p = 0.001 and p = 0.047, 
respectively), after 20 weeks of concurrent training. In addition, several modifications were observed 
in body composition and metabolic variables, with a significant decrease in BMI (p = 0.002 and p = 
0.017), BMI z-score (p = 0.033 and p = 0.004), FM% (p = 0.002 and p = 0.002), TFM% (p = 0.009 and p = 
0.018), TC (p = 0.042 and p = 0.001) and LDL-c (p = 0.006 and p = 0.001) in the male and female groups, 
respectively, after 20 weeks of intervention when compared with baseline. Conclusion: Our results 
identified that concurrent training was an effective intervention for treating metabolic variable and 
body composition disorders, in both genders, by decreasing adiposity with consequent improvement 
in BMI and BMI z-scores, and enhancement in lipid profile variables. Arch Endocrinol Metab. 2015;59(4):303-9
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INTRODUCTION

Epidemiological evidence indicates obesity as a re
levant concern in the pediatric population (1,2). It 

is well documented that obesity constitutes a risk factor 
for other chronic outcomes, such as insulin resistance (3), 
elevated blood pressure (4), dyslipidemia (5) and non
alcoholic fatty liver disease (6). Moreover, obesity trig
gered in childhood tends to continue into adulthood (7).

The specificity of the distribution and accumulation 
of adiposity varies according to gender. Females present a 
higher concentration of adipose tissue in the subcutaneous 
gluteofemoral region and males a higher concentration 
of fat mass in the abdominal region. These differences 
are due to the influence of hormones such as estrogen, 
testosterone, cortisol and growth hormone (8).

Independent of age, physical exercise and dietary 
control are widely prescribed to treat obesity (9,10). 
In addition, there are a wide variety of exercise pro
tocols targeting weight loss, although their effective
ness is not clear when applied to pediatric population. 
Aerobic and strength exercises have been used to re
duce fat mass and improve fasting glucose and lipid 
metabolism (11,12) however, despite the effect of 
both methods on weight loss programs, there is not 
sufficient evidence that strength training (ST) pro
motes significant improvements in the metabolic pro
file (13,14). Furthermore, it is not clear if concurrent 
training increases fatfree mass and/or decreases fat 
mass and whether it improves metabolic parameters in 
obese adolescents.
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Thus, the purpose of the present study was to ana
lyze the effects of a 20week concurrent training (20 
WCT) intervention program on body composition and 
metabolic variables, according to gender, in obese ado
lescents.

SUBJECTS AND METHODS

Subjects 

The subjects were invited through television and newspa
per advertising to participate in a weight loss intervention 
program for obese adolescents, conducted at the Univer
sidade Estadual Paulista (Unesp) in Presidente Prudente, 
Brazil. The participants contacted the researchers by tele
phone and an appointment was scheduled to take mea
surements at the Universidade Estadual Paulista – Unesp 
in the Study Center and Laboratory of Assessment and 
Prescription of motor activity (Celapam).

The preliminary diagnosis of obesity was performed 
using body mass index (BMI) (15). After this prelimi
nary diagnosis, the following inclusion criteria were 
used to select the subjects: i) aged 12 to 15 years; ii) no 
engagement in regular physical activity within the three 
months immediately prior to the study; iii) no restric
tions on physical activity diagnosed by a medical doctor; 
iv) a consent form signed by the parents/guardians to 
participate in the study. One hundred and eighty obese 
children and adolescents (97 male and 83 female [aged 
716 years]) contacted the researchers and the exercise 
protocol began with 80 subjects who met all the inclu
sion criteria. After 10 weeks of study, the sample had a 
loss of 50% subjects (n = 40) due to intervention time 
and duration, number of missed sessions, health pro
blems and/or termination without justification. Finally, 
only 25 subjects (13 male and 12 female) concluded 
the 20 weeks exercise and evaluation protocol.

The present study was approved by the Ethical Re
search Committee of the Universidade Estadual Paulis
ta – Campus of Presidente Prudente (Unesp) (protocol 
number 07/2009).

Body composition 

Dual-energy x-ray absorptiometry (DEXA)

After the preliminary diagnosis of obesity through 
BMI, body composition (wholebody and segmental) 
was estimated using dualenergy Xray absorptiometry 
(DEXA) (Lunar DPXNT scanner [Lunar DPXNT; 

General Electric Healthcare, Little Chalfont, Bucking
hamshire, United Kingdom] software version 4.7). Fat
free mass (FFM), percentage trunk fat mass (TFM%) 
and percentage fat mass (%FM) were estimated. All 
measurements were carried out at the laboratory of the 
university in a climatecontrolled room and the equip
ment was calibrated every morning, as recommended 
by the manufacturer.

Intra-abdominal adipose tissue

An ultrasound examination of the upper abdomen 
was performed to measure intraabdominal adiposity 
(IAAT). The examination was performed by only one 
qualified radiologist, using a TOSHIBA Eccocee with 
a 3.7 Mhz convex transducer. All adolescents were in
structed to fast for 4 hours prior to the evaluation, ac
cording to medical literature. 

Blood samples

Blood samples were collected from subjects in tubes 
containing EDTA after a 12 hours fasting period. All 
blood sample collections (performed by nurses) and 
biochemical analyses were carried out in a private labo
ratory. Fasting blood measurements were performed 
using the colorimetric method. Total cholesterol (TC), 
highdensity lipoprotein cholesterol (HDLc), low
density lipoprotein cholesterol (LDLc), triglycerides 
and plasma glucose were analyzed (16).

Blood pressure

Measurements of systolic blood pressure (SBP) and 
diastolic blood pressure (DBP) were performed using 
automatic equipment (Omron HEM 742) on the right 
arm with the subject lying down, resting and after a 15 
minutes rest period.

Training program

The exercise protocol was based on 30minute sessions 
of aerobic activities (walking and jogging) followed by 
30 minutes of strength exercises (resistance training), 
three times per week, over a period of 20 weeks (17).

The 10repetition maximum (10RM) protocol was 
used to predict the maximum amount of resistance 
that could be actively overcome in 1 repetition. The 
strength exercises were: 45degree leg press, seated 
row, chest press, squat, upper chest, leg workout, bicep 
curl, pec deck, triceps extension, quadriceps extension, 
sit ups and dorsal raise.
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The series of strength exercises consisted of four 
weeks of neuromuscular adaptation, followed by 16 
weeks of training, as follows: 

1st  4th weeks à Neuromuscular adaptation with 
light loads: strength exercises (single set of 20 repeti
tions) + sit ups (single set of 15 repetitions) + dorsal 
raise (single set of 15 repetitions).  

5th to 8th weeks à Exercise at 40% of 10RM: 
strength exercises (single set of 20 repetitions) + sit ups 
(single set of 20 repetitions) + dorsal raise (single set of 
20 repetitions). 

9th to 12th weeks à Exercises at 45% 10RM: strength 
exercises (single set of 20 repetitions) + sit ups (single 
set of 20 repetitions) + dorsal raise (single set of 20 
repetitions). 

13th to 16th weeks à Exercises at 50% 10RM: 
strength exercises (single set of 20 repetitions) + sit ups 
(single set of 20 repetitions) + dorsal raise (single set 
with 20 repetitions).

17th to 20th weeks à Exercises at 55% 10RM: 
strength exercises (single set of 20 repetitions) + sit ups 
(single set of 20 repetitions) + dorsal raise (single set of 
20 repetitions).

The periodization for aerobic exercise was com
posed of four weeks of adaptation, concomitant with 
strength exercises in the same session, which consist
ed of low/moderateintensity walking for 30 minutes 
without heart rate control. After these four weeks, the 
aerobic activities (walking and jogging) were adjusted 

according to the maximum heart rate (65% to 85%) va
lues provided by the maximal oxygen consumption test. 
The aerobic activities were performed on a running 
track with each workload specific to each individual.

The intensity of aerobic exercise was monitored us
ing a heart hate monitor (Polar® S810), placed, ran
domly, on four individuals per session. The participants 
were advised to drink water and wear appropriate exer
cise clothing. 

Statistical analysis

Data normality was verified using the Kolmogorov
Smirnov test. Numerical variables were presented as 
mean, standarddeviation and delta percentage (Δ%) of 
the difference between time points. The sphericity of the 
data was verified by the Mauchly´s test. When the spheric
ity was not found the GreenhouseGeisser correction was 
used. An analysis of variance (ANOVA) for repeated mea
sures was used to compare the three time points (baseline, 
10 weeks and 20 weeks). To check for possible differences 
between time points, the Bonferroni posthoc test was 
used. Statistical significance was set at pvalue <5% and 
the statistical software SPSS (15.0) performed all analyses.

RESULTS
The descriptions of the sample for metabolic variables 
and body composition are shown in table 1 for males 
and table 2 for females and it can be seen that the sam

Table 1. Effects of concurrent training according time points in male gender. Presidente Prudente, SP, Brazil

Boys (n = 13)

Baseline 10W 20W p

Weight (kg) 86.6 ± 20.3 86.5 ± 20.7 85.0 ± 11.3 0.264

Height (cm) 163.9 ± 6.0 164.6 ± 5.6a 165.5 ± 5.5a,b 0.001

BMI (kg/cm2) 32.0 ± 5.9 31.7 ±6.0 30.8 ± 11.2ª 0.002

BMI-z score 2.04 ± 0.4 1.96 ± 0.4a 1.83 ± 0.5a,b 0.033

Glucose (mg/dL) 87.0 ± 4.8 87.1 ± 6.3 87.0 ± 4.4 1.000

TG (mg/dL) 161.1 ± 71.2 128.3 ± 55.3a 143.8 ± 54.4 0.001

TC (mg/dL) 176.7 ± 37.6 163.1 ± 32.8a 163.9 ± 33.1a 0.042

HDL-c (mg/dL) 39.1 ± 7.5 40.5 ± 7.9 40.7 ± 8.3 0.958

LDL-c (mg/dL) 105.7 ± 34.3 96.7 ± 31.5a 93.7 ± 32.5a 0.006

SBP 129.5 ± 12.2 132.0 ± 14.5 128.4 ± 10.3 0.870

DBP 73.3 ± 6.5 71.8 ± 7.7 70.8 ± 6.0a 0.068

FM (%) 45.1 ± 5.0 42.7 ± 5.3a 41.8 ± 4.8a 0.002

FFM (kg) 42.1 ± 7.2 43.0 ± 6.5 44.5 ± 6.5a 0.005

TFM (%) 47.4 ± 3.8 45.0 ± 4.4a 43.9 ± 3.9a 0.009

TG: triglycerides; TC: total cholesterol; HDL-c: high density lipoprotein cholesterol; LDL-c: low density lipoprotein cholesterol; SBP: systolic blood pressure; DBP: diastolic blood pressure; FM: fat mass 
percentage; FFM: fat-free mass; TFM: trunk fat mass. a: vs. baseline; b: vs. 10 weeks.
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ple was composed of obese individuals by the combined 
analysis of all anthropometric variables. Parametric 
samples were presented as mean and standard deviation 
(mean ± SD) and nonparametric samples as median 
and interquartile range, according to gender, at base
line, after 10 weeks and after 20 weeks of intervention. 

Table 1 demonstrates, through mean and standard 
deviation, alterations between baseline, the 10 initial 
weeks and the 10 final weeks in the male group. Re
ductions in BMI zscore (Δ%= 3.9; p = 0.033), FM% 
(Δ% = 5.3; p = 0.002), TFM% (Δ% = 5.1; p = 0.009), 
TC (Δ% = 7.7; p = 0.042) and LDLc (Δ% = 8.5; p 
= 0.006); and an increase in height (Δ% = +0.4; p = 
0.001), were observed after 10 weeks of intervention. 
In addition, reductions in BMI (Δ% =  3.8; p = 0.002), 
BMI zscore (Δ% = 10.3), TC (Δ% = 7.2), LDLc (Δ% 
= 11.4), FM% (Δ% = 7.3) and TFM% (Δ% = 7.4) 
were observed after 20 weeks of concurrent training 
when compared with baseline. TG concentration was 
the only variable to present a decrease (Δ% = 20.4; p = 
0.001) after 10 weeks of training, although in the final 
10 weeks of the concurrent training protocol a slight, 
not significant, increase was observed.

In the female group, decreases in TFM% (Δ% = 5.8; 
p = 0.018), TC (Δ% = 17.0; p = 0.001) and LDLc 
(Δ%= 22.9; p = 0.001) were observed after 10 initial 
weeks of the intervention, however weight (Δ% = 3.4; 
p = 0.047), BMI (Δ% = 4.4; p = 0.017), BMI zscore 

(Δ% = 5.1; p = 0.004), FM% (Δ% = 6.8; p = 0.002), 
TFM% (Δ% = 7.5), TC (Δ% = 15.9) and LDLc (Δ% 
= 22.1) presented significant improvements, by reduc
ing, after 20 weeks of concurrent training. In addition, 
a significant reduction was verified in TG concentra
tion (Δ% = 24.4; p = 0.003) after 10 weeks of training 
with a subsequent increase in the final weeks, although 
not significant. The description of the female group is 
shown in table 2. 

DISCUSSION

From the results of the present study it was possible 
to verify that concurrent training promoted significant 
beneficial alterations in body composition and metabo
lic variables in both genders. Significant improvements 
were also observed in lipid profile variables, in which 
the female gender demonstrated greater reductions. 
Recently, the American College of Sports Medicine 
(14) stated that there is a lack of evidence to indicate 
that strength training, without aerobic exercise or di
etary control, is sufficient to promote weight loss and, 
therefore, its utilization in combination with aerobic 
activities is recommended. According to studies carried 
out with young girls, the combination of aerobic and 
strength exercises is more effective at decreasing body 
adiposity than either nutrition or one of these models 
of exercise in isolation (18). 

Table 2. Effects of concurrent training according time points in female gender. Presidente Prudente, SP, Brazil

Girls (n = 12)

Baseline 10W 20W p

Weight (kg) 75.7 ± 10.5 75.9 ± 9.6 73.1 ± 9.5a 0.047

Height (cm) 160.5 ± 4.9 161.2 ± 5.2 161.4 ± 5.2b 0.047

BMI (kg/cm2) 29.4 ± 3.8 29.2 ± 3.5 28.1 ± 3.5a 0.017

BMI-z score 1.97 ± 0.4 1.98 ± 0.3 1.87 ± 0.4a 0.004

Glucose (mg/dL) 77.7 ± 6.7 80.6 ± 4.6 80.5 ± 4.3 0.301

TG (mg/dL) 102.5 ± 44.0 77.5 ± 31.2a 93.6 ± 53.5 0.003

TC (mg/dL) 176.2 ± 24.2 146.2 ± 20.1a 148.1 ± 19.8a 0.001

HDL-c (mg/dL) 48.9 ± 11.4 48.5 ± 9.5 45.7 ± 10.1 0.510

LDL-c (mg/dL) 106.6 ± 25.7 82.2 ± 22.4a 83.0 ± 20.7a 0.001

SBP 122.4 ± 20.0 122.8 ± 14.4 121.0 ± 11.4 1.000

DBP 72.0 ± 8.5 72.6 ± 7.7 71.3 ± 6.0 1.000

FM (%) 45.7 ± 4.3 44.2 ± 5.9 42.6 ± 4.9a 0.002

FFM (kg) 37.4 ± 3.2 37.6 ± 3.1 38.3 ± 3.2 0.230

TFM (%) 47.9 ± 4.4 45.1 ± 8.0a 44.3 ± 5.8a 0.018

TG: triglycerides; TC: total cholesterol; HDL-c: high density lipoprotein cholesterol; LDL-c: low density lipoprotein cholesterol; SBP: systolic blood pressure; DBP: diastolic blood pressure; FM: fat mass 
percentage; FFM: fat-free mass; TFM: trunk fat mass. a: vs. baseline; b: vs. 10 weeks.
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Physical training is able to promote weight loss, as 
well as decreasing fat mass and increasing fatfree mass 
relative to the intensity of exercise (19). Losing weight 
and promoting healthy slimming requires moderatein
tense exercise for about 60 minutes (14). LeMura and 
Maziekas (20) demonstrated that superior alterations 
in body composition of obese children and adolescents 
occurred as a result of concurrent training (aerobic and 
strength exercises) when performed at lowintensity 
over a longduration. 

The training protocol in the present study was con
sidered as lowmoderate intensity and significant im
provements were observed in variables related to body 
composition, with significant decreases in percentage 
of adipose tissue and trunk fat mass, in both genders. 
However, the gain or reduction in these variables oc
curred at different time points in the intervention. In 
addition, the greatest reduction was observed when 
comparing the results after 20 weeks of intervention 
(total time) with the baseline in both groups.  

In a study performed by Davis and cols. (18) with 
girls (15.2 ± 1.1 years) submitted to a pilot protocol of 
nutritional intervention and combined exercise (aero
bic and strength), the authors observed that after 16 
weeks of training there was a significant reduction of 
3% in body adiposity corroborating with the present 
study that found a reduction of 3.4% after 20 weeks. 
According to research with boys, a combination of cir
cuitbased resistance training and aerobic exercises over 
12 weeks was responsible for a decrease of 2.2% in the 
percentage of body fat (21), however the results of the 
present study showed a reduction after the tenth week 
of intervention. Response to training in relation to total 
fat occurs differently between the sexes due to matura
tional processes. In both genders, there is an increase in 
body weight in the final stages of maturation. In girls 
there is a proportional increase between fat mass and 
fatfree mass, while males demonstrate an increase in 
fatfree mass and a decrease in fat mass (22).

After the 20 weeks training protocol, significant re
ductions in TFM% were observed in both the male and 
female groups. Studies that compare the effects of aero
bic and anaerobic training in obese adolescents verified 
a decrease of 6.5% and 8.2% respectively (23). Several 
studies indicate that distribution of body fat may be an 
indicator of risk of cardiovascular diseases, alterations in 
blood pressure, cholesterol concentrations and glucose 
tolerance (2426), whereas individuals with higher fat 
deposits in the upper body are more likely to present an 

increased risk of cardiovascular diseases. However, ex
ercise may be a strong tool for reducing diseaserelated 
accumulations of fat in the trunk region.

Regarding lipid profile, TC, LDLc and TG concen
trations were positively affected by concurrent training, 
with significant decreases in all these metabolic param
eters, except HDLc, in both genders. The improve
ments in lipid profiles are directly related to the reduc
tion in body mass and fat mass in the central regions of 
the body owing to decreases in free fatty acids and the 
formation of different lipoprotein molecules (27,28). 
In agreement with our findings for LDLc and TC, 
Foschini and cols. (29) found similar results for con
current training after 14 weeks in obese youth. In the 
present study, the applied exercise protocol was com
posed of activities of low (in the initial protocol) and 
moderate intensity. Kraus and Slentz (30) reviewed the 
scientific literature and identified that, although lipids 
are the principle fuel for sustaining activities of moder
ate intensity, activities of low intensity have a relevant 
burden in the control of fasting serum lipids and should 
be encouraged in sedentary obese adolescents.

The present study suggested that intensity of effort 
may have influenced the positive effect of concurrent 
training, where lipid variables showed significant im
provements after 20 weeks of intervention, except for 
HDLc. In agreement with the literature it is believed 
that this result was due to the intensity progression 
during training, where intensity remained low to mod
erate in the first 10 weeks of training, as it was possible 
to observe decreased TG (baseline: 102.5; post: 77.5), 
TC (baseline: 176.2; post: 146.2) and LDLc (baseline: 
106.6; post: 82.2). However, when compared with the 
results of the first 10 weeks (BaselineTG: 77.5, Post
TG: 93.6; BaselineTC: 146.2, PostTC: 148.1; Base
line LDLc: 82.2, Post LDLc: 83.0), there was no im
provement.

When comparing results between genders, it was 
observed that both groups responded to training in the 
same variables, with significant alterations observed at 
the end of the intervention. A small difference was iden
tified between the groups; male adolescents seemed to 
respond to training more quickly with a higher number 
of modifications after 10 weeks of the protocol. In a 
previous study by our group which analyzed the effects 
of concurrent training on risk factors and steatosis, sig
nificant alterations were identified in height, percentage 
body fat, fat mass, fat free mass, percentage trunk fat, 
total cholesterol and LDLc (31), after 20 weeks. These 
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findings suggest that this population requires a longer 
intervention time, given the limitations and biological 
stage, for significant changes to occur in body composi
tion and lipid variables. In contrast, in the present study, 
it was demonstrated that after 10 weeks of intervention 
there were already significant enhancements in body 
composition and metabolic variables, regardless of gen
der, suggesting that a shorter intervention time, when 
controlled, could be an effective strategy. However, 
comparisons between genders were not performed and 
this is suggested for future research projects.  

The limitations of the present study should be high
lighted. The absence of a sedentary control group, ac
cording to gender, in addition to the fact that dietary 
habits were not recorded, are potential confounders of 
the results obtained. However, this study considered 
the biological individuality of the participants, priori
tizing physiological, morphological and maturational 
features, according to gender, and comparing individu
als at different moments of the intervention period. In 
addition the absence a maximal oxygen uptake test in 
the intermediate moment (10 weeks) and other meta
bolic profiles, such as insulin, were a limitation to better 
interpretation of the results.

In summary, our results identified that concurrent 
training seems to be an effective exercise protocol, able to 
promote significant improvements in body composition 
and metabolic variables, by decreasing fat free mass and 
trunk fat mass, and consequently BMI and BMI zscores, 
and enhancing lipid profile variables, by reducing triglyc
erides, total cholesterol and LDLc, for both genders.
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Circulating E-selectin levels and 
insulin resistance are associated 
with early stages of atherosclerosis in 
nonfunctional adrenal incidentaloma

Tuncay Delibasi1, Basak Karbek2, Nujen Colak Bozkurt1, Evrim Cakir3,  
Askin Gungunes1, Ölknur Öztürk Ünsal1, Muyesser Sayki Aslan1, Erman Cakal1 

ABSTRACT
Objective: To evaluate circulating E-selectin levels in patients with nonfunctional adrenal inciden-
taloma (NFA) in relation to insulin resistance and early atherosclerosis. Subjects and methods: A 
total of 40 patients with NFA (mean [SD] age: 55.6 [10.7] years; 70% were females) and 35 controls 
(mean [SD] age: 51.5 [8.1] years; 71.4% were females) selected from age-, gender- and body mass in-
dex (BMI)- matched healthy subjects were enrolled. Serum hsCRP, lipid profile, insulin levels and the 
homeostasis model assessment of insulin resistance (HOMA-IR) were evaluated. High-resolution B-
mode ultrasonography was performed. Serum levels of E-selectin were evaluated by enzyme-linked 
immunosorbent assay. Results: Patients with NFA had significantly higher values for E-selectin (14.9 
(4.8) vs. 12.2 (4.1) ng/mL, p < 0.01) and CIMT (0.6 (0.1) vs. 0.5 (0.1) mm, p < 0.05) than controls. Se-
rum E-selectin levels showed a statistically significant association with hsCRP (r = 0.751, p < 0.001), 
HOMA-IR (r = 0.575, p < 0.001) and CIMT (r = 0.762, p < 0.001). CIMT (Carotid intima media thick-
ness) was increased in patients with NFA patients with NFA were more insulin resistant than controls 
and statistically significant relationship was found between size of tumor and HOMA-IR (r = 0.361, 
p < 0.001). Conclusion: In conclusion, based on significantly higher values for E-selectin, CIMT and 
HOMA-IR in patients with NFA than controls along with significant correlation of E-selectin levels to 
CIMT, HOMA-IR and hs-CRP, our findings seems to indicate an increased risk of early atherosclerosis 
and impaired endothelial function in NFA patients, particularly in case of insulin resistance. Arch Endo-
crinol Metab. 2015;59(4):310-7

Keywords
Adrenal incidentaloma; E-selectin; CIMT; atherosclerosis; insulin resistance

1 Department of Endocrinology 
and Metabolism, Diskapi Yildirim 
Beyazit Training and Research 
Hospital, Ankara, Turkey 
² Department of Endocrinology and 
Metabolism, Gaziantep Dr. Ersin 
Arslan Hospital, Gaziantep, Turkey
3 Department of Endocrinology and 
Metabolism, Amasya Sabuncuoglu 
Serefettin Hospital, Amasya, Turkey

Correspondence to:
Basak Karbek
Milli Egemenlik Bulvarı,
Sanlılar apt., No 51/9
Gaziantep, Turkey
b_karbek@yahoo.com

Received on Apr/1/2015
Accepted on Apr/7/2015

DOI: 10.1590/2359-3997000000053

INTRODUCTION

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

through an imaging procedure performed for reasons 
unrelated to adrenal dysfunction or suspected dysfunc-
tion. The presence of an AI has been associated with 
an increased incidence of several cardiovascular risk fac-
tors including high prevalence of obesity, hypertension, 
diabetes mellitus, glucose intolerance, and dyslipidemia 
(1-4). However, despite well-known association of 
nonfunctional adrenal incidentaloma (NFA) with car-
diovascular risk factors, the exact mechanism underly-
ing this relationship has not yet been clarified. 

Among patients with non-secreting adrenal masses 
undergoing surgery for tumor size or growth, an im-
provement in blood pressure and fasting glucose levels 
was demonstrated postoperatively, even in the lack of 
causative hormonal alterations prior to operation (5).

Some authors suggested an association between 
NFA and mild cortisol overproduction secondary to di-
seases such as subclinical hypercortisolism or subclinical 
Cushing syndrome (SCS) (6,7). On the other hand, 
hyperinsulinemia mediated pathogenesis has been con-
sidered by other authors who observed a proliferative 
effect of insulin on adrenal cancer cells without effect 
on cortisol synthesis (8). 

In contrast to other adhesion molecules such as in-
tercellular adhesion molecule-1 (ICAM-1), vascular cell 
adhesion molecule-1 (VCAM-1) and P-selectin that are 
synthesized and released from endothelial cells, as well 
as from other cells including fibroblasts, smooth muscle 
cells and platelets, E-selectin is produced specifically by 
endothelial cells (9). In this regard, E-selectin has been 
subject to several studies in terms of its relation to caro-
tid atherosclerosis and the risk of coronary heart disease 
(10-13) given that higher likelihood of E-selection to be 
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a specific marker for endothelial cell dysfunction and the-
reby the development of atherosclerosis than other adhe-
sion molecules (14). Experimental results suggested that 
E-selectin may influence intimal hyperplasia through the 
regulation of inflammatory cell infiltration (15). Accor-
dingly, significant associations were shown in most of the 
clinical studies of patients with coronary disease (11-13). 
Given that processes that lead to inflammation of vascu-
lature and/or initiation of endothelial dysfunction may 
contribute to the development of atherosclerosis, positive 
association of serum levels of E-selectin as well as hsCRP 
with carotid atherosclerosis was documented, while E-
selectin levels were reported to be significantly associated 
with carotid wall thickening and were strongly associated 
with the presence of heterogeneous plaque (14).

The present study was designed to evaluate circula-
ting E-selectin levels in patients with apparently NFA in 
relation insulin resistance (IR) and early atherosclerosis.

SUBJECTS AND METHODS

Study population

Of 73 patients referred to our center with the incidental 
diagnosis of unilateral adrenal mass with typical signs 
of adenoma (size less than 4 cm, round with smooth 
margins, homogeneous with relatively low density, loss 
of signal intensity on fat-saturation sequences of MR) 
during computed tomography (CT) or nuclear mag-
netic resonance (MR) scan performed by the same ra-
diologist for the evaluation of unrelated diseases such 
as urinary infection, renal or biliary colic, or nonspecific 
abdominal pain, 40 patients with NFA (mean [SD] age: 
55.6 [10.7] years; 70% were females) were included in 
this prospective study conducted between September 
2009 and September 2011 at the Department Endo-
crinology and Metabolism in Ankara Diskapi Training 
and Research Hospital. Patients with pheochromocy-
toma (n: 1), adrenal carcinoma (n: 1), aldosteronoma 
(n: 2) or SCS (n: 5) were excluded. Twenty four other 
patients with adrenal adenoma were excluded because 
of obesity (n: 4), previous history of diabetes mellitus 
(n: 11) or coronary artery disease (n: 9). In seven of 
these patients coexisted more than one exclusion crite-
ria. Control group was selected amongst age-, gender- 
and body mass index (BMI)- matched healthy subjects 
with normal adrenal imaging (n = 35; mean [SD] age: 
51.5 [8.1] years; 71.4% were females) to be able per-
form a 1:1 case-control analysis.

Having negative findings on screening tests perfor-
med to rule out catecholamine, mineralocorticoid as 
well as glucocorticoid overproduction, lacking symp-
toms of overt endocrinopathy or any other disease 
that could interfere with the results were the inclusion 
criteria. Patients with a past history of acute coronary 
syndrome, heart failure, pulmonary embolism, stroke, 
cardiomyopathy and renal disease were excluded from 
the study, as were patients with diabetes mellitus and 
obesity. The diagnosis of pheochromocytoma, adrenal 
carcinoma, aldosteronoma or SCS were the other ex-
clusion criteria to enable the study population to be 
composed specifically of patients with NFA. 

Written informed consent was obtained from each 
subject following a detailed explanation of the objec-
tives and protocol of the study which was conducted 
in accordance with the ethical principles stated in the 
“Declaration of Helsinki” and approved by the institu-
tional ethics committee.

Study parameters

Data on demographic characteristics (age, gender), vital 
signs, physical examination, anthropometric measure-
ments (weight, height, body mass index [BMI]), insulin 
resistance, blood biochemistry (fasting blood glucose, 
lipid profile, insulin and hsCRP), CIMT and serum lev-
els for E-selectin were collected in each subject in the 
patient and control groups. Circulating E-selectin levels 
in patients with apparently NFA were evaluated in com-
parison to controls and in relation to insulin resistance, 
hsCRP levels, CIMT and cardiovascular risk factors.

Clinical and biochemical assessments

Blood pressure was measured using a sphygmoma-
nometer in a quiet room after at least 10 minutes of 
rest. Evaluation of obesity was based on BMI (kg/
m2) values with consideration of obesity in patients 
with BMI of > 30 kg/m2. Fasting blood samples were 
taken in the morning between 8:00 and 11:00. Rou-
tine blood chemistry analyses were performed at the 
central laboratory of clinical chemistry of the hospital. 
The patients whose fasting blood glucose greater 100 
mg/dL underwent OGTT. Only patients with normal 
glucose tolerance were included in the study. Analysis 
of serum levels for high-density lipoprotein cholester-
ol (HDL-C), total cholesterol (TC) and triglycerides 
were performed via spectrophotometric assay (Advia 
2400, Siemens Healthcare Diagnostics Inc., Tarrytown 
USA). Fasting serum insulin levels were measured us-
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ing the chemiluminescent immunoassay method (Ad-
via Centaur XP, Siemens Healthcare Diagnostics Inc., 
Tarrytown USA). hsCRP levels were determined by a 
particle-enhanced immunoturbidimetric method. 

The estimate of insulin resistance was calculated using 
the HOMA-IR index with the formula: [HOMA-IR = 
fasting plasma insulin (mU/L) × fasting plasma glucose 
(mmol/L)/22.5]. Patients with HOMA-IR levels of ≥ 
2.5 were considered to have insulin resistance.

Endocrine work-up

None of the patients with NFA showed specific signs 
and/or symptoms of hormone excess and none were 
receiving hormonal therapy. All patients underwent the 
endocrine workup aimed to study the hypothalamic-pi-
tuitary-adrenal axis. Serum cortisol, and plasma ACTH 
were determined in basal condition and measurement of 
the 24-h excretion of UFC was performed. All patients 
underwent an overnight 1-mg dexamethasone (DXM) 
test. The suppression was adequate when morning cor-
tisol reduced < 1.8 µg/dL. If inadequate, a two-day 
low-dose DXM suppression test was performed (2 mg, 
four times/day, for 2 days). Urinary metanephrine, and 
normetanephrine excretion to exclude the presence of 
pheochromocytoma and the upright plasma aldosterone 
to plasma renin activity ratio to exclude primary aldoste-
ronism were tested. In control subjects, measurement 
of serum cortisol in the morning, measurement of 24-h 
UFC excretion and overnight low-dose dexamethasone 
suppression test were performed. Normal ranges of se-
rum and urinary cortisol and plasma ACTH were deter-
mined as previously reported (16) (Table 1).

SCS was defined as an adrenal tumor (usually adeno-
ma) with autonomous cortisol secretion and no overt 
symptoms of Cushing’s syndrome. Diagnostic criteria 
for SCS based on the 1-mg DST cut-off value of serum 
cortisol of > 1.8 μg/dL. We selected two additional 
values (basal adrenocorticotropic hormone (ACTH) < 
10 pg/mL and serum cortisol ≥ 5 μg/dL at 23:00 h) 
from several parameters, because these values showed 
stronger associations with the results of the 1-mg DST 
than the other parameters (17,18).

Measurement of serum levels for E-selectin

Fasting blood samples were taken from the participants 
and centrifuged. Serum samples were stored frozen at 
-80°C until the day of analysis. Serum E-selectin level 
was measured on all samples by commercial ELISA kit 
(Invitrogen, USA). The microplate in the kit was pre-
coated with anti-E-selectin antibody. E-selectin present 
in the sample or standard binds to antibodies adsorbed 
onto microwells. An HRP was added to bind to E-se-
lectin captured by the first antibody. Following incuba-
tion and wash step, substrate solution was added to the 
wells. The reaction was terminated by addition of acid, 
and absorbance was measured at 450 nm. The analyti-
cal range was considered as 0.33-50 ng/mL. The intra-
assay coefficient of variation was 5.4%. 

Measurement of CIMT

Examination was performed to evaluate early athero-
sclerosis using a real time B-mode ultrasound imaging 
unit (Hitachi EUB 7000, Tokyo, Japan) with a 13 MHz 
linear transducer. Both the left and right carotid arteries 
were scanned at the level of the bifurcation, and images 
for IMT measurements were recorded from the far wall 
in the common carotid artery and the carotid artery 
bulb. IMT was defined as the distance from the lead-
ing edge of the lumen–intima interface to the leading 
edge of the media–adventitia interface of the far wall. 
At the position of the thickest part of the wall, a fro-
zen longitudinal image was captured and recorded on 
videotape. The procedure was repeated four times to 
achieve four separate images for analysis. All scans and 
image measurements were carried out by the same in-
vestigator, who was blinded to the risk factor status of 
the participants.

Statistical analysis

Data were evaluated using the Statistical Package for the 
Social Sciences (SPSS) software (version 15.0; SPSS Inc., 

Table 1. Hormonal data of the patients with incidental adrenal adenoma 
and control subjects

Nonfunctional 
adrenal 

incidentaloma  
(n = 40)

Control  
(n = 35) Referance

range

Mean (SD)

Cortisol (μg/dL) 13.1 (3.4) 12.1 (3.0) 5-25

1 mg DST (μg/dL) 1.9 (0.6) 1.6 (0.5) < 1.8

ACTH (pg/mL) 13.2 (5.7) 14.6 (6.9) 7-55

24 h UFC (nmol/day) 192.5 (44.4) 182.5 (56.1) 100-379

DHEAS (μg/dL) 32,4 (18.7) 29.3 (12.7) 18-295

ARR 12.6 (5.2) 14.2 (4.6) < 20

24 h UMN (μg/day) 155.5 (44.6) 175.8 (32.9) 52-341

24 h UNMN (μg/day 273.2 (55.5) 242.5 (61.2) 88-444

ACTH: adrenocorticotrophic hormone; DST: dexamethasone suppression test; DHEAS: 
dehydroepiandrosterone Sulfate; UFC: urinary free cortisol; ARR: aldosteron/renin ratio; UMN: 
urinary metanephrine; UNMN: urinary normetanephrine.
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Chicago, IL, USA). In testing the difference between 
groups after testing normality of variables, an independent 
samples t-test was used to test the difference between two 
groups if variables were normally distributed, while the 
Mann-Whitney U test was used if variables were not nor-
mally distributed. A one-way analysis of variance (ANO-
VA) was used to test the difference between more than two 
groups if variables were normally distributed, while the 
Kruskal Wallis H test followed by a Bonferroni correction 
was used if variables were not normally distributed. Asso-
ciations between variables were tested using a correlation 
analysis. Linear regression analysis was performed with the 
CIMT measurement as the dependent variable while age, 
BMI, waist/hip ratio, morning cortisol, HOMA-IR, TC, 
LDL-C, HDL-C, HsCRP and HOMA-IR were the con-
tinuous variables selected for the linear regression model. 
The level of significance was set at 0.05.

RESULTS

Demographic and clinical characteristics in patient 
and control groups

The mean (SD) adrenal mass size in NFA patients 
was 3.0 (0.7) cm. None of the patients showed spe-
cific signs and symptoms of hormone excess. None of 
the patients with NFA underwent adrenalectomy and 
follow-up with serial CT or MRI and endocrine evalu-
ation was planned.

Patient and control groups were homogenous in 
terms of demographic characteristics. Mean (SD) le-
vels for serum E-selectin (14.9 [4.8] ng/mL vs. 12.2 
(4.1) ng/mL, p < 0.01), HOMA-IR (3.3 [2.9] vs. 2.7 
[1.2]; p < 0.05) and CIMT (0.6 [0.1] vs. 0.5 [0.1] mm, 
p < 0.05) were significantly higher in patients with 
NFA when compared with control subjects. The two 
groups were similar in terms of other clinical characte-
ristics (Table 2).

Correlation of E-selectin levels to demographic and 
clinical parameters in the overall study population

Serum levels for E-selectin showed statistically sig-
nificant correlations with HOMA-IR (r = 0.575, p 
< 0.001), hsCRP (r = 0.751, p < 0.001) and CIMT  
(r = 0.762, p < 0.001) (Table 2, Figure 1). A significant 
correlation was also noted with total cholesterol (r = 
0.408, p < 0.001), while no significant correlation of E-
selectin levels to age, gender, BMI and other biochemi-
cal parameters was determined (Table 3). 

Table 2. Demographic, clinical characteristics and metabolic profile of 
patients with nonfunctional adrenal incidentaloma and control subjects

Nonfunctional 
adrenal 

incidentaloma  
(n = 40)

Control (n = 35)

Mean (SD)

Age (years) 55.6 (10.7) 51.5 (8.1) 

Gender n (%)

Male 12 (30.0) 10 (28.6)

Female 28 (70.0) 25 (71.4)

Mean (SD)

BMI (kg/m2) 28.1 (2.1) 28.0 (1.9)

Waist/hip ratio 0.8 (0.1) 0.9 (0.1)

n (%)

Hypertension 6 (15.0) 6 (17.0)

Mean (SD)

Total cholesterol (mg/dL) 185.0 (30.3) 191.3 (29.8)

Triglycerides (mg/dL) 130.1 (52.2) 134.0 (52.3)

HDL cholesterol (mg/dL) 58.3 (25.6) 48.2 (10.1)

LDL cholesterol (mg/dL) 99.4 (31.3) 112.8 (20.3)

Fasting glucose (mg/dL) 102.6 (12.7) 91.5 (9.5)

HOMA-IR 3.3 (2.9) 2.7 (1.2)*

E-selectin (ng/mL) 14.9 (4.8) 12.2 (4.1)**

CIMT 0.6 (0.1) 0.5 (0.1)*

CIMT: carotid aretery intima-media thickness; HOMA: homeostatic model assessment.  
* p < 0.05 and ** p < 0.01; compared to patients.

Table 3. Correlation of E-selectin levels to demographic and clinical 
parameters in the overall study population

Variables
E-selectin levels

r p value

Age 0.221 0.06

BMI 0.050 0.762

Waist/Hip Ratio 0.143 0.226

Total cholesterol (mg/dL) 0.408 < 0.001

Triglycerides (mg/dL) 0.111 0.348

HDL cholesterol (mg/dL) 0.197 0.095

LDL cholesterol (mg/dL) 0.024 0.840

hs-CRP 0.751 < 0.001

Fasting glucose (mg/dL) 0.204 0.083

HOMA-IR 0.575 < 0.001

Carotid-IMT 0.762 < 0.001

There were no significant correlations between ba-
seline plasma cortisol, plasma cortisol after 1 mg de-
xametasone and HOMA index as well as plasma lipo-
proteins. Statistically significant relationship was found 
between size of tumor and HOMA-IR (r = 0.361, p < 
0.001), CIMT (r = 0.539, p < 0.001). 



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

314

Subclinical atherosclerosis in patients with adrenal incidentaloma

Arch Endocrinol Metab. 2015;59/4 

selectin levels as a surrogate marker of premature ath-
erosclerosis. At the same time, we demonstrated that, 
in patients with NFA, increase in insulin resistance 
could be related to an undetectable hypercortisolism. 
These findings support the hypothesis that incidentalo-
mas, through clinically undetectable hypercortisolism, 
might be responsible for IR and, through the stimula-
tion of compensatory hyperinsulinemia, might induce 
and sustain the vicious cycle responsible for its own tu-
mor growth. Reincke and cols. (19) reported that in 
13 patients with AI, insulin resistance was evident in all 
patients, and insulin-stimulated adrenal cortex cancer 
cell lines were observed in vitro. They suggested that 
AI could be a newly recognized manifestation of meta-
bolic syndrome similar to insulin-mediated stimulation 
of ovary in the polycystic ovary syndrome.

Patients with clinically inactive adrenal adenomas as 
a group exhibit IR and a variety of metabolic distur-
bances and manifestations of the metabolic syndrome 
(20-23). In a multi-institutional study of 1,004 patients 
with AI, the prevalence of arterial hypertension, diabe-
tes mellitus type 2 (DM type 2) or obesity were reported 
to be 41%, 10% and 28%, respectively (2). Furthermo-
re, a remarkably high prevalence of impaired glucose 
tolerance (IGT), or previously unknown DM type 2, 
increased visceral fat mass, and hyperinsulinaemia has 

Figure 1. Correlations of E-selectin to HOMA-IR; HsCRP; and CIMT. 

Linear regression analysis for factors predicting 
E-selectin levels

In linear regression analysis, after adjusting for age, 
BMI, waist/hip ratio, morning cortisol, HOMA-IR, 
TC, LDL-C, HDL-C and hsCRP; HOMA-IR (β = 
0.455, P < 0.05) and waist/hip ratio (β = 0.340, P < 
0.05) were the independent variables associated with 
E-selectin levels.

Demographic and clinical characteristics of patients 
with respect to insulin resistance

When NFA patients with insulin resistance (HOMA-IR 
> 2.5 n = 20) were evaluated separately, it was noted 
that patients with insulin resistance had significantly 
higher mean (SD) values for CIMT (0.6 [0.1]) and 
hsCRP (2.7 [0.9]) as compared to patients without in-
sulin resistance (0.5 [0.1] and 1.4 [0.6], respectively; p 
< 0.05 for each) as well as healthy controls (0.5 [0.1] 
and 1.5 [1.1], respectively; p < 0.05 for each) (Table 4).

DISCUSSION

The novel finding of our study is that patients with NFA 
compared with cardiovascular risk factors–matched 
control group had significantly higher CIMT and E-
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been demonstrated among patients with NFA (24,25). 
This insulin-resistant state is probably associated with 
subtle cortisol autonomy leading to an increased inci-
dence of several cardiovascular risk factors. 

Patients with AI exhibit elevated levels of D-dimers 
(24), interleukin-6 (IL-6), adiponectin, resistin, tu-
mour necrosis factor (TNF)-alpha and monocyte che-
moattractant protein 1 (MCP-1) (3). In the current 
literature there is a limited data regarding the endo-
thelial dysfunction and early atherosclerosis in patients 
with adrenal incidentaloma (26,27).

Notably, our findings seem to indicate a significant 
association between endothelial dysfunction ans early 
atherosclerosis given that serum E-selectin levels were 
significantly elevated in patients with NFA than con-
trols along with significant correlation of serum E-se-
lectin levels with hsCRP, HOMA-IR and CIMT. 

Carotid IMT has been extensively used to estimate 
cardiovascular events in both healthy individuals and 
also in subjects with risk factors. The early increase in 
IMT reflects the ongoing adaptive/maladaptive pro-
cess to elevated intravascular shear stress (28). Several 
anthropometric and metabolic findings such as age, ele-
vated blood pressure, central obesity, hyperlipidemia, 
and IR have been shown as independent determinants 
of IMT in different populations (29-31). In a past stu-
dy concerning CIMT in AI (26) it was demonstrated 
that in patients with non-functioning AI, a significant 
increase of CIMT was observed compared with BMI
-unmatched subjects, while the increase was not sta-
tistically significant when compared to BMI matched 
controls. A linear correlation between morning cortisol 
and CIMT values were also reported in this study.

In the present study, we found significantly higher 
CIMT values in NFA patients as compared to age-, 
gender- and BMI-matched controls. However, CIMT 
values were not significantly correlated with morning 
cortisol and dexamethasone suppression test results. 
Moreover, E-selectin levels that indicate endothelial 
dysfunction were higher in these patients. The pre-
sent study is the first in the literature to evaluate early 
atherosclerosis and endothelial dysfunction together 
in NFA patients. Furthermore, our findings revealed 
higher rate of insulin resistance in patients with NFA 
along with significantly higher levels for hsCRP and 
CIMT in NFA patients with concomitant insulin re-
sistance compared to patients without insulin resistan-
ce. In the present study, increased cardiovascular risk, 
as evidenced by increased E-selectin levels and IMT 
values, in NFA patients might have resulted from IR 
due to a subclinical cortisol excess at cellular level ra-
ther than the direct effect of cortisol. In the light of 
these data, we found increased risk of early atheroscle-
rosis and impaired endothelial function in patients with 
clinically silent adrenal incidentaloma. 

Major limitation of the present study is the small sam-
ple size which limits the generalization of our findings 
based on a small cohort to the overall population of 
NAF patients. Additionally, the assessment of endothelial 
dysfunction and atherosclerosis were limited to measu-
rement of soluble E-selectin levels and CIMT measure-
ment, respectively. Hence, our findings related to associa-
tion of circulating E-selectin levels and insulin resistance 
to early atherosclerosis should be justified by larger scale 
studies with more comprehensive analysis of endothelial 
dysfunction and early atherosclerosis markers.

Table 4. Demographic and clinical characteristics of patients with respect to insulin resistance

Nonfunctional adrenal incidentaloma (n = 40)

Control (n = 35)HOMA-IR > 2.5 (n = 20) HOMA-IR < 2.5 (n = 20)

Mean (SD)

Age (years 55.8 (10.5) 55.5 (11.1) 51.5 (8.1)

BMI (kg/m2) 28.5 (1.9) 27.7 (2.2) 28.0 (1.9)

Waist/hip ratio 0.8 (0.1) 0.8 (0.0) 0.9 (0.1)

Total cholesterol (mg/dL) 189.9 (35.4) 180.8 (23.5) 191.3 (29.8)

Triglycerides (mg/dL) 124.4 (52.9) 134.2 (51.6) 136.0 (52.3)

HDL cholesterol (mg/dL) 62.7 (29.3) 52.4 (20.4) 48.2 (10.1)

LDL cholesterol (mg/dL) 97.9 (38.9) 101.3 (21.0) 112.8 (20.3)

Carotid-IMT 0.6 (0.1) 0.5 (0.1)* 0.5 (0.1)*

hsCRP 2.7 (0.9) 1.4 (0.6)* 1.5 (1.1)*

* p < 0.05 compared to NFA patients with HOMA-IR > 2.5.
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CONCLUSION

In conclusion, based on significantly higher values for 
E-selectin, CIMT and HOMA-IR in patients with 
NFA than controls along with significant correlation of  
E-selectin levels to CIMT, HOMA-IR and hs-CRP, 
our findings seems to indicate an increased risk of early 
atherosclerosis and impaired endothelial function in 
patients with clinically silent adrenal incidentaloma. 
Significantly higher values for CIMT and hs-CRP in 
NFA patients with insulin resistance when compared to 
patients without insulin resistance and control subjects 
emphasize the accelerating effect of insulin resistance 
in development of early atherosclerosis in patients with 
NFA. There is a need for long-term, prospective fol-
low-up studies investigating the effect of surgical treat-
ment of adrenal incidentalomas on cardiac mortality 
through the regulation of increased cardiovascular risk 
and endothelial function.
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Serum total oxidant/anti-oxidant 
status, ischemia-modified albumin and 
oxidized-low density lipoprotein levels 
in patients with vitamin D deficiency

Husniye Baser1, Ummugulsum Can2, Salih Baser3, Bahauddin Taha 
Hidayetoglu3, Uysaler Aslan3, Ilker Buyuktorun3, Fatma Humeyra Yerlikaya4

ABSTRACT
Objective: Oxidative damage may be responsible for the pathogenesis and complications of 
many diseases. Vitamin D deficiency has been suggested as a potential mediator of various 
extra-skeletal pathologies. However, there are limited data on anti-oxidant properties of vita-
min D. Materials and methods: Forty-one subjects with vitamin D deficiency and 30 healthy 
controls were enrolled into the study. The levels of total anti-oxidant status (TAS), total oxidant 
status (TOS), ischemia-modified albumin (IMA), oxidized-low density lipoprotein (ox-LDL), high-
sensitivity C-reactive protein (hs-CRP) and fibrinogen were measured in both groups. The mea-
surements were repeated in 17 patients after the replacement of vitamin D. Results: Serum IMA 
and TOS levels were significantly higher (p < 0.001 and p = 0.035, respectively), while TAS levels 
were significantly lower in patients, compared to controls (p < 0.001). Additionally, fibrinogen 
was significantly higher in patients than controls (p = 0.003), while ox-LDL and hs-CRP levels 
were similar between two groups. After the replacement of vitamin D, TAS level significantly 
increased (p = 0.037), and TOS and fibrinogen levels significantly decreased (p = 0.043 and p = 
0.010, respectively). Vitamin D levels were negatively correlated with IMA and fibrinogen levels 
(r = -0.500, p < 0.001 and r = -0.391, p = 0.002, respectively), although positively correlated with 
TAS levels (r = 0.430, p < 0.001). No correlation was found between vitamin D levels, and the 
TOS, ox-LDL and hs-CRP levels. Conclusions: In this study, while serum IMA, TOS and fibrinogen 
levels were increased, TAS levels were seen to be decreased in patients with vitamin D defi-
ciency. These results suggest that oxidative/anti-oxidative balance shifts in favours of oxidative 
status in vitamin D deficiency. Arch Endocrinol Metab. 2015;59(4):318-24
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INTRODUCTION

Vitamin D has a major impact on the regulation of 
calcium (Ca) and phosphorus (P) balance in hu-

man body, and so in the regulation of bone homeo-
stasis (1). Additionally, vitamin D plays a role in the 
homeostasis of different tissues such as skeletal muscle, 
vascular smooth muscle, myocardium and endothelium 
with a beneficial effect on cardiovascular function (1,2). 
Vitamin D deficiency was suggested as a potential me-
diator of many extra-skeletal pathologies, including 
cardiovascular diseases.

Reactive oxygen species (ROS) are such highly reac-
tive molecules that when present in excess, they over-
whelm the protective systems, and so result in cell dam-
age and lipid peroxidation (3). ROS are constituted in 

oxidative processes that normally occur at relatively low 
levels in all cells and tissues (3). In normal situations, 
a number of anti-oxidant mechanisms serve to control 
ROS production (4). The imbalance between ROS 
production and anti-oxidant power is defined as oxi-
dative stress. The measurements of total anti-oxidant 
status (TAS) and total oxidant status (TOS) are used 
to predict oxidative status (5). Especially the measure-
ment of TAS reflects the overall anti-oxidant state in an 
organism.

Initially emerging as a marker of ischemia, isch-
emia-modified albumin (IMA) is considered to be 
beneficial in the identification of acute coronary syn-
dromes. However, IMA is seen as elevated in indi-
viduals undergoing oxidative stress other than cardiac 
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ischemia because it is not tissue specific. The produc-
tion of IMA seems to be associated with the produc-
tion of ROS modifying the metal-binding sites of 
albumin (6). IMA is considered a non-specific bio-
marker in the evaluation of oxidative status or athero-
sclerosis burden. 

Oxidized-low density lipoprotein (ox-LDL) arises 
from the binding of low density lipoprotein cholesterol 
(LDL-C) with unsaturated fatty acids. Increasing evi-
dence shows that accentuated oxidative stress favors ox-
idative modifications of LDL-C and plays an important 
role in the development of atherosclerosis (7). LDL-C 
oxidation mainly occurs in the intima layer of vessels, 
but some of the ox-LDL in the intima re-enters the 
general circulation. Therefore, the determination of 
ox-LDL levels in serum provides information for oxi-
dation taking place in the vessel (8).

Although oxidative stress is involved in the patho-
physiology of several chronic conditions, limited data 
related to the effect of vitamin D deficiency and vitamin 
D supplementation on oxidative stress are available. To 
the best of our knowledge, no studies associated with 
the investigation of oxidative status via the measure-
ments of TAS, TOS, IMA and ox-LDL in patients with 
vitamin D deficiency are present. Therefore, we aimed 
at evaluating oxidative status via these measurements in 
patients with vitamin D deficiency.

MATERIALS AND METHODS

Subjects

Forty-one patients with vitamin D deficiency were in-
cluded into the study. Plasma 25-hydroxyvitamin D 
[25(OH)D] levels were measured between January and 
May. The level of 25(OH)D below 20 ng/mL was ac-
cepted as vitamin D deficiency. The patients were com-
pared with age- and sex-mathched 30 healthy subjects 
with normal 25(OH)D level (> 30 ng/mL). Patients 
with the history of diabetes mellitus, hypertension, hy-
pothyroidism, hyperthyroidism, liver or pulmonary 
diseases, malignancy, renal, coronary heart or rheuma-
tologic diseases, and those using drugs affecting oxida-
tive status, taking a thyroid medication and cigarette 
smokers constituted our exclusion criteria. The study 
was approved by the ethical board of the institution, 
and informed consent was obtained from all partici-
pants (Approval date and number: 9th January 2013-
2013/81).

Biochemical measurements

Blood samples were drawn from the antecubital vein 
after overnight fasting. Venous blood samples were 
centrifuged at 3000 rpm for 10 min, and samples were 
stored at -80 oC until analysis. Plasma 25(OH)D lev-
els were measured with liquid chromatography-tandem 
mass spectrometry (LC-MS/MS)  method (WATERS 
auto-analyser LIKROM System). The reference ranges 
were between 25-80 ng/mL for 25(OH)D. The lev-
els of serum albumin, triglycerides (TG), total choles-
terol, high density lipoprotein cholesterol (HDL-C) 
and LDL-C were measured using commercially avail-
able kits based on routine methods on Architect C 
8000 System (Abbott Laboratories, Abbott Park, Illi-
nois, USA). The fibrinogen levels were measured with 
colorimetric method (BCS XP autoanalyser SIEMENS 
Diagnostic System), and the reference ranges were be-
tween 180-400 g/L for fibrinogen. High- sensitivity 
C-reactive protein (hs-CRP) levels were measured with 
nephelometric method, ranging between 1-3  mg/L 
(BN2 autoanalyser SIEMENS Diagnostic System). 

The serum TAS levels were determined using an au-
tomated measurement method based on the bleaching 
of characteristic color of a more stable 2,2’-azino-bis 
(3-ethylbenz-thiazoline 6-sulfonic acid) (ABTS) radi-
cal cation by anti-oxidants (5). In the measurement, 
the results are expressed in mmol Trolox equivalents/L 
(mmol Trolox equiv./L). Serum TOS was defined via 
a novel automated measurement method (9). Oxidants 
present in the sample oxidize the ferrous ion-o-dian-
isidine complex to ferric ion. The oxidation reaction is 
enhanced by glycerol molecules, which are abundantly 
present in the reaction medium. The ferric ion makes 
a colored complex with xylenol orange in an acidic 
medium. The color intensity, which can be measured 
spectrophotometrically, is related to the total amount 
of oxidant molecules present in the sample. The as-
say is calibrated with hydrogen peroxide (H2O2), and 
the results are expressed in terms of micromolar H2O2 

equivalents per liter (μmol H2O2 equiv./L). 
The IMA levels were measured using a colorimetric 

assay developed by Bar-Or and cols. (10) and based on 
the measurement of unbound cobalt after the incuba-
tion with sera from the patients. Increased amount of 
IMA results in less cobalt binding and more residual 
unbound cobalt available for complex with a chromo-
gen [dithiothreitol (DTT)], which can be measured 
photometrically. The procedure was performed as fol-
lows: 50 µL of 0.1% cobalt chloride was added into 
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200 µL of serum, gently mixed and held for 10 min 
for adequate cobalt-albumin binding. DTT of 50 µL 
was added at a concentration of 1.5 mg/mL as a col-
orizing agent. The reaction was stopped 2 min after 
adding 1.0 mL of 0.9% NaCl. The colored product was 
measured at 470 nm, compared with a serum-cobalt 
blank without DTT and reported in absorbance units 
(ABSU). Adjusted IMA was calculated as (individual 
serum albumin concentration/median serum albumin 
concentration of the population) × IMA ABSU value. 
This formula was applied to correct the IMA values for 
serum albumin. The median serum albumin concentra-
tion of each group was used separately (11).

Analysis of ox-LDL was performed on serum 
samples using the Eastbiopharm ox-LDL ELISA Kit 
(Hangzhou Eastbiopharm Co. Ltd.) in accordance 
with the manufacturer’s guidelines. Absorbance was 
measured at 450 nm on an ELx800 Absorbance Micro-
plate Reader (BioTek, Winooski, VT, USA). This assay 
employs a quantitative sandwich enzyme immunoassay 
technique measuring ox-LDL. The resulting concen-
tration values are reported in ng/L.

Statistical analysis

All statistical analyses were performed with SPSS 15.0 
(SPSS Inc. Il. USA) statistical soft-ware. The Kol-
mogorov-Smirnov test was used for the compliance 
with the normal distribution. All parameters, except for 
ox-LDL and hs-CRP, were within the normal distribu-
tion ranges. The comparisons between groups were per-
formed via the student’s t test for parametric variables, 
and the Mann-Whitney U test for non-parametric vari-
ables. The paired student’s t and Wilcoxon tests were 
used to compare the parameters in patient’s group. De-
scriptive analyses were presented using mean±standard 
deviation (SD) for normally distributed variables, and 
median and range (min-max) for non-normally distrib-
uted variables. The chi-square test was used to inves-
tigate the differences between groups regarding the 
categorical variables. The Pearson’s and Spearman’s 
correlation analyses were performed in order to docu-
ment possible associations between parametric and 
non-parametric variables, respectively. A p value less 
than 0.05 was accepted as statistically significant. 

RESULTS

Forty-one patients (33 female, 8 male) with vitamin 
D deficiency and mean ages of 40.2 ± 9.4 years were 

present in the study. The control group consisted of 
30 healty subjects (24 female, 6 male) with mean age 
of 41.29 ± 8.6 years. No significant difference was de-
tected between the patients and controls in respect to 
age and gender (p > 0.05 for all parameters). The lev-
els of TAS, TOS, IMA, ox-LDL, hs-CRP and fibrino-
gen were measured in the patient and control groups. 
Additionally, these measurements were repeated in 17 
patients after the replacement of vitamin D. The re-
placement of Vitamin D was orally administered to vi-
tamin D deficient group as 50.000 IU once a week for 
8 weeks. The demographic and laboratory data of the 
groups are presented in table 1. 

Table 1. Demographic and laboratory data of the study groups 

Patients
(n = 41)

Controls
(n = 30) p

Age (yrs) 40.2 ± 9.4 41.29 ± 8.6 0.666

Female/Male 33/8 24/6 0.959

25(OH)D (ng/mL) 10.72 ± 5.31 32.09 ± 3.61 < 0.001

Fasting plasma 
glucose (mg/dL)

87.02 ± 9.34 92.21 ± 11.71 0.056

Total cholesterol 
(mg/dL)

190.82 ± 41.69 189.46 ± 33.99 0.887

LDL-C (mg/dL) 113.46 ± 37.00 119.91 ± 31.78 0.457

HDL-C (mg/dL) 51.29 ± 10.12 46.00 ± 10.04 0.094

Triglycerides 
(mg/dL)

115.97 ± 53.94 127.85 ± 48.68 0.356

Serum Ca (mg/dL) 9.11 ± 0.37 9.11 ± 0.26 0.915

Serum P (mg/dL) 3.41 ± 0.38 3.30 ± 0.36 0.227

Serum ALP (U/L) 67.36 ± 19.76 73.96 ± 17.82 0.172

TAS (mmol Trolox 
equiv./L)

1.28 ± 0.11 1.42 ± 0.15 < 0.001

TOS (μmol H
2
O

2
 

equiv./L)
4.98 ± 4.00 3.48 ± 1.43 0.035

IMA (ABSU) 0.54 ± 0.10 0.38 ± 0.16 < 0.001

Ox-LDL (ng/L) 1451.30

(703-6776.30)

1618 
(669.70-3823.0)

0.895

Hs-CRP (mg/L) 1.14

(0.16-11.70)

1.26

(0.27-9.85)

0.780

Fibrinogen (g/L) 392.99 ± 69.06 329.93 ± 97.74 0.003

25(OH)D: 25-hydroxyvitamin D; LDL-C: low density lipoprotein cholesterol; HDL-C: high density 
lipoprotein cholesterol; Ca: calcium; P: phosphorus; ALP: alkaline phosphatase; TAS: total anti-
oxidant status; TOS: total oxidant status; IMA: ischemia-modified albumin; ox-LDL: oxidized-
LDL; Hs-CRP: high-sensitivity C-reactive protein. 

Baseline plasma 25(OH)D levels were lower in vita-
min D deficient group, compared with controls (10.72 
± 5.31 ng/mL vs. 32.09 ± 3.61 ng/mL, p < 0.001). No 
significant difference was found in the levels of fasting 
plasma glucose, total cholesterol, LDL-C and HDL-C 
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between the groups. Furthermore, no significant dif-
ference was found between the groups regarding to the 
levels of serum Ca, P and alkaline phosphatase (ALP) 
(p > 0.05 for all parameters).

The IMA and TOS levels in the patients were signif-
icantly higher than those of controls (p < 0.001 and p = 
0.035, respectively). The TAS levels were significantly 
lower in patients, compared to controls (p < 0.001). In 
addition, fibrinogen was significantly higher in patients 
than controls (p = 0.003) while ox-LDL and hs-CRP 
levels were similar between the two groups (p > 0.05 
for all parameters). 

In 17 patients whose oxidative stress parameters 
were measured again after the replacement of vitamin 
D, it was observed that the TAS level was significantly 
increased (p = 0.037), and the levels of TOS and fib-
rinogen were significantly decreased (p = 0.043 and p 
= 0.010, respectively). No alterations were seen in the 
IMA, ox-LDL and hs-CRP levels after the replacement 
(p > 0.05 for all parameters) (Table 2).

and hs-CRP levels (p > 0.05 for all parameters). While 
a positive correlation was present between fibrinogen 
and hs-CRP (r = 0.374, p = 0.002), no correlation was 
observed between fibrinogen and other oxidative stress 
parameters (TAS, TOS, IMA and ox-LDL). 

Serum Ca levels were negatively correlated with 
IMA levels (r = -0.406, p = 0.001), and no significant 
correlation was found between serum Ca, and TAS, 
TOS and ox-LDL (p > 0.05 for all parameters). In ad-
dition, serum P levels were not significantly correlated 
with the IMA, TAS, TOS and ox-LDL levels (p > 0.05 
for all parameters).

Table 2. Pre- and post-treatment oxidative stress parameters of patients 
with vitamin D deficiency 

Before (n = 17) After (n = 17) p

25 (OH) D (ng/mL) 8.33 ± 1.47 41.75 ± 14.28 < 0.001

Serum Ca (mg/dL) 9.13 ± 0.37 9.25 ± 0.28 0.286

Serum P (mg/dL) 3.41 ± 0.40 3.47 ± 0.35 0.594

Serum ALP (U/L) 65.23 ± 22.15 60.47 ± 16.65 0.057

TAS (µmol Trolox 
equiv./L)

1.25 ± 0.09 1.30 ± 0.07 0.037

TOS (μmol H
2
O

2
 

equiv./L)
5.12 ± 4.70 2.78 ± 1.17 0.043

IMA (ABSU) 0.54 ± 0.10 0.47 ± 0.13 0.098

Ox-LDL (ng/L) 1391.35

(1059.7-6776.3)

1179.65

(736.3-6076.3)

0.394

Hs-CRP (mg/L) 0.94

(0.16-11.70)

0.96

(0.15-6.24)

0.112

Fibrinogen (g/L) 390.41 ± 63.04 334.90 ± 89.58 0.010

25(OH)D: 25-hydroxyvitamin D; Ca: calcium; P: phosphorus; ALP: alkaline phosphatase; TAS: 
total anti-oxidant status; TOS: total oxidant status; IMA: ischemia-modified albumin; ox-LDL: 
oxidized-LDL; Hs-CRP: high-sensitivity C-reactive protein. 

A negative correlation was observed between 
vitamin D levels, and IMA and fibrinogen levels  
(r = -0.500, p < 0.001 and r = -0.391, p = 0.002, res-
pectively) (Figures 1 and 2). In addition, vitamin D 
was positively correlated with TAS levels (r = 0.430, 
p < 0.001) (Figure 3). No significant correlation was 
found between vitamin D levels, and TOS, ox-LDL 

Figure 1. The correlation between vitamin D and IMA levels.

Figure 2. The correlation between vitamin D and fibrinogen levels.
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DISCUSSION 

In the study, we assessed the oxidative status via the 
measurements of TAS, TOS, IMA and ox-LDL and 
observed that the TAS levels were decreased, while the 
TOS and IMA levels were increased in patients with 
vitamin D deficiency. In those with vitamin D deficien-
cy, oxidative/anti-oxidative balance was observed to 
change in favour of oxidative stress. Even so, this bal-
ance was seen to shift to the opposite in patients whose 
vitamin D levels became normal rates. 

Vitamin D plays an essential role in Ca homeosta-
sis and bone metabolism. Suboptimal vitamin D sta-
tus is associated with increased all causes and cardio-
vascular mortality (12). The effects of vitamin D on 
extra-skeletal pathologies may arise from the changes in 
inflammation, oxidative stress or parathyroid hormone 
(PTH) levels. In literature, there are studies related to 
the anti-oxidative feature of vitamin D. However, the 
exact mechanisms of how vitamin D supplementation 
may affect oxidant/anti-oxidant balance still remain 
unknown. Anti-cancer activity of vitamin D is also at-
tributable to its anti-oxidant property (13). Sardar and 
cols. suggested that vitamin D was an anti-oxidant due 
to an increase in hepatic glutathione (GSH) levels in 
rats receiving cholecalciferol (14). In another study 
investigating the intracellular pathways activated by 
vitamin D in cultured human umbilical vein endothe-
lial cells undergoing oxidative stress, Uberti and cols. 
reported that vitamin D may prevent endothelial cell 
death through the modulation of the interplay between 
apoptosis and autophagy, and that this effect is also 

obtained by inhibiting superoxide anion generation, 
maintaining mitochondrial function and cell viability, 
activating survival kinases and inducing nitric oxide 
production (15).

The measurements of TAS and TOS are useful tests 
in the prediction of oxidative status. In a study by Salum 
and cols., cholecalciferol was shown to decrease liver-
oxidative stress index significantly and to improve the 
serum total anti-oxidant capacity (TAC) in diabetic rats 
treated with cholecalciferol (500 IU/kg for 10 weeks) 
(16). In another study performed in diabetic patients, 
a significant positive correlation was observed between 
the 25(OH)D and TAC (17). We observed that the 
TAS level was decreased while the TOS level was in-
creased in patients with vitamin D deficiency. Also, a 
positive correlation was determined between vitamin D 
and TAS levels. 

IMA was initially proposed as a marker for the di-
agnosis of myocardial ischemia (10). However, IMA is 
not a tissue-specific marker of ischemia. The IMA levels 
are higher in very inflammatory and oxidative stress-
associated dis eases (18). Several authors have suggested 
that the generation of IMA from serum albumin is the 
consequence of contact with ROS (19,20). Our study 
is the first to investigate the IMA levels in patients with 
vitamin D deficiency. We observed that IMA levels 
were increased in those with vitamin D deficiency, and 
an inverse relationship was also present between vita-
min D and IMA levels. The increase in the IMA levels 
may be another sign of oxidative stress in patients with 
vitamin D deficiency. 

Several studies demonstrated that vitamin D may 
reduce lipid peroxidation (21,22). Kuzmenko and cols. 
investigated the effects of vitamin D on oxidative stress 
and lipid peroxidation in animals by determining the 
changes in lipid peroxidation before and after the re-
placement in vitamin D-deficient animals (23). They 
demonstrated that high levels of thiobarbituric acid 
reactive substances (TBARS) indicating that lipid per-
oxidation in vitamin D deficient animals were decreased 
significantly after vitamin D3 replacement, but still re-
mained higher than controls (24,25). Tarcin and cols. 
also showed that TBARS were significantly lower after 
vitamin D replacement (26).

Oxidative stress was suggested to be effective in the 
pathogenesis of atherosclerosis (27). In particular, the 
oxidation of LDL-C by free radicals plays a central role 
in the formation, progression, and rupture of athero-
sclerotic plaques (27). A large body of evidence shows 

Figure 3. The correlation between vitamin D and TAS levels.
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that ox-LDL is involved in the very early, yet critical 
steps of atherogenesis, such as endothelial injury, ex-
pression of adhesion molecules, and leukocyte recruit-
ment and retention, as well as foam cell and thrombus 
formation (28). LDL-C is the main factor for the in-
crease in ox-LDL levels. We found that LDL-C and ox-
LDL levels were similar in patients and controls. Addi-
tionally, no significant correlation was present between 
vitamin D and ox-LDL levels. The absence of such a 
difference regarding ox-LDL between our groups may 
be due to the fact that LDL-C levels were similar.

The relations between vitamin D concentrations and 
inflammatory markers were investigated in several stud-
ies, and controversial results were reported in terms of 
the association between 25(OH)D, hs-CRP and fibrin-
ogen. In a study performed in 218 bedridden patients 
aged 65 or older from Helsinki, hs-CRP concentra-
tions were reported not to be associated with 25(OH)
D concentrations, and there were no major effects of 
vitamin D supplementation on hs-CRP or fibrinogen 
concentrations (29). No association was found between 
25(OH)D and CRP concentrations in 1,381 partici-
pants in Framingham Offspring study (29-31). In a re-
cent study including 2,723 adult men and women from 
the general population, an inverse association between 
25(OH)D and fibrinogen, and a U-shaped association 
between 25(OH)D and hs-CRP concentrations with a 
nadir of 21–25 ng/mL were determined (32). In our 
study, it was observed that the fibrinogen levels were 
increased in those with vitamin D deficiency and be-
came significantly decreased after the treatment. Also, 
an inverse association was seen between vitamin D and 
the fibrinogen levels. On the other hand, the hs-CRP 
levels of both groups were found to be similar. 

The method used to measure the oxidative stress 
is very important. At present, no single method that 
can accurately measure the oxidative stress or its sub-
sequent damage is present (33). The measurement of 
TAC provides the detection of cumulative action of all 
the anti-oxidants present in plasma and body fluids. 
The most commonly used colorimetric method used to 
measure TAS is 2,2’-azino-bis (3-ethylbenz-thiazoline 
6-sulfonic acid) (ABTS) based methods. In our study, 
we determined TAS using an automated measurement 
method based on the bleaching of characteristic color 
of a more stable ABTS radical cation by anti-oxidants 
(5). For the determination of TOS, we used a novel 
method whose main components are H2O2 and lipid 
hydroperoxide (9). 

In literature, an association is reported to exist be-
tween the oxidative stress and PTH (34,35). Tanaka 
and cols. reported that oxidative stress markers de-
creased in a patient exposed to parathyroidectomy due 
to primary hyperparathyroidism (34). Another study 
reported a positive correlaton between PTH and oxi-
dative stress index in patients with chronic heart valve 
disease (35). One of limitations in our study was that 
PTH level could not be measured, and their relation-
ships with oxidative stress parameters could not be in-
vestigated. Another was that oxidative stress parameters 
could be measured again in only 17 of the patients with 
vitamin D deficiency after the treatment. 

In conclusion, the TOS and IMA levels were ob-
served to increase while the TAS level decreased in the 
patients with vitamin D deficiency. One of cardiovascu-
lar risk parameters in these patients, fibrinogen level was 
also seen to increase. In light of these findings, it may 
be suggested that oxidative/anti-oxidative balance shifts 
in favour of oxidative side in vitamin D deficiency. So, 
further studies with larger sample size and investigating 
multiple oxidative stress parameters are needed to evalu-
ate oxidative status in patients with vitamin D deficiency. 

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

REFERENCES
1. Holick MF. Vitamin D deficiency. N Engl J Med. 2007;357(3): 266-81. 

2. Lieben L, Carmeliet G, Masuyama R. Calcemic actions of vitamin 
D: effects on the intestine, kidney and bone. Best Pract Res Clin 
Endocrinol Metab. 2011;25(4):561-72.

3. Halliwell B. Free radicals, antioxidants, and human disease: curi-
osity, cause, or consequence? Lancet. 1994;344(8924):721-4.

4. Fridovich I. Superoxide anion radical (O2-.), superoxide dismutas-
es, and related matters. J Biol Chem. 1997;272(30):18515-7. 

5. Erel O. A novel automated direct measurement method for total 
antioxidant capacity using a new generation, more stable ABTS 
radical cation. Clin Biochem. 2004;37(4):277-85.

6. Bar-Or D, Curtis G, Rao N, Bampos N, Lau E. Characterization of 
the Co(2+) and Ni(2+) binding amino-acid residues of the N-termi-
nus of human albumin. An insight into the mechanism of a new 
assay for myocardial ischemia. Eur J Biochem. 2001;268(1):42-7.

7. Spiteller G. The relation of lipid peroxidation processes with ath-
erogenesis: a new theory on atherogenesis. Mol Nutr Food Res. 
2005;49(11):999-1013.

8. Ahotupa M, Ruutu M, Mäntylä E. Simple methods of quantifying 
oxidation products and antioxidant potential of low density lipo-
proteins. Clin Biochem. 1996;29(2):139-44.

9. Erel O. A new automated colorimetric method for measuring total 
oxidant status. Clin Biochem. 2005;38(12):1103-11. 

10. Bar-Or D, Lau E, Winkler JV. A novel assay for cobalt-albumin 
binding and its potential as a marker for myocardial ischemia-a 
preliminary report. J Emerg Med. 2000;19(4):311-5.



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

324

Vitamin D deficiency and oxidative status

Arch Endocrinol Metab. 2015;59/4 

11. Lippi G, Montagnana M, Salvagno GL, Guidi GC. Standardization 
of ischemia-modified albumin testing: adjustment for serum al-
bumin. Clin Chem Lab Med. 2007;45(2):261-2.

12. Dobnig H, Pilz S, Scharnagl H, Renner W, Seelhorst U, Wellnitz B, 
et al. Independent association of low serum 25-hydroxyvitamin D 
and 1,25-dihydroxyvitamin D levels with all-cause and cardiovas-
cular mortality. Arch Intern Med. 2008;168(12):1340-9. 

13. Deeb KK, Trump DL, Johnson CS. Vitamin D signalling pathways 
in cancer: potential for anticancer therapeutics. Nat Rev Cancer. 
2007;7(9):684-700.

14. Sardar S, Chakraborty A, Chatterjee M. Comparative effective-
ness of vitamin D3 and dietary vitamin E on peroxidation of lipids 
and enzymes of the hepatic antioxidant system in Sprague--Daw-
ley rats. Int J Vitam Nutr Res. 1996;66(1):39-45.

15. Uberti F, Lattuada D, Morsanuto V, Nava U, Bolis G, Vacca G, et al. 
Vitamin D protects human endothelial cells from oxidative stress 
through the autophagic and survival pathways. J Clin Endocrinol 
Metab. 2014;99(4):1367-74.

16. Salum E, Kals J, Kampus P, Salum T, Zilmer K, Aunapuu M, et al. 
Vitamin D reduces deposition of advanced glycation end-prod-
ucts in the aortic wall and systemic oxidative stress in diabetic 
rats. Diabetes Res Clin Pract. 2013;100(2):243-9.

17. Saedisomeolia A, Taheri E, Djalali M, Djazayeri A, Qorbani M, Ra-
jab A, et al. Vitamin D status and its association with antioxidant 
profiles in diabetic patients: A cross-sectional study in Iran. In-
dian J Med Sci. 2013;67(1-2):29-37.

18. Roy D, Quiles J, Gaze DC, Collinson P, Kaski JC, Baxter GF. Role of 
reactive oxygen species on the formation of the novel diagnostic 
marker ischaemia modified albumin. Heart. 2006;92(1):113-4.  

19. Duarte MM, Rocha JB, Moresco RN, Duarte T, Da Cruz IB, Loro VL, 
et al. Association between ischemia-modified albumin, lipids and 
inflammation biomarkers in patients with hypercholesterolemia. 
Clin Biochem. 2009;42(7-8):666-71.

20. Piva SJ, Duarte MM, Da Cruz IB, Coelho AC, Moreira AP, Tonello 
R, et al. Ischemia-modified albumin as an oxidative stress bio-
marker in obesity. Clin Biochem. 2011;44(4):345-7. 

21. Hamden K, Carreau S, Jamoussi K, Miladi S, Lajmi S, Aloulou 
D, et al. 1Alpha,25 dihydroxyvitamin D3: therapeutic and preven-
tive effects against oxidative stress, hepatic, pancreatic and renal 
injury in alloxan-induced diabetes in rats.  J Nutr Sci Vitaminol 
(Tokyo). 2009;55(3):215-22.

22. Wiseman H. Vitamin D is a membrane antioxidant. Ability to in-
hibit iron-dependent lipid peroxidation in liposomes compared to 
cholesterol, ergosterol and tamoxifen and relevance to antican-
cer action.  FEBS Lett. 1993;326(1-3):285-8.

23. Kuzmenko AI, Morozova RP, Nikolenko IA, Korniets GV, Kholo-
dova YuD.  Effects of vitamin D3 and ecdysterone on free-radical 
lipid peroxidation. Biochemistry (Mosc). 1997;62(6):609-12.

24. Kuz’menko AI, Morozova RP, Nikolenko IA, Donchenko GV. [Effect of 
vitamin D3 on free-radical oxidation of lipids in low density lipopro-
teins in vitamin D deficiency]. Ukr Biokhim Zh (1999). 1999;71(5):80-4.

25. Kuz’menko AI, Morozova RP, Nikolenko IA, Donchenko GV.  [Vita-
min D3 and 20-hydroxyecdysone – inhibitors of free radical lipid 
oxidation during D-hypervitaminosis]. Ukr Biokhim Zh (1999). 
2001;73(3):44-50. 

26. Tarcin O, Yavuz DG, Ozben B, Telli A, Ogunc AV, Yuksel M, et al. Effect of 
vitamin D deficiency and replacement on endothelial function in as-
ymptomatic subjects. J Clin Endocrinol Metab. 2009;94(10):4023-30.

27. Stocker R, Keaney JF Jr. Role of oxidative modifications in ath-
erosclerosis. Physiol Rev. 2004;84(4):1381-478.

28. Meisinger C, Baumert J, Khuseyinova N, Loewel H, Koenig W. Plasma 
oxidized low-density lipoprotein, a strong predictor for acute coronary 
heart disease events in apparently healthy, middle-aged men from the 
general population. Circulation. 2005;112(5):651-7. Epub 2005 Jul 25.

29. Bjorkman MP, Sorva AJ, Tilvis RS. C-reactive protein and fibrino-
gen of bedridden older patients in a six-month vitamin D supple-
mentation trial. J Nutr Health Aging. 2009;13(5):435-9.

30. Hyppönen E, Berry D, Cortina-Borja M, Power C. 25-Hydroxyvi-
tamin D and pre-clinical alterations in inflammatory and hemo-
static markers: a cross sectional analysis in the 1958 British Birth 
Cohort.  PLoS One. 2010;5(5):e10801.

31. Shea MK, Booth SL, Massaro JM, Jacques PF, D’Agostino RB Sr, 
Dawson-Hughes B, et al. Vitamin K and vitamin D status: associa-
tions with inflammatory markers in the Framingham Offspring 
Study. Am J Epidemiol. 2008;167(3):313-20.

32. Mellenthin L, Wallaschofski H, Grotevendt A, Völzke H, Nauck M, 
Hannemann A. Association between serum vitamin D concentra-
tions and inflammatory markers in the general adult population. 
Metabolism. 2014;63(8):1056-62.

33. Poljsak B, Šuput D, Milisav I. Achieving the balance between ROS 
and antioxidants: when to use the synthetic antioxidants. Oxid 
Med Cell Longev. 2013;2013:956792. 

34. Tanaka M, Tokunaga K, Maruyama T, Otagiri M, Tominaga Y, Itoh 
K, et al. Parathyroidectomy markedly reduces oxidative stress 
in a patient with primary hyperparathyroidism. Ther Apher Dial. 
2011;15 Suppl 1:38-41. 

35. Eren E, Ellidag HY, Cekin Y, Ayoglu RU, Sekercioglu AO, Yılmaz N. 
Heart valve disease: the role of calcidiol deficiency, elevated para-
thyroid hormone levels and oxidative stress in mitral and aortic 
valve insufficiency. Redox Rep. 2014;19(1):34-9. 



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

325

original article

Arch Endocrinol Metab. 2015;59/4 

Association between adiposity 
indicators, metabolic parameters 
and inflammatory markers in a 
sample of female adolescents

Priscilla Rizental Coutinho1, Neiva Leite2, Wendell Arthur Lopes3,4, Larissa Rosa 
da Silva2, Cássio M. Consentino2, Cristiane T. Araújo2, Frederico B. Moraes Jr.2, 
Incare C. de Jesus2, Cláudia Regina Cavaglieri3, Rosana Bento Radominski1,5 

ABSTRACT
Objective: The aim of this study was to investigate the association between total and abdominal adi-
posity with metabolic parameters and inflammatory markers, in female adolescents. Subjects and 
methods: The sample consisted of 53 adolescents aged 13 to 17 years from a public school in Curi-
tiba, Brazil. The adiposity indicators studied were body mass index (BMI), waist circumference (WC), 
trunk fat mass (TKFM), total fat mass (TFM) and body fat percentage (BF%) measured by dual-energy 
X-ray absorptiometry. The metabolic and inflammatory parameters studied were systolic blood pres-
sure (SBP), diastolic blood pressure (DBP), glucose, insulin, homeostasis model assessment index 
for insulin resistance (HOMA-IR), lipids, C-reactive protein (CRP), interleukin-6 (IL-6), tumor necrosis 
factor alpha (TNF-α), leptin, adiponectin and resistin. Results: Eighty percent of WC variation, 87% 
of TKFM and TFM, and 73% of BF% were predicted by BMI variation. There was a significant positive 
correlation between all indicators of adiposity with SBP, DBP, insulin, HOMA-IR, CRP and leptin. Tri-
glycerides were positively correlated with BMI and WC, and adiponectin correlated negatively with 
BMI. TNF-α, IL-6, glucose, total cholesterol, and high- and low-density lipoprotein cholesterol did not 
correlate to the studied variables. Conclusion: BMI showed a significant association with most of the 
parameters studied, and WC was slightly better than BMI to predict insulin resistance in this specific 
population. Arch Endocrinol Metab. 2015;59(4):325-34
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INTRODUCTION

O besity in children and adolescents has increased 
significantly in recent decades, resulting in the 

development of chronic diseases and metabolic syn-
drome during adulthood (1). Abdominal or central 
adiposity is a risk factor for diabetes and cardiovascular 
disease in adults, regardless of the degree of obesity. In 
children and adolescents, the impact of body fat distri-
bution in obesity complications is uncertain (2).

Obesity induces adipocyte dysfunction, with se-
cretion of adipokines and macrophage activation 
leading to inflammatory cytokine production, which 
results in a cascade of reactions that influence meta-
bolic parameters, atherogenic processes and insulin 
sensitivity (3).

Body mass index (BMI) is used for the diagnosis 
of obesity in adolescents, although it does not assess 
the distribution of body fat (4). Studies have suggested 
that the evaluation of waist circumference (WC) would 
better detect cardiovascular risk, metabolic disorders 
and insulin resistance in youth (5). However, other re-
searchers have reported divergent results (6) and, to 
date, there is no consensus on the usefulness of central 
obesity indicators as tools for detecting cardiometabol-
ic risk factors in adolescents.

Computed tomography and magnetic resonance 
imaging are the gold standard methods in assessing the 
distribution of abdominal fat, but its high cost and ra-
diation are limiting factors. For body composition anal-
ysis, the dual-energy x-ray absorptiometry (DXA) is a 
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simple and low-risk method that evaluates the regional 
and total fat distribution with very good correlation 
with other radiological exams (7).

The aim of this study was to evaluate, in a sample of 
female adolescents, the association of different indica-
tors of adiposity with metabolic parameters and inflam-
matory markers, and to elucidate which adiposity mea-
sures identify individuals at risk of obesity complications.

SUBJECTS AND METHODS

Subjects

This study is cross-sectional and comprised of ado-
lescent girls, aged 13 to 17 years, from the 8th grade 
of elementary school to the 3th grade of high school, 
who studied in a public school in the city of Curitiba/
Paraná. The volunteers were recruited from April to 
October 2013 and were part of a previous longitudi-
nal study. The girls should be in the final stages of pu-
berty, to be included in the study (Tanner stages IV 
and V) (8). The exclusion criteria were the presence of 
chronic diseases, such as diabetes, non-controlled hy-
pothyroidism, endocrine diseases, infection and/or the 
use of medications that promoted changes in adiposity, 
metabolic or inflammatory parameters. The exclusion 
criteria were based on clinical history and, in uncertain 
cases, complementary exams were performed.

The volunteers underwent a medical consultation 
with complete anamneses and physical examinations, 
which included anthropometric measurements, check-
ing vital data and sexual maturation analysis as pro-
posed by Tanner (8). All tests were carried out with a 
maximal interval of one week between them.

Body composition and anthropometry 

Weight was measured with the subjects standing and 
wearing light clothes and barefoot, using a calibrated 
mechanical anthropometric scale (Filizola, São Paulo, 
Brazil), with precision of 0.1 kg and maximum capacity of 
150 kg. Height was measured by a wall-mounted stadi-
ometer (Tonelli, Criciúma, Brazil), with variation of 0.1 
cm to 220 cm range. BMI was calculated as weight di-
vided by height squared (kg/cm²). BMI z-score was cal-
culated and classified according to criteria defined by the 
World Health Organization for sex and age (9). Taking 
into consideration the BMI curve for their ages, subjects 
were considered: eutrophic, when BMI was between the 
score ≥ z −2 and < z +1; overweight, when BMI was 

between score ≥ z +1 and < z +2; and obese when BMI 
was ≥ z +2.

WC was measured midpoint between the last ribs 
and the iliac crests with an inelastic measuring tape with 
precision of 0.1 cm, and with the participant having 
overnight fasted and in a standing position (10). The 
measurement was performed in triplicate by a single 
trained professional. The average of the three measure-
ments was calculated and converted to z-scores adjust-
ed for age, according to data from the National Health 
and Nutrition Examination Surveys (11).

Body composition was assessed by Lunar Prodigy 
Primo DXA (GE Medical Systems Lunar, Madison, Wis-
consin, USA). The examinations were performed by a 
single trained professional, with intraobserver coefficient 
of variation of 0.1% for total mass, 2.4% for total fat mass 
(TFM), 3.06% for trunk fat mass (TKFM) and 1.64% for 
body fat percentage (BF%).The subjects wore appropri-
ate clothing, with no metal parts. Body composition was 
obtained with subjects in supine position on the exam 
table. Scanning was carried out from the upper cranial 
region to the ankle region. TFM and TKFM were de-
termined with approximation to 1 g and are described in 
kg. BF% was determined by TFM/total body mass ratio. 
TKFM was measured in the area bordered by a horizon-
tal line below the chin, vertical lines lateral to the ribs, 
and oblique lines passing through the femoral necks. For 
the reconstruction of the image of subjacent tissues and 
quantification of bone mineral content, TFM and free-fat 
mass, the enCORE 2008 (version 12.30) software (GE 
Medical Systems, Madison, Wisconsin, USA) was used.

Blood pressure and laboratory analysis 

Blood pressure was measured by a calibrated sphygmo-
manometer (BD, Germany) with the subject seated after 
five minutes of rest. The measurement was carried out 
on the left upper arm, and the cuff was selected in order 
to cover two-thirds of the arm perimeter. The presence 
of sound in the brachial artery was used to identify the 
systolic blood pressure (SBP), and its disappearance was 
used to identify the diastolic blood pressure (DBP). Af-
ter the first measurement, the air of the cuff was totally 
released and, after two minutes, a new measurement was 
carried out. The average of the two measurements was 
obtained and converted into z-score for height and age, 
according to guidelines of The Fourth Report on the 
Diagnosis, Evaluation and Treatment of High Blood 
Pressure in Children and Adolescents of the National 
High Blood Pressure Education Program (12).
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Serum and plasma blood samples (20 mL) were 
obtained from the antecubital vein and collected into 
vacutainer tubes containing EDTA anticoagulant (Bec-
ton Dickinson Ltd., Oxford, UK) by a trained phle-
botomist. The samples were collected in the morning 
(07:00–09:00) after a 12-h overnight fast. All samples 
were collected, processed, divided into serum or plasma 
aliquots and stored at −80 °C for subsequent analysis. 
Serum samples were used for inflammatory and lipids 
analysis and plasma samples were used for insulin and 
glucose analysis. 

Total cholesterol, triglycerides and high-density lipo-
protein (HDL) levels were analyzed using a commercial 
kit. Low-density lipoprotein (LDL) was calculated us-
ing the Friedewald equation (13). Blood glucose levels 
were determined by the enzymatic method and insulin 
was measured by the chemiluminescence immunoassay 
technique by automated equipment. Insulin resistance 
was estimated by the homeostasis model assessment 
(HOMA-IR) described by Matthews and cols. (14). 

Serum concentrations of C-reactive protein (CRP), 
tumor necrosis factor alpha (TNF-α), interleukin-6 (IL-
6), resistin, leptin and adiponectin were determined by 
enzyme-linked immunosorbent assay (ELISA), follow-
ing the specifications of the manufacturer (Quantikine 
High Sensitivity Kit, R&D Systems, Minneapolis, MN, 
USA). The intra-assay and inter-assay coefficients and 
sensitivity were as follows: 7.4%, 6.5% and 0.039 pg/
mL for IL-6; 3.1%, 7.2% and 0.106 pg/mL for TNF-α; 
3.8%, 6.0% and 0.010 ng/mL for CRP; 3.0%, 3.5% and 
7.8 pg/mL for leptin; 2.8%, 5.9% and 0.246 ng/mL for 
adiponectin; 3.8%, 7.8% and 0.026 ng/mL for resistin.

Assessment of adiposity and metabolic parameters

The indicators of total adiposity considered in this study 
were BMI, TFM (kg) and BF% and the indicators of cen-
tral adiposity were WC and TKFM. The metabolic pa-
rameters included in the analyzes were SBP, DBP, total 
cholesterol, HDL, LDL, triglycerides, glucose, insulin 
and HOMA-IR, and the inflammatory parameters were 
CRP, IL-6, TNF-α, leptin, resistin and adiponectin. 

This research was approved by the Ethics Commit-
tee of the Clinical Hospital of the Federal University of 
Parana (Protocol number 2460.067/2011).

Statistical analysis 

The data are presented as means and standard devia-
tion or median and interquartile range, according to 
the normality assumption assessed by the Shapiro–Wilk 

test. The variables DBP, insulin, HOMA-IR, triglycer-
ides, CRP, TNF-α, IL-6, leptin, resistin and adiponec-
tin were transformed into logarithms for linear regres-
sion analysis, as they do not have a normal distribution. 
Pearson correlation and multiple linear regression were 
used for the analysis of central and total obesity indi-
cators in relation to the studied variables. Data were 
analyzed using IBM SPSS Statistics for Windows, Ver-
sion 19.0. (Armonk, NY: IBM Corp.), with p ≤ 0.05 
considered significant.

RESULTS

Of the 341 recruited girls, 55 volunteered of which 53 
met the inclusion criteria with two teenagers excluded 
owing to pubertal stage. Mean age, weight and height 
were 14.66 ± 1.10 years, 70.24 ± 14.23 kg and 162.40 
± 5.70 cm, respectively. Twenty-one girls were obese 
(39.6%), 17 overweight (32.1%) and 15 were normal 
weight (28.3%). The characteristics of the study popu-
lation are shown in table 1.

Table 1. Characteristics of the study participants

Parameter n = 53 Minimum Maximum

BMI-z 1.7 (0.6-2.3)b -0.7 3.0

WC-z 0.2 ± 0.8a -1.4 2.2

TFM (kg) 28.6 ± 10.0a 12.3 52.9

TKFM (kg) 14.0 ± 5.6a 5.2 27.3

BF% 39.8 ± 7.1a 23.8 56.0

SBP-z 0.78 ± 9.7a -2.9 1.0

DBP-z -1.17± 0.7a -1.5 2.2

Glucose (mg/dL) 87.4 ± 8.1a 70.8 111.0

Insulin (mU/mL) 12.0 (9.9-18.7)b 5.2 60.6

HOMA-IR 2.5 (2.0-4.1)b 1.0 13.9

Total cholesterol (mg/dL) 160.8 ± 29.2a 100.3 217.4

HDL (mg/dL) 57.3 ± 10.7a 35.5 89.8

LDL (mg/dL) 82.8 ± 21.8a 43.9 141.5

TG (mg/dL) 83.9 (70.0-120.2)b 41.0 403.7

CRP (ng/mL) 1.4 (0.5-4.7)b 0.0 11.0

TNF-α (pg/mL) 1.7 (1.2-2.4)b 0.6 14.8

IL-6 (pg/mL) 1.2 (0.9-2.0)b 0.5 8.5

Resistin (ng/mL) 6.7 (5.2-8.7)b 2.4 19.0

Adiponectin (ng/mL) 5.8 (4.9-9.3)b 0.8 26.1

Leptin (pg/mL) 40.4 (25.9-59.5)b 8.6 104.4

a: Data in means ± standard deviation. b: Data in median and inter-quartile range.

BF%: body fat percentage; BMI-z: body mass index z-score; DBP-z: diastolic blood pressure 
z-score; HDL: HDL cholesterol; LDL: LDL cholesterol; SBP-z: sistolic blood pressure z-score; 
TFM: total fat mass; TG: triglycerides; TKFM: trunk fat mass. WC-z: waist circumference z-score.
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Adiposity indicators

There was a significant positive correlation between all 
the adiposity indicators studied. TFM was strongly as-
sociated with BMI (r = 0.934) and BF% (r = 0.854), 
and TKFM showed excellent correlation with WC (r = 
0.912), demonstrating that the anthropometric mea-
sures were strongly related according to the gold stan-
dard measurements obtained by DXA (data not avail-
able in table).

Approximately 80% of the variation in WC, 87% of 
both TKFM and TFM, and 73% of the BF% could be 
predicted by the variation in BMI (Figure 1). The WC 
varied 83% depending on the TKFM, 80% as a function 
of TFM and 60% in relation to BF% (Figure 2).

Metabolic parameters 

All adiposity indicators demonstrated a significant posi-
tive association with SBP, DBP, insulin and HOMA-IR 
index. Twenty-three percent of the SBP variation was 
explained by TFM, followed by BF%, TKFM and BMI. 
The explanatory power of these indicators was similar 
and higher than with the WC. Twenty-seven percent of 
DBP variation was due to TFM, followed by BMI, WC 
and TKFM with almost identical associations (Table 2).

For insulin values and HOMA-IR index, a greater ef-
fect can be observed with WC (38% for both) compared 
with BMI (34% and 33%, respectively) and other measures 
of adiposity. The WC sensitivity for detection of girls with 
HOMA-IR ≥ 2.70 was 88% with a specificity of 60.7%, and 
for BMI the sensitivity was 76% and specificity of 71.4%.

Figure 1. Scatter diagram of body fat measurements in relation to BMI.
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Figure 2. Scatter diagram of central adiposity.
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Glucose, total cholesterol, HDL and LDL were not 
associated with the adiposity indicators studied. Tri-
glycerides varied according to the BMI and WC simi-
larly.

Inflammatory markers

All adiposity indicators demonstrated a significant 
positive association with the CRP and leptin levels. 
The CRP was mostly influenced by the BF%, TFM and 
WC, and leptin varied 61% based on BMI and TFM. 
Resistin correlated positively only with the BF%, and 
adiponectin correlated negatively with BMI. IL-6 and 
TNF-α were not associated with the adiposity indica-
tors studied.

Table 2. Linear regression coeficients (β) e r2 for central and total adiposity measures with metabolic parameters

BMI WC TKFM TFM BF%

SBP

β
r2

0.44**

0.20

0.42**

0.18

0.45**

0.21

0.48**

0.23

0.47**

0.22

DBP

β
r2

0.51**

0.26

0.51**

0.26

0.50**

0.25

0.52**

0.27

0.47**

0.22

Glucose

β
r2

0.24

0.06

0.26

0.07

0.19

0.03

0.15

0.02

0.09

0.00

Insulin

β
r2

0.58**

0.34

0.61**

0.38

0.53**

0.29

0.51**

0.26

0.38**

0.15

HOMA-IR

β
r2

0.57**

0.33

0.61**

0.38

0.53**

0.29

0.50**

0.25

0.36**

0.13

TC

β
r2

0.20

0.04

0.22

0.05

0.17

0.03

0.21

0.04

0.17

0.03

LDL

β
r2

0.05

0.00

0.07

0.00

0.06

0.00

0.10

0.01

0.12

0.01

HDL

β
r2

0.05

0.00

0.01

0.00

0.03

0.00

0.10

0.01

0.07

0.00

TG

β
r2

0.31*

0.10

0.34*

0.12

0.26

0.07

0.24

0.06

0.15

0.02

CRP β
r2

0.38**

0.15

0.41**

0.17

0.40**

0.16

0.43**

0.19

0.44**

0.20

IL-6 β
r2

0.11

0.01

0.18

0.03

0.07

0.00

0.12

0.02

0.13

0.02

TNF-α β
r2

0.22

0.05

0.25

0.06

0.24

0.06

0.23

0.05

0.21

0.04

Resistin β
r2

0.25

0.06

0.22

0.05

0.22

0.05

0.21

0.04

0.29*

0.08

Leptin β
r2

0.78**

0.61

0.70**

0.49

0.74**

0.55

0.78**

0.61

0.76**

0.58

Adiponectin β
r2

-0.28*

0.08

-0.19

0.04

-0.22

0.05

-0.15

0.02

-0.13

0.02

* p < 0.05; ** p < 0.01.  

BF%: body fat percentage; BMI-z: body mass index z-score; DBP-z: diastolic blood pressure z-score; HDL: HDL cholesterol; HOMA-IR: Homeostasis Model Assessment; LDL: LDL cholesterol; SBP-z: 
sistolic blood pressure z-score; TC: total cholesterol; TFM: total fat mass; TG: triglycerides; TKFM: trunk fat mass. WC-z: waist circumference z-score.

Metabolic parameters and inflammatory markers

When analyzing inflammatory markers in relation to 
metabolic parameters, we observed an association of 
CRP to insulin and to HOMA-IR index, and also of 
leptin with SBP, DBP, insulin and HOMA-IR. Adipo-
nectin was inversely correlated with blood glucose, in-
sulin, HOMA-IR and triglycerides and TNF-α showed 
a negative association with HDL (Table 3).

DISCUSSION

Excess weight can begin in childhood and researchers 
have discussed how to identify, in this age group, those 
individuals who are at risk of obesity complications. 



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

331

Association between adiposity indicators, metabolic parameters and inflammatory markers

Arch Endocrinol Metab. 2015;59/4 

Some authors argue that the pattern of distribution of 
fat, especially abdominal fat, would be effective in pre-
dicting risk (15). However, the data for children and 
adolescents are not clear and there are no established 
cutoff points for the pediatric population. BMI, despite 
its limitations on assessment of body fat distribution 
and the distinction between lean mass and fat mass, 
is an indicator of adiposity validated for the pediatric 
population (16). Given the controversy regarding the 
different methods of assessing adiposity in children and 
adolescents and their clinical implications, more studies 
are needed to identify the applicability of these param-
eters in this specific population.

In this study, adiposity measurements were strongly 
correlated with each other, and adolescents with higher 
BMI also presented higher WC, TKFM, TFM and BF% 
values, indicating that in the population analyzed, BMI 
properly identified adiposity. Studies evaluating the 
distribution of fat in adolescents, with similar results 
of this study, found a strong association between BMI 
and WC (r = 0.88–0.91) (17,18) and between TFM 
and BMI (r = 0.84–0.97) (19,20). Especially in girls, 
BMI has been a good indicator of adiposity, because 
in females a greater fat deposition occurs during the 
pubertal period (21).

In the present study, both BMI and WC explain 
similar variations in TKFM, demonstrating that these 
two anthropometric parameters shared similar influence 
in the estimation of abdominal adiposity. WC measure-
ment seems to be a reflection of the total adiposity in 
this population, which is different from that observed 
in adults. Its measure would bring no further informa-
tion, since BMI and WC assess the same thing in this 
particular group.

The relationship between direct and indirect mea-
sures of central and total body fat has been widely dis-
cussed. The Avon Longitudinal Study of Parents and 
Children (ALSPAC) demonstrated strong and stable 
correlation between BMI and WC in children aged 9 to 
11 years (r = 0.91 to 0.92), with attenuation at 13 (r = 
0.88) and 15 years of age (r = 0.84). The same pattern 
has been observed with TKFM and TFM measured by 
DXA (22). Perhaps these results indicate that with in-
creasing age there is a reduction of the influence of BMI 
on central adiposity, but the question is to know at what 
age the abdominal fat will became clinically important.

The blood pressure levels have had similar correla-
tion with all the adiposity indicators, showing that any 
of them can indicate individuals at risk for hyperten-
sion. Some authors suggested that blood pressure ap-
pears to be more dependent on total body fat rather 
than fat distribution in this age group. Adolescents 
and children with higher levels of blood pressure, even 
within normal limits, tend to progress over a lifetime 
showing higher incidence of hypertension in adulthood 
(23-25). A national study of 1716 volunteers aged 
10–16 years has shown that obesity detected by BMI, 
adjusted for sex, age and skin color increased by 27% 
the chance of a teenager presenting with hypertension; 
WC, despite its association with blood pressure, lost its 
effect after adjustment for BMI (26).

In this study, WC showed a close association with 
insulin levels, HOMA-IR and triglycerides, with mini-
mal difference in relation to BMI. These two indica-
tors, WC and BMI, were better than the measure of 
adiposity by DXA for these parameters. Possibly the 
highest concentration of intra-abdominal fat, responsi-
ble for such changes, is best assessed by measuring WC.

Table 3. Correlations between metabolic parameters and inflammatory markers

CRP IL-6 TNF-α Resistin Leptin Adiponectin

SBP 0.128 -0.039 0.052  0.266 0.296* -0.148

DBP 0.056 -0.044 0.085 0.022 0.379* -0.140

Glucose 0.139 -0.117 -0.092 -0.153 0.053 -0.292*

Insulin 0.317* 0.091 0.162 -0.156 0.387** -0.362**

HOMA-IR 0.326* 0.076 0.118 -0.183 0.358** -0.377**

TC 0.114 -0.133 -0.006 -0.020  0.206 0.046

HDL 0.108 -0.089 -0.279*  0.010 0.051 0.257

LDL -0.014 -0.130  0.081  0.060 0.142 0.122

TG 0.131 0.000 0.063 -0.197 0.179 -0.281*

Pearson’s correlation * p < 0.05; ** p < 0.01. 

DBP-z: diastolic blood pressure z-score; HDL: HDL cholesterol; LDL: LDL cholesterol; TC: total cholesterol; TG: triglycerides; SBP-z: sistolic blood pressure z-score.
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Previous studies have shown that WC is a strong 
predictor of insulin resistance in adolescents, regard-
less of BMI, BF% and TFM (27-29). However, in most 
of these studies, the samples were small and the age 
groups varied considerably (8–17 years) making it dif-
ficult to understand any real association or reflection of 
change in body composition.

Blüher and cols. (30) in a prospective study that 
evaluated the correlation between BMI, WC and TFM, 
as measured by DXA, for cardiovascular risk factors in 
5235 children aged 9–12 years and 15 and 16 years, 
found a greater association of BMI with insulin and 
HOMA-IR, and WC with lipids. The differences in 
correlation coefficients between BMI and WC were 
minimal, and the authors concluded that the addition 
of WC measurement to BMI is of little benefit, and 
BMI alone would be enough to estimate cardiovascular 
risk in adolescents.

No association was found in our study between the 
adiposity indicators and total cholesterol, HDL and 
LDL, perhaps because the small number of participants 
may have limited these associations. This interdepen-
dence has been demonstrated in epidemiological stud-
ies in expressive samples (31). Another factor, which 
may have influenced the results in our study, was that 
analysis of food cholesterol intake had not been per-
formed.

Inflammatory markers along with the assessment 
of adiposity may contribute in identifying those with 
a higher cardiometabolic risk, in which case the thera-
peutic efforts should be more intensive. The CRP is 
a well-established marker of cardiovascular risk and 
studies in adults have shown the influence of obesity, 
especially central fat accumulation, as an important de-
terminant of this parameter (32). In the present study, 
CRP was associated mainly with TFM and BF% despite 
a minimal difference for the other indicators of adipos-
ity. Other authors have reported an association of CRP 
with BMI and the waist-hip ratio (33). CRP was also 
associated with insulin and HOMA-IR values, similar 
to that described in the literature (34) indicating that 
the analysis of this cardiovascular risk marker can help 
to detect individuals with a higher tendency for insulin 
resistance independently of adiposity.

TNF-α and IL-6 are pro-inflammatory cytokines 
related to a number of pathophysiological processes, 
including insulin resistance, energy homeostasis and 
body weight. Similarly to other reports (35,36), we did 
not find an association between TNF-α and IL-6 with 

the adiposity indicators. The production of these cyto-
kines is guided mainly by visceral adipose tissue, which 
is still scarce in the age group of our study cohort, and 
it is possible that this inflammatory process is still not 
present at this time (37). Also, studies in rodents show 
that triglycerides and free fatty acids exert influence on 
TNF-α production and recombinant HDL adminis-
tration has a reducing effect on the expression of this 
cytokine. This may explain the negative association of 
TNF-α with HDL found in our study (38,39).

Leptin presents a linear association with total body 
fat, especially with subcutaneous adipose tissue (40). In 
the present study, leptin concentration varied in equal 
proportion to TFM and BMI and was associated with 
all metabolic parameters related to increased adiposity 
(SBP, DBP, insulin and HOMA-IR).

Adiponectin, in turn, is associated more specifically 
with the visceral compartment and reduces proportion-
ately to central fat accumulation, acting as a risk marker 
for metabolic syndrome (41). In our study, however, adi-
ponectin was negatively associated with BMI and no as-
sociation was found with central adiposity measurements.

Glucose, insulin, HOMA-IR and triglycerides were 
negatively correlated with adiponectin, corroborat-
ing with authors who have reported that the presence 
of insulin resistance is associated with lower adiponec-
tin values and higher levels of triglycerides, intravisceral 
and intramyocellular fat (42). Adiponectin acts through 
intracellular pathways promoting activation of glucose 
transporters, fatty acid oxidation in muscle and inhibi-
tion of gluconeogenesis resulting in decreased blood glu-
cose and insulin levels. These mechanisms may explain 
our findings of lower adiponectin levels associated with 
higher levels of glucose, insulin and HOMA-IR (43).

Resistin was associated only with the BF% in our 
analysis, and its relationship with the distribution of fat, 
BMI and body fat mass is controversial in the litera-
ture (44). What is postulated is that circulating resistin 
levels tend to increase with age, probably reflecting an 
increase in body fat content as obese subjects tend to 
have higher resistin levels compared with lean subjects, 
but this process is not uniform and when resistin is el-
evated seems to produce a deleterious effect on angio-
genesis with increased cardiovascular risk.

This study has some limitations. The first is that it was 
done with a voluntary sample selected by convenience, 
which does not represent an unbiased population of this 
age group. Second, because the main study included an 
intervention with exercise and, therefore, raised greater 
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interest in the adolescents who desired to lose weight, 
the proportion of participants who were overweight 
was higher than the prevalence of overweight and obe-
sity in the general population. Other limitations were 
the small number of participants and that there was no 
direct measurement of intra-abdominal fat, since fat lo-
cation may influence the inflammatory process of obe-
sity and the cytokines evaluated in this study.

In conclusion, all adiposity indicators studied dem-
onstrated a significant positive association with blood 
pressure, insulin, HOMA-IR, CRP and leptin. Triglyc-
erides were positively associated with BMI and WC, 
and adiponectin negatively associated in relation to 
BMI. IL-6, TNF-α, glucose, total cholesterol, HDL 
and LDL cholesterol were not associated with adipos-
ity indicators.

BMI was the adiposity indicator associated with 
most of the parameters studied, and it was characterized 
as an adequate tool to detect individuals in our study 
at risk for obesity complications. WC measurement was 
mainly correlated to the presence of insulin resistance, 
constituting a slightly better instrument for identifying 
individuals with this condition in this sample.

Few national studies have investigated adiposity in-
dicators compared with DXA, which is the gold stan-
dard method for measuring total and regional body fat. 
This study contributes relevant information to the un-
derstanding of obesity and its relation to metabolic pa-
rameters and inflammatory markers in the transitional 
period of adolescence.
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Lipolysis and lipases in white 
adipose tissue – An update

Andressa Bolsoni-Lopes1, Maria Isabel C. Alonso-Vale2

ABSTRACT
Lipolysis is defined as the sequential hydrolysis of triacylglycerol (TAG) stored in cell lipid droplets. 
For many years, it was believed that hormone-sensitive lipase (HSL) and monoacylglycerol lipase 
(MGL)   were the main enzymes catalyzing lipolysis in the white adipose tissue. Since the discovery 
of adipose triglyceride lipase (ATGL) in 2004, many studies were performed to investigate and char-
acterize the actions of this lipase, as well as of other proteins and possible regulatory mechanisms 
involved, which reformulated the concept of lipolysis. Novel findings from these studies include the 
identification of lipolytic products as signaling molecules regulating important metabolic processes 
in many non-adipose tissues, unveiling a previously underestimated aspect of lipolysis. Thus, we 
present here an updated review of concepts and regulation of white adipocyte lipolysis with a special 
emphasis in its role in metabolism homeostasis and as a source of important signaling molecules. 
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INTRODUCTION

P re-formed lipids that come from the diet or even 
those that are synthetized are stored mainly in the 

white adipose tissue (WAT) as triacylglycerols (TAG), 
neutral lipids made up of three fatty acids esterified 
to the carbon backbone of a glycerol molecule (1-3). 
The WAT, described as the main energy reservoir in 
mammals, has a mesenchymal origin and is made up 
by a matrix of connective tissue, immune system cells, 
bloods vessels, sympathetic innervation, stem cells and 
pre-adipocytes, as well as adipocytes, cells specialized in 
the intake, storage, and mobilization of fat (4).

Adipocytes store TAG in a single, large lipid drop-
let that takes up 85-90% of the cytoplasm and pushes 
the nucleus and a fine cytosol layer to the periphery of 
the cell. The lipid droplet is recognized as a dynamic 
cell organelle, surrounded by a monolayer of phospho-
lipids, structural proteins, and enzymes, which pro-
tects cell organelles from the cytotoxic effects of fatty 
acids (5-7). Among the several proteins that make up 
this monolayer, perilipin 1A may be emphasized, as it 
is the main perilipin found in the adipocyte. Depend-
ing on its activation status, perilipin 1A may protect 

and delimit the lipid droplet, or make lipid hydrolysis 
easier (7,8).

The amount of TAG stored in the adipocytes, which 
are in a constant flow in the TAG-fatty acid cycle, de-
pends on the balance between lipogenesis (the biosyn-
thesis, incorporation, and storage of TAG in the lipid 
droplet in the cytoplasm), and lipolysis (the sequential 
hydrolysis of TAG, fatty acids, and glycerol) (1,9,10). 
In prolonged periods of positive energy balance, which 
result from excessive consumption of high-calorie 
foods added to the lack of physical activity, adiposity 
increases. This chronic process may lead to the devel-
opment of obesity (11,12). On the other hand, in pro-
longed periods of fasting or of high demands of energy, 
lipolysis is essential to supply fatty acids and glycerol as 
energy substrates to tissues. However, changes in this 
process have frequently been associated with lipodys-
trophy, hyperlipidemia, insulin resistance, and obesity 
(12,13).

For many years, it was believed that hormone-sen-
sitive lipase (HSL) and monoacyglycerol lipase (MGL) 
were the main enzymes involved in WAT lipolysis. 
However, after the discovery of the adipose triglyceride 
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lipase (ATGL) in 2004 (14-16) and the later character-
ization of its actions and regulation mechanism, a new 
concept of lipolysis was proposed. During this period, 
evidence was found that indicated that, besides provid-
ing energy, final and intermediate products generated 
in the lipolysis process may act as signaling molecules 
that regulate important metabolic process in many 
non-adipose tissues, unveiling previously underestima-
ted aspects of lipolysis. Therefore, we present here an 
updated review of lipolysis concepts and regulation in 
white adipocytes, with special emphasis in its role as a 
source of important signaling molecules in the control 
of metabolic homeostasis. 

LIPOLYSIS IN WHITE ADIPOCYTES 

Lipolysis consists of the sequential hydrolysis of TAG 
to its constituent molecules glycerol and three fatty ac-
ids, catalyzed by three different enzymes. In the first 
stage of this process, TAG is hydrolyzed to diacylglyc-
erol (DAG) and one molecule of fatty acid, in a reac-
tion mainly catalyzed by the enzyme ATGL. After that, 
DAG is converted to monoacylglycerol (MAG) and a 
second fatty acid by the action of HSL. In the end, 
MGL hydrolyses MAG, producing glycerol and a last 
fatty acid (9,13) (Figure 1). 

In relation to glycerol produced in the lipolytic pro-
cess, most of it is released into the bloodstream and 
mainly functions as substrates for glucose production in 
liver gluconeogenesis (3). Recently, with the discovery 
of the presence glycerol kinase, an enzyme the converts 
glycerol into glycerol 3-phosphate, and its activity in 
adipocytes raised the hypothesis that part of the glyc-
erol produced by lipolysis may be recycled into TAG 
still inside of this cell (18). 

Lipolysis is a process that occurs under non-stim-
ulated (basal conditions) or in conditions stimulated 
by hormones (19,20). In basal conditions, HSL pre-
dominantly remains in the cytosol, whereas perilipin, 
ATGL and its co-activator, protein Abhd5 (abhydrolase 
domain-containing 5), also called CGI-58 (compara-
tive gene identification 58), are found on the surface 
of the lipid droplet (7). ATGL is highly specific for 
TAG hydrolysis, and it is responsible for large part of 
the lipolytic activity found both in basal and stimulated 
conditions. However, in basal conditions, the co-acti-
vator CGI-58 remains bound to perilipin (forming an 
inactive complex), that limits the hydrolytic activity of 
lipase (9,19). 

In periods of fasting or high energy demands, the 
adipocyte is stimulate by hormones, mainly by the 
action of catecholamines, leading to a series of intra-
cellular reactions that culminates in the activation of 
protein kinase A and G (PKA/PKG), which promotes 
the phosphorylation of HSL and perilipin (19,21,22). 
After phosphorylation, HSL is translocated into the 
lipid droplet and acts together with ATGL, accelerating 
the lipolytic process. Together, ATGL and HSL are re-
sponsible for about 95% of the hydrolysis of TAG (23). 
Similarly, after the phosphorylation of perilipin, the po-
sition of this compound on the lipid droplet changes, 
making TAG hydrolysis by the lipases easier. With the 
phosphorylation of perilipin, CGI-58 is released and 
binds to ATGL, forming an active complex and steeply 
increasing the action of this lipase (13,19,22).

HSL is more specific for DAG hydrolysis, and may 
also hydrolyze TAG and MAG, with lower efficiency, 
though. MGL, on the other hand, is located both in 
the cytosol of the cell and on the surface of the lip-
id droplet, and shows specificity for MAG hydrolysis, 
catalyzing the final step of lipolysis, that is, the conver-
sion of MAG into glycerol and a free fatty acid (13,19) 
(Figure 2).

ATGL shows strong specificity and/or selectivity 
for the hydrolysis of the long-chain fatty acid esters (16 

Figure 1. Sequential hydrolysis of triacylglycerol.

FA: fatty acid; ATGL: adipose triglyceride lipase; DAG: diacylglycerol; HSL: 
hormone-sensitive lipase; MGL: monoacylglycerol lipase; MAG: 
monoacylglycerol; TAG: triacylglycerol.

Fatty acids derived from lipolysis are, most of the 
times, released in the bloodstream and bound to albu-
min to be used as energy substrates by other tissues. 
However, part of these molecules is kept inside adipo-
cytes, acting as intracellular signaling mediators and 
working as substrates for the synthesis of other fatty 
acids and lipids (including membrane lipids and other 
lipids involved in cell metabolism), as gene transcrip-
tion regulators, oxidation substrates or undergoing 
reesterification to make up TAG again. Approximately 
30-40% of these fatty acids undergo this reesterifica-
tion, a process that is dependent on the intracellular 
generation of glycerol 3-phosphate (17).
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or 18 carbons) found in position sn2 of the glycerol 
backbone, which mainly includes the hydrolysis of pal-
mitoleic acid followed by palmitic and stearic acid. The 
main product of this reaction is 1,3-DAG, the prefer-
ential substrate of the lipogenic enzyme diacylglycerol 
acyltransferase 2 (DGAT2). This suggests that the en-
zymes ATGL and DGAT act in a coordinated fashion 
during the TAG hydrolysis/reesterification cycle. On 
the other hand, after binding to CGI-58, ATGL starts 
to hydrolyze fatty acids also found in position sn1, re-
leasing 2,3-DAG, which is the preferential substrate of 
HSL (24).

which has a molecular weight of 54 kDa, is found pre-
dominantly in white or brown adipose tissue, but is also 
seen in the testicles, pancreatic islets, cardiac muscle, 
and skeletal muscle (9). ATGL is nowadays considered 
the main enzyme responsible for TAG hydrolysis, and 
is mainly located in the lipid droplet of adipocytes (1,7-
9,13). Therefore, its hydrolytic activity on TAG takes 
place independent of the protein barrier that involves 
the lipid droplet, making this lipase very important 
in basal lipolysis. However, its activity is significantly 
increased by the interaction with protein CGI-58, its  
co-activator, in hormone-stimulated lipolysis (7,22).

Studies in animal and cell cultures with reduction or 
overexpression of ATGL were carried out to character-
ize and describe biological functions of these enzymes 
and their participation in lipid homeostasis. In these 
studies, genetically modified ATGL-deficient mice 
showed reduced basal and stimulated lipolysis in adipo-
cytes isolated from gonadal adipose tissue, as evidenced 
by reduced release of free fatty acids and glycerol in the 
incubation medium. Besides, these animals presented 
reduced concentration of free fatty acids in the plasma, 
both in fasting and not (25). Similarly, reduced ATGL 
expression induced by RNA interference in an experi-
mental model of human adipocytes, hMADS cells, led 
to a decrease in basal lipolysis and halted lipolysis stim-
ulated by forskolin (26).

The main phenotypical consequence of ATGL re-
duction is the massive accumulation of TAG in adipo-
cytes and other tissues, favoring obesity development 
and other metabolic complications (19,25). Still, this 
reduced TAG hydrolysis negatively affects thermoregu-
lation in these animals, due to the reduced offer of free 
fatty acids for mitochondrial respiration. Therefore, 
mice with lower expression of ATGL show severe hy-
pothermia when exposed to cold environments for five 
hours (25). 

In the cardiac muscle, for example, the lack of 
ATGL leads to an increase of up to 20 times TAG 
content, causing cardiac failure followed by premature 
death. Reestablishment of ATGL expression only in the 
heart reverts the accumulation of TAG and associated 
cardiac failure (27). Besides, ATGL-deficient mice de-
velop micro- and macro-endothelial dysfunctions that 
are reverted after treatment with agonists of nuclear 
peroxisome proliferator-activated receptors (PPAR) 
type (α) (28).

As for the lipid profile, ATGL-deficient animals 
show reduced plasma concentration of free fatty acids 

Figure 2. Non-stimulated (basal) and stimulated lipolysis in white 
adipocytes.

The lipid droplet is surrounded by a monolayer of phospholipids with 
different proteins anchored to it: PlinA and Fsp27/Cidec. In basal status 
(non-stimulated), ATGL, perilipin and CGI-58 form a complex on the 
surface of the lipid droplet. HL and FABP4 are in the cytosol. In the 
stimulated status, HSL is phosphorylated by a kinase (PKA and/or PKG) 
and, in its active form, migrates to the surface of the lipid droplet. PlinA is 
also phosphorylated and undergoes a change in structure. Because of 
that, CGI-58 is released from PlinA and binds to ATGL, forming an active 
complex and increasing TAG hydrolysis. DAGs are then transformed into 
MAG by the action of HSL. The lipolytic process ends with MAG  hydrolysis 
by MGL, with the release of three FA and one glycerol molecule. FA: fatty 
acid; ATGL: adipose triglyceride lipase; DAG: diacylglycerol; CGI-58: 
comparative gene identification 58; FABP4: fatty acid binding protein 4; 
Fsp27: fat-specific protein 27; HSL: hormone-sensitive lipase; MGL: 
monoacylglycerol lipase; MAG: monoacylglycerol; PlinA: perilipin 1A; PKA: 
protein kinase A; PKG: protein kinase G; TAG: triacylglycerol.
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ADIPOSE TRIGLYCERIDE LIPASE (ATGL) – 
FUNCTION AND REGULATION

In 2004, three independent research groups character-
ized a new lipase that received different names, among 
them, ATGL, desnutrin, calcium-independent phos-
pholipase A2 or patatin-like phospholipase domain-con-
taining protein A1 to A9 (PNPLA1-9) (14-16). ATGL, 
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TAG, β-hidroxybutirate, total cholesterol, very low 
density lipoprotein (VLDL) and high density lipopro-
tein (HDL) (19). In pancreatic islets, lipolysis pro-
moted by ATGL is essential to generate signaling lipid 
molecules that modulate positively glucose-stimulated 
insulin secretion (GSIS), an effect that depends on 
PPAR type delta (δ) (29). Different from the deficien-
cy, ATGL overexpression is associated with increased 
basal and stimulated lipolysis (19), fatty acid oxidation, 
and reduced TAG deposition and adipocyte size (30). 

Several factors have been identified in the regulation 
of gene expression and ATGL hydrolytic activity. The 
levels of messenger RNA (RNAm) of this enzyme are 
elevated, for example, by the action of PPAR agonists 
type α and g, glucocorticoids, AMP-activated protein 
kinase (AMPK), and fasting; and are reduced by insu-
lin, activation of mTOR complex 1, and food intake 
(17,31-35).

Eight ATGL phosphorylation sites, including serine 
406 and 430 have been recently described (32,36,37). 
Although the importance of these phosphorylations for 
efficient ATGL activity has not been completely eluci-
dated, it was already demonstrated that AMPK phos-
phorylates ATGL at serine 406, increasing its activity 
(32). Pagnon and cols. observed that phosphorylation 
at serine 406 of ATGL is also a PKA target, confirm-
ing that B-adrenergic/catecholamine activation is ca-
pable of positive modulation of this lipase, accelerating 
lipolysis (36), as previously demonstrated for HSL. On 
the other hand, Xie and cols., in 2014, identified that 
ATGL phosphorylation at threonine 372 modulates 
the activity of the lipase negatively, hindering its loca-
tion in the lipid droplet of the adipocytes (37).

Evidence also indicates that ATGL activity is modi-
fied by its interaction with other proteins, such as CGI-
58, perilipin (previously described) and G0/G1 switch 
gene 2 (G0S2). G0S2, a protein that acts in the tran-
sition from G0 to G1 in the cell cycle, is located in 
adipocyte lipid droplet, cytoplasm, endoplasmic reticle 
and mitochondria. In the lipid droplet, G0S2 inhibits 
ATGL action by physical interaction of its N-terminal 
with the N-terminal patatine domain of ATGL (38). 

Additionally, fat-specific Protein 27 (FSP27), also 
found in the lipid droplet, interacts with ATGL reduc-
ing its activity and, consequently, decreasing lipolysis 
(39). Another important ATGL regulation mechanism 
involves the expression and control of the proteins that 
transport ATGL from the endoplasmic reticle to the 
lipid droplet, such as ADP-ribosylation factor 1, GTB-

binding protein 1 (SAR1), and golgi-brefeldin A resis-
tance factor (GBF-1) (40).

All these findings point out to ATGL as the main 
enzyme responsible for TAG hydrolysis. Still, many 
studies are being carried out in order to clarify the 
mechanisms that regulate the activity of this lipase, as 
well as its role in physiological process in different tis-
sues.

HORMONE-SENSITIVE LIPASE (HSL) – FUNCTION 
AND REGULATION 

In the beginning of the 1960s, it was observed that 
lipolytic activity in the adipose tissue was induced by 
hormone stimulation. A classical study was published by 
Dr. Steimberg’s group (41) describing HSL and MGL. 
At that moment, HSL, a protein of 81 kDa, was con-
sidered the main lipase of adipocytes, and the only one 
involved in TAG hydrolysis, as ATGL had not been dis-
covered yet. HSL has at least five phosphorylation sites, 
from which serine 660 and 663 seem to be particularly 
important for hydrolytic activity (42). Haemmerle and 
cols., using HSL-deficient mice, observed that animals 
did not accumulate TAG in adipose and other tissues. 
Differently, they accumulated large amounts of DAG; 
determining, therefore, the high specificity of HSL in 
DAG hydrolysis (43). 

HSL-deficient mice showed reduced hormone-
stimulated lipolysis (43). Similarly, mice that overex-
press this lipase show normal basal lipolytic activity, and 
increased stimulated lipolysis (44).

The regulation of this lipase activity is highly influ-
enced by hormones. Among them, catecholamines (re-
leased by the adrenal medulla or by direct sympathetic 
innervation of the adipose tissue), the atrial natriuretic 
peptide (ANP), and growth hormone (GH) are im-
portant activators. Insulin is an important inhibitor of 
HSL (17). Catecholamines bind to β-adrenergic recep-
tors that bind to stimulatory protein G, activating ad-
enylate cyclase, which increases the levels of AMPc and, 
consequently, activates PKA. On its turn, PKA phos-
phorylates HSL and perilipin. ANP stimulates lipolysis 
by PKG activation (9,45). On the other hand, the anti-
lipolytic effect of insulin is mediated by phosphodies-
terase 3B activation, which decreases AMPc and PKA 
activity, reducing HSL and perilipin phosphorylation 
(45). Insulin promotes an increase in protein FSP27 in 
the lipid droplet and increases adipocyte-specific phos-
pholipase A2 (AdPLA), reducing adenylate cyclase ac-
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tivity and, consequently, reducing cytoplasmic levels of 
AMPc and PKA activity (46,47).

Another known form of regulation of this enzyme is 
via FABP (fatty acid binding protein). FABP4 binds to 
HSL when it is phosphorylated, making it easier for fat-
ty acid to be transported inside of the cell after lipolysis. 
However, FABP4 regulates its action as it promotes a 
negative feedback for HSL by transporting fatty acids 
and/or by affecting the dimerization of the enzyme in 
the lipid droplet (48).

MONOACYLGLYCEROL LIPASE (MGL) – FUNCTION 
AND REGULATION 

MGL catalyzes the final step of TAG hydrolysis, that 
is, MAG hydrolysis into glycerol and fatty acid. Its mo-
lecular weight is 33 kDa and it belongs to the serine 
hydrolase superfamily (41). Evidence shows that MGL 
hydrolyses specifically MAG, and affects TAG or DAG 
(49). At the cell level, MGL is located in the cytoplasm, 
in the plasma membrane and in the lipid droplet. It 
is widely expressed in the WAT, lungs, liver, kidneys, 
testicles, brain, and heart (49). Animals deficient in 
MGL showed to be protected from the development 
of glucose intolerance and insulin resistance; reduced 
MGL activity is partially reverted by HSL (50). The 
MGL-deficient phenotype in animals is partially influ-
enced by its effect on the central nervous system and in 
the endocannabinoid system (50). It is still unclear if 
MGL activity is influenced by cell energy status or hor-
mones. In spite of this, it was demonstrated that treat-
ing rats with rosiglitazone, a PPARg agonist (15 mg/
kg for 7 days), positively regulates lipolysis and RNAm 
transcription of this lipase in WAT (51).

PROTEINS ASSOCIATED WITH THE LIPID DROPLET

Proteins associated with the lipid droplet, besides pro-
tecting cell organelles from the cytotoxicity caused by 
the lipids, have a fundamental role in lipolysis regu-
lation (8,52). These proteins belong the PAT family, 
which includes perilipins 1 to 5. Perilipin 1 has three 
isoforms: perilipin 1A, perilipin 1B, and perilipin 1C, 
with perilipin 1A as the main isoform found in WAT. 
Perilipin 5, or OXPAT, is mainly expressed in tissues 
of high oxidative capacity, such a brown adipose tissue 
and skeletal muscle, whereas perilipin 2 and perilipin 3 
are found in the adipose tissue and liver (7,53). As de-
scribed throughout the text, when it is phosphorylated 

by PKA or PKG, perilipin undergoes a change in posi-
tion on the lipid droplet, making HSL interaction with 
the droplet easier. Besides, it releases CGI-58, which 
binds to ATGL. A reduction in the expression of perili-
pin 1 leads to increased lipolysis, attributed to greater 
HSL activity and to the ATGL/CGI-58 interaction 
(54). On the other hand, perilipin 1 overexpression 
leads to reduced stimulated lipolysis without changes 
in basal lipolysis (55).

Recently, new proteins associated with the lipid 
droplet have been described, such as the CIDE fam-
ily (cell death-inducing DNA fragmentation factor-a-
like effector). The CIDE family has three members: 
Cidea, Cideb, and Cidec/Fsp27 (7). Cidea and Cideb 
are found in brown adipose tissue and the liver, but are 
not expressed in the WAT. On the other hand, Cidec is 
highly expressed in white and brown adipose tissue. Its 
deficiency leads to increased basal lipolysis and does not 
change stimulated lipolysis levels (39,56).

PEROXISOME PROLIFERATOR-ACTIVATED 
RECEPTORS (PPARS) AND LIPOLYSIS

PPARs α, g, and δ are members of the large family of 
nuclear receptors that act as transcription factors, con-
trolling genes the have fundamental roles in the regula-
tion of lipid metabolism, inflammation, and cell growth 
and differentiation (57). These nuclear receptors are 
known as lipid sensors, and have their production and 
activity highly influenced by nutritional status. Among 
their important effects in the adipocytes, PPARg and α 
have also been described to positively modulate lipoly-
sis (51,58).

PPARg activation with rosiglitazone, for example, 
stimulates lipolysis and increases RNAm expression of 
ATGL e MGL in vivo (51). Corroborating this study, 
Kershaw and cols. demonstrated that PPARg positively 
regulates RNAm and the protein content of ATGL in 
mature adipocytes, in vitro and in vivo, suggesting that 
ATGL is a mediator of the PPARg effects in lipid me-
tabolism (33).

Similarly, treatment of rats with a PPARα agonist, 
fenofibrate, induces a significant increase of 30% in li-
polysis speed in the presence of insulin in WAT (59). 
Besides, an endogenous elevation of the lipid oleoyle-
thanolamine in the small intestine stimulates lipolysis 
and fatty acid oxidation in epididymis adipose tissue by 
mechanisms that involve the activation of PPARα (34). 
In this context, our group has recently demonstrated 
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that adipocyte treatment in vivo and in vitro with pal-
mitoleic acid increases lipolysis, under basal condi-
tions and after stimulation with isoproterenol, and the 
protein content of ATGL and HSL phosphorylated at 
serine 660 by a PPARα-dependent mechanism (58). 
Overall, these results determine PPARg and PPARα as 
important regulators of the lipolysis in the white adi-
pose tissue, besides their known roles as positive modu-
lators of adipogenesis and β-oxidation/mitochondrial 
function, respectively (57).

On the other hand, fatty acids derived from lipolysis 
are important PPAR activators. According to Zechner 
and cols., plasma fatty acids, when entering cells, do 
not bind directly to PPAR (17). A fatty acid esterifi-
cation and hydrolysis cycle is necessary for these mol-
ecules to act as PPAR ligands (17,60). This hypothesis 
was proven by the reduced lipolytic activity found in 
ATGL-deficient animals, which causes important re-
duction in PPARα signaling. Consequently, oxidation 
of substrates of several tissues and cell types, such as liv-
er, macrophages, and brown adipose tissue, is reduced 
(17,32,61,62). HSL deficiency also moderately reduces 
PPARα signaling (60). Besides, ATGL deficiency leads 
to reduced PPARα activation in the heart and vascular 
endothelium, and PPARδ in the pancreas, deeply com-
promising the physiological function of these tissues 
(28,29,60). 

AMP-ACTIVATED PROTEIN KINASE (AMPK) AND 
LIPOLYSIS

AMPK is an important molecule in the regulation of 
cell energy balance. It is sensitive to nutritional status 
and responds to reduction in the ATP/AMP ratio. This 
molecule is able to phosphorylate and regulate proteins 
related to energy metabolism, decreasing the anabolic 
pathways (ATP consumption) and increasing catabolic 
ones (ATP generation – such as the increase in glu-
cose capture and oxidation of fatty acids and glucose) 
(32,35,63,64). 

Studies revealed important effects of AMPK in 
the WAT metabolism, including lipolysis regulation 
(32,63,64). A previous study found that acute AMPK 
activation with AICAR (5-amino-1-β-D-ribofuranosyl-
imidazole-4-carboxamide), an AMP analogue, pro-
motes inhibitory phosphorylation of HSL at serine 
565 (65). However, as demonstrated by Ahmadian 
and cols., AMPK activation with AICAR leads to phos-
phorylation of ATGL at serine 406, expressively in-

creasing the activity of this lipase and, therefore, lipoly-
sis in HEK293 cells and 3T3-L1 adipocytes (32). In 
another study, prolonged activation of AMPK induced 
by the treatment of epididymis adipocytes in vitro with 
AICAR (0.5 mM) for 15 hours, or rats treated with 
a single intraperitoneal injection of AICAR (0.7 g/
kg) showed increased lipolysis, ATGL protein content, 
and gene expression of PPARα, PPARδ, and PGC-1α 
(64). Additionally, chronic activation of AMPK in the 
adipose tissue induced remodeling of the metabolism 
of these cells, potentiating catabolic pathways of ATP 
production instead of routes of energy storage and ATP 
consumption (64). 

AMPK effect in the activation of lipolysis in WAT, 
increasing the offer of fatty acids and glycerol to be used 
as energy substrates in different tissues may be another 
mechanism by which this kinase favors the increased 
production of ATP to reestablish energy homeostasis. 
This phenomenon is the proof of the important contri-
bution of lipolytic activity and lipases in the control of 
the energy metabolism.

FINAL REMARKS

Since the discovery of ATGL in 2004, a large num-
ber of studies have been carried out leading to wide 
progress in lipolysis characterization, besides revealing 
a growing number of enzymes, kinases, and regulatory 
proteins, recently. 

It is clear, nowadays, that lipolysis is not only a pro-
cess that supplies energy substrates for ATP generation 
in different tissues, but that lipid products (fatty acids 
and their derivatives) have essential roles in multiple 
systemic and intracellular signaling pathways, includ-
ing, for example, PPARs (17,52). These roles of lipoly-
sis are not restricted to the WAT, as proven by severe 
damage found in the pancreas, liver, heart and vascular 
endothelium associated with reduced lipolysis. Normal 
lipolytic activity seems to be crucial for energy homeo-
stasis in different tissues.

On the other hand, excessive mobilization of fatty 
acids found in lipolysis was previously associated with 
high plasma concentrations of fatty acids, dyslipid-
emias, and insulin resistance (12). Because of that, 
prescription of drugs that reduce lipolytic activity has 
been a therapeutic strategy in the control of these dis-
eases, although there are objections to the efficacy of 
these drugs, such as nicotinic acid and its analogue, 
Acipimox® (13,66). 
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Curiously, studies have demonstrated that animals 
that show increased lipolytic activity have reduced adi-
pose mass without, however, elevation of fatty acids se-
rum levels. This fact is due to the fact that these animals 
show greater β-oxidation and reesterification of fatty 
acids into TAG (TAG-fatty acid cycle or futile cycle) 
inside the adipocytes (58,67-69). These data reveal that 
drugs/substances that are capable of activating lipolysis 
in white adipocytes are promising therapeutic strategies 
for the treatment of obesity. 

Evidently, there are ongoing studies to increase the 
knowledge on this lipolytic machinery and its regula-
tion, as well as on the importance of lipolysis on mul-
tiple signaling pathways of body tissues.
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Rapid response of hypercortisolism to 
vandetanib treatment in a patient with 
advanced medullary thyroid cancer 
and ectopic Cushing syndrome

Fabián Pitoia1, Fernanda Bueno1, Angélica Schmidt1, 
Sabrina Lucas1, Graciela Cross1

SUMMARY
Medullary thyroid carcinoma (MTC) may rarely present with paraneoplastic syndromes. Among the 
most frequent ones are the appearance of diarrhea and ectopic Cushing syndrome (ECS). The ECS in 
the context of MTC is usually present in patients with distant metastatic disease. The use of drugs such 
as ketoconazole, metyrapone, somatostatin analogs and etomidate have been ineffective alternatives 
to control hypercortisolism in these patients. Bilateral adrenalectomy is often required to manage this 
situation. Recently, the use of tyrosine kinase inhibitors has been shown to be a useful tool to achieve 
eucortisolism in patients with metastatic MTC and ECS. We present a patient with sporadic advanced 
persistent and progressive MTC with lymph node and liver metastases, which after 16 years of follow-
up developed an ECS. After one month of 300 mg/day vandetanib treatment, a biochemical and clinical 
response of the ECS was achieved but it did not result in significant reduction of tumor burden. How-
ever the patient reached criteria for stable disease according to response evaluation criteria in solid 
tumors (RECIST 1.1) after 8 months of follow-up. Arch Endocrinol Metab. 2015;59(4):343-6

Keywords
Vandetanib; medullary thyroid cancer; ectopic Cushing syndrome

1 División de Endocrinología,
Hospital de Clínicas,
Universidad de Buenos Aires
Buenos Aires, Argentina

Correspondence to:
Fabián Pitoia
División de Endocrinología,
Hospital de Clínicas,
Universidad de Buenos Aires,
Av. Córdoba, 2351, 5º piso
1001 – Buenos Aires, Argentina
fpitoia@intramed.net 

Received on Jan/17/2015
Accepted on Apr/22/2015 

DOI: 10.1590/2359-3997000000057
 

INTRODUCTION

M edullary thyroid carcinoma (MTC) accounts 
for less than 5% of all thyroid cancers. It arises 

from parafollicular or C cells, which are derived from 
embryological neural crest. Around 75% of MTC are 
sporadic and the rest of them are hereditary with an 
autosomal dominant pattern and a penetrance of up to 
100%. These cases are associated with mutations in the 
RET proto-oncogene in the context of what is known 
as multiple endocrine neoplasia (MEN): MEN 2A, 2B 
and familial MTC (1,2).

The 10-year survival rate for patients with sporadic 
MTC is 96% if the disease is treated while the tumor 
is confined to the thyroid gland (3). However, distant 
metastases are observed at presentation in nearly 20% 
of patients (1). Of these, about 40% will die of the dis-
ease within 2 years after the diagnosis (3).

MTC produces specific serum markers, such as 
calcitonin. Furthermore, it can also secrete substan-
ces such as carcinoembryonic antigen (CEA), and less 
frequently, other peptides such as serotonin, substance 
P, vasoactive intestinal peptide, adrenocorticotropic 

hormone (ACTH), corticotropin releasing hormone 
(CRH), catecholamine metabolites and histamine and 
calcitonin related peptide (4). The main complications 
that can occur as a consequence of the hypersecretion 
of these substances usually is diarrhea. On the other 
hand, the over secretion of ACTH or CRH may de-
termine the appearance of ectopic Cushing syndrome 
(ECS) (1). The ECS may occur from the moment of 
the diagnosis of the MTC until more than 2 decades 
later (5-10). However, the ECS is a rare complication 
in patients with MTC. To our knowledge, only 50 cases 
of ECS secondary to MTC have been described in the 
literature (6). In general, these patients do not respond 
to conventional anti-cortisol treatments, and generally 
have a high mortality (6). Moreover, fifty percent of 
them will die from complications arising from severe 
hypercortisolism and only 20% survive longer than one 
year after the diagnosis of ECS (6).

Vandetanib is a once-daily oral tyrosine-kinase in-
hibitor which selectively targets the rearranged during 
transfection (RET) receptor, the epidermal growth fac-
tor receptor (EGFR), and also the vascular endothelium 
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growth factor receptor (VEGFR) (11,12). Vandetanib 
(Caprelsa®, ZD6474; AstraZeneca) is the first drug ap-
proved for the treatment of symptomatic and/or progres-
sive MTC in patients with unresectable, locally advanced, 
or metastatic disease in the United States, Europe and 
also, in a number of countries around the world, which 
includes Argentina and Brazil. The study that led to this 
approval was the ZETA trial which showed a significant lon-
ger median progression-free survival (PFS) vs. placebo (30.5 
vs. 19.3 months; p = 0.001) in this setting, (HR 0.46; 95% 
CI 0.31 to 0.69; p < 0.001) with an estimated 11-month 
prolongation of median PFS (10). Vandetanib also demon-
strated significantly higher rates of objective response (45% 
vs. 13% for placebo; p < 0.001), and calcitonin biochemical 
response (69% vs. 3% for placebo; p < 0.001) (13).

The aim of this publication is to present a case of 
advanced MTC who developed an ECS that rapidly re-
sponded to vandetanib 300 mg/day treatment, with a 
stabilization of disease progression of the MTC during 
follow-up. The patient provided written consent for the 
publication of this case report.

CASE REPORT

A 37 year-old woman with a diagnosis of sporadic MTC 
has been followed-up at our institution during all the 
course of her disease.

Sixteen years ago, a fine needle aspiration of a  
13 mm diameter thyroid nodule yielded a diagnosis of 
MTC. She underwent a total thyroidectomy together 
with a right cervical neck dissection. Due to local and 
lymph node structural persistence, five subsequent 
surgeries were required: bilateral neck dissection, me-
diastinal lymph node dissection, resection of a right 
paratracheal local recurrence and, finally, removal of 
mediastinal nodes and a left supraclavicular lymphade-
nopathy. This last surgery was performed 2 years ago.

She sought medical attention for evaluation of as-
thenia, dry cough and functional class III dyspnea. 
Physical examination revealed hypertension (150/100 
mmHg), tachycardia (110 beats per minute), full moon 
facies, plethora, dorsal hump, asymmetry and marked 
collateral circulation in the left cervical and axillary level 
by the presence of edema. She also showed a 10 cm di-
ameter hard-stone consistency, supraclavicular left mass.

The biochemical analysis showed calcitonin levels of 
4200 pg/mL (NV < 5 pg/mL), CEA 35 ng/mL (NV < 
4.6 ng/mL) elevated plasma ACTH (49 pg/mL, NV < 
46 pg/mL), 24 hs urinary free cortisol (UFC) elevated 

in two occasions (400 and 600 ug/24 h, NV 20-200 
ug/24 hs), lack of suppression with 1 and 8 mg dexa-
methasone (Serum cortisol of 22 ug/dL and 23 ug/dL, 
respectively, with a basal value of serum cortisol of 19 
ug/dL), and loss of normal circadian rhythm (22-23 hs 
UFC 45 ng/mg creatinine, NV < 30 ng/mg creatinine). 
The MRI of the sellar region showed no abnormalities 
in the pituitary gland. A CT of the chest, abdomen and 
pelvis showed multiple enlarged lymph nodes in the left 
cervical and mediastinal region with diameters between 
18-50 mm, and multiple hypervascular focal liver lesions 
between 15 to 33 mm in diameter (Figure 1).

Figure 1. Computed tomography of the chest (A) showing multiple 
enlarged lymph nodes in the mediastinal region and nuclear magnetic 
resonance of the abdomen (B) demonstrating hypervascular hepatic 
lesions (white arrows) in a patient with ectopic Cushing syndrome due to 
metastatic medullary thyroid cancer.
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Due to metastatic, progressive and symptomatic 
MTC, we decided to start vandetanib 300 mg/day oral 
treatment. As an adverse event to the drug, the patient 
presented a generalized grade 1 skin rash that occurred 
three weeks after vandetanib initiation. The rash resolved 
spontaneously under vandetanib 300 mg/day treat-
ment. Other laboratory assessments and ECG, including 
measurement of QT interval, were always normal.

One month after treatment initiation, the patient 
showed clinical response (normalization of blood pres-
sure, decreased edema and decreased collateral circula-
tion in the left chest and also, improvement of fatigue) 
and biochemical improvement (UFC: 68 ug/24 hs, 
calcitonin 1100 pg/mL). These clinical and biochemi-
cal responses were kept until the time of this publica-
tion (8 months) (Figure 2). 

Despite this improvement, imaging studies per-
formed to evaluate tumor response showed no signif-
icant changes in the size of the metastatic lesions of 
the MTC. Currently, the patient maintains the benefits 
achieved with vandetanib treatment at full dosage.

DISCUSSION

The ECS is caused by the secretion of extra-pituitary 
ACTH or CRH, and represents 9 to 18% of cases of 
Cushing Syndrome (14). The most common causes of 
ECS are bronchial carcinoid and small cells lung cancer 
and infrequently, in 2 to 7.5% of cases, MTC (14).

Immunohistochemical analyses have shown that 
up to 40% of MTC usually secret ACTH (15). How-

ever, it is only clinically evident in 0.6% of cases and it 
generally occurs in patients with advanced metastatic 
disease (6). ECS related to MTC diagnosis is based 
on the presence of hypercortisolism (with elevated or 
inappropriately normal ACTH) that is not suppressed 
by the 8 mg dexamethasone test, absence of pituitary 
adenoma in MRI, and parallel progression of the 
Cushing Syndrome together with the MTC metastatic 
spread (6).

The treatment of these patients usually involves the 
use of drugs such as ketoconazole, metyrapone, soma-
tostatin analogs and etomidate. All of these agents have 
low effectiveness in controlling hypercortisolism. As a 
consequence, bilateral adrenalectomy is frequently re-
quired to control this situation (6). 

Recently, four cases of ECS associated to MTC with 
rapid response to tyrosine kinase inhibitors have been 
published: to sunitinib (16), sorafenib (17) and vande-
tanib treatments (18,19) (Table 1). 

Vandetanib inhibits tyrosine kinase activity of 
the RET receptor, epidermal growth factor receptor 
(EGFR), and vascular endothelial growth factor re-
ceptor-2 (VEGFR), and has been proven effective in 
patients with and without mutations of the oncogene 
(20). Since its approval in 2011 by the Food and Drug 
Administration in the United States and in 2013 by the 
ANMAT (the health agency from Argentina), 2 case re-
ports of successful treatment with vandetanib for ECS 
control in patients with advanced MTC have been pub-
lished. In both cases there were no decrease in the size 
of the tumor mass (18,19).

Figure 2. Changes in serum calcitonin and urinary free cortisol levels at the time of diagnosis and their outcome after vandetanib 300 mg/day oral 
treatment in a patient with ectopic Cushing syndrome due to a metastatic medullary thyroid carcinoma.
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In our patient, the hipercortisolism responded rap-
idly to vandetanib treatment (only one month). In ad-
dition, structural stability of the MTC was observed 
eight months after the prescription of the drug. This 
is coincident with the two previously described cases, 
suggesting the hypothesis that this kind of drugs would 
have a direct effect by blocking CRH or ACTH secre-
tion by the tumor cells. This situation would be inde-
pendent of their antiproliferative effect (18).

Therefore, we confirm previous findings showing that 
the treatment with vandetanib quickly and effectively con-
trolled the ectopic ACTH/CRH secretion in this patient 
with advanced MTC. Additional studies are necessary to 
assess the impact on its use in other ECS etiologies.

Disclosure: Fabián Pitoia is a consultant and speaker bureau for 
AstraZeneca in Argentina. The remaining authors have nothing 
to declare.
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Barroso-Sousa and cols. (Ref. 17) Sporadic Sorafenib 800 mg/d 15 7 SD Tumoral progression 
and ESC recurrence

Marques and cols. (Ref. 16) Sporadic Sunitinib 25 mg/d + 
Metirapone

5 NR PR Continues under 
treatment 

Ref.: reference number; NR: not reported; MEN 2B: multiple endocrine neoplasia 2B; SD (stable disease); PR (partial response).
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Partial response to sorafenib 
treatment associated with transient 
grade 3 thrombocytopenia 
in a patient with locally 
advanced thyroid cancer

Fabián Pitoia1, Erika Abelleira1, Fernando Jerkovich1, 
Carolina Urciuoli1, Graciela Cross1

SUMMARY
Advanced radioactive refractory and progressive or symptomatic differentiated thyroid carcinoma 
(DTC) is a rare condition. Sorafenib was recently approved for the treatment of these patients. We 
present the case of a 67 year old woman diagnosed with DTC who underwent a total thyroidectomy 
with central, lateral-compartment neck dissection and shaving of the trachea and esophagus due 
to tumor infiltration. A local recurrence was detected 14 months later requiring, additionally, two 
tracheal rings resection. The patient received a cumulative 131I dose of 650 mCi and developed dys-
phagia and dyspnea 63 months after initial surgery. A 18FGD-PET/CT showed progression of the local 
mass associated to hypermetabolic pulmonary nodules. Sorafenib 800 mg/day was then prescribed. 
A dose reduction to 400 mg/day was necessary due to grade 3 thrombocytopenia that appeared four 
months after drug prescription. Platelet count went to normal after this dose reduction. Five months 
after initiation of sorafenib, a partial response of the local mass with significant intra-tumoral necro-
sis was observed. We conclude that sorafenib is a valid option for locally advanced DTC and that the 
platelet count should be evaluated regularly because it seems that thrombocytopenia might be more 
frequently observed in DTC than in other types of tumors. Arch Endocrinol Metab. 2015;59(4):347-50 
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INTRODUCTION

T hyroid carcinoma is a rare disease. It accounts for 
approximately 1% of all new malignant disease, 

including nearly 0.5% of cancers in men and 1.5% of 
cancers in women (1). Differentiated thyroid carci-
noma is usually treated with total thyroidectomy and 
postoperative levothyroxine for thyroid stimulating 
hormone suppression (2,3). Depending mainly on the 
risk of recurrence, ablation of the thyroid remnant with 
radioactive iodine 131 (RAI) is added to the standard 
treatment (2,3).

This strategy, together with additional RAI doses or 
external beam radiotherapy in isolated cases, is associ-
ated with an overall survival rate of approximately 90% 
at 20 years (4). The prognosis remains relatively favor-
able even among patients who experience recurrent dis-
ease (5). Treatment of distant metastases includes RAI 
that can be administered several times. However, once 
DTC is no longer amenable to RAI therapy or surgery, 

expected survival declines rapidly (2-4), and death from 
thyroid carcinoma within 3 years under these circum-
stances is common (6-8). RAI refractory DTC is an ad-
vanced cancer that occurs in patients who have at least 
one tumor focus without radioactive iodine uptake, or 
by progression of the disease within one year after RAI 
treatment, and/or in patients with persistent disease af-
ter administration of a cumulative radioactivity of 22 
GBq (600 mCi) (9). RAI-refractory DTC is rare with 
an estimated incidence of 4 cases per million population 
per year (4). A number of systemic therapies have been 
evaluated in Phase II or III trials and some of these 
systemic therapies are recommended for patients with 
RAI-refractory DTC in treatment guidelines (2,3).

Sorafenib is a member of the tyrosine kinase inhibi-
tors. In vitro, it has shown to inhibit multiple kinases 
thought to be involved in both cell proliferation and an-
giogenesis. Sorafenib was recently approved in US, Eu-
rope and some other countries for the treatment of RAI-
refractory and progressive advanced thyroid cancer after 
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the presentation of the DECISION trial which showed 
that progression-free survival was significantly improved 
with sorafenib (n = 207) compared with placebo (n = 
210) (HR 0.587; 95% CI 0.454–0.758; p < 0.0001; me-
dian 10.8 versus 5.8 months, respectively) (10).

The aim of this publication is to show the case of 
one patient with advanced, progressive and symp-
tomatic RAI-refractory thyroid cancer who received 
sorafenib treatment and showed a partial response dur-
ing the first 5 months of treatment and presented with 
an atypical adverse event (thrombocytopenia) which 
was solved with dose reduction of the drug. Written 
consent was obtained from the patient and our ethical 
committee. 

CASE REPORT

A 67 year-old woman was diagnosed with papillary thy-
roid carcinoma after a fine needle aspiration performed 
in October 2007. A left lobectomy was first indicated 
due to tumor fixation to the surrounding structures. 
One year after the diagnosis, she was referred to our 
University Hospital. A completion thyroidectomy with 
central and lateral-compartment neck dissection (lev-
els II, III, IV and V) and shaving of the trachea and 
esophagus for superficial tumor invasion were carried 
out. The pathological examination revealed a papillary 
thyroid carcinoma classic variant measuring 8 cm in 
bigger diameter with extra-thyroidal extension. No evi-
dence of lymph node metastasis in 27 resected lymph 
nodes were observed. A local recurrence was detected 
14 months later. Resection of persistent central com-
partment lymph nodes (2 of 6 with metastasis and ex-
tra-nodal extension) and two tracheal rings was carried 
out at that moment. The patient received a cumula-
tive activity of 650 mCi 131I in a period of 21 months. 
During the 75 months of follow-up, the serum thyro-
globulin was undetectable due to the presence of anti-
thyroglobulin antibodies. Only a thyroid bed uptake 
was observed after performing the post-dose whole 
body scans. Forty-three months after initial surgery, a 
18Fluorodeoxyglucose Positron Emission Tomography 
(18FDG PET/CT) was indicated showing a local hy-
permetabolic nodule of 1.7 cm in bigger diameter with 
a maximum Standardized Uptake Value (SUV max) 
of 4.5. A compression and deviation of the trachea 
and esophagus and bilateral hypermetabolic pulmo-
nary nodules (SUV max 2) were also observed (Figure 
1). The patient developed dysphagia and dyspnea 20 

months later. A new 18FDG PET/CT revealed progres-
sion in the local mass size and increase in FDG uptake  
(5.8 cm and SUV max 6.9) and in the 1.4 cm hypermet-
abolic pulmonary nodule in the upper right lobe (SUV 
max 8.3) (Figure 2). Due to radioiodine-refractory, 
progressive and symptomatic thyroid cancer, Sorafenib 
800 mg/day was prescribed. Due to the fact that the 
patient could not swallow the pills, we recommend-
ed that they were diluted in 60 ml with an additional  
180 mL of water swallowed as a rinse of the dosing ves-
sel as previously suggested (11). 

Figure 2. Images performed sixty-six months after initial surgery. (A) CT 
scan and (B) 18FDG PET/CT, axial view, showing a neck local mass of 5.8 
cm in size (arrow) with an SUV max of 6.9. (C) CT scan and (D) 18FDG PET/
CT revealing a hypermetabolic pulmonary nodule (arrow) of 1.4 cm size in 
the upper right lobe (SUV max 8.3). 238 x 167mm (96 x 96 DPI).

Figure 1. Images performed forty-three months after initial surgery. (A) 
Computed tomography (CT) scan, axial view, showing a nodule of 1.7 cm 
in bigger diameter compressing and deviating the trachea (arrow). (B) The 
18Fluorodeoxyglucose Positron Emission Tomography (18FDG PET/CT) of 
the same image reveals a maximum Standardized Uptake Value (SUV max) 
of 4.5. (C) CT scan and (D) 18FDG PET/CT, axial view, detecting a pulmonary 
nodule less than 1 cm in the upper right lobe (arrow) with an SUV max of 
2. 254 x 190 mm (96 x 96 DPI).
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After one month of treatment, the following ad-
verse effects were observed: diarrhea, stomatitis, alope-
cia, hypertension, loss of weight (all of them grade 1) 
and grade 2 hand-foot skin reaction. Sorafenib with-
drawal was necessary due to grade 3 thrombocytope-
nia (25,000 x 103/mm3) which appeared four months 
after treatment initiation. The patient presented sub-
conjunctival hemorrhage with spontaneous resolution. 
No other bleeding manifestations were detected. Two 
weeks after sorafenib withdrawal, the platelet count was 
again in the normal range. After two months of resum-
ing sorafenib 400 mg/day treatment, no evidence of 
thrombocytopenia was observed. No other bone mar-
row cell linages reductions were observed (Table 1). 

Five months after the initiation of sorafenib therapy, a 
CT scan demonstrated a reduction from 5.8 cm to 3.8 cm 
in the local mass with significant intra-tumoral necrosiss, 
and a decrease from 1.4 cm to 1.2 cm in the lung metas-
tasis (Figure 3). This represents a 30.6 % decrease in the 

sum of the diameters of the target lesions, which means 
a partial response to treatment according to mRECIST 
criteria. The obstructive symptoms completely resolved.

DISCUSSION

Sorafenib is a multiple tyrosine kinase inhibitor (TKI), 
targeting CRAF, BRAF, VEGF receptor (VEGFR)-1, 
-2, -3, PDGF receptor (PDGFR)-β, RET, c-kit and Flt-3 
(10). As a multifunctional inhibitor, sorafenib inhibits 
tumor growth, progression, metastasis and angiogen-
esis, as well as downregulating mechanisms that protect 
tumors from apoptosis. 

In approximately 2/3 of the patients from the  
DECISION trial (in half of patients in an off-label pub-
lished study of one of the authors; PF) (12), patients 
required dose reductions due to adverse events (AEs) 
that were mostly grade 1 or 2. The most common 
AEs have been hand–foot skin reactions and other skin 
toxicities, fatigue, weight loss, and diarrhea, as it was 
observed in this patient. However, thrombocitopenia 
is a rare AE presented in patients being treated with 
sorafenib. 

In hepatocellular carcinoma (SHARP study), the 
frequency of grade 3-4 thrombocitopenia was only 4% 
for sorafenib vs. 1% for the placebo group (13). On the 
other side, in renal cell carcinoma (TARGET Study), 
this AE occurred in only 1% of the patients treated with 
sorafenib vs. 0% for the placebo group (14).

In the DECISION trial the frequency of thromboc-
itopenia was 18.4% for the Sorafenib arm vs. 9.6% in the 
placebo group. In none of the patients who presented 
this AE it was grade 3 (between 50,000 and 25,001 x 
103/mm3) or grade 4 (< 25,000 x 103/mm3). Throm-
bocytopenia was not an AE which led to a dose decreas-
ing or dose interruption in any patient of the DECI-
SION trial (10). Nevertheless, in this patient, it seems 
that this AE was dose dependent because the patient 
resumed her platelet count to normal after dose reduc-
tion to 400 mg/day.

Table 1. Platelet count, white blood cell (WBC) count and hemoglobin values (Hb) during sorafenib therapy

Baseline 1 mo 4 mo 4 mo 
+ 1 wk 5 mo 5 mo 

+ 2 wk
5 mo 

+ 3 wk 6 mo

Platelets (x 103/mm3) 158 107 25* 173** 242 151 110 130

WBC (x 103/mm3) 4.5 4.3 3.7 5.4 4.4 4.9 4.3 6.0

Hb (g/dL) 14.0 14.3 13.2 11.5 10.8 13 13.1 13.7

Mo.: month/s; Wk.: week/s; * Sorafenib withdrawal; ** Resumption of sorafenib treatment with 400 mg/day (half of the initial dose); normal values (NV) for platelets: 150 to 350 x 103/mm3; NV for 
WBC: 3.7 to 10.1; NV for Hb 12.0 to 16.0.  

Figure 3. Comparison between CT, axial view, prior to treatment (A and B) 
and 5 months after sorafenib initiation (C and D). Imaging (A) shows a 
local mass of 5.8 cm in maximum diameter (arrow) and (C) reveals a 
pulmonary nodule of 1.4 cm size in the upper right lobe (arrow). Imaging 
(B) demonstrates a reduction in the local mass to 5.0 cm in maximum 
diameter with significant intra-tumoral necrosis of 1.2 cm in size (3.8 cm 
in longest diameter of the mass excluding the area of necrosis) and (D) 
shows a reduction in the pulmonary nodule to 1.2 cm in size. 254 x 182 
mm (96 x 96 DPI).
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We think that the higher prevalence of thrombocy-
topenia in patients with advanced thyroid cancer prob-
ably could be related to the cumulative damage of the 
bone marrow that is usually observed in these patients 
who generally have a cumulative activity of radioiodine 
higher than 600 mCi, as it occurred in our patient. Pa-
dovani and cols. (15) observed a small but statistically 
significant decrease in hemoglobin values and platelet 
count one year after the last RAI treatment in patients 
with metastatic DTC who had received at least 250 
mCi 131I during their follow-up. On the other side, an 
increased risk of leukaemias was found with increasing 
cumulative activity of 131I administered (16). However, 
more studies are needed to assess the clinical implica-
tions of the RAI cumulative activities effects on bone 
marrow. 

We conclude that this patient with locally advanced 
thyroid cancer had a relative fast response after sorafenib 
treatment and that it should be considered as a valid 
option for patients with progressive and/or symptom-
atic local disease which is not amenable for other treat-
ments. The platelet count should be evaluated regu-
larly after sorafenib prescription because it seems that 
thrombocytopenia might be more frequently observed 
in DTC than in other types of tumors. 

Disclosure: Fabián Pitoia is a consultant and speaker bureau for 
Bayer. The remaining authors have nothing to declare.
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case report

Abnormal radioiodine uptake on 
post-therapy whole body scan and 
sodium/iodine symporter expression 
in a dermoid cyst of the ovary: report 
of a case and review of the literature

Alfredo Campennì1, Salvatore Giovinazzo2 , Giovanni Tuccari3, 
Simone Fogliani4, Rosaria M. Ruggeri2, Sergio Baldari1

SUMMARY
In patients affected by differentiated thyroid cancer, the whole-body scan (WBS) with 131-radioiodine, 
especially when performed after a therapeutic activity of 131I, represents a sensitive procedure for 
detecting thyroid remnant and/or metastatic disease. Nevertheless, a wide spectrum of potentially 
pitfalls has been reported. Herein we describe a 63-year-old woman affected by follicular thyroid 
cancer, who was accidentally found to have an abdominal mass at post-dose WBS (pWBS). pWBS 
showed abnormal radioiodine uptake in the upper mediastinum, consistent with lymph-node metas-
tases, and a slight radioiodine uptake in an abdominal focal area. Computed tomography revealed 
an inhomogeneous mass in the pelvis, previously unrecognized. The lesion, surgically removed, was 
found to be a typical dermoid cyst of the ovary, without any evidence of thyroid tissue. By immuno-
histochemistry, a moderate expression of the sodium-iodine symporter (NIS) was demonstrated in 
the epithelial cells, suggesting a NIS-dependent uptake of radioiodine by the cyst. Arch Endocrinol Metab. 
2015;59(4):351-4
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INTRODUCTION

Differentiated thyroid cancer (DTC), accounting 
for about 90% of all thyroid cancers, represents 

the most common endocrine malignancy and its inci-
dence has increased in worldwide population (1). The 
initial treatment for DTC patients is total or near-total 
thyroidectomy, with or without lymph nodes dissection 
(2,3). Radioiodine aid the management of DTC patients 
who have undergone surgical treatment, and its role in 
the diagnosis and treatment of such patients is well esta-
blished (2,3). Whole-body scan (WBS) with radioiodi-
ne, especially when performed after a therapeutic activity 
of 131I, represents an important diagnostic tool, in par-
ticular in intermediate or high risk DTC patients (2-4). 
Indeed, post-therapy WBS (pWBS) is a highly sensitive 
procedure for detecting residual normal thyroid tissue 
as well as metastases in local lymph nodes or distant si-
tes (2-4). Nevertheless, false-positive scans, showing the 

presence of 131I uptake in the absence of residual thyroid 
tissue or metastases can occur in different situations. 
Beside healthy tissues (i.e. salivary glands, breast, liver, 
and gastrointestinal tract), unexpected radioiodine up-
take have been seen in benign diseases, such as cysts and 
inflammation, as well as in benign and malignant non-
-thyroidal tumors, which could be mistaken for metasta-
ses (5). Several potential pitfalls in the interpretation of 
WBS have been reported in the literature (5). Some of 
them are relatively common (6), while others are very 
uncommon in our experience (7-9). Herein we describe 
a case of 131I accumulation in an ovarian dermoid cyst 
accidentally discovered at pWBS in a DTC patient.

CASE REPORT

A 63-year-old woman underwent near-total thyroi-
dectomy for a large multi-nodular goiter. Histopatho-
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logical reports revealed a follicular thyroid carcinoma 
with minimal vascular invasion (pT3, N0, Mx). After 
conventional L-T4 withdrawal, the patient underwent 
radioiodine thyroid uptake (RTU) measurement, 24 
hours after oral administration of 131I tracer activity (1.8 
MBq), followed by radioiodine therapy (RIT) with abla-
tive activity (3700 MBq). A post-dose 131I whole body 
scan (pWBS) was performed five days after RIT, using 
dual-headed gamma camera equipped with high-energy 
low-resolution parallel-hole collimator (HELRPAR). 
pWBS showed abnormal and intense radioiodine up-
take in the upper mediastinum, consistent with lymph-
-node metastases (Figure 1, panels A and B, and a slight 
radioiodine uptake in an abdominal focal area located 
on the bladder activity (Figure 1, panels A and B, white 
arrow). At the time of RIT, serum TSH and Tg were 
39.5 UI/mL and 546 ng/mL respectively. In absence 
of TgAb, Tg levels were consistent with the presence 
of metastases. Computed Tomography (CT), perfor-
med before and after medium contrast administration, 
revealed a bilobed, inhomogeneous mass in the median 
region of the pelvis, extending to the upper wall of the 
bladder (Figure 1, panels C and D, white arrow). Our 
patient was unaware of this lesion and asymptomatic. A 
few weeks later, patient underwent surgical exploration 
with complete excision of the mass. Pathological exa-
mination was conclusive for a typical dermoid cyst of 
the ovary. No normal or tumoral thyroid tissue could 
be found in the context of the cystic lesion. A mode-
rate expression of the sodium-iodine symporter (NIS) 
was demonstrated in the epithelial cells lining the cystic 
cavity, by immunohistochemistry (anti-NIS antibody 
SLC6A3, MyBioSource.Com, San Diego, CA, USA; 
working dilution, 1:25) (Figure 2). Immunostaining 
for hTg was negative, thus confirming the absence of 
thyroid tissue in the context of the dermoid cyst, as per 
gross pathology evaluation. 

A few months later, the patient underwent a second 
RIT by administration of 131I therapeutic activity (5550 
MBq) in hypothyroid state (after five weeks of L-T4 
withdrawal). pWBS confirmed lymph-node metastases 
in the mediastinum (Figure 3, black arrow), but did 
not reveal any radioiodine uptake in abdomen, confir-
ming that radioiodine uptake was only caused by the 
dermoid cyst. At the time of the second RIT, serum 
TSH and Tg were 112 UI/mL and 242 ng/mL, res-
pectively. TgAb were negative. 

Figure 1. Panels A (anterior view) and B (posterior view). Post-therapy 131I 
whole body scan, showing intense and abnormal radioiodine uptake in a 
focal area located in the upper mediastinum (black arrow) and a focal area 
of slight radioiodine uptake in the inferior abdominal region, immediately 
above the bladder activity (white arrow). Panels C and D. Tomography 
Computed scan obtained without (C) and with contrast agent (D), revealing 
a bilobed, inhomogeneous mass in the median region of the pelvis, 
extending on the upper wall of the bladder (white arrows).

Figure 2. Immunohistochemical detection of the sodium-iodine symporter 
(NIS) in the dermoid cyst. A diffuse, slight to moderate immunostaining 
was encountered in the cubic epithelium lining the cystic lesion (original 
magnification, 300X; Mayer’s haemalum counterstain).

DISCUSSION

In patients affected by DTC, the post-therapy 131I WBS 
represents a sensitive procedure for detecting thyroid 
remnant and/or metastatic disease (2-4). Nevertheless, 
a wide spectrum of potentially misleading readings has 
been reported following its use (5). 

Multiple different false-positive localizations of 131I 
has been described in the absence of residual thyroid 
tissue or metastases from DTC (5-9). The underlying 
mechanisms of such unusual localizations are not 
always fully understood. In many cases, the iodine 
uptake may be due to the expression of the sodium/
iodine symporter (NIS) in ectopic thyroid tissue as 
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well as in non-thyroidal normal or pathological tis-
sues (5,10-12). In some instances, foci of 131I activity 
are not related to the presence of NIS, but due to 
retention of radioiodine in physiologic body fluids ac-
cumulated in ducts or cavities (13,14) as well as con-
tamination by physiologic secretions (5). In addition, 
it has also reported radioiodine trapping in various in-
flamed tissues and/or cysts because of their increased 
vascularity and capillary permeability (15-17). Finally, 
in some cases, the mechanism for 131I trapping re-
mains unknown. Unless recognized as a false positive, 
131I uptake may result in diagnostic error and lead to 
unnecessary 131I therapy or surgical procedures. 

Here we report an unexpected and potentially 
misleading 131I uptake in the abdomen, revealed at 
the pWBS, in a DTC patient. The CT scan showed 
the presence of a bilobed, inhomogeneous mass in 
the median region of the pelvis. The lesion, previou-
sly unrecognized and asymptomatic, was surgically 
removed, and it was found to be a typical dermoid 
cyst of the ovary, without any evidence of thyroid 
tissue nor tumour cells. 

Dermoid cysts, also known as teratomas, are germ 
cells tumours, histologically composed of mature tis-
sues that develop from ectoderm, mesoderm and/
or endoderm. Typical dermoid cysts are epithelial-
-lined cavities with skin appendages, including hair, 

hair follicles, sebaceous material, deriving from ec-
todermal tissue. They may also contain mesodermal 
tissue (bone, teeth…), and tissue of endodermal ori-
gin, including well differentiated thyroid tissue (18). 
Dermoid cysts primarily occur in the gonads, mostly 
in female patients. However, dermoids are not uni-
que to a single anatomic location, but may occur 
anywhere in the body. Moreover, they are often cli-
nically silent, so that the patient is unaware of this 
malformation, as in our case.

Ovarian radioiodine uptake at radioiodine WBS, 
although so uncommon, has been previously repor-
ted (19). However, it usually occurs in germ line tu-
mours which contain well-differentiated thyroid tis-
sue and just because they contain it. As shown in the 
literature (18), up to 20% of ovarian teratomas con-
tain thyroid tissue, and 5% of them are struma ovarii, 
defined as the tumour being more than half thyroid 
tissue (18,19). Struma ovarii represent an uncom-
mon but well known false-positive localization of 131I 
(20-22), because it is mainly or exclusively composed 
of well-differentiated and functioning thyroid tissue, 
able to trap iodine as well as to produce thyroid hor-
mones and thyroglobylin (18-22). Up to date, there 
are only four reports in the literature of radioiodine 
uptake by ovarian dermoid cysts, not be classified as 
struma ovarii (23-26). 

Rudoni and cols. first reported on a 44-year old 
woman who underwent total thyroidectomy for a 
papillary cancer. The pWBS demonstrated a focal 
uptake in the pelvis, that was found to be due to a 
typical dermoid cyst of the ovary (23). After this first 
report, three other cases were described (24-26). 
All were childbearing-age female patients, who have 
been previously undergone total thyroidectomy for 
DTC, two papillary and one follicular cancer. In all 
patients, as in our, the ovarian lesion was clinically 
silent and previously unrecognized, and it was inci-
dentally discovered on WBS in the follow-up of the 
thyroid cancer. The WBS showed an abnormal pelvic 
uptake, associated with an elevated Tg value just in 
one patient (26). Thus, the patients underwent fur-
ther imaging evaluation (CT or magnetic resonance 
imaging), showing an ovarian lesion, followed by the 
surgical removal of the mass. The histological exami-
nation was always conclusive for a benign dermoid 
cyst (not struma ovarii). In all except one (23) of 
these cases, the lesion contained a variable amount of 
benign, well-differentiated thyroid tissue, thus justi-

Figure 3. Panels A (anterior view) and B (posterior view). 131I whole body 
scan confirmed abnormal radioiodine uptake in the upper mediastinum 
(black arrow), but did not confirm abdominal radioiodine uptake.

A B
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fying the radioiodine uptake. Prior of us, just Rudoni 
and cols. reported 131I uptake in a ovarian dermoid 
cyst, that was totally devoid of thyroid tissue at histo-
logical diagnosis, as in our case, but the Authors did 
not provide any possible explanation of such unusual 
finding (23). We first demonstrated the expression 
of NIS in the epithelial cells of the cystic lesion, sug-
gesting that radioiodine uptake was NIS-dependent, 
and not related to the increase of vascularity or ca-
pillary permeability. 

In conclusion, we describe a very uncommon case 
of false positive ovarian uptake of radioiodine in a 
WBS for DTC, due to a typical dermoid cyst expres-
sing the NIS on its epithelial cells. Due to the non-
-negligible frequency of this malformation, dermoids 
should be taken into account in DTC patients as a 
potential pitfall at 131I-WBS. 

Statement of authorship: each author gave a substantial contri-
bute to the paper and approved the final version to be published.

Funding statement/competing interest: this work was not sup-
ported by any grant.

Disclosure: no potential conflict of interest relevant to this article 
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case report

Lethal pulmonary thromboembolism 
associated with decreased 
thyroid hormone levels

Sorin Hostiuc1, Corneliu Octavian Capatina2, 
Crina Julieta Sinescu3, Mihaela Hostiuc4

SUMMARY
Thyroid pathology is rarely involved in the pathogenesis of sudden death in young people. We re-
port here the cases of two young patients with decreased levels of thyroid hormones whose death 
was caused by an increased thrombotic status, with venous thrombosis and pulmonary throm-
boembolism. In both cases the thyroid pathology was not considered as the underlying cause of 
death as the association between this condition and venous thrombosis is still debatable. However 
its presence may be considered a circumstantial factor, which could increase the severity of the 
disease and subsequently the lethality rate in pulmonary thromboembolism. An increased aware-
ness for hypothyroidism or subclinical hypothyroidism in clinical practice may lead to a decrease in 
mortality secondary to thromboembolic disease. Also, increased awareness for thyroid pathology 
during forensic autopsy in sudden deaths may lead to potentially significant results, that could ex-
plain some of the sudden death with an unknown cause, and decrease the number of the so called 
blank autopsies. Arch Endocrinol Metab. 2015;59(4):355-8
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INTRODUCTION

Thyroid pathology is rarely involved in the pathoge-
nesis of sudden death in young people, and usually, 

when this is the case, is associated with acute changes 
of thyroid hormone blood levels. There are three main 
thyroid causes of sudden death that are known and used 
in explaining the causes of death: thyrotoxicosis, myxe-
dematous coma (1) and, as of recently, lymphocytic 
thyroid infiltration (2). Coagulation disorders associated 
with thyroid disease are usually mild and not associated 
with sudden death. There are some studies showing an 
increased risk for unprovoked deep venous thrombosis 
in patients with subclinical hypothyroidism (3-5), but 
there is none, to our knowledge, showing a correlation 
between hypothyroidism, deep venous thrombosis and 
sudden death. Overt hypothyroidism is known to be as-
sociated with an increased risk of bleeding (6). Pulmo-
nary thromboembolism is a relatively frequent cause of 
sudden death (7-10), but not always with an identifiable 
origin. The purpose of this article is to present two cases 
in which hypothyroidism was identified in patients with 

sudden death due to venous thrombosis complicated 
with pulmonary thromboembolism.

CASE PRESENTATION

Case 1

A 42-year-old female, complaining of chest pains for three 
weeks died suddenly at home. The family denied the pre-
sence of any other symptoms or preexistent diseases. 

Autopsy findings. External examination found 
nothing except for a slightly increased circumference 
of the superior part of the right calf and bilateral 2nd 
degree calf varicosities. Internal examination revealed 
cerebral edema, a moderate degree of myocardial scle-
rosis, multinodular thyroid, bilateral pulmonary atelec-
tasis, massive, bilateral pulmonary thromboembolism, 
hemorrhagic ovarian cysts, moderate adrenal hyperpla-
sia, a Copper based intrauterine device (IUD), and a 
right saphenous thrombosis with an inflammatory re-
action (Figure 1). 
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epiphyses of the right femur, consolidated and bilateral 
thrombosis in the popliteal veins. Histology findings re-
vealed a lung with acute respiratory distress syndrome 
(incipient exudative phase), severe septum stasis, alveo-
lar edema, areas of pulmonary atelectasis, and a relative-
ly recent thromboembolism, partially occlusive in major 
right pulmonary branches associated  with hemorrhage 
around the affected pulmonary vessels (Figure 2). The 
thyroid was normal. Popliteal veins showed thrombo-
phlebitis with incipient organization. Thanatochemistry 
examination revealed a total T3 of 0.44 ng/mL, a total 
T4 of 2.05 ug/dL, total TSH of 11.62 uUI/mL, anti-
-peroxidase antibodies of 13.3 UI/mL (n.r. < 12), and 
CK-MB from the pericardial fluid of 14945 U/L.

Figure 2. Pulmonary thromboembolism, with partial lysis and hemorrhage 
around the vessel. 

Figure 1. Saphenous vein thrombosis.

Histology findings. In both pulmonary arteries we 
identified thrombo-emboli with Zahn lines and hematic 
lysis. Right saphenous vein contained a mixed thrombus 
with Zahn lines and hematic lysis. The wall of the right 
saphenous vein contained a polymorph inflammatory re-
action. Thyroid examination revealed a colloid-cystic mul-
tinodular goiter, with a rich inflammatory reaction contai-
ning mostly lymphocytes and plasma cells, with formation 
of germinative centers, suggestive for Hashimoto’s thyroi-
ditis. Other organs didn’t have significant pathological 
changes. Thanatochemistry examination revealed a total 
T3 value of 3.15 ng/mL (normal range, n.r. 0.58-1.59), 
a total T4 value of 5.45 ug/dL (n.r. 4.87-11.72), a TSH 
value of 67.3 uUI/mL (n.r. 0.35-4.94), and a CK-MB of 
244 U/L (n.r. in the pericardial fluid 105-154).

Case 2

A 15-year-old boy, basketball player, was brought 
by the Ambulance at the Emergency Department with 
cardiorespiratory arrest installed five minutes before 
their arrival. An ECG done at arrival showed electro-
mechanical dissociation. The patient was successfully 
resuscitated but remained in a deep coma (GCS = 3). 
The cause of the cardiac arrest has proven to be a massi-
ve thromboembolism, for which was started emergency 
thrombolysis. In the first hour after thrombolysis the 
patient has numerous episodes of electromechanical 
dissociation and asystole, resuscitated each time. Ho-
wever, in less than 24 hours after admission the patient 
entered in multiple organ failure and was pronounced 
dead. In his personal history is to be noted a prior or-
thopedic intervention about a month ago for femur sli-
pped epiphyses, followed by cast immobilization with 
abduction bar at the knee level. 

Autopsy findings. The right pulmonary artery pre-
sented a massive, adherent thrombo-embolus. Right 
lung had moderate atelectasis and stasis. We also found 
an enlarged thyroid, hepatic and kidney stasis, slipped 

DISCUSSION

Subclinical hypothyroidism is defined by increased TSH 
levels associated with normal free T3 and T4 levels, and 
the absence of clinical symptoms. Clinical diagnosis of 
subclinical hypothyroidism is suggested by a slight in-
crease in the TSH levels (usually up to 10-20 uUI/mL), 
associated with a stable thyroid function for weeks or 
more, a normal hypothalamic-pituitary-thyroid axis, and 
in the absence of recent or ongoing severe illness (11-
13). It affects between 1 and 15% of the general popu-
lation, is more frequent in women, elderly and persons 
with a positive family history for thyroid disease (14). 
Thyroid hormones can be used with caution for the 
diagnosis of either hypo or hyperthyroidism after death. 
T4 levels tend to decrease starting with 2.75 hours af-
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ter death (15,16) except for cases with prolonged agony 
(when thyroxin levels may start decreasing before death) 
(17). Therefore high postmortem T4 levels can be used 
to diagnose hyperthyroidism. T3 levels tend to have a 
variable course after death (16) (values either higher 
than before death, mainly caused by T4->T3 conversion 
or lower, mainly due to bacterial degradation) and the-
refore they cannot be used in postmortem diagnosis of 
thyroid dysfunction. TSH levels however are known to 
be stable in serum at least 24 hours after death and are 
positively correlated with the values before death (15), 
being useful for the diagnosis of either hypothyroidism 
or hyperthyroidism. In our cases, the first patient had a 
TSH value of 67.3 uUI/ml with an elevated T3 value 
and a normal T4 and the second one had a slightly high 
TSH value with decreased values of T3 and T4. In both 
cases, even if we identified increased values of TSH, we 
could not specifically state that the patients had hypo-
thyroidism or subclinical hypothyroidism.

After death the vascular department of the body su-
ffers profound changes, making the analysis of clotting 
disorders extremely difficult. Immediately after the ces-
sation of the blood flow blood cells tend to settle under 
the action of gravity; this, together with increased fluid 
losses to the perivascular tissues significantly increases the 
hematocrit (often reaching values of 80% or more) (18). 
Platelets and serum proteins retain their normal function 
a few hours after blood cessation; afterwards stasis, hy-
poxia, decreased pH, and endothelial alterations lead to 
the formation of postmortem blood cloths concomitant 
with fibrinolysis processes (19,20). In deaths in which 
increased levels of catecholamine or plasminogen activa-
tor are released in the agonal period (as is the case with 
most sudden deaths) the thrombolytic events are increa-
sed and the cadaveric blood is liquid; if the agonal period 
is prolonged thrombotic events are dominant, leading to 
an increased density of postmortem clots (21-23). For 
this reason we could not perform coagulation tests, that 
might have revealed the presence of additional risk fac-
tors for thromboembolism. The first case did not have 
any significant risk factors for thromboembolic disease 
(except for obesity); therefore the presence of a hypo-
thyroidism/subclinical hypothyroidism may be conside-
red a circumstantial factor, explaining the unfavorable 
prognosis. In the second case, the patient had a signifi-
cant risk factor for the development of thrombo-embolic 
disease (orthopedic surgery followed by cast immobiliza-
tion with bed-rest), able to explain by itself the unfavo-

rable course. However the presence of an altered thyroid 
status may have increased the severity of the disease.

CONCLUSIONS

In both cases hypothyroidism/subclinical hypothyroi-
dism was not considered as the underlying cause of  
death as the association between these diseases and 
venous thrombosis is still debatable [see for details a 
discussion by Hostiuc and cols. (14)], and overt hypo-
thyroidism is known to be associated with an increased 
risk of bleeding. However the presence of an altered 
thyroid status may be considered a circumstantial fac-
tor, which can increase the severity of the disease and 
subsequently the lethality rate in pulmonary thrombo-
embolism. Prospective studies with a larger number of 
patients should be conducted in order to identify more 
precisely the risk of deep venous thrombosis and pul-
monary thromboembolism in patients with an altered 
thyroid status.

An increased awareness for subclinical hypothyroi-
dism in clinical practice may lead to a decrease in mor-
tality secondary to thromboembolic disease. Also, 
increased awareness for thyroid pathology during fo-
rensic autopsy in sudden deaths may lead to potentially 
significant results, able to explain some of the sudden 
death with an unknown cause (and reduce the number 
of the so called blank autopsies).
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case report

Myxedema madness 
complicating postoperative 
follow-up of thyroid cancer 

Yanina J. Morosán Allo1, Melanie Rosmarin1, Agustina Urrutia1, 
Maria Cristina Faingold1, Carla Musso1, Gabriela Brenta1

SUMMARY
Although hypothyroidism is associated with an increased prevalence of psychiatric manifestations, 
myxedema madness is rarely observed. We report the case of a 62-year-old woman with no prior 
history of psychiatric disorders, who presented to the emergency department with psychomotor 
agitation 6 weeks after total thyroidectomy for papillary thyroid cancer. Serum thyroid stimulating 
hormone (TSH) on admission was 62.9 mIU/L and free T4 was < 0.35 ng/dL, indicating severe hypo-
thyroidism. After ruling out other possible causes, the diagnosis of myxedema madness was consi-
dered; hence, antipsychotic drug treatment and intravenous levothyroxine were prescribed. Beha-
vioral symptoms returned to normal within 4 days of presentation, while levels of thyroid hormones 
attained normal values 1 week after admission. Recombinant TSH (Thyrogen®) was used successfully 
to prevent new episodes of mania due to thyroid hormone withdrawal in further controls for her 
thyroid cancer. This case illustrates that myxedema madness can occur in the setting of acute hypo-
thyroidism, completely reverting with levothyroxine and antipsychotic treatment. Recombinant TSH 
may be a useful tool to prevent myxedema madness or any severe manifestation of levothyroxine 
withdrawal for the follow-up of thyroid cancer. Arch Endocrinol Metab. 2015;59(4):359-63
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INTRODUCTION

Hypothyroidism is a clinical syndrome resulting from 
a deficiency in thyroid hormone. Clinical manifes-

tations are varied, most characteristic are: fatigue, intole-
rance to cold temperatures, dry skin, hair loss, nonpitting 
edema, facial puffiness and constipation (1). Further-
more, overt hypothyroidism is associated with multiple 
psychiatric disorders among which psychosis, depression 
and affective disorders are the most frequent (2). Althou-
gh maniac episodes are related to hyperthyroidism, they 
can also occur with hypothyroidism (3). In this setting, 
the acute deprivation of thyroid hormone in order to as-
sess thyroglobulin during the follow-up of thyroid cancer 
may increase the risk of psychiatric manifestations.

We present the case of a patient who developed 
signs and symptoms of psychosis as a consequence of 
acute hypothyroidism after thyroidectomy for thyroid 
cancer. We discuss the therapeutic approach to this case 
and also propose a strategy to prevent this outcome.

CASE REPORT
A 62 year old woman was admitted to our hospital for 
psychomotor agitation lasting over 24 hours. Her medi-

cal history included hypertension and a total thyroidec-
tomy for papillary thyroid carcinoma performed 6 weeks 
prior to admission. She had been instructed to begin 
levothyroxine replacement 4 weeks after thyroidectomy, 
soon after radioactive iodine (RAI) ablation with a dose 
of 100 mCi. The whole body scan (WBS) and thyro-
globulin during hypothyroid status were both negative. 
According to the American Joint Committee on Cancer 
(AJCC) TNM system, the patient was classified as T1 
N0 M0, Stage I. When admitted to the hospital with 
psychomotor agitation, the patient was not under le-
vothyroxine replacement therapy, because she had not 
followed the medical indications after RAI ablation. The 
family denied a history of psychiatric disorders.

One week before admission the patient began with 
inappropriate behavior. She said that she was writing a 
mystical book whose content was dictated by an inner 
voice. She also screamed and hit her family members as 
well as herself.

Her physical examination revealed a blood pressu-
re of 140/70 mmHg, a heart rate of 62 bpm, and a 
temperature of 36ºC. Her face appeared puffy, with 
macroglossia, and bilateral eyelid edema. Routine 
laboratory tests, CT, MRI, and EEG showed no ab-
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normal findings. On psychiatric evaluation, the pa-
tient demonstrated verbal and physical hostility, de-
lusions, nonproductive hyperbulia and stereotyped 
movements, tachylalia with polymorphous speech, 
delusional ideation and insomnia. Haloperidol 2.5 
mg/day, lorazepam 2.5 mg/day and levomeproma-
zine 12.5 mg/day were administered. High doses of 
these drugs were necessary to achieve optimal effect. 
Thyroid test results were: TSH: 62.9 mIU/L, free 
T4: < 0.35 ng/dL, total T4: < 1 ug/dL, T3: 70 ng/
dL, consistent with severe hypothyroidism. Hence, 
the diagnosis of myxedema madness was considered 
and an initial intravenous bolus of 200 ug of levo-
thyroxine was administered. During the following 
days she received an oral combination of triiodo-
thyronine 20 ug/day and levothyroxine 100 ug/d.  
The fourth day of treatment the patient appeared fully 
oriented, calm, and denied auto and heteroaggresive 
ideation. One week after beginning thyroid replace-
ment, new thyroid function tests were performed. Re-
sults were: TSH: 39.4 mU/L, TT4: 10.4 µg/dL, free 
T4: 1 ng/dL, T3: 1.9 ng/dL. By then, the patient had 
already experienced some clinical improvement and 
her facial puffiness and edema had disappeared. She 
was finally discharged with 150 ug/day of levothyroxi-
ne (Figure 1). Two weeks after discharge, she returned 
to the clinic for her follow-up visit with new thyroid 
function tests revealing TSH: 16.1 mU/L, TT4: 13.9 
µg/dL, free T4: 1.8 ng/dL, T3: 0.9 ng/dL. She was 
still under psychiatric treatment and the dose of the 
antipsychotic drugs was being tapered progressively. 
Four months after discharge, antipsychotic treatment 
was stopped definitively due to complete remission 
of her psychiatric disorder. The treatment regimen is 
summarized in table 1.

During her subsequent visits, the thyroid profile 
while on 150 mcg of levothyroxine was: TSH < 0.03 
mU/L, FT4: 1.76 ng/dL. Her stimulated thyroglo-
bulin and WBS measured 6 months post ablation dose 
were performed on the 5th and 8th day respectively af-
ter receiving the first dose of recombinant human TSH 
(Thyrogen®). This strategy was implemented consi-
dering that the patient might repeat a new episode of 
myxedema madness once she developed overt hypo-
thyroidism after levothyroxine deprivation. With TSH 
> 75 mU/L, stimulated thyroglobulin was < 1 ng/
mL with negative thyroglobulin antibodies; WBS was 
negative. During the remaining follow-up she had no 
psychiatric complications and no further maniac episo-
des, remaining emotionally stable until present. 

DISCUSSION

During the second half of the 19th century, the study of 
hypothyroidism led to a considerable amount of scien-
tific information on this disease. William Gull (4) was 
the first one to describe hypothyroidism in adults in 
1874. A few years later, William Ord (5), coined the 
term “myxedema” to describe nonpitting edema in 
patients with this disorder. In 1888, hypothyroidism 
was first associated with psychosis by the Committee 
of Myxoedema of the Clinical Society of London (6). 
The term “myxedema madness” was introduced in the 
literature by Asher (7) in 1949, when he presented 14 
cases of patients with myxedema and psychosis.

To date, the pathophysiology underlying the asso-
ciation between psychosis and hypothyroidism has not 
been fully elucidated. However, low T3 levels due to 
hypothyroidism may affect brain regions involved in Figure 1. Patient’s clinical presentation at hospital admission.

Table 1. Treatment

Treatment Baseline 3 months Currently

Thyroxine 200 mcg I.V bolus

Then triiodothyronine 
0.20 mcg and 

thyroxine 100 mcg a 
day, PO

Thyroxine 175 
mcg 5 days a 
week and 133 
mcg 2 days a 

week

Thyroxine 133 
mcg 5 days a 
week and 175 
mcg 2 days a 

week

Antipsychotics Haloperidol 2.5 mg a 
day PO

Lorazepam 2.5 mg a 
day PO

Levomepromazine 
12.5 mg a day, PO

Discontinued by 
her psychiatrist 
a month ago

The patient was 
discharged by 
her psychiatrist

Increasing levels of thyroxine were administered to the patient, with improvement of hypothyroid 
symptoms. Psychiatric symptoms were improved after a few weeks, until psychiatric treatment 
was no longer required.

PO: Per Os.
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mood regulation such as the amygdala and hippocam-
pus, where high concentrations of T3 receptors have 
been reported (8). Recent advances in neuroimaging 
techniques have provided further insight regarding the 
site of action of thyroid hormones in the brain. Bauer 
and cols. (9), studied glucose metabolism in the brain 
of hypothyroid patients by means of PET/CT scan be-
fore and after replacement treatment with levothyroxi-
ne. They found decreased metabolic activity in multiple 
sites of the brain when compared to healthy controls. 
These findings were significant in the perigenual and 
subgenual anterior cingulate cortex, posterior cingula-
te cortex, amygdala and hippocampus, all of which are 
neural centers related to emotions, integration of in-
formation and memory regulation. Furthermore, after 
levothyroxine treatment, brain glucose metabolism was 
restored to normal. 

Several hypotheses have been formulated to explain 
the role of hypothyroidism in the central nervous sys-
tem (CNS), leading to psychiatric disorders. The po-
tential mechanisms of action include the interaction of 
thyroid hormones and neurotransmitters. It has been 
shown that an enhanced activity of the enzyme tyro-
sine hydroxylase is related to increased concentrations 
of dopamine (DA) in the brain of hypothyroid rats, 
thereby leading to the manifestation of mania due to 
monoamine excess (10-12). Another hypothesis is ba-
sed on serotonin activity. It has been reported that in 
the limbic system of the rat, hypothyroidism can cause 
a decrease in serotonin with the consequent up-regu-
lation of dopamine postsynaptic receptors and increa-
sed dopamine activity in the brain, resulting in maniac 
symptoms (12,13). Furthermore, thyroid hormones 
have a modulating impact on the brain catecholamine 
system, regulating β-adrenergic receptor sensitivity, so 
that changes in hormone levels, as seen in hypothyroi-
dism, might increase catecholamine action with major 
risk of mania in vulnerable individuals (14). Therefore, 
the influence of an impairment of the thyroid system on 
neurotransmitters (particularly serotonin and norepine-
phrine), which play a major role in the regulation of 
mood and behavior, may contribute to the mechanisms 
of mood modulation (12,15). 

Thvilum and cols. (16) have reported that hypo-
thyroidism is associated with an enhanced prevalence of 
psychiatric morbidity. This is reflected by the fact that 
hypothyroid patients are exposed to an increased risk 
of hospitalization with psychiatric diagnoses and being 
treated with antipsychotics, antidepressants, and anxio-

lytics, both before and after the diagnosis of hypothyroi-
dism. Although hypothyroidism is mainly associated 
with depression (17), other psychiatric manifestations 
include delusions, visual and auditory hallucinations, 
loose associations and paranoia (16). It has been shown 
that patients with subclinical hypothyroidism may also 
present disorders of thought, suggesting that psycho-
sis in some cases is not related to advanced disease 
(18). Although reports on several cases of myxedema 
madness have illustrated that psychosis is usually pre-
ceded by months or years of clinical symptoms of hy-
pothyroidism (1,7,19-25), there have been few cases 
reported in the literature (26,27) where psychiatric 
manifestations occurred in the setting of acute overt 
hypothyroidism (Table 2). Similarly, our patient also 
presented symptoms of mania in the context of a hy-
pothyroid state of recent onset. Once the diagnosis of 
psychosis is established, thyroid replacement has to be 
initiated. Symptoms usually remit about 1 week after 
starting appropriate thyroid replacement (28). In their 
case, Stowell and Barnhill (26) started treatment with 
100 µg of intravenous T4 b.i.d. plus oral risperidone, 
reporting that at day 6 the patient no longer had symp-
toms of mania. Our patient initially received 200 µg of 
T4 intravenously, followed by a combination of T3 and 
T4 given orally. The combination of T4 and T3 has 
been reported to benefit some patients with myxedema 
madness (29). As in most reported cases, our patient 

Table 2. Evolution and degree of hypothyroidism in reported patients with 
myxedema madness

Author Cases
(number) 

Age 
(years) 

Evolution of 
hypothyroidism

Baseline 
TSH  

(mIU/mL) 

Heinrich and 
Grahm (1)

1 73 Chronic 43.79 

Asher (7) 13

1 

33-73 NS

Chronic 

NS

NS 

Mahendran (20) 1 25 Chronic 85.7 

Chalk (21) 1 15 Chronic 240

Levitte (22) 1 40 Chronic 64 

Chung (23) 1 12 Chronic 92 

Reed and Bland 
(24) 

1 35 Chronic > 40 

Balldin and cols. 
(25)

1 54 NS 7 

Stowell and 
Barnhill (26) 

1 35 Acute > 150 

Colombo and 
cols. (27)

1 NS Acute 229 

NS: not specified.
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was also treated with antipsychotic drugs. However, 
this therapy was discontinued shortly after and until 
present the patient remains off antipsychotic treatment. 
Furthermore, while the patient responded favorably in 
the first week of treatment with antipsychotic drugs, 
the speed of recovery and lack of recurrences during 
follow-up could also be attributed to the prompt rever-
sal of hypothyroidism with intravenous levothyroxine.

One of the uncertainties faced when monitoring 
papillary carcinoma in this patient is the high chance 
of new psychiatric episodes during the potential inter-
ruption of levothyroxine treatment. As an alternative 
to avoid severe hypothyroidism and possible major 
psychiatric manifestations, we resorted to recombinant 
TSH (Thyrogen®). In fact, it has been proposed that 
in certain patients with hypopituitarism, ischemic he-
art disease, a history of “myxedema madness”, weak-
ness due to advanced disease, or inability to elicit TSH 
elevation due to continued production of thyroxine by 
the thyroid remnant or metastatic tumor, recombinant 
TSH is the only acceptable option (30,31). In our ex-
perience, this patient with previous myxedema madness 
upon overt acute hypothyroidism had no further mani-
festations of psychiatric disorders when TSH elevation 
was elicited by recombinant TSH (Thyrogen®).

CONCLUSIONS

Our patient had no previous psychiatric history and 
in her case, the trigger identified was acute postsurgi-
cal hypothyroidism. Although the pathophysiology of 
myxedema madness has not been well elucidated, the 
lack of thyroid hormones at sites of mood regulation in 
the central nervous system might explain the psychotic 
episode.

Due to her underlying disease, our patient would 
have required the interruption of hormone replace-
ment therapy to assess thyroglobulin levels. Instead, we 
used recombinant TSH (Thyrogen®) and the levels of 
T4 and T3 remained stable while TSH increased to the 
desired levels without subsequent psychiatric manifes-
tations. The patient remained free of disease and had 
no further episodes of mania. 

Although the use of recombinant TSH (Thyrogen®) 
in the management of thyroid cancer has been advoca-
ted to avoid the consequences of overt hypothyroidism, 
we could not find in the literature any report of its use 
in a patient with history of myxedema madness. Our 
findings demonstrate that myxedema madness can oc-

cur shortly after thyroidectomy and that recombinant 
TSH can be useful to prevent new psychotic episodes 
during the follow up of thyroid cancer.

Figure 2. Patient’s clinical improvement after one week of hormone 
replacement.

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

Thyroid hormone resistance 
in two patients with papillary 
thyroid microcarcinoma and their 
BRAFV600E mutation status

Melia Karakose1, Mustafa Caliskan1, Muyesser Sayki Arslan1, 
Erman Cakal1, Ahmet Yesilyurt2, Tuncay Delibasi1,3 

SUMMARY
Resistance to thyroid hormone (RTH) is a rare autosomal dominant hereditary disorder. Here in, we 
report two patients with RTH in whom differentiated thyroid cancer was diagnosed. Two patients 
were admitted to our clinic and their laboratory results were elevated thyroid hormone levels with 
unsuppressed TSH. We considered this situation thyroid hormone resistance in the light of laboratory 
and clinical datas. Thyroid nodule was palpated on physical examination. Thyroid ultrasonography 
showed multiple nodules in both lobes. Total thyroidectomy was performed. The pathological fin-
dings were consistent with papillary thyroid microcarcinoma. BRAFV600E mutation analysis results 
were negative. RTH is very rare and might be overlooked. There is no consensus on how to overcome 
the persistently high TSH in patients with RTH and differentiated thyroid cancer (DTC). Further studies 
are needed to explain the relationship between RTH and DTC which might be helpful for the treat-
ment of these patients. Arch Endocrinol Metab. 2015;59(4):364-6

1 Diskapi Yildirim Beyazit 
Training and Research Hospital, 
Department of Endocrinology 
and Metabolism, Ankara, Turkey
2 Diskapi Yildirim Beyazit Training 
and Research Hospital, Department 
of Stem Cell and Genetic 
Diagnostic Center, Ankara, Turkey
3 Hacettepe University, School of 
Medicine (Kastamonu), Department 
of Internal Medicine, Ankara, Turkey

Correspondence to:
Melia Karakose
Diskapi Hospital,
I-rfan Bastug Caddesi,
Ankara, Turkey
meliakarakose@yahoo.com.tr

Received on May/16/2014
Accepted on Nov/24/2014

DOI: 10.1590/2359-3997000000091

INTRODUCTION

R esistance to thyroid hormone (RTH) is a rare au-
tosomal dominant hereditary disorder characte-

rized by a reduced responsiveness of the pituitary and 
peripheral target tissues to thyroid hormone (1,2). RTH 
is caused by mutations in the thyroid hormone recep-
tor beta (THRβ) gene (1,2). The incidence of RTH is 
unknown and both sexes affected equally by RTH (3). 
Patients with RTH have elevated serum free thyroxine 
(fT4) and free triiodothyronine (fT3) concentrations 
with nonsuppressed TSH secretion. Despite a variable 
clinical presentation, the common characteristic clinical 
features are goitre but absence of the usual symptoms 
and metabolic consequences of thyroid hormone excess. 

Patients with RTH have an increased risk of developing 
autoimmune thyroid diseases (4). There are few case re-
ports that describe RTH with papillary thyroid carcinoma 
(PTC) in the literature (5,6). PTC is the most common 
form of differentiated thyroid carcinoma (DTC) (7). Total 
thyroidectomy is applied in the treatment of these patients. 
However, adjuvant therapy in the form of radioactive io-
dine (RAI) is often administered as a means of reducing 
the risk of tumor recurrence (8). After than levothyroxine 
is used to suppress TSH release in order to prevent the 

relapse or progression of the residual thyroid cancer (9). 
TSH suppression may not be obtained despite increasing 
doses of levothyroxine in a patient with RTH. There is no 
consensus on how to overcome the persistently high TSH 
in patients with RTH and DTC. Herein we describe two 
patients with RTH in whom DTC was diagnosed.

CASE REPORTS

Case 1

A 56-year-old Turkish women was referred to internal 
medicine because of the detection of multinodular goiter 
in physical examination. Subtotal thyroidectomy was per-
formed because of multinodular goiter   20 years ago. She 
was admitted to our clinic and her laboratory results were 
detected as follows; TSH: 2.81 mUI/mL (range, 0.55-
4.78), free T4 (fT4): 2.45 ng/dL (range, 0.74-1.52), free 
T3 (fT3): 6.2 pg/mL (range, 2.3-4.2), anti-thyroglobulin 
antibody (anti-TG) and anti-thyroperoxidase (anti-TPO) 
antibody were negative. She had no signs or symptoms 
of typical thyrotoxicosis. MRI scan did not detect the 
presence of a pituitary tumor. TSH showed exaggerated 
response to thyrotropin-releasing hormone and was su-
ppressed following T3 administration. The a-subunit of 
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TSH was normal (0.76 IU/L, range, 0-1.6). The patient 
also underwent testing for THRβ gene, which showed a 
missense mutation in exon 8 (A234D; c.701C>A). The 
patient was diagnosed as RTH in the light of laboratory 
and clinical datas. 

Thyroid nodule was palpated on physical examina-
tion. Thyroid ultrasonography showed multiple nodules 
in both lobes. A fine-needle aspiration biopsy (FNAB) 
was performed and cytological examination showed ‘aty-
pical of undetermined significance’. Total thyroidectomy 
was performed. Pathologic examination revealed papilla-
ry thyroid microcarcinoma, tumor size was 0.2 cm (right 
lobe). Histologic sections of the tumor tissue are very 
small so that the BRAF mutation could not be analyzed. 
As the patient was considered at “very low risk” for an 
adverse clinical course of her thyroid cancer, ablative do-
ses of radioactive iodine were not administered. Levo-
thyroxine therapy was adjusted and the dose was gradu-
ally increased up to 200 mg/day. After two months, her 
TSH level was 84 mUI/L, whereas the fT4 level was 
2.33 ng/dL and she complained for the symptoms of 
hyperthyroidism; therefore, we decreased the dose of le-
vothyroxine to 175 mg/day. After two months her TSH 
level was 98.76 mUI/L, fT4 level was 1.06 ng/dL and 
her symptoms of hyperthyroidism was disappeared. 

For to ensure the TSH suppression triiodotironin 
50 mg/day was added to treatment and levothyroxine 
was reduced to 150 mg/day. After two months TSH 
level and fT4 level were 23.6 mUI/L and 1.11 ng/dL, 
respectively. 

Case 2

A 33-year-old Turkish man was admitted to our clinic 
because of her mother’s RTH and MG disease (case 1). 
Serum thyroid function tests showed elevated fT4, fT3 
and TSH (fT4:1.95 ng/dL, fT3:7.2 pg/mL, TSH: 5.52 
mUI/L). Anti-TG and anti-TPO antibody were nega-
tive. He had no signs or symptoms of typical thyroto-
xicosis. In such cases, a pituitary tumor (TSHoma) that 
secreting excess TSH should be excluded from RTH. 
TSH secreting pituitary adenoma was ruled out because 
the patient had a normal level of the a-subunit of TSH 
(0.36 IU/L, range, 0-1.6), a negative MRI of the pitui-
tary gland, an exaggerated response of TSH to a thyro-
tropin-releasing hormone stimulation test and TSH was 
supressed following T3 administration. There was same 
mutation in the regions of the THRβ gene (exon 8; 
A234D; c.701C>A) that was detected in the first case. 

Thyroid nodules were detected on physical examina-
tion. Ultrasonographic evaluation of the thyroid gland 
were detected multiple nodules in both lobes. The 
dominant nodule was 27 x 42 x 51 mm in size in the 
left lobe and had foci of macrocalcification with mixed 
echogenicity. Two FNAB was performed and cytologi-
cal examination resulted as non-diagnostic. The patient 
underwent total thyroidectomy and papillary thyroid 
microcarcinoma were detected in two focus with dia-
meters of 0.4 cm in the left lobe and 0.4 cm in isthmus. 
BRAFV600E mutation analysis results were negative 
from histopathological sections. I131 radio remnant abla-
tion was performed and after that levothyroxine therapy 
was initiated and the dose was gradually increased up to 
100 mg/day. After two months her TSH level and fT4 
level were 150 mUI/L and 1.26 ng/dL respectively. We 
increased the dose of levothyroxine to 150 mg/day and 
control appointment arranged for two months later.

DISCUSSION

RTH has been described by Refetoff in 1967 (10). The 
cause is mostly mutations in TRβ gene and inheritance of 
RTH is autosomal dominant (1,2). Those patients who 
present with goiter and elevated thyroid hormone levels 
with unsuppressed TSH must be investigated for RTH. 
The main differential diagnosis to be excluded is inappro-
priate TSH secretion from a pituitary tumour (TSHoma). 
The normal level of the TSH a-subunit, a normal MRI of 
the pituitary gland, an exaggerated response of TSH to a 
thyrotropin-releasing hormone stimulation test and TSH 
suppression after T3 administration favour the RTH. 

The point mutations in the THRβ gene are found 
in about 90% of RTH cases. Our two cases have same 
mutations in the regions of the THRβ gene (exon 8; 
A234D; c.701C>A). This mutation had not been pre-
viously reported as being associated with RTH in the 
literature. This is a novel heterozygous missense mu-
tation discovered by our clinic. Also Ünlütürk and cols. 
from Turkey reported a case of RTH with thyroid can-
cer which have a single nucleotide substitution (T>C) 
in codon 334 in THRβ gene (11).

PTC is the most common histological type of 
thyroid malignancy and the rising incidence of thyroid 
cancer is mainly attributed to the increased diagnosis of 
PTC, particularly the small micro PTC (12,13). BRA-
FV600E mutation is the most common genetic altera-
tion in thyroid cancer, and found in about 45% of pa-
pillary thyroid cancers (14). Our in the first case, we 
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did not evaluate BRAFV600E mutation because of the 
small histopathologic cross-sections but in the second 
case BRAFV600E mutation was negative. High serum 
TSH levels, typically described in RTH, are associated 
with increased risk of thyroid malignancy (15). Whereas 
suppression of TSH levels are recommended as adjunc-
tive treatment in differentiated thyroid cancer (16).

There are case reports related with the association 
of the RTH and PTC in the literature (5,6). In these 
cases, clinical euthyroidism with levothyroxine replace-
ment has been achived but TSH suppression was not 
occured. When the dose of levothyroxine was increa-
sed, in those patients hyperthyroidism symptoms (ta-
chycardia, anxiety) occurred, so levothroxine dose was 
decreased. In two cases, with the addition of T3 to the 
treatment TSH levels decreased to the normal range 
(17,18). There are also papers related with suppression 
of TSH with thyroid hormone analogs, such as triio-
dothyroacetic acid (TRIAC) in RTH (19,20). TRIAC 
might be an alternative drug in RTH with DTC to su-
ppress TSH so much peripheral tissue effect. 

In conclusion, there are two situation that need to 
be explained; one of them is whether patients with RTH 
are at an increased risk for thyroid cancer and the other 
one is whether thyroid cancer is more aggressive in pa-
tients with RTH because of the difficulty in suppressing 
serum TSH concentration. TSH suppression has been 
considered as the key step of DTC treatment after total 
thyroidectomy and radioactive iodine therapy. TSH sup-
pression may not be obtained despite increasing doses of 
L-T4 in a patient with RTH. There is no consensus on 
how to overcome the persistently high TSH in patients 
with RTH and DTC. Further studies are needed to ex-
plain the relationship between RTH and DTC which 
might be helpful for the treatment of these patients.

Disclosure: no potential conflict of interest relevant to this article 
was reported.
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High rate of abnormal glucose 
tolerance in Brazilian individuals 
undergoing coronary angiography

Valdecira M. Piveta1, Fernando M. A. Giuffrida2,3, Celia S. Bittencourt1,  
Carolina S. V. Oliveira1, Pedro Saddi-Rosa1, Deyse M. Meira1, André F. Reis1

ABSTRACT
Introduction: Undiagnosed hyperglycemia is common in high cardiovascular risk individuals, espe-
cially in those with coronary artery disease (CAD). There is no consensus about the optimal method 
for the screening of hyperglycemia in this population. Subjects and methods: Five hundred and 
fourteen Brazilian individuals undergoing coronary angiography, without previously known diabetes 
mellitus (DM), had their glycemic status evaluated by both fasting plasma glucose (FPG) and HbA1c, 
being classified in normal (N), prediabetes (PD), and DM according to American Diabetes Associa-
tion criteria. Concordance between both methods was assessed by Cohen’s κ. Accuracy of FPG and 
HbA1c to diagnose CAD was evaluated as proof-of-concept. Results: Among individuals screened 
by FPG, 41.2% had PD and 6% had DM. Among those screened by HbA1c, 52.7% had PD and 12.7% 
had DM. Concordance for a positive screening of PD occurred in 125 individuals (κ = 0.084). Eighteen 
individuals had a concordant positive screening of DM (κ = 0.310). As a predictor of CAD, accuracy 
of FPG was 0.554 (p = 0.009) and of HbA1c 0.557 (p = 0.006). Conclusion: a high frequency of hyper-
glycemia, between 47 and 65%, was found in individuals submitted to coronary angiography without 
previously known glucose disturbances, using FPG and HbA1c as screening methods respectively.
HbA1c detected significantly more individuals with both PD and DM than FPG. Concordance between 
both methods is low. The question of which is the gold-standard method to diagnose hyperglycemia 
in this population is still open. Arch Endocrinol Metab. 2015;59(4):367-70
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INTRODUCTION

C oronary artery disease (CAD) is frequently asso-
ciated with glucose disturbances. Undiagnosed 

hyperglycemia is common in acute coronary syndromes 
(ACS) (1). Hemoglobin A1c (HbA1c) is a suitable op-
tion to screen for previous diabetes mellitus (DM) in 
this population since it bears some advantages such 
as showing less biological variability and not requir-
ing fasting samples (2,3). Although DM can remain 
asymptomatic for many years prior to diagnosis, acute 
hyperglycemia can ensue in clinical conditions such as 
ACS (4). This can lead to potential differences in the 
occurrence of glucose disturbances when individuals 
are studied electively or during these episodes, raising 
the question of a gold-standard method for diagnosing 
hyperglycemia. Some but not all studies have used the 
oral glucose tolerance test (OGTT) as such method, as 
comparator for either fasting plasma glucose (FPG) or 
HbA1c (5,6).

In this study we aim to assess the frequency of DM 
and prediabetes (PD) in patients electively undergoing 
coronary angiography, using both FPG and HbA1c as 
classification criteria.

SUBJECTS AND METHODS

A total of 823 patients who electively underwent coro-
nary angiography at the Federal University of São Pau-
lo (Unifesp) were enrolled in the present study, accord-
ing to previously described criteria (7). The study was 
approved by the ethics committee of Unifesp. After the 
exclusion of 309 individuals with previously known DM 
(38% of our sample), 514 patients had their glycemic 
status assessed by FPG and HbA1c (HPLC). They were 
classified by both criteria according to American Diabe-
tes Association guidelines in normal, PD, and DM (2). 
Individuals with impaired fasting glucose (IFG) were 
classified as PD for the sake of simplicity, since a uni-
fied nomenclature could be used for both diagnostic 
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tools. CAD was defined as any stenosis > 50% in at least 
one major coronary vessel or branch. Cohen’s kappa 
(κ) was use to assess concordance between FPG and 
HbA1c. The accuracy of both to predict CAD was as-
sessed as area under ROC curve (ROC-AUC) and 95% 
confidence intervals (CI).

RESULTS

A high prevalence of PD was seen in this sample using 
both FPG (41%) and HbA1c (53%). DM was found in 
6% and 13% using FPG and HbA1c, respectively (Fig-
ure 1). Diagnosis of PD was concordant in 125 indi-
viduals using both FPG and HbA1c. Agreement was 
very poor, with κ = 0.084, despite being statistically 
significant. Only 18 individuals had concordant DM 
diagnoses by both methods, but agreement was mod-
erate with κ = 0.310 (Table 1). Accuracy of FPG in 
predicting CAD was 0.554 (0.514-0.593), p = 0.009. 
For HbA1c, ROC-AUC was 0.557 (0.517-0.597), p = 
0.006. Due to the poor accuracy values, no cut-point 
evaluation was attempted.

coronary angiography. We have compared FPG and 
HbA1c as methods to stratify glycemic status. HbA1c 
detected more individuals with both PD and DM than 
FPG. Accuracy of both methods to predict CAD, eval-
uated as a proof of concept, was very low.

In the Euro Heart Survey, the majority of 2,107 pa-
tients with ACS had altered glucose tolerance (AGT), 
more diagnosed with OGTT (~60%) than FPG (~20%) (8). 
Similar prevalence of AGT (65%) was seen in a Chinese 
study of both elective patients and those with ACS. Ap-
proximately 85% of the cases would be undiagnosed 
without the OGTT. Interestingly, values were roughly 
compatible with the current classification (9), although 
there was no analysis of HbA1c as a diagnostic crite-
ria in either case. In another study, among 401 indi-
viduals studied with CT angiography, 26% with newly 
diagnosed DM were found. Individuals with signifi-
cant stenosis had higher FPG, post load glucose, and 
HbA1c than individuals without or with non-signifi-
cant stenosis (10). Doerr and cols. analyzed the accu-
racy of HbA1c above 6.5% to diagnose DM in 1015 
individuals undergoing coronary angiography, finding 
low sensitivity (~18%), but good specificity (~97%). In 
this study, according to HbA1c levels, 38% had PD and 
4% DM. A potential source of bias in this study was the 
adoption of the OGTT as the gold-standard for the di-
agnosis of DM. Besides, OGTTs were performed after 
the coronary angiography, therefore stress induced by 
the procedure could raise the frequency of false posi-
tive results in the OGTT, influencing the accuracy of 
HbA1c by disagreeing with it (5). The influence of tim-
ing of OGTT has been hypothesized to compromise 
reproducibility of the results (4). In an Italian study 
of 780 individuals without previous DM, 53.9% had 
PD, with FPG, 2-h post challenge glucose, and HbA1c 
diagnosing respectively 28.1%, 31.7%, and 31.5% of in-
dividuals. There was poor agreement between FPG and 
HbA1c (κ = 0.332), and between 2-h post challenge 
glucose and HbA1c (κ = 0.299) (11). Kowalska and 
cols. assessed 363 men without previous DM referred 
to coronary angiography (no ACS), finding 36% with 
PD and 16% with DM, then concluding that most un-
recognized glucose disturbances can be explained by 
FPG alone (12). In 400 Chinese adults admitted for 
coronary angiography, accuracy of HbA1c was similar 
to FPG in individuals without CAD, but lower in CAD 
patients in the identification of DM (~21%) utilizing 
OGTT as the gold-standard (13). The differences ob-
served among various studies could be attributable not 

Figure 1. Relative frequencies of normal glucose tolerance, PD, and DM 
according to the diagnostic method employed (values in parentheses are 
absolute numbers of individuals in each category).

Table 1. Concordance of PD and DM diagnosis made by both fasting 
plasma FPG and HbA1c

Number of individuals 
with concordant 

diagnosis
Cohen’s κ (95% CI) p

PD 125 0.084 (0.002 - 0.166) 0.048

DM 18 0.310 (0.185 - 0.435) < 0.005

DISCUSSION

In this study a high frequency of glucose disturbances 
was seen in Brazilian individuals electively undergoing 
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only to the different diagnostic tests employed, but also 
to ethnic and demographic differences among studied 
populations.

This brings us to the debate whether HbA1c and 
FPG identify the same individuals is a relevant ques-
tion. Any methods that evaluate blood glucose are in 
fact simplified ways to understand much more complex 
phenomena in the pathophysiology of DM, therefore a 
gold-standard for diagnosis DM and related disturbanc-
es may be regarded as virtually non-existent (6). Be-
sides, limitations of HbA1c in the diagnosis of PD could 
further increase the complexity of this debate. While the 
ADA recommends the utilization of this method for the 
diagnosis of PD, other recommendations such as those 
from the World Health Organization state that there is 
insufficient evidence to interpret HbA1c values below 
6.5% with diagnostic purpose (14).

Another possible approach would be utilizing glu-
cose measurements to estimate the risk of endpoints. 
We have assessed the accuracy of FPG and HbA1c to 
predict CAD. Since there are already well-established 
diagnostic tools for CAD, this was evaluated as a proof-
of-concept. Accuracy was low for both methods, leav-
ing the question of which gold-standard test should be 
used as a comparator to be further investigated.

Some limitations of our study must be addressed. 
Firstly, glycemic status was not confirmed by a second 
laboratory measurements with either method. There-
fore, patients cannot be regarded as having a diagnosis 
of PD or DM, but only a positive screening for those 
conditions. Secondly, PD is represented only by indi-
viduals with IFG. Impaired glucose tolerance (IGT) 
has not a strong agreement with IFG, since they rep-
resent different pathophysiological aspects of incipient 
glucose disturbance and may be associated with differ-
ent cardiovascular risk profiles (15,16). The absence of 
OGTTs in our investigation could lower the agreement 
ratio between blood glucose and HbA1c. Nevertheless, 
we think this group is adequate to represent a group 
of intermediate cardiovascular risk in between normal 
and DM.

In conclusion, PD and DM are highly prevalent 
in individuals without previously known glucose dis-
turbances undergoing elective coronary angiography, 
being found in 47 to 65% of individuals, using FPG 
and HbA1c as screening methods respectively. Concor-
dance between both methods is low, but the question 
of which is the best tool for identifying individuals at 
risk of both DM and CAD is still open.
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Prêmio ABE&M 2014

Desde 2001, os Arquivos Brasileiros de Endocrinologia e Metabologia (ABE&M) e a Sociedade Brasileira de 
Endocrinologia e Metabologia concedem o “Prêmio ABE&M Prof. Waldemar Berardinelli” e o “Prêmio ABE&M 
Prof. Thales Martins” ao jovem investigador dos melhores trabalhos originais da área clínica e da área básica-
-translacional publicados nos ABE&M. 

A comissão foi composta pelos membros do Conselho Editorial: Marcello D. Bronstein, Bruno Ferraz de Souza, 
Francisco Bandeira, Lício Velloso, Melanie Rodacki, Monica R. Gadelha, Nina Rosa C. Musolino, Poli Mara Spritzer, 
Ricardo Meirelles, Rui M. B. Maciel, Sergio Atala Dib, Tânia S. Bachega, que avaliaram os trabalhos publicados no 
volume 58, ano 2014 nos ABE&M. A entrega do prêmio aconteceu no Congresso Brasileiro de Atua lização em 
Endocrinologia e Metabologia no dia 12 de agosto de 2015, na cidade de Vitória, ES.

Prêmio ABE&m Prof. WAldEmAr BErArdinElli 
“Evaluation of percutaneous ethanol injections in benign thyroid nodules”
Da autoria de Camila Luhm Silva Perez, Tayane Muniz Fighera, Fabiola Miasaki,  

Cleo Otaviano Mesa Junior, Gilberto Jorge da Paz Filho, Hans Graf, Gisah Amaral de 
Carvalho. Arq Bras Endocrinol Metabol. 2014;58(9):912-7 

Prêmio ABE&m Prof. ThAlEs mArTins 
“Maternal obesity and late effects on offspring metabolism”

Da autoria de Daniele Sá Vido, Mariana Bocca Nejm, Neila Ribeiro Silva,  
Sylvia Maria Affonso Silva, Sérgio Luiz Cravo, Jacqueline Luz.  

Arq Bras Endocrinol Metabol. 2014;58(3):301-7
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medicamento novo. Diário Oficial da União 2013;124 (Supl):pp 18. 6. Abdul-Ghani MA, DeFronzo RA. Dapagliflozin for the treatment of type 2 diabetes. Expert Opin Pharmacother. 2013;14(12):1695-1703.

FORXIGA® (dapagliflozina) COMPRIMIDOS REVESTIDOS. FORXIGA® (dapagliflozina) comprimidos revestidos. USO ORAL. USO ADULTO. Reg. MS  – 1.0180.0404. FORXIGA® (dapagliflozina) é um inibidor do cotransportador 
sódio – glicose 2 (SGLT2) que melhora o controle glicêmico em pacientes com diabetes mellitus tipo 2, através da redução da reabsorção renal de glicose e consequente excreção do excesso de glicose na urina. INDICAÇÕES: FORXIGA® 
é indicado como adjuvante a dieta e exercícios para melhora do controle glicêmico em pacientes com diabetes mellitus tipo 2 em monoterapia ou em combinação com metformina, uma tiazolidinediona, uma sulfonilureia ou insulina 
(isolada ou com até duas medicações antidiabéticas orais), quando a terapia existente juntamente com dieta e exercícios não proporciona controle glicêmico adequado. Indicado em combinação inicial com metformina quando ambas 
as terapias são apropriadas. CONTRAINDICAÇÕES: FORXIGA® é contraindicado a pacientes com conhecida hipersensibilidade a dapagliflozina ou aos outros componentes da fórmula. ADVERTÊNCIAS E PRECAUÇÕES: FORXIGA® 
não é indicado para uso por pacientes com diabetes tipo 1 e não deve ser utilizado para o tratamento de cetoacidose diabética. FORXIGA® não deve ser usado em pacientes com insuficiência renal moderada a grave (taxa 
de filtração glomerular estimada [TFGe] persistentemente < 45 mL/min/1,73m2 calculada pela fórmula de Modificação da Dieta na Doença Renal [MDRD da sigla em inglês] ou depuração de creatinina [ClCr] persistentemente < 60 
mL/min calculado pela fórmula de Cockcroft – Gault) ou doença renal em fase terminal (ESRD). Pacientes com diabetes e doença cardiovascular: o perfil de segurança de FORXIGA® em estudos nessa população específica foi 
consistente com o de FORXIGA® na população dos estudos clínicos em geral. Pacientes com risco de depleção de volume: deve – se considerar a suspensão temporária de FORXIGA® em pacientes que desenvolverem depleção 
de volume. Infecções do trato urinário: a excreção urinária de glicose pode estar associada com aumento no risco de infecções do trato urinário, portanto, a suspensão temporária de FORXIGA® deve ser considerada no tratamento 
de pielonefrite ou sepse urinária. Uso com medicações conhecidas por causar hipoglicemia: uma dose menor de insulina ou de secretagogos de insulina pode ser necessária para reduzir o risco de hipoglicemia em combinação 
com FORXIGA®. Gravidez: não deve ser usado no segundo e terceiro trimestres de gravidez. Não existem estudos adequados e bem controlados de FORXIGA® em mulheres grávidas. Quando a gravidez for detectada, FORXIGA® deve 
ser descontinuado. Categoria de risco na gravidez: C – Este medicamento não deve ser utilizado por mulheres grávidas sem orientação médica ou do cirurgião dentista. Lactação: FORXIGA® não deve ser utilizado 
em mulheres que estejam amamentando. Uso pediátrico: segurança e a eficácia de FORXIGA® em pacientes pediátricos não foram estabelecidas. Uso geriátrico: não são recomendadas alterações de dose de FORXIGA® com 
base na idade. REAÇÕES ADVERSAS: a interrupção do tratamento devido a eventos adversos em pacientes que receberam FORXIGA® 10 mg foi de 4,3% em comparação com 3,6% para o grupo placebo. Os eventos mais comuns 
foram: infecção genital, infecção do trato urinário, dor nas costas e poliúria. Verificar a bula completa do produto para maiores informações. INTERAÇÕES MEDICAMENTOSAS: o metabolismo de dapagliflozina é mediado 
principalmente pela UGT1A9 – dependente da conjugação glicuronídeo. Em estudos realizados em indivíduos sadios, a farmacocinética da dapagliflozina não foi alterada pela metformina, pioglitazona, sitagliptina, glimepirida, 
voglibose, hidroclorotiazida, bumetanida, valsartana ou sinvastatina. Após o uso concomitante de dapagliflozina com rifampicina ou ácido mefenâmico não houve qualquer efeito clinicamente significativo na eliminação de glicose na urina 
em 24 horas. Em estudos conduzidos em indivíduos sadios, a dapagliflozina não alterou significativamente a farmacocinética da metformina, pioglitazona, sitagliptina, glimepirida, hidroclorotiazida, bumetanida, valsartana, sinvastatina, 
digoxina ou varfarina. Outras interações: os efeitos da dieta, tabagismo, produtos à base de plantas e uso de álcool sobre a farmacocinética da dapagliflozina não foram especificamente estudados. POSOLOGIA: a dose recomendada 
de FORXIGA®, em monoterapia ou terapia combinada, é 10 mg, uma vez ao dia, a qualquer hora do dia, independentemente das refeições. Para pacientes em risco de depleção de volume devido a condições coexistentes, uma dose 
inicial de 5 mg de FORXIGA® pode ser apropriada. Não são necessários ajustes de dose de FORXIGA® com base na função renal ou hepática. Para maiores informações, consulte a bula completa do produto. FRX004. Rev0114. VENDA 
SOB PRESCRIÇÃO MÉDICA. SE PERSISTIREM OS SINTOMAS, O MÉDICO DEVERÁ SER CONSULTADO.

CONTRAINDICAÇÕES: Pacientes com conhecida hipersensibilidade a dapagliflozina ou aos outros componentes da 
fórmula. INTERAÇÕES MEDICAMENTOSAS: A farmacocinética da dapagliflozina não foi alterada pela metformina, 
pioglitazona, sitagliptina, glimepirida, hidroclorotiazida, valsartana ou sinvastatina.

Primeiro com mecanismo de ação 
independente de insulina1,5,6

Controle glicêmico com perda de peso1

Administração oral, 1 vez ao dia1

Eficácia no controle glicêmico com 
benefício adicional de perda de peso¹

ELIMINA EM MÉDIA 
70g DE GLICOSE POR DIA1-4
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