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T he Archives of Endocrinology and Metabolism (AE&M) are completing its first 
year. Despite its name in English and the mandatory use of this language for all 

articles, the former “Arquivos Brasileiros de Endocrinologia e Metabologia” remains the 
official Journal of the Brazilian Society of Endocrinology and Metabolism. I believe that 
such change will progressively increase the knowledge and interest of endocrinologists 
around the word on our journal, which, without losing its Brazilian origin and identi-
ty, will become more and more an international publication. Consequently its impact 
factor, unavailable during two years due to its name change, is expected to augment, 
leading to the increase of submissions of good original basic, translational and clini-
cal research, in a healthy vicious cycle. In order to pursue the increase of the impact 
factor, original and review papers should be privileged, in detriment of case reports. 
As a matter of fact, many medical journals increased its impact factor restricting the 
acceptance of case reports. On the other hand, many journals are dealing specifically 
with this kind of medical article. 

During 2015, 416 manuscripts have been submitted to AE&M. From them, 71.4% 
were original research, and the remainder consisted of case reports (18%), review arti-
cles (5.5%), brief reports (4.6%), letter to the editor (0.2%), and consensus statement 
(0.2%). From the total of submitted manuscripts, 306 came to a decision, and 79 have 
been accepted for publication (26%).

Regarding the number of manuscripts per country, Brazil submitted 146, Turkey 
61, China 16, India 11, Iran 10, Argentina 9, Portugal 8, Italy 7, Romania 5, and 
Egypt 4. Additionally, the following countries also submitted articles: Algeria, Bulga-
ria, Chile, Colombia, Croatia, Cyprus, Greece, Hungary, Mexico, Nigeria, Pakistan, 
Poland, Saudi Arabia, Serbia, Slovakia, Spain, Taiwan, Tunisia, USA, and Venezuela.

In this second year of my task as Editor-in-Chief of the AE&M, I intend to stren-
gthen the relationship with colleagues of other countries, asking for reviews and mi-
ni-reviews. For this purpose I expect to count on the international editorial board of 
our journal.

Last but not least, I would like to acknowledge and warmly thank all my Associate 
Editors for their outstanding collaboration, as well as the Brazilian and International 
reviewers for their time and expertise, selecting manuscripts which enriched the qua-
lity of our AE&M. 

1 Editor-chefe da Archives of 
Endocrinology and Metabolism, 
chefe da Unidade de 
Neuroendocrinologia, Serviço de 
Endocrinologia e Metabologia, 
Hospital das Clínicas, Faculdade 
de Medicina da Universidade 
de São Paulo (HCFMUSP), 
São Paulo, SP, Brasil

A promising first year: 
Happy birthday AE&M!

Marcello D. Bronstein1 
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Radioiodine for thyroid cancer: 
sometimes, less is best

Rosalia do Prado Padovani1 

T his issue of Archives of Endocrinology and Metabolism contemplates two impor-
tant articles that discuss controversies related to the indication of radioactive 

iodine (RAI) therapy for patients with differentiated thyroid carcinoma (DTC), hi-
ghlighting the need of future studies in this area, which still has many points to be 
questioned and discussed.

The first article, “Is 131I ablation necessary for patients with low-risk papillary 
thyroid carcinoma and slightly elevated stimulated thyroglobulin after thyroidectomy? 
(1) presents a very controversial and interesting issue. Emphasizing the discussion on 
the real benefit of RAI ablation for some DTC patients, the study assessed the risk of 
disease recurrence in 53 low risk patients, who, after surgery, remained with slightly 
elevated stimulated Tg. The time of follow-up ranged from 36 to 96 months. The re-
sults demonstrated that the great majority of the patients had a good evolution during 
the follow-up even without receiving RAI ablation. 

In fact, some previous studies have shown that low-risk patients who develop pos-
toperative stimulated thyroglobulin (Tg) ≤ 1 ng/mL in the absence of anti-Tg anti-
bodies (TgAb) and negative ultrasonography (US) postoperative do not benefit from 
RAI ablation because recurrence seldom occurs in this group (2-4). Even the 2015 
ATA guideline (5) and the 2013 DTC Brazilian Consensus (6) recommend the same 
guidance. However, only two previous studies evaluated the follow-up of low risk pa-
tients who were not submitted to ablation because of low postoperative Tg (4,7). This 
remark emphasizes the importance of this prospective study by Rosario and Mourão 
(1), which also showed a low recurrence rate (approximately 2%) in a large number 
of low risk patients who, following total thyroidectomy without central neck dissec-
tion, remained with slightly elevated stimulated Tg and were not submitted do RAI 
ablation.

Another important contribution of this study was the confirmation of the stimula-
ted Tg values cut off as a parameter to spare low-risk patients from ablation. The cut 
off (stimulated Tg > 1 ng/mL, but ≤ 5 ng/mL after L-T4 withdrawal or ≤ 2 ng/mL 
after rhTSH) was the same used in two previous studies (4,7) and was again conside-
red a good marker to distinguish normal residual thyroid tissue from persistent thyroid 
neoplastic disease. 

Even considering that, in the near future, current functional assays with higher 
sensitivity of Tg (sensitivity < 0.1 ng/mL) will likely replace the use of stimulated Tg, 
most services still use, as a routine, Tg stimulation to confirm any evidence of disease. 
These new assays tend to obviate the need for rhTSH stimulation in low risk patients 
with a Tg on levothyroxine (LT4) treatment below 0.1-0.2 ng/mL (5).

The periodic Tg measurements on thyroid hormone therapy are also very impor-
tant in the follow-up of patients and were also emphasized by this study. While specific 
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cutoff levels of Tg that optimally distinguish normal 
residual thyroid tissue from persistent thyroid cancer 
are unknown, the observation of rising Tg values over 
time can also be used as a marker of suspicious growing 
thyroid tissue or cancer. For patients who present eleva-
ted Tg values over time, especially those with increasing 
Tg behavior and negative cervical US, remnant abla-
tion or adjuvant therapy with 131I may be considered. 
There is no evidence in these low risk patients that a 
delayed treatment may adversely affect the outcome or 
decrease the chance of cure (5).

Other information highlighted in the study was the 
importance of continuous follow-up of patients with 
cervical US. Although prophylactic dissection of the 
cervical lymph nodes was not performed in the patients 
of the study, lymph node metastases could be well diag-
nosed by cervical US, confirming that this assessment is 
considered an important and essential surveillance tool 
in the follow-up of papillary DTC patients. It is also 
important to remember that serum Tg measurements 
obtained during thyroid hormone suppression of TSH, 
and, less commonly, following TSH stimulation, may 
fail to identify patients with small amounts of residual 
tumor (8). Even in these cases, with serum undetec-
table Tg, the cervical US can help to recognize these 
minimal amounts of residual disease and exclude the 
possibility of neoplastic disease (9). 

Another point to be raised in this study is the inclu-
sion of intermediate risk patients [26 patients presented 
tumors > 4 cm or minimal extra thyroid invasion (pT3, 
cN0pNx, M0)] in the selected group of patients clas-
sified as low risk (1,9). By including these patients, the 
author also evaluated the recurrence rate of this inter-
mediate risk group that remained with slightly eleva-
ted stimulated Tg after surgery. And, not surprisingly, 
the only patient who had lymph node recurrence came 
from this group, even though with a favorable evolu-
tion. This observation suggests that some patients ini-
tially considered as being intermediate risk who develop 
slightly elevated Tg can also have an excellent outcome, 
indicating the possibility that this group of patients may 
be just followed without RAI ablation. This is certainly 
a controversial topic that requires further investigation 
to be well-defined.

In conclusion, the results obtained from this stu-
dy suggests that low-risk and some intermediate risk 
patients who present stimulated Tg ≤ 5 ng/mL after 
L-T4 withdrawal or ≤ 2 ng/mL after rh TSH in the 
absence of TgAb and combined with negative neck US 

after thyroidectomy can be initially followed without 
RAI ablation. Nevertheless, even for these patients, it 
appears reasonable to consider a periodic follow-up 
with assessment of Tg on LT4 treatment, TgAb and 
US as a strategy for surveillance.

The second study, “Is radioactive iodine-131 treat-
ment related to the occurrence of non-synchronous se-
cond primary malignancy in patients with differentiated 
thyroid cancer? (10), also presented a very controver-
sial and interesting subject that challenges physicians 
treating DTC patients. The authors evaluate a large 
number of patients (n = 413) with histopathological 
diagnosis of thyroid cancer treated between January 1st 
of 1979 and December 31 of 2009. From the entire 
group, 413 had all the criteria for inclusion and were 
followed for at least 3 years (mean follow-up period 
was 11.0 ± 7.5 years). The results showed an incidence 
of 4.1% non-synchronous second primary malignancy 
(NSSPM) related to the occurrence of solid malignan-
cies. Nevertheless, no statistically significant association 
between RAI treatment or cumulative 131I activity and 
NSSPM occurrence was observed. An interesting ob-
servation of the study was that, probably, a tendency of 
premature NSSPM occurrence among patients treated 
with RAI exists. The author also concluded that pa-
tients with more advanced age at DTC diagnosis were 
under greater risk of NSSPM development (10).

This study is considered relevant because DTC inci-
dence has been rising and its overall prognosis after treat-
ment is favorable with a low mortality rate (11). Therefo-
re, the great majority of patients with DTC is candidate 
to a long-term survival, which can influence the potential 
for development of secondary malignancies (12). 

Although RAI has been used in medicine for over 
half a century (13), evidences about possible carcinoge-
nic effects after its administration for therapeutic pur-
poses are still a matter of debate. Several studies have 
described an increased association of second primary 
malignancies following diagnosis of thyroid cancer but, 
still, there is no confirmation about the association with 
RAI therapy (14,15). The difficulty in reaching a con-
clusion probably is related to the long latency period 
for the clinical appearance of radiation induced tumors, 
especially solid tumors (13). Therefore, it would be ne-
cessary to follow a great number of patients for many 
decades to be able to show, conclusively, whether an 
excess of second tumors occurs in patients treated with 
131I when compared to a control population. This is es-
pecially difficult when dealing with relative low preva-
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lent tumors such as thyroid carcinoma (16). This study 
by Souza and cols. (10) encompassed a considerable 
time of follow-up (11.0 ± 7.5 years since diagnosis), 
but insufficient to evaluate second primary malignancy 
tumors occurrence in DTC patients. 

Another bias of this kind of study concerns the he-
terogeneity of data obtained over long periods of time 
due to the improvement of diagnostic and therapeutic 
tools. Moreover, the exposure to other carcinogenic 
factors makes the assessment even more difficult.

Another point to be considered concerns how diffe-
rences in clinical, pathologic and treatment characteris-
tics alter the risk profiles for developing second primary 
cancers. In this study, the author aimed to evaluate 
variables other than 131I that could be associated with 
NSSPM, such as age, gender and DTC histological 
subtype. Age at DTC diagnosis was the only indepen-
dent factor significantly associated with NSSPM. Ne-
vertheless, the relative small number of patients (just 17 
patients presented NSSPM) could influence the results. 
Another important limitation of the study was that no 
active investigation for secondary malignances was per-
formed, what raises the possibility of silent tumors not 
being considered in the analyses.

In conclusion, this study suggests that the 131I may 
play a role in anticipating NSSPM occurrence, what is 
considered an important negative effect of RAI thera-
py. More studies are needed to confirm or disprove this 
theory and investigate molecular-genetic and environ-
mental factors that may aid in the identification of specific 
groups at higher risk of developing a second primary can-
cer. Meanwhile, it is interesting that all patients with DTC 
undergo specific screening for common second primary 
cancers as leukemia, breast and prostate for example.

Disclosure: no potential conflict of interest relevant to this article 
was reported.
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Is 131I ablation necessary for 
patients with low-risk papillary 
thyroid carcinoma and slightly 
elevated stimulated thyroglobulin 
after thyroidectomy?

Pedro Weslley Rosario1, Gabriela Franco Mourão1

ABSTRACT
Objective: This prospective study evaluated the recurrence rate in low-risk patients with papillary 
thyroid cancer (PTC) who presented slightly elevated thyroglobulin (Tg) after thyroidectomy and 
who did not undergo ablation with 131I. Subjects and methods: The study included 53 low-risk pa-
tients (nonaggressive histology; pT1b-3, cN0pNx, M0) with slightly elevated Tg after thyroidectomy 
(> 1 ng/mL, but ≤ 5 ng/mL after levothyroxine withdrawal or ≤ 2 ng/mL after recombinant human 
TSH). Results: The time of follow-up ranged from 36 to 96 months. Lymph node metastases were 
detected in only one patient (1.9%). Fifty-two patients continued to present negative neck ultra-
sound. None of these patients without apparent disease presented an increase in Tg. Conclusions: 
Low-risk patients with PTC who present slightly elevated Tg after thyroidectomy do not require abla-
tion with 131I. Arch Endocrinol Metab. 2016;60(1):5-8

Keywords
Thyroid cancer; low-risk; postoperative thyroglobulin; radioiodine; recurrence

INTRODUCTION

The need for radioiodine is controversial in pa-
tients with papillary thyroid cancer (PTC) who 

underwent apparently complete tumor resection and 
who show no signs of persistent disease after surgery. 
Patients with intrathyroid microcarcinoma and non-
aggressive histology do not benefit from ablation with 
131I (1-3). In contrast, adjuvant radioiodine therapy 
is recommended for patients who are at high risk of 
recurrence (2,3). The controversy surrounds patients 
who are at low risk of recurrence. In these patients, 
stimulated postoperative thyroglobulin (Tg) ≤ 1 ng/mL 
has been proposed as a criterion to select subjects who 
do not require ablation (4-9). It is known that per-
sistent disease is rare if stimulated Tg is ≤ 1 ng/mL  
in the absence of anti-Tg antibodies (TgAb) (5,6) 
and, even without ablation, recurrence rarely occurs 
(4,7-9).

It is possible that tumor persistence and recurren-
ce are also uncommon in low-risk patients with only 
slightly elevated stimulated Tg after surgery. The few 
cases of metastases observed at these Tg concentrations 
involve the cervical lymph nodes and can be detected 
by ultrasonography (US) (5,10,11). In fact, low-risk 
patients with only slightly elevated stimulated Tg and 
US showing no abnormalities rarely exhibit ectopic up-
take upon post-therapy whole-body scanning (RxWBS) 
(5,11). Furthermore, two studies reported tumor re-
currence in only 1/61 patients with Tg between 1 ng/mL 
and 5 ng/mL after levothyroxine (L-T4) withdrawal 
who did not receive 131I (4,9).

The objective of this prospective study was to evaluate 
the recurrence rate in low-risk patients who presented sli-
ghtly elevated stimulated Tg [> 1 ng/mL, but ≤ 5 ng/mL 
after L-T4 withdrawal or ≤ 2 ng/mL after recombinant 
human TSH (rhTSH)] and negative neck US after thyroi-
dectomy and who did not undergo ablation with 131I.
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MATERIALS AND METHODS

Design

Prospective study.

Patients

Patients consecutively seen at our institution who met 
the following criteria were first selected: diagnosis of 
PTC; submitted to total thyroidectomy with apparently 
complete tumor resection; no signs of persistent disease 
after surgery, and classified as low risk of recurrence. 
Patients presenting one of the following characteristics 
were excluded because of a higher risk of recurrence: tu-
mor > 4 cm and extrathyroid invasion (both); extensive 
extrathyroid invasion (pT4), irrespective of tumor size; 
aggressive histological subtype (e.g., tall-cell, colum-
nar-cell, diffuse follicular variant) or vascular invasion; 
lymph node metastases detected by preoperative US or 
suspected during surgery (cN1). The patients were not 
submitted to elective central compartment lymph node 
dissection. Patients with intrathyroid microcarcinoma, 
and patients with the noninvasive encapsulated follicu-
lar variant of papillary carcinoma, who clearly would 
not benefit from ablation with 131I, were also excluded.

The 269 patients initially selected were evaluated 
approximately 16 weeks after thyroidectomy by the me-
asurement of stimulated Tg [after L-T4 withdrawal or 
administration of rhTSH], TgAb, and neck US. Thirty 
patients with positive TgAb, and 50 patients with Tg 
> 5 ng/mL after L-T4 withdrawal or > 2 ng/mL after 
rhTSH and who were treated with 131I were excluded 
from the study. The data of 136 patients with stimu-
lated Tg ≤ 1 ng/mL, negative TgAb and US without 
abnormalities have been published previously (7). We 
report here the results obtained for 53 patients with 
only slightly elevated stimulated Tg [> 1 ng/mL, but 
≤ 5 ng/mL after L-T4 withdrawal or ≤ 2 ng/mL after 
rhTSH]. These patients also did not receive 131I. 

The study was approved by the Research Ethics 
Committee of our institution.

Follow-up

After stimulated Tg was obtained, which ruled out 
the need for ablation, the first control assessment was 
performed approximately 3 months later. The patients 
were maintained on 0.3 to 2 mIU/L TSH and were 
followed up by clinical examination, measurement of 

Tg during L-T4 therapy (Tg/T4) and TgAb at inter-
vals of 6-12 months, and annual neck US.

Imaging methods

All suspected lesions apparent on the scans (12,13) were 
evaluated by US-guided fine-needle aspiration biopsy.

Assays
Chemiluminescent assays were used for the measure-
ment of Tg [Access (Beckman Coulter, Fullerton, CA; 
functional sensitivity of 0.1 ng/mL)] and TgAb [Im-
mulite 2000 (Diagnostic Products Corporation, Los 
Angeles, CA; detection limit of 20 IU/mL; reference 
value of up to 40 IU/mL) or ARCHITET (Abbott 
Laboratories, IL, USA; detection limit of 1 IU/mL; 
reference value of up to 4.11 IU/mL)]. Patients with 
positive TgAb were excluded.

RESULTS

Characteristics of the patients

The characteristics of the patients are shown in Table 
1. Twenty-seven patients had tumors > 1 cm and ≤ 4 
cm restricted to the thyroid (pT1b-2, cN0pNx, M0), 
whereas 26 patients presented tumors > 4 cm or mini-
mal extrathyroid invasion (pT3, cN0pNx, M0).

Follow-up

The time of follow-up ranged from 36 to 96 months (me-
dian: 66 months). Among the patients studied, fifty-two 
continued to present negative US. Lymph node metasta-
ses were detected by US in one patient 3 years after thy-
roidectomy (Table 2) [0/27 patients with tumors ≤ 4 cm 
restricted to the thyroid and 1/26 (3.8%) patients with 
tumors > 4 cm or minimal extrathyroid invasion had ap-
parent disease]. Six months after reoperation, this patient 
had normal neck US and stimulated Tg was < 2 ng/mL 
in the absence of TgAb. On the basis of these findings, 
this patient did not receive radioiodine and continues 
without apparent disease 32 months after reoperation.

All patients had Tg/T4 ≤ 1 ng/mL in the last assess-
ment. Twenty one patients had undetectable Tg/T4 and 
32 patients had detectable Tg ranging from 0.12 to 1 ng/
mL (median: 0.3 ng/mL). During follow-up, none of 32 
patients with detectable Tg/T4 showed an increase in Tg 
concentration. When compared to the measurement ob-
tained about 6 months after surgery, Tg concentrations 
were stable in 12 patients and were reduced in 20.
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(4-11,14,15). Similar to what is observed in patients 
with stimulated Tg ≤ 1 ng/mL (4,7,9) and reported 
in previous studies (4,9), the results obtained here sug-
gest that low-risk patients with PTC who present only 
slightly elevated stimulated Tg combined with negative 
neck US after thyroidectomy also do not initially re-
quire ablation with 131I. A weakly positive stimulated 
Tg after thyroidectomy can represent a small residuum 
of normal tissue rather than persistent disease. In fact, 
these patients rarely exhibit ectopic uptake upon Rx-
WBS (5,10,11,14). This group could correspond to 
nearly 20-30% of low-risk patients (4,5,9,14,15).

To our knowledge, there are only two studies repor-
ting the evolution of patients who were not submitted 
to ablation because of low postoperative Tg (4,9). In 
those studies, 61 low-risk patients with Tg between 1 
and 5 ng/mL after L-T4 withdrawal did not receive 
131I and one presented recurrence (4,9). In the present 
study which included a larger number of patients (n = 
53), the recurrence rate was also low (approximately 
2%). All patients had Tg/T4 ≤ 1 ng/mL in the last 
assessment. None of patients with detectable Tg/T4 
showed an increase in Tg concentration. Tg concen-
trations were stable or decreasing, a fact that predicts 
the absence of long-term disease (16-18). Neck US 
continued to be negative in all of these patients. Since 
50% of recurrences occur in the first 3 years and 80% 
in the first 5 years (19), the time of follow-up [≥ 36 
months in all patients (median: 66 months)] does not 
seem to significantly compromise the result. The rate 
of recurrence remained low [1/32 (3.1%)] when only 
patients with a follow-up time > 5 years were analyzed 
(unpublished data).

Interestingly, ablation with 131I do not guarantee 
the absence of recurrence in patients with low stimula-
ted Tg after thyroidectomy (14,15). We also observed 
this fact when reviewing data from 65 patients seen at 
our institution, who were similar to the present pa-
tients (nonaggressive histology; pT1b-3, cN0pNx, M0; 
Tg between 1 and 5 ng/mL after L-T4 withdrawal) 
and were submitted to the same follow-up protocol, 
but who underwent ablation with 131I (5). One case of 
neck recurrence (1.5%) was also detected in this group 
(unpublished data).

Although undetectable Tg/T4 measured by highly 
sensitive assays is a predictor of low stimulated Tg, at 
present, the criterion proposed (4-7,9) and evaluated 
in this study to spare low-risk patients from ablation 
would be stimulated Tg. Finally, prophylactic dissec-

Table 1. Characteristics of the patients studied

Sex

Female 42 (79.2%)

Male 11 (20.7%)

Age (years) 14 to 80 (mean: 48.4)

Tumor size

Range 0.7 to 5 cm

≤ 1 cm 11 (20.7%)

> 1 cm and ≤ 2 cm 20 (37.7%)

> 2 cm and ≤ 4 cm 16 (30.2%)

> 4 cm 6 (11.3%)

Histological subtype

Classic 39 (73.6%)

Nonencapsulated follicular variant 10 (18.9%)

Hurthle-cell 4 (7.5%)

Minimal extrathyroid invasion (pT3) 20 (37.7%)

Multicentricity of the tumor 17 (32%)

TNM classification

pT1b, cN0pNx, M0 15 (28%)

pT2, cN0pNx, M0 12 (28%)

pT3, cN0pNx, M0 26 (49%)

Stimulated Tg [range (ng/mL)]

L-T4 withdrawal (n = 30) 1.4-4.8 ng/mL

rhTSH (n = 23) 1.06-2 ng/mL

Tg: thyroglobulin; rhTSH: recombinant human TSH.

Table 2. Characteristics of the patient with recurrence

Sex Female

Age (years) 58

Tumor size (cm) 3.5

Extrathyroid invasion Yes

Lymph node metastases No

Multicentricity of the tumor No

TNM classification pT3, cN0pNx, M0

Postoperative stimulated Tg 1.6 ng/mL (Tg/rhTSH)

Interval between surgery and recurrence (months) 36

Site of recurrence Cervical lymph nodes

Positive imaging method Ultrasonography

Tg: thyroglobulin; rhTSH: recombinant human TSH.

DISCUSSION

Low-risk patients with PTC who present stimulated Tg 
≤ 1 ng/mL in the absence of TgAb and combined with 
negative neck US after thyroidectomy do not require 
ablation with 131I (4-9). This Tg level can be achieved 
in 30-60% of patients submitted to total thyroidectomy 
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tion of the cervical lymph nodes was not performed 
in the present investigation. We believe that, for the 
selection of patients who can be spared from ablation 
with 131I based on postoperative stimulated Tg, the ab-
sence of lymph node metastases can be demonstrated 
by US and perioperative examination (cN0) and does 
not require confirmation by prophylactic dissection of 
the central neck compartment.

CONCLUSION

The results obtained here suggest that low-risk patients 
with PTC who present stimulated Tg ≤ 5 ng/mL after 
L-T4 withdrawal or ≤ 2 ng/mL after rhTSH in the ab-
sence of TgAb and combined with negative neck US af-
ter thyroidectomy do not initially require ablation with 
131I. These patients would be followed up by periodic 
measurement of Tg/T4 and TgAb and neck US, main-
taining on 0.5 to 2 mIU/L TSH. Studies involving a 
larger number of patients are needed to confirm this 
proposal.

Disclosure: no potential conflict of interest relevant to this article 
was reported.
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Is radioactive iodine-131 treatment 
related to the occurrence of  
non-synchronous second primary 
malignancy in patients with 
differentiated thyroid cancer?
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ABSTRACT
Objective: Much controversy relates to the risk of non-synchronous second primary malignancies 
(NSSPM) after radioactive iodine treatment (RAI-131) in differentiated thyroid cancer (DTC) patients. 
This study evaluated the relationship between RAI-131 and NSSPM in DTC survivors with long-term 
follow-up. Materials and methods: Retrospective analysis of 413 DTC cases was performed; 252 
received RAI-131 and 161 were treated with thyroidectomy alone. Exclusion criteria were: prior or 
synchronous non-thyroidal malignancies (within the first year), familial syndromes associated to 
multiple neoplasms, ionizing radiation exposure or second tumors with unknown histopathology. 
Results: During a mean follow-up of 11.0 ± 7.5 years, 17 (4.1%) patients developed solid NSSPM. 
Patients with NSSPM were older than those without (p = 0.02). RAI-131 and I-131 cumulative activity 
were similar in patients with and without NSSPM (p = 0.18 and p = 0.78, respectively). Incidence of 
NSSPM was 5.2% in patients with RAI-131 treatment and 2.5% in those without RAI-131 (p = 0.18). Us-
ing multivariate analysis, RAI-131 was not significantly associated with NSSPM occurrence (p = 0.35); 
age was the only independent predictor (p = 0.04). Under log rank statistical analysis, after 10 years 
of follow-up, it was observed a tendency of lower NSSPM-free survival among patients that received 
RAI-131 treatment (0.96 vs. 0.87; p = 0.06), what was not affected by age at DTC diagnosis. Conclu-
sion: In our cohort of DTC survivors, with a long-term follow-up period, RAI-131 treatment and I-131 
cumulative dose were not significantly associated with NSSPM occurrence. A tendency of premature 
NSSPM occurrence among patients treated with RAI-131 was observed, suggesting an anticipating 
oncogenic effect by interaction with other risk factors. Arch Endocrinol Metab. 2016;60(1):9-15

Keywords
Radioactive iodine treatment; differentiated thyroid cancer; secondary primary malignancy

INTRODUCTION

D ifferentiated thyroid carcinoma (DTC), includ-
ing papillary, follicular and its variants, accounts 

for over 90% of all the malignant neoplasms of the 
thyroid gland (1). DTC incidence has been rising sub-
stantially all over the world. The exact reasons for the 
rising incidence are unclear, but it might be related to 
better detection by ultrasonography and thyroid fine 
needle aspiration; improved recognition of histological 
subtypes; and possible increased exposure to unknown 
risk factors (2-4). The Brazilian National Cancer Insti-
tute (INCa) estimates 9200 new cases of DTC in Bra-
zil in 2014, with an expected incidence (per 100,000 

habitants) of 1.15 and 7.89, among men and women, 
respectively (5).

Treatment of DTC involves surgery with elective 
radioactive iodine-131 treatment (RAI-131) in an in-
dividualized approach (6-9). Overall prognosis of DTC 
after treatment is favorable with a low mortality rate (1). 
Therefore, the great majority of patients with DTC will 
have a long-term survival and follow-up period. Con-
cerns related to the long-term negative effects of RAI-
131 are increasing and a more selective use of RAI-131 
is being advocated (10). Researchers have noticed non 
rare cases of non-synchronous second primary malig-
nancies (NSSPM) along the follow-up of non-familial 



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

10

Radioactive iodine and second primary malignancy

Arch Endocrinol Metab. 2016;60/1

DTC, exceptions made to the known syndromes in 
which DTC is associated with other malignant neo-
plasms (11). Some authors advocated the relationship 
between RAI-131 and oncogenic effects (12-16), as 
suggested by recent studies with DTC patients treated 
with RAI-131 (15,16). Nevertheless, an Iranian cohort 
demonstrated that the increased risk of second malig-
nant neoplasms occurred only when the cumulative 
dose of I-131 exceeded 4.0 GBq (1.08Ci) (17). Fur-
thermore, other studies reported no influence of RAI-
131 for DTC on the incidence of NSSPM (18).

Therefore, there is still much controversy relating 
the risk of NSSPM with RAI-131. The aims of this stu-
dy were to evaluate the relationship between the RAI-
131 treatment for DTC and the incidence of NSSPM in 
a cohort of DTC survivors with long-term follow-up, 
and to evaluate other possible factors associated with 
NSSPM in DTC survivors.

MATERIALS AND METHODS

Study population

From 562 patients with histopathological diagnosis of 
thyroid cancer treated at the Federal University of Rio 
de Janeiro between January 1st of 1979 and Decem-
ber 31 of 2009, 413 met the inclusion and exclusion 
criteria. The present study was performed under the 
research protocol 178/06 approved by local Research 
Ethics Committee.

Inclusion criteria were DTC confirmed by histopa-
thology and a minimal follow-up of 3 years after sur-
gery. Two hundred and fifty two patients received at 
least one RAI-131 therapeutic dose, and 161 were sub-
mitted to thyroidectomy alone.

Exclusion criteria were: second malignancy prior to 
or in the first year of the diagnosis of the DTC (clas-
sified as synchronous); history of previous exposure to 
ionizing radiation; familial syndromes known to be re-
lated to cancer of other sites; and/or the presence of 
tumors with unknown histopathological nature which 
could represent either DTC metastasis or second pri-
mary malignancy.

RAI-131 treatment

Total thyroidectomy was performed in all patients with 
DTC diagnoses. RAI-131 treatment after surgery re-
spected the international recommendations, and was 
indicated for patients with tumors larger than 1 centi-

meter (cm), multicentricity, capsular or angiolymphatic 
invasion, extra-thyroidal extension, lymphonodal or 
distant metastasis and in case of any evidence of post-
operative remnant disease on the neck. RAI-131 was 
adminis tered after levothyroxine withdrawal for 30 days, 
or, in selected cases, after recombinant TSH administra-
tion. Eight days after treatment, patients were submitted 
to a post-dose whole body scan (WBS), and a therapeu-
tic control WBS was performed 6-12 months after each 
dose. The standard radioactivity indicated was 100mCi 
(3.7GBq); major doses were administered in the pres-
ence of lymphonodal or distant metastasis. Subsequent 
doses were administered in individualized manner, when 
there was evidence of residual radioactive avid disease.

Follow-up

All patients were assigned to a regular and periodic 
follow-up plan for thyroid cancer, which included 
measurement of serum thyroglobulin and cervical ul-
trasonography at 6-12 months intervals. Further com-
plementary tests, such as computed tomography and 
I-131 whole body scan, were performed as an individu-
alized approach whenever clinically indicated. There 
was no active screening for other malignancies. Only 
documented non-thyroid neoplasms were considered 
as NSSPM. NSSPM was diagnosed in the presence of 
suggestive signs and symptoms followed by compli-
mentary investigation. 

Data collection

For this retrospective analysis, we recorded in a data-
sheet information of each case including gender, date of 
diagnosis, age at diagnosis, histophatological subtypes 
of DTC, the first dose and the subsequent cumulative 
I-131 dose for the group treated with RAI-131, follow-
up period, data about the NSSPM (age at diagnosis, 
subtype) and cause of death (when applicable).

Outcomes

Primary outcomes of the study were to determine the 
incidence of NSSPM and to evaluate the association of 
NSSPM with RAI-131. Secondary outcomes were to 
evaluate other possible factors associated with NSSPM 
in patients with DTC.

The endpoint of the study was determined for each 
patient as the date of diagnosis of NSSPM, death, loss 
of follow-up or the closing date of data collection (De-
cember 31, 2012), whichever occurred first.



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

11

Radioactive iodine and second primary malignancy

Arch Endocrinol Metab. 2016;60/1

A first analysis was performed with the entire popu-
lation in order to evaluate the incidence of NSSPM. Pa-
tients where then distributed into two groups for analy-
sis: with and without NSSPM. We aimed to evaluate 
clinical factors associated with NSSPM in DTC patients. 

In order to evaluate the incidence of NSSPM in pa-
tients treated with RAI-131 a separate analysis was per-
formed which distributed patients in two groups: with 
and without RAI-131 treatment.

At last, patients who developed NSSPM were sepa-
rately analyzed. Clinical characteristics and the exposu-
re impact of RAI-131 in these patients were evaluated.

Statistical analysis

Statistical analysis was processed using SPSS for Win-
dows 13.0 (SPSS Inc. 2004). Under univariate analysis 
to compare between groups, categorical variables were 
evaluated by Fisher or chi-square tests, and ordinal vari-
ables were evaluated by Mann-Whitney. Multivariate 
analysis was performed by logistic regression analysis 
(enter method). Endpoint-free cumulative probability 
was defined, for each group, using Kaplan-Meier me-
thod, and comparison between curves was obtained by 
log-rank (Mantel-Cox) statistics. Significance criteria 
were defined in 5% (p < 0.05).

RESULTS

Baseline characteristics of the entire population (n = 
413) described in table 1 were: mean age of 44.1 ± 
15.3 years, 362 (87.6%) women, 309 (74.8%) papillary 
carcinoma subtype, and 252 (61%) patients were sub-
mitted to RAI-131. Mean follow-up period since diag-
nosis was 11.0 ± 7.5 years. In the end of the follow-up, 
6 (1.4%) patients died, 2 of them due to thyroid cancer 
(specific mortality rate 0.48%). During the follow-up 
period, 17 (4.1%) patients developed NSSPM. 

Clinical characteristics of patients with and without 
NSSPM are demonstrated in table 2. It was observed 
significant difference of age on DTC diagnosis. Gen-
der, histological type, RAI-131 treatment and I-131 
cumulative activity were similar in both groups. 

Multivariate analysis by logistic regression was per-
formed to evaluate simultaneous influence of indepen-
dent variables on the occurrence of NSSPM (Table 3). 
Age at diagnosis was the only significant predicting fac-
tor independently associated to NSSPM occurrence (p 
= 0.04). RAI-131 was not significantly associated with 
NSSPM occurrence (p = 0.35).

Table 1. Baseline characteristics of the entire population of differentiated 
thyroid cancer patients studied (n = 413)

Baseline variables DTC patients
N = 413

Age at diagnosis of DTC (years) 44.1 (± 15.3)

Gender

Female

Male

362 (87.6%)

51 (12.4%)

Histological type

Papillary

Follicular

309 (74.8%)

104 (25.2%)

RAI-131 252 (61.0%)

Follow-up period since diagnosis of DTC (years) 11.0 (± 7.5)

Values are represented by mean (±SD), number of patients (%) or median (range).
DTC: differentiated thyroid carcinoma; RAI-131:  I131 radioactive iodine treatment.

Table 2. Descriptive analysis of groups of DTC patients with and without 
NSSPM

Baseline variables
With 

NSSPM
(n = 17)

Without 
NSSPM

(n = 396)
P value

Age at diagnosis of DTC (years)

Mean (±SD)

52 (±12) 44 (±15) 0.02*

Gender

Female

Male

14 (82.4%)

3 (27.6%)

348 (87.9%)

48 (12.1%)

0.35

Histological type

Papillary

Follicular

13 (76.5%)

4 (23.5%)

306 (77.3%)

90 (22.7%)

0.56

RAI-131 13 (76.5%) 239 (60.4%) 0.18

I-131 cumulative activity (mCi) 150 (800) 150 (1400) 0.78

Follow-up period since 
diagnosis of DTC (years)

5.3 (37.1) 9.0 (26.2) 0.07

Values are represented by mean (±SD), number of patients (%) or median (range).
DTC: differentiated thyroid carcinoma; RAI-131: I131 radioactive iodine treatment; NSSPM: non-
synchronous second primary malignancy.
* Statistically significant p < 0.05.

Table 3. Multivariate analysis by logistic regression (enter method) to 
evaluate factors independently associated with NSSPM occurrence in DTC 
patients

Variable Coefficient S.E. P  value

Age at DTC diagnosis (years) 0.04 0.17 0.04*

Gender (Female) -0.56 0.68 0.41

Histological type (Papillary) 0.03 0.60 0.97

RAI-131 0.56 0.59 0.35

DTC: differentiated thyroid carcinoma; NSSPM: non-synchronous second primary malignancy; 
RAI-131: I131 radioactive iodine treatment; S.E.: standard error.
* Statistically significant p < 0.05.

The incidence of NSSPM in patients with and wi-
thout RAI-131 treatment is demonstrated in figure 1.  
There was no statistically difference between the 
groups, since the incidence of NSSPM in patients that 
received RAI-131 was of 5.2% and in those that did not 
receive RAI-131 was of 2.5% (p = 0.18). 
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Table 4. Individual characteristics of patients with DTC that developed NSSPM

Gender
DTC 

histological 
subtype

Age at DTC 
diagnosis 

(years)

Age at 
NSSPM 

diagnosis 
(years)

RAI-131
Cumulative 

I-131 activity 
(mCi)

Time period 
from RAI-131 
and NSSPM 

(years)

NSSPM  
Histological type

1 F FTC 36.4 61.1 Yes 100 4.3 Adenocarcinoma#

2 F PTC 42.2 69.2 Yes 100 16.8 Skin (melanoma)

3 M FTC 68.2 78.5 Yes 620 9.7 Prostate

4 F FTC 68.1 69.8 Yes 150 1.1 Breast

5 F PTC 52.5 61.5 Yes 300 8.9 Uterus

6 F PTC 59.3 68.3 Yes 100 8.1 Skin (BCC)

7 F PTC 64.8 75.0 Yes 350 9.8 Breast

8 F PTC 48.6 53.9 Yes 350 4.0 Gastric 

9 F PTC 48.0 52.4 Yes 100 3.7 Uterus

10 F PTC 76.5 79.3 Yes 150 2.6 Breast

11 F PTC 59.1 72.3 Yes 900 12.8 Breast

12 M FTC 53.3 55.3 Yes 150 2.0 Skin (SCC)

13 F PTC 42.1 46.5 Yes 100 3.8 Lungs

14 F PTC 39.4 41.9 No - - Breast

15 F FTC 43.3 56.7 No - - Skin (BCC)

16 M PTC 49.1 54.1 No - - Prostate

17 F PTC 39.3 44.0 No - - Breast

DTC: differentiated thyroid carcinoma; NSSPM: non-synchronous second primary malignancy; RAI-131= I131 radioactive iodine treatment; F: female; M: male; PTC: papillary thyroid carcinoma; FTC: 
follicular thyroid carcinoma; BCC: basal cell cancer; SCC: squamous cell cancer. # Adenocarcinoma indicates glandular epithelium neoplasm from unknown site other than thyroid cancer, excluded 
by immunohistochemical study.

Figure 1. Incidence of NSSPM in DTC patients treated with and without 
RAI-131. NSSPM: non-synchronous second primary malignancy; DTC: 
differentiated thyroid cancer; RAI-131: I131 radioactive iodine treatment.

The individual characteristics of the 17 patients who 
developed NSSPM are described in table 4. In order 
to evaluate the RAI-131 exposure impact on NSSPM 
occurrence of these patients, the endpoint-free survival 
cumulative probability was calculated by Kaplan-Meier 
method for patients with NSSPM treated with and wi-
thout RAI-131 and, consecutively, endpoint-free survi-
val probability curves were compared by log rank statisti-
cal analysis. Patients with NSSPM treated with RAI-131 
had an endpoint-free survival probability ratio of 0.96 or 
96% and those treated without RAI-131 of 0.87 or 87% 
(p = 0.06) (Figure 2A). Thus, assuming the increased risk 
exposure time for the RAI-131 treated patients as the 
time course since the first dose until the endpoint (NSS-

PM occurrence), after 10 years of follow-up it was ob-
served a tendency of lower endpoint-free survival among 
RAI-131 treated subjects (Figure 2A). Considering the 
difference of age at DTC diagnosis between groups, we 
proposed to evaluate Kaplan-Meier endpoint-free curves 
stratified by age range (45 years cut-off) and it was not 
observed significant difference on age-adjusted log rank 
statistical analysis (p = 0.18) (Figure 2B). 

DISCUSSION

DTC incidence is increasing worldwide and given its 
overall good prognosis, an uprising number of DTC 
survivors will be followed for a long-time period. Con-
cerns relating to the occurrence of NSSPM in DTC sur-
vivors and its relation to RAI-131 are increasing. In our 
study, we evaluated DTC survivors for a long-time pe-
riod, aiming the occurrence of NSSPM and its relation-
ship with RAI-131 treatment. In our cohort of DTC 
survivors, an incidence of 4.1% of NSSPM was observed 
and RAI-131 treatment was not significantly associated 
with NSSPM, although a tendency to a lower NSSPM-
free survival was observed, suggesting an anticipating 
role of RAI-131 exposure on the NSSPM occurrence. 
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Figure 2. Endpoint-free cumulative probability curves of NSSPM. (A) Global endpoint-free survival. (B) Age-adjusted endpoint-free survival (45 years 
cutoff). NSSPM: non-synchronous second primary malignancy; DTC: differentiated thyroid cancer; RAI-131(+): DTC patients treated with I-131 radioactive 
iodine; RAI-131(-): DTC patients not treated with I-131 radioactive iodine.

A greater risk of second primary malignancies 
among DTC survivors in comparison to general po-
pulation has been shown by previous studies (19,20). 
The incidence of 4.1% cases of NSSPM in our cohort 
is in accordance to the previous literature description 
of 1.2%-8.9% (17,18,21,22). It has been described an 
increased risk among DTC survivors for secondary 
malignancies of salivary glands, stomach, breast, cen-
tral nervous system, colorectal, prostate, genitourinary 
tract, kidney, adrenal gland, bone and joints, soft tissue 
sarcoma and hematological cancers (23). In this study, 
we found only solid NSSPM and the most frequent site 
was breast; followed by skin and prostate; uterus, gas-
trointestinal and lung cancer were also described. The 
association between breast cancer and DTC has been 
described by previous studies both as non-synchronous 
and synchronous tumors, as well as the association with 
auto-immune thyroid disorders (21,22,24). 

Many factors may account for the elevated risk of 
secondary malignancies in DTC survivors. Environ-
mental and genetic mechanisms may play an important 
role, since many tumors exhibit similar genetic profiles 
to DTC. Furthermore, much controversy exists about 
whether RAI-131 affects this endpoint. Data on RAI-
131 influence on secondary malignancies are confoun-
ding and it depends on the type of secondary tumor 
analyzed (15,21,22).

In the present work, during a long-term follow-
-up of 11.0 ± 7.5 years, no significant association was 
found between RAI-131 and the overall occurrence 
of solid NSSPM in DTC survivors. Similarly, previous 

studies, despite the lower follow-up period, also have 
described that the overall rate of NSSPM was not in-
creased by RAI-131, although the hazard of event may 
be increased in patients that received higher activities 
(17,18,20). This dose-dependent effect was not ob-
served in our study, what could be due to the relative 
small number of patients who developed NSSPM. Fur-
thermore, the overall cumulative I-131 activity of the 
patients included in this study was low and evidence 
in the literature indicates that the chance of NSSPM 
is increased in patients who had received a cumulative 
activity of I-131 exceeding 40 GBq (1.08 Ci) (17). 

A meta-analysis by Sawka and cols. demonstrated 
a slight increase in the polled estimate risk for NSS-
PM in DTC survivors that received RAI-131, with a 
1% greater absolute risk in the RAI-131 treated than in 
non-treated DTC survivors. Notably, it demonstrated a 
specific increased risk of leukemia incidence, but no sig-
nificant increased risks of other solid malignancies (15). 
Similar findings were reported by Brown and cols., with 
data from the largest cohort of DTC survivors, descri-
bing an increased overall risk of NSSPM among DTC 
survivors, and an increased specific risk of leukemia and 
stomach cancer in RAI-131 treated patients (22). Ins-
tead, Rubino and cols. described a linear dose-respon-
se relationship among RAI-131 and the occurrence of 
leukemia and only some specific solid malignancies (co-
lorectal, salivary glands, bone, soft tissue cancer), with 
no association with others solid malignancies (breast, 
kidney, central nervous system) (21). In our cohort of 
DTC survivors, we detected only solid tumors and no 



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

14

Radioactive iodine and second primary malignancy

Arch Endocrinol Metab. 2016;60/1

cases of leukemia were diagnosed during the follow-up, 
what might explain the lack of association between 
RAI-131 and NSSPM. Furthermore, the main NSSPM 
found was breast cancer, which has been associated 
with DTC and previous studies have corroborated no 
influence of RAI-131 on its development (21,22). 

An interesting finding of our study was a statistical 
tendency of RAI-131 impact on anticipating NSSPM 
occurrence in DTC survivors, considering the end-
point-free cumulative probability calculated by Kaplan-
-Meier method, and this effect was more noticeable 
after 10 years. This may suggest that RAI-131, despite 
not directly associated with the development of NSS-
PM, may interact with other genetic and environmen-
tal factors leading to premature occurrence of NSSPM. 
Still, given that our mean follow-up period was of 11.0 
± 7.5 years and the small number of patients with NSS-
PM that did not receive RAI-131 treatment, further 
studies with longer follow-up period and a larger co-
hort of patients will be needed to confirm this finding. 
Furthermore, we cannot rule out a surveillance bias, in 
which patients with DTC and RAI-131 were submit-
ted to closer follow-up and diagnosed second tumors 
earlier. 

This study also evaluated variables other than RAI-
131 that could be associated with NSSPM, such as age, 
gender and DTC histological subtype. Age at DTC 
diagnosis was the only independent factor with signifi-
cantly associated with NSSPM, corroborating findings 
of previous studies (16,25). Older age was observed in 
patients with DTC that developed NSSPM. 

It is also important to address that, given our stu-
dy criteria, 15 patients were excluded because of other 
primary malignant neoplasms prior or synchronous to 
DTC. This can be comparable to the results of one 
Dutch and one Turkish studies in which approxima-
tely half of the patients had thyroid cancer not in the 
first place, but after another malignant neoplasm, what 
suggests common mechanisms other than causal rela-
tion (20,26). In the same way, it was noticed similar 
frequency of second malignancy both before and after 
RAI-131 in a subset of Brazilian DTC patients studied 
by Hirosawa and cols. (18).

Our study strengths rely on a long-term follow-up 
of a cohort with significant numbers of DTC survivors 
that included patients with and without RAI-131, ca-
refully surveyed. Nevertheless, the study has limitations 
inherent to its retrospective design, which includes the 
inability to infer a cause-effect relationship and the pro-

bability of selection bias. Furthermore, no active in-
vestigation for secondary malignances was performed 
and only clinically apparent disease was diagnosed; thus 
the possibility of silent NSSPM not diagnosed must be 
considered.

CONCLUSIONS

In our cohort of DTC survivors, followed by a long-
term period, an incidence of 4.1% NSSPM was ob-
served, related to the occurrence of solid malignancies. 
We did not found a statically significant association be-
tween RAI-131 treatment or cumulative I-131 activity 
and NSSPM occurrence. Patients with more advanced 
age at DTC diagnoses were under greater risk of 
NSSPM development. This study provides further sup-
port that the role of RAI-131 on NSSPM occurrence 
might be related to the type of secondary malignancy, 
with no evidence of increased risk of solid malignancies 
related to RAI-131 in our cohort of DTC survivors fol-
lowed by a long time period. 

Interestingly, our study suggests a statistical ten-
dency of premature NSSPM occurrence among pa-
tients treated with RAI-131, despite the small number 
of DTC patients with NSSPM. This finding indicates 
that RAI-131 may play a role on anticipating NSSPM 
occurrence by interacting with many other risk factors 
involved in the oncogenesis, such as genetics and envi-
ronmental factors. Further studies to evaluate this issue 
will be necessary.
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Management of gestational 
hypothyroidism: results of 
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ABSTRACT
Objectives: Evaluate the management of hypothyroidism in fertile-aged and pregnant women and 
compare these practices to the recommendations of the Brazilian Society of Endocrinology and Me-
tabolism (SBEM) and the Latin American Thyroid Society, published in 2013. Materials and methods: 
In the first trimester of 2014, SBEM made available to all members an electronic questionnaire based 
on clinical scenarios in the management of gestational hypothyroidism. The responses of 406 phy-
sicians, most of them endocrinologists, were analyzed. Results: Eighty-one per cent of the endocri-
nologists screen all their pregnant patients for thyroid dysfunction, mostly during the pregestational 
period or after the first prenatal visit. Following screening, 82% of the respondents initiate treatment 
when TSH levels are > 2.5 mIU/L while 67% monitor their pregnant patients even if TSH was normal 
on first trimester screening. For hypothyroid women who are planning pregnancy, 96% of the clini-
cians are aware of the importance of adjusting the levothyroxine (LT4) dose as soon as pregnancy is 
confirmed. However, opinions diverge with respect to adjusting the LT4 dose before or after reasses-
sing thyroid function. The most widely used tests for monitoring pregnant women in use of LT4 are 
TSH and free T4 (62%) or TSH alone (21%). Unanimously, the treatment goal is to achieve the target 
TSH level for each trimester of gestation. Conclusion: The recommendations of the consensus state-
ments are incorporated into the respondents’ clinical practice. It is noteworthy that the great majority 
of the clinicians favor universal screening. Arch Endocrinol Metab. 2016;60(1):16-20

Keywords
Hypothyroidism; pregnant women; surveys

INTRODUCTION

A normal pregnancy results in a number of impor-
tant physiological and hormonal changes that mo-

dify thyroid function, resulting in greater susceptibility 
to hypothyroidism in women with reduced thyroidal 
reserve or iodine deficiency.

Both overt and subclinical hypothyroidism are 
common in pregnancy. Hypothyroid women are more 
subject to infertility, have increased prevalence of mis-
carriage, anemia, gestational hypertension, placental 
abruption, and postpartum bleeding (1-6). Untreated 
overt maternal hypothyroidism is associated with ad-
verse events for the neonate: preterm birth, low birth 
weight, acute respiratory distress syndrome, and neuro-
cognitive deficits (7). Pregnant women with subclinical 
hypothyroidism seem more prone to preterm delivery 
and their newborns are more frequently admitted to 
intensive care (2). 

Given the preventable obstetric and neonatal risks 
involved, recent publications have introduced recom-
mendations for the management of gestational hypo-
thyroidism. In order to determine the impact of those 
recommendations as well as the most prevalent clinical 
practices, the Brazilian Society of Endocrinology and Me-
tabolism (Sociedade Brasileira de Endocrinologia e Meta-
bologia – SBEM) made available a survey to its members.

MATERIALS AND METHODS
An electronic questionnaire survey was sent by e-mail 
to SBEM members, followed by two reminder e-mails. 
The survey was based on clinical case scenarios and in-
quired about the clinical practices related to the mana-
gement of hypothyroidism during pregnancy. 

The survey included questions pertaining to diag-
nostic evaluation, choice of therapy, and follow-up. 
Most questions required a single best response to be se-
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lected from multiple choices. Respondents were asked 
to indicate either a single (10 questions) or multiple (2 
questions) answers. All frequencies were adjusted on a 
100% basis excluding the non-respondents.

Survey responses were anonymously collected and 
stored electronically by the survey service provider. 

RESULTS

Respondent profile 

Our survey included 406 respondents with the 
following regional distribution: 57% from the southeast 
region of Brazil; 18% from the south; 14% from the 
northeast; 8% from the central-west; and 3% from the 
north. Respondent distribution by field of practice was 
as follows: 89% endocrinologists, 8% gynecologists/
obstetricians, 2.5% general practitioners, and 0.5% from 
other specialties. Six respondents did not provide care 
to fertile-aged or pregnant women and, for that reason, 
were excluded from the study.

In both public and private Brazilian health care cen-
ters, most of the pregnant women with hypothyroidism 
receive care from an endocrinologist alone (57%), an 
endocrinologist with an obstetrician (39%), or an obs-
tetrician alone (4%). 

Screening

Eighty-one percent out of the endocrinologists chose a 
universal thyroid dysfunction screening while 13% ad-
vocate selective screening based on risk factors. Another 
4% do not conduct any systematic screening.

The most frequently cited risk factors in the stratifi-
cation of pregnant women at high risk of thyroid dys-
function are presented in table 1.

Different laboratory tests were indicated by the 
respondents for hypothyroidism screening in pregnant 
women, as shown in figure 1.

Table 1. Risk factors considered by the respondents in the stratification of 
pregnant women at high risk for thyroid dysfunction

Risk factor % 
Respondents

Personal history of thyroid surgery 100

Personal history of thyroid disease 97

Personal history of goiter 97

Family history of thyroid disease in first-degree relatives 94

History of cervical radiation therapy 94

History of miscarriage 94

History of infertility 88

Family history of autoimmune diseases 80

Obesity 38

48 45
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Figure 1. Most frequent gestational hypothyroidism screening tests 
chosen by respondents. 

The best time point for screening was pointed out 
as the pregestational visit (73%), followed by the first 
prenatal visit (24%). By contrast, 3% of the respondents 
reported no specific time.

Most of the physicians (67%) stated that they follow 
up their pregnant patients even the ones who had nor-
mal TSH levels on the first trimester screening tests. 
Twenty-six percent out of these physicians remeasure 
thyroid function for all their pregnant patients in the 
second and third trimesters of pregnancy; 25% reassess 
the thyroid function only in pregnant patients with risk 
factors; and 16% measure thyroid antibodies. The re-
maining 33% of the surveyed clinicians do not monitor 
their patients in this setting.

Diagnosis and treatment

Eighty-two per cent of the respondents consider a TSH 
level of > 2.5 mIU/L to initiate treatment of gestational 
hypothyroidism. For 9% of those surveyed, the cut-off 
point is a TSH of > 5 mIU/L, and 7% adopt the labora-
tory reference range to guide their management strategy. 

The most widely used laboratory tests for monito-
ring the treatment of pregnant women are reported in 
figure 2.

The goal of treatment in gestational hypothyroidism 
is to maintain TSH concentrations < 2.5 mIU/L in the 
first trimester and < 3.0 mIU/L in the second and third 
trimesters, according to 94% of the surveyed physicians. 

Considering women with a history of hypothyroi-
dism due to chronic autoimmune thyroiditis, TSH 
levels of < 2.5 mIU/L (receiving LT4), and planning 
pregnancy, 96% of the respondents are aware of the im-
portance of adjusting the dose of LT4 as soon as preg-
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nancy is confirmed. Among these, 48% increase the LT4 

dose before reassessing thyroid function whereas 47% 
reassess thyroid function first. For the remaining 4%, it 
is only necessary to reevaluate thyroid function in the 
second trimester of gestation.

Most of the physicians monitor their pregnant pa-
tients with hypothyroxinemia by measuring TSH and 
FT4 levels (35%) or thyroid antibodies (28%) each 
trimester; 22% chose LT4 treatment, and 15% do not 
follow or treat these patients.

Some clinical scenarios were presented in our sur-
vey. The approaches followed by the respondents are 
described in figure 3.
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Figure 2. Tests chosen by respondents for thyroid function monitoring of 
pregnant women treated with LT4.

Figure 3. Respondents' clinical approaches to the survey scenarios.
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DISCUSSION

We observed a high degree of agreement between the 
consensus guidelines and the daily practice of most Bra-
zilian respondents of our electronic survey. However, 
some aspects are contradictory. In particular, the choice 
of the majority of endocrinologists for universal scree-
ning for thyroid dysfunction. The guidelines recom-

mend an active search for high-risk pregnant women, 
although the evidence to support this recommendation 
is limited, which justifies the disparity in practices. The 
leading argument in favor of selective screening based 
on risk factors is the scarcity of evidence regarding the 
benefits of using LT4 to treat subclinical gestational 
hypothyroidism (8). Nevertheless, Dosiou and cols. de-
monstrated that even when those benefits are lacking, 
universal screening remains a cost-effective practice (9). 
In a recent review on this topic, Vila and cols. conclu-
ded in favor of universal screening based on the high 
prevalence of thyroid dysfunction during pregnancy, 
simple diagnosis, available effective and safe treatment, 
and the possibility of early intervention, thus reducing 
the burden of disease (8). It is possible that our endo-
crinologists were influenced by this literature.

The presence of goiter, or obesity, a personal history 
of thyroid disease or surgery, cervical radiation therapy, 
miscarriage, infertility, and a family history of autoim-
mune or thyroid diseases in first-degree relatives are the 
risk factors indicated in our survey as well as in the gui-
delines. 

Regarding the laboratory test for screening, there 
was a slight preference for TSH and thyroid antibodies 
compared to TSH alone. Thyroid autoimmunity can 
be found in up to 10% of pregnant women (10,11) and 
has a positive association with miscarriage and prema-
turity (10,12,13). However, this may not be a causal 
relationship. Furthermore, to date, no studies have 
been developed evaluating the efficacy of screening 
by measuring anti-TPO antibodies (TPOAb) (8). The 
preferred screening test should be sensitive, specific, 
simple, inexpensive, and widely available (14). These 
characteristics are consistent with the recommendation 
of TSH as the screening test of choice provided that 
trimester-specific reference ranges be applied. 

Sixty-seven per cent of the surveyed physicians 
follow up their pregnant patients with normal TSH 
on the screening tests by reassessing thyroid function 
(most of the respondents) or measuring thyroid anti-
bodies. This is an important issue, as demonstrated by 
Vermiglio and cols. (15), in mildly iodine-deficient re-
gions, were screening performed only during the first 
trimester of gestation could entail more than 40% mis-
sed diagnoses of hypothyroidism. 

The TSH cut-off point of > 2.5 mIU/L for treat-
ment of gestational hypothyroidism is widely accepted 
among those surveyed. However, 9% of them use the 
reference ranges provided by the laboratories to guide 
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their therapeutic management  – a fact to be regarded 
with caution because those ranges may not be adjusted 
to the population of pregnant women. 

Regarding the tests for monitoring treatment, the 
leading choices were 1) TSH and FT4, 2) TSH alone, 
and 3) TSH and total T4 (TT4). Determination of TSH 
levels is the most sensitive method for diagnosis and 
monitoring of hypothyroidism. Measuring FT4 can also 
be helpful, but the most common determination me-
thods are influenced by the low serum albumin levels 
and high TBG levels typical of pregnancy. Alternatively, 
TT4 could be determined and adjusted by multiplying 
its range by 1.5-fold (14).

Thyroxine requirements increase at the initial stages 
of pregnancy, and this need is progressive up until 16 
to 20 weeks of gestation (7). Therefore, hypothyroid 
pregnant women who are already on LT4 replacement 
will typically require an increase in the preconception 
LT4 dose. According to the guidelines, pregestational 
TSH levels should ideally be maintained < 2.5 mIU/L 
(7,14,16-18). However, newly pregnant hypothyroid 
women without a previous TSH determination or im-
mediate access to their physician should increase their 
daily dose of LT4 by 30% or include 2 additional LT4 
tablets in their weekly dosage (14,18). If TSH is first 
measured after pregnancy is confirmed, LT4 dosage 
can be increased on the basis of the variation in TSH 
levels (7). In our survey, 47% of the respondents in-
dicated that they reassess thyroid function as soon as 
pregnancy is confirmed while 48% augment the dose 
of LT4 after pregnancy confirmation but before remea-
suring thyroid function. It is likely that access to health 
care services have an influence on the chosen course of 
action. 

Maternal hypothyroxinemia is defined as normal 
TSH concentrations with FT4 levels below the 5th per-
centile for the reference range. The current consensus 
recommends that hypothyroxinemia should not be tre-
ated (18), since FT4 measurements can be inconsistent 
during pregnancy and the evidence of the impact of 
this condition on the neuropsychological development 
of the offspring is scarce (19). Nevertheless, approxi-
mately 22% of those surveyed would treat this clinical 
condition. 

A number of clinical scenarios were proposed in our 
survey. In the case of pregnant women with subclinical 
hypothyroidism diagnosed in the first trimester, nega-
tive for TPOAb, with no previous history of LT4 repla-
cement, 55% of the clinicians choose treatment while 

37% would monitor these women by TSH and FT4 
measurements in each trimester of gestation. The con-
sensus statements admit the treatment of this condi-
tion, considering its potential benefits and low risk, but 
the data are insufficient to support a recommendation 
(14,17). Thus, the choice of more than one-third of 
those surveyed is also justified. In the setting of subcli-
nical gestational hypothyroidism (without previous LT4 
treatment) and positive TPOAb, the vast majority of 
the practitioners initiate replacement with LT4, which 
is in agreement with the guidelines (14,18). For preg-
nant women with no previous use of LT4, euthyroid on 
the screening test, yet TPOAb-positive, 82% of the sur-
veyed physicians maintain follow-up with TSH and FT4 
determinations. The consensus statements corroborate 
this approach, to be conducted every 4 weeks up to 
mid-pregnancy and at least one more time between 26 
and 32 weeks of gestation (18).

Some clinical issues addressed in our survey were 
largely consistent with the current recommendations: 
the choice of pregestational or first prenatal visit for 
screening (7) , the cut point of TSH > 2.5 mIU/L 
for diagnosis and treatment of hypothyroidism during 
pregnancy, and the goal of maintaining TSH levels wi-
thin the target range for each trimester of gestation 
when in use of LT4 (14,17,18).

CONCLUSION

Consensus statements are important tools in modern 
medicine and have been incorporated into the daily 
practice of the respondents. However a few controver-
sial aspects persist, such as universal screening versus 
aggressive case finding.

Disclosure: no potential conflict of interest relevant to this article 
was reported.
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Temporal trend in overweight among 
adolescents in northeastern Brazil

José Cazuza de Farias Júnior1,2,3, Gerfeson Mendonça1,3

ABSTRACT 
Objective: This study aimed to determine the prevalence and the temporal trend in overweight, as 
well as their relationship with sociodemographic factors in adolescents from northeastern Brazil. Sub-
jects and methods: We analyzed data from two similar school-based, cross-sectional epidemiologi-
cal studies conducted in 2005 (n = 2,768) and 2009 (n = 2,776), with public and private high school 
students of both sexes, aged 14 to 18 years, in João Pessoa, state of Paraiba, Brazil. Sociodemographic 
information (sex, age and economic class), body weight (kg) and height (cm) were self-reported by the 
students. Body mass index was classified according to International Obesity Task Force criteria. Re-
sults: There was a significant increase of three percentage points in overweight prevalence from 2005 
(10.1%; CI95%: 8.9-11.3) to 2009 (13.1%; CI95%: 11.4-15.5), which was of greater magnitude in males 
(5.0%; p < 0.001) than in females (1.8%; p = 0.085). Adjusted analysis showed that the Odds Ratio for 
an adolescent to show overweight in 2009 compared with 2005 was 1.34 (CI95%: 1.13-1.60), which was 
also greater in males (OR = 1.45; CI95%: 1.15-1.83), in adolescents aged 16 years (females – OR = 3.01; 
CI95%: 1.62-5.55), and in those from the middle economic class (males: OR = 1.47; CI95%: 1.03-2.23; 
females: OR = 1.59; CI95%: 1.01-2.53). Conclusions: Prevalence of overweight in adolescents was high, 
and showed an increasing trend, particularly in males who belonged to the middle economic class. 
Arch Endocrinol Metab. 2016;60(1):21-8
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INTRODUCTION

P revalence of overweight has been shown to be high 
and increasing in different population groups, in-

cluding young people (children and adolescents) (1,2). 
Overweight adolescents are more susceptible to dif-
ferent health problems, such as arterial hypertension, 
dyslipidemias, type 2 diabetes metabolic syndrome, de-
pression, low self-esteem, low academic achievement, 
and lower quality of life (3). Besides, these adolescents 
are at risk for becoming overweight adults with greater 
chances of morbimortality by cardiovascular diseases, 
type 2 diabetes and some types of cancer (1,3). In 2010, 
it was estimated that overweight and obesity were re-
sponsible for 3.4 million deaths all over the world, 4% 
years of potential life lost and 4% disability-adjusted 
life years (4), being characterized as one of the major 
problems in public health (1). Therefore, monitoring 
of overweight and obesity has been recommended (1).

Although higher prevalence in overweight has been 
historically identified in adolescents in developed coun-
tries, mainly in North America and Europe, in the last 

decades this scenario started to be observed in Cen-
tral and South America, and in some countries in Asia 
and Africa (2). In Brazil, data on the Household Bud-
get Survey of 2008-2009 (POF) (5) demonstrated that 
overweight prevalence was 21.5% in adolescents from 10 
to 19 years of age, and from 14.7% to 17.7% in those 
between 14 to 19 years old. These findings reinforce the 
supposition that excess body weigh in not an exclusive 
problem of developed countries, affecting adolescents in 
countries at different levels of economic development (2). 

The overweight prevalence substantially increased 
in the last three to four decades. The analysis of data 
from adolescents in 183 countries demonstrated an 
increase prevalence of this outcome in all continents, 
varying with the level of economic development of the 
country and/or region (2). In the last 10 years, in de-
veloped countries, the prevalence of overweight has be-
come stable or slightly reduced, whereas in developing 
countries it still shows a gradual growth (2). 

In Brazil, after 34 years of the first national survey 
on adolescent nutritional status from 10 to 19 years of 
age (ENDEF – National Survey of Family Expenditure, 
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1974-75), the prevalence of overweight increased six 
times in males (from 3.7% to 21.7%), and almost three 
times in females (from 7.6% to 19.4%) (5). However, 
little is known on the temporal trend of overweight 
prevalence and its behavior in young population of di-
fferent sociodemographic strata in northeastern Brazi-
lian capitals (6). Brazil underwent deep social and eco-
nomic changes (increases in gross domestic product, 
monthly income, purchasing power for minimum wage 
earnings, greater access to credit, income distribution 
and welfare programs), and the northeastern region 
presents the greatest increase in these indicators.

As there is a socioeconomic gradient in overweight 
(7-9), it is possible that its temporal distribution and 
trend in sociodemographic strata vary with the socioe-
conomic condition of each country, or in regions of the 
same country. 

In developed countries, there is an inverse relation-
ship between socioeconomic indicators and overweight 
(7,8), whereas in developing countries, this relationship 
is positive (10,11) or has no defined pattern (5,12,13). 
This finding reinforces the need for studies with this 
approach in the northeast region of the country. There-
fore, the present study described the prevalence and 
temporal trend in overweight in a four-year period, as 
well as their association with sociodemographic factors 
in adolescents of northeastern Brazil.

SUBJECTS AND METHODS
The study analyzed two similar school-based, cross-sec-
tional epidemiological surveys, that were carried out 
in 2005 and 2009, with representative samples of high 
school students from private and public schools in the 
city of João Pessoa (PB), northeastern Brazil. The pro-
jects were approved by the Research Ethics Committee 
from Universidade Federal da Paraíba (2005 study – 
52nd Committee meeting from June, 22nd, 2004; 2009 
study – protocol number 0062/2009); parents/guar-
dians authorized the participation of all adolescents < 
18 years of age to take part in the study.

In both surveys, the sample was selected by cluster 
in two stages. In the first stage, high school were syste-
matically chosen and proportionally distributed accor-
ding to size (number of enrolled students), type (public 
or private school), and demographic region of the city 
(north, south, east, west). In the second stage, classes 
were randomly selected for the study and distributed 
proportionally by shift (morning or evening), and gra-
de (10th, 11th, or 12th grade).

Data collection in 2005 was carried out between 
March and October, and in 2009 from May to Sep-
tember. Both collections were carried out by a trained 
team composed students from the Physical Education 
course. The teams took part in pilot studies that had 
the same conditions of the main studies, and followed 
a data collection protocol described in a manual. An 
anonymous questionnaire was filled up by the adoles-
cents themselves, in their classrooms, at their regular 
class times, according to previous instructions provided 
by the data collection team. 

Sociodemographic variables analyzed in the study 
were: sex (male and female), age (determined by the di-
fference between birth date and date of data collection) 
and economic classe (using the ABEP (14) [Brazilian 
Association of Research Companies] methodology, 
that takes into account the number of material goo-
ds and monthly-paid employees in the household, the 
educational level of the main breadwinner, and cluste-
ring in economic classes A1/A2, B1/B2, C1/C2, D 
and E, which are later on regrouped in: A/B [better 
condition], C and D/E [worse condition]).

Nutritional status was analyzed by the body mass 
index (BMI – body weight [kg]/height [m]²), based in 
measures self-reported by the adolescents. The nutri-
tional status classification was based on the criterion of 
the International Obesity Task Force (15). Adolescents 
were classified in “not overweight” (low weight + nor-
mal weight) or “overweight” (overweight + obesity).

Descriptive analyses included calculations of the pro-
portions and 95% confidence intervals for the categorical 
variables, and means and standard deviations for numerical 
variables. The Chi-square test was used to compare the 
proportion of overweight students between the categories 
of sociodemographic variables for the data in the 2009 
study, and between the 2005 and 2009 studies. The inde-
pendent t test was used to compare mean BMI scores of 
the adolescents between 2005 and 2009, according to sex. 

Unadjusted and adjusted binary logistic regression 
were used to evaluate the association between overweight 
and the sociodemographic variables in the 2009 sample, 
and the possible changes in the prevalence of this outcome 
from 2005 to 2009, adjusted by these variables. Overwei-
ght (no = 0 and yes = 1) was used as a dependent varia-
ble and the year of the survey as the independent variable 
(2005 = 1 and 2009 = 2). The analyses were stratified by 
sex and repeated for each subgroup (age: 14, 15, 16, 17, 
18 years old; economic classe: A/B, C, D/E), and res-
pectively adjusted by age and economic classe. Odds ratio 
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equal to 1.0 reflected a stable chance of overweight in 
the period of analysis; values between 0 and 0.99 indicate 
decreasing chances over time, with the greatest decrease 
with ratios closer to 0; results over 1.0 reflected growing 
chances; the greater the magnitude of the increase in the 
period of analysis, the greater the odds ratio.

All statistical procedures were carried out in Stata 
12.0 and took into account the procedure followed for 
sample selection (cluster sample), using the svy option 
in this software. The analyses were stratified according 
to sex and economic classe (16). Two-tailed analyses 
were used in all cases and significance level was set at 5%.

RESULTS

The sample studied in 2005 was made up by 2,768 
adolescents (7.6% losses and refusals) and in 2009, by 
2,776 adolescents (20.2% losses and refusals). There 
were no significant changes in the proportion of adoles-
cents according to sex, age, and mean age between the 
samples of 2005 and 2009, except for economic classe, 
which showed an increase in the proportion of midd-
le class adolescents (class C), followed by a reduction 
in lower classes (classes D/E) – Table 1. For the body 
mass index, there were significant increases in the mean 
values for adolescents of both sexes between 2005 and 
2009 (females: 20.5 ± 3.2 vs. 21.1 ± 2.8: t = -3.50, p < 
0.001; and males: 20.8 ± 3.1 vs. 21.3 ± 3.5: t = -3.28, p 
< 0.001) – data not shown in the Tables.

The prevalence of overweight in 2009 was 13.1% 
(CI95%: 11.1-15.5), greater in males (18.4%; CI95%: 

16.1-20.7) than in females (9.2%; CI95%: 7.7-10.7;  
p < 0.001) – Figure 1. Table 2 shows the prevalence 
of overweight in 2009 by sociodemographic factor ca-
tegories, stratified by sex. In males there was a positive 
and significant association between overweight and eco-
nomic classe, indicating that those 16 years of age (OR 
= 1.95, CI95%: 1.04-3.65) and those that belonged to 
A, B economic classes (OR = 2.70, CI95%: 1.12-6.50) 
had greater chances of being exposed to overweight.

As for the temporal trend in overweight prevalen-
ce, a significant increase of three percentage points was 
observed from 2005 (10.1%) to 2009 (13.1%). This 
increase was greater in males (increase in 5.0 percenta-
ge points) than in females (increase in 1.8 percentage 
points) – Figure 1.

Table 3 shows the results of the comparison between 
the prevalence of overweight between 2005 and 2009, 
with all participants of the study, as a function of age 
and economic classe, for the analysis stratified by sex. 
After adjusting by age and economic classe, it was ob-
served that the Odds Ratio for an adolescent to pre-
sent overweight in 2009 compared with 2005 was 1.34 
(CI95%: 1.13-1.60) in the analysis of all participants in 
the study, and 1.45 (CI95%: 1.15-1.83) in males, but 
with no statistical significance in females, 1.27 (CI95%: 
0.97-1.66) – data not shown in the Tables. For both 
sexes, the chance of overweight in the 2009 study, com-
pared with 2005, was greater in those who were 16 years 
of age (females: OR = 3.01; CI95%: 1.62-5.55) and in 
the middle class (males: OR = 1.47; CI95%: 1.03-2.23; 
females: OR = 1.59; CI95%: 1.01-2.53) – Table 3.

Table 1. Characteristics of the sample in the 2005 and 2009 study in adolescents from João Pessoa, Paraíba state (PB), Northeastern Brazil

Variable
2005 study 2009 study

P value
2009 study % n %

Total 2,768 - 2,776 - -

Sex

Male 1,222 44.5 1,163 42.1 0.128

Female 1,546 55.5 1,598 57.9

Age (years)

14 297 10.9 356 12.8 0.056

15 622 22.8 772 27.8

16 814 29.9 823 29.6

17 637 23.4 615 22.2

18 355 13.0 210 7.6

Economic classes

A,B 866 37.8 997 40.6 < 0.001

C 926 40.4 1,124 45.8

D,E 499 21.8 333 13.6
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Table 2. Prevalence of overweight and association of sociodemographic factors in adolescents from João Pessoa, Paraíba state (PB), Northeastern Brazil, 
2009 (n = 2,768)

Variable
Male (n = 1,222) Female (n = 1,546)

n % P value Odds Ratio 
(CI95%)*** n % P value Odds Ratio 

(CI95%)***

Age (years) 0.735** 0.337*

14 17 14.3 1 24 11.7 1

15 58 19.5 1.83 (0.97-3.47) 32 7.6 0.58 (0.32-1.06)

16 69 21.5 1.95 (1.00-3.65) 50 11.4 0.98 (0.57-1.70)

17 42 16.1 1.32 (0.68-2.56) 22 6.8 0.55 (0.29-1.05)

18 15 15.6 1.24 (0.53-2.53) 9 8.7 0.46 (0.17-1.28)

Economic classes 0.009* 0.097*

A,B 109 22.0 2.70 (1.12-6.50) 44 7.6 0.59 (0.30-1.13)

C 71 17.5 2.05 (0.84-4.97) 61 9.5 0.75 (0.39-1.42)

D,E 6 9.5 1 13 11.8 1

* Chi-square test for linear trend; ** Chi-square test for heterogeneity; *** Adjusted by age and economic classe. 

Table 3. Comparison of the prevalence of overweight between 2005 and 2009 in adolescents from João Pessoa, Paraíba state (PB), Northeastern Brazil

Variable

2005 vs. 2009 study
Males

2005 vs. 2009 study
Females

2005 2009
Odds Ratio (CI95%)*

2005 2009
Odds Ratio (CI95%)*

n % n % n % n %

Age (years)**

14 15 15.6 17 14.3 0.88 (0.37-2.10) 19 11.9 24 11.7 1.22 (0.57-2.60)

15 38 16.3 58 19.5 1.52 (0.92-2.51) 25 8.4 32 7.6 0.85 (0.45-1.62)

16 43 13.9 69 21.5 1.46 (0.94-2.28) 25 6.1 50 11.4 3.01 (1.62-5.55)

17 30 10.5 42 16.1 1.69 (0.96-2.98) 16 5.5 22 6.8 1.08 (0.53-2.20)

18 17 12.2 15 15.6 1.03 (0.43-2.43) 14 8.0 9 8.7 0.81 (0.26-2.49)

Economic classes***

A,B 61 17.7 109 22.0 1.34 (0.94-1.90) 21 7.2 44 7.5 0.98 (0.57-1.70)

C 41 12.3 71 17.5 1.47 (1.03-2.23) 29 6.2 61 9.5 1.59 (1.01-2.53)

D,E 16 7.8 6 9.5 1.46 (0.53-3.99) 25 7.8 13 11.8 1.58 (0.77-3.21)

* Results of the logistic regression were adjusted by economic classe and age. The reference category was the presence of overweight/obesity in 2005.
** Adjusted by economic classe. 
*** Adjusted by age.

Figure 1. Prevalence of overweight in adolescents from João Pessoa, 
Paraíba state (PB), Northeastern Brazil in 2005 and 2009.

DISCUSSION

The present study described the prevalence and tempo-
ral trend in overweight and analyzed their association 
with sociodemographic factors in adolescents of nor-
theastern Brazil. The proportion of overweight ado-
lescents was relatively high and presented a significant 
increase from 2005 to 2009, mainly in males of lower 
economic classes.

The prevalence of overweigh in the present study 
for 2009 (13.1%) was lower than in international stu-
dies [USA: 33.6% (16); China: 19.1% to 33.2% (17); 
Australia: 27% (18); European countries: 14% to 28% 
(19)] and in the Household Budget Survey (POF 
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The analysis of temporal trends in overweight sho-
wed a significant increase of three percentage points 
from 2005 to 2009 in adolescents in João Pessoa (PB), 
representing a mean increase of one percentage point 
per year (0.75 percentage point). This increase was gre-
ater among males and in the middle economic classe in 
both sexes. These results are similar to studies in deve-
loping countries (11,13,17), including Brazil (5), which 
still shows an increase in the prevalence of overweight 
among adolescents, different from developed countries. 
In their majority, developed countries show an stabiliza-
tion (18,28) or slight reduction (16,19,29) in this trend.

A study of the temporal trend by the Swiss gover-
nment (29) demonstrated that from 2002 to 2007, 
overweight in male and female adolescents was signi-
ficantly reduced, in average by 3.1 and 5.6 percentage 
points in the period, corresponding from 0.62 to 1.12 
percentage points a year, respectively. Similar results 
were observed in adolescents in France (28) and Aus-
tralia (18). In the US, data from the last surveys [2007-
2008 and 2009-2010 (16)] from the National Health 
and Nutrition Examination Survey – NHANES – de-
monstrated a reduction in the prevalence of overwei-
ght, from 34.2% to 33.6% (average reduction of 0.3 
percentage point a year). A study published in the Lan-
cet showed that in developed countries, overweight 
prevalence is decelerating or stabilizing in the last 10 
years, whereas it is still increasing in developing coun-
tries (2). These results indicate that developed coun-
tries are moving towards the end of the nutritional 
transition process, whereas it is still evolving in develo-
ping countries (9). 

In Brazil, it seems that the end of nutritional tran-
sition is not close, as the proportion of overweight 
adolescents is still growing. Results of the last POFs 
[2002-2003 (30) and 2008-2009 (5)] demonstrate 
that overweight among adolescents increased in about 
seven points in males (0.83 percentage points/year), 
and five points in females (0.71 percentage points/
year). These increases were lower than those of the pre-
sent study (males = 1.25 percentage points/year and 
females = 0.45 percentage points/year).

Some factors may explain the increased overweight 
prevalence among adolescents, particularly in relation 
to physical activity, sedentarism and feeding habits. The 
decrease in the number of spaces destined to physical 
activities, increased urban violence and use of cars in 
the cities have contributed for the decreased level of 
activity among adolescents (9). In parallel, adolescents 

2008-2009) (5) for adolescents between 10 to 19 years 
of age in almost all regions of the country (North = 
18.5%, Center-West = 23.9%, Southeast = 24.4%, Sou-
th = 26.9%), and was closer to that of the Northeast 
region (15.9%). Studies conducted in adolescents in 
Northeastern Brazil [Maceió, AL = 13.8% (20); Per-
nambuco = 13.9% (21)] identified prevalence similar 
to that of the present study. Overall, these findings 
confirm the presence of lower overweight prevalence 
in regions of less socioeconomically developed regions.

As observed in other studies conducted in adoles-
cents in Europe (19), USA (16) and different regions 
of Brazil (5,22,23), in the present study the prevalen-
ce of overweight was greater in males. However, some 
studies show higher prevalence for females (12) or no 
differences between the sexes (21). Greater overweight 
prevalence in males may be explained by the lower sen-
sitivity of cutoff points that define excess weight based 
on BMI in females (24), greater consumption of hyper-
caloric food and longer periods of sedentary behavior, 
and lesser concern of male adolescents with the reper-
cussions of overweight and body aesthetics (9,25). On 
their turn, females have greater concern of remaining 
thin as they may want to comply with the “beauty and 
body aesthetics patterns” (26). 

In males, greater exposure to overweight occurred 
at 16 years of age in higher economic classes. These 
results are different from those observed in adolescents 
in developed countries (2,7,8) and similar to those re-
ported in developing countries (11,13,17). In Brazil, 
systematic reviews (6,12) identified a positive associa-
tion between socioeconomic indicators (education le-
vel, economic classe, monthly income) and overweight 
in males, and an inverse or absent association in females 
(6,12). This association pattern is typical of countries 
undergoing nutritional transition, which is characteri-
zed by an inversion in the distribution pattern of nu-
tritional problems, marked by the passage for undernu-
trition to overweight and obesity as one of the major 
public health problems, in response to modifications in 
diet, physical activity, socioeconomic and demographic 
conditions (9). 

In developing countries, improved socioeconomic 
conditions lead to the consumption of industrialized, 
ultra-processed foods, ready-to-eat meals, soft drinks, 
saturated and trans fat, that are frequently observed in 
higher socioeconomic strata, which may explain the 
greater occurrence of overweight among adolescents 
from richer families (27).



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

26

Temporal trend in overweight

Arch Endocrinol Metab. 2016;60/1

have use growing time in sedentary activities (watching 
TV, using computers, playing videogames, using cell 
phones) (25).

Changes in the feeding habits and behaviors among 
Brazilians in the last three to four decades have also 
contributed with this scenario. The analysis of popu-
lation surveys on feeding patterns among Brazilians 
showed a growing number of meals outside the house 
(from 24% of total food expenses in 2002-2003 to 34% 
in 2008-2009) (31), consumption of industrialized, ul-
tra-processed foods and substitution of meals and tradi-
tional preparation for quick snacks (27). Industrialized, 
ultra-processed foods consumed outside the househol-
ds and snacks are high calorie-dense foods, with high 
total fat, saturated and trans fats, simple carbohydrates 
and sodium, and low fiber concentration. Adolescents 
show the highest rate of consumption of foods outside 
the house and greater average consumption of cakes 
and cookies, industrialized salty snacks, milk and dai-
ry products, sweets, soft drinks, juice, fried foods and 
sandwiches (32). These foods are among the ten more 
consumed by adolescents in Brazil (33). Another im-
portant change was the increased consumption of fast 
food and the increased size of the portions (9).

An important result identified in the present stu-
dy was greater overweight prevalence in adolescents of 
both sexes in the middle class in the period analyzed 
(2005-2009). These findings suggest that overweight 
distribution among adolescents in moving towards a 
pattern similar to that observed in developed countries, 
characterized by overweight prevalence in lower socio-
economic strata (2,9). The comparison of data from 
the 2002-2003 and 2008-2009 POFs revealed greater 
increase in overweight prevalence in adolescents that 
belonged to the bottom fifth in income for females, 
and in the top fifth, for males (5,30). These behaviors 
are typical of countries undergoing nutritional transi-
tion (9).

The increased overweight prevalence in adolescents 
of the middle class may be due to the increased propor-
tion of families in this economic classe that have higher 
income, greater purchasing power, and access to credit 
that were observed in Brazil in the last decade. These 
factors influenced the habits and food behaviors of the 
population and are intimately associated with the in-
creased consumption of meals outside the house, con-
sumption of industrialized and ultra-processed foods, 
soft drinks, snacks, and saturated and trans fat. On the 
other hand, greater access to information on the risks of 

overweight, given higher educational levels and access 
to healthier foods and greater purchasing power, are 
providing more protection against overweight in peo-
ple of higher social strata, especially females. 

Based on the two cross-sectional surveys using sam-
ples representative of high school students and similar 
methodology, the present study was one of the first in 
the northeastern region of Brazil to describe the cur-
rent prevalence (2009) and the temporal trend (2005-
2009) in overweight and to analyze the association 
between this outcome and sociodemographic factors. 
Another important approach was the use representative 
samples of adolescents in high school that had similar 
characteristics, associated with the low rate of withdra-
wals and refusals in the two studies, which prevented 
possible selection bias.

One of the limitations of this study was not including 
adolescents that were out of school. These adolescents 
are generally poorer and, therefore, have greater chan-
ces of presenting overweight. It is believed that, if they 
were part of the study, overweight prevalence would be 
even higher, and the outcomes would be more frequent 
in poorer females. The use of self-reported weight and 
height measures was another limitation of the study. 
Although these measures were in agreement with actu-
al measurements, they self-reported measures tend to 
underestimate the prevalence of overweight, particu-
larly in females (34), which may have contributed to an 
underestimation of overweight prevalence in females, 
mainly in lower economic classes.

Based on the data analyzed here, it may be con-
cluded that overweight prevalence in 2009 was high, 
mainly in male adolescents of 16 years of age and of 
higher economic classes. The temporal trend in the 
prevalence of overweight showed that this important 
public health problem continues to grow among ado-
lescents in northeastern Brazil at a rate higher than in 
many developed countries. This increase was greater in 
male adolescents and in those of lower economic clas-
ses, in both sexes. These findings reinforce the need to 
develop actions directed to the treatment and preven-
tion of overweight among adolescents in northeastern 
Brazil. Interventions in the school that emphasize the 
adoption of health feeding habits and an active lifestyle 
should be developed and articulated with health pro-
motion public policies.
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Vitamin A supplementation reduces 
the Th17-Treg – Related cytokines 
in obese and non-obese women 

Mahdieh Abbasalizad Farhangi1, Ali Akbar Saboor-Yaraghi2,  
Seyyed Ali Keshavarz3 

ABSTRACT
Objective: The objective of the present study was to investigate the effect of vitamin A supplementa-
tion on serum Th17 (IL-6, IL-17, IFNγ) and Treg (TGF-β, IL-10) related cytokines in obese and non-obese 
women. Subjects and methods: In a randomized double blind placebo controlled design, 56 obese 
women were randomly assigned to receive either an oral dose of 25,000 IU retinyl palmitate or pla-
cebo per day for 4 months. Twenty eight ages matched non-obese women were also received vitamin A.  
At the study entry, anthropometric variables were measured and serum Th17 and Treg related cy-
tokine profile were determined at baseline and 4 months after intervention. Results: Significantly 
higher baseline concentrations of IL-6 were observed in obese compared with non-obese women 
(P < 0.05). However, the initial concentrations of other cytokines were not significantly different be-
tween groups. The mean concentrations of IL-17 and TGF-β were significantly decreased after vitamin A 
supplementation in non-obese and obese women respectively. Positive relationships between IL-17 
and IL-10 (r = 0.42, P < 0.001), TGF-β and IL-17 (r = 0.35, P < 0.001) and between IL-10 and IFN-γ (r = 0.41, 
P = 0.002) in total participants were also observed. Conclusions: The results of the present study 
showed for the first time that vitamin A supplementation reduces serum concentrations of IL-17 and 
TGF-β in reproductive age women. Further studies are needed to explore the possible underlying 
mechanisms. Arch Endocrinol Metab. 2016;60(1):29-35
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INTRODUCTION

O besity, the modern chronic disease of twenty-first 
century, is rapidly increasing worldwide particu-

larly in developing countries. This high prevalence of 
obesity is considered as a major health concern due to 
close relationship between obesity and numerous meta-
bolic abnormalities and chronic disease including dys-
lipidemia, insulin resistance, hypertension, cardiovas-
cular disease, several types of cancers and autoimmune 
disease (1,2). A large body of evidence suggests that 
many of these obesity associated co-morbidities have 
a long term low grade inflammatory basis (3). Among 
inflammatory biomarkers, the role of classic inflam-
matory mediators including tumor necrosis factor α 
(TNF-α) and C-reactive protein (CRP) have been ex-

tensively investigated in obesity (4,5). However, recent 
studies have revealed the possible role of Th17-T cell 
sub-lineage in obesity associated metabolic and autoim-
mune disorders. Winer and cols. (6) have demonstrated 
that diet induced obese mice have elevated Th17-T cell 
pools and produce more IL-17 compared with lean 
mice. Additionally, the elevated Th17 cells in obese 
mice was associated with progressively enhanced inci-
dence of two models of autoimmune disease including 
experimental autoimmune encephalomyelitis (EAE) 
and trinitrobenzene sulfonic acid colitis. In another 
study by Sumarac-Dumanovic and cols. (7) obesity was 
associated with higher blood concentrations of IL-17/
IL-23 axis. IL-17 is a potent pleiotropic pro-inflamma-
tory cytokine that participates in tissue inflammation 
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by activating several cytokines, matrix metalloproteases 
and stimulating neutrophils proliferation and migration 
and its concentrations is increased in sera and tissue of 
several autoimmune disease such as rheumatoid arthri-
tis, multiple sclerosis and inflammatory bowel disease 
(8,9). On the other hand, regulatory T-cells (Treg) 
have anti-inflammatory effect and can suppress auto-
immunity by releasing anti- inflammatory cytokines 
(TGF-β and IL-10) (10). Vitamin A and its metabolite, 
all trans retinoic acid (ATRA) are known to regulate 
immunity and ameliorate several autoimmune disease 
in animal mo dels (11) however, the role of vitamin A 
in production of Th17/Treg cytokines in obese indi-
viduals has not been defined. Therefore, we explore the 
effect of vitamin A supplementation on serum Th17/
Treg related cytokines in obese women.

SUBJECTS AND METHODS

Study population 

This study included 84 women who fifty six were obese 
(BMI 30-35 kg/m2) and twenty eight were non obese 
(BMI 18.5-24.9 kg/m2). The subjects were healthy volun-
teers and were invited to participate in the study through 
invitation letters. Inclusion criteria were as follows: age 
20-52 years, absence of diabetes, thyroid abnormalities, 
chronic liver or renal disease, autoimmune disease and 
any other disease that might affect immune function, no 
consumption of any dietary vitamin A supplements or no 
treatment with drugs that may interfere with absorption 
or bioavailability of the supplement. The study protocol 
was approved by ethics committee of Tehran University 
of Medical Sciences (TUMS) and written full-informed 
consent was obtained from all of subjects before partici-
pation in the study. This trial was also registered at Clini-
caltrials.gov (Identifier NCT-01405352).

Experimental protocol

Obese women were divided into two groups using 
random permuted block randomization. One group 
received an oral dose of vitamin A as 25,000 IU/d reti-
nyl palmitate [~7576 retinol equivalent (RE)/d] and 
other group received placebo during 120 days. The 
non-obese group, who was matched with obese groups 
for age, also received vitamin A in the same dose. The 
intervention period was 120 days and subjects were fol-
lowed by monthly phone contacts. Vitamin and placebo 
softgels were obtained by Zahravi Pharmaceutical Inc. 

(Tabriz-Iran) and were identical in appearances and 
color. Selecting the dose of 25,000 IU for vitamin A 
supplements was based on the previous studies (12) 
supporting that vitamin A in this dose can increase 
circulating concentrations of all trans retinoic acid 
and 9-cis retinoic acid to concentrations that will 
interact with their respective receptors (RAR and 
RXR). The participants were advised to have their usual 
diet and physical activity and to avoid pregnancy during 
the study period. All of subjects underwent full anthro-
pometric measurements including body weight, height, 
waist circumference and hip circumference at the study 
entry. Weight was measured by calibrated Seca scale 
(Itin Scale Co., Inc. Germany) with the precision of 0.1 
and height measurement had taken by a cotton ruler. 
BMI was calculated as weight (kg)/(height (m))2. The 
waist circumference (WC) was taken above the iliac 
crest at the natural waistline and the hip circumference 
(HC) was taken at the largest area of the natural hip 
line. Waist to hip ratio (WHR) was calculated by divid-
ing values of waist (cm) to hip (cm). Physical activity 
was obtained by international physical activity question-
naire (IPAQ).

Blood collection and IL- 6, IL-17, TGF-β and IFN-γ 
analysis 

Venous blood samples were collected in the morning 
after an overnight fasting at the beginning of the study 
and after four months. The blood samples were col-
lected in tubes with no additives. These samples were 
centrifuged; the serum was obtained and aliquots im-
mediately stored at -70ºC until assay. Serum cytokines 
were measured with commercial ELISA kits (e-Biosci-
ence, San Diego, CA, USA). The assays were on a dual–
antibody sandwich principle. Each assay was performed 
with recombinant cytokine using 96-well micro plates 
(Costar 9018; Corning Costar Corp., Corning, NY, 
USA). Briefly, the cytokine assay procedure comprises 
from following stages: coating with capture antibody, 
overnight incubation at 4°C, blockage the plates with 
assay diluents, adding the diluted standard solutions 
and sera to appropriate wells, incubation at 37°C for 2 
hours, adding detection antibody (Biotin conjugate an-
ti-human cytokine) and avidin–Horseradish Peroxidase 
(HRP). Finally, adding Tetramethylbenzidine (TMB) 
as substrate solution and Sulfuric acid 2N as stop solu-
tion. For TGF-β analysis a prior acid activation of serum 
samples with HCl (1N) is also needed to activate latent 
TGF-β1 to its immunoreactive form.
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Sensitivities of assays were as follows: 2 pg/mL  
(IL-6), 2 pg/mL (IL-10), 4 pg/mL (IL-17), 60 pg /
mL (TGF-β) and 4 pg/mL (IFN-γ). Inter and intra-
assay coefficients of variation were < 10%.

Statistics

Kolmogorov-Smirnov test was applied to test norma-
lity of distribution. Comparison of variables between 
groups was performed by one way ANOVA for para-
metric tests using a Tukey’s post-hoc test for multiple 
comparisons. Comparison of non – parametric data was 
performed with Kruskal Wallis test using a Bonferroni 
post-hoc test for multiple comparisons. Paired t-test or 
Wilcoxon- signed rank test was performed to determine 
the effect of intervention on biochemical variables. Ad-
justments for the difference in baseline values of varia-
bles were performed by ANCOVA using general linear 
models. Correlation between variables was analyzed by 
Pearson or Spearman rank correlation tests. All statistics 
were two – tailed and a P value less than 0.05 was con-
sidered significant. Data processing and statistics were 
performed by SPSS software (version 11.5, SPSS Inc., 
Chicago, IL, USA).

RESULTS

During the intervention period, a total of nine wo-
men (10.71%) withdrew from the study. Six with-
drawals were in obese groups (3, irregular use of su-
pplement or placebo, 2, impossibility to be present 
at appointment and 1, unwillingness to continue the 
trial). Three withdrawals were in non obese group 
(1, pregnancy and 2 irregular use of supplement). 
A total of 75 women completed the study. General 
characteristics of study participants are presented in 

Table 1. Weight, BMI, WC, HC and WHR in obe-
se groups were significantly higher than non-obese 
group. Mean age and physical activity score were not 
different between groups. The results of dietary in-
take of energy and nutrients and also change in BMI 
and other anthropometric variables have been repor-
ted before (13). There were no significant differences 
between dietary intakes of energy, carbohydrate, pro-
tein, fat, vitamin A and beta-carotene between treat-
ment groups. No change in weight, waist circumfe-
rence and BMI has been observed in study groups 
after intervention (13). Serum cytokines were not in 
significant relationships with none of anthropometric 
parameters (data not shown). 

Figure 1 presents the serum Th17 and Treg-related 
cytokines before and after intervention. Baseline con-
centrations of IL-6 were significantly higher in obese 
than non- obese group. However baseline concen-
trations of IFN-γ and TGF-β were non-significantly 
higher in obese groups. Vitamin A supplementation 
significantly reduced serum concentrations of IL-17 
and TGF-β in non-obese and obese groups respective-
ly. Serum IL-10 concentrations significantly decreased 
in non-obese vitamin A treated group and serum IL-6 
concentrations after intervention reduced in all three 
groups. Because of the possible influence of significant 
difference in initial concentrations of cytokines in obese 
vitamin A-treated group compared with other groups, 
we analyzed the relative percentile change from baseline 
in biochemical parameters in treatment groups; how-
ever there was no significant difference between rela-
tive percentile changes from baseline in cytokine con-
centrations between groups (data not shown). Serum  
IL-17 concentrations were positively correlated with se-
rum IL-10 and TGF-β in total participants (Figure 2). 

Table 1. Baseline characteristics of trial participants

Obese – vitamin A Obese – placebo Non-obese P* 

n 27 23 25

Age (years) 38.57 ± 1.32 38.92 ± 1.60 36.03 ± 1.37 0.31

Weight (kg) 82.77 ± 1.52 79.03 ± 1.87 58.40 ± 1.36 < 0.001

BMI (kg/m2) 33.74 ± 0.64 31.50 ± 0.72 22.80 ± 0.40 < 0.001

WC (cm) 95.64 ± 1.31 93.51 ± 1.47 75.96 ± 1.25 < 0.001

HC (cm) 115.35 ± 1.57 112.21 ± 1.64 99.10 ± 1.24 < 0.001

WHR 0.82 ± 0.004 0.83 ± 0.007 0.76 ± 0.005 < 0.001

PA (Met-min/week) 2225.50 ± 234.06 2287.26 ± 534.40 2594.33 ± 251.10 0.11

BMI: body mass index; WC: waist circumference; HC: hip circumference; WHR: waist to hip ratio; PA: physical activity.
* Obese groups have significantly higher levels than non-obese group (multiple comparisons using Tukey’s post-hoc test).
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Figure 1. Serum concentrations of Th17 and Treg related cytokines in obese and non-obese groups before and after intervention in box plots; data are 
shown as median values (horizontal lines), interquartile ranges (the box lengths), extreme values (whiskers) and outliers (o). P values are for comparisons 
of variables before and after intervention and are determined by Wilcoxon signed rank test).
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There was also a positive relationship between Serum 
IL-10 and IFN-γ concentrations in combined analysis 
of groups. Comparison of serum pro-inflammatory to 
anti-inflammatory cytokines ratios are presented in ta-
ble 2. Obese vitamin A – treated group had significantly 
higher concentrations of IL-6/IL-10 ratio and IL-6/
TGF-β ratio compared with other groups (multiple 
comparisons with Bonferroni corrections). IL-17/IL-
10 ratio was higher in obese vitamin A received group 
which was at the border of statistical significance. We 
also measured serum Retinol Binding Protein/Trans-
thyretin ratio (RBP/TTR) for evaluation of vitamin A 
status. After vitamin A supplementation serum RBP/
TTR ratio only in non-obese group increased; however 
this increase was not significant (14). No side effects 
of vitamin A have been reported in the present study. 
In basic lab biochemistry tests (fasting blood glucose, 
lipid profile) and liver enzymes (serum aspartate trans-
aminase and alanine transaminase) only a physiologi-
cally mild and clinically insignificant elevation had been 
observed (13).  

DISCUSSION

Our finding shows for the first time that vitamin A 
supplementation significantly reduces serum concen-
trations of TGF-β and IL-17 in obese and non-obese 
women respectively. Serum levels of IL-10 were also 
reduced significantly in non-obese women after vitamin 
A supplementation. IL-17, as a potent mediator of au-
toimmunity, participates in pro-inflammatory process of 
several autoimmune disease including rheumatoid arth-
ritis (RA) and multiple sclerosis in humans (MS) and 
collagen induced arthritis (CIA) and EAE in animals 
(15). Therefore, therapeutic agents which reduce the 

Table 2. Comparison of baseline ratio of pro-inflammatory to anti-inflammatory cytokines between study groups  

Obese – vitamin A Obese – placebo Non-obese P-value* 

n 27 23 25

IL-6 /IL-10 (ratio) 10.82 ± 6.11 5.18 ± 3.72 7.73 ± 9.23 0.019†

IL-6/TGF-β (ratio) 13.87 ± 8.16 8.38 ± 6.76 9.38 ± 9.84 0.011†

IL-17/IL-10 (ratio) 3.38 ± 1.48 2.57 ± 1.22 2.90 ± 1.83 0.097

IL-17/TGF-β (ratio) 4.35 ± 1.31 4.14 ± 1.77 4.65 ± 1.97 0.57

IFN-γ/IL-10 (ratio) 27.58 ± 24.73 31.42 ± 27.97 18.49 ± 11.57 0.33

IFN-γ/TGF-β (ratio) 32.38 ± 25.42 51.47 ± 67.71 30.61 ± 18.15 0.25

IL: interleukin; TGF-β: transforming growth factor β; IFN-γ: interferon γ.
* Compared by Kruskal – Wallis test; † obese vitamin A-treated individuals have significantly higher levels than other groups (multiple comparisons with Bonferroni corrections).

Figure 2. Correlation between baseline concentrations of Th17 and Treg 
related cytokines in all of participants.
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IL-17 production might be a good approach to con-
trol the autoimmune disease. Schambach and cols. (16) 
evaluated the effects of all trans retinoic acid (ATRA) 
on the expression of IL-17 in mice; they showed that 
ATRA leads to decreased induction of IL-17 expressing 
T cells through activation of retinoic acid receptor-α 
(RAR-α). This was in consistent with Elias and cols. 
(11) findings reported the inhibitory effect of ATRA on 
Th-17 cell formation. 

ATRA as a potent derivate of vitamin A is consid-
ered as a therapeutic agent in prevention or treatment 
of autoimmune disease and several types of cancers 
(17,18) however its potential adverse effects and life-
threatening complications such as headache, nausea, 
vomiting, irregular heartbeat, bleeding, liver dysfunc-
tion and teratogenicity should not be forgotten (19). 
In the human body, vitamin A as retinyl palmitate is 
converted to ATRA by dendritic cells (DC) from mes-
enteric lymph nodes and Peyer’s patches (16) and it ca-
pable to suppress carcinogenesis or other degenerative 
disease with less (20) or no side effects (21,22). 

It has been reported that regulatory T cells can in-
crease IL-17 production by means of TGF-β secretion 
in presence of IL-6 (23,24) and blocking TGF-β sig-
nals leads to reduction in IL-17 production (9). Simi-
larly, serum IL-10 reduction was in parallel of IL-17 
reduction in non – obese women. There are several 
contrasting roles for the effect of retinoids on IL-10 
production; IL-10 is an immunosuppressive cytokine 
acts as a signature of T-regulatory cells and its pe-
ripheral induction is done in the presence of TGF-β. 
Consistent with our results, Maynard and cols. (25) 
reported that inhibitory effect of retinoids on TGF-β 
mediated IL-10 gene expression by naïve CD4+ T cells 
happens at the level of transcription. In contrast with 
the Sumarac-Dumanovic and cols. findings (7) we 
observed no significant difference in serum IL-17 be-
tween obese and non-obese groups. However, baseline 
concentrations of IL-6, another signature cytokine of 
Th17 cells, were significantly higher in obese compared 
with non-obese women. Our finding was in consistent 
of several previous reports (26,27). IL-6 is expressed 
in both subcutaneous and visceral adipose tissue and 
in human, circulating amounts of this cytokine is el-
evated with adiposity (28). Adipose tissue is capable to 
produce approximately 25% of circulating IL-6 (29). 
IL-6 is a potent inducer for hepatic synthesis of CRP 
and other acute phase proteins in obesity and therefore 
leads to increased risk of cardiovascular disease (30).

We also evaluate the effect of vitamin A on the cir-
culating amounts of other proinflammtory cytokine, 
IFN-γ, in obese and non-obese women. Baseline con-
centrations of IFN-γ were not significantly different be-
tween obese and non-obese women. Consistent with 
our results, Sumarac-Dumanovic and cols. (7) and Svec 
and cols. (31) found no significant difference between 
baseline concentrations of IFN-γ in obese versus non-
obese women; whereas, Pacifico and cols. (32) showed 
that obesity is associated with increased T-helper IFN-γ 
secreting cells in obese children. This inconsistency 
might be explained by age and sex related response of 
immune cells or it can also occur because of counter- 
regulatory mechanisms of Th1 versus Th2 immune cell 
response as revealed by Sumarac-Dumanovic and cols. 
(7). Our data also indicate that vitamin A had no con-
siderable effect on serum concentrations of IFN-γ in 
obese or non-obese women. Baseline serum concen-
trations of IL-10 were positively associated with IL-17 
and IFN-γ in total participants. As previously reported 
by Juge-Aubry and cols. (33) white adipose tissue is 
a regulated source of IL-10 and its production is up-
regulated in adipose tissue of obese individuals (34). 
IL-10 has anti-inflammatory properties and enhanced 
its production by adipose tissue in obesity is a defense 
mechanism of body to counter-regulate the pro-inflam-
matory actions of several inflammatory cytokines such 
as TNF-α, IL-6 and IL-8. Therefore, the positive rela-
tionship between IL-10 and IL-17 or IFN-γ can partly 
be explained by this mechanism. Randomized double 
blinded placebo controlled design of the present study 
was one of the strengths of the present study. However, 
small sample size and enrolling only women in the trial 
were limitations of the study. 

In conclusion, our results suggest that vitamin A 
supplementation might reduce Th-17 and T-reg related 
cytokines in reproductive age women. Non-significant 
higher levels of several cytokines identify the possible 
influence of small sample size of the study on the final 
results. Therefore, additional studies with larger sample 
sizes are needed to further confirm or possibly reject 
these findings. 
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Maternal 75-g OGTT glucose levels 
as predictive factors for large-for-
gestational age newborns in women 
with gestational diabetes mellitus

Krstevska Brankica1, Velkoska Nakova Valentina2,  
Simeonova Krstevska Slagjana3, Jovanovska Mishevska Sasha1

ABSTRACT
Objective: Our goal was to investigate which glucose measurement from the 75-g oral glucose toler-
ance test (OGTT) has more capability of predicting large for-gestational-age (LGA) newborns of moth-
ers with gestational diabetes mellitus (GDM). Subjects and methods: The study group consisted of 
118 consecutively pregnant women with singleton pregnancy, patients of Outpatients Department 
of the Endocrinology, Diabetes, and Metabolic Disorders Clinic. All were prospectively screened for 
GDM between 24th and 28th week of pregnancy and followed to delivery. Outcome measures included: 
patients’ ages, pre-pregnancy BMI, BMI before delivery, FPG, 1 and 2 hour OGTT glucose values, hae-
moglobin A1c at third trimester, gestational week of delivery, mode of delivery and baby birth weight. 
Results: From 118 pregnancies, 78 (66.1%) women were with GDM, and 40 (33.9%) without GDM. 
There were statistically significant differences (30.7 versus 5.0%, p < 0.01) between LGA newborns 
from GDM and control group, respectively. Gestation week of delivery and fasting glucose levels 
were independent predictors for LGA (Beta = 0.58 and Beta = 0.37 respectively, p < 0.01). Areas un-
der the receiver operator characteristic curve (AUC) were compared for the prediction of LGA (0.782 
(0.685-0.861) for fasting, 0.719 (0.607-0.815) for 1-hour and 0.51 (0.392-0.626) for 2-hour OGTT plasma 
glucose levels). Conclusion: Fasting and 1-hour plasma glucose levels from OGTT may predict LGA 
babies in GDM pregnancies. Arch Endocrinol Metab. 2016;60(1):36-41
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INTRODUCTION

G estational diabetes mellitus (GDM) is a common 
medical condition defined as a carbohydrate in-

tolerance that begins or is first diagnosed during preg-
nancy (1). Maternal supply of carbohydrates leads to 
fetal hyperglycaemia, which in turn stimulates fetal 
pancreatic islet cells and causes hyperinsulinaemia (2). 
Stimulation of the insulin-sensitive tissue results in in-
creased fetal growth, predominantly of the abdomen, 
and delivery of large for gestational-age (LGA) new-
borns (3). Both women with large fetuses and LGA 
newborns are at a higher risk of complications (4).

Oral glucose tolerance test (OGTT) is accepted as 
a diagnostic “gold standard” for GDM diagnosis. The 
National Diabetes Data Group (NDDG) first intro-
duced the 3-h 100-g OGTT test as diagnostic test for 
GDM. This test has ability to predict postpartum dia-
betes mellitus in women with GDM. Later, the WHO 

adopted the 2-h 75-g OGTT recommending the same 
diagnostic cut points established for the diagnosis of im-
paired glucose tolerance outside of pregnancy. In 1999, 
WHO clarified that GDM encompassed impaired glu-
cose tolerance and diabetes (fasting ≥ 7 mmol/L, 2-h 
≥ 7.8 mmol/L) and over the years has maintained their 
recommendations (5). The recently published Hyper-
glycemia and Adverse Pregnancy Outcomes (HAPO) 
study confirmed the link between hyperglycemia and 
adverse pregnancy outcomes, using the 2h 75-g OGTT 
with new cut points: FPG ≥ 5.1 mmol/L, 1-h ≥ 10.0 
mmol/L, 2-h ≥ 8.5 mmol/L (6). In response to these 
results, the International Association of the Diabetes 
in Pregnancy Study Group (IADPSG) and American 
Diabetes Association (ADA) formulated new guidelines 
for screening and diagnosis of GDM (7).

There is no doubt from the literature that maternal 
glycaemia in women with GDM is involved in determi-
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ning birth weight, but whether there is any influence of 
maternal glycaemia during OGTT on fetal over growth 
is unknown (8).

Black and cols. recently demonstrated that the risk 
of adverse pregnancy outcomes differs between women 
with impaired fasting plasma glucose values (FPG) and 
abnormal glucose levels during the OGTT, providing 
evidence that women with elevated FPG particular-
ly suffer from delivering LGA infants (9). Ferrara and 
cols. found that both maternal FPG and 1-h, but not 
2 or 3-h from 100-g. OGTT glucose levels were inde-
pendent predictors of macrosomic risk (10). Caulfield 
and cols. evaluated risk of macrosomia according to ab-
normal glucose results and found that risk for infant 
macrosomia was higher among women with GDM only 
if they had fasting hyperglycemia (11). But, Kösüs and 
cols. found that 2 and 3 h glucose levels were the most 
important predictors of the macrosomia (12).

Excess nutrient delivery to the fetus causes LGA 
newborns, but whether fasting or peak glucose levels 
are more correlated with fetal overgrowth is less cle-
ar. So, we decided to explore the relation between the 
results of 2-h 75-g OGTT and neonatal birth weight.

The aim of this study was to investigate which glu-
cose measurement from the 75-g OGTT (FPG, 1-h, 
and 2-h) has more capability of predicting large for-ges-
tational-age (LGA) newborns of mothers with GDM.

SUBJECTS AND METHODS

One hundred and eighteen pregnant women were 
prospectively screened for GDM between 24th and 
28th week of pregnancy. The pregnant women were 
Outpatients of the Endocrinology, Diabetes, and Me-
tabolic Disorders Department of the University Clini-
cal Hospital in Skopje, R. Macedonia in a period from 
01.2013 to 06.2013. GDM was defined according to 
the IADPSG (7), criteria for glucose measurements du-
ring 2-hours 75-g OGTT, as at least one level greater 
than fasting plasma glucose equal to or exceeding 5.1 
mmol/L, 1 hour OGTT glucose equal to or exceeding 
10.0 mmol/L, and 2 hour OGTT glucose equal to or 
exceeding 8.5 mmol/L. We followed participants until 
delivery and obtained delivery outcome data. 

The following parameters were analyzed: patients’ 
ages, pre-pregnancy body mass index (BMI), BMI be-
fore delivery, FPG, 1 and 2 hour OGTT glucose values, 
haemoglobin A1c (HbA1c) at third trimester, gestational 
week of delivery, mode of delivery and baby birth weight.

All of the patients underwent 75-g OGTT, follo-
wing the standard recommendations (13). Briefly, 75-g 
a hydrous glucose load was administered after a 12- to 
14-h fast and fasting, 1-h post-load and 2-h post-load 
samples for glucose were obtained from an antecubital 
vein. Samples were collected in tubes containing fluori-
de and kept at 4°C until centrifugation up to 2 h later. 
Plasma measurements were performed with glucose 
oxidase methods. 

The BMI of women was calculated by dividing the 
weights by the squared heights in meters (km2). The pa-
tients were weighed wearing clothes without shoes in the 
morning with an electronic scale at the first visit. Height 
was measured to the nearest 1 cm with a stadiometer. At 
enrollment pre-pregnancy BMI was calculated by using 
the most recent self reported weight before conception. 
Blood samples for HbA1c were taken after overnight fas-
ting. HbA1c was measured by an ion-exchange HPLC 
instrument (DS5; Drew, USA) with a reference range of 
4.2–6%. We followed participants until delivery. Neonatal 
outcomes were performed in University Clinic of Gyneco-
logy and Obstetrics. Mode of delivery was noted as spon-
taneous or caesarean section. Birth weight and proportion 
of LGA (defined as a birth weight > 90th percentile for 
local population after adjusting for gestational age and 
sex) were determined. The gestational age of newborns 
was estimated from the date of the last menstrual period.

All patients gave informed consent to participate in 
the study after receiving explanations regarding the re-
search protocol. The study was done according to the 
Helsinki Declaration.

Statistical analyses

Statistical analyses were performed by SPSS 14.0 soft-
ware. The significance of the differences between preg-
nant women with and without GDM was tested using 
t-test for numeric variables, and χ2-test for categorical 
variables. To determine the relationship between analy-
zed variables Spearman’s correlation test was used. In 
regression model all variables were grouped into one 
block and were entered in a single step using “enter” 
regression method. The variables with no collinearity 
(r < 0.70) were considered for further analyses. Cooli-
nearity between the independent variables was assessed 
pair-wise by calculation of Spearman rang correlations. 
As goodness-of-fit statistics was used R square change 
if the R2 change associated with a variable is large, that 
means that variable is a good predictor of the depen-
dent variable. LGA was dependent variable. We plotted 
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receiver operator characteristic (ROC) curves for pre-
dicting LGA newborns, and estimated and compared 
the area under the curve (AUC) using the MedCalc 
Statistical Software, version 12.5.0. Differences were 
considered significant if p was less than 0.05.

RESULTS

From 118 included women, 78 (66.1%) were with 
GDM. The baseline data of all included pregnant wo-
men are presented in Table 1.

As expected, women with GDM were older, more 
overweight before pregnancy, and with higher weight 
gain than women with normal glucose tolerance, but 
the differences were slight, so they did not reach sta-
tistical significance. There were statistically significant 
differences between proportions of LGA newborns 
from GDM and normal pregnancies. The incidence of 
cesarean section was not different between the women 
with GDM and women without GDM (Table 1). 

pregnancy (r = 0.47, p < 0.01), BMI before delivery 
(r = 0.47, p < 0.01), and HbA1c (r = 0.25, p < 0.05).

The results from multiple regression analysis which 
determine independent risk factors for LGA are shown 
in Table 2. Gestation week of delivery and FPG were 
independent predictors for LGA (Beta = 0.58 and Beta 
= 0.37 respectively, p < 0.01) (Table 2).

In order to evaluate fasting, 1-h and 2-h OGTT 
glucose levels for the prediction of LGA, we compared 
the areas under the receiver operator characteristic cur-
ve (AUC) of the ROC curves. Figure 1 shows that, for 

Table 1. Baseline characteristics of all included pregnant women

GDM
(n = 78)

Without GDM
(n = 40)

p value

Age (years) 32.6 ± 4.8 31.4 ± 5.1 NS

Pre-pregnancy BMI (kg/m2) 26.4 ± 6.3 25.9 ± 4.4 NS

BMI before delivery (kg/m2) 30.1 ± 4.9 26.5 ± 8.9 < 0.01

HbA1c (%) 5.2 ± 1.2 4.7 ± 0.2 < 0.01

FPG (mmol/L) 5.8 ± 1.2 4.7 ± 0.5 < 0.01

1-hour OGTT (mmol/L) 11.3 ± 1.8 7.4 ± 1.4 < 0.01

2-hour OGTT (mmol/L) 9.3 ± 2.1 6.2 ± 1.2 < 0.01

Birth weight (g.) 3,569 ± 681 3,267 ± 501 < 0.05

LGA (%) 24/78 (30.7) 2/40 (5.0) < 0.01

Cesarean section (%) 37/78 (47.4%) 9/40 (22.5%) NS

Gestational week of 
delivery

38.8 ± 1.8 39.3 ± 1.3 NS

Displayed results are average ± std deviation and percentages. Comparisons between the 2 
groups were performed by student’s t-test for continuous variables and χ2 –test for categorical 
variables. 

BMI: body mass index; HbA1c: glycosylated haemoglobin; FPG: fasting plasma glucose; OGTT: 
oral glucose tolerance test; LGA: large for gestational age; NS: no significance.

There were significant correlations between LGA 
newborns from GDM pregnancies with BMI before 
pregnancy (r = 0.36, p < 0.01), BMI before delivery 
(r = 0.36, p < 0.01), FPG (r = 0.46, p < 0.05), and 
1-h OGTT plasma glucose levels (r = 0.30, p < 0.05). 
So, r value from correlation analyses for variable FPG 
was greater than other variables: pre-pregnancy BMI, 
BMI before delivery and 1-h OGTT. We also noted 
significant correlations between FPG with BMI before 

Table 2. Influence of maternal characteristics on LGA newborns from 
GDM pregnancies

 
Unstandardized 

coefficients
Standardized 
coefficients t

 
Sig.

 
B Std. Error Beta

(Constant) -0.751

pre-preg BMI .266 .172 .193 1,543 .128

BMI before 
delivery

.779 .240 .004 0.324 .747

HbA1c .778 .595 .016 1,307 .196

FPG .206 .649 .377 3,185 .002

1h-OGTT .146 .403 .004 .36 .717

g.w. of 
delivery

.216 .037 .598 5,834 < .0001

Multiple regression analysis model with large for gestational age as a dependent variable, 
according to maternal characteristics from pregnancies of women with gestational diabetes 
was used.

BMI: body mass index; HbA1c: glycosylated haemoglobin; FPG: fasting plasma glucose; OGTT: 
oral glucose tolerance test; g.w.: gestational week.
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Figure 1. Receiver operator characteristics curves comparing performance 
of fasting, 1-h and 2-h OGTT glucose levels for the prediction of LGA. The 
true positive rates (sensitivity) versus the false positive rates (100-specificity) 
are plotted for the cut off glucose levels (each data point is 0.2mmol/L apart). 

OGTT: oral glucose tolerance test, FPG: fasting plasma glucose.
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LGA newborns from GDM pregnancies, fasting AUC 
was 0.782 (0.685-0.861), for 1-h OGTT was 0.719 
(0.607-0.815), and for 2-h OGTT was 0.51 (0.392-
0.626). Fasting glucose levels and 1-h OGTT gluco-
se levels show statistically significant predictability for 
LGA (p < 0.05). Thus, FPG shows higher predictability 
than 1-h OGTT glucose levels. 

DISCUSSION

The results of the study confirmed that gestational dia-
betes pregnancies were complicated with statistically 
higher percent of LGA newborns than normal preg-
nancies. We also showed that values at 1-hour from 
75-g OGTT have the strongest association with LGA 
newborns from women with GDM pregnancies. 

Disproportion in the number of patients with GDM 
and normal pregnancies in this study is due to the im-
plementation of the study in tertiary health institution, 
where obstetricians sent pregnant women with more 
risk factors for GDM.

It is known that fetal overgrowth is driven by a clus-
ter of metabolic alterations associated with maternal 
obesity. Birth weight is largely determined by maternal 
factors such as prepregnancy BMI, weight gain during 
pregnancy and maternal serum lipid levels in mothers 
with GDM (14-16). We did not analyze lipid parame-
ters, but pre-pregnancy BMI and BMI before delivery 
significantly correlated with LGA. In their study Char-
lotte and cols. concluded that maternal obesity had the 
strongest and independent effect on LGA in pregnan-
cies complicated by GDM (17). According to them, 
incidence of LGA infants was significantly higher in 
obese women than in those with normal BMI, which 
is comparable with our findings. However, in our stu-
dy we found statistically significant differences only in 
BMI before delivery. It is well known that FPG and 
OGTT glucose levels are mirror for metabolic altera-
tions in women with GDM. FPG and 1-h OGTT glu-
cose levels correlated and were independent risk factors 
for LGA. FPG will increase the risk for LGA newborns 
in women with GDM pregnancies especially when it is 
combined with higher BMI before delivery. In our stu-
dy regression analysis did not show that pre-pregnancy 
BMI and BMI before delivery are independent predic-
tors for LGA. This may be explained by the fact that 
our patients were overweight, but not obese or severely 
obese. Pre-pregnancy BMI and BMI before delivery 
were 26 ± 6.3 and 30.1 ± 4.9 kg/m2, respectively.

Also, this study did not find a correlation between 
HbA1c and LGA, nor was HbA1c an independent pre-
dictor for LGA. Other studies reported that the rela-
tionship between HbA1c and neonatal birth weight is 
weak (18,19). It is well known that HbA1c is not an 
appropriate measure for the prediction for LGA babies. 
There is a large overlap in the distribution of HbA1c 
values between women with normal, borderline abnor-
mal and mildly abnormal blood glucose values (20). 
Therefore, HbA1c is not a suitable test to detect mildly 
impaired glucose tolerance. The mean HbA1c in this 
study was 5.2 ± 1.2%. 

Fasting plasma glucose levels and 1-h OGTT gluco-
se levels were more powerful in prediction of LGA than 
2-h OGTT glucose levels in this study. Identical with 
our results, Ouzilleau and cols. found that FPG levels 
correlated better with birth weight than the 2-h levels 
from 75-g OGTT in univariate, multivariate analyses, 
and ROC curves (21). Mello and cols. show that glu-
cose levels at 1-h from 75-g OGTT gave a strong asso-
ciation with all abnormal neonatal anthropometric cha-
racteristics including LGA (22). Perucchini and cols. 
recommended universal screening for GDM using a 
FPG of ≥ 4.8 mmol/L between 24th and 28th gestatio-
nal week as an easier screening procedure (23). Fasting 
plasma glucose measurement is well tolerated and an 
inexpensive routine examination. So, FPG is a simple 
indicator for identifying high risk women with GDM. 
Earlier reports noted that the fasting glucose value was 
better than the postchallenge glucose levels in identi-
fying LGA risk (21,24,25). Similarly, Retnakaran and 
cols. found that FPG best predicts LGA risk, whereas 
post load glucose levels from OGTT predict postpar-
tum prediabetes or diabetes risks (26). When we iden-
tify the strongly associated level of OGTT with the risk 
of LGA newborn, the treatment strategy for clinicians 
can be easy. 

The investigators from HAPO study found a con-
tinuum of increasing risk of adverse outcome as each 
of the three (FPG, 1-h, and 2-h) plasma glucose va-
lues increased (6). These adverse outcomes included 
LGA, cesarean delivery, neonatal hypoglycemia, and 
preeclampsia. In conclusion, if more than one level is 
exceeded, the chances for delivering LGA babies are 
higher. According to our results, the combination of 
higher FPG and 1-h values from the 75-g OGTT gives 
higher predictability for LGA. So, tight glucose control 
in these target women may be necessary to avoid LGA 
newborns. 
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The weakness of the study is the small cluster of 
women and the influence of the GDM treatment on 
birth weight. All women were treated according to 
their glycemic profile with tendency to achieve fasting, 
postprandial and HbA1c values recommended for preg-
nant women with GDM. In spite of treatment 30% of 
newborns were LGA. The question remains whether we 
need to take into account FPG values to determine the 
optimal time for starting with therapy and the kind of 
therapy, diets or insulin. Large controlled interventional 
clinical trials should be done to answer this question. 

In conclusion our study documented a significant 
association between fasting and 1-h 75-g OGTT glu-
cose levels with LGA newborns.

Disclosure: no potential conflict of interest relevant to this article 
was reported.
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ABSTRACT
Objetive: The aim was to assess the evolution of tumor size and prolactin (PRL) levels in patients 
with micro and macroprolactinomas diagnosed and treated with dopamine agonists during fertile 
age, and the effects of suspension of drugs after menopause. Subjects and methods: Retrospec-
tive study, 29 patients with prolactinomas, 22 microadenomas and 7 macroadenomas, diagnosed 
during their fertile age were studied in their menopause; treatment was stopped in this period. Age 
at menopause was 49 ± 3.6 years. The average time of treatment was 135 ± 79 months. The time of 
follow-up after treatment suspension was 4 to 192 months. Results: Pre-treatment PRL levels in micro 
and macroadenomas were 119 ± 57 ng/mL and 258 ± 225 ng/mL, respectively. During menopause 
after treatment suspension, and at the latest follow-up: in microadenomas PRL levels were 23 ± 13 
ng/mL and 16 ± 5.7 ng/mL, respectively; in macroadenomas, PRL levels were 20 ± 6.6 ng/mL and 25 
± 18 ng/mL, respectively. In menopause after treatment suspension, the microadenomas had disap-
peared in 9/22 and had decreased in 13/22. In the group of patients whose tumor had decreased, in 
the latest follow-up, tumors disappeared in 7/13 and remained unchanged in 6/13. In macroadeno-
mas, after treatment suspension 3/7 had disappeared, 3/7 decreased and 1/7 remained unchanged. In 
the latest control in the 3 patients whose tumor decreased, disappeared in 1/3, decreased in 1/3 and 
there was no change in the remaining. Conclusions: Normal PRL levels and sustained reduction or 
disappearance of adenomas were achieved in most of patients, probably due to the decrease of es-
trogen levels. Dopamine agonists might be stopped after menopause in patients with prolactinomas.
Arch Endocrinol Metab. 2016;60(1):42-6
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INTRODUCTION

T he stimulatory role of estrogen on prolactin (PRL) 
secretion and on proliferation of lactotropic cells 

is well-established (1,2). Estradiol affects the secretion 
of prolactin at two levels: directly in the pituitary lacto-
troph, estradiol controls prolactin gene expression and 
modifies its sensitivity to physiological stimulators and 
inhibitors of prolactin secretion; within the hypothala-
mus, estradiol modifies the activity of the neuroendo-
crine neurons known to control prolactin secretion (3). 

Menopause is a physiological condition of hypoes-
trogenism in which PRL levels are contradictory. Most 
studies showed a significant decrease while some others 
observed an increase in PRL levels in normoprolactine-
mic women (4-6).

There is scarce literature about the effects of meno-
pause in patients with prolactinomas (7,8); we previou-
sly published a study about the effects of menopause in 
women with a history of microprolactinomas (9). The 
aim of this study was to retrospectively assess in the 
menopause the effects of the suspension of treatment 
on PRL levels and on the tumor size in patients with 
micro and macroprolactinomas diagnosed and treated 
with dopamine agonists (DA) during their fertile age.

SUBJECTS AND METHODS

This is retrospective and multicenter study.
We studied 29 menopausal patients with prolacti-

nomas diagnosed during their fertile age, 22 with mi-
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croadenomas and 7 with macroadenomas. The macro-
adenomas were 5/7 intraselar and 2/7 had extraselar 
extension, the tumors dimensions ranged from 1.5 to 
2.5 cm, without invasion of neighboring structures. 
The diagnosis was made based on PRL levels higher 
than the normal upper limit, symptoms as menstrual di-
sorders and/or galactorrhea and the presence of a mi-
croadenoma or a macroadenoma in magnetic resonance 
imaging (MRI); furthermore the macroadenomas mi-
ght present mass effect symptoms. All the patients had 
normal IGF-I levels according to their ages. This study 
was approved by the Ethical Committees from diffe-
rent hospitals participating in the Neuroendocrinology 
Department of Sociedad Argentina de Endocrinologia 
y Metabolismo. All patients gave written consent for 
their inclusion in this study.

The mean age at diagnosis of prolactinoma and at 
menopause was 40 ± 7.4 and 49 ± 3.6 years, respective-
ly. There were no patients treated with hormone repla-
cement during menopause.

Menopause was defined as the permanent cessation 
of menstruation resulting from loss of ovarian follicular 
activity after 12 months of amenorrhea following the fi-
nal menstrual period, which reflects a near complete but 
natural diminution of ovarian function with no other 
obvious pathologic or physiologic cause (10). Elevated 
FSH levels confirmed menopause in our patients.

Hyperprolactinemia was defined as the presence of 
levels of PRL higher than reference range (> 24 ng/mL) 
in two or more times. In prolactinomas, we ruled out 
other pituitary pathologies with hyperprolactinemia 
when we observed a decrease in size or disappearance 
of the tumor and also the normalization of PRL levels 
in response to the treatment.

In 21/22 patients with microprolactinomas treat-
ment was stopped when they reached menopause, only 
in one patient before menopause. In macroprolactino-
mas DA were stopped in menopause.

In menopause we stopped treatment in 28 patients 
whose PRL levels became normal (21 micro and 7 ma-
croadenomas). The suspension of DA in one patient in 
her fertile age with a microprolactinoma was decided be-
cause the tumor decreased and PRL levels normalized.

No patients underwent any other treatment such as 
surgery or radiotherapy.

PRL levels were determined using different im-
munassays (IE) in each medical center involved in this 
study. Some IE were competitive design but most of 
them were not competitive. World Health Organiza-
tion Standard 84/500 was the most frequently used.

PRL reference range for fertile women was below 
24 ng/mL. The intra-assay and the inter-assay coeffi-
cients were lower than 2.7% and 6.3%, respectively.

MRIs were performed in all the centers and we 
considered Jules Hardy classification for pituitary neo-
plasm: microadenoma below 10 mm and macroadeno-
mas higher than 10 mm.

The DA we used were bromocriptine (BEC) and ca-
bergoline (CAB), with doses of 2.5-20.0 mg/day and 
0.25-1.25 mg/week, respectively.

Statistical analysis

The quantitative variables were performed with Shapi-
ro-Wilk test. The parametric variables were expressed as 
mean ± standard deviation (mean±SD) and no parametric 
data as median (range). We used Studentand Wilcoxon 
test for the comparison of mean and median, respectively.

To assess PRL levels we calculated mean±SD and we 
used Student test to compare mean values. A p < 0.05 
was considered statistically significant. The Statistical 
Analysis was performed with InfoStat software develo-
ped in Córdoba University, Argentina.

RESULTS

Data were gathered at diagnosis before treatment, and 
throughout menopause when treatment was stopped 
and at the latest follow-up. Most patients were treated 
with CAB 18/29, five patients with BEC and 6/29 
with both drugs in a consecutive way. 

In microadenomas pre-treatment PRL levels during 
fertile age were 119 ± 57 ng/mL. During menopause, 
when treatment was stopped, between 4 and 12 mon-
ths, PRL levels were 23 ± 13 ng/mL and at the latest 
follow-up, between 12 and 192 months after treatment 
suspension, PRL levels were 16 ± 5.7 ng/mL (Figure 1). 
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Figure 1. Prolactin levels before treatment and after treatment suspension 
in patients with microprolactinomas (* p < 0.001).
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In macroadenomas, pre-treatment PRL levels were 
258 ± 225 ng/mL and during menopause, when tre-
atment was stopped, between 4 and 12 months, PRL 
levels were 20 ± 6.6 ng/mL and in the latest follow-up 
between 12 and 336 months after treatment suspen-
sion were 25 ± 18 ng/mL. 

PRL levels at diagnosis in micro and macroadeno-
mas were statistically significantly different when com-
pared with levels after the treatment was stopped (p < 
0.05), but there was no significant difference in PRL 
levels at suspension of DA and in the latest follow-up.

The average time of treatment was 135 ± 79 months. 
All the patients with prolactinomas under treatment 
normalized PRL levels.

Two years after suspension, 2 patients with micro-
adenomas restarted treatment on their doctors’ deci-
sion, because of increased PRL levels similar to those 
at pretreatment.

In fertile age, MRI images showed microadenoma 
in 22 and macroadenoma in 7 patients. In menopause 
after treatment suspension, in the subjects with micro-
adenomas, the tumor had already disappeared in 9/22 
and had decreased in 13/22 (Figure 2A). In the group 
of patients whose tumor had decreased, the tumor disa-
ppeared spontaneously in 7/13 and remained unchan-
ged in 6/13in the latest follow-up (Figure 2B). In the 
patients with macroadenomas, after treatment suspen-
sion the tumor had disappeared in 3/7 (they have pre-
sented empty sella since then), decreased in 3/7 and re-
mained unchanged in 1/7. In the latest control of the 
3 patients whose tumor decreased, in 1/3 the tumor 
disappeared spontaneously, in another one the tumor 
decreased and in the remaining patient there was no 
change. In the patient whose tumor remained unchan-

ged when DA were stopped, there was no change in 
the tumor size afterwards. In our patients, we observed 
that pre-treatment PRL levels did not correlate with 
the tumor size evolution in the menopause.

The time of follow-up of the patients from diagnosis 
to the latest assessment was from 9 to 33 years and after 
treatment suspension it was from 4 to 192 months.

DISCUSSION

PRL levels in women of reproductive age are higher 
than in menopausal women because of higher estrogen 
levels (11). Menopause seems to have a beneficial effect 
on the natural history of hyperprolactinemia because of 
the declining estrogens levels that accompany the ces-
sation of menses.

The medical treatment of hyperprolactinemia is 
mainly based on DA use. The response to these dru-
gs varies; approximately 95% of patients treated with 
standard doses reach normal PRL levels with the tu-
mor decreasing in size or disappearing. Prolactinomas 
diagnosed in postmenopausal women usually display 
responsiveness to DA too (12). 

The DA available in Argentina are BEC and CAB, 
the latter being more frequently used because it has 
more affinity to the dopamine receptor, fewer side 
effects, and is more effective than BEC (13,14).

In this retrospective study, in 90% of patients with 
microadenomas whose treatment with DA was sto-
pped during menopause experienced tumor reduction 
in size and maintained PRL levels within the normal 
range. Additionally, the patient with microprolactino-
ma whose treatment was stopped before menopause 
maintained normal PRL levels throughout menopause. 

Figure 2. (A) Percentage of menopausal patients with microprolactinomas, in whom tumor had disappeared or had decreased when treatment was 
stopped. (B) Percentage of patients with microprolactinomas whose tumors disappeared spontaneously or remained unchanged in the latest follow-up, 
from the group in which tumors had decreased in A.
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In patients with macroprolactinomas the PRL levels af-
ter treatment suspension were in the normal range; and 
in the latest control some patients, including the three 
patients with tumor persistence, showed slightly incre-
ased levels above the upper normal limit, this situation 
might be due to the effects of menopause.

Most of the prolactinomas are microadenomas 
(15,16) and this was also observed in this study. In 
prolactinomas there is a close relation between PRL 
levels and the tumor size; the bigger the tumor is, the 
higher the PRL levels are. It is not frequently observed 
that a tumor becomes bigger without increasing PRL 
levels (15). In our study, we observed that the tumor 
size evolution in menopause did not correlate with the 
pre-treatment PRL levels; there were patients with hi-
ghly increased levels who showed tumor disappearan-
ce in their images, while some others with lower levels 
presented only some decrease in the tumor size. It is 
difficult to explain this situation if we consider that the 
mechanisms involved in the possible relationship be-
tween PRL transcription, PRL levels and lactotrophs 
proliferation are not clear (17). Estrogen and dopamine 
are major opposing regulators of the functions of lac-
torophs. Dopamine, through the D2 receptor (D2Rs) 
in lactotropes, inhibits cell proliferation and prolactin 
secretion (18,19). The therapy with DA is effective in 
most patients, but it is described that approximately 
15% of them are resistant to these drugs. A decrease in 
number or function of D2Rs would be the cause of the 
discordance observed between PRL levels and tumor 
size (20).

In our patients with microaprolactinomas, the tu-
mor disappeared spontaneously during menopause in 
about 50%. In patients with macroprolactinomas, du-
ring menopause, one out of the three tumors which 
had decreased disappeared spontaneously. These ou-
tcomes are probably due to the effect of menopause.

Touraine and cols. in their retrospective study as-
sessed the role of estrogen in women with a history of 
hyperprolactinemia and found that in a group of untre-
ated patients, PRL levels decreased spontaneously du-
ring menopause (8). At the current time there is a lack 
of evidence to advocate the treatment of asymptomatic 
postmenopausal women with prolactinomas (21,22). 
Chanson and cols. suggest that treatment with DA may 
be discontinued after menopause in microprolactino-
ma because of two reasons, the first being the lack of 
evidence of harmful effects of hyperprolactinemia on 
health other than on gonadotropic function, especially 

since there are no convincing epidemiological studies in 
favor of an association between hyperprolactinemia and 
breast cancer, and the second being spontaneous gra-
dual normalization commonly seen in PRL levels after 
menopause, 44% of cases in one study (7,23).

In this retrospective study with a long follow-up of 
patients with a history of hyperprolactinemia whose 
treatment with DA was stopped when they reached 
menopause, PRL levels normalized or decreased pro-
bably due to the fact that estrogen levels diminished. 
However, two patients with microprolactinoma res-
tarted treatment on their doctors’ decision when their 
PRL levels increased two years after the suspension 
of DA.

In conclusion, the importance of these observations 
might justify the suspension of DA treatment at meno-
pause in patients with micro and macroprolactinomas 
diagnosed during their fertile age.

The following hospitals of Buenos Aires Province participated 
in this study: Militar Central, de Clínicas, Posadas, Santa Lucıa, 
Pirovano, Italiano, Durand, FLENI, Britanico, César Milstein, 
Sanatorio Guemes, Hospital Privado de la Comunidad, Ramos 
Mejia and Teodoro Alvarez.
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Comparative study between two 
recombinant human NPH insulin 
formulations for the treatment 
of type 2 diabetes mellitus
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ABSTRACT 
Objective: To compare the effects of the neutral protamine Hagedorn (NPH) recombinant human in-
sulin formulations Gansulin and Humulin N® on the glycemic control of patients with type 2 diabetes 
mellitus (T2DM). Subjects and methods: Prospective, double-blind, randomized, parallel, single-
center study of 37 individuals with T2DM treated with NPH insulin formulations. The Tukey-Kramer 
test for multiple comparisons, the Wilcoxon paired comparison test and the Chi-Square test were 
used for the statistical analyses. The significance level was set at 5% (p < 0.05). Results: The NPH 
insulin formulations Humulin and Gansulin similarly reduced the HbA1c levels observed at the end 
of the study compared with the values obtained at the beginning of the study. In the Humulin group, 
the initial HbA1c value of 7.91% was reduced to 6.56% (p < 0.001), whereas in the Gansulin group, 
the reduction was from 8.18% to 6.65% (p < 0.001). At the end of the study, there was no significant 
difference between the levels   of glycated hemoglobin (p = 0.2410), fasting plasma glucose (FG; p = 
0.9257) and bedtime plasma glucose (BG; p = 0.3906) between the two insulin formulations. There 
was no nt diffe rence in the number of hypoglycemic events between the two insulin formulations, 
and no severe hyp episodes were recorded. Conclusion: This study demonstrated similar glycemic 
control by NPH insulin Gansulin compared with human insulin Humulin N® in patients with T2DM. 
Arch Endocrinol Metab. 2016;60(1):47-53
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INTRODUCTION

P rojections by the World Health Organization 
(WHO) indicate that the prevalence of diabetes 

worldwide will exceed 300 million in 12 years and that 
developing countries will contribute significantly to 
these numbers (1,2). Diabetes mellitus (DM) exerts 
a high economic burden on both  individuals  and  so
ciety. Such costs are associated not only with disease 
treatment and complications but also with expenses 
involving sick leave, absenteeism and early retirement 
(3). The costs incurred by patients with diabetes are up 
to three times higher than the costs incurred by indivi
duals not affected by this disease, constituting a chal
lenge for public health agencies (4,5).

A prospective and comparative drug therapy 
followup study of patients with type 2 diabetes melli
tus  (T2DM) conducted in community health centers 
demonstrated that a 1% reduction in HbA1c levels can 

be implemented with an mean annual investment of R$ 
456.05 per patient, which includes medications and 
glucose monitoring reagent strips (6). This informa
tion indicates that T2DM treatment represents a high 
economic burden for government expenditure and that 
measures to reduce these expenses are necessary.

The use of neutral protamine Hagedorn (NPH) in
sulin contributes significantly to glycemic control (7,8). 
Assunção and cols. found that 41% of patients were not 
using the recommended dose of oral antidiabetic drugs, 
which likely led them to require insulin therapy earlier 
(9). Compared with the insulin analogs glargine and 
detemir, which are more expensive, NPH insulin has a 
similar efficacy; however, more nocturnal hypoglycemic 
events are observed with its use (7,1012).

 Currently, NPH insulin is produced by only two 
pharmaceutical companies, one American and one 
Danish, which produce the insulin formulations Hu
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mulin N and Novolin N, respectively. Two other com
panies have a small participation in this lucrative health
care market: Indar (Ukraine) and Dongbao (China). 
Until 2002, Brazil was part of this select group of 
insulinproducing countries, represented by Biobras, 
which was responsible for 80% of the insulin sales in 
the country. Biobras was sold to a Danish multinational 
and ceased the local production of the hormone, leav
ing Brazil dependent on imported insulin.

 There are only two companies in the Brazilian 
pharmaceutical market that produce recombinant hu
man NPH insulin, which then limits the price reduc
tion in the competitive bidding process for the pur
chase of insulin by the Brazilian Ministry of Health. 
The availability of other types of NPH insulin in the 
national drug market could in theory make it accessible 
through reduced prices to the private and public health 
care systems.

Thus, the aim of this study was to compare the 
glycemiccontrolling effects of a new human recom
binant NPH insulin produced in China (Gansulin N) 
with an insulin that has been available in the Brazilian 
pharmaceutical market for decades (Humulin N). 

SUBJECTS AND METHODS

This prospective, doubleblind, randomized, parallel, 
singlecenter study was approved by the Human and 
Animal Research Ethics Committee of Goiania General 
Hospital (Hospital Geral de Goiânia). Forty patients of 
both genders (9 females and 11 males for the rando
mized Humulin group; 10 females and 10 males for 
the randomized Gansulin group), aged 18 to 60 years 
and diagnosed with T2DM for over a year, according to 
the criteria of the Brazilian Diabetes Society (Sociedade 
Brasileira de Diabetes), were included in the study. The 
inclusion criteria for the study were the use of NPH 
insulin for more than 12 months, a body mass index 
(BMI) between 20 and 35 kg/m2 and glycated hemo
globin (HbA1c) levels between 7.5 and 10% at the time 
of selection. In addition, the patients had to agree to 
participate in the study and sign an informed consent 
form.

There were 18 consults during the clinical phase of 
the study, with one consult per week. The first three 
consults (first 3 weeks) corresponded to the phase of in
sulin dose adjustment, or phase 1, and preceded the ran
domization of patients. During this phase, the insulin 
doses were adjusted to achieve optimal glycemic control 

and homogeneity of the study population. The NPH in
sulin Humulin N® manufactured by Eli Lilly and Com
pany was administered to volunteers during phase 1.

A standard (stepbystep) relationship was not esta
blished to adjust the insulin dose. The investigator (a 
physician) was free to adjust the insulin dose, aiming to 
achieve plasma glucose levels established by the protocol.

The doses of insulin were adjusted weekly by the 
investigator, taking into account the mean plasma glu
cose  levels observed during the previous 3 days. The 
adjustment of the insulin dose administered at bedti
me was based on the mean plasma glucose  levels ob
tained before breakfast (fasting glucose, FG), aiming 
to achieve a plasma glucose level between 70 and 100 
mg/dL; the insulin dose administered before breakfast 
was based on the mean plasma glucose levels obtained 
at bedtime (bedtime glucose, BG), aiming to achieve a 
plasma glucose level between 70 and 120 mg/dL. For 
the doubleblind study, drugs were placed in identical 
carton boxes so that neither physician nor volunteer 
could distinguish them. Only the statistician had access 
to the randomization list.

 On the fourth consult, the study population was 
randomly divided into two groups: one group remai
ned under treatment with NPH insulin Humulin N 
(Group 1 or Reference), and the other group had their 
insulin replaced by Gansulin N immediately after phase 
1 (Group 2 or Test). Both the test and reference insulin 
formulations were administered once and/or twice dai
ly (before breakfast and/or at bedtime) in combination 
with metformin at a minimum daily dose of 500 mg.

Plasma glucose concentrations were determined by 
the glucose dehydrogenase method, whereas HbA1c 
levels were measured by high performance liquid chro
matography (HPLC). Creatinine levels were determi
ned by the automated kinetic method, and Cpeptide 
levels were measured by chemiluminescence.

Patients were instructed to perform selfmonitoring 
of their capillary blood glucose levels at home whene
ver they suspected hypoglycemia (capillary blood glu
cose ≤ 70 mg/dL) and to treat the hypoglycemia.

The TukeyKramer test for multiple comparisons 
was used to analyze the general information of the 
groups for the factor insulin. The Wilcoxon paired 
comparison test was used to test the effect of the insulin 
formulations on the glucose profile, and the likelihood 
ratio Chisquare test was used to analyze hypoglycemic 
events. The significance level was set at 5% (p < 0.05). 
Three male patients, 2 from the Gansulin group and 1 
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from the control group, were excluded from the study 
at consults C13, C18 and C20 due to incorrect use of 
insulin and were not included in the statistical analyses.

RESULTS

Table 1 lists the main variables (plasma glucose and Cpep
tide profile) of the 40 patients at the beginning of the stu
dy. The patients presented inadequate mean plasma glu
cose levels (FG: 150.03 ± 67.96 mg.dL1, BG: 192.60 ± 
66.59 mg.dL1, HbA1c: 8.92 ± 0.84%) and serum Cpep
tide levels below the normal range (1.39 ± 1.12 ng.mL1), 
which characterize pancreatic beta cell failure.

Data from the descriptive analysis of the demo
graphic characteristics obtained at consult C7 before 
randomization, after treatment with NPH insulin to 
obtain adequate glycemic control and after homogeni
zation of the group (phase 1) are presented in Table 2, 
discriminated by gender. The age of the population stu
died ranged from 39 to 60 years (female: 52.9 ± 6.55 
years; male: 49.45 ± 6.30 years) with no participation 
of elderly individuals. The majority of patients were 
overweight, with females presenting BMIs ranging 
from 24.79 to 33.78 kg.m2 (median: 27.16 kg.m2 and 
mean: 28.34 ± 2.84 kg.m2) and males presenting BMIs 
ranging from 20.02 to 34.68 kg.m2 (median: 27 kg.m2 

and mean: 27.7 ± 4.37 kg.m2). The mean time living 
with a diabetes diagnosis was over 10 years (145 ± 
73.65 months for females and 130.20 ± 74.21 months 
for males); for glycemic control, females presented the 
following clinical parameters: HbA1c–8.14 ± 0.86%, 
FG–144.45 ± 61.24 mg.dL1 and BG–96.75 ± 35.03 
mg.dL1; and males presented the following clinical 
parameters: Hba1c–7.95 ± 0.63%, FG–93.20 ± 26.71 
mg.dL1 and BG–131.5 ± 45.16 mg.dL1. The mean 
and median  Cpeptide (CP) values were lower than 
the normal range in both females (mean: 1.05 ± 0.91 
ng.mL1; median: 0.75 ng.mL1) and males (mean: 0.92 
± 0.67 ng.mL1; median: 0.80 ng.mL1). Renal func

tion was assessed by measuring serum creatinine, which 
was within the normal range for gender and age in all 
patients (females: maximum value: 1.11 mg.dL1; mini
mum value: 0.44 mg.dL1; mean: 0.82 ± 0.19 mg.dL1; 
median: 0.84 mg.dL1 and males: maximum value: 1.27 
mg.dL1; minimum value: 0.56 mg.dL1; mean: 0.92 ± 
0.18 mg.dL1; median: 0.89 mg.dL1). The antidiabe
tic drugs allowed at the beginning of the study were 
metformin at a mean dose of 1466.25 ± 608.51 mg 
for females and 1657.50 ± 583.38 mg for males and 
NPH insulin at a daily dose of 0.74 ± 0.27 IU.kg (insu
lin units per kilogram of body weight) for females and 
0.63 ± 0.19 IU.kg for males.

The comparison between the main variables (HbA1c, 
FG and BG) obtained at the beginning (C3) and end 
(C7) of phase 1 (before randomization), during which 
the patients received NPH insulin Humulin aiming for 
better glycemic control, is displayed in Table 3. A signi
ficant reduction (p < 0.01) in Hba1c (8.92 ± 0.84% vs. 
8.04 ± 0.75%), FG (150.03 ± 67.96 mg.dL1 vs. 94.98 
± 30.80 mg.dL1), BG (192.60 ± 66.59 mg.dL1 vs. 
137.8 ± 53.54 mg.dL1) and Cpeptide (1.39 ± 1.12 
ng.mL1 vs. 0.99 ± 0.74 ng.mL1) were observed.

Table 4 presents the main descriptive characteris
tics of the study population after randomization (C8). 
The comparison of the different variables between the 
Gansulin and Humulin groups revealed that the prima
ry variables were similar between the groups (HbA1c: 
8.18 vs. 7.91%, p = 0.24; FG: 94.50 vs. 95.45 mg.dL1, 
p = 0.92; BG: 130.35 vs. 145.25 mg.dL1, p = 0.39), 
as were the secondary variables (BMI: 29.01 vs. 27.03 
kg.m2, p = 0.09; Cpeptide: 0.98 vs. 1.00 ng.mL1,  
p = 0.94; creatinine: 0.83 vs. 0.92 mg.dL1, p = 0.11; 
insulin dose: 0.75 vs. 0.62 IU.kg1, p = 0.07; metformin 
dose: 1636 vs. 1487 mg, p = 0.44; time living with the 
diabetes diagnosis: 138 vs. 137.4 months, p = 0.98), 
except for the variable age, for which the individuals 
from the Gansulin group were significantly younger 
(48.7 vs. 53.65 years, p = 0.01).

Table 1. Mean, median and standard deviation of the main variables at the beginning of the study (C3)

Factor N Mean Median SD Min Max

C3

FG (mg.dL-1) 40 150.03 137.50 67.96 45.00 341.00

BG (mg.dL-1) 40  192.60 201.00  66.59 72.00 332.00

HbA1c (%) 40 8.92 9.10 0.84 7.5 7.50

C-peptide (ng.mL-1) 40 1.39 1.15 1.12 0.10 4.20

 BG: bedtime glucose; FG: fasting glucose; SD: standard deviation – Wilcoxon Test.
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Table 2. Descriptive analysis of the demographic characteristics by gender in each variable evaluated at the end of phase 1 (C7, pre-randomization)

Females

Variable Mean Median Standard deviation

Age (years) 52.90 54.50 6.55

Weight (kg) 71.23 70.10 7.11

Height (m) 1.59 1.60 0.05

BMI (kg.m-2) 28.34 27.16 2.84

Time living with the diabetes diagnosis (months) 145.20 138.00 73.65

BG (mg.mL-1) 144.45 142.50 61.24

FG (mg.mL-1) 96.75 88.50 35.03

HbA1c (%) 8.14 8.15 0.86

C-peptide (ng.mL-1) 1.05 0.75 0.91

Creatinine (mg.dL-1) 0.82 0.84 0.19

NPH dose (IU.kg-1) 0.74 0.74 0.27

Metformin (mg) 1466.25 1700.00 608.51

Males

Variable Mean Median Standard deviation

Age (years) 49.45 51 6.30

Weight (kg) 79.74 74.05 15.69

Height (m) 1.69 1.69 0.06

BMI (kg.m-2) 27.70 27.00 4.37

Time living with the diabetes diagnosis (months) 130.20 108.00 74.21

BG (mg.mL-1) 131.15 116.50 45.16

FG (mg.mL-1) 93.20 92.00 26.71

HbA1c (%) 7.95 7.85 0.63

C-peptide (ng.mL-1) 0.92 0.80 0.67

Creatinine (mg.dL-1) 0.92 0.89 0.18

NPH dose (IU.kg-1) 0.63 0.61 0.19

Metformin (mg) 1657.50 1700.00 583.38

Table 3. Comparison of the glycemic profile of the general group before and 
after the consults in phase 1 (run in); C3 vs. C7

Consults
p

 C3  C7 

HbA1c (%)  8.92 (± 0.84)  8.04 (± 0.75) < 0.01

FG (mg/dL) 150.0 (± 67.96)  95 (± 30.80) < 0.01

BG (mg/dL)  192.6 (± 66.6) 137.8 (± 53.54) < 0.01

C-peptide (ng/mL)  1.39 (± 1.12) 0.99 (± 0.74) < 0.01

BG: bedtime glucose; SD: standard deviation – Wilcoxon Test; FG: fasting glucose.

Table 5 demonstrates that both insulin formulations 
were effective at reducing HbA1c levels (Humulin: 
7.91 vs. 6.56%, p = 0.001; Gansulin: 8.18 vs. 6.65%,  
p = 0.001) but without significant changes in FG levels 
(Humulin: 95.45 vs. 85.63 mg.dL1, p = 0.456; Gan
sulin: 94.50 vs. 110.29 mg.dL1, p = 0.147) and BG 

levels (Humulin: 145.25 vs. 120.02 mg.dL1, p = 0.195; 
Gansulin: 130.35 vs. 117.47 mg.dL1, p = 0.422).

As shown in Table 6, at the end of the study (end 
point), there was no significant difference in the pri
mary variables between the Gansulin and Humulin 
groups: HbA1c (6.65 vs. 6.56% p = 0.65), FG (110.29 
vs. 85.63 mg.dL1, p = 0.12), and BG (117.47 vs. 
120.02 mg.dL1, p = 0.87), respectively. Similarly, there 
were no significant difference in the secondary varia
bles between the groups: BMI (28.01 vs. 27.89 kg.m2,  
p = 0.60), Cpeptide (1.54 vs. 1.01 ng.mL1, p = 0.13), 
creatinine (0.85 vs. 0.83 mg.dL1, p = 0.60), and in
sulin dose (0.74 vs. 0.68 IU.kg1, p = 0.38), with the 
exception of metformin, with the Gansulin group re
quiring larger doses of this drug (1787 vs. 1487 mg,  
p = 0.029).
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Table 4. Comparison of the different variables between the two insulin groups, obtained after phase 1 (run in) (C8) 

Insulin HbA1c (%) FG (mg.mL-1) BG (mg.mL-1) Age (years) Weight (kg) Height (m)

Gansulin 8.18 94.50 130.35 48.70 78.06 1.64

Humulin 7.91 95.45 145.25 53.65 72.90 1.64

p 0.2410 0.9257 0.3906 0.0128 0.1876 0.9310

Insulin BMI (kg.m-2) C-peptide (ng.mL-1) Creatinine (mg.dL-1) Insulin 
Dose (IU.kg-1) Metformin (mg)

Time living with 
the diabetes 
diagnosis 
(months)

Gansulin 29.01 0.98 0.83 0.75 1636.25 138.00

Humulin 27.03 1.00 0.92 0.62 1487.50 137.40

p 0.0921 0.9444 0.1163 0.0695 0.4418 0.9796

HbA1c (%); FG: fasting glucose (mg.mL-1); BG: bedtime glucose (mg.mL-1); weight (kg); BMI (kg.m-2); C-peptide (ng.mL-1); creatinine (mg.dL-1); insulin dose (IU.kg-1); metformin (mg). 
Test: Tukey-Kramer, using the means adjusted by the least squares method.

Table 5. Comparison of the glucose profiles obtained with the two insulin 
formulations between the first consult after randomization (C8) and the 
final consult (C21)

Glycemic profile  C8 C21 p

Humulin

 FG 95.45 85.63 0.456

 HbA1c 7.91 6.56 0.001

 BG 145.25 120.02 0.191

Gansulin

 FG 94.50 110.29 0.147

 HbA1c 8.18 6.65 0.001

 BG 130.35 117.47 0.422

BG: bedtime glucose; FG: fasting glucose; Wilcoxon Test.

Table 6. Comparison of means (end point) adjusted by the least squares method after an analysis of covariance with a baseline correction for the different 
variables

Insulin
Means

HbA1c (%) FG (mg.mL-1) BG (mg.mL-1) Weight (kg) BMI (kg.m-2)

Gansulin 6.65 110.29 117.47 75.42 28.018

Humulin 6.56 85.63 120.02 75.24 27.89

p 0.6536 0.1207 0.8734 0.7576 0.6056

Insulin C-peptide (ng.mL-1) Creatinine (mg.dL-1) Insulin dose (IU.kg-1) Metformin (mg)

Gansulin 1.54 0.85 0.74 1787.26

Humulin 1.01 0.83 0.68 1486.80

p 0.1284 0.6051 0.3826 0.0298

HbA1c (%); FG: fasting glucose (mg.mL-1); BG: bedtime glucose (mg.mL-1); weight (kg), BMI (kg.m-2), C-peptide (ng.mL-1); creatinine (mg.dL-1); insulin dose (IU.kg-1); metformin (mg).
Test: Tukey-Kramer, using the means adjusted by the least squares method. 

Sixtysix hypoglycemic events were observed during 
this study, with no significant difference between the 
two insulin formulations: 36 events were observed in 
the Gansulin group, and 30 events were observed in 
the Humulin group. No severe hypoglycemic episode 
was observed during the study.

DISCUSSION

To the best of our knowledge, this is the first randomi
zed controlled trial comparing the efficacy and safety 
of a new brand of NPH insulin, Gansulin, which is not 
available in Brazil, with Humulin, which is an NPH in
sulin that has been available in Brazil for decades. A 
Chinese study conducted by Quin and cols. (13) was 
the only study similar to ours that is available in the 
specialized medical literature. In that study, the authors 
compared the clinical efficacy, safety and cost between 
the insulin formulations Gansulin and glargine in 200 
patients with T2DM who were randomly divided into 
two groups of 100 patients and treated for three mon
ths. The researchers found no significant difference in 
efficacy (HbA1c and FG) and safety (hypoglycemia), 
but the costs with glargine were significantly higher 
than those with Gansulin.

Our data demonstrate that after phase 1, in which all 
patients were treated with NPH insulin Humulin and 
then randomized into two groups, only the variable 
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age was significantly different (p = 0.012), which rai
ses questions about the inclusion of patients with latent 
autoimmune diabetes in adults (LADA) in group 1; 
however, this possibility is unlikely because all patients 
included in the study were antiGADnegative (14,15). 
Another factor to be considered relative to the variable 
age is that older patients usually have decreased renal 
function, which can affect clinical kinetics and respon
se. In addition, treatment adherence, ease of handling 
insulin and physical activity may also be affected by age 
and thereby may affect the results. We believe, howe
ver, that these factors most likely did not affect our 
data because, although the groups were not matched 
for age, the study protocol excluded elderly patients (> 
60 years); therefore, an agerelated reduction in renal 
function was unlikely. Additionally, serum creatinine le
vels were similar in both groups. Furthermore, insulin 
vials were checked weekly to assess treatment adheren
ce, and all patients systematically received instructions 
for both insulin administration and glucose monitoring 
by the nutritionist involved in the study, who received 
training in Diabetes Education by the Brazilian Society 
of Diabetes (Sociedade Brasileira de Diabetes – SBD) 
and the Juvenile Diabetes Association (Associação de 
Diabetes Juvenil – ADJ).

At the end of phase 1 of the study, there was alre
ady a significant decrease in the levels   of glycated he
moglobin, FG and BG without a significant difference 
between the two groups at the time of randomization 
(Tables 2 and 3), demonstrating the efficacy of this 
treatment phase in the homogenization of the groups. 
A significant reduction in serum Cpeptide levels be
tween consults 3 and 7 was observed, which possibly 
reflects decreased insulin resistance due to a reduction 
in glucose toxicity. The low levels of Cpeptide in our 
population demonstrates the failure of pancreatic beta 
cells in patients living with a diabetes diagnosis for over 
10 years and confirms the concept that T2DM patients 
often require the use of exogenous insulin to achieve 
glycemic control (7,16). A study conducted by Hol
man (17) demonstrated that a reduction in beta cell 
function begins between 10 and 12 years before the 
diabetes diagnosis, and no antidiabetic drug used du
ring the study was able to prevent or slow the progres
sion of this phenomenon. These data are similar to the 
data found by Bagust and Beale (18), which influenced 
the major international societies to introduce therapeu
tic insulin regimens into their guidelines, as we did our 
study.

Starting at consult 7, both insulin formulations were 
able to maintain the reduction in glycated hemoglobin 
levels until their complete normalization, as shown in 
Table 5. At the end of the study (Table 6), both in
sulin formulations were equally effective in achieving 
the glycemic control assessed by the primary variables 
(HbA1c, FG and BG), and similar results were obser
ved for the secondary variables, except for the daily 
dose of metformin, with the Gansulin group requiring 
higher amounts of this drug. This finding would sug
gest a greater potency of Humulin insulin; however, 
the insulin requirements were identical in both groups, 
which may call into question the clinical relevance of 
this finding. Another pertinent observation was the fact 
that although the mean body weight was not significan
tly different between the two groups at both the initial 
(C3) and final (C21) consults, there was a weight re
duction of 3.18 kg in the Gansulin group, while in the 
Humulin group, a gain of 2.32 kg was observed. Be
cause the present investigation was a shortterm study 
with weekly consults and nutritional orientation from 
a professional, these factors might have been impor
tant motivational factors that could explain the weight 
loss; however, the discrepancy between the two groups 
might be partially explained by the higher dose of me
tformin, which is known to promote weight loss, in the 
Gansulin group.

Our results are similar to those found by other 
groups for the glycemic control achieved with the in
troduction of NPH insulin in hyperglycemic patients 
using oral antidiabetic drugs (7).

 Regarding safety, which was measured by the num
ber and intensity of hypoglycemic events, no significant 
difference was observed between the two insulin for
mulations.

The main limitations of our study were as follows: 
(1) the small number of patients analyzed and (2) the 
short time of the treatment. Therefore, we suggest that 
future studies should be performed involving larger 
numbers of patients treated for longer periods and in
cluding an analysis of the cardiovascular safety and risk 
of malignant tumors.

The present study suggests similar efficacy profiles 
between the NPH insulin formulations Humulin and 
Gansulin in the treatment of patients with T2DM, whi
ch therefore indicates the possibility of introducing a 
new commercial form of human NPH insulin in addi
tion to the preparations already used in public and pri
vate systems, with a possible reduction in costs.
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In conclusion, several randomized clinical trials have 
demonstrated the importance of proper glycemic con
trol (HbA1c < 7.0%) in patients with T2DM to prevent 
the microvascular complications associated with this di
sease. These and other clinical trials have also shown that 
the natural history of diabetes involves a progressive loss 
of beta cell function that consequently requires the use 
of multiple drugs to treat these patients, including insu
lin. The high prevalence of type 2 diabetes mellitus in 
the Brazilian population, similar to what occurs in other 
nations, has burdened the budget of private and public 
health care systems, which often leads to inadequate tre
atment and control. Therefore, the implementation of 
measures to reduce these costs without jeopardizing the 
quality of care for patients with diabetes is imperative. 
The availability of NPH insulin with an efficacy and safe
ty similar to the gold standard but with a lower price can 
be one of the strategies to reduce financial costs.

Funding statement: this study received funding from the Pharma
ceutical Sciences Institute.

Disclosure: no potential conflict of interest relevant to this article 
was reported. 
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Incidence of vertebral fractures in 
calcium and vitamin D-supplemented 
postmenopausal Brazilian women 
with osteopenia or osteoporosis: data 
from Arzoxifene Generations Trial

Henrique Pierotti Arantes1, Suely Godoy Agostinho Gimeno2,  
Alan Y. Chiang3, John P. Bilezikian4, Marise Lazaretti-Castro1

ABSTRACT 
Objective: Vertebral fracture is the most common osteoporotic fracture, affecting quality of 
life and increasing mortality. Epidemiological data on incidence of vertebral fracture are 
scarce in Brazil and throughout Latin America. Our aim was to determine vertebral fracture 
incidence and risk factors in a female Brazilian population. Subjects and methods: Postmenopausal 
women with low bone mass were studied from the Brazilian placebo group of Arzoxifene Generations 
Trial (n = 974), followed for up to 5 years. The primary endpoint was new vertebral fractures, detected 
by X-Ray. Experimental design defined two strata: A. Osteoporosis or previous vertebral fracture with 
osteopenia; B. Osteopenia without previous fracture. Previous fracture, T-score, ionized calcium, al-
kaline phosphatase, creatinine and glucose were analyzed at baseline. Crude and adjusted incidence 
rates of vertebral fractures were estimated and Poisson regression model was used. Results: Inci-
dence rate was 7.7 (95% CI of 5.4 to 10.9) per 1,000 person-years (PY), increasing as a function of 
age. Women with new vertebral fractures had higher prevalence of previous nonvertebral fracture 
after menopause, were older and had lower lumbar spine (LS) T-score. Fracture risk increased by 46% 
for each unit reduction in LS T-score. Variables correlated with new vertebral fracture were age (p = 
0.034), LS T-score, stratum A (p = 0.001 for both) and previous nonvertebral fracture after menopause 
(p = 0.019). In the final model, LS T-score was the strongest predictor. Conclusions: Incidence rate of 
vertebral fracture of 7.7 per 1,000 PY. Age and previous fractures were associated with new vertebral 
fracture, but LS T-score was the most important predictor. Arch Endocrinol Metab. 2016;60(1):54-9

Keywords
Aging; Brazil; prospective study; risk factors; vertebral fractures

INTRODUCTION

O steoporosis is characterized by low bone mass 
and microarchitectural abnormalities, that to-

gether increase fragility fracture risk (1). It is a se rious 
public health problem that will get worse with the 
gradual aging of the world’s population (2). Vertebral 
fractures, a hallmark of osteoporosis, are the most 
common type of osteoporotic fracture (3), although 
only 1/3 of them are detected by an overt clinical 
event such as acute back pain (4). Besides, many 
vertebral fractures seen by X-ray or other imaging 
modality are not reported. In Latin America, 46.5% 
of vertebral fractures identifiable by X-ray are not 

recognized (5). However, vertebral fractures, even 
if asymptomatic, are associated with an increase in 
morbidity and mortality (6-11). 

Knowledge of the epidemiology of osteoporotic 
fractures is of fundamental importance for the planning 
of preventive actions and treatment strategies, but the-
se data are scarce, not only in Brazil but in all of Latin 
America. Brazil has a complex ethnic background with 
high level of miscegenation, resulting in a demographic 
blending of Native American Indians, Africans and La-
tino-Europeans who immigrated in the last few centu-
ries, with almost 24 million people over 60 years old 
(12). It is estimated that by 2060, the population 
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over 60 will increase by more than 3-fold, to 73.5 
million (12). Thus, acknowledged risk factors for os-
teoporotic fracture gleaned from more homogeneous 
populations may not apply to Brazil. 

The placebo arm of Arzoxifene Generations Trial 
(13), which had fracture detection as a main outcome 
measure, provided a convenience sample to investigate 
the incidence of osteoporotic fractures in naïve Brazi-
lian postmenopausal women living in different regions 
of the country. To our knowledge, this is the first study 
to investigate vertebral fracture incidence in almost 
1,000 postmenopausal women with low bone mass, 
aged between 60 to 85 years old, from multiple cen-
ters in Brazil. The results highlight the importance 
of several risk factors in this cohort that was followed 
prospectively for 5-years. 

SUBJECTS AND METHODS

This protocol was approved by the Ethics Committee 
of São Paulo Federal University (CEP 0972/2015). 
The placebo data were obtained from the Brazilian arm 
of the Arzoxifene Generations Trial (n = 974), funded 
by Eli Lilly and Company; ClinicalTrials.gov number, 
NCT00088010, which comprised of postmenopausal 
women with low bone mass, 60-85 years old, followed 
for up to 5 years, from 6 Brazilian cities distributed in 
3 Brazil regions: Northeast (Recife and Salvador, n = 
161), Southeast (Rio de Janeiro and Sao Paulo, n = 
723), and South (Curitiba and Porto Alegre, n = 90). 
In this trial, women were divided in two strata: Stratum 
A (n = 648) was comprised of women with a femoral 
neck or lumbar spine with osteoporosis (bone mineral 
density (BMD) T-score of -2.5 or less (73.4% of this 
stratum) or women with a vertebral fracture at baseline 
and osteopenia (26.6% of this stratum). Stratum B (n 
= 326) was comprised of women whose femoral neck 
and lumbar spine osteopenia (T-scores were between 
-1.0 and -2.5) without a vertebral fracture at baseline. 
New vertebral fractures were assessed by lateral spinal 
radiographs at 6, 12, 24, 36 and in the last visit (at 60 
months) for those patients in Stratum A and at baseli-
ne, 36 months and in the last visit (at 60 months) for 
those in Stratum B. Follow-up of this protocol was de-
signed until 60 months or until the first fracture event 
(vertebral or nonvertebral). For example, if a patient 
had a fracture after one year of follow-up, the time to 
fracture was used to evaluate the incidence of fractu-
re. Spinal radiographs were assessed independently by 

two readers at a central facility (Synarc) using a semi-
quantitative scale (14). This method is more efficient 
to perform than other methods of vertebral fracture 
assessment, suited to both clinical therapeutic efficacy 
trials and epidemiological research studies. It is easy to 
implement in clinical practice, as well as demonstrating 
excellent inter-reader reliability, as shown in a recent 
Brazilian paper, with agreement of 95% between inter-
reader (15). The evaluator scale is graded from normal 
(grade 0) to severe (grade 3). Grade 1 (mild) vertebral 
fracture corresponds to a 20-25% reduction in anterior, 
middle, and/or posterior height compared to normal 
adjacent vertebrae or compared to expected height of 
the vertebral body based on experience. Grade 2 (mo-
derate) vertebral fracture is a 25-40% reduction in ver-
tebral height, while grade 3 (severe) vertebral fracture is 
a more than 40% reduction in vertebral height.

A new vertebral fracture was defined as a change 
from normal to grade 1, 2 or 3 on any subsequent ra-
diograph. If two readers did not agree, the final de-
termination was adjudicated by a third reader. Other 
details of the design of the study, recruitment, as well 
as exclusion criterion were previously published (13). 
All patients received daily supplements containing ap-
proximately 500 mg of elemental calcium and 400 to 
600 IU of vitamin D. The primary endpoint analyzed 
in this study was new morphometric vertebral fractures, 
as assessed by X-Ray. 

Baseline clinical and laboratories parameters were 
analyzed, including age, postmenopausal duration, 
previous fracture in the last 5 years or fracture after 
menopause. Fasting measurements were made of the 
following indices: creatinine, glucose, ionized calcium, 
alkaline phosphatase, 25 hydroxyvitamin D (DiaSorin 
(formerly Incstar Corporation, Stillwater, MN)), and 
bone turnover markers (P1NP and CTX) in a subset of 
patients (n = 307). BMD at the proximal femur and 
lumbar spine was evaluated by dual-energy X-ray ab-
sorptiometry (DXA). We had no access to smoking 
and alcohol abuse prevalence in these patients. 

Statistical analyses were performed using STATA 
software (version 10.0, Stata Corp. College Station, 
USA). Mean and Standard Deviation (SD) were cal-
culated for each continuous variable and percentage 
for categorical ones. Chi-square or Fisher’s Exact Test 
for categorical variables and Student’s t-test for con-
tinuous variables was used to compare differences in 
the baseline measures from patients with new vertebral 
fractures to those who did not. Crude and adjusted in-
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cidence rates of vertebral fractures were estimated by 
point and 95% confidence interval according to age and 
lumbar spine T-score categories. Incidence rate ratios 
were obtained to evaluate any association between risk 
factors and new vertebral fracture. The influence of the 
variables measured on the risk of incident fracture was 
analyzed using a Poisson regression model and the best 
fitting model obtained. All variables with a p-value of 
0.20 in the univariate analysis were included in the re-
gression full model. Only the statistically significant va-
riables remained in the final model. A p-value of < 0.05 
was considered to be significant.

RESULTS

During a follow-up period of up to 5 years, 31 new 
vertebral fractures were detected. Table 1 shows the ba-
seline characteristics of patients with and without new 
vertebral fractures. 

Postmenopausal women with incident vertebral 
fractures were older, had lower lumbar spine T-scores 
and had a prevalence of previous nonvertebral fractu-
re that was three times greater than the prevalence of 
previous nonvertebral fracture in patients without in-
cident vertebral fracture. The distribution of patients 
with new symptomatic or non-symptomatic vertebral 
fracture was not associated with the grade of the fractu-

re. The overall incidence rate of vertebral fractures, as 
determined by the semiquantitative scale of Genant and 
cols. was 7.7 (95% CI of 5.4 to 10.9) per 1,000 person- 
years (PY), increasing as a function of age. Patients be-
tween 75-79 years had a 3.5 fold higher incidence rate 
ratio of vertebral fracture as compared to the younger 
group 60-64 years (p = 0.02), as shown in Figure 1. 
We could not ascertain fracture incidence accurately in 
those between 80 to 85 years because there were only 
21 subjects in this age bracket. 

As expected, there was an inverse correlation bet-
ween lumbar spine T-score and the risk of incident ver-
tebral fracture. For each SD decrease in lumbar spine 
T-score, the risk of fracture increased by 46% (CI 22 
– 62%; p = 0.001). Moreover, women with osteoporosis 
or low bone mass with previous vertebral fracture (Stra-
tum A) had 3.9 times more new fractures than those 
with osteopenia (Stratum B) (p = 0.001). Twenty-six 
point six percent of all sustained vertebral fractures oc-
curred in patients without a densitometric osteoporosis 
(Stratum A). Nevertheless, of all new vertebral fractures, 
87% occurred in patients with osteoporosis (Figure 2). 

Based on the Poisson regression analysis, the varia-
bles correlated with new vertebral fracture included age 
(p = 0.034), lumbar spine T-score (p = 0.001), stratum 
A (p = 0.001) and previous nonvertebral fracture after 
menopause (p = 0.019). For the regression full model, 

Table 1. Baseline characteristics of postmenopausal women by new vertebral fracture 

Variable Overall N
With new 
vertebral 
fracture

N
Without new 

vertebral 
fracture

N p-value

Age, years (SD) 67.1 (5.2) 974 69.0 (5.1) 31 67.0 (5.2) 943 0.034

BMI, kg/m2 26.9 (4.4) 974 26.6 (4.0) 31 26.9 (4.4) 943 0.670

Previous vertebral fracture, n (%) (14%) 974 (26%) 31 (14%) 943 0.062

Previous nonvertebral fracture, n (%) (30%) 974 (45%) 31 (30%) 943 0.065

Previous nonvertebral postmenop. fracture n(%) (4%) 974 (13%) 31 (4%) 943 0.019

Previous fragility fracture in the last 5 y (16%) 974 (23%) 31 (16%) 943 0.172

T-score spine -2.5 (1.0) 974 -3.1 (0.8) 31 -2.5 (1.0) 943 0.001

T-score neck -1.8 (0.7) 974 -1.8 (0.7) 31 -1.8 (0.7) 943 0.705

T-score total hip -1.4 (0.9) 869 -1.6 (0.8) 30 -1.4 (0.9) 839 0.243

Calcium, mmol/L 2.42 (0.09) 974 2.40 (0.08) 31 2.42 (0.09) 943 0.160

Glucose, nmol/L 5.6 (1.71) 937 5.2 (0.9) 30 5.6 (1.7) 907 0.218

Alkaline phosphatase, U/L 83.9 (23.0) 974 80.4 (25.6) 31 84.0 (22.9) 943 0.384

25OHD, nmol/L 68.02 (22.16) 969 72.7 (21.4) 30 67.8 (22.2) 939 0.229

P1NP, μg/L 50.1 (20.6) 307 56.1 (26.0) 14 49.8 (20.3) 293 0.270

CTX, ng/mL 0.606 (0.270) 307 0.672 (0.282) 14 0.602 (0.269) 293 0.349

Creatinine, μmol/L 69.5 (13.5) 974 69.1 (12.2) 31 69.5 (13.5) 943 0.893
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Figure 1. Incidence trends of vertebral fracture (by 1,000 person-years) 
according to different age groups. Dotted line represents 95% CI. Patients 
aged between 80-85 years were excluded from this analysis due to lower 
number of patients (n = 21).

Figure 2. Percentage of patients with new vertebral fracture (n = 31), 
according to WHO T-score classification of BMD at different sites.

apart from the above-mentioned variables, the follo-
wing data, although not statistically significant were, 
nevertheless, of interest: a history of fragility fracture in 
the last 5 years (p = 0.172), previous vertebral fracture 
(p = 0.062), previous nonvertebral fracture (p = 0.065) 
and serum calcium concentration (p = 0.160). In the 
final model, the variable that contributed most to the 
prediction of new vertebral fracture was the lumbar spi-
ne T-score (incidence rate ratio of 1.46, 95% CI 1.22 to 
1.62, p-value of 0.001). 

DISCUSSION

It is important to emphasize that this study is not 
strictly an epidemiologic one. These data came from a 
placebo group of a randomized clinical trial, which has 
specific inclusion and exclusion criteria that may not be 
reflected in the general population. As such, we can-
not rule out an element of selection bias. Other limi-
tations refer to the fact that only the first new fracture 
during the study was taken into account. Besides, all 
participants received calcium and vitamin D during the 
protocol. On the other hand, an observational study in 
a population with known high fracture risk would be 
very difficult be obtain approval for with calcium and 
vitamin D only. 

To our knowledge, this is the first Latin America 
study to evaluate osteoporotic vertebral fracture inci-
dence assembled from centers distributed throughout 
the same country. The estimated incidence rate was 
7.7/1,000 PY. The incidence of vertebral fractures in 

postmenopausal women with low bone mass increased 
with age, being 3.5 fold higher in patients aged be-
tween 75 to 79 (incidence rate of 18.5/1,000 PY), as 
compared to the group, 60 to 64 years old (incidence 
rate of 5.3/1,000 PY). This increase in fracture risk is 
similar to The European Prospective Osteoporosis Stu-
dy (EPOS) (3), which showed an increase of 3.1 fold 
in the group aged between 75 to 79 compared to 60 to 
64 years. In addition, the results are concordant with 
the Rotterdam study (16), which found that patients 
aged 75 years or more had 2.5 fold higher vertebral 
fracture incidence than the group aged between 55 to 
65 years old. These data demonstrate the importance of 
age as a key determinant of fracture risk. 

Based on population projection from the Brazilian 
Institute of Geographic and Statistics (IBGE in Portu-
guese) (12), it is expected that the female population 
between 60 to 79 years old will triple from 2013 to 
2060. Assuming that in Brazil 2/3 of this population 
has low bone mass or osteoporosis (17) and based on 
our data, a reasonable estimate projects an increase in 
the number of new vertebral fractures from 60,000 in 
2013 to more than 188,000 in 2060. 

The estimated incidence rate of 7.7/1,000 PY 
seems to be somewhat lower than the EPOS study 
(3) (10.7/1,000 PY) and the Rotterdam study (16) 
(14.7/1,000 PY), especially if one considers that our 
population was pre-selected and had low bone mass. 
Nevertheless, these studies utilized a more stringent cri-
terion for vertebral fracture (reduction of 20% and 15% 
of vertebral height, respectively). In the EPOS Study, 
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using a more stringent criterion of 25% reduction in 
vertebra height, the incidence rate falls to 8.7/1,000 
PY. Both Rotterdam and EPOS studies used a morpho-
metric method of McCloskey-Kanis and, thus, could 
account for these different results. In our study, the 
Genant’s semiquantitative method was used to define 
new vertebral fracture. Notwithstanding a high con-
cordance between these methods in cases of moderate 
and severe fractures, morphometry is associated with a 
more false positive diagnosis of mild fractures than the 
semiquantitative approach (18,19). 

Ross and cols. studied 887 Hawaiian women of Ja-
panese ancestry, between 43 and 80 years of age, follo-
wed for up to 4.7 years (20). They found an overall 
incidence of 15.0/1,000 PY. Nevertheless, a reduction 
of 15% in vertebral height was considered as fracture, 
which is less stringent than the criterion used here of 
20%. It is important to point out, however, that our 
protocol was designed to include the first event only, 
refracturing not being taken into account. In the Rot-
terdam Study, one-fourth of all new fractures were due 
to refracture (16).

Two hundred thirty two sites from 23 different 
countries were involved in the Arzoxifene Generations 
Trial (13). In the placebo group, the incidence of new 
vertebral fractures was 4.3% in all countries, confirming 
that it was slightly higher when compared with 3.2% 
found in the Brazilian arm. The mean age was similar 
in all global regions (Europe, North America, South 
America and other), as well as in Brazil. This interesting 
comparison takes into account similar inclusion and ex-
clusion criteria, X-rays analysis to define new vertebral 
fracture as well as the same window of time. 

The overall incidence of clinical (symptomatic) ver-
tebral fracture in a population-based epidemiologic stu-
dy in Rochester was 1.45 per 1,000 person-years (21). 
It is well established that the majority of vertebral frac-
ture is asymptomatic, and literature considers that only 
one-third of them is symptomatic (4). Nevertheless, we 
found an even lower rate of this kind of fracture, with 
only one-fifth of cases symptomatic in our set. Conside-
ring this, the incidence rate of clinical vertebral fracture in 
our study is very similar to the Rochester experience (21). 

Only two studies are available on vertebral fracture 
incidence in Brazilian cohorts (22,23) with different de-
signs, and they cannot be properly compared with each 
other or with our study. One of these studies was carried 
out in an Osteoporosis Outpatient Clinic from a Scho-
ol-Hospital in Sao Paulo, and found an incidence rate 

of 41.7 fractures per 1,000 person-years, 70% of which 
were vertebral fractures (22). This rate was determined 
from 275 postmenopausal women evaluated at baseline 
and 5 years later. In that study, patients with fracture 
were older than our patients. They were at greater frac-
ture risk also because of a referral bias (a tertiary care 
center), a higher prevalence of previous fracture. Howe-
ver, risk factors for fractures were very similar to ours. 

Another Brazilian population-based study publi-
shed recently (23) found a vertebral fracture incidence 
of 40.3/1,000 person-years fracture in a population 
> 65 years living in a district of Sao Paulo, which is 
more than five times higher incidence than we found. 
In this study, women were older than ours (72.9 vs 67.1 
years old, respectively), with 70% older than 70, whe-
reas only 30% of our patients were in this older age 
range. Femoral neck BMD was substantially lower in 
that cohort than in ours (0.656 vs 0.714 g/cm2, res-
pectively). Other differences included a high refracture 
rate of 43.2% in their patients. On the other hand, both 
studies found similar risk factors for vertebral fracture 
in postmenopausal Brazilian population (age, lumbar 
spine BMD and previous fracture). Another point that 
is noteworthy is that during the Arzoxifene Generations 
Trial, all postmenopausal women received supplemen-
tation with calcium (500 mg daily) and vitamin D (400 
to 600 IU), which may have reduced incidence of frac-
tures. Notwithstanding, a meta-analysis showed that 
calcium and vitamin D supplementation was ineffective 
in preventing vertebral fractures (24).

 Apart of age and previous fracture, the lumbar spi-
ne T-score was the most relevant risk factor for a new 
vertebral fracture. This strong association between 
lumbar spine T-score and vertebral fracture may be due 
to the rapid loss of trabecular bone in the first years 
after menopause, being revealed most clearly at a trabe-
cular site (i.e. lumbar spine). Other point that may help 
to account for this strong association is that our relati-
vely young population (< 70 years) is less likely to have 
osteoarthritis, which can artifactually overestimate spi-
ne BMD. Interestingly, we did not find any association 
between femoral neck or total hip BMD with vertebral 
fracture (Figure 2). Local femoral cortical bone thick-
ness and density declines later than trabecular bone of 
the lumbar spine. In this regard, it is not surprising that 
femoral BMD is less predictor of vertebral fracture in 
younger patients. This question could be evaluated in 
future studies, using FRAX with and without femoral 
neck BMD input. 
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An interesting finding to be underscored is the ob-
servation that stratum A had 90.3% (n = 28 in 31) of 
new fractures, illustrating not only the importance of 
osteoporosis but also of osteopenia with previous frac-
ture as risk factors for a new vertebral fracture.

One of the strengths of this study is that it encom-
passes many different regions in Brazil over a reasona-
bly long period of time. It constitutes the first study 
of its kind in Latin America. Another strength is that 
vertebral fractures were analyzed at a specialized, inde-
pendent, central facility. 

In conclusion, in this selected Brazilian postmeno-
pausal population with osteopenia or osteoporosis, the 
incidence rate of vertebral fracture was 7.7 per 1,000 
person-years, increasing from 5.3 in patients aged be-
tween 60 to 64 years old to 18.5 in older than 75 to 79 
years old. Age and previous fractures were associated 
with new vertebral fracture, but lumbar spine BMD was 
the most important predictor. For each SD decreased at 
BMD in lumbar spine T-score, there was an almost 50% 
increase in the risk of fracture. 
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Somatotype characteristics of 
normal-weight and obese women 
among different metabolic subtypes 

Biljana Srdić Galić1, Tatjana Pavlica2, Mirjana Udicki1,  
Edita Stokić3, Milena Mikalački4, Darinka Korovljev4,  
Nebojša Čokorilo4, Zorka Drvendžija1, Dragan Adamović1

ABSTRACT
Background: Obesity is a well known risk factor for the development of metabolic abnormalities. 
However, some obese people are healthy and on the other hand some people with normal weight 
have adverse metabolic profile, therefore it can be assumed that there is a difference in physical char-
acteristics amongst these people. The aim of this study was to establish whether there are somato-
type differences between metabolically healthy and metabolically obese women who are obese or of 
normal weight. Subjects and methods: Study included 230 women aged 44.76 ± 11.21y. Metabolic 
status was assessed according to IDF criteria, while somatotype was obtained using Heath & Carter 
method. Results: Significant somatotype differences were observed in the group of women with 
normal-weight: metabolically healthy women had significantly lower endomorphy, mesomorphy and 
higher ectomorphy compared to metabolically obese normal-weight women (5.84-3.97-2.21 vs. 8.69-
6.47-0.65). Metabolically healthy obese women had lower values of endomorphy and mesomorphy 
and higher values of ectomorphy compared to ‘at risk’ obese women but the differences were not 
statistically significant (7.59-5.76-0.63 vs. 8.51-6.58-0.5). Ectomorphy was shown as an important de-
terminant of the favorable metabolic profile (cutoff point was 0.80). Conclusion: We concluded that, 
in addition to fat mass, metabolic profile could be predicted by the structure of lean body mass, and 
in particular by body linearity. Arch Endocrinol Metab. 2016;60(1):60-5

Descritores
Somatotype; obesity; metabolic syndrome; metabolically healthy obese; metabolically obese normal-weight

INTRODUCTION

S omatotyping provides the quantitative description 
of the human physique. The most widely used so

matotype method was introduced by Heath & Car
ter; it is expressed in three components (endomorphy, 
mesomorphy and ectomorphy) that empirically define 
different aspects of the body composition: degree of 
fatness, musculoskeletal development and the linearity 
of the body (1). Each individual is a unique combina
tion of all the above three components in different pro
portion. Endomorphy, mesomorphy and ectomorphy 
correspond with the three primary germ cell layers that 
give rise to the specific sets of tissues that define body 
composition.

Obesity, especially central (truncal) type, has been 
proven to be an independent risk factor for the deve
lopment of cardiovascular and metabolic disturbances. 
However, some phenotypically obese individuals have 

normal metabolic profile. Some studies indicate that 
1025% of obese individuals are actually metabolically 
healthy (24). On the other hand, it has been estimated 
that 1318% of normalweight individuals have abnor
mal metabolic profile (5,6). The mechanisms under
lying the metabolic disturbances in metabolically obese 
normal weight subjects, as well as those that prevent 
the development of metabolic abnormalities in metabo
lically healthy obese subjects, are poorly understood. It 
is assumed that the muscle metabolic capacity and also 
the ability to store fat in the subcutaneous adipose tissue 
depots instead of in visceral depots could be of great 
importance in understanding these phenomena (4,7). 
This would imply certain somototype differences bet
ween metabolically healthy and metabolically obese in
dividuals of the same nutrition level. The purpose of this 
study was to analyse somatotype in normalweight and 
obese women with respect to their metabolic profile. 
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SUBJECTS AND METHODS

Study group involved 230 women aged 22 to 76 years 
(average age: 44.76 ± 11.21y) who voluntarily partici
pated in the study. This investigation was taken as a part 
of a larger crosssectional population study of the pre
valence of obesity and cardiovascular risk factors among 
adult population living in the urban and rural areas of 
Vojvodina province situated in the northern part of Ser
bia. Vojvodina represents the most demographically di
verse region of Serbia with more than 25 ethnic groups 
(most prominent ethnic groups are Serbs and Hunga
rians). Participants were invited to participate in the 
study via local media, pamphlets and social networks. 
Participants underwent thorough evaluation, inclu
ding medical and family history, physical examination 
and blood biochemistry by health professionals; all the 
tests included were free of charge for all participants. 
Candidates with any of the following conditions were 
excluded from the study: history or evidence of cardio
vascular diseases, diabetes, malignancies, chronic liver 
disease, using steroids, hormone displacement therapy, 
or medication that could affect body composition, car
diovascular function or metabolism, pregnancy, curren
tly breastfeeding, and large body mass fluctuations in 
the last 6 months. Participants who had missing data or 
presented difficulties with measuring were also exclu
ded. The study was carried out pursuant to the Decla
ration of Helsinki. In order to assess somatotype, nutri
tion level and metabolic profile all subjects underwent 
anthropometric measurements, blood pressure measu
rements and biochemical analyses. 

Body mass was obtained through body compositi
on assessment using the bioelectrical impedance ana
lysis (Tanita TBF310 bioimpedance analyzer, Tanita 
Corporation, Tokyo, Japan). Body height was measu
red to the nearest 0.1 cm using GPM anthropometer 
(Sieber&Hegner, Zürich, Switzerland). Body girths 
(flexed and tensed upper arm girth, waist girth and 
calf girth) were measured using Holtain flexible but 
nonstretchable tape (Holtain Ltd, Croswell, UK) to 
the nearest 0.1 cm. Upper arm girth was measured as 
the maximal girth of the upper arm with flexed and 
tensed elbow. Calf girth was measured as the greatest 
girth of the calf. Waist circumference was measured at 
the level midway between the lowest point of the rib 
margin and the highest point of the iliac crest. Skin
fold thicknesses (triceps, subscapular, supraspinale and 
medial calf) were measured using Harpenden caliper 

(Holtain Ltd, Croswell, UK) to the nearest 0.2 mm. 
Triceps skinfold thickness was measured in the vertical 
direction at the level halfway between the acromion 
and olecranon. Subscapular skinfold thickness was 
measured below the inferior angle of the scapula in an 
oblique direction downwards and laterally at 45 de
grees. Supraspinale skinfold thickness was measured 
above the anterior superior iliac spine on a line to the 
anterior axillary border and on a diagonal line going 
downwards and medially at 45 degrees. Medial calf 
skinfold thickness was measured in the vertical direc
tion on the medial side of the leg, at the level of the 
maximum calf girth. Biepicondylar humeral and femo
ral breadth were measured using Holtain bicondylar 
caliper (Holtain Ltd, Croswell, UK) to the nearest 
0.1 cm, between lateral and medial epicondyles of the 
humerus and femur, compressing the subcutaneous 
tissue.

Somatotype was assessed using Heath & Carter me
thod and nutritional status was assessed according to the 
body mass index (BMI) standards: normalweight 18.5
24.9 kg/m2, overweight and obesity ≥ 25 kg/m2 (1,8). 

Biochemical factors including plasma glucose, tri
glycerides and HDLcholesterol were determined in 
overnight fasting blood sample. Glucose was analyzed 
using Dialab glucose GOD PAP method, tryglicerides 
were analyzed using an enzymatic method and HDL
cholesterol was analysed using magnesium chloride/
phosphotungstate precipitation technique. Systolic and 
diastolic blood pressure were measured in the morning 
using a RivaRocci sphygmomanometer. Using the IDF 
criteria subjects were defined as having the metabolic 
syndrome if they had central obesity (defined as waist 
circumference of ≥ 80 cm) plus any two of the following 
four factors: blood pressure of ≥ 130/85 mmHg, glu
cose of ≥ 5.6 mmol/L, high density lipoprotein choles
terol (HDLcholesterol) of < 1.29 mmol/L and trigly
ceride of ≥ 1.7 mmol/L (9).

According to BMI and metabolic profile the ex
amined group was subdivided into four subgroups: 
metabolically healthy normalweght (BMI < 25 kg/m2 
and the absence of metabolic syndrome), metabolically 
obese normalweight (BMI < 25 kg/m2 and the pre
sence of metabolic syndrome), metabolically healthy 
obese (BMI ≥ 25 kg/m2 and the absence of metabolic 
syndrome) and ‘at risk’ obese (BMI ≥ 25 kg/m2 and 
the presence of metabolic syndrome).

Results are presented as mean ± standard devia
tion (SD) and percent. The oneway analysis of va
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riance (ANOVA) with the Bonferroni posthoc me
thod was  used  to determine whether there are any 
significant differences between the means of the 
subgroups. The discrimination abilities (accuracy) of 
endomorphy, mesomorphy and ectomorphy in the 
prediction of metabolic syndrome were assessed with 
the area under the receiveroperating characteristic  
(ROC) curve. The statistical program used for the 
calculations was SPSS Statistics 17.0 (IBM SPSS, Chi
cago, IL).

RESULTS

Characteristics of the examined subjects are presented 
in the Table 1. According to the BMI values 35.65% of 
women were overweight or obese while 64.35% were of 
normalweight; 9.46% of normalweight subjects were 
metabolically obese, while 13.41% of obese subjects 
were metabolically healthy. 

Somatotype analysis showed significantly higher 
values of endomorphy and mesomorphy and lower 
values of ectomorphy in the overweight and obese 
compared to normalweight women (Table 2). Consi
dering the metabolic profile, metabolically obese sub
jects had higher values of endomorphy and mesomor
phy and lower values of ectomorphy compared to the 
metabolically healthy counterparts (Table 3). However, 
significant differences between metabolically healthy 
and metabolically obese individuals were found only 
in the group of normalweight women. Metabolically 
healthy normalweight women had significantly lower 
endomorphy and mesomorphy and higher ectomorphy 
compared to the somatotype of all the other subgroups. 
Somatotype of metabolically obese normalweight wo
men did not differ significantly from the somatotype 
of ‘at risk’ obese women, but endomorphy of meta
bolically obese normalweight women was significantly 
higher compared to the metabolically healthy obese 
women. 

Table 1. Physical and metabolic characteristics of examined women

Mean ± SD

Body height (cm) 164.76 ± 11.21

Body mass (kg) 69.33 ± 12.79

Body mass index (kg/m²) 27.97 ± 6.48

Flexed upper arm girth (cm) 29.82 ± 3.58

Waist girth (cm) 81.60 ± 12.45

Calf girth (cm) 36.79 ± 3.20

Triceps skinfold (mm) 24.53 ± 8.41

Subscapular skinfold (mm) 23.18 ± 10.88

Supraspinale skinfold (mm) 24.16 ± 9.30

Medial calf skinfold (mm) 25.47 ± 9.48

Biepicondylar humerus breadth (cm) 6.47 ± 0.68

Biepicondylar femur breadth (cm) 9.45 ± 1.10

Systolic blood pressure (cm) 116.19 ± 16.65

Diastolic blood pressure (cm) 75.07 ± 10.46

Glucose (mmol/L) 4.67 ± 0.67

HDL-cholesterol (mmol/L) 1.52 ± 0.69

Tryglicerides (mmol/L) 1.33 ± 0.69

Table 2. Somatotype in normal-weight and overweight and obese women

Normal-weight Overweight and 
obese ANOVA 

Endomorphy 5.52 ± 1.23* 7.55 ± 1.48 0.000

Mesomorphy 3.66 ± 1.09* 5.65 ± 2.07 0.000

Ectomorphy 2.34 ± 0.93* 0.96 ± 0.97 0.000

* Significantly different from overweight and obese subjects.

Table 3. Somatotype in normal-weight and overweight or obese women of different metabolic profiles

Somatotype
Normal-weight Overweight/obese

ANOVAMetabolically  
healthy

Metabolically 
obese

Metabolically  
healthy

Metabolically 
obese

Endomorphy 5.84 ± 1.54* 8.69 ± 0.84† 7.59 ± 1.13 8.51 ± 0.81 0.000

Mesomorphy 3.97 ± 1.44* 6.47 ± 1.79 5.76 ± 2.12 6.58 ± 1.93 0.000

Ectomorphy 2.21 ± 1.12* 0.65 ± 0.32 0.63 ± 0.23 0.5 0.000

* Significantly different from metabolically obese normal-weight, metabolically healthy obese and ‘at risk’ obese subjects; † Significantly different from metabolically healthy obese subjects.

Receiver operational characteristic (ROC)  cur
ve  analysis revealed the maximum predictive value of 
endomorphy for metabolic syndrome (AUC: 0.713). 
The AUC of mesomorphy was 0.673 in identifying 
metabolic syndrome. Ectomorphy was shown as a best 
predictor of the favorable metabolic profile (AUC: 
0.658) (Table 4, Figure 1). 
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mesomorphy and lower ectomorphy more frequently 
suffer from arterial hypertension and liver disease. Hi
gher values of endomorphy were reported in metabo
lic syndrome, type 2 diabetes, hypertension and breast 
cancer (1013). Baltadjiev found that the diabetic indi
viduals mostly present with endomorphic mesomorph 
or mesomorphendomorph somatotype, pointing also 
to age, gender, and population dependent somato
type differences (14,15). Our results showed higher 
values of endomorphy and mesomorphy and lower 
values of ectomorphy in overweight subjects. Howe
ver, our results reveal some differences between meta
bolically healthy and metabolically obese women of the 
same nutrition level. In both, normalweight and obese 
women metabolically obese subjects had higher endo
morphy and mesomorphy and lower ectomorphy than 
the metabolically healthy subjects. Somatotype of me
tabolically healthy normalweight women was comple
tely distinct showing significantly lower endomorphy 
and mesomorphy and higher ectomorphy comparing 
to the other subgroups. Somatotype of the metaboli
cally obese normalweight women was similar to the 
somatotype of those who were overweight and obese, 
with even significantly higher values of endomorphy 
compared to the metabolically healthy obese women. 
The role of adipose tissue in the development of the 
cardiovascular and metabolic disorders has been well 
recognized, so the results obtained for endomorphy 
were not unexpected. 

Metabolically obese normalweight individuals are 
known to demonstrate metabolic disturbances in spite 
of normal values of BMI. Several studies showed higher 
body fat (especially visceral depot) and low lean mass 
in the metabolically obese normalweight individuals 
(6,1618). According to our results, mesomorphy was 
higher in metabolically obese women who were both, 
normalweight and overweight. In order to explain ob
tained results the storage capacity of adipose tissue and 
the muscle metabolic capacity should be considered. It 
is assumed that the metabolic risk is determined by the 
capability of subcutaneous adipose tissue to store fat. 
Fat is initially stored in the subcutaneous adipose tissue, 
but once the capacity of subcutaneous adipose tissue is 
reached, storage shifts to visceral depots and ectopic 
nonadipose sites, including skeletal muscles (19,20). 
Higher mesomorphy thus could be the result of the 
deposition of the ectopic fat in skeletal muscles that 
causes larger girths of extremities. Additionaly, meso
morphy reflects the muscular mass but it also contains 

Table 4. Performance of somatotype in the prediction of metabolic 
syndrome

AUC (95% CI) Cut-off Sensitivity Specificity

Endomorphy 0.713 6.89 0.800 0.407

Mesomorphy 0.673 5.35 0.680 0.270

Ectomorphy 0.342 0.80 0.280 0.657

Figure 1. Receiver operating characteristic (ROC) curve for endomorphy, 
mesomorphy and ectomorphy in a prediction of metabolic syndrome.

DISCUSSION

Our study aimed at revealing somatotype differences 
between different metabolic subtypes of obesity. The 
obtained results imply the important role of the non 
adipose components, presented by mesomorphy and 
ectomorphy, in the distinction between healthy and 
risky metabolic profile. 

Somatotype describes different aspects of body 
composition. It is used in the assessment of the changes 
in physique during growth, ageing and physical activity. 
However, some studies showed that it could be used in 
the prediction of certain diseases. According to Kole
va and cols., mesomorphic endomorphs tend to suffer 
from digestive system disorders, neurosis, or lumbosa
cral radiculitis (10). The same study showed that indi
viduals of both genders with higher endomorphy and 
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some measures of peripheral fat which could explain 
higher mesomorphy in the metabolically obese women 
registered in our study. 

Higher ectomorphy in metabolically healthy indi
viduals implies the importance of the body linearity. 
Several studies showed the inverse correlation between 
body height and cardiometabolic risk (21,22). Our 
previous results also showed that metabolically healthy 
obese women are significantly higher than the ‘at risk’ 
obese ones (23). Some authors explain this phenome
non by the fetal undernutrition which causes the tis
sue reprogramming in a way that determines further 
development of insulin resistance and atherosclerosis 
and changes of postnatal body composition (24). This  
could be in line with the embryological aspect of diffe
rent components of somatotype. 

In analyzing the capability of somatotype to pre
dict metabolic risk, endomorphy and mesomorphy 
were shown as better predictors of metabolic syndrome  
(cutoffs were 6.89 and 5.35, respectively) while ecto
morphy was the best predictor of the favorable metabo
lic profile (cutoff was 0.8). 

In conclusion, our results clearly show somatotype 
differences between metabolically healthy and meta
bolically obese normalweight women. Endomorphy 
was the best predictor of metabolic syndrome. Higher 
mesomorphy in metabolically obese women appears to 
be controversial since it basically reflects muscularity. 
An important finding was the higher ectomorphy in 
metabolically healthy individuals which highlights the 
protective role of higher body linearity in the develop
ment of metabolic syndrome. Despite the minor clini
cal relevance of the somatotyping it could help in the 
explanation of the underlying mechanisms of metabo
lically healthy obesity and of metabolic abnormalities 
in normalweight individuals. Concerning embryonic 
aspect of the somatotype theory our results may indica
te that the susceptibility to metabolic syndrome could 
be determined by the prenatal environment. Finally, 
our results support the close relationship between body 
constitution and metabolic phenotype. Defining opti
mal somatotype could help in differentiation between 
metabolically healthy and metabolically obese indivi
duals of the same nutrition level. 
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Insights into the posttranslational 
structural heterogeneity of 
thyroglobulin and its role in the 
development, diagnosis, and 
management of benign and 
malignant thyroid diseases

Ana Carolina W. Xavier1,2, Rui M. B. Maciel1, José Gilberto H. Vieira1,  
Magnus R. Dias-da-Silva1, João R. M. Martins1,3

ABSTRACT
Thyroglobulin (Tg) is the major glycoprotein produced by the thyroid gland, where it serves as a 
template for thyroid hormone synthesis and as an intraglandular store of iodine. Measurement of Tg 
levels in serum is of great practical importance in the follow-up of differentiated thyroid carcinoma 
(DTC), a setting in which elevated levels after total thyroidectomy are indicative of residual or recur-
rent disease. The most recent methods for serum Tg measurement are monoclonal antibody-based 
and are highly sensitive. However, major challenges remain regarding the interpretation of the re-
sults obtained with these immunometric methods, particularly in patients with endogenous antithy-
roglobulin antibodies or in the presence of heterophile antibodies, which may produce falsely low 
or high Tg values, respectively. The increased prevalence of antithyroglobulin antibodies in patients 
with DTC, as compared with the general population, raises the very pertinent possibility that tumor 
Tg may be more immunogenic. This inference makes sense, as the tumor microenvironment (tumor 
cells plus normal host cells) is characterized by several changes that could induce posttranslational 
modification of many proteins, including Tg. Attempts to understand the structure of Tg have been 
made for several decades, but findings have generally been incomplete due to technical hindrances 
to analysis of such a large protein (660 kDa). This review article will explore the complex structure of 
Tg and the potential role of its marked heterogeneity in our understanding of normal thyroid biology 
and neoplastic processes. Arch Endocrinol Metab. 2016;60(1):66-75
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INTRODUCTION

T hyroglobulin (Tg) is a high molecular mass pro-
tein produced exclusively by the thyroid follicu-

lar cells. Measurement of Tg levels in serum is of great 
clinical importance in medical practice, as part of the 
diagnostic workup for several benign conditions, but 
especially in the postoperative follow-up of differenti-
ated thyroid cancer (DTC).

Under normal conditions, only a very small amount 
of Tg bypasses intrathyroidal proteolysis and reaches the 
bloodstream in essentially intact form. Therefore, only 
with the advent of radioimmunoassay techniques in the 
late 1960s did measurement of the minute concentra-
tions of Tg occurring in human serum become possible 

(1,2). This method was brought into routine use in the 
early 1970s, with the studies of Van Herle and cols. (3). 
However, the advent of monoclonal antibodies led to 
a great progress in this field, enabling the development 
of more modern, automated, non-isotopic, two-site as-
says. These techniques revolutionized DTC follow-up, 
because of their high sensitivity (4) and their ability to 
detect concentrations of Tg as low as 0.1 ng/mL. This 
fact has made serum Tg measurement a cornerstone of 
post-thyroidectomy follow-up of patients with DTC, as 
Tg levels contribute to the definition of cure, residual 
disease, and even tumor recurrence (5,6). 

Although modern assays based on monoclonal anti-
Tg antibodies (TgAb) have enabled the development 
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of highly sensitive and specific measurement tech-
niques, some pitfalls persist in clinical practice. One 
of these drawbacks would be the variability between 
assays using different monoclonal antibodies, which 
may cause Tg levels to have an up to two-fold differ-
ence when the same sample is analyzed by different 
assays, even in the absence of endogenous TgAb (4). 
In addition, some assays may recognize differences be-
tween normal Tg and tumor-derived Tg (7). With the 
majority of current assays, the presence of endogenous 
TgAb in the serum of patients with DTC can interfere 
with test results, usually producing low and/or unde-
tectable Tg levels, which limits the use of serum Tg 
as a marker for follow-up of these patients (8,9). The 
exact mechanism of such interference is still unknown 
but may involve steric hindrance and/or masking of 
epitopes, events that hinders the recognition of Tg by 
reporter antibodies (10). This limitation is a particular 
concern because 25-30% of patients with DTC have 
circulating TgAb, a three times greater prevalence than 
that found in the general population (4). This gives 
rise to some pertinent speculation: a) could tumor Tg 
be structurally anomalous and, consequently, more 
immunogenic? Or b) could the “economy” of tumor 
cells, which are more prone to proliferation and expan-
sion, drive production of “naked” Tg, with simplified 
or even absent posttranslational modifications (iodin-
ation, glycosylation, sulfation) and, thus, bearing a 
greater number of exposed antigenic sites?

Attempts to elucidate the structure of Tg date back 
to the 1950s. Since then, evidence has arisen that se-
rum Tg is composed of a pool of polypeptide fragments 
which are highly heterogeneous in terms of size, but 
also exhibit differences in iodine content and in the dis-
tribution of glycosylation, and sulfation (11,12). How-
ever, technical limitations at that time, compounded by 
the very high molecular mass of Tg, made these initial 
studies somewhat incomplete. A critical step toward a 
better understanding of the structure of Tg was made 
in 1985, when its peptide sequence was described (11). 
This enabled new discoveries, such as the identification 
of new posttranslational modifications to its primary 
structure, and contributed to the development and 
enhancement of immunoassays for its detection. More 
recently, the “omics” era has created new perspectives 
for expansion of our knowledge of the structure of Tg, 
but many challenges remain (13). This review article 
will explore several aspects of Tg biosynthesis, with an 
emphasis on posttranslational processes, and their po-

tential role in the development, diagnosis, and manage-
ment of thyroid diseases.

STRUCTURE OF THYROGLOBULIN

Tg is synthesized in the endoplasmic reticulum of the 
follicular cells, modified in the Golgi complex and se-
creted into the follicular lumen. The gene that codes 
for Tg has been mapped to chromosome 8. It is fairly 
conserved across mammal species, with some sequence 
homology between human Tg and that of other ani-
mals (11). Tg is known to being enhanced with species 
development. Recent comparative phylogenetic analy-
ses of Tg from echinoderms, amphibians, zebrafish, and 
vertebrates provide evidence of the continued evolution 
of this protein (14).

Tg messenger RNA codes for a polypeptide chain 
consisting of 2,768 amino acid residues that will com-
pose the backbone of a high molecular weight glyco-
protein made up of two 330-kDa polypeptide chains. 
Mature Tg (660 kDa) is formed by linking two disul-
fide-bonds polypeptide chains (15,16).

Tg is divided into two regions: N-terminal and C-
terminal (Figure 1). These regions are so distinct that it 
has been suggested that the Tg gene was formed by the 
fusion of two different ancestral genes (17).

The first 19 residues of the N-terminal end consti-
tute the signal peptide, which directs the pre-polypep-
tide during posttranslational processing and secretion 
into the Golgi complex (9,14) (Figure 1).

Analysis of the polypeptide chain at the N-terminal 
end (1-2170) reveals an organized structure (Figure 1).

There are three domain types in which the positions 
of cysteine residues are highly conserved. By forming 
disulfide bonds between monomers, these residues in-
crease molecular stability and resistance to proteolysis 
(14). These domain types are: type 1, composed of ap-
proximately 50 residues which repeat 10 times between 
amino acids 1 and 1200; type 2, composed of 14-17 
residues that repeat three times between positions 1436 
and 1483; and type 3, which is composed of two sub-
types (A and B) that repeat five times between positions 
1583 and 2170 (16). It has been speculated that each 
of these regions has a different function, with region 1 
controlling Tg binding to other proteins; region 2 con-
trolling cell adhesion; and region 3 playing a structural 
role (14).

Conversely, the C-terminal region (approximately 
581 residues) does not exhibit internal homology, but 
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it is similar to a protein in the acetylcholinesterase family 
(carboxylesterase, type B) (17). Furthermore, this part 
of the molecule has reduced cysteine and increased ty-
rosine content as compared with the rest of the mono-
mer. Studies have shown that the acetylcholinesterase-
like region works as a dimerization domain to facilitate 
intracellular transport (18) (Figure 1).

TG AND THYROID HORMONOGENESIS

Tg accounts for over 75% of all thyroid proteins, and it 
is present in the colloid and in much of the intracellular 
material of the gland (16).

The physiologic functions of Tg include providing a 
matrix for thyroid hormone synthesis and storing iodine 

in the form of the iodinated tyrosyl residues monoiodo-
tyrosine (MIT) and diiodotyrosine (DIT), which are 
the precursors of the thyroid hormones T3 (triiodothy-
ronine) and T4 (thyroxine). In addition, Tg also plays a 
role in modulating the expression of genes involved in 
the synthesis of other thyroid proteins (sodium-iodide 
symporter [NIS] and thyroid peroxidase [TPO]) and 
transcription factors involved in normal thyroid physi-
ology (TTF-1, TTF-2, and PAX-8) (19,20).

In addition to these physiologic roles, Tg is in-
volved in the pathogenesis of several thyroid diseases, 
particularly autoimmune thyroiditis (in which it acts as 
an antigen) and DTC; in patients with DTC, Tg is used 
as a marker of residual disease or tumor recurrence after 
total thyroidectomy (5,6).

Figure 1. Schematic representation of the TG gene and polypeptide chain of human thyroglobulin (Tg). (A) Structure of the TG gene. Nucleotides are 
shown in black, and exons coding for the repeat domains and C-terminal portion are shown in red. (B) Structure of the Tg polypeptide chain (2749 amino 
acids). The signal peptide is shown in orange at the N-terminal portion, which is well-organized and divided into 3 major domains: type 1, encoded by 
exons 2-17 and composed of 10 repeats of a 50-amino acid sequence; type 2, encoded by exons 20-21 and composed of three repeats of 14-17 amino 
acid residues; and type 3, encoded by exons 23-37 and composed of 2 subtypes, a and b, which repeat 5 times and contain approximately 100 amino 
acids each. The C-terminal portion is not similarly organized and exhibits sequence homology to proteins in the acetylcholinesterase family (AChase-Like). 
(C) Schematic representation of the polypeptide sequence. Glycosylation sites are shown in green and iodination sites represented by purple triangles. 

Adapted from van de Graaf and cols. (16) and Vali and cols. (21).
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As noted above, Tg is the matrix for thyroid hor-
mone synthesis. This process begins with formation 
of the polypeptide chain within the endoplasmic re-
ticulum and continues with posttranslational modifica-
tions, which occur simultaneously: glycosylation and 
sulfation (primarily in the Golgi complex), iodination 
(in the thyrocyte apical membrane), and phosphoryla-
tion (in a yet-unknown compartment, but possibly the 
Golgi complex) (21,22). The critical stage of thyroid 
hormone synthesis is iodination, in which Tg must be 
directed to the follicular lumen and bind to the apical 
membrane of the follicle, where tyrosyl residues will be 
iodinated in a reaction catalyzed by TPO activated by 
hydrogen peroxide. The lumen is also the site of the 
coupling reaction, whereby two DIT residues or one 
MIT and one DIT residues fuse to form T4 and T3 

respectively. Iodinated Tg returns to the cell by endo-
cytosis; Tg-containing intracellular vesicles fuse with ly-
sosomes, where they will be acted upon by cathepsins, 
aminopeptidases, and dipeptidyl peptidases to release 
T4 and T3, which are then secreted into the blood-
stream (23). This entire hormonogenesis process is 
regulated primarily by the action of thyroid-stimulating 
hormone (TSH) (Figure 2).

POSTTRANSLATIONAL MODIFICATIONS TO TG

Tg undergoes extensive posttranslational modifications, 
including glycosylation, iodination, and phosphoryla-
tion. These modifications influence several aspects of 
normal Tg and thyroid hormone biosynthesis and play 
roles in various pathologic processes.

Figure 2. Schematic model of synthesis and posttranslational modifications of thyroglobulin (Tg) in the follicular cell. The two 330-kDa polypeptide chains, 
linked by disulfide bonds, are synthesized in the endoplasmic reticulum from mRNA transcribed from the TG gene, located on chromosome 8. 
Posttranslational modifications (glycation, sulfation, and phosphorylation) take place in the Golgi apparatus. Tg is then secreted into the colloid, where 
iodination occurs to form the thyroid hormone precursors MIT and DIT. Iodinated Tg enters the follicular cell cytoplasm by pinocytosis and combines with 
lysosomal vesicles containing proteolytic enzymes, which lyse Tg and release the thyroid hormones into the bloodstream. Part of the remaining material 
is reused by the cell.
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GLYCOSYLATION

Approximately 10% of the molecular mass of Tg is com-
posed of carbohydrate residues (21). The glycosylation 
process may occur via two basic mechanisms catalyzed 
by glycosyltransferases, namely, addition of N-linked 
and O-linked sugars. The bonding of sugars to Tg 
occurs step by step during transport of the nascent 
polypeptide chain from the endoplasmic reticulum to 
the Golgi complex (24) (Figure 2).

The major basic types of N-linked sugars are type A, 
or simple, which contain mannose and N-acetylglucos-
amine residues; and type B, or complex, which contain 
galactose, fucose, and sialic acid residues in addition 
to those of type A sugars. Other types include type C, 
which contain O-linked sugars, the residues of which 
are still largely unknown; and type D, which contain 
chains of the proteoglycan chondroitin sulfate. Type A 
and B sugars bind to Tg via asparagine residues, where-
as type C and D sugars bind to serine residues (21).

Oligosaccharides play roles in several thyroid func-
tions. Notable roles include: influence on iodination 
and hormone synthesis; specific interactions with mi-
crosomes and membrane receptors; directing Tg to 
subcellular and extracellular compartments (24); Tg 
immunoreactivity (25); and protein folding and recy-
cling (26). Sialic acid does not participate in hormono-
genesis, but it is essential for Tg binding to its trans-
membrane transporter and influences its solubility and 
immunoreactivity (27).

Regarding the immunoreactivity of Tg, Fenouillet 
and cols. compared the Tg secreted by cells in culture 
to that extracted from thyroid tissues and found that 
the former exhibited fourfold less binding to polyclonal 
antibodies against native Tg. This difference was at-
tributed to the greater amount of complex branched 
carbohydrates on secreted Tg as compared with thy-
roid-derived Tg. These carbohydrate chains appear to 
interfere with antigen-antibody recognition by mask-
ing regions of the polypeptide chain that constitute the 
main antigenic determinants (25). Another possibility 
is that carbohydrates may distort the structure of the 
glycoprotein and thus weaken antigen-antibody inter-
actions. Salabè and cols. also assessed the influence of 
glycosylation on Tg immunoreactivity, finding that im-
munoreactivity increases after desialylation, which sug-
gests that sialic acid masks antigens (27).

Despite advances, much remains to be explored re-
garding Tg glycosylation.

SULFATION

Sulfation is a late posttranslational modification that ta-
kes place in the Golgi complex (Figure 2). Sulfate resi-
dues are present in carbohydrate units and in some ami-
no acids, especially tyrosine (28). The sulfate residues 
of Tg are essentially present in complex carbohydrates, 
particularly in chondroitin sulfate chains, an event that 
only occurs in human Tg (29). 

The role of these sulfated residues varies. They are 
involved in molecular conformation and protein inter-
actions, take part in activation and deactivation of bio-
logical activities, and account for much of the negative 
charge of the Tg molecule (10,30). However, these 
roles have yet to be fully elucidated and little is known 
regarding their regulation, although investigators have 
reported that TSH downregulates Tg sulfation (31).

A role of sulfate in tumor dissemination and growth 
mechanisms has been speculated. Loss of sulfate has 
been documented in some tumor models, including 
pancreatic cancer (32). Furthermore, Emoto and cols. 
(33) found decreased sulfation in Tg derived from 
papillary thyroid cancer (PTC) cells as compared with 
normal Tg, and believed this might influence tumor 
growth.

PHOSPHORYLATION

Phosphorylation of Tg probably takes place in the Golgi 
complex, but its mechanism is still largely unclear (Figu-
re 2). Studies conducted in the 1980s (22) found that 
approximately 50% of phosphate present in Tg is co-
valently bound to carbohydrate chains, 30% to serine 
residues, and the remaining 20% to tyrosine. The role 
of phosphorylation of sugar residues is unclear, but, by 
analogy to other proteins, phosphorylation of mannose 
residues may be involved in directing Tg through the 
Golgi complex to the endosomes and, finally, to the ly-
sosomes, where it is degraded for iodothyronine release 
and recycling of amino acids (34). The role of serine and 
tyrosine residue phosphorylation is even less clear. In 
vitro studies conducted on FRTL-5 cells and using dog 
thyroid-derived Tg have suggested a potential role of 
this posttranslational modification in the Tg iodination 
process and in TSH-independent protein synthesis (35).

IODINATION

Tg contains a variable amount of iodine, which de-
pends on the availability of this element in the body. 
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The percentage of iodine in Tg by mass ranges from 
0.1% to 1% across several species (21). Iodine trans-
port to the thyroid is a two-stage process. The first in-
volves the sodium/iodide-symporter (NIS), which is 
found in the basolateral membrane and actively trans-
ports iodine from the bloodstream into the follicular 
cells. In the second stage, which involves pendrin, a 
protein found at the apical membrane, iodine is trans-
ported from the cytoplasm to the follicle lumen, whe-
re it is stored for later use in the synthesis of thyroid 
hormones (21).

Iodination takes place in the follicular lumen, spe-
cifically at the thyrocyte apical membrane, to which io-
dine is transported and where it is bound to tyrosine 
residues to form MIT or DIT. This reaction is cata-
lyzed by TPO and requires hydrogen peroxide, which 
is generated by NADPH-dependent oxidase (21). As 
noted above, this is followed by the coupling reaction, 
also catalyzed by TPO, whereby one MIT and one DIT 
molecule fuse to form T3 or two DIT molecules fuse 
to form T4.

The structure of Tg contains approximately 130-
140 tyrosine residues, only 25-40 of which undergo 
iodination, and even fewer of which take part in the 
coupling reaction (21). Studies of Tg in different spe-
cies have reported four main sites of hormonogenesis 
(A-D) and three secondary sites (G, N, and F), with 
elevated sequence similarity among species. Utilization 
of these sites varies depending on the origin of Tg and 
it is influenced by the availability of iodine (21).

Iodination might play a role in the immunogenicity 
of Tg, as does glycosylation. A study showed that the 
affinity of specific anti-native Tg monoclonal antibodies 
decreases with a reduction in the iodine content of the 
protein (36). However, another study suggests that the 
iodine content of the Tg molecule may alter its con-
formation, changing the structure of its polypeptides 
and its antigenic characteristics according to the type 
of monoclonal antibody used for its detection (37). 
Furthermore, iodine is necessary for the recognition of 
certain antigens, and thus contributes to the pathogen-
esis of autoimmune thyroiditis (36). There is a certain 
degree of uncertainty about the difference between io-
dine content in tumor Tg compared with normal Tg. 
Tumor Tg has a much less amount of iodine than that 
of normal Tg, whereas there is no difference in the io-
dine content of serum Tg from patients with benign 
and malignant tumors when compared to that from 
normal subjects (38). 

TG HETEROGENEITY AND THYROID DISEASE

Studies have shown differences in Tg across several be-
nign thyroid diseases. Saboori and cols. showed that 
normal Tg and thyroid-derived Tg from patients with 
Graves’ disease exhibit distinct profiles when analyzed 
by ion exchange chromatography. Unlike normal Tg, 
the Tg of Graves’ disease has a greater proportion of 
protein fragments with low affinity for ion exchange 
columns, a difference the authors attributed to the lo-
wer iodine content of these polypeptides. Furthermo-
re, these under-iodinated forms of Tg showed decrea-
sed reactivity to monoclonal TgAb on Western blot 
analysis (39).

Other studies have demonstrated that different 
peptide segments of Tg react in specific ways with sera 
from patients with autoimmune thyroiditis. This sug-
gests that the polypeptide structure of certain Tg frag-
ments has a conformational arrangement associated 
with increased antigenicity, and may thus contribute to 
the pathogenesis of autoimmune thyroid diseases (40).

Regarding thyroid neoplasms, attempts to isolate 
distinct epitopes capable of distinguishing normal Tg 
from carcinoma-derived Tg or Tg from benign thyroid 
diseases have been made for decades. Several studies in-
vestigated differences in Tg solubility, electrophoretic 
behavior, and iodine and carbohydrate content (38,41-
43). These potential physicochemical changes have also 
been associated with differences in the antigenicity of 
tumor-derived Tg as compared with normal Tg. In 
1984, Kohno and cols. showed that a certain monoclo-
nal anti-Tg antibody profile was unable to distinguish 
between normal Tg and Tg from patients with Graves’ 
disease, follicular adenoma, or follicular carcinoma, but 
exhibited very weak binding to Tg from patients with 
papillary carcinoma (44). This distinction did not ap-
pear to be attributable to differences in Tg iodine con-
tent between each disease, but rather to potential minor 
alterations in the amino acid sequence and/or polysac-
charide structure of the protein. In a more recent study, 
Magro and cols. showed that papillary carcinoma-de-
rived Tg contained high levels of keratan sulfate, and 
suggested that this phenomenon could even be used 
to distinguish papillary cancer from benign thyroid 
diseases, in which expression of this heteropolysaccha-
ride is negligible (45). In addition, Emoto and cols. 
found that papillary carcinoma-derived Tg contained 
chondroitin sulfate, a glycosaminoglycan found exclu-
sively in human Tg, and exhibited very little sulfation 
as compared with Tg derived from normal tissue (33). 
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These changes in glycosylation pattern are consistent 
with previous studies of other tumors and reinforce the 
hypothesis of involvement of these modifications both 
in carcinogenesis and in increased antigenicity of aber-
rant forms of Tg (46,47).

TG HETEROGENEITY: CLINICAL APPLICATIONS 
AND FUTURE PERSPECTIVES

As noted at the start of this review, measurement of 
Tg levels in serum plays an essential role in the follow-up 
of patients with DTC after thyroidectomy. In this set-
ting, increased Tg levels are indicative of residual or 
recurrent disease, whereas undetectable Tg levels and 
elevated TSH levels strongly suggest that the patient is 
disease-free.

However, serum Tg measurement is subject to 
interference due to the presence of heterophile anti-
bodies (such as human anti-mouse antibody) or en-
dogenous TgAb. The latter are much more prevalent 
in patients with DTC (25-30%) than in the healthy 
population (10%) (4). As mentioned before, the rea-
son for this discrepancy is unknown; however, consid-
ering the wide range of posttranslational modifications 
present in tumor-derived Tg, one may speculate that 
these changes may contribute to increased antigenicity. 
Recent findings of Lupoli and cols. seem to support 
this hypothesis (48). In their study, TgAb from pa-
tients with DTC had a distinct specificity for different 
epitopes of Tg when compared with TgAb from pa-
tients with Hashimoto’s thyroiditis, possibly reflecting 
the presence of an abnormal Tg in patients with DTC 
(48). However, even the most modern assays available 
for Tg measurement cannot avoid this interference; 
i.e., both immunometric methods (immunoradiomet-
ric and immunochemiluminometric assays) and Tg 
recovery tests generally yield falsely low results when 
TgAb are present in the sample (49).

The presence of these endogenous anti-Tg antibo-
dies in the follow up of DTC is an additional clinical 
challenge and may cause some degree of uncertainty 
either to the physician, regarding the status of the 
disease, or to the patient, causing anxiety, besides the 
increase in treatment costs due to the higher number 
of laboratory and imaging tests. Previous studies have 
shown that higher titers of anti-Tg antibodies are as-
sociated with higher risk of recurrence and have found 
that the higher the levels of these antibodies, the higher 
the chances of tumor recurrence (50-52). Although the 

presence of antibodies hinders the use of Tg as a follow-
up marker, in some cases the serial TgAb measurements 
function as a surrogate marker (53). Thus, the majority 
of patients with DTC and positive TgAb tend to exhibit 
a progressive decline in titers of these antibodies, and 
a new increase in antibody levels may be considered a 
sign of tumor recurrence (52,53). However, anti-Tg 
antibody positivity itself does not correlate directly with 
worse prognosis, unless titers increase progressively. In 
fact, it is the trend of serum concentration of TgAb, 
i.e., if it is downward or upward, which will define pa-
tient outcomes (53). Regardless of the implications of 
this phenomenon, the reappearance of anti-Tg anti-
bodies in these patients is an additional indicator of the 
increased antigenicity of tumor-derived Tg.

Another issue encountered in clinical practice is the 
wide variability in results when different methods are 
used for Tg measurement (4). As these methods may 
employ monoclonal antibodies that target distinct epi-
topes of Tg, it is not unusual to find marked disparities 
between Tg values during follow-up when different as-
says are used for Tg measurement (4,9). Furthermore, 
monoclonal antibodies are produced from normal 
thyroid-derived Tg, and strong evidence suggests that 
plasma-derived Tg, particularly that produced by tu-
mors, may contain epitopes distinct from those present 
in tissue-derived Tg. This creates an additional prob-
lem, which is the possibility of false-negative Tg mea-
surements in the presence of active disease (49,54).

Several methods have been proposed in an attempt 
to bypass this issue, such as measurement of Tg mRNA 
in peripheral blood (55), use of liquid chromatography 
tandem mass spectrometry (LC-MS/MS) to detect Tg 
in serum (10), detection of methylation markers (56), 
and serum measurement of TSH receptor mRNA (57), 
but none is sufficiently sensitive for clinical use. Addi-
tional strategies already used in the diagnostic investi-
gation of other neoplasms, such as circulating tumor 
cell detection (58) and cancer cell exosome analysis 
(59), are very appealing, but have yet to become estab-
lished methods in DTC.

One of the most promising attempts to escape the 
interference of TgAb on the Tg dosage is LC-MS/MS. 
In this technique, the entire serum protein is degraded 
with trypsin and the levels of Tg-specific peptides are 
used as a reference to quantify Tg (10). Although po-
tentially specific, this analysis still poses difficult chal-
lenges to solve. Initially, this method has low sensitivity 
(detects Tg in the range of 0.5-1.0 ng/mL) compared 
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with current immunoassays. Another challenge has 
been to enrich the sample under analysis with the tryp-
sinized fragments of serum Tg from patients with DTC 
before analysis by LC-MS/MS, since tumor Tg does 
not necessarily would generate, after trypsin digestion, 
peptide sequences with the same charge/mass ratio of 
that from standard Tg used as reference. 

Thus, the question remains whether polymorphisms 
in the Tg gene modifying the primary polypeptide se-
quence of the protein may affect the generation of tar-
get peptides to be identified by LC-MS/MS. In prac-
tice, this could really be a problem in view of recent 
studies that found two phenomena that may change the 
primary polypeptide sequence of Tg: different single-
nucleotide polymorphisms in the Tg gene leading to 
an amino acid exchange (60) and somatic mutations in 
tumor cells (2.7%) in a significant number of patients 
with DTC (61). Tg gene may carry several polymor-
phisms and some of them have been associated with 
autoimmune thyroid disease (62). Besides, different 
TG RNA splicing forms from different human thyroid 
tissues have also been described in tumor samples and 
this kind of variation seems to be of high frequency, 
even in normal thyroid tissue (63). 

In addition, any posttranslational modifications may 
also cause loss of peptides of interest, preventing their 
identification by LC-MS/MS and resulting in falsely 
low or even negative values   in the presence of disease. 
It is important to notice that in order for the genera-
tion of appropriate peptides to be impaired, it is suf-
ficient that any posttranslational modification produces 
a trypitc fragment with a different charge/mass ratio, 
thus preventing its recognition by LC-MS/MS analysis 
(10). An example for these interferences would be seen 
in one of two peptides specifically targeted for LC-MS/
MS, VIFDANAPVAVR, which is considered well con-
served and protected from posttranslational modifica-
tion (64). This peptide (located at amino acid position 
1579-1590 of thyroglobulin) contains an Asparagine in 
its structure, an amino acid that is glycosylated in nor-
mal human Tg (16). Although polymorphism at this 
position is rare (< 0.01%, rs141316336), other varia-
tions in the region flanking this peptide, and shortly 
beyond, could change the type of amino acid and then 
potentially interfere on the site for trypsin action. 

Besides, even if a hypothetic patient with metastatic 
thyroid tumor produces a Tg with this exact peptide 
sequence but with no glycosylation at Arginine posi-
tion, this peptide will not be detected by LC-MS/MS. 

In fact, a recent study by Spencer and cols. showed the 
limitations of Tg identification by LC-MS/MS; this 
strategy, for example, fails to detect serum Tg levels in 
nearly one fourth of patients with positive TgAb and 
persistent/recurrent disease (65). In that report, the 
authors proposed two theories to explain this fail: the 
presence of polymorphisms in tumor-derived Tgs pre-
venting the generation of target peptide; or an increased 
clearance of Tg-anti-Tg complexes that has been hy-
pothesized for a long time (66-68). However, it is im-
portant to note that despite initial difficulties, LC-MS/
MS already represents a major advance over immunoas-
says in which the disease is not detected in more than 
98% of cases (65). One possibility to overcome this new 
challenge may be the development of a wider panel of 
proteotypic peptides, which could increase the sensitiv-
ity and specificity of LC-MS/MS assays, thus reducing 
the likelihood of false-negative results.

Despite the aforementioned issues, Tg measure-
ment remains the cornerstone of follow-up of patients 
with DTC. Therefore, new techniques that can enhance 
its detection are essential. Modern methods, particu-
larly those involving proteomics and mass spectrometry 
analysis (69), may hold the key to the identification of 
anomalous tumor-derived forms of Tg and thus enable 
the development of more specific assays that can con-
tribute to diagnosis, follow-up, and prognostication of 
DTC.
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Reciprocal changes of serum adispin 
and visfatin levels in patients with type 
2 diabetes after an overnight fast

Ioannis Legakis1, Timos Mantzouridis2, George Bouboulis3, George P. Chrousos4

ABSTRACT
Objective: In order to elucidate the interrelationship of adipokines in glucose hemiostasis, we de-
termined the concentration of visfatin and adipsin in blood samples in patients with type 2 diabetes 
and age-matched controls after an overnight fast. Subjects and methods: We enrolled 37 patients 
with known type 2 diabetes -21 males and 16 females, aged 62.95 ± 15.72 years and 43 controls- 28 
males and 15 females, aged 60.79 ± 12.67 years. Blood samples were collected after an overnight fast 
and routine biochemical parameters such as glucose, cholesterol, HDL, LDL, triglycerides along with 
Hb1Ac, insulin and c-peptide, in addition to circulating visfatin and adipsin were determined in all 
samples. Data were considered significant at a level of p < 0.05. Results: In patients with type 2 dia-
betes, circulating adipsin levels were decreased and inversely related with glucose levels while cir-
culating visfatin was increased significantly in the fasting state. Conclusion: These results implicate 
the adipokines adipsin and visfatin as possible participants in the pathogenesis of type 2 diabetes. 
Arch Endocrinol Metab. 2016;60(1):76-8
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INTRODUCTION

A dult onset diabetes or type 2 diabetes is best de-
scribed by the presence of insulin resistance co-

existing with impaired insulin secretion. Both in vitro 
and in vivo studies associate diverse fat topography and 
adipocyte metabolism as causative factors in the patho-
genesis of the disease (1). Most recently, experimental 
and clinical studies suggest that novel adipokines such 
as adipsin and visfatin might have an energetic role in 
the cascade of the events leading to diabetes mellitus. 
Namely, adipsin has a beneficial role in maintaining β 
cell function and visfatin plays an important role in glu-
cose metabolism (2,3).

In order to elucidate the interrelationship of these 
adipokines in glucose homeostasis in vivo, we de-
termined the concentration of visfatin and adipsin in 
blood samples in patients with type 2 diabetes and age-
matched controls after an overnight fast.

SUBJECTS AND METHODS

We enrolled 37 patients with known type 2 diabetes -21 
males and 16 females (mean age 62.95 ± 15.72 years; 
range: 47-7) and 43 controls- 28 males and 15 females 

(mean age 60.79 ± 12.67 years; range: 48-73). Type 
2 diabetes was medically confirmed by using a 75-g 
oral glucose tolerance test. Those patients were eligible 
who had a history of at least 3 years of type II diabetes, 
without any complications of diabetes, and who were 
treated only by oral glucose-lowering medications. Em-
phasis was given to the similarity between control and 
T2DM patient groups in terms of BMI, age and gen-
der. Blood samples were collected after an overnight fast 
and routine biochemical parameters such as glucose, 
cholesterol, HDL-C, LDL-C, triglycerides along with 
HbA1c, insulin and c-peptide were also determined in 
all samples. BMI was calculated as weight in kilograms 
divided by the square of height in meters. Exclusion 
criteria for this study were 1) BMI ≥ 40 kg/m2 and 
2) concurrence of any systemic disease or medication 
use. Written informed consent was obtained from all 
study participants. Serum visfatin was measured using 
visfatin C-Terminal (Human) enzyme immunoassay kit 
with a sensitivity of 0.1 ng/mL by Phoenix Pharmakeu-
ticals, Inc. Serum adipsin was measured using human 
adipsin/factor D ELISA kit with a minimum detectable 
dose of 4 pg/mL made by RayBiotech, Inc. The pro-
cedures provided with these kits were applied strictly 
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as mentioned. Insulin resistance was calculated by the 
Homeostasis Model of Assessment of Insulin Resistance 
(HOMA-IR).

 All data are presented as mean values ± standard 
deviation of the mean (SD). Analysis of variance and 
T-test of independent means were used for statistical 
analysis. Data were considered significant at a level of 
p < 0.05.

RESULTS

As presented in Table 1, the mean values of anthro-
pometric measures were not significantly different be-
tween the diabetic group and controls. 

Table 1. Comparison of anthropometric and metabolic measurements in 
diabetic patients and controls

Variables Diabetics  
Mean ± SD

Normals
 Mean ± SD P

Age (years) 62.9 ± 22.37 60.79 ± 18.9 0.63

BMI (kg/m2) 25.03 ± 1.19 25.01 ± 1.24 0.92

SBP (mmHg)

DBP (mmHg)

115.2 ± 7.364

74.08 ± 6.54

114.6 ± 7.031

73.44 ± 6.41 

0.716

0.66

Total cholesterol (mg/dL)

HbA1c (%)

189.9 ± 46.36

6.6 ± 0.46

211 ± 44.62

5.0 ± 0.54

0.033

< 0.0001

HDL-C (mg/dL) 33.59 ± 9.17 36.67 ± 9.96 0.15

LDL-C (mg/dL) 112.9 ± 43.64 138.4 ± 39.46 0.0076

Triglycerides (mg/dL) 246 ± 288.0 184 ± 103.2 0.19

Total lipids (mg/dL) 668.9 ± 322.8 644.8 ± 149.1 0.662

Fasting insulin (μU/mL) 29.15 ± 21.38 11.99 ± 4.765 < 0.0001

Fasting C-peptide (ng/mL) 0.997 ± 0.780 1.145 ± 0.912 0.442

HOMA-IR 4,331 ± 3.197 1.568 ± 0.625 < 0.0001

Adipsin (pg/mL) 74.30 ± 12.51 117.1 ± 5.304 < 0.0001

Visfatin (ng/mL) 4.968 ± 2.138 2.891 ± 0.6168 < 0.0001

According to our results, circulating adipsin was de-
creased in diabetes compare to normal controls (Adip-
sin diabetics: 74.30 ± 12.51 pg/mL versus normals: 
117.1 ± 5.03 pg/mL, p < 0.0001). Moreover adipsin 
was inversely correlated with fasting glucose levels (r = 
-0.619, p < 0.00006). In diabetics, positive correlation 
was detected between fasting glucose levels, triglyceri-
des (r = 0.610, p < 0.00006) and total lipids (r = 0.506, 
p < 0.001). As expected cholesterol levels showed po-
sitive correlation with LDL cholesterol (r = 0.887, p < 
0.001) and total lipids (r = 0.540, p < 0.0006) in the 
diabetic group. On the other hand, circulating visfa-
tin was increased significantly in diabetics compare to 

normal controls (Visfatin – diabetics: 4.968 ± 2.13 ng/mL 
versus normals: 2.891 ± 0.61 ng/mL, p < 0.0001). No 
other correlation between visphatin and measured me-
tabolic parameter was detected.

DISCUSSION

According to early observations in the late 1980s, adi-
pocytes are responsible for a number of factors that are 
subjected to metabolic changes. In nowdays, we know 
that the adipose tissue serves not only as an energy sto-
rage organ but also as an endocrine organ that secretes 
a variety of hormones, so called-adipokines, into the 
circulation with distinct target receptors in many tissues 
(i.e.: hypothalamus, muscle and liver). Based on recent 
scientific literature, the adipose-derived hormones in-
fluence energy metabolism, with its cells, adipocytes, 
exhibiting both paracrine and endocrine activity (1).

Several of these adipocyte hormones are well rec-
ognized and described concerning their structure and 
biological role. They play an essential role in the pres-
ervation of energy homeostasis by regulating insulin 
secretion, glucose and lipid metabolism, and in some 
cases directly affecting insulin action in skeletal muscle, 
liver, and adipose tissue. In particular, adipsin was the 
first major protein secreted from white fat to be iden-
tified, after lipoprotein lipase. It was initially detected 
to increase with differentiation of adipocytes (4). Al-
thought, early observations support the view that adip-
sin could function as lipostatic signal based on the de-
creased expression of the adipsin gene and circulating 
protein levels in animal models of obesity, that was not 
supported in clinical data (5). Interestingly, it has been 
shown that adipsin has a beneficial role in maintaining 
β cell function. In particular, animal studies confirmed 
that genetically lacking adipsin coexists with glucose 
intolerance due to insulinopenia. Moreover, replenish-
ment of adipsin to diabetic animals treated hyperglyce-
mia by boosting insulin secretion (3). Additionally, a 
newly discovered adipokine, visfatin, which is produced 
and secreted primarily by visceral white fat, has been 
shown to exert insulinmimetic effects both in vitro and 
in vivo through its actions to insulin receptor (6,7). 
Visfatin stimulated glucose uptake in differentiated 
skeletal muscle cells by increasing glucose transporter 
type 4 (GLUT4) mRNA and protein levels. According 
to clinical studies, visfatin serum levels are associated 
with type 2 diabetes mellitus independent of insulin re-
sistance and obesity (6). Concerning the controversies 
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regarding the association of visfatin with overweight/
obesity, type 2 diabetes mellitus, insulin resistance (IR), 
metabolic syndrome and cardiovascular disease in pub-
lished articles, a meta-analysis was performed suggest-
ing that the use of visfatin may be a promising predic-
tive tool for these disorders (7). Recent clinical data 
showed that in type 2 diabetics, although visceral adi-
posity index (VAI) exhibit a significant positive correla-
tion with visfatin serum levels, no significant differences 
was detected for adipsin, even when a two-step cluster 
analysis was performed in order to indentify altered adi-
pocytokine profiles (8).

In our study, the reciprocal changes of adipsin and 
visfatin levels in patients with type 2 diabetes in the fast-
ing state implicate these hormones with both paracrine 
and endocrine functions as possible participants in the 
in the pathogenesis of type 2 diabetes. In type II diabe-
tes, insulin resistance and obesity together cause mild 
to moderate hypertriglyceridemia and also cause reduc-
tion of HDL-C. Excessive production of TG-rich lipo-
proteins and its low clearance by lipoprotein lipase in 
diabetic patients may lead to hypertriglyceridemia (9). 
The aforementioned metabolic pattern was also con-
firmed in our study.

In conclusion, the distinct metabolic profile of the 
adipokines adipsin and visfatin in patients with type 2 
diabetes enhance the potential role of the adipose tis-
sue in the modulation of energy balance and glucose 
homeostasis have a potential clinical relevance as bio-
markers for insulin sensitivity.

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

Vanishing testes syndrome-
related osteoporosis and high 
cardio-metabolic risk in an adult 
male with long term untreated 
hypergonadotropic hypogonadism

Mara Carsote1,2, Cristina Capatina1,2, Ana Valea2, Anda Dumitrascu3

SUMMARY
The male hypogonadism-related bone mass loss is often under diagnosed. Peak bone mass is severely 
affected if the hypogonadism occurs during puberty and is left untreated. We present an interesting; 
almost bizarre case of a male with non-functional testes early during childhood and undiagnosed and 
untreated hypogonadism until his fifth decade of life. Forty six year male is referred for goitre, com-
plaining of back pain. Phenotype suggested intersexuality: gynoid proportions, micropenis, no palpable 
testes into the scrotum, no facial or truncal hair. His medical history had been unremarkable until the 
previous year when primary hypothyroidism was diagnosed and levothyroxine replacement was initi-
ated. Later, he was diagnosed with ischemic heart disease, with inaugural unstable angina. On admis-
sion, the testosterone was 0.2 ng/mL (normal: 1.7-7.8 ng/mL), FSH markedly increased (56 mUI/mL), 
with normal adrenal axis, and TSH (under thyroxine replacement). High bone turnover markers, and 
blood cholesterol, and impaired glucose tolerance were diagnosed. The testes were not present in the 
scrotum. Abdominal computed tomography suggested bilateral masses of 1.6 cm diameter within the 
abdominal fat that were removed but no gonadal tissue was confirmed histopathologically. Vanishing 
testes syndrome was confirmed. The central DXA showed lumbar bone mineral density of 0.905 g/cm2, 
Z-score of -2.9SD. The spine profile X-Ray revealed multiple thoracic vertebral fractures. Alendronate 
therapy together with vitamin D and calcium supplements and trans-dermal testosterone were started. 
Four decades of hypogonadism associate increased cardiac risk, as well as decreased bone mass and 
high fracture risk. Arch Endocrinol Metab. 2016;60(1):79-84 
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INTRODUCTION

M ale osteoporosis represents a public health prob-
lem. The clinical risk factors and the diagnosis 

itself are often under-recognised (1,2). In one half of 
cases the aetiology is identified: glucocorticoid treat-
ment, heavy smoking or alcohol consumption, medi-
cal conditions such as chronic inflammatory diseases, 
etc. (1,2). Hypogonadism represents 5% up to 15% of 
all causes and three patterns are described: iatrogenic 
hypogonadism for prostate cancer control, progressive 
adult-onset age-related hypogonadism, typically with 
mild testosterone deficiency, severe hypogonadism in 
genetic or endocrine conditions (with either low or 
high serum gonadotropins), usually diagnosed in young 
patients (1,3). The hypogonadism with very early on-
set which persists into adulthood is associated not only 
with a decreased pubertal peak bone mass but also with 
a high bone turnover state and an increased risk of fall-

ing (due to the decreased muscle strength and possible 
associated vitamin D deficiency), all leading to fragility 
fractures. In adult men low testosterone levels are an 
independent risk factor for hip fracture especially in the 
elderly, and the replacement therapy has a beneficial ef-
fect, increasing the lumbar and hip bone mineral density 
(BMD) (4,5). The hypogonadism is a common pathway 
between the bone and metabolic complications and im-
paired quality of life.

CASE REPORT

A 46-years non-smoker Caucasian male, originating 
from an iodine-deficiency endemic area, previously 
treated for one year for primary hypothyroidism was 
referred for further goitre evaluation. He was the youn-
gest of five siblings (four brothers and one sister), none 
with remarkable medical records.
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Case history

At the time of the initial diagnosis of primary hypothyroi-
dism, his serum concentration of thyroid stimulating 
hormone (TSH) was markedly elevated (116 micro in-
ternational units per millilitre, µUI/mL; reference range 
0.46-4.68 µIU/mL). Daily levothyroxine was initiated in 
progressive doses up to current dose of 100 micrograms 
(µg). On admission his only complaints were intermit-
tent back pain for the last 2-3 years and rare episodes of 
mild mastalgia since adolescence, for which he received 
no therapy. The medical history revealed stage III arterial 
hypertension (diagnosed 2 years before, partially control-
led under angiotensin converting enzyme inhibitor, cal-
cium blocker and diuretic treatment). Ischemic chronic 
heart disease was also present: the patient suffered one 
year before admission (two months after levothyroxine 
was started) an episode of severe unstable angina which 
led to his forced early retirement (was previously emplo-
yed as a construction worker). He was started on a daily 
regimen of 75 miligrams (mg) of clopidogrel, orally ni-
trates, and atorvastatin for high blood cholesterol. 

Clinical examination

The clinical exam found intersexuality features: gynoid fat 
distribution with waist girth of 94 centimetres (cm), hip 
girth of 109 cm, waist to hip ratio of 0.86, infantile penis, 
no palpable testes into the scrotum or inguinal canal, bila-
teral gynecomastia, present axillary and pubic hair, but no 
facial or truncal hair. His height was 164 cm and he was 
mildly obese (body mass index 31.23 kilograms/square 
meters -kg/m2). He had a normal intelligence quotient, 
and he denied ever having any sexual activity, as well as 
ever experiencing sexual attraction to either sex. He had a 
mild progressive kyphosis and his gonadal or bone meta-
bolism status had never been investigated. 

Paraclinical assessment

The cardio-metabolic profile revealed low normal high 
density lipoprotein (HDL) cholesterol, impaired glu-
cose tolerance high uric acid levels (6). The ophthal-
mological examination diagnosed stage II retinal an-
giosclerosis. The total testosterone level (measured by 
chemiluminescence) was extremely low (0.2 ng/mL) 
with high follicle stimulating hormone (FSH). Mild 
anaemia was correlated to hypogonadism. Normal 
adrenal axis as well as TSH level (under levothyroxine 
substitution) was found (Table 1). The peripheral blood 
karyotype was tested twice and found with the same 

result: 46, XY. The breast ultrasound and the mammo-
graphy confirmed bilateral gynecomastia (Figure 1).

The testes ultrasound did not show any gonads within 
the scrotum or the inguinal canal and neither did the ab-
dominal and pelvic computed tomography (CT) (Figure 2). 
CT examination suggested bilateral nodes of maximum 
1.6 cm into the abdominal fat that were later laproscopi-
caly removed but the pathological exam only described 
nonspecific reactive lymph nodes and no gonadal tissue. 
The karyotype was 46, XY. Based on all these data, the 
diagnosis of vanishing testes syndrome was made. 

The bone assessment was compatible with severe 
secondary osteoporosis. Normal calcium and phos-
phorus levels, with elevated serum bone turnover 
markers (osteocalcin as bone formation marker and 
CrossLaps as bone resorption marker) (Table 1). The 
spine profile X-Ray revealed multiple vertebral fractu-
res, predominantly in the thoracic spine with reduced 
vertebral height, confirmed at CT (Figure 3). The 
central DXA (GE Lunar Prodigy machine) showed de-
creased lumbar L2-4 BMD with Z-score of -2.9 SD. 
Total hip BMD was 1.1105 g/cm2, Z-score of 0.2SD; 
the femoral neck BMD was 0.996 g/cm2, Z-score of 
-0.2SD. The grip strength using a portable handheld 
dynamometer Kern MAP80K1 was very low for a man 

Figure 1. Mamography: bilateral gynecomastia in a 46 year male with 
hypogonadism. (A) Left gynecomastia. (B) Right gynecomastia. 

A B
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Table 1. The biochemistry and endocrine parameters in a 46-old male with long term (more than 40 years) undiagnosed and untreated hypogonadism

Parameter Measured 
concentration Normal values Units

Biochemistry assays

Total cholesterol* 127 Milligrams/decilitre (mg/mL)

HDL-cholesterol 38 35-55 mg/dL

Fasting plasma glucose 124 70-110 mg/dL

2-hour plasma glucose** 157 < 140 mg/dL

Glycated Haemoglobin A1c 6 4.8-5.7 %

Uric acid 7.14 3.5-7 mg/dL

Haemoglobin*** 12.1 14-17% Grams/decilitre (g/dL)

Hematocrit 35.8 41-53 %

Hormonal panel 

Total testosterone 0.21 1.75-7.81 Nanogram/millilitre (ng/mL)

Plasma estradiol 26 < 20 Picograms/millilitre (pg/mL)

FSH (follicle stimulating hormone) 56 1.27-19.26 mUI/mL

LH (luteinizing) 6 1.24-8.62 mIU/mL

Androstenedione 1.51 0.45-4.2 ng/mL

DHEA (dehydroepiandrosteron) 8.29 1.8-12.5 ng/mL

Prolactin 15 2.64-13.13 Nanogram/millilitre (ng/mL)

TSH (thyroid stimulating hormone)**** 4.2 0.5-4.5 Micro international units per millilitre (µIU/mL)

Free T4 (thyroxine) 16 10.3-24.4 Picomol/litre (pmol/L)

Serum thyroperoxidase (TPO) Antibodies 64 0-35 IU/mL

Morning plasma ACTH (adrenocorticotrophic hormone) 27 3-66 pg/mL

AMH (Anti-Mullerian hormone) 0.08 1.3-14.8 ng/mL

SHBG (Sex hormone binding globulin) 27.91 14.5-48.4 Nanomol/litre (nmol/L)

Neuroendocrine markers

Serum calcitonin 1 1-11.8 pg/mL

PSA (specific prostatic antigen) 0.02 0-4 ng/mL

Neuronal specific enolase 11.8 0-12 ng/mL

Beta-HCG (human chorionic gonadotropin) 0.06 0.5-2.67 mIU/mL

Bone metabolism

Total serum calcium 9.8 8.5-10.2 mg/dL

Total serum phosphorus 3.69 2.5-4.5 mg/dL

PTH (parathormone) 24 15-65 pg/mL

25-hydroxyvitamin D 19 30-100 ng/mL

Serum osteocalcin 1.02 0.142-0.584 ng/mL

Serum CrossLaps 14.98 14-42 ng/mL

* Under daily 20 mg of atorvastatin; ** 75-grams oral glucose tolerance test (OGTT); *** Normocytic normochromic anaemia; **** Under daily 100 micrograms (µg) of levothyroxine.

(comparable to the expected levels of a woman by the 
same age): of 29.5 at right hand with normal of 48 
(40-57) for men, and 30 (25.8-35) for women; and of 
27.7 at left hand with normal of 50 (42-58) for men, 
respective 34 (29-39) for women) (7). The quality of 
life was evaluated with the EuroQol questionnaire. 

Management

Secondary severe osteoporosis was diagnosed and ther-
apy with alendronate 70 mg weekly, daily vitamin D 
and calcium supplements as well as non scrotal testos-
terone gel (5 mg daily) was initiated. The patient also 
continued the cardiovascular medication. Close follow-
up was advised. 
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DISCUSSION

This is a most unusual case of male hypogonadism un-
diagnosed and untreated for more than 40 years. On 
admission the most important practical problems were 
to identify the etiopathogenic form of hypogonadism; 
to search for potential gonadal dysgenesis-related tu-
mours; to diagnose and to treat the bone and metabolic 
complications associated with severe long term testos-
terone deficiency.

The initial challenge in approaching the patient was 
the cause of the testicular dysfunction. The 46, XY ka-
ryotype, the normal male phenotype at birth, the fai-
lure to later develop male secondary sex characteristics 
(with infantile penis measuring 6 cm in the adult age) 
represent arguments for a very early childhood onset 
hypogonadism. The normal male appearance at birth 
with no intersexuality features and no Müllerian ducts 
derivatives prove that functional AMH (Anti-Müllerian 
hormone) activity had been present during foetal life 
(8) and make congenital bilateral anorchia unlikely. 
The almost undetectable value of AMH in a phenotypic 
male with 46 XY karyotype, bilateral cryptorchidism 
and no Müllerian ducts derivates is suggestive of late 

Figure 2. Computed tomography: bilateral absence of testes within the 
scrotum (arrow). (A) Sagittal plan. (B) Transversal plan.

A

B

Figure 3. Vertebral fractures (A+B+C). (A) Profile lumbar X-Ray.  
(B) Profile thoracic X-Ray. (C) Computed tomogaphy image of the spine.

A

B

C
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prenatal or early postnatal anorchia and not bilateral 
testes ectopia. We had no records of patient’s testicular 
trauma after birth or his development during puberty, 
neither any medical data related to his mother during 
pregnancy. The presented case seems to be an extreme 
phenotype of male 46, XY hypogonadism with a very 
early onset, left undiagnosed for 4 decades. 

Although CT suggested some possible gonad tissue 
within the abdominal fat, after the surgical procedure 
the pathologic report did not confirm it. Since no ec-
topic testes tissue was found, according to the clinical, 
ultrasound and CT examination the diagnosis of va-
nishing testes syndrome was confirmed at most unusual 
age of 46. The disease, also named testicular regression 
syndrome is of unknown cause and the presumed pa-
thogenesis relates to late antenatal or perinatal testicu-
lar insult, resulting in the shrinkage of the testes early 
in life (9). Some alternative imaging procedures have 
been suggested to differentiate the ectopic from in situ 
dysgenetic gonads with different blood vessels distri-
bution and to avoid unnecessary surgery: testes veno-
graphy, pelvic magnetic resonance imagery combined 
with arteriography, but these are more useful at a much 
younger age (10,11). In the last decades the technical 
advances of the testes ultrasound greatly limited their 
use (12). Yet, some authors considered that exploratory 
laparotomy is more useful than imaging methods for 
finding possible gonad remnants or associated tumours 
in impalpable testes (13). Based on the results from ul-
trasonography, CT and the exploratory laparoscopy we 
were not able to find any gonadal remnants. The en-
docrine tests suggested absent testicular function (low 
AMH, low to undetectable testosterone, high FSH and 
luteinizing hormone) so acquired bilateral anorchia was 
considered (14). In rare cases with persistent gonadal 
remnants, germ cells have been found in testicular rem-
nants, with a theoretical impact on both assisted fertility 
and germ-cell neoplasia potential (9,15,16). However, 
fertility is highly unlikely after such a long time inter-
val since disease onset; even more, others argue that the 
testicular biopsy as well as the human chorionic gonado-
trophin stimulation test have limited therapeutic utility 
(15,16). In the case of regression testes syndrome most 
of the authors agree that the testicular remnants (if any) 
are not associated with germ line neoplasia (9). Since 
the neuroendocrine markers (Neuronal specific enolase, 
Beta-HCG) and CT excluded an abdominal or pelvic 
tumour, no secondary urological procedure was indica-
ted in our case. 

Our patient had been previously diagnosed with au-
toimmune primary hypothyroidism which is an atypical 
finding in empty scrotum syndrome; most probably this 
is a coincidental occurrence and there is no pathogenic 
correlation. The cardio-metabolic high risk profile is jus-
tified by the high blood pressure, chronic ischemic heart 
disease with a history of unstable acute angina, impaired 
glucose tolerance, obesity, dyslipidemia, increased uric 
acid concentration due to the persistent testosterone 
deficiency. Classical forms of late onset male hypogo-
nadism are associated with a higher mortality because 
of the impact of the low testosterone status on gluco-
se metabolism and cardiovascular system, expressed as 
insulin resistance, type 2 diabetes mellitus, hyperlipide-
mia or high blood pressure (17,18). There is an inverse 
relationship between testosterone levels and obesity or 
weight circumference. The production of estradiol from 
testosterone by aromatization in adipose tissue further 
suppresses the testosterone production via a central 
hypothalamic-pituitary-testes axis mechanism (19). In 
cases such as ours with severe hypergonadotropic hypo-
gonadism the only source of androgens are the adrenals. 
The normal weak androgens secreted by the adrenals 
[dehydroepiandrosteron (DHEA) and especially an-
drostenedione] are converted by aromatase into estro-
gens which exert both positive effects (on bone) and 
negative ones (gynecomastia). Our patient had normal 
adrenal androgens and increased estradiol. Due to the 
advanced age at diagnosis, the full-blown picture of the 
metabolic syndrome was present. In adult male hypogo-
nadism sexual dysfunction is associated. Interestingly in 
this case the patient had no sexual activity, preferences, 
sexual interest or needs probably due to the effects of 
early testosterone deficiency on brain development (20).

The severe male osteoporosis is a common compli-
cation of long term untreated hypogonadism. Andro-
gens exert their protective effects, increasing or pre-
serving the BMD at all stages of human development. 
Both early and late hypogonadism influence the BMD, 
either impairing the acquisition of a normal pubertal 
peak bone mass or increasing the rate of bone loss (21). 
In our case we found multiple vertebral fractures and a 
high bone turnover status, low lumbar BMD but total 
hip and femoral neck BMD were unaffected. The incre-
ased risk of falling in early-onset hypogonadism is rela-
ted to low testosterone levels, the vitamin D deficiency, 
and both of them induce reduced muscle strength. Po-
tential variations of blood pressure and glycaemia levels 
may contribute to fall in this particular case.
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In experimental models a direct androgenic effect on 
trabecular bone, independent of the stimulation of the 
estrogen receptors on both osteoblasts and osteocytes 
was described (22). The androgens also exert a strong 
antifracture protection by extraskeletal mechanisms re-
lated to muscle mass and strength (22). We checked the 
grip strength of our patient (by hand-held dynamome-
ter) and recorded abnormally low levels for the male 
sex, within the normal ranges for a woman of the same 
age. The 25-hydroxyvitamin D of 19 ng/mL confirmed 
the concurrent vitamin D deficiency (probably related 
to the low sun exposure in this particular case), consis-
tent with the association between metabolic syndrome 
and the testosterone deficiency syndrome (23).

The bone status as well as metabolic complications 
is expected to improve after the initiation of both tes-
tosterone replacement (24) and antiresorbtive therapy. 
For both osteoporosis and hypogonadism management 
the patient preferred non-injectable products. 

CONCLUSIONS 

This case, characterised by the most unusual diagnosis 
at age of 46 of a the rare early-onset vanishing testes 
syndrome, demonstrates the large panel of complica-
tions developed in a lifetime of untreated testostero-
ne deficiency from no sexual orientation or interest to 
bone loss and cardio-metabolic high risk profile.

Disclosure: no potential conflict of interest relevant to this article 
was reported.
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Bruno Halpern1

I have the arduous task of writing a professional memo-
rial for Prof. Dr. Alfredo Halpern, as an endocrinolo-

gist, but obviously as a son as well, who lived closely with 
him in both personal and professional life, and considers 
him, above all, as a great master and professor. 

Doctor Alfredo Halpern graduated from the 49th Class 
of the São Paulo Faculty of Medicine in 1966 and sequen-
tially began his residency in internal medicine. Tutored by 
Prof. Antônio Barros de Ulhoa Cintra, he realized that 
in order to specialize, in any area, he would need to have 
solid understanding of general practice. Because of this, he 

organized a Study Center for Residents of Internal Medicine and, maybe a surprise for 
those who today associate him to Endocrinology and outpatient clinics, he was one 
of the contributors that led to the creation of the first Intensive Care Unit in Brazil, 
in Hospital das Clínicas da Faculdade de Medicina da Universidade de São Paulo 
(HCFMUSP), besides belonging to the first ICU team of Hospital Albert Einstein. 
After the residency, he became assistant at the Emergency Department at HCFMUSP, 
from 1968-1973, the year he joined the Endocrinology and Metabolism Service. At 
the same time, he was a tutor of Internal Medicine, which led him to one of his bet-
ter known activities which is remembered by his contemporaries until today: “Hunt 
the Diagnosis”, in which doctors took hard to diagnose cases and Dr. Alfredo almost 
always correctly diagnosed them with the fewest number of additional tests possible. 

This early history demonstrates the general character of Dr. Alfredo, who consi-
dered himself, above all, as his patients’ clinician, which is how they considered him. 
He also demonstrated an excellent clinical judgment and maybe for this reason he 
chose Endocrinology, a specialization that he always defined as “the most intelligent 
of Medicine”. I can say this as it was this way that he presented me the specialization 
he loved so much, in my early years of life, showing how fascinating the world of hor-
mones and their feedback was (a passion that naturally he passed to me and which led 
me to tread a similar path). My father always liked to remember that when he began in 
Endocrinology hormone doses were almost non-existent (and many of the hormones 
were not yet known), so the need for logic was even greater, with challenging tests to 
diagnose illnesses which today are easily identified with simple tests. He would confess 
that he missed that time a little, and that today with so many exams, many doctors 
have lost the ability to think.

His PhD thesis was supervised by Prof. Dr. Bernardo Leo Wajchenberg, in the Dia-
betes and Adrenal Group, about mechanisms of action of biguanides in normal and 
glucose intolerant individuals, in which he began to pursue more fervently his way to 

1 Grupo de Obesidade, Serviço 
de Endocrinologia, Hospital das 
Clínicas da Faculdade de Medicina 
da Universidade de São Paulo 
(HC-FMUSP), São Paulo, SP, Brasil 
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the study of metabolic diseases. Nevertheless, he retai-
ned his focus on General Endocrinology, founding the 
group of the same name in 1978, which is until today 
brilliantly led by Dr. Maria Adelaide Albergaria. In Dr. 
Alfredo’s own words “In it (The general group), I can 
say I had a natural extension of my interest for Internal 
Medicine (…) as I had contact with patients with all 
types of endocrinological and metabolic diseases”. 

His incredible capacity to see beyond the ob-
vious led him to study obesity. Once again in his own  
words: “(the interest about obesity) arose when I be-
gan to have a private clinic. It left me astonished that in 
all my time from graduation and residency in internal 
medicine, even here in endocrinology and metabology, 
the teaching about obesity was so exiguous (virtually 
zero), whereas in clinical practice at least 60% of my 
patients were overweight. Therefore, and in large part 
because the treatment of these patients was mostly con-
centrated in the hands of bad professionals, I decided 
to delve into the study and management of it”. Well, 
if there was such a trivial change, easily resolved with 
life-style changes, a statement which annoyed him and 
which is still very common, there wouldn’t be so many 
people seeking help for this problem. He quickly un-
derstood that obesity was a disease (more than 30 years 
before the American Association of Medicine) requiring 
complex treatment. In the 80s he took part in the first 
congresses on the subject and became the big pioneer 
in the country, participating in these first events, stu-
dying what was known up until then, and founding, in 
1986, the Brazilian Association for the Study of Obesi-
ty (ABESO), to which he remained linked until his last 
days. During the same period, he founded the Obesity 
Group of Hospital das Clínicas, the first in Brazil (and 
one of the only ones until today) and at the same time, 
studying endemic goiters, became a Full Professor. He 
followed closely the changes in the study of obesity, the 
emergence and disappearance of many medications, the 
rise of surgical treatment (curiously, the great patron 
in Brazil was his close friend from college, Dr. Arthur 
Garrido), the discovery of hormones, hunger and sa-
tiety pathways and genes, which only further endorsed 
his initial clinical views. He organized a World Obesi-
ty Congress in 2002, held international posts, such as 
president of the Latin American Federation of Obesity 
Societies (FLASO) and kept intimate contact with great 
specialists of the subject in the world, such as his friend 
Eric Ravussin, with whom he did an internship in Ari-
zona with the Pima Indians.

Although he always considered himself a clinician 
first, Dr. Alfredo was also a great researcher, with over 
200 indexed publications, with a good level of impact, 
and had international recognition. During his last de-
cades, he was master of many post-graduate students, 
many of whom continued in the academic field. His 
final publication in life was in the New England Journal 
of Medicine, as co-author of the study which assessed 
liraglutide in non-diabetic obese subjects.

His professional trajectory however was far from 
being only academic. Famous for having created the 
Points Diet (Dieta dos Pontos), once again he was a 
pioneer, as he always believed that for weight balance 
“calories are calories”. Years and years of controversial 
research in nutrition went by and today this has turned 
into the most accepted theory. Recently, in a comment 
I have made about an article on the subject, a reader 
replied “What, but that’s what Dr. Alfredo has been 
saying for forty years!” Correct! However to achieve 
this negative balance the treatment should be indivi-
dualized for a proper nutritional support so he brou-
ght the nutritionists to his side, working with dozens 
of them in his clinic, a large number of who became 
reference in the area. 

Dr. Alfredo was also the first in Brazil to openly 
defend the use of medications for weight, previously 
considered treatment of bad doctors (unfortunately, 
this culture of anti-medication for weight-loss remains 
strong until today and one of his last articles identifies 
some reasons for so much stigma). He watched the rise 
and fall of many of them, some banned for unaccepta-
ble side-effects, but he was always tireless in his defense 
for new options and without doubt his active voice re-
cently helped in maintaining sibutramine in Brazil. 

And with his immense skills of communication and 
of adapting the discussion to the audience, he achieved 
what few have achieved: besides being a highly respec-
ted doctor by his peers and scientifically strong, as des-
cribed above, he was also an excellent teacher, with his 
classes always crowded, and also adored by the general 
public. Among the Endocrinology residents, his discus-
sions of clinical cases from outpatient office were always 
eagerly awaited, due to his willingness to teach a little 
of the real world to those who spent the last years in 
a University Hospital. For patients and the public, he 
was loved for his capacity to treat delicate subjects with 
colloquial language and for his empathy with the obese, 
of whom he always said were less guilty than considered 
by society. He was proud when he was recognized for 
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the first time, when I was a boy, which later became 
commonplace. He was a columnist for the magazine 
Saúde, for Band News TV and in the last years was a 
consultant on the TV show Bem-Estar, with weekly 
appearances. He wrote 24 books, the majority for the 
general public, being his first “Entenda a Obesidade e 
Emagreça” (Understand Obesity and Lose Weight) the 
most sold, with over 300,000 copies. I re-read it again 
a few days ago and it is impressive how, even being 
published in 1994, it remains up-to-date, with many 
considerations of clinical observations which were only 
scientifically proven decades later, but his clinical fee-
ling even then treated as if it were proven facts. 

In his office, he prided himself on his punctuality, 
he hated waiting and would use each free space in his 
agenda to read or write. He was always in such a rush, 
that he left us when he still had so much to do here on 

Earth. An aggressive pancreatic cancer took him from 
us in little time, 15 months, an insignificant amount of 
time for those who knew him with all his joviality, cul-
ture, a smile on his face, humor and a passion for life. 

I have learnt from him even after his departure, un-
derstanding that the reach of his simple words was even 
greater than I had imagined. Many patients cried in the 
clinic, we received messages from hundreds of strangers 
that were moved by the news and even official docu-
ments of regret from local governments. Evidence that 
what he did was well done and which makes me look up 
to my great master even more.

As I read once in a tale by David Eagleman, we 
don’t really die while our name is still being spoken on 
earth. And with this huge legacy, I am sure that Alfredo 
Halpern will be a name that resonates for many genera-
tions. And this memorial is proof of this. 
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Instructions for authors

General InformatIon 
We emphasize the importance of following these instructions carefully. Failure to do 
so will delay the processing of your manuscript. 

Manuscripts should be submitted solely to the AE&M and should not have been 
published, or be under consideration for publication in any substantial form, in ano-
ther periodical-either professional or lay. 

Manuscripts should be submitted in English. All manuscripts accepted for publica-
tion should be proofread by a native speaker or a scientific editing service, and an 
editorial certificate should be provided to the AE&M. The following companies are 
accredited American Journal Experts, PaperCheck or VoxMed. Papers that do not 
meet these requirements will be returned to the author for the necessary revisions 
before formal review. 

All submissions are initially evaluated in depth by the scientific editors. Papers that 
do not conform with the general criteria for publication will be returned to the au-
thors without detailed review, typically within three to five days. Otherwise, manus-
cripts will be sent to reviewers (most commonly two). 

Manuscript categories 

Reports of original research may be submitted to AE&M as Original Articles or Brief 
Reports. Other special categories of manuscripts are described below. All manus-
cripts must adhere to the word count limitations, as specified below, for text only; 
word count does not include the abstract, references, or figures/tables and their le-
gends. Word count must be shown on the title page, along with the number of figu-
res and tables. The format is similar for all manuscript categories, and it is described 
in detail in the “Manuscript Preparation” section. 

Original Articles 

The Original Article is a scientific report of the results of original research that has 
not been published or submitted for publication elsewhere (either in print or electro-
nically). It represents a substantial body of laboratory or clinical work. In general, 
Original Articles should not exceed 3,600 words in the main text, include more than 
six figures and tables, or more than 35 references. 

Review Articles 

The AE&M publishes Review Articles that show a balanced perspective on timely 
issues within the field of clinical endocrinology. All reviews are submitted upon in-
vitation and are subject to peer review. Articles in this category are requested by the 
Editors to authors with proven expertise in the field. Authors considering the sub-
mission of uninvited reviews should contact the editors in advance to determine 
whether the topic that they propose is of current potential interest to the Journal. 

Review articles should be no longer than 4,000 words in the main text, include no 
more than four figures and tables, and no more than 60 references. The author 
should mention the source and/or request authorization for use of previously publi-
shed figures or tables.

Consensus Statements 

Consensus Statements related to the endocrine and metabolic health standards and 
healthcare practices may be submitted by professional societies, task forces, and 
other consortia. All such submissions will be subjected to peer review, must be 
modifiable in response to criticism, and will be published only if they meet the usu-
al editorial standards of the Journal. Consensus Statements should typically be no 
longer than 3,600 words in the main text, include no more than six figures and ta-
bles, and no more than 60 references. 

Brief Report 

The Brief Report consists of new data of sufficient importance to warrant immediate 
publication. It is a succinct description of focused study with important, but very 
straightforward, negative or confirmatory results. Brevity and clarity are always li-
kely to enhance the chance of a manuscript being accepted for publication. A maxi-
mum of 1,500 words in the main text plus up to 20 references and normally no more 
than two illustrations (tables or figures or one of each) are acceptable for Brief Re-
ports. 

Case Report 

A Case Report is a brief communication presenting collected or single case reports 
of clinical or scientific significance. These reports should be concise and focused on 
the issue to be discussed. They should address observations of patients or families 
that add substantially to the knowledge of the etiology, pathogenesis, and delinea-
tion of the natural history or management of the condition described. Case Reports 

should be 2,000 words or less, with no more than four figures and tables, and no 
more than 30 references. 

We emphasize that only case reports that offer important basic translational or clini-
cal contributions, preferentially together with a review of the literature, will be con-
sidered for publication.

letters to the editor 
Letters to the Editor may be submitted in response to manuscript that has been pu-
blished in the Journal. Letters should be short commentaries related to specific 
points of agreement or disagreement with the published manuscript. Letters are not 
intended for the presentation of original data unrelated to a published article. Letters 
should be no longer than 500 words, with no more than five complete references, 
and should not include any figures or tables. 

manuscrIpt preparatIon 
general ForMat 

The Journal requires that all manuscripts be submitted in a single-column format 
that follows these guidelines: 

•  The manuscript must be submitted in MS-Word format.
•  All text should be double-spaced with 2 cm margins on both sides using 11-point 

type Times Roman or Arial font.
•  All lines should be numbered throughout the entire manuscript and the entire 

document should be paginated.
•  All tables and figures must be placed after the text and must be labeled. Submit-

ted papers must be complete, including the title page, abstract, figures, and ta-
bles. Papers submitted without all of these components will be placed on hold 
until the manuscript is complete. 

all submIssIons must Include: 
• A cover letter requesting the evaluation of the manuscript for publication in 

AE&M, and any information relevant to the manuscript. Elsewhere on the sub-
mission form, authors may suggest up to three specific reviewers and/or request 
the exclusion of up to three others. 

the manuscript must be presented in the following 
order: 
1. Title page.
2.  Structured abstract (or summary for case reports).
3.  Main text.
4.  Tables and figures. They must be cited in the main text in numerical order.
5.  Acknowledgments.
6.  Funding statement, competing interests and any grants or fellowships suppor-

ting the writing of the paper. 
7.  List of references. 

title page 
The title page must contain the following information: 

1.  Title of the article (a concise statement of the major contents of the article).
2.  Full names, departments, institutions, city, and country of all co-authors.
3.  Full name, postal address, e-mail, telephone and fax numbers of the correspon-

ding author. 
4.  Abbreviated title of no more than 40 characters for page headings.
5.  Up to five keywords or phrases suitable for use in an index (the use of MeSH 

terms is recommended).
6.  Word count – excluding title page, abstract, references, figures/tables and their 

legends.
7.  Article type 

structured abstracts 
All Original Articles, Brief Reports, Reviews, Case Reports should be submitted with 
structured abstracts of no more than 250 words. The abstract must be self-contained 
and clear without reference to the text, and should be written for general journal 
readership. The abstract format should include four sections that reflect the section 
headings in the main text. All information reported in the abstract must appear in 
the manuscript. Please use complete sentences for all sections of the abstract. 
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headings in the main text. All information reported in the abstract must appear in 
the manuscript. Please use complete sentences for all sections of the abstract. 

Introduction 
The article should begin with a brief introductory statement that places the study in 
historical perspective, and explains its objective and significance.

materials and methods 
These should be described and referenced in sufficient detail for other investigators 
to be able to repeat the study. The source of hormones, unusual chemicals and rea-
gents, and special pieces of apparatus should be stated. For modified methods, only 
the modifications need be described. 

results and discussion 
The Results section should briefly present the experimental data in text, tables, and/
or figures. For details on preparation of tables and figures, see below. The Discus-
sion should focus on the interpretation and significance of the findings, with conci-
se objective comments that describe their relation to other studies in that area. The 
Discussion should not reiterate the Results. 

Authorship 

The AE&M ascribes to the authorship and contributorship guidelines defined by the 
International Committee of Medical Journal Editors (www.ICMJE.org). Unrestricted 
joint authorship is allowed. A maximum of two corresponding authors is allowed. 
The uniform requirements for manuscripts submitted to medical journals state that 
authorship credit should be based only on substantial contribution to: 
1.  The conception and design, or analysis and interpretation of data. 
2.  The drafting of the article or its critical review for important intellectual content.
3.  The final approval of the version to be published.
All these conditions must be met. The corresponding author is responsible for ensu-
ring that all appropriate contributors are listed as authors, and that all authors have 
agreed with the content of the manuscript and its submission to the AE&M. 

conflict of interest 
A conflict of interest statement for all authors must be included in the main document, 
following the text, in the Acknowledgments section. If authors have no relevant con-
flict of interest to disclose, this should be indicated in the Acknowledgments section. 

acknowledgments 
The Acknowledgments section should include the names of those people who con-
tributed to a study but did not meet the requirements for authorship. The correspon-
ding author is responsible for informing each person listed in the acknowledgment 
section that they have been included and providing them with a description of their 
contribution so they know the activity for which they are considered responsible. 
Each person listed in the acknowledgments must give permission – in writing, if 
possible – for the use of his or her name. It is the responsibility of the corresponding 
author to provide this information.

references 
References to the literature should be cited in numerical order (in parentheses) in the 
text and listed in the same numerical order at the end of the manuscript on a separa-
te page or pages. The author is responsible for the accuracy of references. The num-
ber of references cited is limited for each category of submission, as indicated above. 

tables 
Tables should be submitted in the same format as the article (Word), and not in 
another format. Please note: we cannot accept tables as Excel files within the ma-
nuscript. Tables should be self-explanatory and the data they contain must not be 
duplicated in the text or figures. Tables must be constructed as simply as possible 
and be intelligible without reference to the text. Each table must have a concise 
heading. A description of experimental conditions may appear together with foot-
notes at the foot of the table. Tables must not simply duplicate the text or figures. 

figures and legends 
All figures must display the figure number. Sizing the figure: the author is responsi-
ble for providing digital art that has been properly sized, cropped, and has adequate 
space between images. All color figures will be reproduced in full color in the online 
edition of the journal at no cost to the authors. Authors are requested to pay the cost 

of reproducing color figures in print (the publisher will provide price quotes upon 
acceptance of the manuscript). 

photographs 
The AE&M strongly prefers to publish unmasked patient photos. We encourage all 
prospective authors to work with families prior to submission and address the issue 
of permission for review and possible publication of patient images. If your submis-
sion contains ANY identifiable patient images or other protected health information, 
you MUST provide documented permission from the patient (or the patient’s pa-
rent, guardian, or legal representative) before the specific material circulates among 
editors, reviewers and staff for the purpose of possible publication in AE&M. If it is 
necessary to identify an individual, use a numerical designation (e.g. Patient 1) ra-
ther than using any other identifying notations, such as initials. 

units of measure 
Results should be expressed in metric units. Temperature should be expressed in 
degrees Celsius and time of day using the 24-hour clock (e.g., 0800 h, 1500 h). 

standard abbreviations 
All abbreviations must be immediately defined after it is first used in the text. 

experimental subjects 
To be considered for publication, all clinical investigations described in submitted 
manuscripts must have been conducted in accordance with the guidelines of The 
Declaration of Helsinki, and must have been formally approved by the appropriate 
institutional review committees or their equivalent. 
The study populations should be described in detail. 
Subjects must be identified only by number or letter, not by initials or names. Pho-
tographs of patients’ faces should be included only if scientifically relevant. The 
authors must obtain written consent from the patient for the use of such photogra-
phs. For further details, see the Ethical Guidelines. 
Investigators must disclose potential conflict of interest to study participants and 
should indicate in the manuscript that they have done so. 

experimental animals 
A statement confirming that all animal experimentation described in the manuscript 
was conducted in accordance with accepted standards of humane animal care, as 
outlined in the Ethical Guidelines, should be included in the manuscript. 

molecular Genetic description 
• Use standard terminology for variants, providing rs numbers for all variants re-

ported. These can be easily derived for novel variants uncovered by the study. 
Where rs numbers are provided, the details of the assay (primer sequences, PCR 
conditions, etc.) should be described very concisely.

•  Pedigrees should be drawn according to published standards (See Bennett et al. 
J Genet Counsel (2008) 17:424-433 - DOI 10.1007/s10897-008-9169-9). 

nomenclatures 
• For genes, use genetic notation and symbols approved by the HUGO Gene No-

menclature Committee (HGNC) – (http://www.genenames.org/). 
• For mutation nomenclature, please use the nomenclature guidelines suggested 

by the Human Genome Variation Society (http://www.hgvs.org/mutnomen/) 
• Provide information and a discussion of departures from Hardy-Weinberg equili-

brium (HWE). The calculation of HWE may help uncover genotyping errors and 
impact on downstream analytical methods that assume HWE. 

• Provide raw genotype frequencies in addition to allele frequencies. It is also de-
sirable to provide haplotype frequencies. 

• Whenever possible, drugs should be given their approved generic name. Where 
a proprietary (brand) name is used, it should begin with a capital letter. 

• Acronyms should be used sparingly and fully explained when first used.

papers must be written in clear, concise english. 
Avoid jargon and neologisms. The journal is not prepared to undertake major correc-
tion of language, which is the responsibility of the author. Where English is not the 
first language of the authors, the paper must be checked by a native English speaker.
For non-native English speakers and international authors who would like assistan-
ce with their writing before submission, we suggest Voxmed Medical Communica-
tions, American Journal Experts or PaperCheck.
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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

AF_AST-0004/14-5168-FO-FOR.14.C.240-FOR-Anuncio 4 Capa 2014.indd   1 30/05/14   11:53


