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A ctive surveillance is defined as a strategy for treating a medical condition 
that involves a period of waiting and regular testing, rather than immediate 

treatment, such as surgery. In previous years, active surveillance (AS) of papillary 
thyroid microcarcinomas (mPTC; tumors with less than 1.0 cm) has been the focus 
of discussion worldwide, notably in the context of the epidemic of thyroid carcinomas 
diagnosed by neck imaging exams (1). This practice was initially proposed in 1993 by 
Miyauchi and cols. and, recently, the Japanese group reported their experience in AS of 
1235 patients diagnosed with mPTC at Kuma Hospital (2). Between 1993 and 2011, 
patients with low-risk mPTC chose observation without immediate surgery. They were 
followed periodically with ultrasound examinations. It was set three parameters for the 
evaluation of PTMC progression: (i) size enlargement, (ii) novel appearance of lymph-
node metastasis, and (iii) progression to clinical disease (tumor size reaching 12 mm 
or larger, or novel appearance of nodal metastasis). The proportion of patients with 
mPTC progression was lowest in the old patients and highest in the young patients. 
The reported outcomes are excellent: 8% tumor enlargement greater than 3 mm and 
3.8% of novel lymph nodes metastases in a 10 years follow-up period. Such promising 
experiences have also been recently reported by other groups, mainly in the US (3) 
and Korea (4).

In this issue, two articles discuss the overdiagnosis of thyroid nodules and the 
active surveillance in mPTC as an alternative treatment in South American patients. 
In an interesting study, Smulever and Pitoia (5) reported their experience in AS of 
mPTC in a Latin American reference center. The authors have proposed AS for those 
patients with mPTC who underwent fine needle aspiration biopsy (FNAB) procedure 
with Bethesda category V and VI results. The inclusion criteria were: the presence 
of a single nodule; tumor size ≤ 1.5 cm in maximal diameter; absence of clinical or 
radiological evidence of extrathyroidal extension, invasion of local structures, regional 
or distant metastasis. The authors pointed out that only 25% of 136 patients eligible 
for AS accepted this approach, and about 10% of these subjects abandoned AS, mainly 
due to their anxiety about the disease. However, the favorable outcomes of those 
patients that did not undergo  surgery were similar to those previously reported 
aforementioned, with tumor enlargement occurring in only 17% of the cases and no 
lymph or distant metastases being diagnosed in a median 4.6 years of follow-up. There 
are no features that differentiate patients with stable tumors from those with increased 
tumor  (≥ 3 mm). 
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Are we ready for active surveillance of mPTC?

Yet, in the other article, a group of Brazilian experts 
states a series of recommendations to avoid overdiagnosis 
of thyroid nodules and overtreatment of mPTC (6). 
The authors suggested FNAB of very suspicious nodules 
≤ 1 cm only if age < 40 years, presence of extrathyroidal 
extension on ultrasonography (US), nodule adjacent 
to the trachea or recurrent laryngeal nerve, multiple 
suspicious nodules, presence of suspicious lymph nodes 
or known distant metastases. Clinical and imaging 
follow-up is recommended if the patient is not submitted 
to FNAB. The same criteria to preclude FNAB of 
nodules ≤ 1 cm was suggested to select mPTC to AS. 
AS would consist of periodic clinical examination, serum 
TSH measurement, US every 6 months in the first year 
and then annually. The authors highlighted that patient 
should agree with the protocol. 

Are we ready to implement AS in South America? 
In order to effectively implement active surveillance 
of mPTC, some aspects should be considered. Firstly, 
physicians should be confident about the safety of 
AS as a treatment alternative to immediate surgery 
to encourage patients to this conservative approach. 
Indeed, acceptance of AS at Kuma Hospital increased 
gradually over a 24 years period, from 30% in 1993-1997 
to 88% in 2014-2016 (7). Ito and cols. reported that 
up to 2007 most  patients were seen only by surgeons 
but, since then, therapeutic strategies were increasingly 
determined by endocrinologists, who adopted AS more 
frequently, particularly after publications regarding 
successful AS follow-up. This increase in the acceptance 
of AS might also be influenced by the features of the 
population under study, proximity to the Thyroid 
Cancer Center and education sessions provided to 
patients in a specialized setting (8).

Furthermore, adequate conditions to perform 
AS must be assured. Some argue that adverse events 
related to thyroidectomy, especially when performed by 
inexperienced surgeons, would favor the avoidance of 
surgery in low-risk cancer. Life-long consequences of 
permanent hypothyroidism, hypoparathyroidism, and 
lesion of recurrent laryngeal nerve increase not only 
health care costs, but also compromise the patient’s 
quality of life (9). On the other hand, the safety of AS 
is based on periodic follow-up evaluations, including 
carefully performed US. Additionally, it is mandatory 
that patients understand the importance and commit 

to the conditions to AS. Public health care system must 
guarantee medical support to the follow-up evaluation 
in order to identify tumor progression and metastases. 
As suggested by Rosario and cols. (6), lobectomy 
would be a reasonable approach if the above conditions 
are not assured. 

Considering disparity in healthcare access in 
Brazil, academic reference centers should lead the 
implementation of AS in patients with mPTC. As 
in Kuma Hospital and Memorial Sloan Kettering 
Cancer Center (3), it could be initiated as institutional 
protocols. Nationwide implementation will depend on 
continuous physicians and patients’ proper medical 
education and the assurance of adequate health care 
support. 

Disclosure: no potential conflict of interest relevant to this article 
was reported.
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T here is a recent trend in the thyroid cancer literature towards a more conservative 
approach to papillary microcarcinomas of the thyroid gland. The widespread 

acceptance of lobectomy as adequate treatment for most patients is part of this 
tendency. Undoubtedly, the most conservative attitude concerning these indolent 
cancers is the active surveillance, pioneered by Miyauchi and Ito in Japan (1-7) and 
already being used in other centers around the world (8,9). In the present issue of 
Archives of Endocrinology and Metabolism, there are two excellent South American 
manuscripts addressing the approach to papillary carcinomas of the thyroid gland. I 
would like to congratulate the authors of both papers for their important contribution 
to the already existing controversy concerning the adoption of active surveillance for 
patients with these very small and usually (but not invariably) indolent cancers.

Based upon the formidable amount of data coming from the experience of University 
of Kuma, it is possible to delineate the possible candidates to active surveillance:

1. Patients with age ≥ 60 years-old;
2. Bethesda VI, with no cytological evidence of high-risk variants of papillary 

thyroid cancer;
3. Tumors ≤ 1.0 cm;
4. Tumors located in the center of the thyroid lobe, far from the tracheoesopha-

geal groove and from the thyroid capsule (even with no evidence of extra-
thyroidal extension);

5. No clinical or radiological evidence of lymph node metastasis or distant me-
tastasis;

6. No previous exposure to neck irradiation and
7. Medical contraindications for surgery.
Just for the sake of discussion, it is noteworthy that there was no emphasis on 

the role of molecular factors associated with more aggressiveness, like TERT mRNA 
expression (10). Evidently, the possibility to positively identify at FNAB, molecular/
genetic factors associated with aggressive thyroid papillary microcarcinomas, thus 
supporting the adoption of a more aggressive approach at the initial evaluation, is still 
in its infancy.

Rosario and cols. suggests in their manuscript, published in this issue of Archives 
of Endocrinology and Metabolism, that most patients with cytologically proven thyroid 
papillary microcarcinomas should undergo active surveillance, highlighting the 
excellent prognosis of those subjects who will eventually undergosurgery, provided 
that growth, lymph node metastasis or extrathyroidal extension will be detected (11). 
However, we must keep in mind that Brazil is a country with continental dimensions, 
with 210 million inhabitants. Moreover, the public health assistance is the only 
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option for more than 78% of the population (12). 
Unfortunately, the quality of, literally, a lifelong active 
surveillance in such a gigantic health system is inevitably 
rather heterogeneous and often problematic, especially 
on less-developed areas of the country. In real life we, 
Head and Neck Surgeons, often face troubles to get 
a close follow-up for much more aggressive cancers, 
as oral and hypopharyngeal carcinomas, sometimes 
impairing an effective salvage treatment of a tumor 
recurrence. Therefore, instead of using the expression 
“active surveillance”, I would rather suggest “effective 
surveillance”, sadly not always available in Latin 
America.

There is another aspect that deserves a comment. 
The only available large-scale, prolonged follow-
up series of patients with thyroid microcarcinomas 
submitted to active surveillance is the Kuma Hospital’s 
one. Obviously, there are several features of this 
population which are not universally applicable. Among 
them, I would like to emphasize the biopsychosocial 
differences, meaning that the acceptance rate of the 
active surveillance by patients in a Latin American 
country would probably be quite different from 
Japanese individuals. Surprisingly, Ito et al. recently 
reported that, even at Kuma Hospital, it took around 
20 years to obtain a significant rate of acceptance of the 
active surveillance (13). They observed a slow increase 
in the acceptance rate from 30% in the period from 
1993 to 1997, to 88% from 2014 to 2016.

In this issue of Archives of Endocrinology and 
Metabolism, Smulever and Pitoia also reported their 
remarkable experience with the proposal of active 
surveillance for a consecutive series of 136 subjects with 
thyroid papillary microcarcinomas (14). Just 34 (25%) of 
the patients actually accepted the active surveillance. In 
fact, nearly one-third of these 34 patients subsequently 
chose to undergo surgical treatment claiming anxiety. 
Interestingly enough, most subjects who decided to be 
operated on, preferred to undergo a total thyroidectomy, 
despite the fact that the initial proposal of the surgical 
team was lobectomy in many instances. I suspect that 
these numbers would probably be easily reproducible in 
other Latin American countries, and I really hope that, 
in the future, similar reports in other geographic areas 
will appear in the literature as well, in order to offer a 
more global picture. At the conclusion of their abstract, 
the authors state that: Although not easily accepted in 
our cohort of patients, active surveillance would be safe 
and easily applicable in highly experienced centers.

Finally, I would like to quote a statement made 
by Zanocco and cols. in a Clinical Update recently 
published at JAMA Insights (15), with which I fully 
agree: While active surveillance of small intrathyroidal 
thyroid cancers has the potential to reduce morbidity 
from surgical treatment, adoption of this strategy in 
the United States is in the early stages, and it remains 
unknown whether the favorable outcomes reported by 
specialized centers will be widely reproducible. Hopefully, 
future advances in molecular diagnostic testing of fine 
needle aspiration material will aid patient selection 
by identifying the minority of thyroid cancers that 
will aggressively grow and spread without surgical 
excision. Until then, standardized mechanisms for 
evaluating individual preferences and risk tolerance for 
different treatment-related complications are needed 
to help patients decide between immediate surgery and 
observation of low-risk thyroid cancer. 

Disclosure: no potential conflict of interest relevant to this article 
was reported.
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ABSTRACT
The indolent evolution of low-risk papillary thyroid microcarcinoma (mPTC) in adult patients and the 
consequences of thyroidectomy require a revision of the management traditionally recommended. 
Aiming to spare patients unnecessary procedures and therapies and to optimize the health system in 
Brazil, we suggest some measures. Fine-needle aspiration of nodules ≤ 1 cm without extrathyroidal 
extension on ultrasonography should be performed only in nodules classified as “very suspicious” 
(i.e., high suspicion according to ATA, high risk according to AACE, TI-RADS 5) and in selected cases 
[age < 40 years, nodule adjacent to the trachea or recurrent laryngeal nerve (RLN), multiple suspicious 
nodules, presence of hypercalcitoninemia or suspicious lymph nodes]. Active surveillance (AS) rather 
than immediate surgery should be considered in adult patients with low-risk mPTC. Lobectomy is the 
best option in patients with unifocal low-risk mPTC who are not candidates for AS because of age, 
proximity of the tumor to the trachea or RLN, or because they opted for surgery. The same applies 
to patients who started AS but had a subsequent surgical indication not due to a suspicion of tumor 
extension beyond the gland or multicentricity. Molecular tests are not necessary to choose between 
AS and surgery or, in the latter case, between lobectomy and total thyroidectomy. The presence of RAS 
or other RAS-like mutations or BRAFV600E or other BRAF V600E-like mutations should not modify 
the management cited above; however, the rare cases of mPTC exhibiting high-risk mutations, like in 
the TERT promoter or p53, are not candidates for AS. Arch Endocrinol Metab. 2019;63(5):456-61
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Fine needle aspiration; thyroid papillary microcarcinoma; active surveillance; lobectomy
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INTRODUCTION

The Brazilian National Institute of Cancer (INCA) 
estimates an incidence of 1,570 new thyroid 

tumors in males and 8,040 in females for each year 
of the 2018-2019 biennium, with an estimated risk 
of 1.49 and 7.57 cases per 100,000 men and women, 
respectively (1). As shown in Table 1, thyroid cancer is 
the fifth most common tumor in women.

The incidence of thyroid cancer varies considerably 
across the different regions of Brazil (1). The incidence 
is 9.75 cases/100,000 women in well-developed 
regions such as the southeast, but only 2.8/100,000 
among women from the poorer northern part of the 

country (1). The remarkable geographic variation and 
sex disparity in thyroid cancer rates observed across 
regions may reflect differences in ascertainment, 
diagnosis, treatment, and death certification of 
this disease, as well as healthcare access. The same 
phenomenon has been observed in other Latina 
American countries (2). However, it is noteworthy 
that mortality rates have remained stable or declined in 
Brazil, as observed in many other countries, suggesting 
widespread overdiagnosis (detection of tumors that 
will not cause clinical illness or death) (3,4). Even in 
a study reporting a divergent result, the increase in 
mortality/100,000 inhabitants per year was lower than 
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the increase in incidence (5). This finding suggests 
that, even if some actual increase in thyroid cancer 
cases exists, overdiagnosis is a predominant factor 
(5,6). It should also be noted that the slight increase 
in mortality may in part be iatrogenic - an increase in 
the number of patients undergoing treatment might 
lead to a small number of treatment-related deaths, or 
due to attribution bias - the incorrect assignment of the 
cause of death to cancer in a person’s medical history 
rather than correctly to other causes (6).

In addition to the very sensitive ultrasound devices 
that are largely available and accessible to the general 
population at relatively low cost, new detection 
techniques now routinely reveal small tumors. These 
diagnoses may cause anxiety not only in the patient 
and his family, but also in the physician. The easiest and 
most practical way to deal with the situation is often 
immediate surgery. In the case of thyroid tumors, the 
procedure is often followed by unnecessary and even 
harmful radioiodine administration. The burden of such 
interventions has dramatically increased in the past years.

Recent data from South Korea suggest that the 
epidemic of thyroid tumors observed in that country 
dramatically dropped to before ultrasound screening 
levels after a group of physicians, supported by the 
media, led a campaign against routine screening 
for thyroid cancer (7,8). In fact, the United States 
Preventive Services Task Force (USPSTF) (9) and the 
American Thyroid Association (10) advocate against 
screening for thyroid cancer in asymptomatic adults.

There is an urgent need for a new appraisal of 
the management of thyroid nodules and tumors. In 
addition, it is very important to make it clear to patients 
that immediate interventions and aggressive procedures 
do not necessarily promote better outcomes and may 
even not be the best choices.

PAPILLARY THYROID MICROCARCINOMAS

Papillary microcarcinomas are frequently detected 
during examination of the thyroid in patients who died 
of unrelated causes and without a history of thyroid 
malignancy or in patients submitted to thyroidectomy 
due to benign disease of the gland. This frequency 
ranges from 1% to 8% in Brazil (11-14). Moreover, 
the prevalence of papillary thyroid carcinoma (PTC) 
detected by ultrasonographic screening in subjects 
without a family history of thyroid cancer or a history 
of radiation exposure, who had no abnormalities upon 
thyroid palpation, was reported to be 1.2% (15). As 
observed around the world, an enormous disproportion 
exists in Brazil between this frequency of “occult” PTC 
and the number of patients diagnosed with this tumor 
(1,16-18). Since many of the last cases are currently 
discovered “incidentally” during imaging examination 
of asymptomatic individuals without palpable thyroid 
nodules, this disproportion is even higher if we consider 
only clinically apparent tumors. This great disparity per se 
shows that the progression of PTC to a clinically manifest 
stage occurs only in a small portion of these tumors.

As a confirmation, several studies evaluating the low-
risk papillary thyroid microcarcinomas (mPTC) in adults 
(19-23) have shown that tumor growth is uncommon and 
that the development of apparent lymph node metastases 
is even rarer. So far there are no reports of the occurrence 
of distant metastases (Table 2). Curiously, even a 
reduction of mPTC has been observed in 5% to 15% of 
patients (20,21,24,25). Regarding the characteristics at 
the time of diagnosis, patient age has been related to the 
risk of tumor growth, which is higher in young individuals 
(19-21,23). One study also associated serum TSH > 
2.5 mIU/L with a higher risk of tumor growth (26). 
Importantly, low-risk mPTC is defined in the absence 
of known distant metastases, apparent extrathyroidal 
invasion or lymph node involvement, when the tumor is 
not adjacent to the trachea or recurrent laryngeal nerve, 
and when fine-needle aspiration (FNA) is not suggestive 
of an aggressive subtype.

Even without the adverse effects of radioactive iodine 
and the risks of exogenous suppression of TSH, therapies 
no longer recommended for low-risk mPTC (27) but 
still prescribed for many patients with this tumor, the 
undesirable consequences of surgery remain. Although 
uncommon, hypoparathyroidism and recurrent laryngeal 
nerve injury can occur even when thyroidectomy is 
performed by experienced surgeons. Inevitable after 

Table 1. INCA estimates of tumors in Brazilian women for 2018-2019

Site Number of cases %

Breast 59,700 29.5%

Colon and rectum 18,980 9.4%

Uterine cervix 16,370 8.1%

Trachea, bronchus and lung 12,530 6.2%

Thyroid 8,040 4%

Stomach 7,750 3.8%

Uterine body 6,600 3.3%

Ovary 6,150 3%

Central nervous system 5,510 2.7%

Leukemias 4,860 2.4%

INCA: Instituto Nacional de Câncer (National Cancer Institute).
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Table 2. Natural history of low-risk papillary thyroid microcarcinoma in adult patients

Study (country) Number of patients Time of follow-up Outcomes

Ito and cols., 2014 (Japan) (19) 1,235 18-227 months (mean 60) Growth: 4.6%

LNM: 1.5%

Distant metastases: 0

Sugitani 2018 (Japan) (20) 426 (532 lesions) 1-26 years (mean 8.7) Growth: 8.4%

LNM: 0.9%

Distant metastases: 0

Sugitani 2018 (Japan) (20) 101 1-5 years (mean 2.4) Growth: 6%

LNM: 1%

Distant metastases: 0

Tuttle and cols., 2017† (United States) (21) 291 6-166 months (median 25) Growth: 3.8%

LNM: 0

Distant metastases: 0

Sanabria 2018† (Colombia) (22) 57 0-54 months (median 13) Growth: 3.5%

LNM: 0

Distant metastases: 0

Oh and cols., 2018 (South Korea) (23) 370 21-47 months § (median 32) Growth: 3.5%

LNM: 1.3%

Distant metastases: 0

- 2,480 - Growth: 5.2%

LNM: 1.1%

Distant metastases: 0

LNM: lymph node metastases. Growth = enlargement ≥ 3 mm.
† These studies included patients with tumors measuring 1 to 1.5 cm. § Interquartile.

total thyroidectomy, levothyroxine replacement therapy 
is also commonly required in patients with PTC after a 
lobectomy (28,29). The difficulty of achieving sustained 
control, patient dissatisfaction and compromised quality 
of life during this lifelong therapy have been shown in a 
Brazilian multicenter study (30,31).

RECOMMENDATIONS
The low risk of progression and the consequences of 
surgery, even lobectomy performed by experienced 
surgeons, are factors that lead to the rethinking of 
immediate surgery as the best option in patients with 
low-risk mPTC and that have resulted in the strong 
current trend of considering active surveillance as the 
most adequate management in this situation. In clinical 
practice, three approaches have been adopted to avoid 
overtreatment of these patients.

First, FNA of nodules ≤ 1 cm without apparent 
extrathyroidal invasion or lymph node disease on 
ultrasonography (US), which was already restricted to 
“very suspicious” nodules, is now only recommended 
in selected cases or is no longer indicated even in these 
nodules (Table 3).

Recommendation 1: This panel recommends FNA 
for nodules ≤ 1 cm if they are “very suspicious” on US 
and, additionally, if any of the features listed in Table 4 is 
observed. Obviously, patients initially not submitted to 
FNA should be monitored and FNA may be indicated 
during follow-up (Table 4).

Recommendation 2: In the case of patients submitted 
to FNA whose result of cytology or molecular testing 
is compatible with PTC, this panel recommends active 
surveillance rather than immediate surgery as an option 
in many cases (Table 5). It is also important to note 
here that patients initially not submitted to surgery 
should be followed up closely and thyroidectomy might 
be indicated later (Table 5).

One noteworthy finding is the excellent evolution 
of patients whose surgery was only performed later for 
several reasons, including tumor progression. Among 
303 patients who underwent surgery after a period 
of active surveillance, highlighting that most of them 
did not receive radioactive iodine, only one case of 
short-term local recurrence (0.35%) was observed (19-
21,23), a rate similar to that found in patients operated 
on immediately after diagnosis.
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Table 4. Fine-needle aspiration (FNA) recommended by this panel for adults with “very suspicious”§ nodules ≤ 1 cm on ultrasonography (US) and follow-
up of patients not submitted to FNA

Indication for initial FNA:
Age < 40 years or known distant metastases

Nodule with extrathyroidal extension on US, adjacent to the trachea or recurrent laryngeal nerve, or multiple “suspicious” nodules

Presence of suspicious lymph nodes§§

Hypercalcitoninemia suggestive of medullary thyroid carcinoma (if calcitonin is obtained)

In cases in which confirmation by FNA that the nodule is a papillary microcarcinoma would lead to the indication of therapy with levothyroxine (see Table 5)

Patient’s desire

Follow-up of patients initially not submitted to FNA:
Clinical examination

Ultrasonography (US) aimed at: (i) dimensions and volume of the nodule, (ii) emergence of new “suspicious” nodule(s), (iii) extrathyroidal invasion, (iv) relationship of the 
nodule with the trachea and recurrent laryngeal nerve, and (v) suspicious lymph node(s)

Serum TSH

Periodicity: US every 6 months in the first 12 months and then annually in the absence of growth

FNA if the nodule monitored exceeds 1 cm, exhibits rapid growth (100% increase in volume in less than 2 years), or extrathyroidal extension; suspicious lymph node on 
US; new data that would indicate initial FNA

§ “High suspicion” (10), Class 3 (“high risk”) (32), EU-TIRADS 5 (34), or ACR TI-RADS 5 (35).
§§ Combined with FNA of the lymph node (cytology and thyroglobulin measurement in its washout).

Table 5. Criteria suggested by this panel for the choice of active surveillance over immediate surgery in adult patients with papillary thyroid microcarcinoma 
and follow-up of patients not submitted to surgery

Clinical criteria: age > 40 years, absence of known distant metastases, and clear agreement of the patient or legal representative

Ultrasonographic criteria: single tumor, not adjacent to the trachea or recurrent laryngeal nerve, and absence of apparent extrathyroidal invasion or lymph node 
involvement

FNA criteria: cytology or molecular test (if obtained) not suggestive of aggressive subtype

Laboratory criteria: absence of hypercalcitoninemia suggestive of medullary carcinoma (if calcitonin is obtained)

Follow-up of patients with low-risk papillary thyroid microcarcinoma not submitted to surgery:

Clinical examination

Ultrasonography (US) aimed at: (i) dimensions and volume of the tumor, (ii) emergence of new “suspicious” nodule(s), (iii) extrathyroidal invasion, (iv) relationship of the 
tumor with the trachea and recurrent laryngeal nerve, and (v) suspicious lymph node(s)

Serum TSH.†

Periodicity: US every 6 months in the first 12 months and then annually in the absence of progression

Surgery if the patient no longer meets the above criteria for active surveillance, continues with these criteria but exhibits rapid tumor growth (100% increase in volume 
in less than 2 years), patient’s desire

† Therapy with L-T4 to maintain TSH between 0.5 and 2 mIU/L may be prescribed for patients with TSH between 2.5 and 4 mIU/L less than 65 years and is recommended for patients with TSH > 
4 mIU/L.

Table 3. Recommendation of fine-needle aspiration (FNA) in Europe and the United States for adults with “very suspicious”§ nodules ≤ 1 cm without 
extrathyroidal extension or lymph node involvement on ultrasonography

Reference Recommendation

ATA 2016 (10) Does not recommend FNA.

AACE 2016 (32) In nodules with a diameter 5-10 mm consider either FNA sampling or watchful waiting on the basis of the clinical setting and patient preference. 
Specifically, FNA is recommended for the following nodules: subcapsular or paratracheal lesions, positive personal or family history of thyroid 
cancer.

Leboulleux and 
cols., 2016 (33)

FNA if family history of thyroid cancer or previous head and neck external beam radiation, or suspicion of one or more of the following: 
microcarcinoma adjacent to recurrent laryngeal nerve or to trachea, multinodular thyroid.

ETA 2017 (34) Does not recommend FNA.

ACR 2017 (35) Biopsy of 5- to 9-mm TI-RADS 5 nodules may be appropriate under certain circumstances. The determination to perform FNA will involve shared 
decision making between the referring physician and the patient.

NCCN 2019 (36) Does not recommend FNA.

Italian Societies 
2018 (37)

Diameter 5-9 mm: either FNA sampling or US monitoring on the basis of clinical setting and patient preference. FNA is recommended for 
subcapsular, posterior or paratracheal lesions, or in case of clinical thyroid cancer risk factors.

§ “High suspicion” (10), Class 3 (“high risk”) (32), EU-TIRADS 5 (34), or ACR TI-RADS 5 (35).
ATA: American Thyroid Association; AACE: American Association of Clinical Endocrinologists; ETA: European Thyroid Association; ACR: American College of Radiology; NCCN: National Comprehensive 
Cancer Network.
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Table 6. Criteria suggested by this panel for the choice of lobectomy in patients with papillary microcarcinoma and for the indication of surgical 
complementation in the short-term.

Patients who are not candidates for active surveillance due to age, proximity of the tumor to the trachea or recurrent laryngeal nerve, and preference for surgery, but 
who meet the remaining criteria of Table 5; or patients who had a surgical indication during active surveillance not due to tumor beyond the gland or multicentricity

Patient accepting possible complementation and not exhibiting high anesthetic/surgical risk

Contralateral lobe without a very suspicious nodule or nodule > 1 cm or multiple nodules

Absence of apparent extrathyroidal invasion and lymph node involvement during perioperative evaluation

Unnecessary criteria but that reinforce the choice of lobectomy:

Euthyroidism with preoperative TSH ≤ 2 mIU/L and without Hashimoto’s thyroiditis

Negative anti-Tg antibody

Absence of nodule in the contralateral lobe

If accepted and feasible, complementation of lobectomy in the short-term if:

Stage T3b, vascular invasion, aggressive histological subtype, compromised margins

Postoperative ultrasonography demonstrating lymph node metastases not detected pre- or perioperative (rare)

Unstimulated Tg > 30 ng/mL (10,42)§ a few months after surgery and with controlled TSH (rare)

§ It can be half the upper limit of the normal range obtained for healthy individuals.

Recommendation 3: This panel recommends 
lobectomy as the best option for patients with mPTC 
who are not candidates for active surveillance because of 
age, proximity of the tumor to the trachea or recurrent 
laryngeal nerve, or because they opted for surgery, but 
who meet the remaining criteria reported in Table 5. The 
same applies to patients who started active surveillance 
but had a subsequent surgical indication not due to 
tumor beyond the gland or multicentricity.

Recently, treatment of mPTC with ablative 
techniques such as laser, radiofrequency, microwave 
or percutaneous ethanol injection has been reported 
(38-41). Although studies have demonstrated the short-
term efficacy and safety of these procedures, it is the 
current opinion of this panel that there is no evidence 
of their superiority over active surveillance in patients 
who are candidates for the latter, or of their superiority 
over surgery when it is indicated and feasible.

Recommendation 4: This panel considers that, 
provided the criteria of Tables 5 and 6 are met, 
molecular tests are not necessary to choose between 
active surveillance and surgery or, in the latter case, 
between lobectomy and total thyroidectomy. In cases 
in which molecular tests are obtained, the presence of 
RAS or other RAS-like mutations (e.g., PAX8/PPARG 
rearrangement) or BRAFV600E or other BRAF 
V600E-like mutations (e.g., RET/PTC fusions) should 
not modify the management cited above. Mutations in 
the TERT promoter were recently reported to correlate 
strongly with aggressiveness in advanced forms of 
thyroid cancer. Although they are uncommon in mPTC 
apparently restricted to the thyroid (43) and have 
not been associated with the growth or development 

of lymph node metastases in mPTC under active 
surveillance (44), this panel currently considers that the 
rare cases of mPTC exhibiting high-risk mutations, like 
in the TERT promoter or p53, are not candidates for 
active surveillance.

Disclosure: no potential conflict of interest relevant to this article 
was reported. 
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ABSTRACT 
Objectives: To determine the percentage of patients with papillary thyroid carcinoma (PTC) who 
accepted active surveillance as an alternative to surgery in our clinical practice and to describe the 
clinical characteristics and outcomes of patients with Bethesda category V and VI thyroid nodules 
who chose active surveillance. Subjects and methods: We included 136 PTC patients from the 
Hospital de Clínicas, University of Buenos Aires without (i) US extrathyroidal extension, (ii) tumors 
adjacent to the recurrent laryngeal nerve or trachea, and/or (iii) US regional lymph-node metastasis 
or clinical distant metastasis. PTC progression was defined as the presence of i) a tumor larger than 
≥ 3 mm, ii) novel appearance of lymph-node metastasis, and iii) serum thyroglobulin doubling time 
in less than one year. For patients with these features, surgery was recommended. Results: Only 34 
(25%) of 136 patients eligible for active surveillance accepted this approach, and around 10% of those 
who accepted abandoned it due to anxiety. The frequency of patients with tumor enlargement was 
17% after a median of 4.6 years of follow-up without any evidence of nodal or distant metastases. 
Ten patients who underwent surgical treatment after a median time of 4 years of active surveillance 
(AS) had no evidence of disease after a median of 3.8 years of follow-up after surgery. Conclusion: 
Although not easily accepted in our cohort of patients, AS would be safe and easily applicable in 
experienced centers. Arch Endocrinol Metab. 2019;63(5):462-9
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INTRODUCTION

Papillary thyroid carcinoma (PTC) is the most 
common endocrine malignancy, accounting for 

about 1% of all cancers (1). An exponential increase 
in its incidence has been demonstrated over the last 
decade (2). However more than 50% of this increase 
is linked to the identification of intrathyroidal papillary 
microcarcinomas (PMCs) (3). The origin of this upward 
trend in the incidence of PMCs has not been elucidated, 
possibly due to the wider use of diagnostic imaging 
technology combined with greater access to health care 
and patients’ improved socioeconomic conditions (4,5). 
Most PTCs are non-palpable, and their diagnosis arises 
from ultrasonographic incidental findings or from the 
anatomopathological study of removed thyroid glands 
due to benign pathology (3,6). If never diagnosed 
and treated, most of these PMCs would remain stable 
without influencing overall survival, as shown in 

several autopsy studies, which revealed a prevalence of 
PMCs ranging from 4.2 to 35.6% (7-9). On the other 
hand, several authors warned about the medical costs 
of thyroid cancer treatment, which might expand to  
US$ 3.5 billion by 2030 in the United States (10).

 At the moment, the therapeutic approach for 
patients with differentiated thyroid carcinoma should 
be individualized to differentiate patients who will 
benefit from a more aggressive therapy from those who 
may require a conservative approach (11). In this last 
group of patients, observation instead of immediate 
surgery emerges as a valid option.

 Akira Miyauchi was the first investigator to 
propose active surveillance for patients with PMC, 
based on the fact that a small minority of these PMCs 
might progress (12). This researcher hypothesized 
that most PMCs remain latent without progression 
or with very slow progression, so it would not be 
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harmful to delay surgery until diagnosis of significant 
size enlargement or development of nodal metastasis 
(13). This active surveillance strategy entailed 
performing neck ultrasound examinations every 6 
to 12 months, and progression was defined as an 
increase in tumor diameter of 3 mm or more and/or 
the identification of lymph node/distant metastasis 
during the follow-up (12).

The first active surveillance study of PMCs was 
published in 2003, and it showed that tumor size 
remained stable or decreased compared to the baseline 
in more than 70% of the patients (12). The same and 
other researchers later confirmed these data (14-21). 
Additionally, Tuttle and cols. observed similar results in 
tumors up to 1.5 cm in size, a situation that supports 
active surveillance as a valid follow-up alternative (14). 

However, this alternative’s applicability in patients 
with a diagnosis of PMCs needs to be evaluated 
considering the various scenarios, which usually include 
i) a medical team likely to follow this new approach, ii) 
patients who accept this strategy, and iii) a radiologist 
who knows what must be considered from each image 
study during the follow-up. 

Due to the absence of any published experience 
in Latin America, the aim of this study was i) to 
determine the percentage of patients with PTC who 
accepted active surveillance as an alternative to surgery 
in our clinical practice and ii) to describe the clinical 
characteristics and outcomes of patients with Bethesda 
category V and VI thyroid nodules who underwent 
active surveillance at the Hospital de Clínicas at the 
University of Buenos Aires.

SUBJECTS AND METHODS

We evaluated 136 patients with a diagnosis of PCMs 
eligible for active surveillance who attended our 
hospital before the indication of a surgical treatment. 

Inclusion criteria were i) the presence of a single 
thyroid nodule classified as PTC (Bethesda category 
VI) or suspicious for PTC (Bethesda category V) (22); 
ii) tumor size of 1.5 cm or less in maximal diameter 
at diagnosis; iii) no clinical or radiographic evidence of 
extrathyroidal extension, invasion of local structures, 
or regional (N1) or distant metastases (M1); and iv) 
undetectable serum calcitonin levels. 

Patients who did not meet the previously described 
criteria but had a high surgical risk or refused to be 
operated on were also included. 

Follow-up

Patients’ follow-ups included thyroid and neck 
ultrasonography examinations and assessment of serum 
TSH and thyroglobulin (Tg) and anti-thyroglobulin 
antibodies (TgAb) levels every 6 months. All patients 
had to follow-up for at least 6 months. 

Patients with posterior tumors near the trachea or 
esophagus or located along the course of the recurrent 
laryngeal nerves or carotid were excluded.

Prospective active surveillance was considered when 
diagnosis of PTC was made at the beginning of follow-
up and retrospectively when cytological diagnosis of 
Bethesda categories V and VI was established after 
surveillance of a single thyroid nodule that grew since a 
previous ultrasonographic follow-up.

Serum Tg levels were measured by an 
electrochemiluminescent method (ECLIA), Elecsys 2010 
(Roche) with an analytical sensitivity of 0.04 ng/mL and 
functional sensitivity of 0.1 ng/mL. TgAb levels were 
measured by an electrochemiluminescent method, Elecsys 
Anti-Tg (Roche); values > 20 IU/mL were considered 
positive. Serum TSH was measured with a commercialized 
chemiluminescence assay kit (Siemens Advia Centaur® 
XPT TSH3-UL) (reference range of 0.35 to 5.5 mU/l).

Additionally, the same operator performed a neck 
ultrasound with a linear 11 MHz transducer every 
six months.

Indication of surgery

Surgery was recommended if i) the primary tumor 
grew 3 mm or more in the greatest dimension from the 
baseline in less than one year, ii) the greater diameter was 
larger than 1.5 cm during any moment of the follow-
up, ii) serum Tg doubling time less than one year, or 
iii) evidence emerged of extrathyroidal extension, nodal 
or distant metastasis. 

Evaluation after surgery

Each patient was stratified after surgery with the modified 
2015 ATA risk stratification system (low, intermediate, 
or high risk of recurrence) (23), which identified the 
mortality risk according to the eighth edition of the 
AJCC/UICC staging system (TNM Stage) (24). 
Patients were re-stratified according to their responses 
to therapy assessment compared to the previously 
published definitions (excellent response, indeterminate 
response, biochemical incomplete response, or structural 
incomplete response to therapy) (23,25).
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Our hospital’s Ethical Committee approved the present 
study. All the participants provided written informed 
consent for data collection and tumor acquisition. 

Statistical analysis

Continuous data were presented as means (SDs) 
or medians (ranges) and interquartile range, as 
appropriate for each variable. Percentage change in 
size was calculated relative to the baseline estimated in 
ultrasound at diagnosis. A meaningful change in tumor 
size was defined as an increase greater than 3 mm from 
baseline before the initial fine-needle aspiration. The 
values obtained were compared using Chi2 for categorical 
variables and a t test for comparison of two means for 
continuous variables with normal distribution. The 
statistical tests used to compare the differences between 
the groups were the Mann-Whitney U test for skewed 
variables and the Wilcoxon signed-rank test for paired 
skewed variables. All statistical analyses were conducted 
using SPSS, 24.0 version (IBM Corp).

RESULTS 

Of 136 eligible patients offered the alternative of active 
surveillance, only 34 (25%) decided to undergo this 
approach. All patients who chose immediate surgery 
expressed anxiety about disease progression and 
uncertainty about identification of regional or distant 
metastases with continued observation. Therefore, a 
total of 34 patients with PTC smaller than 1.5 cm in 
diameter (Bethesda category VI) or suspicious for PTC 
(Bethesda category V) were included in the study. The 
mean follow-up was 48.8 ± 29.6 months (median, 42 
months [range, 7-120 months]). Active surveillance 
was adopted due to i) the patient´s election to be 
monitored with observational management (n = 31; 
91%), ii) high surgical risk (n = 2; 6%), and iii) surgical 
issues that needed to be addressed prior to the thyroid 
surgery (n = 1, 3%).

Baseline characteristics of patients included in the 
study are summarized in Table 1.

Active surveillance was prospective in 70% (n = 24) 
of patients with cytological diagnosis at the beginning 
of follow-up, and in the remaining 30% (n = 10), active 
surveillance was initially performed retrospectively, 
with the diagnosis of a PTC by FNAB after a mean of 
69.9 ± 34.15 months of follow-up of a solitary thyroid 
nodule by neck ultrasonography. In this group, 50% (n 
= 5/10) of patients underwent surgery at the moment 

of inclusion, and the other 50% continued with a 
prospective active surveillance (n = 5/10) (Figure 1).

The median tumor size of the whole cohort was 
9.20 mm ± 2.95 mm at diagnosis and 9.66 mm ± 
3.10 mm at the end of follow-up or at the moment of 
surgery (p = NS). Tumor diameter growth of 3 mm or 
more was observed in 17% (n = 6), and 74% (n = 25) 
did not exhibit significant changes during follow-up. 
Additionally, 9% (n = 3) of patients showed a decrease 
in size of more than 3 mm (Figure 2). 

It was not possible to identify a differential feature 
that was linked to tumor progression between groups. 
Although the majority of tumors that increased in size 
were larger than 1 cm, reliable conclusions about this 
trend cannot be obtained given the small number of 
patients who experienced tumor growth. The latter 
group’s characteristics are summarized in Table 1. 

Table 1. Baseline characteristics of included patients 

Variable 
Patients with 
stable tumors 

(n = 28)

Patients with 
tumor increased   
(> 3 mm) (n = 6)

Age at diagnosis, y
Median (range)

<60 y.o. (n)

41 (15-79)

30 (88)

42 (26-79.7)

5 (83)

Sex, n (%)
Female

Male

29 (85)

5 (15)

6 (100)

0

Citology, n (%)
Bethesda category V

Bethesda category VI

10 (30)

24 (70)

1 (17)

5 (83)

Surveillance modality (%)
Prospective

Retrospective

24 (70)

10 (30)

4 (67%)

2 (33%)

Extent of active surveillance 
(months)

Median (range) 42 (7-120) 41,8 (24-84)

Tumor size (%)
≤ 1 cm

1.1-1.5 cm

24 (70)

10 (30)

1 (17)

5 (83)

History of autoimmune thyroid 
disease, n (%) 

None

Autoimmune thyroiditis

Subacute thyroiditis

Graves’ disease

19 (56)

13 (38)

1 (3)

1 (3)

5 (83)

1 (17)

0

0

TSH levels (mUI/mL)
Median (range) 0.63 (0.52-1.5) 1.03 (0.8-1.2)

Levothyroxine treatment (%)
Yes

No

36

64

0

100

SD: standard deviation; n: number of patients; TSH: thyrotrophin.
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Mean and median serum Tg baseline levels were 
34.84 ± 80.41 ng/ml and 7.5 ng/ml (0.2-320 ng/
mL), respectively. Tg levels greater than 100 ng/ml 
were observed in two patients (5%) (106 ng/mL and 
172 ng/mL, respectively), and only one patient showed 
a doubling time shorter than one year during follow-up. 

At the time of writing this manuscript, four patients 
who experienced tumor growth were still under active 
surveillance, with no clinical or radiological evidence of 
extrathyroidal extension, lymph node, or distant metastases.

The clinical outcomes of the 102 patients who 
refused active surveillance can be observed in Table 2.

Outcomes in patients who switched from active 
surveillance to surgery

Surgery was performed on 29% (n = 10) of patients. 
In this group, 50% (n = 5) decided to undergo surgery 
during the prospective observation, and in the other 
half (n = 5), the indication of surgery was given at the 
moment of study inclusion due to the presence of a 
tumor with a diameter near 15 mm in a retrospective 
surveillance background, as previously explained. In the 
latter scenario, a patient with a single 15-mm nodule was 
included, in which the diagnosis of PTC was obtained 
after 108 months of follow-up of a thyroid nodule with 
negative FNAB result previously performed.

Only two patients underwent surgery due to an 
increase in tumor diameter of 3 mm or more in the 
greatest dimension over baseline. Eight patients decided 
to undergo surgery despite no increase in tumor size. 
Among them, 3 patients returned to the clinic having 
undergone thyroidectomy for anxiety-related issues, 
representing 9% of the total cohort. For one additional 
patient, surgery was indicated after the observation of 
a doubling of serum Tg level in six months (from 172 
ng/mL to 320 ng/mL) associated with a posterior 
tumor localization adjacent to the trachea, for whom 
active surveillance was previously agreed upon due to a 
high surgical risk (Figures 3 and 4). 

The majority of patients who decided to undergo 
surgery preferred total thyroidectomy even though 
lobectomy was offered as the ideal approach.

Ninety percent of the patients who received surgery 
were women, and the mean age at diagnosis of the PTC 
was 41.27 ± 11.9 years old. The median tumor size was 
11.6 ± 2.69 mm at the beginning of active surveillance 
and 11.7 ± 2.72 mm before the surgical procedure  
(p = NS) after a mean follow-up of 56.2 ± 38.2 months 
(median, 45 months [range, 12-120 months]). All of 

Figure 1. Graphical explanation of the concept of retrospective surveillance.

PTC: papillary thyroid carcinoma. 

Figure 2. Percentage of change in tumor size (more or less than 3 mm) 
during active surveillance for each patient.
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74%
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17%

-0.1

-0.2

-0.3

-0.4
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Decrease in tumor size (> 3 mm)
No change in tumor size
Increase in tumor size (> 3 mm)

Retrospective surveillance
(n = 10)

Diagnosis of
PTC

Prospective
active

surveillance

Diagnosis of
thyroid nodule

(n = 10)
 Mean follow-up 

69 months 
(12-120)

(n = 5) 
Surgery

(n = 5)
Mean follow-up 

36 months 
(7-48)

Table 2. Clinical outcomes of 102 patients who refused to undergo active surveillance and received surgery* during the first three months after the 
diagnosis of a papillary thyroid microcarcinoma

Initial response
Response at the end of follow-up (median 32.6 months [12-56])

NED IR BIR SIR

Total (n = 102/136)

ER (n = 69,68%) 98,5% (n = 68) 1,5% (n = 1) – –

IR (n = 29, 28%) 55,1% (n = 16) 44,9% (n = 13)

BIR (n = 1, 2%) – – 100% (n = 1) –

SIR (n = 1, 2%) 50 %  (n = 1) – – 50 % (n = 1)

* Total thyroidectomy in 80 patients and hemithyroidectomy in 22 patients.
ER: excellent response; IR: indeterminate response; BIR: biochemical incomplete response; SIR: structural incomplete response; NED: no evidence of disease. 
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these patients were classified as harboring a low risk 
of recurrence and TNM stage I. Seven patients (70%) 
had an excellent initial response to treatment, and 
one showed of the following responses: biochemical 
incomplete, indeterminate, and structural incomplete 
(representing 10% each).

The patient who presented a structural 
incomplete response to treatment received a central 
neck compartment dissection one year after total 
thyroidectomy. No patient showed evidence of disease 
at the end of follow-up (median, 46.4 months [range, 
6-89 months]) (Table 3). 

Tumor size
near 15 mm 
(retrospective
surveillance)

Anxiety about 
disease

progression

38%
(n = 3)

12%
(n = 1)

50%
(n = 4)

Serum Tg doubling time of 6 months
with a posterior PMC adjacent to the trachea

Figure 3. Causes of surgery despite no increase in tumor size

Figure 4. Ultrasonographic images of selected patients with PTC undergoing active surveillance.

(A) Eleven mm PTC with posterior localization adjacent to the trachea and duplication of Tg serum levels in less than one year. Active surveillance was 
previously agreed due to a high surgical risk. The patient underwent surgery after 12 months of follow-up with a low risk of recurrence tumor and an excellent 
response to treatment after 32 months of follow-up; (B-D) Markedly hypoechoic thyroid nodules with macro and microcalcifications and irregular margins 
(Bethesda category VI). Tumor size remained stable under active surveillance (12, 5 and 12 mm respectively) after 84, 30 and 53 months, respectively.

A

C

B

D
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Table 3. Characteristics of the patients who underwent surgery

Surgery Age (y) Histology T (cm) N M TNM
stage RR Initial response

Response at the  
end of follow-up  

(median 46.4 m, 6-80)

TT 46.9 CPTC 0.9 0 0 I Low Excellent NED

HT 37.5 CPTC 1.1 1a 0 I Low Structural incomplete NED

TT 65.5* CPTC 1.1 0 0 I Low Biochemical incomplete NED

TT 24.2 CPTC 1.5 0 0 I Low Excellent NED

TT 44.3 CPTC 0.8 1a 0 I Low Excellent NED

TT 32,3 CPTC 1.5 0 0 I Low Indeterminate NED

TT 40,4 CPTC 0,7 0 0 I Low Excellent NED

TT 55,5 CPTC 1,1 0 0 I Low Excellent NED

TT 26,6 CPTC 9 0 0 I Low Excellent NED

TT 40 FVPTC 1,5 0 0 I Low Excellent NED

TT: total thyroidectomy; HT: hemithyroidectomy; T: tumor; N: node involvement; M: distant metastasis; RR: risk of recurrence; CPTC: classical papillary thyroid carcinoma; FVPTC: follicular variant of 
papillary thyroid carcinoma; NED: no evidence of disease.
* Patient who presented a serum Tg doubling time of 6 months with a posterior PMC adjacent to the trachea.

DISCUSSION 

As a follow-up strategy, active surveillance has been 
initially proposed in patients with localized low-risk 
prostate cancer, with the intention of delaying active 
treatment until the tumor revealed a significant 
progression, thus avoiding the side effects of previously 
proposed treatments (26). This approach can also be 
used in patients with slow-growing tumors, such as 
thyroid cancer, as several authors have shown (12-21). 
According to the 2015 American Thyroid Association 
Guidelines (23) for the treatment and follow-up of 
patients with thyroid cancer, active surveillance can be 
considered an alternative to immediate surgery in various 
situations: i) in very low-risk papillary microcarcinomas 
with no clinical or radiographic evidence of histologically 
adverse features, such as extrathyroidal extension, 
lymphovascular invasion, or metastatic lymph node 
involvement; ii) when no aggressive cytological variants 
of thyroid cancer are present; iii) in patients at high 
surgical risk because of comorbid conditions; iv) in 
patients expected to have a relatively short remaining 
life span (e.g., serious cardiopulmonary disease, other 
malignancies, very advanced age); and v) inpatients 
with concurrent medical or surgical issues that need 
to be addressed prior to thyroid surgery (23,27). The 
literature supports this approach as a safe and effective 
alternative to immediate surgery in properly selected 
patients (14-21).

In our study, it was surprising that only 25% of 
patients with a diagnosis of a PTC candidate for active 

surveillance accepted this modality as an alternative. To 
our knowledge, no other studies address the difficulty 
of implementing active surveillance, but it seems it is 
currently not an option most patients consider, at least 
in our country (28,29). 

To date, reliable molecular features that can 
differentiate the small number of patients who will 
clinically progress under active surveillance have 
not been yet defined (30). Therefore, additional 
studies are needed to identify the specific risk factors 
that lead patients to choose surgery instead of active 
surveillance and to define the systematic follow-up 
process to establish frequency of neck ultrasound 
examinations, optimal serum TSH cutoff, and the 
potential role of serum Tg during surveillance, 
among others. Additionally, significant complications 
of thyroid surgery could also lead patients to choose 
active surveillance (19,31-33). The rate of permanent 
recurrent laryngeal nerve paralysis and permanent 
hypoparathyroidism was reported as high as 10% and 
7.1%, respectively. Together, they can reach up to 35% 
(32). Such surgical complications can be avoided if 
observation is chosen as the first line of management 
(19,27,31,33). 

The adequate management of patients with PTC 
under active surveillance requires the availability of 
an experienced multidisciplinary management team 
and high-quality neck ultrasounds (14). The lack 
of accuracy in measurements of tumor size might 
affect treatment-decision making and final outcomes.  
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In relation to tumor kinetics, our results are consistent 
with previous studies conducted in Japan and United 
States (14-21). Tumor diameter growth of 3 mm or 
more from baseline during the first years of active 
surveillance was observed in about 17% of the patients 
because we included patients with a retrospective 
follow-up (see before). Small PTCs up to 1.5 cm in 
diameter, even above the traditional 1-cm cutoff, 
showed a similarly low likelihood of growth, and a small 
percentage of patients experienced tumor regression 
(14). This last phenomenon might occur due to local 
immune mechanisms and/or necrosis, triggered by 
FNAB’s traumatic effect on the intratumoral cell 
population (14,20). On the other hand, none of our 
patients experienced loco-regional metastases, distant 
metastasis, or specific death during active surveillance 
(14-21). As in previous investigations, the patients in 
our cohort who experienced an increase in tumor size 
were under 60 years old, with a mean age of 45.86 ± 
17.3 years (14,17,19). This subgroup of patients had 
TSH levels in the lower part of the reference range 
without hormone replacement therapy, not supporting 
the association theory regarding elevated serum TSH 
levels and increased tumor volume in the first 2 years 
of follow-up (34). Increased serum Tg levels were 
observed in 5% of patients. However, none of them 
showed an increase in tumor diameter. Until now, 
no conclusive studies had been conducted on the 
prognostic value of basal serum thyroglobulin levels 
in tumor progression during active surveillance (35). 
In our cohort, 23% of the patients decided to undergo 
surgery despite no increase in tumor size, mostly due 
to anxiety stemming from the follow-up. All of them 
were classified as low risk of recurrence with an initial 
excellent response to treatment and no evidence of 
disease after 4.6 years of follow-up. 

In conclusion, this is the first study reported in Latin 
America related to active surveillance in appropriately 
selected patients with PTC. Only a quarter of patients 
who were offered to undergo an active surveillance of 
the PTC accepted this procedure. Additionally, around 
10% of patients decided to abandon active surveillance 
due to anxiety. Although surgical treatment continues 
to be the standard procedure in most patients with 
thyroid carcinoma, this new approach would be 
safe, effective, and easily applicable in centers with 
extensive experience in the management of patients 
with thyroid cancer.
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ABSTRACT 
Objective: We analyzed the clinical, biochemical, and imaging findings of adrenalectomized patients 
with Cushing’s disease (CD) in order to compare the characteristics of those who developed Nelson’s 
syndrome (NS) versus those who did not develop this complication (NNS), aiming to identify 
possible predictive factors for its occurrence. Subjects and methods: We performed a retrospective 
review of the clinical records of a group of patients with CD who underwent TBA between 1974 and 
2011. Results: Out of 179 patients with CD, 13 (7.3%) underwent TBA. NS occurred in 6 of them (46%) 
after a mean of 24 months from the total bilateral adrenalectomy (TBA). Age at diagnosis, duration 
of Cushing’s syndrome (CS) until TBA, and steroid replacement doses were similar in both groups. 
Initial urinary cortisol levels (24-hour urinary free cortisol [UFC]) were significantly higher in the NS 
group than in the NNS group (p = 0.009). Four patients in the NS group and three of those in the 
NNS group received radiotherapy before TBA (p = 0.26). Three patients in the NS group presented 
residual tumors before TBA, compared with none in the NNS group (p = 0.04). At 1 year after TBA, 
the median ACTH level was 476 ng/L (240-1500 ng/L) in the NS group and 81 ng/L (48-330 ng/L) in 
the NNS group (p = 0.0007). Conclusion: In conclusion, a residual tumor before TBA, higher 24-hour 
UFC at diagnosis, and increasing ACTH levels within 1 year after TBA emerged as predictive factors 
of development of NS. Arch Endocrinol Metab. 2019;63(5):470-7
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INTRODUCTION

Cushing’s disease (CD) is caused by a corticotroph 
pituitary tumor. Patients with CD are usually 

treated with transsphenoidal surgery (TSS), as this 
approach leads to remission in 70-90% of the cases and 
is associated with low morbidity when performed by 
experienced pituitary surgeons (1).

However, the risk of CD recurrence 10 years 
after surgery can reach 20-25% of the patients in 

postoperative remission (2,3). Therefore, patients with 
persistent or recurrent CD might benefit from a second 
pituitary operation (which leads to remission in 50-70% 
of the cases), radiation therapy (RT) on the pituitary 
gland, or total bilateral adrenalectomy (TBA) (1,3). 
TBA offers an 85-100% success rate in controlling 
hypercortisolemia, and is particularly useful in patients 
with severe comorbidities associated with this condition 
(2,4,5). However, one of the limitations of TBA is the 
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potential development of Nelson’s syndrome (NS), a 
possible life-threatening complication after TBA for 
refractory CD (1,2,4,6).

The diagnostic criteria of NS have varied widely 
since Don Nelson published his first series of patients 
in 1960 (7). Based on the available literature, 
NS is broadly defined as the association between 
pituitary tumor growth and progressive elevations of  
ACTH levels after bilateral adrenalectomy in patients 
with CD (8). 

Many factors predicting the development of NS 
have been proposed, but the evidence is conflicting due 
to the heterogeneity of different reports. 

The aim of this study was to compare the clinical, 
biochemical, and imaging features of patients who 
developed NS versus those who did not develop this 
complication to identify possible predictive factors for 
its occurrence.

SUBJECTS AND METHODS

We performed a retrospective review of the clinical 
records of a group of patients with CD who underwent 
TBA between 1974 and 2011. In a cohort of 254 
patients with Cushing’s syndrome (CS), 179 (70.4%) 
had an accurately confirmed diagnosis of CD, mostly 
by ACTH immunostaining of the tumor or inferior 
petrosal sinus sampling (IPSS). In those who did not 
undergo IPSS (particularly the early patients in the 
series), the diagnosis of CD was suggested by the 
metyrapone and 8-mg dexamethasone tests. Only 13 
patients with CD (7.3%) were adrenalectomized and 
then followed up at the Hospital de Clínicas of the 
University of Buenos Aires. The mean follow-up after 
TBA was 14 years (range 5-30 years). Nine of the 13 
patients (69%) were women and 4 (31%) were men, 
and the mean age at diagnosis of CD was 28 years 
(range 17-47 years). After surgery, all patients received 
standard doses of hydrocortisone and fludrocortisone.

We analyzed the patients’ clinical data, including age 
at TBA, gender, post-TBA hydrocortisone replacement 
doses, and previous pituitary irradiation. Biochemical 
features (24-hour urinary free cortisol [UFC] and 
ACTH levels before TBA, and ACTH levels after TBA), 
magnetic resonance imaging (MRI) before and after 
TBA, and complications during follow-up were also 
assessed. Patients were then classified into two groups 
according to the occurrence or absence of NS. This 
syndrome was defined according to the criteria proposed 

by Barber and cols. (5) as the presence of ACTH values 
>500 ng/L with rising levels on at least three consecutive 
occasions and/or an expanding pituitary mass lesion 
after TBA shown on MRI or CT scanning.

Statistical analysis

The Wilcoxon rank sum test was used to compare the 
24-hour UFC and ACTH levels, duration of CD prior 
to TBA, and steroid replacement doses in both groups. 
Fisher’s exact test was applied to assess the relationship 
between the development of NS and sex, age, presence 
of residual tumor, and RT prior to TBA. All statistical 
analyses were performed using Statistix 8.0 (Analytical 
Software, Tallahassee, FL, USA) and SPSS 16.0.0 
(SPSS Inc., Chicago, IL, USA). 

RESULTS
In all, 13 patients underwent TBA between 1974 and 
2011. TBA was performed by laparoscopy in 4 cases 
(31%) and by an open approach in 9 cases (69%). One 
patient undergoing laparoscopic surgery required 
conversion to open TBA. Immediate complications were 
hemorrhage in 1 patient (8%) and sepsis in 2 patients 
(15%), all of whom underwent adrenalectomy by an 
open approach. Long-term complications addressed 
were adrenal crisis in 2 (15%) of the patients and sepsis in 
4 (31%) of them. NS occurred in 6 patients (46%) over 
a mean of 24 months (range 8-47 months) after TBA.

Clinical, biochemical, and imaging features of all 
patients are summarized in Table 1. 

NS was diagnosed in 6 patients (4 women and 2 
men) with a mean age of 29.3 ± 11.8 years (range 18-
47 years). In the 7 patients in the non-NS group (NNS) 
(5 women and 2 men) the mean age was 26.7 ± 6.9 
years (range 17-37 years). There were no significant 
differences concerning age and sex distribution 
between both groups. The duration of CS prior to TBA 
was 21.5 ± 20.9 months in the NS group and 37.1 ± 43 
months in the NNS group (p = 0.73).

The 24-hour UFC levels at CD diagnosis were 
2291 nmol/24h (range 1380-3533 nmol/24h) in 
the NS group and 1139 nmol/24h (range 287-3660 
nmol/24h) in the NNS group (p = 0.009) (Figure 1). 
The mean ACTH levels at diagnosis were 74 ng/L 
(33-113 ng/L) in the NS group versus 100.8 ng/L 
(12-305 ng/L) in the NNS group (p = 0.83).

At the time of the diagnosis of CD, three out of 
six patients in the NS group harbored macroadenomas 
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Table 1. Clinical, biochemical, and imaging features of the 13 adrenalectomized patients

Variable Nelson’s syndrome Non-Nelson’s syndrome p value

Sex Males: 2/6

Females: 4/6

Males: 2/7

Females: 4/7

1

Age at diagnosis of CD (years) 29.3 ± 11.8 (range: 18-47) 26.7 ± 6.9 (range: 17-37) 0.9

Mean follow-up after TBA (years) 13.1 ± 7.2 (range: 5-20) 26.7 ± 6.9 (range: 17-37) 1

Mean duration of CS prior to TBA (months) 21.5 ± 20.9 (range: 15-30) 37.1 ± 43 (range: 5-120) 0.73

Macroadenoma before TSS Yes: 3/6 None: 0/7

Persistent CD Yes: 6/6 Yes: 6/7 1

Residual tumor before TBA Yes: 3/6 (50%)

No: 3/6 (50%)

Yes: 1/7 (14%)

No: 6/7 (86%)

0.04*

RT prior to TBA 4/6 (66%) 3/7 (42%) 0.26

Steroid replacement dose (mg/dL) 20 ± 6 (range:15-30) 24 ± 5 (range: 20-30) 0.23

Mean initial 24-hour UFC (55 to 248 nmol/24h) 2291 (range: 1380-3533) 1139 (range: 287-3660) 0.009*

Mean initial ACTH levels (< 46 ng/L) 74 (range 33-133) 100.8 (range 12-305) 0.83

Median ACTH values 1 year after TBA (< 46 ng/L) 476 (range 240-1500) 81 (range:48-330) 0.0007*

CD: Cushing’s disease; TBA: total bilateral adrenalectomy; TSS: transsphenoidal surgery; RT: radiotherapy; UFC: urinary free cortisol; ACTH: adrenocorticotrophic hormone. Data are expressed as 
mean ± standard deviation or range values. * p values < 0.05 were considered significant.

versus none in the NNS group. The remaining patients 
had microadenomas, except for one patient in the NNS 
group, who had no visible tumor on MRI, and one 
patient in the NS group treated early in the series, who 
had not undergone MRI imaging. 

All patients in the NS group and 6 out of 7 of those 
in the NNS group had persistent, rather than recurrent 
CD (p = 1) before undergoing TBA.

Prior to TBA, RT was performed in 4 (67%) 
patients in the NS group and 3 (42%) of those in the 
NNS group (p = 0.26). In the former, the development 
of NS occurred after a mean of 54.7 months after RT 
(range 29-85 months). Two patients in the NS group 
received 20 Gy and 30 Gy of single-dose stereotaxic 
radiosurgery and fractionated conventional RT 
(FCRT), respectively. One patient in the NNS group 
received 50 Gy of FCRT. There were no data related 
to the RT doses in the remaining five patients in this 
series. 

Three (50%) patients in the NS group and one 
(14%) patient in the NNS group presented residual 
tumors before TBA (p = 0.04). 

The doses of hydrocortisone replacement 
administered after TBA were 20 ± 6 mg/day and 24 
± 5 mg/day in the NS and NNS groups, respectively 
(p = 0.23). 

At 1 year after TBA, the median ACTH values were 
476 ng/L (range 240-1500 ng/L) in the NS group 
and 81 ng/L in the NNS group (range 48-330 ng/L; 
p = 0.0007) (Figure 2).

Figure 1. Initial 24-hour urinary free cortisol (UFC) levels.

NNS: non-Nelson’s syndrome; NS: Nelson’s syndrome. UFC levels are 
expressed in nmol/24h.
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During follow-up, all patients with NS developed 
hyperpigmentation, including one patient who 
presented an ACTH value of 6800 ng/L (Figure 3), 
and three patients who experienced tumor progression. 
One patient, with a survival time of 2 years, died 
because of tumor complications of NS after undergoing 
emergency surgery due to tumor bleeding and several 
pharmacological treatments. Only two patients with NS 
achieved remission: one after transcranial surgery and 
the other after conventional radiotherapy. One patient 
was diagnosed only recently and had not received 
any treatment until the publication of this article.  
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Figure 3. Female patient showing intense hyperpigmentation after total 
bilateral adrenalectomy (TBA) due to Cushing’s disease.

Cushing’s disease before TBA

Nelson’s syndrome after TBA

Figure 2. Adrenocorticotrophic hormone (ACTH) levels 1 year after total 
bilateral adrenalectomy (TBA).

NNS: non-Nelson’s syndrome; NS: Nelson’s syndrome. ACTH levels are 
expressed in ng/L.
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The other patients received different treatment 
modalities and had no tumor progression up to this 
publication. Table 2 summarizes the follow-up data of 
all patients.

DISCUSSION

Bilateral adrenalectomy may be an alternative 
treatment for patients with refractory CD. This is an 
effective, potentially lifesaving option for controlling 
hypercortisolism in almost all patients. In a German 
series, the frequency of TBA was reported at 18% 
among 124 patients with CD, while in an Italian 
multicenter study, the frequency reached 10% of 288 
cases of CD (6,9). Similar to the latter study, 7.3% 
of the patients with CD in our series underwent 
TBA. Regarding the estimated risk of postoperative 
complications after TBA, a recent systematic review 
including 23 studies featuring 739 patients with CS 
estimated the risk to be about 18% (6). Laparoscopic 
adrenalectomy is associated with a shorter hospital 
stay and a reduced period of rehabilitation compared 
with open surgery (10). In our series, open TBA was 
performed in most patients because the laparoscopic 
approach was not available at our hospital until the late 
1990s. Aligned with the literature on this topic, only 
23% of our patients had immediate complications, all of 
whom occurred after open TBA.

In previous reports, the prevalence of NS varied 
between 8-29% in the largest series (11-14), with 
an interval of 0.5-24 years between the TBA and 
NS diagnosis (15). However, Assié and cols. (16) 
reported a prevalence of NS of 47% in a series of 53 
adrenalectomized patients with CD and, more recently, 
Graffeo and cols. reported the prevalence to be 53% 
(17). This higher occurrence may be explained by 
the fact that NS was diagnosed based on the concept 
of corticotroph tumor progression rather than the 
presence of an extensive sellar mass alone. 

Most patients developed NS during the first years 
after TBA, as described by several authors (5,11,15). 
Gil-Cárdenas and cols. (15) reported the occurrence 
of NS after a mean of 15 months (range 2-33 months) 
after surgery, while in a series by Kelly and cols. (18), 
this complication occurred after a mean of 5 years (range 
1-25 years). Our series reported an incidence of NS of 
46% after a mean of 22 months (range 8-40 months) 
after TBA based on the two main criteria proposed by 
Barber and cols. (5), namely, ACTH values > 500 ng/L 
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Table 2. Follow-up data of patients with Nelson’s syndrome

Patient
Previous

treatments
for CD

Follow-up since 
NS diagnosis

NS diagnostic
criteria

Medical
treatments

for NS

Surgical
treatments

for NS

RT
treatment Outcomes

1

1 TSS

1 TCS

SRS (20 Gy)

4 years ACTH increase CBG 4 mg (1 year) No No

Initial response, 
reduced ACTH values. 

In 2015: ACTH > 
1250 ng/L, no tumor 

found on MRI

2
1 TSS

RT(1)
20 years

Tumor growth and

ACTH increase
No TCS No Remission

3 1 TCS 10 years ACTH increase No No

RT with 
gold 

implant 
(1977)

Remission

4
1 TSS

RT(1)
4 months ACTH increase No No No

No treatment yet. 
Recently diagnosed.

5

1 TSS

Conventional

RT (30 Gy)

3 years, 6 months
Tumor growth and 

ACTH increase

CBG 2 mg (5 months)

Octreotide 20 µg (3 months)

Pasireotide 60 mg (1 month)

Emergency TSS 
for tumor 
bleeding

(Ki67 30%)

No
Deceased due to 

complications related 
to the tumor.

6 2 TSS 16 years
Tumor growth and

ACTH increase

CBG intolerance TMZ

(6 cycles of 1250 mg)

Octreotide 20 mg (10 months)

No
GKRS

(70 Gy)

Tumor stability.

Asymptomatic.

CD: Cushing’s disease; ACTH: adrenocorticotrophic hormone; TSS: transsphenoidal surgery; TCS: transcranial surgery; TBA: total bilateral adrenalectomy; CBG: cabergoline; TMZ: temozolamide; 
SRS: stereotaxic radiosurgery; RT: radiotherapy; GKRS: gamma knife radiosurgery. (1) No data available on the radiotherapeutic doses.

with progressive elevation (an ACTH increase > 30% of 
the initial result after TBA) on at least three consecutive 
occasions and/or an expanding pituitary lesion after TBA. 
Concerning the definition of NS, although more than 
100 cases have been documented in reports and short 
series, definitive diagnostic criteria for NS have not been 
established yet (17). The diagnosis of NS is controversial, 
but the existing criteria focus on an enlarging pituitary 
tumor after TBA (the appearance of a new adenoma or 
progression of the remnant corticotroph) and increasing 
ACTH levels (5,17). Addressing the former issue, Assié 
and cols. defined corticotroph tumor progression as a 
growth of at least 2 mm in one of the three dimensions of 
a remnant adenoma (16). However, these criteria can only 
be applied to good quality MRI scans read by experienced 
radiologists, which could not be done in some of the 
patients, taking into account the retrospective nature of 
our study. On the other hand, the ACTH criteria have 
been supported by several series (11,14,19). The addition 
of the criterion of 30% increase prevents a diagnosis of NS 
from being established on the basis of relatively small and 
clinically insignificant progressive increases in ACTH that 
may occur by chance or assay variability (5).

Much effort has been directed towards the 
identification of predictive factors for the development 

of NS. Different authors have reported no correlation 
between gender and NS occurrence (18-20). Aligned 
with that, we found no differences in gender between 
the NS and NNS groups in our series.

A younger age at the moment of the TBA did not 
seem to be a predictive factor for the development of 
NS in the present study. Previous reports are conflicting 
in this sense. A group of authors has hypothesized that 
since aggressive corticotrophinomas are more likely to 
occur in children, NS may develop more frequently 
in patients who are adrenalectomized at a younger 
age (21). Following this theory, Kasperlik-Załuska 
and cols. (14) and Kemink and cols. (22) suggested 
the age of 30 and 35 years, respectively, as cutoff ages 
for an increased risk of NS development. Graffeo and 
cols. also identified age as a risk factor for NS (17), 
but several authors (11,16,19) were unable to find a 
significant difference between younger age and the 
development of NS. Therefore, new and larger series 
are needed to confirm these findings. 

The duration of CD before TBA and its relation to 
the occurrence of NS is another controversial point. In 
one study of 43 patients, NS developed in those who 
had had symptoms of CD for a longer time prior to 
TBA (23), while in another series of seven patients, no 
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association was observed between the duration of CD 
before TBA and the occurrence of NS (24). Conversely, 
other authors (16,25) have found that a shorter interval 
between the onset of CD and TBA was related to an 
increased incidence of NS. One explanation for this 
fact may be that patients with more aggressive tumors 
require earlier TBA. In this regard, no significant 
differences were observed between our groups. 

Higher 24-hour UFC levels before TBA were 
predictive of NS in our series. Some authors defend 
the pre-TBA UFC level to be a useful marker of tumor 
size and functionality and a predictor of subsequent 
NS development (11,26). However, this evidence 
is not conclusive since such correlation has not been 
demonstrated in some studies (19,20,23). 

Concerning ACTH levels prior to TBA, we found 
no significant differences between both groups. These 
findings are in line with those of a recent series of 88 
adrenalectomized patients published by Graffeo and 
cols. (17).

Regarding steroid replacement doses, some authors 
postulate that insufficient doses after TBA may favor 
the occurrence of NS due to lack of a negative feedback 
from the pituitary-adrenal axis (11,14,27). On the 
other hand, Kelly and cols. (23) and Barnett and cols. 
(20) reported no relationship between insufficient 
glucocorticoid doses and the risk of NS development. 
In agreement with the latter, we found no significant 
association between an insufficient glucocorticoid dose 
and the development of NS.

As a strategy for preventing or delaying NS 
development, RT is not universally accepted. Gil-
Cárdenas and cols. (15) described a series of 39 
adrenalectomized patients followed up for 15 years, 
in which 50% who did not receive RT developed NS 
compared with none of the patients who did so. Two 
other series consisting of 20 and 75 adrenalectomized 
patients have supported the protective role of RT 
(13,28). Nagesser and cols. (11) concluded that the 
administration of RT could delay the occurrence 
of NS (p = 0.025). In one of the latest publications, 
Mehta and cols. (29) reported a series that included 
20 adrenalectomized patients with persistent CD after 
transsphenoidal surgery and gamma knife radiosurgery 
(GKRS). The patients were followed up with MRI 
for a median of 5.4 years. Only one patient (5%) 
demonstrated tumor growth, defined by a 10% increase 
in the original tumor volume, which occurred 9 months 
after TBA. They concluded that the use of GKRS 

before TBA reduced the incidence of NS (5.3% at 3 
years and 7 years) by using MRI sequences to detect 
tumor growth in comparison with historical controls 
(39% and 47% at 3 and 7 years, respectively) (16).

In contrast, Dornhorst and cols. (30) described 
a series of 38 patients who underwent TBA due to 
CD, 20 of whom were irradiated. Overall, 29% of the 
irradiated patients and 50% of the non-irradiated ones 
developed NS, with no significant difference between 
both groups. Recently, Graffeo and cols. found in a 
group of 88 adrenalectomized patients that a history of 
RT prior to TBA was predictive of NS (17). However, 
this was only evidenced in patients who experienced 
tumor recurrence before TBA, whereas in patients who 
had tumor persistence, no significant differences were 
observed among those who received RT versus those 
who did not. This observation is consistent with our 
findings, since most of our patients (12 out of 13) had 
tumor persistence.

Finally, Pereira and cols. (19) found no benefit of 
prophylactic RT, although some of their patients did 
not receive the conventional RT doses used in patients 
with CD (50 Gy) or the RT was not administered in 
the correct way or amount. Similarly, in our series, two 
of four patients who developed NS and were irradiated 
before TBA received insufficient RT doses, while no 
data were available on the doses received by the other 
two patients. 

In this series, the administration of RT prior to TBA 
appeared to have no relationship with the development 
of NS but, since complete data are lacking, we failed to 
arrive at well-validated conclusions. 

In relation to ACTH levels 1 year after TBA, we 
found a significant connection between a rapid increase 
in ACTH levels and the incidence of NS. Currently, in 
most studies, this is probably the best-validated predictive 
factor for the occurrence of NS, and may be related 
to tumor progression (15,16,19,20). Concerning the 
presence of residual tumor before TBA, Pereira and 
cols. (19) concluded that adrenalectomized patients 
who presented evidence of tumor remnant before TBA 
developed NS more frequently than did those without 
remnants (30% versus 17%, respectively), even though 
no significant difference was found in this regard. 
Sonino and cols. (26) showed that 41.6% of the patients 
with residual tumor prior to TBA were diagnosed with 
NS compared with none without remnants (p < 0.01). 
Therefore, the presence of residual tumor before TBA 
could be considered a potential predictive factor for 
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the occurrence of NS. Aligned with that, we found a 
significant association between the presence of residual 
tumor and the development of NS.

Our study has several weaknesses. Firstly, due to its 
retrospective design, we had to rely on clinical records 
that in some cases were incomplete. Some specific 
immunohistochemistry data, such as the Ki67 index, 
was not available in most samples, nor were the RT 
doses used in two cases. Because of the long period of 
patient recruitment (1974-2011), only one patient (in 
the NS group) was not initially evaluated by MRI or 
CT scanning. Nevertheless, the patient had fulfilled the 
ACTH criterion to define NS.

Although the number of patients with TBA in this 
series is rather small, it reflects the actual number of 
cases of CD (n = 161) followed up in an Argentinian 
reference hospital that fulfills the criteria of a Pituitary 
Tumor Center of Excellence (31). The strength of this 
study is that it provides a unique, single-center, long-
term experience in the follow-up of adrenalectomized 
patients in Latin America. 

In conclusion, bilateral adrenalectomy is a well-
known therapeutic strategy for patients with refractory 
CD. Although it can provide an immediate control of 
hypercortisolism and is a relatively safe procedure, it 
can lead to severe, life-threatening side effects like NS. 

The presence of tumor remnants before adrenal 
surgery and the increase in ACTH levels in the first 
year after TBA are two predictive factors that should 
be considered in these patients. As the emergence 
of NS usually occurs in the first 3 years, ACTH level 
monitoring and periodic MRI scanning should be 
performed more frequently for earlier detection of this 
complication. However, taking into account that the 
occurrence of NS has been described up to 24 years 
after TBA, lifelong surveillance may be justified. 

Finally, we found that higher 24-hour UFC 
levels before TBA could be a predictive factor of NS 
occurrence. Therefore, it should be evaluated and 
prioritized in patients considered for TBA.

Our findings highlight the importance of the 
selection of CD patients for TBA, taking into 
consideration the presence of potential predictive 
factors for NS in each patient.
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ABSTRACT
Objectives: To provide a meta-analysis of the clinical efficacy and safety of sodium glucose co-
transporter 2 inhibitors (SGLT2-i), as a combination treatment with metformin in type 2 diabetes 
mellitus (T2DM) patients with inadequate glycemic control with metformin alone. Materials and 
methods: We have searched randomized controlled trials (RCTs) in the database: MEDLINE, Embase 
and Cochrane Collaborative database. We used mean differences (MD) to assess the efficacy 
of glycemic and other clinical parameters, and risk ratios (RR) to evaluate the adverse events for 
safety endpoints. The heterogeneity was evaluated by I². Results: Finally 9 studies were included. 
SGLT2-i plus metformin had higher reduction level in HbA1C [MD = -0.50, 95% CI (-0.62, -0.38), p 
< 0.00001], FPG [MD = -1.12, 95%CI (-1.38, -0.87), p < 0.00001], body weight [MD = -1.72, 95% CI 
(-2.05, -1.39), p < 0.00001], SBP [MD = -4.44, 95% CI (-5.45, -3.43), p < 0.00001] and DBP [MD = -1.74, 
95% CI (-2.40, -1.07), p < 0.00001] compared with metformin monotherapy. However, SGLT2-i plus 
metformin group had higher risk of genital infection [RR = 3.98, 95% CI (2.38, 6.67), p < 0.00001]. 
No significant difference was found in the risk of hypoglycemia, urinary tract infection or volume 
related adverse events. Conclusions: Although the risk of genital infection may increase, SGLT2-i 
plus metformin may provide an attractive treatment option to those T2DM patients who are unable 
to achieve glycemic control with metformin alone, based on its effects on glycemic control, reducing 
body weight and lowering blood pressure. Arch Endocrinol Metab. 2019;63(5):478-86

Keywords
Sodium-glucose co-transporter 2 inhibitors; metformin; type 2 diabetes mellitus; meta-analysis

Correspondence to:
Chen Yu
037602@163.com 

Received on Oct/8/2018
Accepted on 8/Apr/2019

DOI: 10.20945/2359-3997000000146

1 Department of Endocrinology, 
Shengjing Hospital of China 
Medical University, Shenyang, 
Liaoning Province, China

INTRODUCTION

T ype 2 diabetes mellitus (T2DM) is a kind of 
chronic and progressive disease with high 

prevalence. With the rapid economic development and 
urbanization, T2DM is on the rise all over the world. 
International Diabetes Federation (IDF) has estimated 
that, some 425 million (8.8%) adults, 20-79 years old, 
were likely to have diabetes worldwide. There will be 
629 million diabetic patients by 2045. About 87% 

to 91% diabetic patients are probably T2DM in high 
income countries (1).

Simplistically, in T2DM, hyperglycemia is caused by 
the following two reasons: inadequate insulin secretion 
and insulin resistance (the body cannot fully respond to 
insulin). If attempts to change lifestyle, the cornerstone 
of T2DM treatment, are not able to control levels of 
blood glucose, metformin will be usually treated as the 
most commonly initial oral medication worldwide (1). 
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Nevertheless, there are still 33–49% diabetic patients 
failed to meet glycemic target, as well as blood pressure 
control or cholesterol target (2). 

Sodium glucose co-transporter 2 inhibitors 
(SGLT2-i), as a novel kind of antidiabetic drugs, 
provide a new way to treat those T2DM patients 
unmet control target. SGLT2-i was recommended 
as second-line agents in T2DM management by 
American Diabetes Association (ADA) and European 
Association for the Study of Diabetes (EASD) in 
the year of 2015 (3). The antidiabetic effect of 
SGLT2-i is based on inhibiting glucose reabsorption 
in renal proximal tubules, increasing the excretion 
of urinary glucose, thus reducing the blood glucose 
(4). Several human trials demonstrated that SGLT2-i 
could decrease the blood glucose levels and 
glycated hemoglobin (HbA1C) levels irrespective 
of the amount or sensitivity of insulin, consequently 
improved the glycemic control (5,6). As a result, all 
other kinds of antidiabetic agents can be combined 
with SGLT2-i, which include exogenous insulin in 
them (5,6). During the traditional therapy for T2DM, 
the side effects, such as hypoglycemia and weight 
gain, frequently occurred. Therefore, the benefits of 
glycemic control by the treatments may be negated. 
Nevertheless, SGLT2-i can improve the control of 
blood glucose without causing the above side effects 
because that the factors of hypertension, glomerular 
hyperfiltration and weight gain are controlled by 
SGLT2 gene (6). Up to now, the following SGLT2-i 
have been approved in one major market (such as the 
European Union, the United States, and Japan) at least, 
including canagliflozin, dapagliflozin, empagliflozin, 
luseogliflozin, ipragliflozin, and tofogliflozin (7-9). 
However, large trials evaluating the efficacy and safety 
of SGLT2-i combined with metformin are still lacking. 
We conducted the present meta-analysis to update and 
synthesize the efficacy and safety of SGLT2-i, as add-
on to metformin in T2DM patients with inadequate 
glycemic control in metformin alone. 

MATERIALS AND METHODS

We have searched randomized controlled trials (RCTs) 
in the database: MEDLINE (1978 to November 2017), 
Embase (1974 to November 2017) and Cochrane 
Collaborative database, based on the following search 
terms: ‘sodium glucose co-transporter 2 inhibitors’, 
‘SGLT2 inhibitors’, the names of individual available 

SGLT2-i (‘canagliflozin’, ‘CANA’, ‘dapagliflozin’, 
‘DAPA’, ‘empagliflozin’, ‘EMPA’, ‘luseogliflozin’, 
‘ipragliflozin’, ‘IPRA’ and ‘tofogliflozin’, ‘TOFO’) and 
‘metformin’.

The studies met the following criteria were included: 
[1] RCTs recruited adult patients of T2DM with 
inadequate glycemic control on metformin, [2] Studies 
compared SGLT2-i as add-on to metformin with placebo 
combined with metformin, [3] Treatment duration 
≥ 12 weeks, [4] The following data was completely 
reported: the change of fasting plasma glucose (FPG), 
the change of HbA1C, the change of body weight, the 
change of systolic blood pressure (SBP) and diastolic 
blood pressure (DBP), special interest adverse events 
(AEs) of SGLT2-i included hypoglycemia AEs, AEs 
suggestive of urinary tract infection (UTI), AEs 
suggestive of genital infection (GI), and volume related 
AEs-hypotension/dehydration/ hypovolemia. 

In order to evaluate the relevance, two independent 
investigators reviewed abstracts of articles. If judged 
pertinent, articles were further taken into account. 
We tried to identify and resolve the discrepancies or 
disagreements by discussion and consensus. If needed, 
a third investigator would participate in the discussion 
and confirm by consensus. If multiple articles were 
attached to the same trial, we chose the most recently 
published or most complete data. We used Revised 
Jadad’s Scale to assess the quality of included articles, 
with scores range from 0 to 7 (a high score indicating 
high quality).

We used Review Manger (version 5.3; Cochrane 
collaboration) to perform all statistical analyses. 
For the measurement of efficacy, we calculated the 
weighted mean differences (MD) and 95% confidence 
interval (CI) of the mean changes from baseline of 
the following continuous variables: FPG, HbA1C, 
body weight, SBP and DBP. For the measurement of 
safety, we used risk ratio (RR) with 95% CI to assess 
the dichotomous variables (hypoglycemia, AEs of UTI, 
AEs of GI, and volume related AEs-hypotension/ 
dehydration/ hypovolemia). We performed Q-statistic 
test (significant level at p < 0.05) and I² tests (I² ≥ 
50% reveal a substantial level of heterogeneity) to 
evaluate the heterogeneity among trials (10). We 
performed subgroup analyses of different individual 
SGLT2-i agents to evaluate the confounding effect 
of heterogeneity. We used Random-effects model in 
the assessment of continuous variables of HbA1C, 
FPG and body weight, since statistical heterogeneity 
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presented in the analyses. Fixed-effects model was used 
in the analyses of continuous variables of SBP and DBP, 
and dichotomous variables with little heterogeneity.

RESULTS

We identified 348 RCT citations initially, after review of 
abstracts, 293 articles were excluded, 55 articles were 
further assessed for evaluation in detail based on review 
of the full text. However, 46 articles were excluded for 
the following reasons: [1] RCTs comparing SGLT2-i 
against placebo controlled group as monotherapy; [2] 
-Besides SGLT2-i or metformin, other antidiabetic 
drugs were used in treatment; [3] RCTs comparing 
SGLT2-i with metformin in treatment naive patients; 
[4] Duplicate; [5] The data about outcomes of efficacy 
and safety was inadequate. Finally, 9 studies (11-19) 

with total 2509 patients were included for meta-analysis 
(Figure 1). None of luseogliflozin or tofogliflozin were 
finally included in the meta-analysis since no studies met 
the inclusion criteria. The mean revised Jadad’s score 
of 9 included RCTs was 5.4, and seven of nine studies 
had a score ≥ 5, which demonstrated the adequate 
methodologic quality of the enrolled studies. The basic 
characteristics of patients enrolled, and information on 
drug therapy of included studies were presented in Table 1. 

For the comparison of efficacy between SGLT2-i plus 
metformin and metformin monotherapy as treatment 
in T2DM patients with inadequate glycemic control on 
metformin alone, we analyzed the changes from baseline 
of HbA1C, FPG and body weight, and all of the 9 articles 
were enrolled in the analysis. The results were shown in 
Figure 2. The efficacy results of our meta-analysis showed 
that the SGLT2-i combined with metformin had higher 

Table 1. Basic characteristics of included studies

Study (year) Age (years)
Mean ± SD Male (%)

Study 
duration
(weeks)

Number of 
patients Dosage

Revised 
Jadad 
score

SGLT2-i 

plus MET

PBO 

plus MET

SGLT2-i

plus

MET

PBO

plus MET

SGLT2-i 

plus 
MET

PBO 

plus 
MET

SGLT2-i MET

Lu CH (11) 
(2016)

53.9 ± 11.3 53.4 ± 11.3

50.6 39.8 24 87 83 IPRA 50 mg/d

≥ 1500 mg/d

(or ≥ 1000 mg/d if 
safety concerns 
prohibited higher 

doses)

7

Bailey CJ (12) 
(2013)

54.4 ± 9.4 53.7 ± 10.3
50 55 102 137 137 DAPA 5 mg/d ≥ 1500 mg/d 7

Lavalle-
González FJ 
(13) (2013)

55.5 ± 9.4 55.3 ± 9.8

47.3 51.4 26 368 183 CANA 100 mg/d

≥ 2000 mg/d (or ≥ 
1500 mg/d if 

unable to tolerate 
higher dose)

6

Wilding JP 
(14) (2012)

58.6 ± 7.6 57.3 ± 8.6 47.1 54.5 12 68 66 IPRA 50 mg/d ≥ 1500 mg/d 3

Rosenstock J 
(15)

(2013)
59 ± 9.0 60 ± 8.5 47 47 12 71 71 EMPA 10 mg/d

≥ 1500 mg/d or 
maximum tolerated 

dose
5

Merker L (16) 
(2015)

55.5 ± 9.9 56 ± 9.7 57.6 56 76 217 207 EMPA 10 mg/d

≥ 1500 mg/d or 
maximum dose 
according to the 

local label

5

Schumm-
Draeger PM 
(17) (2015)

58.3 ± 9.0 58.5 ± 9.4 37 46.5 16 100 101 DAPA 5 mg/d ≥ 1500 mg/d 7

Ross S (18) 
(2015)

58.5 ± 10.8 57.9 ± 11.2 50.5 51.4 16 214 107 EMPA 10 mg/d ≥ 1500 mg/d 3

Yang W (19) 
(2016)

53.1 ± 9.1 53.5 ± 9.2 45.6 59.3 24 147 145 DAPA 5 mg/d ≥ 1500 mg/d 6

SGLT2-i: sodium-glucose co-transporter 2 inhibitors; MET: metformin; PBO: placebo; IPRA: ipragliflozin; DAPA: dapagliflozin; CANA: canagliflozin; EMPA: empagliflozin.
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Figure 1. Flow diagram of study selection process.

348 potential relevant articles identified and retrieved 

55 of full-text articles assessed for eligibility 

9 of studies included in quantitative 
synthesis (meta-analysis) 

293 articles excluded based on review of abstracts

46 of full-text articles excluded, with reasons: 
(1) RCTs compared SGLT2-i against placebo as monotherapy (n = 21) 
(2) Other antidiabetic drugs were used in treatment (n = 7) 
(3) RCTs compared in treatment naive patients (n = 1O) 
(4) Duplicate (n = 5) 
(5) Data inadequate (n = 3) 

reduction level in HbA1C (%) [MD = -0.50, 95% CI 
(-0.62, -0.38), p 0.00001], however, with a great quantity 
of heterogeneity (I² = 68%); higher reduction in FPG 
level (mmol/L) [MD = -1.12, 95% CI (-1.38, -0.87),  
p < 0.00001], but with a great quantity of heterogeneity 
(I² = 70%); higher reduction in body weight (kg) [MD 
= -1.72, 95% CI (-2.05, -1.39), p < 0.00001], with 
heterogeneity (I² = 52%) compared with metformin 
monotherapy (Figure 2). We also compared the changes 
from baseline of SBP and DBP, and found that SGLT2-i 
plus metformin got higher reduction in SBP [MD = 
-4.44, 95% CI (-5.45, -3.43), p < .00001] and DBP [MD 
= -1.74, 95% CI (-2.40, -1.07), P < 0.00001] compared 
with metformin monotherapy (Figure 3).

For the comparison of safety, we analyzed the risk 
ratios of special interest AEs of SGLT2-i, included 
hypoglycemia, AEs of UTI, AEs of GI, and volume 
related AEs-hypotension, dehydration or hypovolemia, 
shown in Figure 4. The meta-analysis results showed 
no significant difference between the SGLT2-i plus 
metformin group and the metformin monotherapy in 
the incidence risk of hypoglycemia [RR = 1.44, 95%CI 
(0.89, 2.32), p = 0.13], or the risk of AEs of UTI [RR 
= 1.19, 95% CI (0.89, 1.58), p = 0.25], nor the risk of 
volume related AEs [RR = 1.86, 95% CI (0.59, 5.90), 
p = 0.29]. However, SGLT2-i plus metformin group 
presented higher risk of AEs of GI [RR = 3.98, 95% CI 
(2.38, 6.67), p < 0.00001], compared with the group of 
placebo plus metformin (Figure 4).

DISCUSSION

We performed this meta-analysis to examine the efficacy 
and safety of SGLT2-i as combination therapy with 
metformin in those T2DM patients with inadequate 
glycemic control on metformin alone. The results 
showed a significant effect of SGLT2-i plus metformin 

as combination treatment in improving T2DM patients’ 
HbA1C, FPG, body weight and blood pressure. 
However, SGLT2-i plus metformin group showed 
higher risk of genital infection. No significant difference 
in the risk of hypoglycemia, UTI or the risk of volume 
related AEs was found. In summary, the combination 
therapy of SGLT2-i and metformin presented better 
efficacy than metformin monotherapy, although with a 
higher risk of genital infection.

Metformin is recommended as the first line drug 
for T2DM patients with insufficient glycemic control 
after lifestyle interventions. However, due to the 
T2DM progression, it may not provide adequate 
glycemic control which necessitates add-on treatments. 
According to the ADA and the American Association 
of Clinical Endocrinologists (AACE) guidelines, 
metformin may be followed by sulfonylurea, GLP-1 
receptor agonists, SGLT2-i, DPP-4 inhibitors, 
thiazolidinediones, or basal insulin (20,21). Among 
the recently developed drugs, SGLT2-i have shown 
promising results for T2DM patients (22-24). Selective 
and reversible inhibition of SGLT2 can lower blood 
glucose levels independent of insulin status and is also 
found to manifest favorable effects on hypertension 
and body weight control, besides maintaining 
glycemic control. Several RCTs have found the effect 
of SGLT2-i on decreasing HbA1C, FPG, and body 
weight by inducing favorable glucosuria (urinary loss 
of approximately 200–300 kcal/d), compared with 
placebo or other glucose-lowering drugs (25-30). 
In the present study, we only analyzed the data of 
SGLT2-i with recommended minimum daily doses 
(IPRA 50 mg/d, DAPA 5 mg/d, CANA 100 mg/d, 
EMPA 10 mg/d), because we regarded these dosages 
as the most widely used as initial treatment of SGLT2-i 
in clinical work. Higher doses might overestimate the 
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Figure 2. Meta-analysis of efficacy in changing HbA1C, FPG and weight from baseline.

effectiveness or the risk of adverse effect of SGLT2-i. 
As shown in the results, SGLT2-i even in low doses, 
when combined with metformin, showed a significant 
reduction of HbA1C, FPG, body weight and blood 
pressure. These results suggested that combination 
treatment of SGLT2-i and metformin can provide 
benefits to patients having inadequate control on T2DM 
with metformin, especially those with hypertension 
and/or obesity. 

Despite the glycemic control, we have noted a 
significantly higher incidence of genital infections 
in SGLT2-i plus metformin group compared with 
metformin monotherapy. The slightly higher incidence 
of urogenital infections in SGLT2-i treated T2DM has 
been reported after analysis of pooled data from phase 
III trials (31). It was thought to be due to increased 
urinary glucose which may act as a potential fungal 
growth factor in SGLT2-i treated patients (32). These 
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studies have raised concerns about the safety testing of 
SGLT2-i with regards to the higher incidence of genital 
infections (33,34). We didn’t find the higher risk of 
urinary tract infection in SGLT2-i plus metformin 
compared with metformin monotherapy. However, 
we should fully evaluate the benefits and harms of 
SGLT2-i when provide it to patient therapy, especially 
those women patients with a history of chronic or 
recurrent genital infection. What’s more, counseling 
patients about genital hygiene is likely to minimize the 
risk of infection. 

Some further concerns were generated by reports of 
ketoacidosis associated with SGLT2-i (35,36). SGLT2-i 
stimulate the release of glucagon, thus increasing the 
production of ketone bodies (37). Furthermore, the 
inhibition of SGLT-2 stimulates ketone re-absorption 
in the renal tubule (38). As a result, treatment with 
SGLT2-i could be associated with increased ketonemia, 
leading to acidosis. Cases of ketosis without severe 
hyperglycemia have been reported during treatment 
with SGLT-2 inhibitors (35), inducing regulatory 
authorities to issue a warning (36). However, no related 

information was reported in our included articles, we 
didn’t assess the risk of ketoacidosis. Furthermore, 
the possible effects of SGLT2-i on the renal tubular 
transportation of bone minerals are also being 
concerned. Only two of our included articles reported 
the AEs of fractures (17,19). Schumm-Draeger PM 
reported no fracture accident in the study (17). Yang 
reported one fracture in MET monotherapy with total 
145 patients in the group, while no fracture reported in 
DAPA 5 mg/d plus MET group with total 147 patients 
(19). 

There are limitations in our present study. We 
collected the data of meta-analysis based on the published 
articles in journal. It might introduce the publication 
bias as the ‘positive’ findings were more likely to be 
reported. However, RCTs may have relatively low risk of 
such kind of bias. Another constraint is the lack of some 
outcomes from the enrolled studies, particularly those 
outcomes we were interested in, such as the renal effects 
of SGLT2-i treatment, the incidence of cardiovascular 
events, ketoacidosis, and so on. Moreover, another 
concern is related to statistical heterogeneity (I²) which 

Figure 3. Meta-analysis of efficacy in changing SBP and DBP from baseline.
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was relatively high in the comparison of the change in 
HbA1C (I² = 68%), FPG (I² = 70%) and body weight 
(I² = 52%). While in the other analyses, it was either 
absent or low. This heterogeneity can be attributed 

to clinical and methodological heterogeneity. Across 
different RCTs, there could be differences in some 
extent in the ethnicities, treatment duration, and/
or differences in the selection and ascertainment of 

Figure 4. Meta-analysis of of safety in the incidence of special interest adverse events.
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outcomes. Furthermore, the trials were multiregional, 
and each center contributed a relatively small number 
of patients, which might lead to a high variability in the 
overall analysis. Future ideal RCTs are necessary, which 
should compare SGLT2-i with placebo or other diabetic 
therapies in longer time and larger scale, with adequate 
follow-up, and report all the related data including 
renal safety, cardiovascular events, ketoacidosis and 
other related adverse events, so as to evaluate the long-
term consequences of SGLT2-i treatment.

Overall, the present meta-analysis evaluated the 
effectiveness and safety of SGLT2-i plus metformin 
treatment, compared with metformin monotherapy in 
the T2DM patients with inadequate glycemic control 
on metformin alone. In conclusion, although the 
risk of genital infection may increase, SGLT2-i plus 
metformin may provide an attractive treatment option 
to those T2DM patients who are unable to achieve 
glycemic control with metformin alone, on account of 
its effects on glycemic control, reducing body weight 
and lowering blood pressure. Further researches 
are necessary to clarify the long-term efficacy of this 
biotherapy and the potential risk of the therapeutic 
intervention. 

Disclosure: no potential conflict of interest relevant to this article 
was reported.
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ABSTRACT
Objective: Different pathways may lead from night work to metabolic diseases, including type 2 
diabetes. This study aimed to explore the direct and indirect pathways from night work to glycemic 
levels, considering the role of physical activity, waist circumference and snacking using data from 
ELSA-Brasil. Materials and methods: A structural equation model was used to confirm the pathways 
from night work to glycemic levels. The latent variable, “glycemic levels”, included fasting glucose, 
glycated hemoglobin and 2-hour plasma glucose. Results: A total of 10.396 participants were 
included in the analyses. The final model showed that among women, night work was associated 
with increased glycemic levels. A statistical significant association between night work and glycemic 
levels mediated by waist circumference was observed among women and men. Conclusions: 
The association between night shift and glycemic levels can be interpreted as an important step 
toward understanding the pathways that could explain night work as a risk factor for diabetes using 
epidemiological data.  Arch Endocrinol Metab. 2019;63(5):487-94
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INTRODUCTION

S everal epidemiological studies have suggested 
exposure to night work as a risk factor for type 2 

diabetes (1-4). Authors generally point out that the 
association between work schedule and glucose 
metabolism may result from the combination of 
unhealthy diet patterns, physical inactivity, and circadian 
disruption (5-7).

In line with this discussion, Pan and cols. (8) showed 
that BMI could be considered a mediator in the relation 
between shift work and risk of type 2 diabetes (DM2). 
Similarly, BMI and waist circumference may function as 
mediators (9), since unhealthy behaviors and circadian 

disruption among night workers may favor increased 
risk of obesity, insulin resistance, and then DM2 (5,10). 
A meta-analysis found higher risk of diabetes among 
shift workers when BMI and physical activity were 
excluded from regression analyses (11), suggesting that 
indirect pathways linking shift work with diabetes may 
involve these two variables. Therefore, the discussion 
related to the factors that can act as mediators or 
confounders variables is relevant. The possibility of 
testing pathways from night work to glycemic levels 
with structural equation instead of traditional approach 
using adjusted regression models is an important step 
for this discussion. Besides, the heterogeneity in shift 
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work definition and the current or past time of exposure 
to night work can contribute for the understanding of 
some inconsistent results in the literature. Additionally, 
a meta-analysis suggested a stronger association between 
shift work and DM2 in men than in women (11), but 
studies of gender differences are still inconclusive. 

In view of the gaps in the literature related to shift 
work and metabolism, and considering that night shift 
work is an inherent growing part of 24/7 society, the 
understanding of the relation between night work 
and diabetes can benefit from analysis of alterations 
in glycemic levels. Wang and cols. (12) suggested that 
studies should explore these possible mechanisms for 
the relationship between shift work and diabetes in 
order to highlight the importance of lifestyle factors as 
potential mediators. In other words, the understanding 
of previous or intermediate risk factors for the 
development of diabetes from shift work exposure is 
relevant, mainly, to promote clinical interventions.

Accordingly, using baseline data from the Brazilian 
Longitudinal Study of Adult Health (ELSA-Brasil), this 
study explored direct and indirect pathways for effects 
of night work on glycemic levels, considering the role 
of some health behaviors, physical activity, body weight 
and snacking.

MATERIALS AND METHODS

Study population

The Brazilian Longitudinal Study of Adult Health (ELSA-
Brasil) is a prospective cohort study designed to identify 
risk factors for diabetes and cardiovascular diseases. At 
baseline (2008-2010), the cohort comprised 15105 civil 
servants aged 35-74 years from five universities and one 
research institute in six Brazilian cities. The study was 
approved by the Research Ethics Committee of each 
institution involved. All study participants provided 
written declarations of informed consent (13).

Variables

Baseline assessments (2008-2010) included clinical and 
laboratory measurements and a comprehensive set of 
questionnaires on sociodemographic, occupational and 
health characteristics, and followed a rigorous process 
to guarantee the quality of the data (14-16).

To estimate glycemic levels, a 12-hour fasting blood 
sample was drawn by venipuncture soon after each 
subject’s arrival at the clinic to measure fasting glucose 

and glycated hemoglobin. A 2-hour plasma glucose 
level, obtained during a 75-g oral glucose tolerance 
test, was also measured as described in detail elsewhere 
(17-19).

Weight (kg), height (m), and waist measurement 
(cm) were collected using standard equipment and 
techniques. Body mass index (BMI) was defined as 
weight/height2 (18). Assessment of snacking, from 
the semi-quantitative food frequency questionnaire, 
included consumption frequencies for pizza, 
hamburger, hot dog, ham/salami/mortadella, fried 
savories, and soda. The frequency options were: more 
than 3 times a day; 2-3 times a day; once a day; 5-6 
times a week; 2-4 times a week; once a week; 1-3 times 
a month, and never/almost never (20).

Work schedule was classified into two categories: 
day workers (participants with no night-work exposure) 
and night workers (those whose work arrangement 
included at least one night shift per week).

Information on age, sex, education, smoking (never, 
former and current smoker), alcohol consumption 
(g alcohol/week) and leisure physical activity (none, 
moderate, high; obtained using the International 
Physical Activity Questionnaire, IPAQ), and use 
of medication for diabetes, were also obtained by 
questionnaire.

For the current analysis, to avoid the influence 
of prior exposure to night work on health (21,22), 
all analyses of day workers excluded those with prior 
night-work experience, as detailed information was not 
available on the length of time since night work ceased. 
Similarly, retired workers were also excluded from the 
analyses (23). The final study population comprised 
10396 current workers.

Statistical analysis

For descriptive analyses, categorical variables were 
expressed as percentages, and continuous variables, as 
mean and standard deviation (SD). Structural equation 
modelling (SEM) was used to test for pathways from night 
work to glycemic levels. Unlike traditional regression 
analyses, SEM is a method using multiple linear equations 
to include direct and indirect effects, as well as latent 
variables (i.e., variables not directly observed).

Based on the literature, we tested models including 
food consumption estimated by diet quality index, 
waist-to-hip ratio, BMI, job strain, total work hours 
per week, smoking and alcohol consumption as factors 
in pathways between night work and glycemic levels. 
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The final model estimated two latent variables: i) 
Glycemic levels (GLIC), which included glucose drawn 
from a 12-hour fasting blood sample (FG), glycated 
hemoglobin (HbA1C) and 2-hour plasma glucose 
(GSG); and ii) snacking, which included consumption 
frequencies for pizza, hamburger, hot dog, ham/
salami/mortadella, fried savories, and soda (a higher 
score indicating a healthier diet). Physical activity, waist 
circumference, and work schedule were also retained in 
the final structural model (Figure 1).

Night work was hypothesized to have an effect 
on glycemic levels (GLIC) indirectly through the 
mediation of body weight, snacking and physical activity. 
All regression analyses were adjusted for the potential 
confounders age, education, and diabetes medication 
use. Note that the term “effect” used here refers to the 
association between the variables in the model, as the 
cross-sectional nature of this study does not allow the 
directionality of the relations to be determined.

A robust maximum likelihood method (MLR) was 
used to estimate parameters. Model fit was assessed by 
comparative fit index (CFI ≥ 0.90), the Tucker-Lewis 
index (TLI ≥ 0.90), residual mean square error of 
approximation (RMSEA ≤ 0.06) and its 90% confidence 

interval (90% CI), while the standardized root mean 
square residual (SRMR ≤ 0.08) specified acceptable 
model fit (24,25).

Standardized estimates of regression coefficients 
(95% CI), by gender, as well as model fit, were produced 
in Mplus software (version 7.4, Muthen & Muthen, 
Los Angeles, CA, USA). All descriptive analyses were 
performed using R version 2.15. 

RESULTS

Of the study population (4814 men and 5582 women), 
7.9% were night workers, mean age 49 years. On average, 
fasting glycemia was 110 mg/dL, 2-hour plasma 
glucose was 134 mg/dL, and glycated hemoglobin was 
5.41%, the highest mean values being observed among 
men. Men also reported higher frequency of moderate 
or high physical activity (Table 1). Snacking most 
frequently involved consumption of soda and pizza, 
while hamburger and hot dog were the foods least 
frequently consumed: 25.7% of participants reported 
never drinking soft drinks, 23.7% never ate pizza, 33.3% 
never ate salami, 72.2% never ate hot dog, 70.4% never 
ate hamburger, and 49.2% never ate fried savories.

Table 1. Workers’ characteristics, by gender – ELSA-Brasil, 2008-2010

All
N = 10,396

Men
N = 4,814

Women
N = 5,582

Mean (standard deviation)

Age (years) 49.1 (7.3) 49.5 (7.5) 48.8 (7.1)

Fasting glucose (mg/dL) 110.1 (28.9) 114.9 (32.5) 105.8 (24.7)

2-hour plasma glucose (mg/dL) 134.0 (52.1) 140.4 (58.5) 128.5 (45.1)

Glycated hemoglobin (%) 5.41 (0.94) 5.5 (1.1) 5.4 (0.8)

Waist measurement (cm) 90.6 (12.7) 94.8 (11.7) 86.9 (12.4)

Time on night work (years) 18.3 (8.4) 18.9 (8.8) 17.8 (8.1)

n (%)

Physical activity

None/low 8054 (78.7) 3564 (75.2) 4490 (81.7)

Moderate 1254 (12.3) 654 (13.8) 600 (10.9)

High 925 (9.0) 522 (11.0) 403 (7.3)

Education

Incomplete elementary school 510 (4.9) 346 (7.2) 164 (2.9)

Incomplete high school 635 (6.1) 383 (8.0) 252 (4.5)

Complete high school 3739 (35.9) 1640 (34.1) 2099 (37.6)

College degree 5512 (53.1) 2445 (50.8) 3067 (54.9)

Work schedule

Day work 9578 (92.1) 4429 (92.0) 5149 (92.2)

Night work 818 (7.9) 385 (8.0) 433 (7.8)
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Night workers were younger than daytime workers 
(48.4 [SD = 6.9] vs 49.2 [SD = 7.3] years), had less 
education (73.5% vs 44.7% completed high school), 
more reported no physical activity (84.4% vs 78.2%), had 
greater waist circumference (91.9 [SD = 12.6] vs 90.5 
[SD = 12.7] cm) and more used medication for diabetes 
(13.3% vs 10.5%). Fasting glycemia (113.7 [SD = 35.4] 
vs 109.7 [SD = 28.3] mg/dL), glycated hemoglobin 
(5.4 [SD = 0.9] vs 5.5 [SD = 1.1] mg/dL), and glucose 
after glucose overload (133.5 [SD = 55.5] vs 139.8 [SD 
= 58.6] mg/dL) were higher among night workers.

The model presented in this paper refers to the 
relationships between night work, health behaviors, 
abdominal fat and glycemic levels, which displayed 
acceptable model fit. The model estimated (Figure 1) 
represents the direct and indirect effects of night work on 
GLIC. The factor loads for latent variable “GLIC” were 
positive, with significant, high values for men and women. 
The factor load indicates that the increase in each of the 
variables (fasting glycemia, glucose after glucose overload, 
and glycated hemoglobin) leads to an increase in the latent 
variable “GLIC”. The variable with the highest factor load 
for this construct was fasting blood glucose (0.908 for men 
and 0.902 for women). A similar pattern was observed for 
the latent variable “Snacking” (Table 2), although factor 

loads were lower, as expected for food consumption data, 
as these variables are difficult to measure accurately.

The structural model estimated standardized 
coefficients, which represent the relation between 
explanatory and response variables, expressed in 
standard deviation (SD) units. Night work was observed 
to have significant direct effect on GLIC only in women 
– exposure to night work was associated with a 0.031 
SD increase in GLIC factor levels. In both genders, 
significant indirect effects mediated by physical activity, 
waist circumference and/or snacking were observed.

The standardized effects of each variable analyzed, 
as well as the values related to model fit, are shown in 
Table 2.

DISCUSSION

This study showed that night work has a significant 
direct effect on glycemic levels only in women, and 
a significant effect mediated especially by waist 
circumference for both genders. Identification of the 
association between night work and higher glycemic 
levels can be seen as an important step in the discussion 
of mechanisms that possibly explain why exposure to 
night work may be a risk factor for developing diabetes.

Figure 1. A structural equation model for direct and indirect effects of night work on glycemic levels, by gender: ELSA-Brasil, 2008-2010.

Values in bold represent standardized coefficients for men; values in italic represent standardized coefficients for women.

WC: waist circumference; GLIC: glycemic levels; FG: fasting glucose; HbA1C: glycated hemoglobin; GSG: 2-hour plasma glucose; 1: soda; 2: pizza; 3: 
ham/mortadella/salami; 4: hot dog; 5: hamburger; 6: fried savories. NS: non-significant.
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Table 2. Standardized estimates of the association between night work and glycemic levels using structural equation model, by gender – ELSA-Brasil 
(2008-2010)

Standardized coefficients (95% CI)

Men Women

Measurement model

Glycemic levels (GLIC)

Fasting glucose (FG) 0.912 (0.894; 0.931)*** 0.908 (0.885; 0.930)***

2-hour plasma glucose (GSG) 0.869 (0.850; 0.887)*** 0.866 (0.838; 0.894)***

Glycated hemoglobin (HbA1c) 0.797 (0.773; 0.820)*** 0.776 (0.743; 0.809)***

Snacking

Soda 0.451 (0.424; 0.477) *** 0.485 (0.458; 0.513) ***

Pizza 0.430 (0.406; 0.454) *** 0.454 (0.429; 0.480) ***

Ham/mortadella/salami 0.438 (0.414; 0.461) *** 0.465 (0.439; 0.490) ***

Hot dog 0.458 (0.430; 0.486) *** 0.494 (0.467; 0.522) ***

Hamburger 0.439 (0.410; 0.467) *** 0.464 (0.436; 0.491) ***

Fried savories 0.394 (0.369; 0.419) *** 0.476 (0.447; 0.504) ***

Structural model

Direct effects

1. GLIC

Night work (NW) 0.022 (-0.013; 0.057) 0.031 (0.004; 0.058)*

Waist circumference (WC) 0.180 (0.145; 0.214)*** 0.210 (0.183; 0.238)***

Snacking - 0.060 (-0.108; -0.013)**  0.008 (-0.020; 0.035)

2. SNACKING

Physical activity 0.084 (0.046; 0.123)*** 0.120 (0.091; 0.150)***

3. SODA

Night work - 0.020 (-0.048; 0.007) - 0.049(-0.074; -0.024)***

4. WC

Night work 0.030 (0.002; 0.058)* 0.026 (0.002; 0.051)**

Physical activity - 0.100 (-0.126; -0.074)*** -0.083 (-0.109; -0.058)***

Snacking - 0.148 (-0.195; -0.100)*** - 0.090 (-0.137; -0.043)***

Soda - 0.070 (-0.105; -0.036)*** -0.153 (-0.186; -0.120) ***

5. PHYSICAL ACTIVITY

Night work -0.038 (-0.064; -0.012)** -0.043 (-0.065; -0.021)***

Indirect effects

NW→WC→GLIC 0.005 (0.001; 0.010)* 0.006 (0.001; 0.011)*

NW→SODA→WC→GLIC 0.000 (-0.000; 0.001) 0.002 (0.001; 0.002)**

NW→PHYS.ACTI→WC→GLIC 0.001 (0.000; 0.001)** 0.001 (0.000; 0.001)**

NW→PHYS.ACTI→DIET→GLIC 0.000 (0.000; 0.000) 0.000 (0.000; 0.000)

NW→PHYS.ACTI→DIET→WC→GLIC 0.001 (0.000; 0.001)* 0.000 (0.000; 0.001)**

NW→PHYS.ACTI→DIET→SODA→WC→GLIC 0.000 (0.000; 0.000)* 0.000 (0.000; 0.000)**

Total indirect effects 0.007 (0.001; 0.012) ** 0.008 (0.003; 0.013)**

Total effects 0.028 (-0.007; 0.064) 0.039 (0.011; 0.067) **

Model goodness-of-fit

RMSEA (90% CI) 0.048 (0.047; 0.050)

CFI 0.920

TLI 0.901

SRMR 0.058

CFI: comparative fit index; TLI: Tucker-Lewis index; RMSEA: residual mean square error of approximation; SRMR: standardized root mean square residual. p-values: *p < 0.05; **p < 0.01;  
***p < 0.001.
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Significant associations between night work, diabetes 
and risk factors for the disease have been observed in 
prior studies (1,11,26), including findings from ELSA-
Brasil, in which significant results were observed only 
among women (9). In a cohort study where analyses 
were also stratified by sex, the association between night 
work and diabetes was once again restricted to women 
(3). However, a meta-analysis suggested a stronger 
association between shift work and DM2 in men than in 
women (11). Qualitative review argued that differences in 
prevalence of diabetes between genders may be attributed 
to psychosocial and biological factors, but studies of 
gender-specific influences of shift work on metabolism are 
scarce and still inconclusive (27). Also, the lack of studies 
exploring the interaction between gender and shift work 
makes it difficult to compare results (9). The statistically 
significant associations of night work with increased waist 
circumference and physical inactivity observed in this 
study are consistent with findings that point to the adverse 
influence of night work on lifestyle and health behaviors 
(28,29). It has been suggested that physical inactivity may 
result from the fatigue associated with unsocial working 
hours and from the difficulty of participating in sports 
activity groups (30). In relation to waist circumference, it 
has been suggested that aspects of food consumption and 
circadian maladjustment may help to explain the effect 
of night work on weight gain and increased abdominal 
obesity, and may lead to overweight and obesity (30).

Night workers tend to opt for quick, easy-to-prepare 
foods, fat- and carbohydrate-rich meals, frequently 
high in calories and low in nutritional content 
(31,32). In addition, altered meal times are expected 
to affect internal body rhythms, i.e., working at night 
would entail a conflict between meal times and the 
circadian rhythms of hunger and satiety, increasing the 
predisposition to weight gain (32). The physiological 
explanation of this phenomenon presupposes that 
nocturnal wakefulness as a result of work leads to 
lower leptin levels and higher ghrelin levels, as well as 
affecting other hormones and neuropeptides involved 
in the regulation of appetite (33). This relationship may 
be partly explained by the effect of sleep restriction on 
activation of the sympathetic nervous system, which 
inhibits secretion of leptin by adipocytes (34). In this 
study, however, no associations were observed between 
night work and unhealthy food consumption, as 
measured by frequency of snacking pizza, hamburger, 
hot dog, ham/salami/mortadella, fried savories, 
and soda. These results thus indicate that, in this 

population, the relationship between night work and 
metabolic outcomes mediated by snacking may be 
explained better by circadian rhythm misalignment 
than by the type of food consumed by night workers. A 
recent systematic review found no differences in caloric 
intake between day and night workers, suggesting that 
factors such as circadian disruption, mealtimes, and 
variations in energy metabolism at night may explain 
the higher prevalence of obesity in shift workers than in 
day workers (35).

The main advantage of this study was that it enabled 
the indirect effects of night work on glycemic levels to 
be estimated, with emphasis on waist circumference as 
having an important mediating role in this association. 
Although the indirect effects of night work on 
glycemic levels are also mediated by snacking and 
physical activity, the effects derive predominantly from 
waist circumference, since no direct effects of physical 
inactivity on glycemic levels were observed. Thus, the 
ability to estimate the specific effects of each variable 
also contributes to an improved understanding of these 
relationships.

Note that, although the modeling used here 
presupposed causal relations, the cross-sectional study 
design does not allow a causal sequence to be established. 
In other words, although the model presented good 
quality of fit indices by including the effect of physical 
activity on waist circumference and snacking, it is 
possible that, for example, anthropometric indicators 
and snacking have effects on the practice of physical 
activity. Also, the model estimated does not represent 
a complete causal model for the investigation of all 
possible ways that night work could influence diabetes. 
In this context, it is emphasized that initially the factors 
psychosocial job stress (demand-control model) and 
work hours were tested in the model, but in this study 
they did not vary with work schedule and glycemic 
levels.

Finally, the individuals classified as night workers 
were heterogeneous because of (i) possible classification 
errors as regards this exposure in the ELSA-Brazil 
population, (ii) the number of working nights, and 
(iii) the total hours of night shift work. Also, “shift 
worker”, by definition, comprises groups with different 
work patterns (36), i.e., workers on alternating shifts or 
fixed night shifts, which can result in different health 
risks. An additional strength of the present study is that 
it was possible to identify those among the day workers 
who had previously worked at night.
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Given the lack of homogeneity in the exposure 
variable, it was expected, a priori, that the effects of 
night work on glycemic levels would not be very large. 
It is relevant to mention that we showed standardized 
coefficients in order to compare the magnitude of 
each variable analyzed. Most studies on this topic, 
using adjusted regression models on a traditional 
approach, have suggested associations independently 
of potential mediators. In the literature, no studies 
were identified investigating these relationships using 
structural equation modeling to explore whether they 
may be mediated by physical activity, snacking and 
waist circumference. Therefore, it is possible that the 
low estimates observed in this study derive also from 
the type of analysis, using a more complex model that 
allows dependent and independent variables to be 
investigated simultaneously. In line with this discussion, 
the small effect size, despite statistical significance, 
should be taken into consideration when attempting 
to extrapolate the results. However, clinical researchers 
should also consider that our results in combination 
with previous knowledge highlight the role of shift 
work on waist circumference, an intermediate risk 
factor for diabetes.

Given the complexity of relations among these 
variables, these should be explored later with models 
that address the various possible interrelationships. 
Different biological pathways, including hormonal 
changes and sleep-related factors, deserve to be 
evaluated in the future in order to investigate different 
effects related to health behaviors and circadian 
mismatch. In all, the analyses presented here, which 
are based on observational studies, can be seen as an 
important step towards understanding the pathways 
that link night work to diabetes.
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ABSTRACT
Objectives: The differentiation between the various etiologies of thyrotoxicosis, including those 
with hyperthyroidism (especially Graves’ disease [GD], the most common cause of hyperthyroidism) 
and without hyperthyroidism (like thyroiditis), is an important step in planning specific therapy. 
Technetium-99m (99mTc) pertechnetate thyroid scanning is the gold standard in differentiating GD 
from thyroiditis. However, this technique has limited availability, is contraindicated in pregnancy 
and lactation, and is not helpful in cases with history of recent exposure to excess iodine. The aim 
of this study was to identify the diagnostic value of the peak systolic velocity of the inferior thyroid 
artery (PSV-ITA) assessed by color-flow Doppler ultrasound (CFDU) and compare the sensitivity and 
specificity of this method versus 99mTc pertechnetate thyroid uptake. Subjects and methods: We 
prospectively analyzed 65 patients (46 with GD and 19 with thyroiditis). All patients were evaluated 
with clinical history and physical examination and underwent 99mTc pertechnetate scanning and 
measurement of TRAb levels and PSV-ITA values by CFDU. The diagnosis was based on findings 
from signs and symptoms, physical examination, and 99mTc pertechnetate uptake. Results: Patients 
with GD had significantly higher mean PSV-ITA values than those with thyroiditis. At a mean PSV-ITA 
cutoff value of 30 cm/sec, PSV-ITA discriminated GD from thyroiditis with a sensitivity of 91% and 
specificity of 89%. Conclusion: Measurement of PSV-ITA by CFDU is a good diagnostic approach to 
discriminate between GD and thyroiditis, with sensitivity and specificity values comparable to those 
of 99mTc pertechnetate thyroid uptake. Arch Endocrinol Metab. 2019;63(5):495-500 
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INTRODUCTION 

Thyrotoxicosis is characterized by exposure of 
the body to excessive thyroid hormone levels, 

commonly due to a release of high levels of thyroid 
hormones from the thyroid gland. This may occur 
from increased thyroid functioning (hyperthyroidism) 

or inflammatory conditions such as subacute or 
Hashimoto’s thyroiditis. Hyperthyroidism can occur 
due to Graves’ disease (GD), toxic multinodular 
goiters, or solitary toxic nodules (1). The prevalence of 
thyrotoxicosis in India is currently unclear.

The differentiation between the various etiologies 
of thyrotoxicosis, including those with hyperthyroidism 
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(especially GD, the most common cause of 
hyperthyroidism) and without hyperthyroidism (like 
thyroiditis), is an important step in planning specific 
therapy. In the absence of specific signs of GD, such 
as eye, skin, and nail changes, the diagnosis of this 
condition may be difficult, and evaluation with 
complementary tests becomes necessary (2). Although 
technetium 99m (99mTc) pertechnetate scanning is 
frequently used to differentiate GD from thyroiditis, 
its limited availability and some contraindications (such 
as pregnancy and lactation) have prompted us to use 
other diagnostic modalities like color-flow Doppler 
ultrasound (CFDU). Additionally, 99mTc pertechnetate 
scanning is not helpful in patients with recent exposure 
to excessive iodine in the form of iodine-containing 
drugs, food, and contrast (3).  

Interest in CFDU as an important tool in the 
differential diagnosis of thyrotoxicosis has grown in 
recent times. Echogenic features and vascular pattern 
can both differentiate hyperthyroidism from thyroiditis 
(4-6). However, the echogenicity of the thyroid is 
decreased in most etiologies of thyrotoxicosis (including 
GD, subacute thyroiditis, and Hashimoto’s thyroiditis) 
and there is considerable overlap in terms of echogenicity 
between GD and thyroiditis (7-9). Increased vascular 
pattern on CFDU is an important feature of GD and 
helps differentiate this condition from thyroiditis. 
However, assessment of the vascular pattern is a 
subjective finding and is difficult to quantify (2,4,9-12). 
Detection of peak systolic velocity (PSV) of either the 
superior or inferior thyroid artery (ITA) is a quantitative 
measurement. Increased PSV of the superior or inferior 
thyroid arteries is a more specific and sensitive finding in 
GD and is absent in thyroiditis (3,10-12). 

The comparison between measurement of PSV 
of the ITA (PSV-ITA) by CFDU versus 99mTc 
pertechnetate thyroid scanning and TRAb levels in 
the Asian population still lacks data. Based on these 
considerations, the aim of this study was to assess 
the role of PSV-ITA measurement by CFDU in the 
differential diagnosis of GD and subacute thyroiditis 
and to compare the sensitivity and specificity values 
of PSV-ITA with those of 99mTc pertechnetate thyroid 
scan uptake in subjects with GD and thyroiditis.

SUBJECTS AND METHODS 

The study was approved by the hospital’s Ethics 
Committee and included 65 treatment-naïve patients 

with thyrotoxicosis attending an Endocrinology 
outpatient facility at a tertiary care center in North India 
between February 2015 and July 2016. Each patient 
was evaluated according to a predefined protocol. 
We collected information regarding the patients’ age, 
gender, and signs and symptoms of thyrotoxicosis. The 
thyroid was examined in terms of size, consistency, 
tenderness, and presence of nodules and bruit. The 
occurrence of ophthalmopathy and dermopathy was 
investigated. The diagnosis of GD was established based 
on clinical features of thyrotoxicosis, presence of diffuse 
goiter with or without eye, skin or nail changes, and 
diffusely increased 99mTc pertechnetate uptake on thyroid 
scintigraphy. In a few patients, the diagnosis of GD 
was confirmed by the presence of positive TRAb levels 
and follow-up findings. The reference values of 99mTc 
thyroid uptake at 15 minutes (0.4 to 7%) were retrieved 
from ethnic-matched, normal controls participating in 
a previous study (13). The diagnosis of thyroiditis was 
based on the presence of thyroid tenderness, absence 
of eye, skin or nail changes, absence of positive TRAb 
levels, decreased 99mTc uptake, and development of 
spontaneous euthyroidism or hypothyroidism during 
follow-up. We excluded from the study those patients 
with a previous history of thyroid surgery, exposure to 
radioiodine therapy, pregnancy, and lactation, as well 
as individuals taking medications containing iodine 
(including amiodarone) and recent exposure to iodine-
containing contrast agents.

Laboratory tests

Blood samples were collected from each patient 
during fasting. Serum concentrations of TSH, total 
T3, and total T4 were measured by commercial 
chemiluminescent immunoassays (Beckman Coulter 
Unicel DXI 800 Access Immunoassay System, Brea, 
California, USA). TRAb levels were measured by 
enzyme-linked immunosorbent assay (ELISA; Elisa 
RSR TRAb 2nd generation kit, RSR Ltd, Cardiff, UK). 
The reference values are 0.5–6.5 mIU/mL for TSH, 
0.70–2.50 ng/mL for total T3, 4.0–13.0 μg/dL for 
total T4, and ≤ 1 U/L for TRAb. 

TRAb measurement 

For measurement of TRAb levels, we added 75 µL of 
buffer solution to each TSHR-coated well, followed 
by 75 µL of test sera, calibrators, and controls. The 
wells were then covered with a lid and shaken for 2 
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hours at room temperature on an ELISA plate shaker 
(500 shakes/min). After washing with wash solution, 
100 µL of reconstituted TSH-biotin was added to 
each well and then incubated at room temperature 
for 25 minutes. After another wash, 100 µL of diluted 
streptavidin-peroxidase (SA-POD) was added and 
again incubated at room temperature for 20 minutes 
without shaking. This was followed by another washing 
with wash solution and then pure water. After that, 
100 µL of 3, 3’, 5, 5’-tetramethylbenzidine (TMB) 
was added into each well and incubated in the dark 
at room temperature for 30 minutes. After this step, 
additional reaction was stopped by adding 50 µL of 
stop solution to each well and, after covering with a 
lid, the wells were shaken for approximately 5 seconds 
on an ELISA plate shaker. The absorbance of each well 
was then read at 450 nm using an ELISA plate reader. 
A calibration curve was established by plotting the 
calibrator concentration on the x-axis (log scale) against 
the absorbance of the calibrators on the y-axis (linear 
scale). Serum TRAb concentrations were then read 
from the calibration curve. The cutoff level considered 
for the diagnosis of GD was > 1 IU/L, while values ≤ 1 
IU/L were diagnostic of thyroiditis, as indicated by the 
manufacturer of the TRAb kit.

Evaluation with color-flow Doppler ultrasound

The study participants underwent conventional 
ultrasonography and CFDU using a 7.5 MHz 
broadband linear transducer (Aloka ProSound 3500 
SX, Hitachi Aloka Medical, Ltd., Tokyo, Japan) by 
an experienced radiologist who was blinded to the 
patients’ clinical and biochemical parameters. The 
observed parameters included the size, shape, echo 
pattern, presence or absence of nodules, vascular pattern 
(“thyroid inferno”), and PSV of both the right and left 
ITAs. The patients were examined in dorsal decubitus 
with a cushion under their shoulders and neck extended. 
The probe was positioned softly without compressing 
the skin to prevent underestimation of the vascular 
intensity. The ITA was examined in the transverse plane 
at the junction of the middle and inferior third of the 
thyroid. The cursor was maintained close to the trachea 
to avoid artifacts from the common carotid artery and 
internal jugular vein. The PSV-ITA was obtained from 
both the right and left sides. The Doppler angle was 
corrected to values under or equal to 60°. The mean 
PSV-ITA value found in the right and left lobes was 
used as a representative parameter. 

Technetium (99mTc) pertechnetate thyroid 
scintigraphy
99mTc pertechnetate thyroid scans were evaluated by 
two nuclear medicine physicians who were blinded to 
the CFDU findings. The parameters observed included 
the uptake pattern and percentage, and the uptake 
by the salivary glands. For the 99mTc pertechnetate 
thyroid scans, 15 minutes after intravenous injection 
of 99mTc pertechnetate 185 MBq, static images were 
obtained using a large field-of-view dual-head gamma 
camera fitted with a low-energy all-purpose parallel-
hole collimator (dual-head, E.cam, Siemens Medical 
Solutions, Hoffman Estates, IL, USA) with the patient 
in a supine position with extended neck. The anterior, 
left anterior oblique, and right anterior oblique view 
images were recorded with a 128 x 128 matrix size 
and zoom set to 1.0. The energy level of the gamma 
camera was set at 140 keV, with a 20% symmetrical 
window. Background- and decay-corrected thyroid 
uptakes were calculated using a predefined software 
provided with the system.

Statistical analysis

The statistical analysis was performed using the SPSS 
Statistical Package, version 16.0 (SPSS Inc., Chicago, 
IL, USA). The data are expressed as mean ± standard 
deviation. We used the chi-square test for categorical 
data and the independent samples Student’s t test for 
parametric quantitative data. Pearson’s correlation test 
was used to compare parametric quantitative data. We 
used receiver operating characteristic (ROC) curve 
analysis to obtain optimum cutoff values of PSV-ITA 
and TRAb.

RESULTS

All 65 patients had suppressed TSH levels and increased 
total T3 and T4 levels. Overall, 46 patients had GD and 
19 patients had thyroiditis. A T3/T4 ratio below 20 
was present in 18 (95%) patients with thyroiditis and 
31 patients (67%) with GD. This difference in T3/T4 
ratio between both groups was statistically significant  
(p = 0.02). Patients with GD had larger thyroid volumes 
than those with thyroiditis (17.86 ± 8.12 cm3 versus 
7.36 ± 2.6 cm3, respectively, p < 0.001) (Table 1). 

Patients with GD had higher mean PSV-ITA values 
than those with thyroiditis (45.85 ± 14.49 versus 15.83 
± 8.15, respectively, p < 0.001). A ROC curve analysis 
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of the mean PSV-ITA values yielded an area under the 
curve (AUC) of 0.97, with a cutoff value of 30 cm/
sec emerging as an appropriate value to differentiate 
between GD and thyroiditis (sensitivity 91%, specificity 
89%). The percentage 99mTc pertechnetate uptake was 
43.05 ± 0.77 in patients with GD and 2.57 ± 6.33 in 
those with thyroiditis (p < 0.001). TRAb levels were 
more markedly elevated in patients with GD compared 
with those with thyroiditis (p < 0.001) (Table 2).  

We found a significant correlation between PSV-
ITA values and serum total T3 levels (r = 0.52,  
p = 0.001. We also found a significant positive 
correlation between 99mTc pertechnetate uptake and 
PSV-ITA values (r = 0.72, p = 0.001, and a strong 
correlation between TRAb levels and PSV-ITA values 
(r = 0.40, p < 0.001).

DISCUSSION 

The differentiation between GD and thyroiditis can 
be challenging, especially in mild GD cases that are 
not associated with typical features of the disease, 
like ophthalmopathy or dermopathy, although 
the persistence of signs and symptoms is helpful 
in differentiating GD from thyroiditis. For proper 
management, the disease must be diagnosed early. 
Even though radioactive iodine or 99mTc pertechnetate 
uptake is the gold standard in the diagnosis of 
hyperthyroidism, the widespread use of this technique 
is limited. Also, nuclear scanning is not available in 
many facilities, is contraindicated in pregnancy and 
lactation, and is affected by recent iodine exposure. 
The strength of the present study is the use of multiple 
modalities for the diagnosis of GD, which in addition 
to nuclear scanning included measurement of TRAb 
levels. In contrast, the ultrasonographic evaluations 
were carried out by a single ultrasonographer, which is 
a limitation of the study.

Measurement of biochemical parameters like thyroid 
hormone levels have been suggested to help identify 
the etiology of the thyrotoxicosis (14), and a T3/T4 
ratio below 20 has been proposed to indicate thyroiditis 
(15,16). In the present study, a T3/T4 ratio below 20 
was present in 94% of the patients with thyroiditis but 
was also seen in 69% of those with GD. This indicates a 
marked overlap between the two conditions when the 
T3/T4 ratio is used as a diagnostic criterion, which is 
in agreement with some studies (17). 

In the present study, we evaluated the thyroid 
blood flow as a marker to identify different types 
of thyrotoxicosis. The mean PSV-ITA value was 
significantly higher in patients with GD compared with 
those with thyroiditis. In the present study, the PSV-
ITA cutoff value of 30 cm/sec, measured by CFDU, 
revealed a sensitivity of 91% and a specificity of 89% to 
diagnose GD. This parameter could help differentiate 
cases of GD and thyroiditis with equivocal Doppler 
patterns (9,18). Measurement of PSV appears to be 
more useful than the evaluation of CFDU patterns 
in the differential diagnosis of thyrotoxicosis. Our 
results are in agreement with those of Kurita and 
cols. (19), who demonstrated a sensitivity of 84% 
and specificity of 90% for CFDU in the differential 
diagnosis of thyrotoxicosis. Similarly, Donkol and cols. 
(2), in a study with 26 patients with thyrotoxicosis, 
demonstrated a sensitivity of 88.9% and specificity of 

Table 1. Demographic and baseline characteristics of the study 
participants

Parameter Graves’ disease
(n = 46)

Thyroiditis
(n = 19) P value

Sex, number (%) 0.256

Male 17 (37) 4 (21)

Female 29 (63) 15 (79)

Age in years, mean (SD) 35.26 (13.06) 31.21 (8.87) 0.221

Total T4, μg/dL 20.42 (4.89) 22.25 (5.04) 0.181

Total T3, ng/mL 4.07 (1.49) 2.55 (0.62) < 0.001

TSH, mIU/L 0.03 (0.05) 0.02 (0.02) 0.58

T3 to T4 ratio < 20, value (%) 31 (67) 18 (95) 0.02

T3 to T4 ratio  ≥ 20, value (%) 15 (33) 1 (5) 0.02

SD: standard deviation.

Table 2. Diagnostic ability of TRAb, mean PSV-ITA, and 99mTc pertechnetate 
thyroid scanning in the differential diagnosis of thyrotoxicosis

TRAb levels mPSV-ITA
99mTc pertechnetate 

uptake

AUC 0.968 0.976 0.985

95% CI 0.906-1.03 0.940-1.01 0.957-1.01

Cutoff value1.5 U/L 30 cm/sec 7%

Sensitivity (%) 100 91 100

Specificity (%) 89 89 84

PPV (%) 96 95 94

NPV (%) 100 80 100

Diagnostic 97

accuracy (%)

91 95

AUC: area under the curve; CI: confidence interval; NPV: negative predictive value; PPV: positive 
predictive value; mPSV-ITA: mean peak systolic velocity of the inferior thyroid artery; 99mTc = 
technetium-99m. 
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87.5% with CFDU, using 99mTc pertechnetate as the 
gold standard. On the other hand, Hari Kumar and 
cols. (11), in a study of 65 patients with thyrotoxicosis, 
found a significantly higher ITA blood flow in patients 
with GD than in those with thyroiditis. The authors 
demonstrated that CFDU had a sensitivity of 96% 
and specificity of 95% in establishing a differential 
diagnosis between GD and thyroiditis in patients with 
thyrotoxicosis, although their sensitivity and specificity 
values were higher than those found in our study. Their 
study was also limited by the facts that the diagnosis 
was mainly based on clinical signs and symptoms of 
thyrotoxicosis and that 99mTc pertechnetate scans were 
not available in most patients.

In our study, 99mTc pertechnetate scanning had 
a better performance than measurement of PSV-
ITA values in terms of sensitivity (100% versus 91%, 
respectively) and negative predictive value (100% versus 
80%, respectively) but both diagnostic modalities 
had similar specificity and positive predictive values. 
PSV-ITA may be recommended during pregnancy 
or lactation, in patients with recent iodine exposure, 
and in the absence of a nuclear medicine facility. This 
method is also useful in cases requiring an immediate 
therapeutic decision, as in cases of severe thyrotoxicosis 
and patients residing far away.

In our study, three patients with increased 99mTc 
pertechnetate uptake (i.e., suggestive of GD) were 
shown to have thyroiditis during follow-up (because of 
transient thyrotoxicosis). These patients were correctly 
diagnosed by CFDU as having thyroiditis, due to 
decreased mean PSV-ITA values. Cases of resolving 
thyroiditis can occasionally show increased uptake on 
nuclear imaging, which is similar to the finding in GD, 
potentially leading to confusion (20). 

Other methods of quantitative thyroid blood flow 
assessment have recently been described by other 
investigators (21-23). Saleh and cols. (21) performed 
CFDU on 24 patients with GD and 13 patients with 
diffuse toxic goiter. In addition to PSV measurement, 
these authors also measured color pixel density (CPD) 
and volume flow rate (VFR) and found that PSV had 
a sensitivity of 87% and specificity of 100% to diagnose 
GD compared with CPD and VFR measurements, both 
of which had similar sensitivity and lower specificity 
(92%) values. Similarly, Kurita and cols. (22) measured 
the thyroid blood flow area (TBFA) to differentiate 
between GD and destruction-induced thyrotoxicosis 
and found a sensitivity of 84% and specificity of 90% 

for TBFA values between 7.7% and 8%. Ota and cols. 
(23) examined the role of advanced dynamic flow in 
differentiating between untreated GD and subacute 
thyroiditis. The authors concluded that a thyroid 
blood flow above 4% indicates GD. Despite the use of 
some new imaging techniques, measurement of PSV 
with CFDU has sufficient sensitivity and specificity to 
differentiate GD from thyroiditis.

Using ROC curve, we found that the mean PSV-
ITA cutoff value of 30 cm/sec differentiated GD from 
thyroiditis. Similar cutoff values have been recently 
published (12). Bogazzi and cols. (18) found that the 
mean PSV cutoff value of 15 ± 3 cm/sec appropriately 
diagnosed GD. Many other studies have considered 
higher cutoff values, probably due to differences in 
the ethnicity of the study participants and the choice 
of thyroid artery (superior or inferior) used for the 
measurement (2,3,24,25).

Thyroid hormone levels have a marked influence on 
the gland’s vascularity. We found a significant correlation 
between PSV-ITA values and serum total T3 levels  
(r = 0.52, 0.001). A similar positive correlation has been 
observed between free T3 levels and PSV-ITA values 
by Zuhur and cols. (12). Kumar and cols. also found 
higher PSV-ITA values in hyperthyroid compared with 
euthyroid patients with GD (26). Additionally, we 
found a significant positive correlation between 99mTc 
pertechnetate uptake and PSV-ITA values (r = 0.72,  
p = 0.001), a finding consistent with that by Zuhur and 
cols. (12). A study from China has also shown a good 
correlation between radioactive iodine uptake at 3 and 
24 hours and PSV values of the superior thyroid artery 
(3). We also found a strong correlation between TRAb 
and PSV-ITA values (r = 0.40, p < 0.001). Similarly, 
Ueda and cols. (27) and Baldini and cols. (28) found a 
significant correlation between TRAb levels and PSV-
ITA values in patients with relapsing GD.

In conclusion, the results of the present study 
demonstrate that PSV-ITA is as effective as nuclear 
imaging in the differential diagnosis between GD and 
thyroiditis. PSV-ITA can be performed on a single 
day and in patients with contraindications for nuclear 
scanning (especially during pregnancy and lactation). 
In contrast to 99mTc pertechnetate thyroid scanning, 
PSV-ITA is not affected by recent iodine exposure. 
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ABSTRACT
Objective: To investigate the association of the genetic variants of the folate metabolism genes 
(MTHFR C677T; MTHFR A1298C; MTR A2756G; MTRR A66G and RFC-1 A80G) with the development 
of polycystic ovary syndrome (PCOS). Subjects and methods: This study included 203 women (99 
women with PCOS and 104 controls). The genotyping was performed by PCR-RFLP. Chi-squared 
test and multiple logistic regression were used in the statistical analysis. Haplotype analysis was 
conducted using the SNPstat program. The results were presented in odds ratio (OR) and confidence 
interval of 95% (CI-95%), with a significance level of 5% (p ≤ 0.05). Results: The genotypic distribution 
of the RFC-1 A80G polymorphism showed significant difference between the two groups, showing 
that the heterozygous genotype (AG genotype) was most frequent in controls. The polymorphic 
homozygous (GG genotype) of MTRR A66G polymorphism were most frequent in controls. The T-C 
haplotype MTHFR C677T and A1298C polymorphisms were more frequent in the control group (OR 
= 0.19; CI 95% — 0.04 to 0.93 e p = 0.042). The multivariate analysis evidenced that family history of 
PCOS was more frequent in the PCOS group (OR = 3.29; CI 95% — 1.48 to 7.31; p = 0.003). Conclusion: 
In our casuistry, the polymorphic homozygous of MTRR A66G polymorphism gene and heterozygous 
of RFC-1 A80G polymorphism gene, the haplotype T-C C677T and A1298C polymorphisms of MTHFR 
gene, can be associated with protective factors for the disease. Arch Endocrinol Metab. 2019;63(5):501-8 
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INTRODUCTION

The Polycystic Ovary Syndrome (PCOS) is 
characterized by the presence of polycystic 

ovaries morphology, oligo or chronic anovulation and 
hyperandrogenism (1,2). 

The etiology of PCOS is unclear, but this syndrome 
is a multifactorial disease that results from complex 
interactions between genetic and environmental 
factors (3). One study performed in 1968 showed the 

possible effect of folic acid on ovarian function in rats, 
evidencing that a deficiency or an excess of folic acid 
partially inhibited ovulation (4). The effect of folate 
deficiency was also studied on the cytomorphology 
and the kinetics of proliferation of ovarian granulosa 
cells, and the epithelial cells lining the uterus, cervix 
and vagina of six sexually mature female rhesus monkey 
and showed degeneration of Graffian follicles with an 
increase in atretic and cystic follicles, accompanied by 
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a depletion of granulosa cells and reduction or even 
absence of corpora lutea (5). The homocysteine is 
produced in all cells and can be produced by folate 
metabolism that is reduced to tetrahydrofolate which is 
then converted to 5, 10-methylenetetrahydrofolate (6). 
Several studies confirmed the presence of increased 
serum Hcy concentration in PCOS patients (7). 

The enzymes methylenetetrahydrofolate reductase 
(MTHFR), methionine synthase (MTR), methionine 
synthase reductase (MTRR) and reduced folate 
carrier 1 (RFC-1) participate in the folate metabolism. 
Single nucleotide polymorphisms (SNPs) can lead to 
modifications in enzymatic activities involved in the 
metabolic pathway of folate and may be implicated 
in the etiology of the PCOS, mainly in epigenetic 
changes such as alterations in DNA methylation 
pattern (4-6,8). Several literature reports showed that 
the MTHFR C667T and A1298C, MTR A2756G, 
MTRR A66G and RFC-1 A80G SNPs are genetic 
factors that can modify the activities of the folate 
metabolism enzymes (9-12).

Several studies evaluated the association between PCOS 
and MTHFR polymorphisms and found contradictory 
results. However, the study of Fu and colleagues showed 
that the T allele of MTHFR C677T polymorphism is 
associated with the PCOS development (13).

Considering the evidences showed in several 
studies indicating that the genetic polymorphisms 
can have influence in PCOS and the lack of studies 
in the Brazilian population, the aim of this study was 
to investigate the association of the genetic variants 
of the folate metabolism genes (MTHFR C677T – 
rs1801133, MTHFR A1298C – rs1801131, MTR 
A2756G – rs1805087, MTRR A66G – rs1801394 and 
RFC-1 A80G – rs1051266 polymorphisms with the 
development of PCOS).

SUBJECTS AND METHODS

Casuistry 

This case-control study was approved by the Ethics 
Committee of the Federal University of Triângulo 
Mineiro (UFTM) (Protocol 1796), with all patients 
signing the Informed Consent Term. 

All the women in this study were availed by specialists 
of a research group from the Gynecology and Obstetrics 
and the Adrenal and Gonadal Endocrinology sectors of 
the Clinics Hospital of UFTM, Uberaba, Minas Gerais, 

Brazil. Participants inclusion in the study occurred in 
the period from 2012 to 2016.

This study included 203 women (99 women 
with PCOS and 104 controls). PCOS patients were 
diagnosed using the Rotterdam criteria. The control 
group consisted of women in reproductive age, with no 
current or superior use of contraceptives for 3 months 
and no history or signs of PCOS. The exclusion 
criteria consisted of: presence of Cushing’s syndrome, 
congenital adrenal hyperplasia, thyroid dysfunction, 
hyperprolactinemia, diabetes mellitus, adrenal or ovarian 
tumors, use of anti-androgens, statins, glucocorticoids 
or medications for infertility. 

Molecular analysis 

The genomic DNA was extracted from peripheral 
blood leukocytes according to the method of Phenol: 
Chloroform: Isoamyl (14) and storage at 4oC. The 
genotyping of the MTHFR C677T (rs1801133), 
MTHFR A1298C (rs1801131), MTR A2756G 
(rs1805087), MTRR A66G (rs1801394) and RFC-1 
A80G (rs1051266) polymorphisms were analyzed by 
Polymerase Chain Reaction and Restriction Fragment 
Length Polymorphism (PCR-RFLP) using protocols 
previously described (15-18). 

Statistical analysis

Statistical analyses were performed using Stacts Direct 
and BioEstat version 3.0. Chi-squared test and multiple 
logistic regression were used in the statistical analysis.

Comparisons between the differences of genotypic 
distributions and Hardy-Weinberg equilibrium (HWE) 
were made by chi-square test. The multiple regression 
logistic test was used to determine the effects of 
variables in PCOS. The model included smoking 
habit (reference: no), alcohol habit (reference: no), 
family history of PCOS (reference: no), and the 
polymorphisms (reference: homozygous wild type). 

The binary logistic regression model adjusted for age 
was used to assess the association between polymorphisms 
and development of PCOS using the SNPStats 
program (available at: http://bioinfo.iconcologia.net/
SNPstats_web). The effects of the polymorphisms were 
evaluated in the following models: (1) codominant 
(homozygous wild type vs heterozygous vs polymorphic 
homozygote); (2) dominant (homozygous wild type 
vs heterozygous plus polymorphic homozygous); (3) 
recessive (polymorphic homozygous vs homozygous 



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

503

Folate polymorphisms PCOS

Arch Endocrinol Metab. 2019;63/5 

wild type plus heterozygous) and (4) overdominant 
(homozygous wild type plus polymorphic homozygous 
vs heterozygous). The MTHFR haplotype was inferred 
using the SNPStats program, which checked population 
frequency estimates of the haplotype.

The software G POWER 3.1 was used to verify the 
statistical power of the study and presented 95%, post hoc.

The results were shown as odds ratios (OR) and 95% 
confidence interval (CI 95%). The level of significance 
was set at 5% (p ≤ 0.05).

RESULTS

In this study, sociodemographic data, including age, 
smoking and alcohol habits and historical family 
PCOS, were collected. Also, information as absence of 
pregnancy and menstrual irregularities, comorbidities, 
use of hormonal or non-hormonal medication, 
hyperandrogenic aspects, weight, height, BMI were 
collected and are shown in the Table 1. The clinical 
data were collected by follow-up in the medical records.

In the univariate analysis, the genotype distribution 
of RFC-1 A80G polymorphism showed significant 
difference between the two groups (χ2 = 8.42;  
p = 0.01). For the other polymorphisms, the genotype 
distribution has not shown statistic difference between 

the cases and controls for MTHFR C677T (χ2 = 1.14; 
p = 0.56), MTHFR A1298C (χ2 = 0.04; p = 0.98), 
MTR A2756G (χ2 = 0.13; p = 0.57) and MTRR A66G 
polymorphisms (χ2 =3.47; p = 0.18). 

With regard to the HWE, the genotypic frequencies 
of the MTHFR C677T (χ2 = 0.11; p = 0.74 cases; 
χ2 = 0.03; p = 0.86 controls) and MTR A2756G 
polymorphisms (χ2 = 0.0006; p = 0.98 cases; χ2 = 
0.33; p = 0.57 controls) were found in equilibrium. 
The MTRR A66G and RFC-1 A80G polymorphisms 
showed equilibrium in controls (χ2 = 3.28; p = 0.07; 
χ2 = 0.05; p = 0.83, respectively), but disequilibrium 
in cases (χ2 = 5.55; p = 0.02; χ2 = 14.01; p = 0.0002, 
respectively). The MTHFR A1298C polymorphism 
showed disequilibrium in cases and controls (χ2 = 8.33; 
p = 0.004; χ2 = 8.73; p = 0.003, respectively).

Table 2 shows the haplotypes that were constructed 
with the analysis of the MTHFR polymorphisms 
genes studied (C677T and A1298C). The C-A, T-A 
and C-C haplotype frequencies were similar between 
both groups. However, the T-C haplotype frequency 
showed significant difference between the PCOS group 
and control group (OR = 0.19; CI 95%: 0.04-0.93 and 
p = 0.042), with higher frequency in the control group.

In our study, the analysis of the association of the five 
genetic polymorphisms (the MTHFR C677T, MTHFR 
A1298C, MTR A2756G, MTRR A66G and RFC-1 
A80G) is presented in Table 3. The genotypes of 99 
women with PCOS and 90 controls were adjusted for age 
according to the heritable models. The SNP MTRR A66G 
in the recessive model (OR = 0.34; CI 95%: 0.12-0.96; 
p = 0.035) showed a higher frequency of the recessive 
genotype in the control group. The SNP RFC-1 A80G 
in the codominant model (OR = 0.42; CI 95%: 0.20-
0.87; p = 0.049) and overdominant model (OR = 0.46; 
CI 95%: 0.25-0.88; p = 0.017) had higher frequency of 
the heterozygous genotype in the control group. These 
results may suggest an association of these polymorphisms 
as protective factors in PCOS development.

Table 1. Characterization of the study group with women with PCOS and 
controls

Variables
PCOS Controls

N/n (% or mean) N/n (% or mean)

Age (years) 97 (26.06 ± 7.32*) 99 (31.73 ± 9.65*)

Absence of pregnancy 96/76 (79.17) 99/38 (38.38)

Menstrual irregularities 97/34 (35.05) 98/06 (06.12)

Family history of PCOS 95/37 (38.95) 100/20 (20.00)

Smoking habit 95/07 (07.37) 100/25 (25.00)

Alcohol habit 97/25 (25.77) 100/29 (29.00)

Comorbidities 94/44 (46.81) 98/29 (29.59)

Use of hormonal medication 95/54 (56.84) 100/09 (09.00)

Hirsutism 93/52 (55.91) 100/05 (05.00)

Acne 93/61 (65.59) 100/29 (29.00)

Skin Oiliness 93/73 (78.49) 100/49 (49.00)

Loss of hair 92/58 (63.04) 99/35 (35.35)

Weight (meters) 89 (1.63 ± 0.07*) 96 (1.62 ± 0.06*)

Height (kg) 91 (79.70 ± 22.45*) 96 (67.34 ± 14.65*)

BMI (kg/m2) 89 (29.72 ± 8.82*) 96 (25.44 ± 4.86*)

Overweight or obesity /58 (65.17) /48 (50.00)

* Mean of variable and standard deviation; N: total of women with the analyzed variable; n: 
number of women with the variable analyzed.

Table 2. Haplotype frequencies of the MTHFR C677T and A1298C 
polymorphisms gene in women with PCOS and controls

Haplotype PCOS 
Frequency 

Control 
Frequency O.R (CI 95%) p value

C-A 0.38 0.39 1.00 -

T-A 0.29 0.29 1.07 (0.62 to 1.82) 0.82

C-C 0.31 0.26 1.53 (0.91 to 2.56) 0.11

T-C 0.02 0.07 0.19 (0.04 to 0.93) 0.042*

OR: odds ratio; CI: confidence interval. * p < 0.05.
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Table 3. Association of the MTHFR C677T, MTHFR A1298C, MTR A2756G, MTRR A66G and RFC-1 A80G polymorphisms gene with PCOS, adjusted for age

Model Genotype Case N (%) Control N (%) OR (CI 95%) p value 

MTHFR C677T

Codominant

C/C 44 (47.30) 39 (43.30) 1.00

0.32C/T 42 (45.20) 39 (43.30) 0.90 (0.47-1.73)

T/T 07 (07.50) 12 (13.40) 0.45 (0.15-1.30)

Dominant
C/C 44 (47.30) 39 (43.30) 1.00

0.45
C/T-T/T 49 (52.70) 51 (56.70) 0.79 (0.43-1.46)

Recessive
C/C-C/T 86 (92.50) 78 (86.70) 1.00

0.14
TT 07 (07.50) 12 (13.40) 0.47 (0.17-1.30)

Overdominant
C/C-T/T 51 (54.80) 51 (56.70) 1.00

0.87
C/T 42 (45.20) 39 (43.30) 1.05 (0.57-1.95)

MTHFR A1298C

Codominant

A/A 48 (51.60) 48 (53.30) 1.00

A/C 29 (31.20) 27 (30.00) 1.43 (0.70-2.94) 0.60

C/C 16 (17.20) 15 (16.70) 1.26 (0.54-2.95)

Dominant
A/A 48 (51.60) 48 (53.30) 1.00

A/C-C/C 45 (48.40) 42 (46.70) 1.36 (0.73-2.55) 0.33

Recessive
A/A-A/C 77 (82.80) 75 (83.30) 1.00

C/C 16 (17.20) 15 (16.70) 1.10 (0.49-2.48) 0.81

Overdominant
A/A-C/C 64 (68.80) 63 (70.00) 1.00

A/C 29 (31.20) 27 (30.00) 1.35 (0.68-2.67) 0.39

MTR A2756G

Codominant

A/A 59 (63.40) 54 (60.00) 1.00

0.71A/G 31 (33.30) 31 (34.40) 0.86 (0.45-1.64)

G/G 03 (03.20) 05 (05.60) 0.56 (0.12-2.60)

Dominant
A/A 59 (63.40) 54 (60.00) 1.00

0.53
A/G-G/G 34 (36.60) 36 (40.00) 0.82 (0.44-1.53)

Recessive
A/A-A/G 90 (96.80) 85 (94.40) 1.00 0.49

GG 03 (03.20) 05 (05.60) 0.59 (0.13-2.70)

Overdominant
A/A-G/G 62 (66.70) 59 (65.60) 1.00

0.73
A/G 31 (33.30) 31 (34.40) 0.89 (0.47-1.70)

MTRR A66G

Codominant

A/A 33 (35.50) 25 (27.80) 1.00

0.09A/G 54 (58.10) 51 (56.70) 0.81 (0.41-1.60)

G/G 06 (06.50) 14 (15.60) 0.29 (0.09-0.92)

Dominant
A/A 33 (35.50) 25 (27.80) 1.00

0.28
A/G-G/G 60 (64.50) 65 (72.20) 0.69 (0.36-1.34)

Recessive
A/A-A/G 87 (93.50) 76 (84.40) 1.00

0.035*
GG 06 (06.50) 14 (15.60) 0.34 (0.12-0.96)

Overdominant
A/A-G/G 39 (41.90) 39 (43.30) 1.00

0.77
A/G 54 (58.10) 51 (56.70) 1.10 (0.59-2.04)

RFC-1 A80G

Codominant

A/A 36 (38.70) 25 (27.80) 1.00

0.049*A/G 28 (30.10) 45 (50.00) 0.42 (0.20-0.87)

G/G 29 (31.20) 20 (22.20) 0.79 (0.35-1.78)

Dominant
A/A 36 (38.70) 25 (27.80) 1.00

0.066
A/G-G/G 57 (61.30) 65 (72.20) 0.54 (0.28-1.05)

Recessive
A/A-A/G 64 (68.80) 70 (77.80) 1.00

0.49
GG 29 (31.20) 20 (22.20) 1.28 (0.64-2.56)

Overdominant
A/A-G/G 65 (69.90) 45 (50.00) 1.00

0.017*
A/G 28 (30.10) 45 (50.00) 0.46 (0.25-0.88)

OR: odds ratio; CI: confidence interval. * p ≤ 0.05.
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Table 4 shows the results of multiple logistic 
regression analysis in 85 women with PCOS and 84 
controls to determine the effects of the variables. The 
smoking habit was more frequent in the control group 
(OR = 0.13; CI 95%: 0.04-0.41; p = 0.004). The PCOS 
family history was more frequent in the case group (OR 
= 3.29; CI 95%: 1.48-7.31; p = 0.003). 

DISCUSSION

This study evaluated the association of five genetic 
polymorphisms involved in the folate metabolism 
(MTHFR C677T, MTHFR A1298C, MTR A2756G, 
MTRR A66G and RFC-1 A80G) in women with PCOS 
and controls in a Brazilian population. The analysis 
of polymorphisms of the folate metabolic pathway 
enzymes genes can provide relevant data on how these 

genetic variants may alter the structural and functional 
properties of the enzymes, and result in important 
alterations. The enzymes methylenetetrahydrofolate 
reductase enzyme (MTHFR), methionine synthase 
(MTR) and methionine synthase reductase (MTRR), 
are involved in folate metabolism, and polymorphisms 
identified in their genes can lead to the functional 
alterations and may alter the folate metabolism (7,19). 

The present study tested HWE for the genotype 
frequencies of the five polymorphisms analyzed. 
The polymorphisms MTHFR A1298C were in 
disequilibrium in the cases and controls, and the 
polymorphisms MTRR A66G and RCF-1 A80G 
presented disequilibrium in the case group. When the 
HWE was tested, the disequilibrium between cases 
and controls may be due to the random selection of 
the individuals studied, the adopted disease model 

Table 4. Relation between risk factors for PCOS development and the genetic polymorphisms of the MTHFR C677T, MTHFR A1298C, MTR A2756G, 
MTRR A66G and RFC-1 A80G in women with PCOS and controls

Variable analyzed PCOS N (%) Control N (%) O.R (CI 95%) p value

Risk factors

Smoking Habit

Yes 05 (05.88) 23 (27.38)
0.13 (0.04-0.41)

0.004*

No 80 (94.11) 61 (72.62)

Alcohol Habit

Yes 20 (23.53) 24 (28.57)
0.96 (0.44-2.07)

0.91

No 65 (76.47) 60 (71.43)

Family History of PCOS 

Yes 31 (36.47) 14 (16.67)
3.29 (1.48-7.31)

0.003*

No 54 (63.53) 70 (83.33)

GENETIC POLYMORPHISMS

MTHFR A1298C

1.06 (0.53-2.13)AA 42 (49.41) 46 (54.76) 0.87

AC / CC 43 (50.59) 38 (45.24)

MTHFR C677T

1.01 (0.50-2.01)
CC 40 (47.06) 37 (44.05)

CT / TT 45 (52.94) 47 (55.95) 0.98

MTR A2756G

0.85 (0.43-1.68)AA 52 (61.18) 51 (60.71) 0.64

AG / GG 33 (38.82) 33 (39.29)

MTRR A66G

0.67 (0.33-1.36)AA 32 (37.65) 23 (27.38) 0.26

AG / GG 53 (62.35) 61 (72.62)

RFC-1 A80G

0.52 (0.25- 1.06)AA 35 (41.18) 24 (28.57) 0.07

AG / GG 50 (58.82) 60 (71.43)

OR: odds ratio; CI: confidence interval. * p ≤ 0.05.
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and/or random changes in the genotype frequencies 
due to sampling errors (genetic drift). When there is 
no balance among the cases, it may be related to the 
disease (with a statistical difference in the genotypic 
frequency) or deletion of the deleterious allele by the 
action of natural selection (with no statistical difference 
in genotypic frequency). When the control individuals 
are in HW disequilibrium, it may mean that there is a 
protective effect (20-22).

In our results, there were no association between 
PCOS and the SNPs C677T and A1298C MTHFR 
gene. Table 5 summarizes the case-control studies with 
PCOS and MTHFR gene polymorphisms in different 
populations and shows that the results of the association 
of these polymorphisms are contradictory.

This study evaluated the relationship between 
haplotypes of the MTHFR gene polymorphisms and 
PCOS. The haplotype T-C was more frequent in the 
controls. Other studies have not made this inference. 

The present study has not found any association 
between the SNP MTR A2756G and PCOS. This 
result is in agreement with one study available in the 
literature that analyzed 46 women with PCOS and 25 
controls, in two ethnicities: Caucasian (25 PCOS and 16 
controls) and South Asian (21 PCOS and 9 controls), 
and the relation of MTR A2756G polymorphism with 
the biochemical, hematological and endocrinological 
parameters and plasma levels of homocysteine (8).

No association between SNP MTRR A66G and 
PCOS were observed in our study. However, the 
recessive inheritance model showed that GG genotype 
is more frequent in the control group and this result can 
suggest that the recessive homozygous can be related as 
a protective factor in our studied population. Another 

study showed association between the lower level of the 
total cholesterol and LDL cholesterol when compared 
to AA and AG genotypes (30). 

In our study, the univariate analysis of the SNP 
RFC-1 A80G showed significant difference between the 
cases and controls. The codominant and overdominant 
inheritance models showed that the AG genotype was 
more frequent in controls. Results of our study suggest 
that heterozygous individuals can show protector effect 
against PCOS. There are few studies in the literature 
about the RFC-1A80G polymorphism gene and some 
comorbidities, like hyperhomocysteinemia (31).

Regarding casuistry in this study, the multivariate 
analysis evidenced that family history of PCOS was 
more frequent in women with PCOS. This result shows 
that genetic factors can be related to the etiology of 
PCO0S, which is in accordance with other studies. A 
study carried out in 2006 evidenced that the syndrome 
has a hereditary basis, and that genetic factors are 
related with PCOS development (32). Other research, 
in 2010, investigated the genes susceptible to the 
development of PCOS in 502 families with daughters 
and sisters with PCOS and it concluded that some genes 
are related to the risk of developing the syndrome (33). 
Therefore, this information constitutes an important 
basis for justification of studies of susceptible genes in 
PCOS. This analysis also showed that smoking habits 
was more frequent in controls; this finding can be due 
to the treatment of PCOS in the case of female smokers 
includes quitting smoking. Discontinuation of cigarette 
smoking may result in decreased levels of androgens in 
the circulation. Likewise, smoking is a contraindication 
to the use of oral contraceptives, which are often 
prescribed to patients with PCOS (34,35). 

Table 5. Case-control studies with PCOS and MTHFR gene polymorphisms

Authors Country SNPs Cases Controls Conclusion

Wu and cols., 2016 (23) China
MTHFR C677T 

MTHFR A1298C
244 257 No association

Szafarowska and cols., 2016 (24) Poland
MTHFR C677T 

MTHFR A1298C
76 56 No association

Carlus and cols., 2016 (25) India MTHFR C677T 261 256 No association

Qi and cols., 2015 (26) China
MTHFR C677T 

MTHFR A1298C
115 58

Association with MTHFR C677T and PCOS

No association with MTHFR A1298C

Idali and cols., 2012 (27) Iran
MTHFR C677T 

MTHFR A1298C
71 106

No association with MTHFR C677T and A1298C and PCOS

Association with two SNPs MTHFR in women with PCOS plus recurrent 
pregnancy loss

Karadeniz and cols., 2010 (28) Turkey MTHFR C677T 86 70 No association

Choi and cols., 2009 (29) Korea MTHFR C677T 227 115 No association
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In this study, we did not collect the level of 
homocysteine and data reference of the food 
supplementation from female participants. It was not 
possible to conduct the analysis of the biochemical 
factors and the SNPs studied because the laboratory 
data was performed using medical records. These facts 
constituted limitations to our study. However, this 
study is very relevant because there are few studies 
regarding polymorphisms in PCOS in the Brazilian 
population and this is the first study that analyzed the 
polymorphisms of folate metabolism in the syndrome.

In conclusion, in relation to casuistry, the 
polymorphic homozygous of MTRR A66G 
polymorphism gene and heterozygous of RFC-1 
A80G polymorphism gene, the haplotype T-C C677T 
and A1298C polymorphisms of MTHFR gene, can be 
associated with protective factors for the disease.
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ABSTRACT
Objective: We denote the four major factors related to the development of type 2 diabetes (T2D) as 
“diabetes factor” (DF); increased insulin resistance (IR); decreased glucose effectiveness (GE); and 
the first-and-second-phase of insulin secretion (FPIS, SPIS). The level of hemoglobin (Hb) was found 
to be related to IR and FPIS, but no-known studies focused on its role in relation to SPIS and GE. In 
this study, we aim to evaluate the relationships between Hb and all four DFs in the same individual. 
Subjects and methods: We randomly enrolled 24,407 men and 24,889 women between 30 and 59 
years old. IR, FPIS, SPIS and GE were measured according to equations published in our previous 
studies. To compare the slopes between Hb and the four DFs with different units, we converted their 
units to percent of change per unit of increased Hb. Results: Age, HDL-cholesterol and GE were 
higher in women; BMI, blood pressure, LDL-cholesterol, TG, Hb, FPIS, SPIS and IR were higher in 
men. After they were converted into percentage, the closeness of their relationships to Hb, from the 
highest to the lowest, were GE, IR, FPIS and SPIS for women and IR, GE, FPIS and SPIS for men. GE 
was the only one negatively related to Hb. Conclusions: Our data showed that IR, FPIS and SPIS 
were both positively and, GE negatively, related to the Hb in adult Chinese. For women, GE had the 
closest association with Hb; for men, it was IR. Both phases of insulin secretion had relatively weaker 
relationships than IR and GE. Arch Endocrinol Metab. 2019;63(5):509-15
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INTRODUCTION

In the past two decades, the prevalence of obesity has 
increased dramatically in Taiwan as well as globally (1). 

One of the possible contributors is a more westernized 
lifestyle. Alongside this phenomenon the incidence of 
type 2 diabetes (T2D) also parallels the obesity issue 
(2). Nowadays, it is estimated that its prevalence has 
reached 6.38% (in ages 20-79) (3). This untoward 

change is a burden not only to the individual but 
also to the nation’s health providers and government. 
Regrettably, until now, the underlying pathophysiology 
of T2D is still under investigation. Obviously, there 
might be different “sub-types” of diabetes (4,5). 
What is known is that there are four factors which all 
contribute to the development of diabetes (diabetes 
factor; DF), i.e., increased insulin resistance (IR), 
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decreased insulin secretion both first- and second-
phase (FPIS, SPIS, respectively), and decreased glucose 
effectiveness (GE). It is interesting to note that both 
IR and insulin secretion have been studied extensively 
in the past (6-9). However, the roles of different phases 
of insulin secretion and GE were much less understood. 
This is probably due to the complexity and high cost of 
acquiring the measurements of these three factors (10).

As early as 2003, Choi and cols. were the first to 
propose that hemoglobin (Hb) is positively related 
to IR (11). The relationship could be easily explained 
by the stimulation of insulin to the growth of human 
erythroid progenitors in vitro (12). Other than IR, 
by using oral glucose tolerance tests, FPIS has also 
been reported to relate to Hb (13). However, to our 
knowledge, there has been no study focusing on the 
relationships between Hb, SPIS and GE.

In the present study, we enrolled 49.295 adults to 
evaluate the relationships between Hb and all four DFs 
in the same individual. Thus, we can further understand 
the role of Hb in the pathophysiology of T2DM.

SUBJECTS AND METHODS 
Study subjects

We randomly enrolled 24,407 men and 24,489 women 
aged between 30 and 59 years old from an MJ Health 
Screening Center in Taiwan in 2011 and 2012. They 
underwent routine health checks at the time of the study. 
MJ Health Screening Centers are private chain-clinics 
located throughout Taiwan. They provide regular health 
examinations for their members. All study participants 
were anonymous and gave informed consent. Data were 
provided by MJ Health Screening Centers for research 
purposes only, and the institutional review board of MJ 
Health Screening Center approved the study protocol. 
Participants who were on any medications known to 
affect blood pressure, glucose and lipids levels were 
excluded. They were further divided into two groups: 
those with metabolic syndrome (MetS), and those 
without, according to the World Health Organization 
criteria (14). In order to observe the effect of Hb, they 
were further grouped into four groups according to the 
quartiles of Hb levels. 

On the day of the study, senior nursing staff obtained 
subjects’ medical history, including information on 
current medications via questionnaire, followed by a 
complete physical examination. Waist circumference 
(WC) was measured horizontally at the level of the 

natural waist, which was identified as the level at the 
hollow molding of the trunk when the trunk is laterally 
concave. BMI was calculated as the subject’s body 
weight (kg) divided by the square of the subject’s height 
(m). Both systolic blood pressure (SBP) and diastolic 
blood pressure (DBP) were measured by nursing staff 
using standard mercury sphygmomanometers on the 
right arm of each subject when seated. After the subject 
had fasted for 10 hours, blood samples were drawn 
from the antecubital vein for biochemical analysis. The 
plasma used for analyzing fasting plasma glucose (FPG) 
and lipid profiles was separated from the blood within 1 
hour before the experiment. FPG was measured using 
a glucose oxidase method (YSI 203 glucose analyzer, 
Yellow Springs Instruments, Yellow Springs, USA). Total 
cholesterol and triglycerides (TG) were measured using a 
dry, multilayer analytical slide method with the Fuji Dri-
Chem 3000 analyzer (Fuji Photo Film, Tokyo, Japan). 
Serum high-density lipoprotein cholesterol (HDL-C) 
and low-density lipoprotein cholesterol (LDL-C) 
concentration were analyzed using an enzymatic 
cholesterol assay following dextran sulfate precipitation.

In order to quantify the DFs, we used the equations 
taken from our study groups and these are listed below 
(in international units). To demonstrate the reliability 
of our equations, a short statement is given here. When 
performing these studies data, approximately 70% of the 
participants were used to build the equation while data 
from the remaining 30% were used for external validation. 
Thus, the accuracy of the equations could be tested.

1. IR: In total, there were 327 subjects enrolled. 
The IR was measured by insulin suppression test. 
The r value between the measured and calculated 
GE was 0.581 (p < 0.001). It was published in 
“Journal of Diabetes Investigation” in 2013. 

2. IR = log (1.439 + 0.018 × sex - 0.003 × age + 
0.029 × BMI - 0.001 × SBP + 0.006 × DBP + 
0.049 × TG - 0.046 × HDLC - 0.0116 × FPG) × 
103.333 (15).

3. FPIS: In total, there were 186 subjects enrol-
led. The FPIS was measured by frequent sam-
pled intravenous glucose tolerance tests. The r 
value between the measured and calculated GE 
was 0.671 (p < 0.000).

 FPIS = 10(1.477 - 0.119 × FPG + 0.079 × BMI - 0.523 × HDLC) (16).
 SPIS: In total, there were 82 participants. The 

SPIS was measured by a modified low dose glu-
cose infusion test. The r value between the mea-
sured and calculated GE was 0.65 (p = 0.002). 
SPIS = 10(-2.4 - 0.088 × FPG + 0.072 × BMI)  (17).
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4. GE: In total, there were 227 participants. The 
GE was measured by frequent sampled intrave-
nous glucose tolerance tests. The r value bet-
ween the measured and calculated GE was 0.43 
(p = 0.001).

 GE = (29.196 - 0.103 × age - 2.722 × TG - 
0.592 × FPG) ×10-3 (18)

Statistical analysis

All statistical analyses were performed using SPSS 19.0 
(IBM Inc., Armonk, New York). Data are presented 
as mean ± standard deviation. All data were tested for 
normal distribution with the Kolmogorov-Smirnov test 
and for homogeneity of variances with Levene’s test. 
The data of FPIS, SPIS and TG were log transformed 
before analysis due to the fact that they were not 
normally distributed. The t – test was performed to 
evaluate the differences between normal and diabetic 
groups. To evaluate the differences of the mean values 
of the four groups, from the highest to the lowest 
levels of Hb, one-way analysis of variance was used. 
Bonferroni was chosen as the post hoc method for 
comparison between groups.

Simple correlation was applied to evaluate the 
relationships of two independent variables such as Hb 
and IR. Simultaneously, the slopes of these relationships 
could also be obtained. Since the units and scales were 
different for these four lines, it was impossible to 
compare their slopes, which represent the rate changes 
of each factor when the Hb level is higher. In order 
to solve this problem, rather than plotting each factor 
against the level of Hb with the original units, we used 
uniquely designed lines to compare their slopes. Take 
FPIS as an example, it could be seen clearly since the 
lowest level of the regression line was  0.20  and the 
highest was 4668.4. We took the highest value of FPIS 
as 100% while the lowest was 0%. The other values 
between these two extremes were calculated into the 
percentage correspondingly. In other words, the true 
values of FPIS were divided by 4668.2 and multiplied 
by 100. Thus, by using this method, different units 
from different factors were all changed to percentage 
and could then be compared (Figure 1). Among these 
four factors, only the GE had a negative correlation 
while Hb is higher. In order to compare the slope of GE 
with the other three factors, we plotted a mirror-line 
(or reciprocal) from the 4th quadrant to the 1st quadrant 
but with the same slope.

RESULTS 

Table 1 shows all the demographic data and parameters 
derived from our equations for men and women. 
Age, HDL-cholesterol and GE were higher in 
women and, at the same time, BMI, blood pressure, 
LDL-cholesterol, TG, Hb, FPIS, SPIS and IR were 
higher in men. All these differences reached statistical 
significances. In Table 2, the participants were divided 
into four groups according to the Hb quartiles. It is 
not surprising to find that all these data were higher 
in subjects with the highest quartile of Hb, except for 
GE and HDL-cholesterol. Table 3 depicts the results 
showing simple correlation between Hb and the other 
four factors. It can be noted that IR correlated most 
closely with Hb in men (r = 0.210, p < 0.001) and with 
GE in women. Among the DFs, GE was the only one 
which was negatively correlated with Hb. However, it 
should be remembered that these r values should not 
be compared since they belong to different units.

Figure 1 is the most important finding in the present 
study and it demonstrates the slopes of the four factors. 
Again, as stated previously in Methods, all four factors 
were converted to 100% because they had different 
units and were not comparable. GE was the only factor 
that needed to be reciprocally plotted. because it was 
negatively correlated to the level of Hb. It is clear in 
the figure that they were all significantly related to Hb. 
However, the closeness of their relationships, from the 
highest to the lowest, were GE, IR, FPIS and SPIS for 
women, and IR, GE, FPIS and SPIS for men.

Table 1. Demographic data and diabetes factors of women and men

Men Women p

n 24407 24889

Age (year) 41.5 ± 8.3 42.8 ± 8.7 < 0.001

Body mass index (kg/m2) 24.1 ± 2.9 23.1 ± 3.2 < 0.001

Systolic blood pressure (mmHg) 118.7 ± 13.8 114.8 ± 15.3 < 0.001

Diastolic blood pressure (mmHg) 75.6 ± 10.2 72.3 ± 12.1 < 0.001

HDL-C (mmol/L) 1.1 ± 0.3 1.3 ± 0.3 < 0.001

LDL-C (mmol/L) 3.4 ± 0.9 3.3 ± 0.8 < 0.001

TG (mmol/L) 1.6 ± 0.9 1.2 ± 0.7 < 0.001

Hemoglobin (103/μL) 15.2 ± 1.0 13.1 ± 1.0 < 0.001

FPIS (μU/min) 197.3 ± 204.612 136.9 ± 171.854 < 0.001

SPIS (pmol/mmol) 0.082 ± 0.065 0.073 ± 0.069 < 0.001

IR (10-4 ∙ min-1 ∙ pmol-1 ∙ L-1) 3.70 ± 0.025 3.69 ± 0.024 < 0.001

GE (10-2 ∙ dL ∙ min-1 ∙ kg-1) 0.017 ± 0.003 0.018 ± 0.002 < 0.001

FPIS: first phase insulin secretion; SPIS: second phase insulin secretion; IR: insulin resistance; 
GE: glucose effectiveness; HDL-C: high-density lipoprotein cholesterol; LDL-C: Low-density 
lipoprotein cholesterol; TG: Triglyceride, Data are shown mean ± SD.
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Figure 1. The comparison of the slopes between hemoglobin and diabetes factors in males and females.

DISCUSSION

In the present study, we demonstrated that IR, FPIS, 
and SPIS were all positively, and GE negatively, related 
to Hb in both genders. Moreover, our data also showed 
that the order of the closeness, from the highest to the 
lowest, was IR, GE, FPIS and SPIS for men and GE, 
IR, FPIS and SPIS for women. Our study is the first to 
evaluate all the four DFs simultaneously in the same 
individual. This could help us to understand the role of 
Hb in diabetes more thoroughly.

Wannamethee and cols. were the first to report that 
raised hematocrit level, which is a major determinant of 
whole blood viscosity, is related to increased incidence of 
T2D (19-22). However, due to a suboptimal definition  

for diabetes and its selected cohort, it is less persuasive. 
Following this study, results of the longitudinal 
Atherosclerosis Risk in Communities (ARIC) study 
successfully validated this observation (20). The connection 
between increased T2D and Hb could be explained by 
the data of Choi and cols. By using a homeostasis model 
assessment of IR, they showed a positive correlation 
between Hb and IR. The r value was around 0.1 to 0.2 
according to gender and whether they were smoking (11). 
As it is well known that increased IR is one of the most 
important pathophysiology factors for having diabetes, 
the results of the present study are in line with those 
mainstream studies. The r value was 0.154 for women and 
0.210 for men which is quite close to their finding. 
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Table 2. Demographic data and diabetes factors in different hemoglobin quartiles

Hemoglobin 1 Hemoglobin 2 Hemoglobin 3 Hemoglobin 4 Total p

Men

n 6490 5857 5843 6216 24406

Age (year) 43.1 ± 8.7234 41.6 ± 8.214 41.1 ± 8.114 40.3 ± 7.9123 41.5 ± 8.3 < 0.001

Body mass index (kg/m2) 23.6 ± 2.8234 24.0 ± 2.9134 24.2 ± 2.9124 24.6 ± 3.0123 24.1 ± 2.9 < 0.001

Systolic blood pressure (mmHg) 117.7 ± 14.134 118.4 ± 13.64 118.9 ± 13.71 119.9 ± 13.612 118.7 ± 13.8 < 0.001

Diastolic blood pressure (mmHg) 74.0 ± 10.1234 75.3 ± 9.914 75.8 ± 10.114 77.5 ± 10.3123 75.6 ± 10.2 < 0.001

HDL-C (mmol/L) 1.091 ± 0.320 1.091 ± 0.319 1.084 ± 0.319 1.075 ± 0.326 1.085 ± 0.321 0.018 

LDL-C (mmol/L) 3.313 ± 0.843234 3.421 ± 0.8441 3.455 ± 0.8651 3.479 ± 0.8751 3.415 ± 0.859 < 0.001

TG (mmol/L) 1.418 ± 0.812234 1.545 ± 0.870134 1.622 ± 0.912124 1.769 ± 0.942123 1.587 ± 0.894 < 0.001

Hemoglobin (103/μL) 14.0 ± 0.7234 15.0 ± 0.2134 15.5 ± 0.2124 16.4 ± 0.5123 15.2 ± 1.0 < 0.001

FPIS (μU/min) 178.526 ± 196.74923 191.953 ± 198.0364 200.705 ± 192.28214 218.908 ± 226.726123 197.345 ± 204.614 < 0.001

SPIS (pmol/mmol) 0.076 ± 0.07623 0.081 ± 0.0604 0.083 ± 0.06214 0.088 ± 0.061123 0.082 ± 0.065 < 0.001

IR (10-4 ∙ min-1 ∙ pmol-1 ∙ L-1) 3.693 ± 0.024234 3.698 ± 0.024134 3.701 ± 0.025124 3.706 ± 0.025123 3.700 ± 0.025 < 0.001

GE (10-2 ∙ dL ∙ min-1 ∙ kg-1) 0.018 ± 0.00323 0.017 ± 0.0034 0.017 ± 0.00314 0.017 ± 0.003123 0.017 ± 0.003 < 0.001

Women

n 5808 5858 6537 6686 24889

Age (year) 42.1 ± 8.134 42.5 ± 8.64 42.8 ± 8.714 43.8 ± 8.9123 42.8 ± 8.7 < 0.001

Body mass index (kg/m2) 22.6 ± 2.9234 22.9 ± 3.0134 23.1 ± 3.2124 23.6 ± 3.4123 23.1 ± 3.2 < 0.001

Systolic blood pressure (mmHg) 112.8 ± 14.834 113.4 ± 14.834 114.9 ± 15.2124 117.8 ± 15.7123 114.8 ± 15.3 < 0.001

Diastolic blood pressure (mmHg) 70.5 ± 14.334 71.1 ± 9.934 72.7 ± 10.0124 74.7 ± 13.1123 72.3 ± 12.1 < 0.001

HDL-C (mmol/L) 1.287 ± 0.344 1.297 ± 0.345 1.300 ± 0.342 1.305 ± 0.352 1.297 ± 0.346 0.046

LDL-C (mmol/L) 3.121 ± 0.807234 3.221 ± 0.808134 3.291 ± 0.803124 3.424 ± 0.867123 3.271 ± 0.830 < 0.001

TG (mmol/L) 1.039 ± 0.572234 1.103 ± 0.607134 1.168 ± 0.659124 1.310 ± 0.748123 1.161 ± 0.662 < 0.001

Hemoglobin (103/μL) 11.8 ± 0.6234 12.8 ± 0.2134 13.3 ± 0.2124 14.2 ± 0.5123 13.1 ± 1.0 < 0.001

FPIS (μU/min) 128.189 ± 166.2584 132.475 ± 167.4394 137.168 ± 153.631 148.042 ± 195.17712 136.888 ± 171.854 < 0.001

SPIS (pmol/mmol) 0.068 ± 0.05934 0.070 ± 0.0554 0.074 ± 0.07114 0.079 ± 0.085123 0.073 ± 0.069 < 0.001

IR (10-4 ∙ min-1 ∙ pmol-1 ∙ L-1) 3.684 ± 0.023234 3.686 ± 0.022134 3.689 ± 0.024124 3.693 ± 0.026123 3.688 ± 0.024 < 0.001

GE (10-2 ∙ dL ∙ min-1 ∙ kg-1) 0.019 ± 0.002234 0.019 ± 0.002134 0.018 ± 0.002124 0.018 ± 0.003123 0.018 ± 0.002 < 0.001

FPIS: first phase insulin secretion; SPIS: second phase insulin secretion; IR: insulin resistance; GE: glucose effectiveness; HDL-C: high-density lipoprotein cholesterol; LDL-C: Low-density lipoprotein 
cholesterol; TG: Triglyceride, Data are shown mean ± SD.

Table 3. Simple correlation between hemoglobin and diabetes factors

r P

Men

First phase insulin secretion 0.079 < 0.001

Second phase insulin secretion 0.077 < 0.001

Insulin resistance 0.210 < 0.001

Glucose effectiveness -0.105 < 0.001

Women

First phase insulin secretion 0.043 < 0.001

Second phase insulin secretion 0.061 < 0.001

Insulin resistance 0.154 < 0.001

Glucose effectiveness -0.182 < 0.001

There are two hypotheses underlying the relationship. 
The first one is the effect of increased blood viscosity, 
which decreases microvascular blood flow and causes 
inadequate delivery of insulin to multiple tissues. Thus, 
blood flow-related insulin resistance occurs (21). The 
second one relates to the roles of sex hormones, both 
androgen and estrogen. For example, post-menopause 
women who receive estrogen-replacement therapy 
would have higher IR (23). As for androgen, data from 
the prostate cancer patients treated with androgen-
deprivation therapy indicated that after chemical 
castration, the positive influence from the androgen 
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disappeared and IR increased (24). On the contrary, 
the role of androgen in patients with polycystic ovary 
syndrome is different. Hyperandrogenism is connected 
to IR in those patients. In addition, it is well-known 
that androgen is strongly related to erythrocytosis, 
which causes men to have a higher Hb level than 
women (25). Based on the aforementioned discussion, 
we can concluded that IR might influence the Hb level 
via the effects of sex hormones. In the present study, 
we further confirm the relationship between Hb and 
IR. However, the average r value between Hb and IR 
is lower in the Korean study (0.16) (11). This could 
be explained by several differences in the conditions 
between studies such as age, BMI and ethnicity.

There have been very few studies focused on the 
relationships between Hb and insulin secretion. Until 
now, results from different studies are still held in 
controversy. In the present study, our data suggests 
that subjects with higher Hb levels had higher 
insulin secretion, both first and second-phase. Other 
researchers concluded similarly. For example, the 
aforementioned report by Facchini and cols. not only 
found a positive correlation between Hb and IR, but 
also a compensatory increase of the insulin secretion 
for the deterioration of IR (26). This association is 
not entirely surprising since body weight has long 
been confirmed to be positively correlated with Hb 
(27,28). At the same time, higher body weight could 
be translated to more insulin secretion (29,30). Thus, 
the role of body weight is like a bridge between Hb 
and insulin secretion. On the contrary, Shimodaira and 
cols. showed the opposite result i.e., that there was a 
negative relationship between Hb and insulin secretion. 
However, this relationship is only significant for men 
(r = -0.197 for men and -0.082 for women) (13). To 
explain this, they suggested that oxidative stress might 
be the cause of lower insulin secretion (31). Similar to 
the relationship between Hb and IR, the discrepancy 
found in these studies might be due to age, BMI, 
ethnicity, or the methods used to measure insulin 
secretion. Further studies are needed to elucidate this 
fascinating and complex interaction.

As mentioned in the introduction, given the 
important role that GE might have, its relationship 
with GE has never been studied. Our study is the first 
to demonstrate that there is a negative association 
between Hb and GE. The mechanism between them 
remains obscure and could be discussed from several 
aspects with the hypothesis that obesity plays a central 

role. These chain-reactions start from obesity. Evidence 
suggests that obesity could trigger erythropoietin 
production and thus stimulate synthesis of Hb (32,33). 
At the same time, by using an oral glucose tolerance 
test derived from GE, Weiss and cols. published a 
study in Diabetes Care in 2015 (34). A strong negative 
association was reported between GE and waist 
circumference (r = -0.67). Given the large n number 
in that study, this result should be reliable. Data from 
other studies also supported their finding (22). To put 
it simply, obesity can induce higher Hb concentration 
and, at the same time, a lower GE level. However, this 
hypothesis still needs further studies for full verification. 

Even though we believe that our study provides 
novel information, there are still limitations. First, 
this is only a cross-sectional study. Compared to the 
longitudinal study, it provides less solid evidence. 
Second, the methods we used are likely to be less 
accurate than more sophisticated tests such as the 
intravenous glucose tolerance test or clamp. However, 
the substantial body of fellow research students 
might remedy this issue. Third, this study is applied 
to a homogenous ethnic group. Caution should be 
exercised when extrapolating our findings to other 
ethnic groups. Finally, the controversial relationships 
between Hb and insulin secretion have still not been 
solved. Further basic or clinical studies are needed to 
support our findings. 

In conclusion, our data showed that IR, FPIS and 
SPIS were positively, and GE negatively, related to the 
Hb in adult Chinese. In women, GE had the closest 
association with Hb; in men, it is IR. Both phases of 
insulin secretion had relatively weaker relationships 
than IR and GE.
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ABSTRACT
Objective: To describe the prevalence, clinical characteristics and outcome of adrenal lesions in long-
term follow-up of Multiple endocrine neoplasia type 1 (MEN1) patients. Subjects and methods: 
We retrospectively studied sixteen patients from six families of individuals with MEN1. Adrenal 
involvement was evaluated using clinical, biochemical and imaging data. Results: Adrenal lesions 
were identified in nine of sixteen (56.3%) patients: seven women and two men (mean age: 52.2 years). 
Adrenal involvement was detected at MEN1 diagnosis in more than half of the patients. Eighteen 
adrenal nodules were founded (median of two nodules per patient) with mean adrenal lesion diameter 
of 17.4 mm. Three patients had unilateral adrenal involvement. Hormonal hypersecretion (autonomous 
cortisol secretion) was found in two patients. None of the patients was submitted to adrenalectomy, 
presented an aldosterone-secreting lesion, a pheochromocytoma, an adrenal carcinoma or metastatic 
disease during the follow-up. A predominance of stable adrenal disease, in terms of size and hormonal 
secretion, was observed. Adrenal lesions were evenly distributed between the germline mutations. 
Conclusion: Adrenal tumours are a common feature of MEN1 that can affect more than half of 
the patients. Most of the tumours are bilateral non-functional lesions, but hormonal secretion may 
occur and should be promptly identified to reduce the morbidity/mortality of the syndrome. Periodic 
surveillance of these patients should be performed. Arch Endocrinol Metab. 2019;63(5):516-23
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INTRODUCTION

Multiple endocrine neoplasia type 1 (MEN1) is 
a disorder characterized by the occurrence of 

tumours in two or more endocrine glands of a patient. 
It is a rare disease, with an estimated prevalence of one 
in 30 000 individuals, with a high penetrance and an 
equal sex distribution (1). It is inherited as an autosomal 
dominant disease caused by mutations or cytogenetic 
alterations involving the MEN1 gene, which is a tumour 
suppressor gene located on chromosome 11q13 that 
encodes for a protein named menin (2). 

MEN1 syndrome is typically characterized by the 
occurrence of primary tumours of the parathyroid 
glands (95% of the patients), endocrine pancreas (30-
80% of the patients) and anterior pituitary gland (15-
90% of the patients) (1). Other endocrine and non-
endocrine tumours, such as adrenal lesions, bronchial 
carcinoids, gastrointestinal tract carcinoids, thymus 
neoplasms, lipomas, angiofibromas and colagenomas, 

have also been described in variable frequencies (3). 
This syndrome may affect all age groups and more 
than 95% of the patients present manifestations of the 
disorder by the age of 50 years (4).

Adrenal lesions have been reported in about 36-73% 
of MEN1 patients (5-8). They are often diagnosed as an 
incidentaloma during radiological workup and most of 
them are non-functional lesions. Previous studies have 
reported a much lower frequency of adrenal lesions in 
the general population: around 5-10% (9).

The purpose of this study was to describe the 
prevalence, clinical characteristics and long-term 
outcome of adrenal lesions in a cohort of sixteen 
patients from six different MEN1 families. 

SUBJECTS AND METHODS

We retrospectively evaluated patients with genetically 
confirmed MEN1, diagnosed and followed in 
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our department between 1 January 1995 and 31 
December 2017. Patients were selected if specific 
adrenal imaging - computed tomography or magnetic 
resonance imaging – had been performed during their 
follow-up. When a nodule was identified, the following 
imaging characteristics were considered: size, density 
(Hounsfield units), margins and washout of the 
contrast media. In our cohort, the diagnoses of adrenal 
lesions were made by adrenal computed tomography 
(CT) during the routine screening of MEN1 patients, 
together with corresponding biochemical data. These 
patients were submitted first to an abdominal CT scan 
during the assessment and screening for adrenal and 
pancreatic lesions; after the identification of adrenal 
lesions, the patients were rescanned with an adrenal CT 
for better characterization. In patients who performed 
more than one CT, we selected the scan closest to the 
date of diagnosis and, in order to evaluate adrenal 
lesions progression during the follow-up, we selected 
the most recent available CT scan. In all patients, 
contrast medium was injected intravenously during 
the CT scan.

For patients with adrenal nodules, the following 
endocrine evaluation was performed during hospital 
admission: low-dose dexamethasone suppression test 
(LDDST: dexamethasone 1 mg orally between 23 and 
24 p.m.), midnight serum cortisol, 24-hour urinary 
free cortisol and midnight salivary cortisol. Plasmatic 
aldosterone and renin samples were obtained in 89% 
of the patients with adrenal lesions (n = 8), after 
suspension and/or substitution of drugs that can affect 
the renin-angiotensin-aldosterone system and under 
standardized conditions. Plasmatic metanephrines were 
obtained in 78% of the patients (n = 7) and 24-hour 
urinary metanephrines were obtained in 67% of the 
patients (n = 6); five patients had both measurements in 
their clinical records. Plasma 17-hydroxyprogesterone 
concentrations were measured in 50% of the patients 
with bilateral adrenal lesions (n = 3). 

We also considered clinical and demographic features 
of the included patients, namely age at diagnosis of 
MEN1, age at diagnosis of the adrenal lesion, gender 
and time elapsed since the diagnosis of MEN1 until 
the detection of the adrenal lesion. All the patients had 
a molecular alteration in MEN1 gene consistent with 
the diagnosis of MEN1 syndrome and their genotype is 
reported using the reference sequence NM_130803. We 
collected all the data from the patients’ clinical records 
and from electronic hospital database. At diagnosis and 

then annually, patients underwent clinical, biochemical 
and radiological evaluation, with special regard to 
symptoms known to be associated with hormone 
hypersecretion. We collected all the data closest to 
the moment of diagnosis and, to evaluate patients’ 
follow-up, we collected the most recent available data. 
All the patients signed an informed consent approved 
by the Internal Reviewing Board, and all the procedures 
described in this study were in accordance with national 
and institutional ethical standards.

RESULTS

Table 1 shows the demographics and clinical diagnosis 
of the MEN1 patients with adrenal lesions.

We evaluated a total of sixteen patients with 
genetically confirmed MEN1. The group includes nine 
women and seven men with a mean age of 35.9 years 
(12-68 years) at MEN1 diagnosis. Mean follow-up 
was 126 months (8-324), which corresponds to 
approximately 11 years. Adrenal lesions were identified 
so far in nine of these patients (56.2%), seven women 
and two men, with a total of eighteen adrenal lesions 
and a median of two lesions per patient. These nine 
patients are distributed in five different families 
(family A: patients 1 and 2; family B: patients 3 and 
4; family C: patients 5 and 6; family D: patient 7; 
family E: patients 8 and 9). The average patients’ age 
at diagnosis of adrenal lesions was 52.2 years (34-68 
years), approximately 6 years after MEN1 diagnosis 
(up to 18 years) and more than half of the lesions were 
detected at MEN1 diagnosis.

Radiologic characteristics of adrenal lesions

The mean adrenal lesion diameter at diagnosis was 17.4 
mm (9-36 mm), with most of the lesions (78%) being 
20 mm diameter or smaller, and most of the patients 
(67%) had bilateral adrenal involvement. All the adrenal 
lesions identified had less than 10 Hounsfield units on 
CT scan and had a fast washout of the contrast agent. 

Figures 1 and 2 show the size evolution of adrenal 
lesions during the follow-up. Patients 5, 7 and 8 
only have available information about adrenal lesion 
diameter at the diagnosis and, as so, were not included 
in the mentioned figures: patient 5 was diagnosed in 
our Department but was subsequently followed in 
another hospital due to personal reasons; patient 7 died 
before performing a second adrenal evaluation and 
patient 8 has recently been diagnosed and has not yet 
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perform additional imaging evaluation. In our cohort, 
most of the patients presented a stabilization or even 
a slight decrease in adrenal lesions diameter (Figures 
1 and 2). In fact, only patient 3 presented an increase 
of approximately 16% of left adrenal lesion diameter 
and 53% of right adrenal lesion diameter; nevertheless, 
recent data demonstrate that those are non-functional 
adrenal lesions. Patient 4 and 9, which had autonomous 
cortisol secretion, did not show an increase in adrenal 
lesions size and patient 9 presented actually a 17% 
decrease in adrenal lesion diameter (from 36 mm to 30 
mm) according to the last radiologic evaluation. 

Functional characterization of adrenal lesions

Seven patients had non-functional adrenal lesions. 
Autonomous cortisol secretion was founded in two 
patients (patients number 4 and 9), belonging to 

different families. Patient 4 is a female that has bilateral 
adrenal lesions and is the patient of our cohort with 
the highest number of adrenal nodules (n = 5), with 
an average diameter of 15.4 mm (11-24 mm); in this 
patient, adrenal lesions where identified about sixteen 
years after MEN1 diagnosis. Patient 9 is also a female 
that has only one adrenal lesion with 36 mm, which 
corresponds to the largest adrenal lesion in your 
sample, and it was identified at the time of MEN1 
diagnosis. These two patients didn’t have clinical signs 
of overt Cushing’s syndrome but their serum cortisol 
levels after 1 mg dexamethasone were above 5 µg/dL. 
In addition, patient 4 also had a 24-hour urinary free 
cortisol (UFC) above the normal range values, and 
she had osteoporosis of the lumbar spine with an 
increased fracture risk. Patient 9 had no comorbidities 
potentially related to autonomous cortisol secretion. 
The remaining adrenal lesions were non-functioning. 
Patient 8 presented an increased aldosterone/renin 
plasmatic ratio; she performed a saline infusion test that 
excluded primary hyperaldosteronism. None of the 
nine patients was submitted to adrenalectomy; the two 
patients with hormonal hypersecretion were submitted 
to neither surgical nor pharmacological management. 
Patient number 5 doesn’t have additional biochemical 
data because after the diagnosis he was subsequently 
followed in another hospital. According to the available 
data, he died of unknown cause ten years after the 
diagnosis. Patient number 7 died four years after the 
diagnosis, due to respiratory complications related to 
pulmonary metastases from atypical thymic carcinoid. 

During the follow-up, patients 4 and 9 presented 
a cortisol level reduction to the level of “possible 
autonomous cortisol secretion” on low dose 
dexamethasone suppression test: the cortisol level of 
patient 4 decreased to 3.12 µg/dL and to 3.20 µg/dL 
in patient 9. No clinical or biochemical evidence of 
hormonal secretion was found in the remaining patients.

Molecular genetics of MEN1 syndrome

Adrenal lesions were evenly distributed between the 
different germline mutations (Table 2). 

In our cohort, only one mutation (c.260_280del) was 
exclusively associated with unilateral adrenal involvement. 
Three mutations (c.1A>T, c.628_631delACAG and 
c.637delG) were associated with non-functional adrenal 
lesions in all the affected patients.

The seven patients alive remain under tight clinical, 
biochemical and imagiological surveillance.

Figure 1. Evolution of left adrenal lesions diameter.

Figure 2. Evolution of right adrenal lesions diameter.
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Associated endocrine tumours

Primary hyperparathyroidism (PHPT) represented 
the most common manifestation of MEN1 syndrome 
in our cohort, affecting 89% of the patients (n = 8). 
PHPT was the first manifestation of the syndrome in 
four patients and their median age of onset was 39 years 
(18-57). Subtotal parathyroidectomy was performed in 
all affected patients. 

Pancreatic neuroendocrine tumours represent the 
second most frequent manifestation in our sample, 
affecting 76% of the patients (n = 7); most of them were 
non-functional and clinically silent pancreatic NET  
(n = 5). One insulinoma and one gastrinoma were 
identified in two different patients, and both were 
submitted to surgery.

Anterior pituitary tumours occurred in 44% of the 
patients (n = 4) and 50% of them secreted growth 
hormone. 

Carcinoid tumours were identified in one third of 
the patients (n = 3): one patient had an atypical thymic 
carcinoid, one patient had a typical bronchial carcinoid 
and another patient had a lung carcinoid tumour.

One patient with a genetic MEN1 diagnoses did not 
have any clinical, biochemical or imagiological evidence 
of disease besides adrenal lesions (patient number 2).

Figure 3 shows the family trees of the included 
patients, displaying all the clinical manifestations 
presented during follow-up.

DISCUSSION

Adrenal lesions in MEN1 patients were first described in 
1960s in autopsy studies or in laparotomies performed 
for other reasons (10). Some studies at that time reported 

a prevalence of adrenal lesions in MEN1 patients of 
around 9-45% (10). However, the lack of genetic tests 
to confirm the germline mutation left some patients 
out of these studies; as such, this prevalence reports 
are probably underestimated. After the availability of 
genetic tests, asymptomatic relatives of MEN1 patients 
were identified and screened for clinical, biochemical 
and radiologic manifestations of the disease, which 
increased the detection of adrenal lesions (11).

In the present study, adrenal lesions were identified 
six years after MEN1 diagnosis (0-18 years), which is 
in accordance with other case series (12); furthermore, 
more than half of the patients in our cohort had adrenal 
involvement, confirming previous series documenting 
that adrenal lesions are frequent in MEN1 syndrome 
and reinforcing that all patients with MEN1 should 
be screened for adrenal disease. On the other hand, 
patients with adrenal lesions should be evaluated 
for the possibility of MEN1 syndrome if they have 
additional characteristic features, although these 
lesions usually are not the first manifestation of the 
syndrome. In this cohort of MEN1 patients, most of 
the adrenal lesions were non-functional and only two 
patients had autonomous cortisol secretion, which 
confirms previously reported data (6,13-15). None of 
the patients of our cohort presented an aldosterone-
secreting adrenal lesion, a pheochromocytoma, an 
adrenal carcinoma or metastatic disease during the 
study period. There was also no clinical evidence of the 
secretion of sexual steroids. Adrenal involvement was 
asymptomatic in all the patients in our cohort and these 
lesions were detected by a CT scan during the routine 
screening of MEN1 patients. In our sample, 67% of 
the patients had bilateral adrenal involvement, which 

Table 2. MEN1 germline mutations and adrenal lesions identified. The reference sequence used for the nomenclature was NM_13080

Patient
Gender, age at 
diagnosis of 

adrenal lesions

Number of 
adrenal lesions

Adrenal lesions 
diameter (mm)

Bilateral 
lesions

Hormonal 
hypersecretion Mutation Protein 

impact
Clinical 

significance

1 F, 53 2.0 9.0-16.0 yes no

no

c.1A>T 

(p.Met1Leu)
Missense

Pathogenic 
(21,22)2 F, 51 1.0 15.0 no

3 M, 58 2.0 15.0-25.0 yes no c.1546delC 

(p.Arg516GlyfsX43)
Frameshift

Pathogenic 
(23,24)4 F, 34 5.0 11.0-24.0 yes yes

5 M, 40 2.0 20.0-30.0 yes no c.628_631delACAG 
(p.Thr210SerfsX13) 

Frameshift
Pathogenic 

(25,26)6 F, 56 2.0 11.0-14.0 yes no

7 F, 68 2.0 16.0-19.0 yes no
c.637delG

(p.Ala213ProfsX11)
Frameshift

Likely Pathogenic 
(22,27)

8 F, 57 1.0 10.0 no no c.260_280del

(p.Leu89_Ala95del)
In frame

Likely pathogenic

(28)9 F, 53 1.0 36.0 no yes
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is in accordance with previous studies (6). Besides their 
high frequency in MEN1 patients, consensus about the 
management of adrenal lesions as not yet been reached 
(14). In our cohort, only patient 4 may have formal 
indication for treatment because she had osteoporosis, a 
comorbidity potentially related to autonomous cortisol 
secretion. Nevertheless, this patient’s osteoporosis may 
have a multifactorial aetiology, as hyperparathyroidism 
may also have contributed to an early and severe bone 
mineral loss. Furthermore, several studies showed that 
bone mineral density improves in most patients after 
parathyroidectomy, even though this may take several 
months and may require transient calcium and calcitriol 
supplementation (16,17). Hypercortisolism resolution 
also proved to be associated with an improvement in 

bone mineralization (18,19). However, this patient 
refused any medical or surgical treatment for the 
adrenal lesions.

MEN1 syndrome is caused by germline mutations in 
MEN1 gene that are evenly distributed throughout the 
gene, with less than ten reported mutations being found 
with a frequency above 1.5% (20). The genetic diversity 
of the syndrome is a barrier to establish clear genotype-
phenotype correlations. Of note, in our study patients 
number 3 and 4, belonging to the same family and 
harbouring the c.1546delC mutation, had the higher 
number of adrenal lesions in this sample. Hormonal 
hypersecretion was found in two patients from different 
families, with different germline mutations: c.1546delC 
and c.260_280del. On the other hand, unilateral 

Figure 3. Genogram of MEN1 families of patients with adrenal lesions.
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adrenal lesions were mainly restricted to patients 
harbouring the c.260_280del mutation. Although the 
small numbers preclude any definite conclusions, it 
would be interesting to evaluate if patients with MEN1 
syndrome harbouring these germline mutations have 
higher frequency of adrenal nodules. 

In conclusion, this study, performed on patients 
with genetically confirmed MEN1, demonstrates 
that adrenal lesions are a common feature of this 
syndrome regardless of their genotype. In our series, 
they occurred in more than half of the patients and 
were usually bilateral asymptomatic lesions that were 
detected approximately six years after MEN1 diagnosis 
by the radiologic work-up. Although a predominance of 
stable adrenal disease was observed in terms of size and 
hormonal secretion, some of them may cause hormonal 
hypersecretion and, as such, may be associated with 
higher morbidity and mortality and may contribute 
to patients’ impaired quality of life. Considering the 
variable prevalence of adrenal lesions reported by 
different authors and their potential to be hormonally 
active, adrenal evaluation should be considered in 
MEN1 patients; their prompt diagnosis would avoid 
delays and will enable an adequate treatment and 
follow-up of the affected patients. Moreover, we 
could not find any correlation between the germline 
mutation and the occurrence of adrenal lesions, which 
suggests that all patients with MEN1 syndrome should 
be evaluated for the presence of an adrenal lesion.

Prospective studies are necessary to strengthen our 
results, and to understand the global prevalence and 
impact of these lesions in patients’ outcome, in order to 
clarify and standardize their management and follow-up.

Funding: this research did not receive any funding.
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ABSTRACT
Objective: The aim of the study is to describe a portable and convenient software to facilitate the 
diagnostics of gestational (GDM) and pre-gestational diabetes (PGDM). Materials and methods: 
An open source software, d-GDM, was developed in Java. The integrated development environment 
Android Studio was used as the Android operational system. The software for GDM diagnosis uses the 
criteria endorsed by the International Association of Diabetes and Pregnancy Study Group, modified 
by the World Health Organization. Results: GDM diagnosis criteria is not simple to follow, therefore, 
errors or inconsistencies in diagnosis are expected and could delay the appropriate treatment. The 
d-GDM, was developed to assist GDM diagnosis with precision and consistency diagnostic reports. The 
open source software can be manipulated conveniently. The operator requires information regarding 
the gestational period and selects the appropriate glycaemic marker options from the menu. During 
operation, pressing the button “diagnosticar” on the screen will present the diagnosis and information 
for the follow up. d-GDM is available in Portuguese or English and can be downloaded from the Google 
PlayStore. A responsive web version of d-GDM is also available. The usefulness and accuracy of d-GDM 
was verify by field tests involving 22 subjects and 5 mobile phone brands. The approval regards user-
friendliness and efficiency were 95% or higher. The GDM diagnosis were 100% correct, in this pilot test. 
d-GDM is a user-friendly, free software for diagnosis that was developed for mobile devices. It has the 
potential to contribute and facilitate the diagnosis of gestational diabetes for healthcare professionals. 
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INTRODUCTION

Gestational diabetes mellitus (GDM) is the most 
common complication associated with pregnancy 

(1,2). Chronic hyperglycemia in pregnancy is associated 
with several complications in pregnant women and the 
fetus (3,4).

The definition of gestational diabetes has been 
changing over time (5). Until recently, a simple definition 
characterized GDM as “carbohydrate intolerance first 
diagnosed during gestation” (6,7). Currently, GDM 
is defined as “a carbohydrate intolerance of variable 
severity, which begins during current gestation and 
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does not meet the diagnostic criteria for overt diabetes 
mellitus” (8,9). Therefore, the concept of pre-existing 
diabetes or pre-gestational diabetes was introduced (10).

Globally, the prevalence of GDM is between 3 and 
25% (8). In Brazil, the prevalence of  GDM was 18% (11).

GDM diagnosis is based on the blood measurement 
of glycemia while fasting and/or after an oral glucose 
load (8,12). Different diagnostic criteria and cut-
off values for GDM were proposed (5,13). Figure 1 
summarizes the GDM diagnosis as preconized by the 
International Association of Diabetes and Pregnancy 
Study Group (IADPSG) with modification by the 
World Health Organization (WHO) (9).

The described criteria in Figure 1 is based on the 
findings of the Hyperglycemia and Adverse Pregnancy 
Outcome (HAPO) study, and the cut-off values 
proposed by IADPSG (3,14). WHO endorsed the 
IAPDSG criteria for GDM with minor modifications (9).

The diagnosis of GDM and PGDM (Figure 1) is 
not simple to follow and requires continuous training 
of healthcare professionals. 

The benefit of information technology (IT) applied 
to health care is well known (15-17). Several studies 
have reported the benefits of IT for interventions, 
improved clinical decision, and improved training and 
support for healthcare professionals (18-20).

The aim of the study is to describe a portable and 
convenient software to facilitate the diagnosis of GDM 
and PGDM.

MATERIALS AND METHODS

The Federal University of Parana’s Ethics Committee 
approved this study (CAAE: 39460414.0.0000.0102 
and CAAE: 68027317.7.0000.0102).

Software development

The software was built using the variables and criteria 
suggested by WHO. These variables are as follows: 
fasting glycemia, random glycemia, and glycated 
hemoglobin (HbA1c) in the first trimester (first 
evaluation). Subsequently, fasting glycemia and glycemia 
after 1 hr and 2 hr, after an oral glucose tolerance test 
(OGTT) with a glucose load of 75 g during a period 
of 24-28 weeks of gestation (as described in Figure 1).

All informatics tolls that were applied are open-
source. Java was used for development. d-GDM was 
developed for the Android Operating Systems using 
the Android Studio (https://developer.android.com/
studio/) integrated development environment (IDE), 
in which IntelliJ IDEA from JetBrains is applied.

d-GDM was developed considering the principles 
of human-computer interaction (HCI). HCI is a field 
that involves the interaction between people (users) 
and computational devices, developing methods and 
tools for the design, creation, and implementation 
and maintenance of computational systems suitable for 
human use (21). HCI seeks to minimize the barrier 
between the human user and the computer system by 

Figure 1. Flowchart for Gestational and Pregestational diagnosis as recommended by IAPDSG-WHO. During the first trimester, the diagnostic criteria for 
GDM is briefly based on fasting glycemia. Pregestational diabetes (PGDM), also known as preexisting diabetes, overt diabetes, manifest diabetes, or 
“diabetes in pregnancy” is characterized in this period using the same criteria applied to nonpregnant women (14). All pregnant women, without previous 
dysglycemia diagnosis, should be tested using the glucose oral tolerance test (OGTT) with a glucose load of 75 g between 24−28 weeks of gestation 
(2º/3º trimesters). In OGTT only one value above the cut-off is required for GDM or PGDM diagnosis.

1° trimester (early pregnancy) �rst evaluation 

2° - 3° trimesters (24 - 28 weeks) OGTT 75-g 

 

FG ≥126 mg/dL
Random

glycemia ≥ 200 mg/dL
HbA1c ≥ 6.5%

Any one of two
FG ≥ 126 mg/dL

2-h: ≥ 200 mg/dL

PGDM 
Preexisting diabetes 

(overt diabetes) 
non-GDM 

“healthy” pregnancies 
GDM Gestational

Diabetes  

AII of three
FG < 92 mg/dL

1-h: < 180 mg/dL
2-h: < 153 mg/dL  

Any one of three
FG ≥ 92 < 126 mg/dL

1-h: ≥ 180 mg/dL
2-h: ≥ 153 < 200 mg/dL

FG < 92 mg/dL FG ≥ 92 < 126 mg/dL
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offering user-friendly interfaces that can be used with 
the least effort (22).

The flowchart of the programming logic is shown 
in Figure 2.

The programming logic is described briefly below.

if (btn2.isChecked() || btn4.isChecked() || btn6.isChecked() || btn9.isChecked() || 
btn14.isChecked()) {diagnostico = “Diabetes Manifesto. Considerar como 
diabetes preexistente, identificar tipo de diabetes e Iniciar tratamento.”} 
else if (btn15.isChecked() || btn8.isChecked() || btn11.isChecked() || btn13.
isChecked()) {diagnostico = “Diabetes Gestacional. Realizar glicemia de 6 a 8 
semanas pós-parto.”; }else {diagnostico = “Sem diabetes. Realizar controle 
Glicêmico pós-parto a cada 3 anos.”;}

The above script represents the core of the program. “btn” is a button 
associated with the variable defined at the front-end. All other are 
associated with programming syntax.  

The Android application program was compilated to 
into Android application package (.apk) and transferred 
to a smartphone. 

The d-GDM apk was uploaded to the Google 
PlayStore (https://play.google.com/store), where it 
can be downloaded. An English version is automatically 
installed when the Operating System is different from 
Portuguese language.

d-GDM software requires a hard disk space of 
2.65 Mb, and is ISO 9126-1 compliant, which 
preconize functionality, reliability, usability, efficiency, 
maintainability, and portability.

The open-source d-GDM software, as described above, 
was registered in the Brazilian INPI – Instituto Nacional 

Figure 2. d-GDM flowchart of the programing logic. The main variables used in the program were fasting glycemia (glicemiaJejum), random glycemia 
(GlicemiaAleatoria), glycated hemoglobin A1c (HbA1c), fasting glycemia during OGTT (glicemiaJejum1), glycemia 1-hour after 75-g oral glucose load 
(totg1h), and glycemia 2-hour (totg2h).
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da Propriedade Industrial (National Institute of Industrial 
Property) under the number BR512018001275-2, linked 
to the Federal University of Parana, Brazil.

A responsive web version (adaptable and flexible 
to all computer screens) was developed and can be 
accessed at http://www.cpdm.ufpr.br/dg/.

RESULTS

The major characteristics of the d-GDM software are 
shown in Figure 3.

The open-source software shows a screenshot 
in Portuguese or English. It is easy and simple to 
use. The user requires information regarding the 
gestational period and select the appropriate glycemic 
marker options. Pressing the button “diagnosticar” (or 
“submit”, English version) in this scenario will result in 

the diagnosis and information regarding the follow up 
to be presented on the screen.

The usefulness and accuracy application of d-GDM 
was verified by field tests involving graduate students 
(n = 22) using five different mobile phone brands. 
Questions on user-friendliness, language and efficiency 
showed scores of 95% or higher associated with highest 
approval of d-GDM (data not shown). Suggestions from 
the users regarding the interface layout of the app were 
incorporated in d-GDM final version. 

To verify the d-GDM accuracy, the group of post-
graduate students received a 30 minutes training on 
GDM diagnostic with the flowchart described in Figure 1. 

Following, the group received a spreadsheet 
(Microsoft Excel) with 50 results of fasting glycemia 
and OGTT, randomly containing 25% of positive results 
for GDM, confirmed by two senior researchers; they 

Figure 3. d-GDM software major diagnostics templates. 

In Figure 3, a pregnant woman is considered as an example. In the first screenshot, all variables radio buttons were below the cut-off for diabetes. Tapping 
the “diagnosticar” button shows the diagnostic of no-diabetes, in Portuguese, in this version. In the second screenshot, the user has two options. Selecting 
the variables for the 1º trimester or for the 2º/3º trimesters (24−28 weeks of gestation) will cause the appropriate diagnostic to be displayed, such as 
GDM in the example. In the third screenshot, all radio buttons were in the highest cut-off and the “diagnosticar” bottom will display the diagnostics for 
preexisting diabetes (overt diabetes).
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mark (Yes or No) for GDM. This procedure mimics the 
“usual diagnostic” process. 

The same spreadsheet was then shuffled, and the 
group performed the diagnosis with the d-GDM app, 
after a 5 minutes training, blinded for the first results. 

The study group presented a correct diagnosis in 
94% with the “usual” procedure and 100% using the 
d-GDM app. Regardless of the small sample size, 
this preliminary result for accuracy was considered 
consistent and satisfactory for d-GDM.

DISCUSSION

The decision to develop a software program to assist 
the diagnosis of gestational diabetes was motivated by 
difficulties encountered by healthcare professionals. 

The evolution in the definition of GDM and 
the different options for cut-off values of glycemic 
biomarkers and glucose loads could be relevant factors 
affecting diagnosis consistency.

Therefore, errors in diagnosis are expected and 
could delay the appropriate treatment. The d-GDM, 
was developed to assist GDM diagnosis with precision 
and consistency diagnostic reports. 

In addition, rapid and continuous changes in the 
guidelines for the diagnosis of GDM have been observed, 
requiring constant updating of the professionals and 
favouring the use of non-standard criteria. 

We developed a free application for mobile devices. 
This application is an intuitive and simple way to 
diagnose GDM. 

The principles of good interaction between the 
health professionals and the d-GDM application 
were considered during development. A simplified 
screen, without the need to advance to subsequent 
screenshot was developed, thereby reducing 
unnecessary visualizations. This development yields 
desirable characteristics, according to the concepts of 
HCI (21,22).

The software was built with a radio button, also 
known as an “option button”, which is graphical 
element that allows a user to select a single item from 
a predefined list of options. This prevents typographic 
errors associated with concentrations of biomarkers 
(Figure 3). The program operator selects simple choices 
and obtains an immediate response. The d-GDM 
application interface is designed, based on the models 
provided for the Android-based platform. 

A new criterion for the diagnosis of GDM that may 
be considered in the future can easily be incorporated 
into d-GDM. The software structure of d-GDM 
presents a consolidated and flexible logic.

In Brazil, the number of mobiles in operation exceeds 
the number of inhabitants (23). Health professionals 
have been expanding the use of multiple mobile-based 
applications for diagnostic assistance (24,25).

Different technological processes, involving in 
silico analyses such as the use of artificial intelligence, 
associated with diabetes, are available and expand 
rapidly (26). These new technologies, in diabetes, 
are focused on processes of prevention, monitoring 
and research, for what has been described as “digital 
diabetes” (27).

The use of softwares available in mobile phones has 
been associated with improved glycemic control and 
self-management in diabetes care in type 2 diabetes, 
confirming the effectiveness of this technology (28).

Gestational diabetes softwares and apps, identified 
on the main download platforms, are primarily targeted 
at pregnant women, addressing glycemic control, 
weight management, lifestyle modifications, drug 
control and monitoring, and complications (29).

Different digital mobile health medicine (mHealth) 
software for gestational diabetes have been associated 
with reduced risk for the pregnant woman and the 
fetus (27,30). d-GDM is a software that fits into the 
emerging mHealth context.

The d-GDM was developed with the interactive 
process described by Garnweidner and cols. in 2015 
(31). Briefly, a multidisciplinary health group, associated 
with computer and bioinformatics experts, developed 
the software prototype, which was improved by users.

Healthcare professionals are exposed to constant 
stress. After long hours of work, misunderstandings 
and errors are expected, especially in complex diagnoses 
such as GDM and PGDM. 

Therefore, errors in diagnosis are expected and 
could delay the appropriate treatment. The d-GDM, 
was developed to assist GDM diagnosis with precise 
and consistency diagnostic reports. 

In addition, rapid and continuous changes in the 
guidelines for the diagnosis of GDM have been observed, 
requiring constant updating of the professionals and 
favouring the use of non-standard criteria. 

d-GDM was developed for operation in an Android 
Operating System, which is the most popular in the 
world. This makes the system accessible to the largest 



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

529

d-GDM: gestational diabetes diagnostic app 

Arch Endocrinol Metab. 2019;63/5 

number of mobile equipment in use. To our knowledge, 
d-GDM is the first software to address GDM and 
PGDM diagnosis to mobile devices.

Additionally, any computer can access the d-GDM 
web version. This option was developed for users who 
do not use the Android operating system. In the web 
version, more information such as the logic of the 
application and the diagnostic criteria, as well as the 
bibliographic references, are provided. The website also 
enables better communication between users and the 
developers of d-GDM, as well as the dissemination of 
the projects developed in gestational diabetes research.

In this context, the proposed d-GDM software can 
provide healthcare professionals with a free tool that 
facilitates the diagnosis of gestational diabetes, which 
is an issue of significant and increasing prevalence in 
Brazil and in the world.

To our knowledge d-GDM was the first-of-its-kind 
that is able to address the GDM diagnosis.

In conclusion, in this study, we developed and 
described d-GDM, which is a free software for GDM 
diagnosis. d-GDM is user-friendly and has the potential 
to assist healthcare professionals in the diagnosis of 
gestational diabetes.
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ABSTRACT 
Objective: The purpose of this study is to examine risk factors for recurrence of diabetic ketoacidosis and 
determine interventions to prevent future admissions. Materials and methods: Review article. Results: 
Recurrent diabetic ketoacidosis is a serious and not uncommon health problem. Diabetic ketoacidosis is 
associated with severe morbidity and mortality and hospital admissions due to this problem constitute 
a serious economic burden on the healthcare system. Younger age at diabetic ketoacidosis onset, poor 
baseline glycemic control and elevated HbA1C, patient comorbidities, depression, alcohol or substance 
abuse, particularly active cocaine use, have been associated with recurrent diabetic ketoacidosis. In 
addition, socioeconomic factors (such as ethnic minority status, use of public health insurance and 
underinsurance), psychosocial, economic, and behavioral factors (including financial constraint, 
stretching a limited insulin supply, and homelessness) have been all reported to be associated with 
readmission among diabetic ketoacidosis patients. Conclusions: Identifying high-risk patients during 
the first diabetic ketoacidosis admission and performing relevant interventions (repeated instructions of 
insulin use, social help and involvement of family members in medical treatment, collaboration with the 
patient’s primary care physician in order to establish a close and frequent follow up program) may help 
prevent future admissions. Further studies need to take place to determine whether early interventions 
with those factors prevent future admissions. Arch Endocrinol Metab. 2019;63(5):531-5
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INTRODUCTION 

Diabetic ketoacidosis (DKA) is a life-threatening 
complication of diabetes. It mainly occurs in 

patients with type 1 diabetes, but it is not uncommon 
in some patients with type 2 diabetes. 

DKA is a state of absolute or relative insulin deficiency 
potentiated by glucose counter-regulatory hormone 
excess. The most common causes are inadequate insulin 
treatment, medical illness and new onset of diabetes. 
DKA consists of the triad of hyperglycemia, ketonemia, 
and an anion gap metabolic acidosis. The severity of 
DKA is classified as mild, moderate or severe based on 
the intensity of the metabolic acidosis and the presence 
of altered mental status (1).

DKA is associated with severe morbidity and 
mortality. Furthermore, hospital admissions due to 
this problem constitute a serious economic burden on 
the healthcare system. According to The Center for 
Disease Control and Prevention (CDC) – National 

Diabetes Surveillance Program, hospital discharges with 
DKA as the first-listed diagnosis increased from about 
80,000 discharges in 1988 to about 140,000 in 2009 
(2). Mortality rate of DKA has fallen significantly in the 
last 20 years, from 7.96% to 0.67%, as reported by Lin 
and cols. (3); although in developing countries it is still 
high (4). Treatment of DKA is expensive, accounting for 
an estimated total cost of 2.4 billion dollars annually in the 
US (5). Analysis of recurrent admissions has the potential 
to help identify factors that could assist physicians and 
hospitals in obviating readmission for DKA (6). 

RISK FACTORS AND CAUSES OF RECURRENT DKA 
ADMISSION 

Among the known risk factors for DKA some may 
allegedly assist physicians to prevent re-admissions (6). 
The common risk factors of recurrent DKA are shown 
in Table 1.
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For example, younger age at DKA onset has been 
associated with increased risk of DKA recurrence (7,8). 
Other studies note that readmitted DKA patients are 
more often male than female (9), while a rising trend in 
DKA readmission among female diabetic patients less 
than 35 years of age has also been noted (5). Studies 
also suggest that poor baseline glycemic control and 
elevated glycated hemoglobin (HbA1C) have been 
associated with recurrent DKA (7,10). Among patient 
comorbidities, depression, alcohol or substance abuse 
seem to play important roles (7), particularly active 
cocaine use which was strongly associated with DKA 
readmission (11,12). In addition, socioeconomic 
factors (such as ethnic minority status, use of public 
health insurance and underinsurance), psychosocial, 
economic, and behavioral factors (including financial 
constraint, stretching a limited insulin supply, and 
homelessness) have been all reported to be associated 
with readmission among DKA patients (6,7,8,10,13).

Several studies have examined the causes for recurrent 
DKA admission. We performed a literature review 
seeking information regarding those risk factors and 
their possible prevention/management. All the studies 
were retrospective case-control/chart-review studies, 

although case-reports were also noted. The common 
causes of recurrent DKA are shown in Figure 1.

Bradford AL and cols. conducted a retrospective 
case-control study via chart review at a tertiary academic 
medical center. Six potential risk factors for DKA 
readmission (age < 35 years, history of depression, 
HbA1C > 10.6% on admission, substance or alcohol 
abuse history, ethnic minority status, and self-pay or 
publicly funded insurance) were examined and scored 
dichotomously. Each individual risk factor, as well as 
the total score of significant individual risk factors, 
was compared for those patients readmitted for DKA 
during the 5-year study period vs. those who were not 
readmitted during the same period. 

The study included 355 patients diagnosed with 
DKA. Twenty seven percent of the study group was 
readmitted for DKA (or HSS) during the study period. 
It was found that there were significantly increased 
odds of readmission for DKA with four out of six risk 
factors: age < 35 years (OR: 3.021, 95% CI: 1.878-
4.866), history of depression (OR: 3.465, 95% CI: 
2.085-5.758), substance or alcohol abuse history (OR: 
2.828, 95% CI: 1.736-4.606) and self-pay or publicly 
funded insurance (OR: 1.773, 95% CI: 1.051-2.99). 
Using the variables found to exert a significant effect 
on readmission odds, a total “ABCD” score (A: age, 
B: behavioral health, C: coverage, D: drug or alcohol 
abuse) was calculated. This ABCD score was found to 
have a significant effect on odds of readmission (OR: 
2.508, 95% CI: 1.918-3.280) (6).

Lohiya and cols. also conducted a retrospective 
chart review study of all patients with admissions for 
recurrent DKA (one or more previous episodes) in two 
private community teaching hospitals in Birmingham, 
Alabama, during a 6-year study period. Demographic, 
medical and insurance data were obtained from the 
medical records. 

Table 1. Risk factors for recurrent DKA

Patient characteristics 

Young age

Male sex

Patient comorbidities

Psychiatric illness (i.e. depression)

Alcohol or substance abuse (i.e. active cocaine use)

Chronic medical illness (i.e. hypertension, dyslipidemia, coronary artery 
disease)

Socioeconomic factors

Ethnic minority status

Use of public health insurance

Underinsurance 

Financial constraint

Stretching a limited insulin supply

Homelessness 

Other 

Noncompliance with medical treatment

Changing pen devices for insulin injection

Incorrect injection technique of the insulin

Diabetes characteristics

Poor baseline glycemic control

Elevated glycated hemoglobin (HbA1C)

Omission/error of insulin administration
Acute illness
Alcohol excess

Causes of recurrent DKA

Figure 1. Causes of recurrent DKA 
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The study included 80 patients with recurrent 
DKA. Sixty one percent were African American and 
64% were women. Seventy nine percent had received 
prior diabetes education, and 76% were insured. Eighty 
three percent of the patients had comorbidities, such as 
hypertension, dyslipidemia, coronary artery disease and 
chronic kidney disease. The average HbA1C was 11.1%. 
The most common psychiatric disorder was depression 
(31%). Alcohol and/or substance abuse was present in 
24.5% of patients. Forty percent had a combination of 
the precipitating factors for DKA. Omission of insulin 
was the leading cause of recurrent DKA (Figure 1); 
44% reported omission of insulin because of illness and 
40% gave no reason for stopping their insulin. Twenty 
percent reported financial difficulty in obtaining their 
medications. Five percent reported insulin pump 
malfunction (14). 

Skinner (15) discusses the possible reasons for insulin 
omission among young people, who are at increased 
risk for recurrent DKA. First, eating disorders or 
weight manipulations in adolescent girls is an important 
consideration (16). Second, omission of treatment may 
result from the desire or need to escape the parental 
home (perhaps associated with sexual, physical or 
emotional abuse or neglect). Third, there may also be 
depression, which is 2-3 times more prevalent in people 
with diabetes (17,18). And finally, the very process 
of learning to live with and cope with a life-limiting 
condition can lead to feelings of resentment and denial, 
and periods of rebellion against diabetes. 

Randall and cols. interviewed patients to understand 
behavioral, socioeconomic, and psychosocial factors of 
recurrent DKA. Patients were interviewed to collect 
information on demographics, duration of diabetes, 
medical treatment, known diabetes complications, 
history of receiving diabetes education, and precipitating 
factors. Medical records were also reviewed. Out of 164 
subjects 91 had recurrent DKA admissions at the time 
of enrolment (first admission with DKA was reported 
in 73 patients). Insulin discontinuation was the most 
common major precipitating cause in both patients 
with first-time and recurrent episodes of DKA (56% 
and 78%, respectively; 68% overall). Of the patients 
who discontinued insulin, 34% “just stopped” (giving 
no clear reason for stopping), 26% lacked money to buy 
insulin, 17% felt too sick to take the insulin, 15% stated 
that their insulin supply was lost or stolen or they were 
away from it, and 8% were lowering their dose to stretch 
their supply. The next most common cause was medical 

illness (18% of those with first-time DKA and 20% of 
those with recurrent DKA). Most patients (62%) were 
uninsured, only 17% had stable employment and lack 
of social support was common. Psychiatric illness was 
prevalent (46% of patients had a history of depression) 
and significantly more patients with recurrent DKA had 
abused drugs compared with those with first time DKA. 
In addition, compared with first-time DKA, patients 
with recurrent DKA episodes were more likely to be 
homeless or have experienced homelessness. Patient 
characteristics were further analyzed by the number of 
DKA admissions at the index admission, in categories 
of 0, 1-4, 5-10, and > 10. Patients with multiple 
episodes were leaner, had longer duration of diabetes, 
and developed diabetes at a younger age. They also had 
a higher rate of having received diabetes education; 
however, there was no significant increase in knowledge 
of the meaning of A1C as the number of admissions 
increased. Moreover, homelessness and drug abuse 
were associated with increased DKA re-admissions (5). 

Cooper H and cols. demonstrated similar results 
in an observational retrospective case-control study 
conducted in Auckland, New Zealand (80 patients – 
40 with more than one admission with DKA within 5 
years and 40 with a single admission during that time): 
alcohol or substance abuse, history of psychiatric illness 
and psychotropic medication use were present in 42.5% 
of patients readmitted due to DKA (in comparison with 
only 35% of the patients with one admission with DKA 
over the 5-year study period). The identified precipitant 
for ketoacidosis was most commonly omission/error 
of insulin administration, followed by acute illness and 
alcohol excess (19). 

Two specific risk factors for recurrent DKA were 
proposed by Nyenwe and cols. and Bhardwaj and cols.: 
active use of cocaine and changing pen devices for 
insulin injection, respectively (20,21). 

Nyenwe and cols. performed a retrospective analysis 
of sequential adult admissions for DKA at Bronx 
Lebanon Hospital Center in New York between 2001 
and 2004. They concluded that active use of cocaine 
is an independent risk factor for recurrent DKA, as 
are noncompliance and Hispanic ethnicity. Of these 3 
factors, cocaine showed the strongest association with 
DKA (20). 

Bhardwaj and cols. present two case reports of a 
68-year-old man and a 17-year-old boy with recurrent 
episodes of DKA due to incorrect injection technique 
of the insulin via FlexPen (21). 
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Sodium-glucose cotransporter 2 inhibitors 
(SGLT2i) are a new class of oral hypoglycemic 
drugs recently introduced into clinical practice for 
the management of type 2 DM (22-24). These 
drugs prevent the reabsorption of glucose at the 
proximal renal tubules by targeting SGLT2 (22-
25). Their favorable clinical profile has led to an 
increased interest in SGLT2i by health care providers 
and the wide use of these agents in clinical practice. 
SGLT2i have been associated with euglycemic diabetic 
ketoacidosis, a life-threatening emergency characterized 
by hyperglycemia with blood glucose levels < 200 
mg/dL. This can result in delayed diagnosis and 
treatment with the potential for adverse metabolic 
consequences (25,26). We did not find in the literature 
cases of recurrent DKA among patients treated by 
SGLT2i, but the use of these drugs may lead to the 
development of potentially dangerous complications 
including DKA. Patients taking SGLT2i who become 
ill should discontinue the medication, undergo prompt 
ketone evaluation and start basal insulin, if ketones 
are positive. In addition, patients should be educated 
to stop their SGLT2 inhibitor at least 1 week prior to 
elective procedures (26).

In conclusion, recurrent DKA is a serious and not 
uncommon health problem. Several risk factors for 
recurrence have been identified. Some of those are not 
easily controlled (chronic disease, psychiatric illness, 
socioeconomic status) but others are modifiable: 
omission/error of insulin administration, compliance 
with treatment, drug or alcohol abuse, insurance 
status. 

Identifying high-risk patients during the first DKA 
admission and performing relevant interventions (such 
as repeated instructions of insulin use, social help, 
involvement of family members in medical treatment, 
collaboration with the patient’s primary care physician 
in order to establish a close and frequent follow up 
program) may help prevent future admissions. 

In the studies performed to date there was no 
homogeneity regarding the patients’ disease (type 1 or 
type 2 diabetes mellitus) and the time frame defining 
recurrence. Furthermore, only one study distinguished 
between patients with different recurrence rates, and 
no study performed a prospective follow up of patients 
after a recurrence-preventing intervention. 

Further studies need to take place to determine 
whether early interventions with those factors prevent 
future admissions.

Disclosure: no potential conflict of interest relevant to this article 
was reported.
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ABSTRACT
Thyroid cancer has been rapidly increasing in prevalence among humans in last 2 decades and is the 
most prevalent endocrine malignancy. Overall, thyroid-cancer patients have good rates of long-term 
survival, but a small percentage present poor outcome. Thyroid cancer aggressiveness is essentially 
related with thyroid follicular cell loss of differentiation and metastasis. The discovery of oncogenes 
that drive thyroid cancer (such as RET, RAS, and BRAF), and are aligned in the MAPK/ERK pathway 
has led to a new perspective of thyroid oncogenesis. The uncovering of additional oncogene-
modulated signaling pathways revealed an intricate and active signaling cross-talk. Among these, 
microRNAs, which are a class of small, noncoding RNAs, expanded this cross-talk by modulating 
several components of the oncogenic network – thus establishing a new layer of regulation. In this 
context, TGFβ signaling plays an important role in cancer as a dual factor: it can exert an antimitogenic 
effect in normal thyroid follicular cells, and promote epithelial-to-mesenchymal transition (EMT), cell 
migration, and invasion in cancer cells. In this review, we explore how microRNAs influence the loss 
of thyroid differentiation and the increase in aggressiveness of thyroid cancers by regulating the dual 
function of TGFβ. This review provides directions for future research to encourage the development 
of new strategies and molecular approaches that can improve the treatment of aggressive thyroid 
cancer. Arch Endocrinol Metab. 2019;63(5):536-44
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THYROID CANCER

T hyroid cancer is the most common malignancy of 
the endocrine system, and its global incidence has 

increased in recent years; 52 070 new cases are expected 
to occur in the United States in 2019 (1,2). The majority 
of thyroid cancers originate from the follicular cells; in 
terms of histological and clinical behavior, these cancers 
are classified as well-differentiated, poorly differentiated 
and undifferentiated (3). Among differentiated thyroid 
cancers, papillary thyroid cancer (PTC) comprises more 
than 80% of cases; the remainder consists of follicular 
thyroid cancer. Although less frequent (2%-5% of 
cases), the undifferentiated thyroid cancer or anaplastic 
thyroid cancer (ATC) is the most aggressive and lethal 
type of thyroid cancer (3,4).

The main oncogenic alterations of thyroid cancer 
occur in genes that are aligned with the MAPK 

pathway. BRAF and RAS mutations, and RET/
PTC rearrangements can impair the differentiation 
of the thyroid follicular cells and lead to PTC 
oncogenesis due to the constitutive activation of 
MAPK/ERK signaling (4,5). The acquisition of 
additional molecular alterations in coding genes 
(e.g., PIK3CA and AKT1) may also contribute to 
loss of differentiation, refractoriness to radioiodine 
therapy, and aggressive behavior (6). Additionally, the 
oncogenic activation of the MAPK pathway triggers 
the deregulation of microRNAs (miRNAs), which 
comprise a class of small noncoding RNAs that exert 
a potent inhibitory effect on protein expression at the 
posttranscriptional level. Because miRNAs modulate 
targets in several oncogenic pathways (7), they expand 
the network of oncogene-modulated genes in thyroid 
cells’ functioning and biology.
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MICRORNA AND THYROID FOLLICULAR CELL 
DIFFERENTIATION

Thyroid-gland epithelial cells (known as thyrocytes or 
thyroid follicular cells) are organized in follicles; the 
previously synthesized thyroid hormones are confined 
to the follicular lumen. These cells have the unique 
ability to incorporate the iodine molecule as a thyroid 
hormone compound (8). The thyrocytes’ differentiated 
status (i.e., the ability to trap iodine and produce 
thyroid hormones) is associated with the expression 
of genes related to iodine metabolism such as NIS 
(sodium iodide symporter), TPO (thyroperoxidase), 
TG (thyroglobulin), and DUOX (dual oxidase); all 
of these are directly involved in trapping iodine and 
metabolizing it into the thyroid hormones. These 
genes are under the regulation of thyroid transcription 
factors (TFs) such as NKX2-1 (NK2 homeobox 1, 
previously known as TTF1), FOXE1 (forkhead box E1, 
also known as TTF2), and PAX8 (paired box 8), which 
are uniquely co-expressed in the thyroid gland (9).

Moreover, thyrocytes’ function is regulated by 
the pituitary thyroid-stimulating hormone via its 
receptor (TSHR), which is expressed in the basolateral 
membrane of thyroid follicular cells. TSH signaling 
activation induces thyroid cell differentiation by directly 
stimulating the expression of genes such as NIS, TPO, 
and TG through the binding of cAMP to its responsive 
element in the promoter region of these genes (10).

Since the discovery of miRNA molecules in 1993, more 
than 2000 human miRNA genes have been described in 
human genome (miRBase, release 22.1) (11). Mature 
miRNAs consist of small, noncoding RNAs with ~22nt 
that posttranscriptionally control gene expression by 
binding to the 3’ untranslated region within the target 
mRNAs (12,13). The overall effect of miRNA binding 
is a reduction in protein levels due to impairment of 
the ribosome assembly or the induction of mRNA 
decay (13). Overexpression of miRNA represses the 
expression of target mRNA, and conversely, the loss of 
miRNA expression enhances the expression of mRNA. 
Thus, unbalanced miRNA expression is involved in 
the pathogenesis of human diseases, including cancer, 
for which unbalanced miRNA acts in an oncogenic or 
tumor-suppressive fashion. In terms of bioinformatics, 
miRNAs regulate more than 60% of protein-coding 
genes’ mRNAs (based on miRNA seed-sequence 
conservation) (12); this indicates that these noncoding 

RNAs could regulate all cellular processes, including 
thyroid-cell differentiation and tumorigenesis (7,15).

Normally, the thyroid gland expresses a specific 
constitutive pool of miRNAs that includes let-7 
isoforms (let-7a, let-7b, let-7c, let-7d, let-7e, let-7g, and 
let-7i), miR-15/miR-16 cluster, miR-30a/miR-30c/
miR-30d, miR-125b, miR-200c, miR-99b, and miR-
138 (16). Strikingly, several of these thyroid-specific 
miRNAs are deregulated in thyroid cancer, which 
indicates that oncogenic activation could interfere with 
thyroid cells’ function by changing the levels of the 
miRNAs (Figure 1). However, some miRNAs that are 
not expressed in normal thyroid cells are activated in 
thyroid cancer. One of the hallmarks of miRNAs in PTC 
is miR-146b, consistently increased in PTC, and which 
expression correlates with a poor prognosis (5,17).

Figure 1. Oncogene activation induces thyroid cancer and leads to 
deregulation of miRNA expression (loss or gain of expression). The loss of NIS 
expression is key for the thyroid dedifferentiation and impairment of 
responsiveness to radioiodine therapy. The activation of epithelial-to-
mesenchymal transition (EMT) genes expression contributes to cancer 
progression and aggressive phenotype. Modified from Fuziwara & Kimura (14).

The results of a Dicer1 knockdown study 
highlight the importance of miRNAs for thyroid cells’ 
differentiation (18). Primary miRNA is transcribed 
and, sequential cleavage processes that occur in the 
nucleus and cytoplasm generate mature miRNA. The 
main protein involved in the final step of miRNA 
biogenesis is the ribonuclease DICER (19). Indeed, 
Dicer1 knockdown resulted in severe downregulation of 
thyroid cell-differentiation genes Nis, Tpo, Tg, Nkx2-1 
and Pax8 in normal rat thyroid follicular cell line PCCl3 
in vitro (18).. Additionally, across three studies of Dicer1 
transgenic knockout mice, a similar effect occurred 
in the thyroid gland, with decreased expression of 
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thyroid-differentiation markers, severe impairment of 
thyroid-hormone secretion and hypothyroidism, and – 
interestingly – loss of thyroid histological organization 
(20,21). This global downregulation of miRNAs 
caused by the Dicer1 knockout indicates that the 
miRNAs’ regulatory network also controls the thyroid 
gland’s functioning. Indeed, the results of an in silico 
analysis (using a bioinformatics algorithm for target 
prediction) reveal that several miRNAs could target 
thyroid-differentiation genes and TFs (15).

Interestingly, thyroid TF PAX8 can drive the 
expression of miR-146b by binding to miR-146b 
promoter; similarly, the TF NKX2-1 does so by binding 
to miR-532-5p promoter (22,23); this indicates the 
existence of an intricate regulatory network between 
thyroid TFs and miRNAs for the control of thyroid 
follicular cells’ function. Moreover, to date, a few 
miRNAs are directly associated with the regulation of 
thyroid differentiation genes. Among them, the 3’ strand 
of miR-146b (miR-146b-3p) targets NIS mRNA in NIS-
expressing cells and thus reduces radioiodine uptake (23). 
Similarly, an in silico analysis led to the discovery of miR-
339-5p as a novel regulator of NIS expression, impacting 
thyroid follicular cells’ function (24).

In addition, miRNA could also regulate thyroid 
differentiation in an indirect manner. For example, 
miR-106a is upregulated in the serum of patients 
who have thyroid-cancer metastases in the lung that 
are not avid for radioiodine (25). Similarly, miR-106a 
regulates the expression of retinoic acid receptor beta, 
(RARβ) which influences thyroid cells’ differentiation. 
The overexpression of miR-106a in the PTC cell 
line increases cell viability and invasion but reduces 
apoptosis; the opposite occurs when inhibiting miR-
106a in ATC cell lines. Moreover, targeting miR-
106a with antagomir increases the expression of NIS 
and TSHR while sensitizing ATC cells to radioiodine 
treatment (25). Interestingly, miR-146b regulates the 
expression of RARβ (26) and serum miR-146b levels are 
also associated with thyroid tumors poor prognosis (27). 

TGFβ SIGNALING AND THYROID FUNCTION 

Transforming Growth Factor β (TGFβ) signaling 
is an important pathway in thyroid cells’ function and 
homeostasis. Classically, TGFβ signaling is a tumor 
suppressor in normal epithelial cells (e.g., thyrocytes), 
as it exerts an antimitogenic effect; nevertheless, the 
cumulative evidence shows that it plays additional roles 

in thyroid-cell differentiation and in the epithelial-to-
mesenchymal transition (EMT) process, and promotes 
malignant progression of cancer.

The cascade of TGFβ signaling activation initiates 
when the TGFβ isoforms (TGFβ1, TGFβ2, and 
TGFβ3) are bound to the membrane-receptor serine 
kinases of the TGFβ family. Ligand binding forms a 
heterodimeric complex that comprises two type-II 
(TGFBR2) and two type-I (TGFBRI) receptors. Then, 
TGFBR2 phosphorylates TGFBRI for at multiple serine 
threonine residues in the N-terminal region. Activated 
TGFBRI recruits and phosphorylates SMAD2 and 
SMAD3 proteins (R-SMADs), leading to the formation 
of the SMAD2/3 and SMAD4 heterotrimeric complex. 
Subsequently, this complex translocates to the nucleus 
and binds to the SMAD-binding element of the 
DNA in order to modulate the transcription of target 
genes such as cell-cycle inhibitors (e.g., p21CIP1 and 
p15INK4). SMAD7, a negative regulator of this pathway, 
interacts with activated receptors and R-SMADs, thus 
suppressing translocation. Moreover, SMURF1/2 
exerts posttranslational regulation by ubiquitination of 
SMAD proteins and receptors, leading to ubiquitin–
proteasome degradation (28). 

Thyroid tumors express TGFβ/SMAD signaling 
components (29,30), unlike other types of cancer 
(which typically harbor genetic alterations in this 
pathway). Instead, signaling transduction deregulation 
is related to the modulation of its components through 
oncogene-induced posttranscriptional changes, as well 
as through posttranslational modifications such as 
ubiquitination, or through the signaling transduction 
inhibition by SMAD7. Indeed, low levels of SMAD4 
can occur in PTC cell lines, thus causing refractoriness 
to TGFβ’s cytostatic effect (29). Acute BRAFV600E 
activation in normal thyroid follicular cells leads to 
both downregulation of SMAD4 and refractoriness 
to TGFβ1-induced cell-cycle arrest via the activation 
of the miR-17-92 cluster and miR-146b. Moreover, 
the blockage of these miRNAs using antisense 
oligonucleotides with locked nucleic-acid (LNA) 
modifications (antagomirs) results in the recovery of 
SMAD4 protein levels and increased responsiveness to 
TGFβ1’s antimitogenic effect (31,32).

In addition to the classical antiproliferative effect 
of the TGFβ/SMAD pathway (activation of cell-cycle 
arrest), TGFβ is a well-known inhibitor of thyroid 
differentiation and growth (33,34). The treatment of 
FRTL5 cells (a normal rat thyroid follicular cell line) 
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with exogenous TGFβ1 leads to downregulation of Nis, 
Tpo and Tg. Moreover, the disruption of TGFβ signaling 
transduction (in this case, using a SMAD4 dominant 
negative protein in FRTL5 cells) also results in the loss of 
differentiation — to a similar extent as for TGFβ-treated 
cells (35) The molecular basis for this regulation is 
attributed to the binding of SMAD3 to PAX8, which in 
turn impairs PAX8’s action on the Nis upstream enhancer 
and leads to Nis transcriptional repression (36). Indeed, 
TGFβ impairs Tg transcription by reducing the levels of 
PAX8, thus diminishing its DNA-binding activity (37). 
Interestingly, in normal thyroid cells in vitro, BRAFV600E 
activation also represses NIS expression via the increased 
secretion of TGFβ (38). Additionally, TGFβ signaling 
can regulate the expression of NKX2-1 via a miRNA 
loop, wherein TGFβ treatment induces miR-365 which 
targets NKX2-1, while miR-365 overexpression induces 
TGFβ secretion (39).

The high expression of TGFβ1 occurs in the 
invasive fronts of PTC, correlating with the loss of 
thyroid differentiation (38); and it is also observed in 
poorly circumscribed PTC that shows high levels of 
TGFβ in the tumor-periphery invasive front; on the 
other hand, in well-circumscribed PTC, the center of 
the (noninvasive) tumor shows inhibition of TGFβ 
signaling (high SMAD7 levels) (40).

TGFβ AND MIRNAS IN EMT REGULATION

TGFβ signaling plays a dual role, and its function 
depends on the cellular context. Although, in normal 
epithelial cells, its signaling induces the expression 
of the p21 and p27 cell-cycle inhibitors to block cell 
proliferation, in cancer cells, TGFβ promotes EMT, 
which is a hallmark for cancer progression (41). In a 
recent study, Xu and cols. (42) shed some light into 
the molecular mechanism that breast-cancer cells use 
to reprogram the TGFβ antiproliferative signaling 
and to promote EMT and metastasis; the results 
indicate that YWHAZ (14-3-3ζ) activation is key to 
overcoming the cytostatic effect of TGFβ because it 
blocks the p53/SMAD association and induces GLI2/
SMAD interaction in breast cancer bone metastasis. 
YWHAZ represses the expression of SFN (14-3-3σ), 
which is necessary to stabilize p53 protein levels, and 
consequently leads to a loss of TGFβ-induced p21 
expression (42). 

EMT is a general term that is used to describe the 
mechanism through which a polarized cell undergoes a 

series of molecular changes to acquire a mesenchymal 
phenotype, which enhances the migratory and invasive 
potential and improves the extracellular matrix’s 
secretory ability (43). EMT can be further classified 
into 3 types: type I, which occurs during embryo 
implantation and gastrulation; type 2, which is activated 
by injury or inflammation in normal tissues; and type 3, 
which is activated during cancer progression (43).

EMT is classically activated by TGFβ-signaling 
transduction via SMAD proteins; this leads to 
transcriptional changes that downregulate epithelial 
genes (E-cadherin, cell-to-cell junctions, and cell-
polarity genes), that induce mesenchymal genes 
(N-cadherin and extracellular-matrix interaction genes), 
and that lead to cytoskeleton remodeling (44). This 
process depends on the activation of three families of 
EMT TFs: SNAIL, ZEB, and bHLH (which includes 
Twist). ZEB1, ZEB2, SNAI1, SNAI2 (SLUG), and 
TWIST1 are the master EMT TFs as they autoregulate 
each other and cooperatively repress the transcription 
of E-cadherin (CDH1 gene), which is the hallmark of 
EMT – all while orchestrating changes to the expression 
profile that lead to the EMT phenotype shift (41).

In a zebrafish model model, BRAFV600E-induced 
PTC led to EMT activation and thyroid-gland 
disorganization via the TF TWIST2 (45). Moreover, 
BRAFV600E activation in the thyroid gland of transgenic 
mice (Tg-Braf) generated PTC with regions of 
poorly differentiated thyroid cancer at the late stage  
(5 months) (46). A microarray gene-expression profile 
comparison of PTC and poorly differentiated tumors 
in transgenic Tg-BRAF mice revealed a reduction of 
cell-adhesion genes such as E-cadherin and an increase 
in the intermediate filament vimentin. Indeed, the 
TGFβ-signaling pathway was activated in these poorly 
differentiated tumors, which show high levels of 
pSMAD2, repression of E-cadherin, and upregulation 
of the vimentin protein (46). Interestingly,  
TGFβ-signaling activation is dependent on MAPK 
signaling, as a treatment with U0126 (a MEK inhibitor) 
blunts SMAD2 phosphorylation and blocks TGFβ-
induced genes in BRAF-induced, PTC-derived primary 
cells (46). 

Furthermore, the signaling activation of MAPK using 
BRAFV600E induces the ETV5 TF, which subsequently 
modulates TWIST1 expression transcriptionally to 
promote EMT in thyroid-cancer cells (47). Conversely, 
in a human PTC cell line, ETV5 knockdown attenuated 
this phenotype and reduced cell migration, invasion, 
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and proliferation. Moreover, high nuclear levels of 
TWIST1 in PTC cell lines are positively correlated with 
metastasis and are associated with the NFκB-signaling 
pathway activation as the knockdown of NFkB blocks 
TWIST1 upregulation (48). 

There is an intricate network of regulation between 
miRNA and TGFβ signaling. On the one hand, 
miRNAs can target the TGFβ pathway’s components, 
thus acting as oncomiRs (miRNAs that are deregulated 
during oncogenesis and cancer progression), as 
shown in Table 1. On the other hand, TGFβ 
signaling can modulate miRNA expression through 
two mechanisms: (a) influencing the transcriptional 
activity of miRNA genes by binding the pSMAD 
complex to the promoter region of these genes at the 
sites of the SMAD-binding element or (b) modulating 
the processing of precursor miRNA (pre-miRNA) 
into mature miRNA. For example, the binding of 
SMAD2/3 to a SMAD-binding element’s region in 
the primary miRNA stabilizes the microprocessor 
complex (DROSHA, DGCR8, and p68) and induces 
the maturation of pre-mir-21 and pre-mir-199a in the 
vascular smooth muscle (49).

The discovery of miRNA networks has shed light 
on EMT, as these networks can regulate several features 
of the EMT signaling transduction, from the proteins 
that act as activators (such as TGFβ and its pathway) 
to the EMT TFs (Figure 2). The results of a seminal 
study show that activation of the protein tyrosine 
phosphatase Pez in combination with TGFβ signaling 
significantly silences both the miR-200 superfamily and 
miR-205 (50) At the same time, when different human 
cancer cell lines are stratified according to the levels 

of epithelial (high in E-cadherin) and mesenchymal 
(high in vimentin) gene signatures, the miRNA 
signature of the mesenchymal-phenotype cancers show 
strong downregulation of the miR-200 family (51). 
In humans, the miR-200 family is composed of 5 
miRNAs that share 2 seed regions (miR-200a/141 and  
miR-200b/c/429) across independent clusters: chr12 
(miR-200c/141) and chr1 (miR-200a/b/429) (50).

Table 1. Bioinformatic prediction of microRNAs that target mRNA related with TGFβ signaling pathway

mRNA microRNAs*

TGFBR1 miR-181-5p miR-133a-3p miR-142-3p Let-7 miR-183-5p miR-101-3p mir-208-3p

TGFBR2 miR-17/ 20-5p miR-19-3p miR-21-5p miR-302-3p miR-130-3p miR-142-5p miR-144-3p

SMAD2 miR-18a-5p Let-7-5p miR-200b/c/429 miR-142-5p miR-128-3p miR-155-5p miR-181-5p

SMAD3 miR-145-5p miR-15/16 miR-129-3p miR-23-3p miR-216-5p miR-143-3p miR-18-5p

SMAD4 miR-146b-5p miR-17 miR-19 miR-18a miR-142-3p miR-34 miR-205-5p

SMAD7 miR-21 miR-181-5p miR-182-5p miR-17/20 miR-15/16 miR-200b/c miR-25

SMURF1 miR-19-3p miR-15/16 miR-137 miR-25-3p miR-142-5p miR-200bc miR-153-3p

SMURF2 miR-19-3p miR-15/16 miR-137 miR-124-3p miR-142-3p miR-200bc miR-130-3p

ARKADIA (RNF111) miR-19-3p miR-15/16 miR-21-5p miR-142-3p miR-144-3p miR-155-5p miR-9-5p

* Prediction based on TargetScanHuman Release 7.2 (http://www.targetscan.org/vert_72/).

Figure 2. TGFβ signaling exerts a dual role in thyroid follicular cells. In 
normal cells, TGFβ induces antimitogenic effect by induction of p21/p27, 
while upon activation of MAPK oncogenes and cell transformation, TGFβ 
promotes EMT and invasion via induction of EMT transcription factors 
(EMT-TFs). At the right side, the list of deregulated miRNAs that contribute 
to TGFβ-induced EMT in aggressive thyroid cancer, leading to loss of 
epithelial phenotype (E-cadherin) and acquisition of mesenchymal 
phenotype (Vimentin).
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The functional investigation of miR-200s shows 
that, on the one hand, miR-200 expression blocks 
EMT by targeting the ZEB1/ZEB2 TFs that 
downregulate E-cadherin, but that, on the other hand, 
ZEB1 transcriptionally inhibits miR-200 expression in 
a negative feedback loop (50,51). Indeed, the miR-
200 family is downregulated in anaplastic thyroid 
carcinoma (52). The results of a microarray gene-
expression analysis reveal that the miR-200c/141 and 
miR-200b/a/429 clusters are severely repressed in ATC 
cells, as compared to normal thyroid cells and cells 
from other types of thyroid cancer such as PTC and 
follicular thyroid cancer (52). Interestingly, miR-200c 
expression (together with the let-7 family) is among 
the 10 most abundant miRNAs in normal thyroid 
glands (16), which indicates that the miR-200 family 
plays an important role in thyroid biology. In normal 
thyroid cells, the activation of the Epidermal Growth 
Factor (EGF) signaling pathway inhibits the miR-200 
family and induces EMT, with a loss of E-cadherin. On 
the other hand, in the anaplastic thyroid carcinoma 
cell line and in xenotransplant tumors, blockage of 
EGFR signaling restores miR-200 expression and also 
induces both the mesenchymal-to-epithelial transition 
and E-cadherin upregulation (53). Similarly, miR-205 
downregulation is associated with TGFβ-induced EMT 
and cooperates with miR-200 family (50). In anaplastic 
thyroid cancer, miR-205 overexpression blocks EMT 
and cell invasion, and restores E-cadherin expression. 
Moreover, miR-205 inhibits VEGF-A secretion 
and angiogenesis in vitro and tumor growth mouse 
xenotransplant (54).

Recent data further have indicated that a new set 
of miRNAs regulate the thyroid-cancer EMT process 
(Figure 2). For instance, in PTC samples, miR-199-5p 
is downregulated and inversely correlated with 
SNAI1 mRNA levels. In thyroid-cancer cell lines, 
the restoration of miR-199-5p levels leads to SNAI1 
repression, which in turn leads to the inhibition of 
N-cadherin and vimentin, as well as the induction of 
E-cadherin (55). Indeed, miR-199-5p represses SNAI1 
by binding to the mRNA’s 3’ untranslated region, and 
SNAI1 knockdown reduces cell invasion and tumor 
growth in xenotransplants. This indicates the important 
role of miR-199-5p as an EMT inhibitor. Moreover, 
in PTC, miR-663 is a target of TGFβ1-induced EMT 
and is downregulated. Ectopic expression of miR-663 
in the BCPAP and IHH4 PTC cell lines causes the 
restoration of E-cadherin levels in a similar way as in 

the silencing of TGFβ1 (56). In addition, miR-654-
3p is downregulated in human PTC samples and in 
thyroid-cancer cell lines. BRAFV600E oncogene-induced 
mouse PTC suppresses miR-654-3p levels in the late 
stage, inversely correlating with increases in the EMT 
TFs Zeb1, Zeb2, Snai1 e Snai2 (57). The reintroduction 
of miR-654-3p in thyroid-cancer cells reduces cell 
migration and decreases Snai2 transcription, while also 
increasing E-cadherin levels. 

Additionally, miRNA upregulation can promote 
thyroid cancer EMT. The results of a recent study show 
that miR-483-3p plays a role in regulating the PARD3 
polarity gene in ATC, thus enhancing the EMT process 
(58). Indeed, miR-483-3p is highly expressed in ATC 
cell lines, and it can be induced via TGFβ treatment 
to target PARD3 mRNA. The loss of PARD3 occurs 
in thyroid cancer (as compared to a nontumoral 
counterpart); and low levels of PARD3 are inversely 
correlated with miR-483-3p expression. Blocking 
miR-483-3p using antagomirs inhibits TGFβ-induced 
cell invasion and prevents PARD3 downregulation. 
Interestingly, PARD3 rescue in ATC cells leads to the 
blockage of TGFβ-induced effects via the maintenance 
of E-cadherin levels and the inhibition of vimentin (58). 

Hardin and cols. reported an additional loop of 
TGFβ-miRNA interaction, showing upregulation of 
miR146-5b expression in PTC cell line exposed to 
TGFβ1 (59). Moreover, the treatment of PTC cells 
with TGFβ1, both in vitro and in a xenograft model, 
downregulates E-cadherin and induces SLUG, SNAI, 
TWIST, and vimentin (59). Indeed, miR146-5p is 
one of the most highly expressed miRNAs in BRAF-
mutated PTC (5,17) and it targets zinc and ring finger 
3 (ZNRF3), which is a modulator of Wnt/β-catenin 
signaling. In PTC, the high expression of miR146-5p 
suppresses ZNRF3 and enhances the expression of 
EMT markers (60).

Interestingly, distant metastases that arise from 
carcinomas usually show a well-differentiated epithelial 
phenotype; this hints at another interesting aspect of 
EMT: its reversibility in the mesenchymal-to-epithelial 
transition. In a seminal study, Ocana and cols. (61) 
found that TGFβ-induced EMT involves the activation 
of the TF paired-related homeobox-1 (PRRX1), which 
is expressed in the normal development of somites’ 
mesenchymal cells. PRRX1 overexpression is sufficient 
to induce EMT in MDCK cells; this leads to the 
mesenchymal phenotype, including invasion, loss of 
E-cadherin, expression of vimentin, and activation 
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of some EMT TFs (61). However, according to the 
results of a tail-vein injection assay, the cancer cells that 
overexpress PRRX1, although relatively invasive, cannot 
colonize distant sites; this shows that, the loss of PRRX1 
is essential for lung colonization, as it reverses the EMT 
via the recovery of the epithelial phenotype (61).

PERSPECTIVES

Recent therapeutic strategies have been intended 
to improve radioiodine uptake in advanced thyroid 
cancer through the use of MAPK signaling inhibitors. 
However, resistance to these inhibitors is somewhat 
common, so there is an urgent need to develop adjuvant 
therapies. For example, a combinatorial therapy with 
MAPK-signaling inhibitors and histone-deacetylase 
inhibitors showed a synergistic effect in reexpressing the 
NIS gene and in recovering the radioiodine trapping in 
BRAFV600E thyroid-cancer cell lines (62). On the other 
hand, researchers have investigated the efficacy of the 
TGFβ pathway inhibition in preclinical and clinical 
trials using several TGFβ antagonists, including TGFβ 
antibodies, antisense oligonucleotides, and receptor-
kinase inhibitors. In cancer, this inhibition could 
attenuate the TGFβ-dependent EMT; however, due 
to the pleiotropic functions of TGFβ signaling – which 
regulates many normal physiological functions and 
various steps of cancer progression – the effects of TGFβ 
inhibitors in cancer therapy remain unpredictable (63). 
Furthermore, the progressive cascade of events in 
cancer metastasis is activated by TGFβ, which recruits 
several cell types in the tumor microenvironment – not 
just primary tumor cells but also stromal and immune 
cells (64). Thus, developing a strategy to target all cell 
types at once is a challenge in the development of any 
targeted molecular therapy.

The picture that emerges from this evidence is that 
modulating deregulated miRNAs, in combination 
with the conventional or new generation of inhibitors, 
could help to reestablish thyroid cells’ iodine-trapping 
function. This treatment could thus act as an adjuvant 
therapy in iodine-refractory thyroid cancer and could 
influence the EMT phenotype. For example, miR-146b 
is upregulated in a differentiated thyroid-carcinoma-cell 
model in which radioiodine resistance is acquired after 
radioiodine exposure, leading to the downregulation 
of the thyroid-differentiation genes (65). Interestingly, 
the inhibition of miR-146b can restore thyroid 
differentiation and radioiodine trapping via the 

upregulation of NIS levels; this inhibition thus exerts 
a global effect in cell biology by reducing cell viability 
and inducing apoptosis. Conversely, reexpression of 
the miR-200 family, as well as of miR-205 and other 
downregulated miRNAs, could improve thyroid-
cancer prognosis by blunting the EMT and metastasis 
processes. In this regard, the strategy of targeting 
miRNAs could have a potential broad effect as those 
miRNAs control a plethora of genes. 
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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. Proofreading by a scientific editing 
service is strongly recommended; the following companies are suggested: Voxmed 
Medical Communications, American Journal Experts and PaperCheck. Manuscriptss 
that successfully complete the peer-review process and are recommended for publi-
cation will only be accepted and published upon receipt of a certificate proving 
professional academic English proofreading. In extraordinary circumstances, the 
certificate can be waived by editorial decision.
Papers that do not meet these requirements will be returned to the author for the 
necessary revisions before formal review.
Authors must include the ORCID (Open Researcher and Contributor ID) in the article 
submission and in the manuscript file.
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 like-
ly to enhance the chance of a manuscript being accepted for publication. A maximum 
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 Reports. 

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. The manuscript´s 
originality and exclusivity should be stated, as well as the contribution of each 
author, Elsewhere on the submission 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. 

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

Ethical Guidelines
All studies involving human research must be in accordance with the Declaration of 
Helsinki and must have been formally approved by the appropriate institutional re-
view board, ethical review committee, or equivalent. Concerning research conduc-
ted in Brazil, all studies must inform the CAAE (Certificado de Apresentação para 
Apreciação Ética) registration number generated in Plataforma Brasil. 

In all experiments involving human subjects, it should be stated that informed con-
sent was obtained from the participants and that an institutional human research 
committee had approved the investigations. This should be stated in the Methods 
section of the manuscript.

Regarding studies involving experimental animals, a statement confirming that all 
experimentation was performed according to accepted standards of humane ani-
mal care 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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