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Serum positive thyroglobulin 
antib odies: an old problem 
with new questions

Fernanda Vaisman1

INTRODUCTION

S erum thyroglobulin (Tg) is a cornerstone on the follow up of differentiated 

thyroid cancer (DTC) and is widely used for diagnostic and prognostic purposes (1). 

Some factors might interfere in the measurement, being the most common the 

presence of thyroglobulin antibodies (TgAB) (2). This is known to happen in nearly 

one third of patients. In this scenario, image modalities become even more important 

during follow up as serum Tg measurement in not reliable and TgAB absolute values 

and/or TgAB’s curve over time is not as accurate. Furthermore, it is also known that 

lymph node metastasis can be found in more than 50% of patients at diagnosis and it is 

the most common site of persistence/recurrence of disease (1). The appropriate initial 

surgical procedure can lower the frequency of persistence/recurrence of lymph node 

metastatic disease. 

In addition to a well-performed neck ultrasound, the ultrasound guided fi ne needle 

aspiration biopsy (FNAB) should be performed in every suspicious lymph node in 

order to confi rm malignancy. As these biopsies still carry up to 10% of false negative 

results (3) recommended to measure Tg levels in needle washouts (Tg-FNAB). 

Therefore, another issue came up during the last couple of years: does the presence of 

serum TgAB interfere with the measurement of Tg-FNAB as they are present also in 

the washouts?

METHODS 

Martins-Costa and cols. (4), assessed 232 FNAB samples obtained from suspicious 

lymph neck nodes from 144 DTC patients. Regular cytology, Tg-FNAB, TgAB in the 

washouts and also serum Tg and TgAB were performed in all patients. They have used 

the literature-validated cutoffs. Tg-FNAB was performed using a commercially avail-

able assay with functional sensitivity of 1.0 ng/mL and if Tg-FNAB was lower than 10 

ng/mL and patient had serum Tg AB positivity, another assay with lower sensitivity 

was used to exclude contamination by TgAB.

RESULTS 

Patients were divided into two groups: group 1 (203 FNAB samples): serum 

negative TgAB and group 2 (29 FNAB samples): serum positive TgAB. In the fi rst 

group, all patients with Tg-FNAB > 10 ng/mL had metastatic disease confi rm by 

histology or I131 uptake, however, only 57% had positive cytology. When Tg-FNAB 

was < 10 ng/mL, only 10% had confi rm metastatic disease and FNAB was able to 
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identify only 2%. In group 2, when Tg-FNAB was above 

10 ng/mL, also all patients had confi rmed metastatic 

disease and positive cytology but when less than 10 

ng/mL, around 45% had confi rmed metastatic disease 

by histology or I131 uptake but only 25% had positive 

cytology. In both groups there were a high frequency of 

non-diagnostic cytology FNABs when Tg-FNAB was 

less than 10 ng/mL, showing that neither Tg-FNAB 

nor cytology were able to identify those cases of lymph 

node metastasis. 

COMMENTS

The authors nicely showed that Tg-FNAB is a useful 

tool to diagnose lymph node metastasis as they proved 

that, when above 10 ng/mL, all patients had con-

fi rmed metastatic disease, independently on the Tg-AB 

serum status. Thus, if Tg-FNAB is high in a suspicious 

lymph node, is likely that will be confi rmed as meta-

static disease. Interestingly, Tg-FNAB was even more 

accurate than cytology. That information reinforces the 

recommendation that Tg-FNAB should be measured 

when suspicious lymph nodes are biopsied in order to 

increase sensitivity. 

Conversely, when Tg-FNAB was lower, the accuracy 

was not as good but neither was cytology. 

Even more important, in the present study, the 

authors also showed that the same phenomenon 

occurs in serum TgAB positive and negative patients, 

suggesting that the presence of TgAB in the serum does 

not interfere signifi cantly in Tg-FNAB measurement. 

This is an ongoing discussion in the literature. Shin 

and cols., studied 239 lymph nodes from 201 PTC 

patients and found that the presence of serum TgAB 

in fact interfered with Tg-FNAB measurement (5) 

and similarly, Jo and cols. suggested that serum TgAB 

might lower Tg-FNAB. This last study proposed to 

lower the Tg-FNAB cutoff for serum TgAb positive 

patients (6). However, those studies performed FNAB 

of suspicious lymph nodes before thyroid surgery when 

serum TgAB levels were higher than in Martins-Costa’s 

and cols. study. Therefore, the interference of serum 

TgAB in Tg-FNAB measurement might be signifi cant 

when serum TgAB are higher and differences in cutoffs 

for both measurements should be considered in those 

situations.

Disclosure: no potential confl ict of interest relevant to this article 

was reported. 
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Subclinical carotid vascular disease 
and risk factors for atherosclerosis 
in type 1 and type 2 diabe tes

Viviane Z. Rocha1, Raul D. Santos1,2 

T he association of diabetes mellitus, both type 1 (T1DM) and type 2 (T2DM), 

with increased cardiovascular risk is well known (1), but growing evidence has 

shown a wide heterogeneity in the risk of cardiovascular events in diabetics. Besides 

clinical evaluation, assessment of subclinical vascular disease, such as screening for 

coronary artery calcium (CAC), a surrogate marker of atherosclerosis in those with 

normal renal function, and carotid intimal-media thickness (CIMT), can further 

stratify risk in diabetics, identifying higher and lower risk groups (2). In a sub-study 

from MESA (Multi-Ethnic Study of Atherosclerosis), for instance, the cardiovascular 

event rates in individuals with metabolic syndrome or T2DM were as low as in those 

without these conditions, unless CAC or CIMT were signifi cantly elevated. 

In this issue of Archives of Endocrinology and Metabolism, two studies unravel the 

predictors and risk associated with elevation of CIMT and presence of carotid plaque 

in two distinct groups of diabetic patients. While a universal concept of “cardiovascular 

risk equivalent” for the entire diabetic population has been progressively replaced 

for a more selective categorization within this group, understanding the utility of 

subclinical disease markers in this context, particularly subclinical carotid disease, still 

lacks further evidence. 

In the fi rst study in this issue, Kupfer and cols. (3) assessed the clinical predictors 

of subclinical carotid vascular disease in asymptomatic young adult women with 

T1DM. Of importance, cardiovascular events are more common and occur earlier 

in patients with T1DM compared to non-diabetics, particularly in women. In the 

General Practice Research Database (GPRD) from the UK, with over 7,400 T1DM 

patients and mean DM duration of 15 ± 12 years, T1DM male patients presented an 

absolute cardiovascular risk similar to that of men from general population 10-15 years 

older; type 1 diabetic women had an even greater risk compared to their non-diabetic 

counterparts (4). Therefore, young female type 1 diabetics, evaluated in the study by 

Kupfer and cols. (3), represent a subgroup that might benefi t more importantly from 

preventive strategies, especially if they already present at a young age any sign of incipient 

atherosclerosis. In this study, 45 asymptomatic type 1 diabetic women, still young (mean 

age 36.2 ± 9.5 years), but with already a long-term DM duration (mean 18.1 ± 9.5 

years), exhibited a mean CIMT of 0.25 mm, with presence of carotid plaques in 13%. 

CIMT, as measured by carotid artery ultrasonography, is the distance from the lumen-

intima interface to the media-adventitia interface of the artery wall. The presence of 

carotid plaque is defi ned usually as an intima-media thickness of more than 1.5 mm. 

Unless there is a media layer hypertrophy due to uncontrolled hypertension, CIMT 

is usually recognized as a surrogate measure of atherosclerosis, and an independent 

predictor of cardiovascular outcomes (5). Moreover, the maximum IMT of the internal 
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carotid artery and the presence of plaque in the same 

site improved signifi cantly, yet modestly, the predictive 

power of Framingham risk factors for cardiovascular 

events (5). In T1DM, several risk factors, such as age, 

total cholesterol, LDL-C, smoking, as well as diabetes-

related risk factors, including body mass index (BMI), 

DM duration, and albuminuria, also associate with CIMT 

and presence of plaque (6). The current study reaffi rms 

the importance of some of these risk factors in subclinical 

carotid disease particularly in women. Hypertension and 

reduced insulin sensitivity, measured by the estimated 

glucose disposal rate (eGDR), were both correlated 

with CIMT and presence of plaque. T1DM women 

with carotid plaque were also older and with a trend 

toward higher albuminuria relative to the ones without 

plaques. The relative small sample size, cross-sectional 

study nature and the absence of a multivariate analysis 

are some of the limitations of this study and might help 

explaining the lack of association of CIMT/plaque with 

other important cardiovascular risk factors in diabetes. 

Interestingly, mean CIMT (0.25 ± 0.28 mm) in this 

study was low compared to the same measurement in 

other T1DM cohorts, even younger ones (7). However, 

as previously discussed, the comparison of CIMT 

values across different cohorts is highly challenging, 

considering distinct sample characteristics, and use of 

different techniques for measurement (8). 

In the second study in this issue by Masson and cols. 

(9), the authors evaluated in a cohort of Argentinian 

type 2 diabetics the association of carotid plaques with 

cardiovascular disease risk estimated by distinct risk 

engines. The prevalence of carotid plaque in the whole 

cohort was high (51%), and was signifi cantly greater 

in the top quartiles of calculated risk in all assessed 

scores. The higher occurrence of carotid plaques in this 

study compared to the one by Kupfer and cols. is not 

surprising, considering the more advanced age, the male 

majority, and the overall worse risk profi le presented by 

the type 2 diabetics in the study by Masson and cols. 

The power of all tested scores to discriminate between 

those diabetics with and those without carotid plaques 

was reasonably good and was performed by robust C 

statistic comparisons (10). Ranging from a value of 0.5 

(no discrimination) to 1.0 (perfect discrimination), the 

C statistic represents the probability that the predicted 

risk is higher for a case (“case” in the present study 

means “to have a carotid plaque”) than for a non-case 

(“non-case” in the present study means “not to have a 

carotid plaque”). In the work by Masson and cols., all 

areas under the ROC (receiver operating characteristic) 

curves were above 0.75, values that are considered as 

good discriminators. Since the discrimination with the 

use of scores is never perfect (11), it is expected a certain 

degree of disagreement between the calculated risk and 

presence of carotid plaques. Indeed, the prevalence of 

carotid plaque in the lowest quartile of all tested scores 

ranged from 9 to 19%, suggesting that a low score 

cannot rule out the possibility of a carotid plaque in 

these patients. Therefore, it is reasonable to think that 

the use of subclinical cardiovascular disease imaging 

could be especially valid in these estimated lower-

risk diabetics to help identifying the more susceptible 

individuals despite the relative lack of a great risk factor 

burden (11). Overall, the calculation of the optimal 

cutoff point (OCP) for each score yielded values close 

to the actual thresholds used to classify patients as high 

risk (around 20% in 10 years). Nevertheless, the OCP 

for occurrence of carotid plaque of the score proposed 

by the 2013 ACC/AHA guideline was 14.3%, much 

higher than the threshold of 7.5% in 10 years used to 

stratify diabetics in the highest-risk category. Whether 

this discrepancy would result in overtreatment of those 

individuals with lipid lowering drugs, remains to be 

determined, since the presence of carotid plaque is 

only a surrogate marker of atherosclerosis and does 

not necessarily mean that a given patient will present a 

cardiovascular event in the long-term. 

Several studies have demonstrated, in the general 

population and in diabetic patients, the superiority of 

CAC over CIMT as a predictor of coronary heart disease 

(CHD) and cardiovascular disease (CVD) events. An 

analysis from the MESA cohort also found that CAC 

improved prediction of CHD and CVD more than high 

CIMT or presence of carotid plaque (12). For stroke or 

transient ischemic attack, CAC and carotid parameters 

performed similarly (12). In individuals with metabolic 

syndrome or diabetes, CAC was also a better predictor 

of CHD and CVD events as compared to CIMT (2). 

Despite the consolidation of cardiovascular risk 

heterogeneity among diabetics, stratifi ed either by a risk 

score or imaging methods, further investigation should 

defi ne whether a differential therapeutic approach based 

on calculated risks or high CIMT/CAC will translate in 

clinical outcome benefi t. 

Disclosure: Viviane Z. Rocha has received honoraria as a speaker 

for Amgen and Sanofi /Regeneron. Raul D. Santos has received 

honoraria for consulting, speaker activities and research from 

Amgen, AstraZeneca, Biolab, Boehringer-Ingelheim, Genzyme, 

Kowa, Eli-Lilly, Merck, Pfi zer, Sanofi /Regeneron and Procaps. 
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Clinical impact of thyroglobulin 
(Tg) and Tg autoantibody (TgAb) 
measurements in needle washouts 
of neck lymph node biopsies in 
the management of patients with 
papillary thyroid carcinoma

M. Cecilia Martins-Costa1,2, Rui M. B. Maciel1,3,4, Teresa S. Kasamatsu1, 

Claudia C. D. Nakabashi1,3,4, Cleber P. Camacho1,3, 

Felipe Crispim1, Elza S. Ikejiri1,3, M. Conceição O. Mamone1,3, 

Danielle M. Andreoni1,3, Rosa Paula M. Biscolla1,3,4

ABSTRACT

Objectives: The presence of thyroglobulin (Tg) in needle washouts of fi ne needle aspiration biopsy 
(Tg-FNAB) in neck lymph nodes (LNs) suspected of metastasis has become a cornerstone in the follow-
up of patients with papillary thyroid carcinoma (PTC). However, there are limited data regarding the 
measurement of anti-Tg antibodies in these washouts (TgAb-FNAB), and it is not clear whether these 
antibodies interfere with the assessment of Tg-FNAB or whether there are other factors that would 
more consistently justify the fi nding of low Tg-FNAB in metastatic LNs. Materials and methods: 
We investigated 232 FNAB samples obtained from suspicious neck LNs of 144 PTC patients. These 
samples were divided according to the patient’s serum TgAb status: sTgAb- (n = 203 samples) and 
sTgAb+ (n = 29). The TgAb-FNAB levels were measured using two different assays. Tg-FNAB was 
also measured using two assays when low levels (< 10 ng/mL) were identifi ed in the fi rst assay 
of the metastatic LNs from the sTgAb+ samples. Results: The TgAb-FNAB results were negative in 
both assays in all samples. Low levels of Tg-FNAB were identifi ed in 11/16 of the metastatic LNs of 
the sTgAb+ patients and 16/63 of the sTgAb- patients (p < 0.05) using assay 1. The measurement of 
the Tg-FNAB levels using assay 2 indicated additional metastases in 5 LNs of the sTgAb+ patients. 
Conclusions: Factors other than the presence of TgAb-FNAB may contribute to the higher number 
of metastatic LNs with undetectable Tg-FNAB in the sTgAb+ group. In addition, the measurement of
Tg-FNAB using different assays was useful to enhance the diagnosis of metastatic LNs, particularly 
when cytological and Tg-FNAB results are discordant. Arch Endocrinol Metab. 2017;61(2):108-14
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Fine needle aspiration biopsy; anti-thyroglobulin antibody; thyroglobulin; papillary thyroid cancer; neck lymph nodes
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INTRODUCTION

Papillary thyroid carcinoma (PTC) is the most common 

endocrine malignancy, with a propensity for cervical 

lymphatic spread, which occurs in 20% to 50% of patients 

based on reports of surgical pathological specimens using 

standard methods of description; however, the prevalence 

may reach 90% of patients when the surgical sample is 

scrutinized in detail for micrometastases (1,2).

The confi rmation of malignancy in lymph nodes (LNs) 

with a suspicious ultrasonographic (US) appearance is 

achieved by US-guided fi ne needle aspiration biopsy 

(FNAB) for cytological study (cyto-FNAB) and the 

measurement of thyroglobulin levels (Tg) in needle 

washouts (Tg-FNAB) (3-8).

Considering only the data from cyto-FNAB, 

approximately 6% to 8% of metastases are misdiagnosed 
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as a result of false-negative results (9,10). These results 

may occur in cases of small or cystic LN metastases, 

which refl ect a lack of tumor cells detected during the 

FNAB procedure (11). Nevertheless, the use of Tg-

FNAB alone has several limitations, and despite being 

well established as an important tool in the investigation 

of suspicious LN metastases, Tg-FNAB presents 

variable results between metastatic and non-metastatic 

LNs (3,4,11-23). This subject has been the topic of 

recent reviews and meta-analysis studies (12,13). 

Another aspect for consideration during the follow-

up of patients with PTC is the interpretation of serum 

Tg (sTg) values in the presence of serum anti-Tg 

antibodies (sTgAb), which occurs in approximately 25% 

of patients with PTC; these antibodies may interfere 

with the measurement of sTg, which compromises the 

use of this tumor marker in the follow-up of patients 

with PTC (24). It remains controversial whether these 

antibodies also interfere with the assessment of TgAb-

FNAB. Previous studies on this topic have included a 

limited number of patients with positive serum anti-

Tg antibodies (sTgAb+) (25-27) and limited direct 

measurements of TgAb-FNAB (16,18,20,25,26). 

Therefore, the objectives of the present study were 

to: 1) assess the presence of TgAb in a substantial 

amount of washout fl uid samples (TgAb-FNAB) of 

cervical LNs suspicious for PTC metastases; 2) analyze 

whether the presence of serum sTgAb+ interfered with 

the assessment of Tg-FNAB for the management of neck 

lymphadenopathy in PTC patients; and 3) compare the 

TgAb values of the serum and FNAB washout. 

MATERIALS AND METHODS

Patients

We assessed 144 patients who presented suspicious LNs 

via US assessment during follow-up for PTC. These 

patients were followed by a single team of physicians at 

associated Thyroid Disease Centers at the Division of 

Endocrinology, Department of Medicine, Escola Paulista 

de Medicina, Universidade Federal de Sao Paulo and the 

Instituto Israelita de Ensino e Pesquisa Albert Einstein, 

both in Sao Paulo, Brazil.

Suspicious LNs were submitted to FNAB guided by 

neck US assessment. The minimum follow-up period 

was 4 years after the last FNAB. Some patients had more 

than one FNAB performed when multiple suspicious 

LNs appeared during the follow-up or the FNAB had 

to be repeated because of inadequate or non-diagnostic 

cyto-FNAB results with undetectable Tg-FNAB values. 

Two hundred eighty-six FNABs were performed, 

and 232 FNAB samples were analyzed. Fifty-four 

FNAB samples were excluded because the patients 

were lost during follow-up (n = 32) or the diagnosis 

of lymphadenopathy could not be confi rmed (n = 22), 

as cytopathology indicated that these samples were 

obtained from other cervical lesions rather than LNs. 

The confi rmation of LN metastases was obtained via 

histopathological examination after surgery or the 131I 

uptake after radioiodine treatment. In two particular 

situations, LNs that initially fulfi lled suspicious criteria 

via US assessment were considered reactive over 

time: 1) LNs that spontaneously disappeared at the 

subsequent US assessment performed during follow-

up; and 2) LNs that initially had inadequate or non-

diagnostic cytology results on the fi rst FNAB attempt 

and presented a reactive cytology with Tg-FNAB 

< 10 ng/mL after a second FNAB.

All diagnostic procedures were performed in 

accordance with the regulations of the local ethics 

committee. Written informed consent was obtained 

from each patient.

Assays

Tg-FNAB was measured with a commercial 

immunofl uorometric assay using monoclonal 

antibodies (DELFIA®, PerkinElmer, Turku, Finland), 

with a functional sensitivity of 1.0 ng/mL (assay 1). A 

second immunofl uorometric Tg assay (assay 2), using 

mono and polyclonal antibodies, was performed on the 

washout fl uids of sTgAb+ patients with a Tg-FNAB 

value < 10 ng/mL in assay 1 to determine whether 

low Tg-FNAB persisted using a different method. 

Assay 2 has a functional sensitivity of 0.3 ng/mL (28). 

The Tg assay 2 was assessed only in this specifi c group 

of patients for whom the TgAb-FNAB results, in the 

case of positivity by contamination with sTgAb, could 

interfere with the Tg-FNAB levels. We verifi ed whether 

these lower Tg-FNAB levels would be maintained 

when examined using another assay. 

The Tg-FNAB cutoff point for the diagnosis of 

malignancy has not been unanimously established in 

the literature (12,13). We used the value of 10 ng/mL, 

which is consistent with the majority of published 

reports (11,14,20-22).

TgAb was measured using an in house 

immunofl uorometric assay in both serum and FNAB 

washout samples, and negative values for TgAb were 

considered < 40 IU/mL (29). In addition, we also 
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measured TgAb in FNAB washout samples using a 

chemiluminescence immunoassay (ECLIA Roche, 

Mannheim, Germany). The cutoff value for positive 

TgAb was 115 IU/mL.

Ultrasonography

A cervical US assessment was performed using a linear, 

multi-frequency, 7.5-10-MHz transducer and integrated 

using color-Doppler examination by the same radiologist. 

The images were obtained in transversal and longitudinal 

planes by scanning the hyperextended neck, which 

enabled the visualization of the central compartment. All 

cervical LNs were identifi ed, localized, and measured. 

LNs with 1 or more suspicious features indicative of PTC 

neck metastasis, i.e., round shape, hypoechogenic aspect, 

absence of hilum, non-homogeneous pattern, including 

fl uid areas, and intralesional punctate calcifi cations, were 

submitted to FNAB.

Cyto-FNAB and Tg-FNAB

US-guided FNAB was performed using a 22-25-gauge 

needle attached to a 10-mL syringe inserted into 

the LN under US visual control. The needle was 

repeatedly moved inside each LN until the needle hub 

was fi lled with material. The smears (4-8 per LN) were 

immediately fi xed and stained with panoptic dye. All 

cytological examinations were performed by the same 

cytopathologist.

The cyto-FNAB results were classifi ed into 3 

distinct diagnostic categories: 1) reactive: presence 

of lymphocytes and occasional plasma cells without 

malignant epithelial cells; 2) inadequate or non-

diagnostic: presence of blood cells and absence of 

infl ammatory and epithelial cells; and 3) positive for PTC 

metastases: presence of epithelial cells with malignant 

cytological characteristics (e.g., abnormal nuclear shape, 

nuclear enlargement and nuclear polymorphisms, 

presence of papillae, and/or characteristic nuclear 

changes, such as grooves and pseudo-inclusions).

Following the smear preparation, the needle 

was washed with 1 mL of saline, and the solution 

was processed for Tg-FNAB measurement and 

subsequently stored at -20°C. The same samples were 

used to measure the TgAb-FNAB levels.

Statistical analysis

The number of metastatic LNs in Group 1 (sTgAb-) and 

Group 2 (sTgAb+), as well as their Tg-FNAB levels (assay 

1) and cyto-FNAB results were compared using Fisher’s 

Exact Tests and 2 tests as appropriate, with a two-tailed 

p < 0.05 considered statistically signifi cant. The sensitivity, 

specifi city, positive predictive value and negative predictive 

value of a positive Tg-FNAB were calculated using assay 

1 (Tg-FNAB ≥ 10 ng/mL). All analyses were performed 

using the Statistical Package for Social Science professional 

software version 15.0 (SPSS, Chicago, IL, USA). 

RESULTS 

A general overview of the present study that indicates 

the results of 232 FNABs in 144 patients is presented 

in Figure 1. The patients were divided into 2 groups: 

Group 1, which included patients who presented 

negative sTgAb values (sTgAb-) (203 FNABs), and 

Group 2, which included patients who presented 

positive sTgAb values (sTgAb+) (29 FNABs). These 

groups were subsequently subdivided according to 

the Tg-FNAB levels (Tg-FNAB ≥ 10 ng/mL and 

Tg-FNAB < 10 ng/mL) and the cyto-FNAB results 

(reactive, inadequate/non-diagnostic or positive for 

PTC metastasis) (Figure 1).

We identifi ed metastases in 63 (31%) LNs in Group 

1 (sTgAb-) and 16 (55%) LNs in Group 2 (sTgAb+). 

This difference was statistically signifi cant (p < 0.05, 

Fisher’s Exact test) (Table 1). All metastatic LNs 

presented classical and follicular PTC histological 

variants. 

 Sixteen of the 63 metastatic LNs in Group 1 and 

11 of the 16 metastatic LNs in Group 2 had Tg-FNAB 

levels < 10 ng/dL. Therefore, Group 2 (sTgAb+) had a 

higher number of metastatic LNs with Tg-FNAB values 

< 10 ng/dL than Group 1 (68.8% in Group 2 vs. 25.4% 

in Group 1; p < 0.05, 2 test) (Table 1). Consistent 

with the serum results, this fi nding suggests that the 

presence of sTgAb may underestimate the measurement 

of Tg-FNAB. 

The cutoff of Tg-FNAB of 10 ng/mL (assay 1) 

for the diagnosis of metastatic PTC in cervical LNs 

in Group 1 (sTgAb-) exhibited a sensitivity of 74.6%, 

with a specifi city of 100%, a positive predictive value of 

100% and a negative predictive value of 89.7%; Group 

2 (sTgAb+) exhibited a sensitivity of 31.2%, with a 

specifi city of 100%, a positive predictive value of 100% 

and a negative predictive value of 54.2%. Notably, it 

was not possible to perform the same analysis for Tg-

FNAB using assay 2 because it was only tested in the 

washout fl uids of the sTgAb+ patients with Tg-FNAB 

levels < 10 ng/mL in assay 1.
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Table 1. Comparison of Tg-FNAB levels (assay 1) and cyto-FNAB results of metastatic lymph nodes from Group 1 (sTgAb-) and Group 2 (sTgAb+)

GROUP 1 sTgAb-Metastatic/TOTAL (%) 63 / 203 (31%)a GROUP 2 sTgAb+Metastatic/TOTAL (%) 16 / 29 (55%)a

Tg-FNAB < 10 ng/mL Tg-FNAB ≥ 10 ng/mL Tg-FNAB < 10 ng/mL Tg-FNAB ≥ 10 ng/mL

n n n n

Inadequate/not diagnostic 

cyto-FNAB

13 20 5 0

Positive for metastasis 

cyto-FNAB

3 27 6 5

TOTAL 16 (25.4%)b 47 (74.6%)c 11 (68.8%)b 5 (31.3%)c

a Statistical difference between groups (p < 0.05) using Fisher’s Exact Test 2 test.      
b,c Statistical difference between groups (p < 0.05) using  2 test.      

Total of FNAB excluded: 54
– 32 patients did not completed the determined follow-up

– In 22 FNABs the diagnosis of lymphadenopathy could 

 not be confirmed

144 patients

286 FNABs

Group 1: Serum TgAb –

203 FNABs

Positive cyto-FNAB 

for PTC

metastasis 

n = 27

Positive cyto-FNAB for

PTC metastasis 

n = 6

Inadequate/Not

diagnostic 

cyto-FNAB

n = 20

Inadequate/Non

diagnostic cyto-FNAB

n = 5

Inadequate/Not

diagnostic 

cyto-FNAB

n = 13

Positive cyto-FNAB

for PTC 

metastasis

n = 3

Positive cyto-FNAB

for PTC metastasis

n = 5 (all)

47/47 metastatic 
LNs confirmed by
histopathology 
or 131I uptake

16/156 metastatic 
LNs confirmed by
histopathology 
or 131I uptake

5/5 metastatic LNs 
confirmed by

histopathology 
or 131I uptake

11/24 metastatic LNs 
confirmed by

histopathology 
or 131I uptake

Tg-FNAB < 10 ng/mL

n = 156

Tg-FNAB ≥ 10 ng/mL

n = 5

Tg-FNAB ≥ 10 ng/mL

n = 47

Group 2: Serum TgAb +

29 FNABs

232 FNABs

Tg-FNAB < 10 ng/mL

n = 24

Figure 1. General overview of the study with detailing of Tg-FNAB (by assay 1-(immunofl uorometric, with monoclonal antibodies) and cyto-FNAB results 

of Group 1 (sTgAb–) and Group 2 (sTgAb+).

To evaluate the potential differences in the 

performance of Tg assay 1 in the sTgAb+ patients 

(Group 2), we performed a different Tg-FNAB assay 

(using mono and polyclonal antibodies, Tg assay 2) in all 

washout fl uid samples of metastatic LNs with Tg-FNAB 

levels < 10 ng/mL using assay 1 (using monoclonal 

antibodies). We obtained different results between 

both assays in 4 patients whose cyto-FNABs were 

positive for PTC metastases and the levels of Tg-FNAB 

were low (< 10 ng/mL) according to assay 1 and high 

(≥ 10 ng/mL) according to assay 2 (Table 2). In these 

patients, the measurements of Tg-FNAB using assay 2 

were consistent with the cyto-FNAB measurements. 

These fi ndings also indicated that the presence of 

sTgAb could interfere with the interpretation of Tg-

FNAB measurements. Furthermore, these fi ndings 

suggest methods that employ polyclonal antibodies, 

such as radioimmunoassays and assay 2, appeared more 

resistant to TgAb interference (24). Moreover, in 

one patient, a suspicious LN based on US assessment 

presented inadequate/non-diagnostic cyto-FNAB, 

and the level of Tg-FNAB was 8.7 ng/mL according 
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to assay 1 and 142 ng/mL according to assay 2. This 

patient underwent 131I treatment, and the subsequent 

scintigraphy indicated substantial 131I uptake in the 

area of the corresponding LN. Consequently, in this 

patient, the measurement of Tg-FNAB using assay 2 

was important for the diagnosis of metastasis.

However, the direct measurement of TgAb-FNAB 

based on immunofl uorometric assays was negative in 

all 232 samples of both groups, including the FNAB 

washouts of the sTgAb+ patients. Using a second assay 

(electrochemiluminescence assay, ECLIA, Roche), we 

identifi ed 7 samples with positive TgAb-FNAB values, 

all of which were obtained from Group 1 (sTgAb-) 

patients, with high levels of Tg-FNAB, which likely 

lead to false elevations of TgAb-FNAB. Moreover, this 

artifact represents an established competitive effect that 

occurs when the Tg levels are > 2000 ng/mL, and 

these values must be considered false-positive results, 

as described by the manufacturer. 

The presence of TgAb in FNAB washout fl uids 

may refl ect the active LN synthesis of TgAb (30) or 

the contamination of the washout fl uids with blood; 

thus, we measured the TgAb-FNAB levels in both 

positive and negative sTgAb patients (n = 232). The 

results indicated that all washout fl uid samples obtained 

from the patients in both groups were negative for 

TgAb-FNAB based on immunofl uorometric assays. 

Notably, when we retested the TgAb-FNAB levels 

using a chemiluminescence immunoassay, we identifi ed 

7 samples in Group 1 (sTgAb-) patients with positive 

TgAb-FNAB values. However, as previously described, 

these patients had extremely high levels of Tg-FNAB, 

and according to the manufacturer’s description, these 

results must be interpreted as false-positive because 

of the high titers of Tg-FNAB. We thus considered 

that all washout fl uid samples of Groups 1 and 2 were 

negative for TgAb-FNAB in both assays performed. 

However, we raised several speculations to justify the 

negative results of TgAb-FNAB in all samples in the 

present study, including the samples obtained from 

sTgAb+ patients: 1) active LN synthesis of TgAb, 

which may eventually occur, was scarce in the samples, 

and consequently, there was no detection of TgAb in 

the washouts; 2) there was no contamination of the 

washout fl uid with blood during the FNAB procedure 

in the sTgAb+ patients; and 3) the washouts of LNs 

perfused with blood that contain TgAb may have a 

low concentration of these antibodies; however, it is 

insuffi cient to measure. 

Other studies have presented similar results. 

Following the inclusion of a limited number of TgAb-

FNAB measurements of LN washout in sTgAb+ 

patients, the authors did not detect TgAb via direct 

measurement in the washout fl uids of LNs, which 

suggests that sTgAb do not interfere with the detection 

of Tg-FNAB levels (16,18,20,26). 

Boi and cols. evaluated washout fl uid samples from 

8 sTgAb+ patients and suggested that the presence of 

TgAb-FNAB may interfere with the interpretation of 

Tg-FNAB results because lower levels of Tg-FNAB 

were detected in 2 metastatic LNs with positive 

TgAb-FNAB levels compared with metastatic LNs 

with negative TgAb-FNAB levels (25). These authors 

proposed that this interference is minimized by the 

high Tg concentrations in the FNAB washouts of 

metastatic LNs, which saturate TgAb binding sites and 

therefore do not compromise the value of Tg-FNAB in 

the diagnosis of metastases. The results of the present 

Table 2. Comparison of Tg-FNAB by assay 1 (immunofl uorometric, with 

monoclonal antibodies) and assay 2 (immunofl uorometric with mono and 

polyclonal antibodies) and cytological results of metastatic lymph nodes 

(LNs) of Group 1 (sTgAb-) and Group 2 (sTgAb+) with Tg-FNAB levels < 

10 ng/mL by assay 1

Tg-FNAB 

Assay 1

Tg-FNAB 

Assay 2

Reactive cyto-FNAB – –

Inadequate/not diagnostic cyto-FNAB 8.7 142

< 1.0 1.6

< 1.0 0.5

< 1.0 0.9

< 1.0 0.6

Positive for metastasis cyto-FNAB < 1.0 28.6

5.9 42.7

< 1.0 142

< 1.0 1.4

2.1 101

< 1.0 1.1

DISCUSSION 

The evaluation of cervical LNs is diffi cult during the 

follow-up of PTC patients because infl ammatory LNs 

are frequently present. The use of Tg-FNAB is well 

recognized as a valuable instrument in the examination 

of suspicious LN metastases (3,4,11-23). However, 

there are limited data regarding factors that may interfere 

with the diagnostic sensitivity of Tg-FNAB, such as the 

presence of TgAb in washout fl uid samples.
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study, which included a larger number of patients 

(11/24 patients sTgAb+ and Tg-FNAB < 10 ng/mL, 

Group 2, Figure 1), confi rm this fi nding. 

TgAb-FNAB was negative in all samples examined 

in the present study; thus, further comparisons between 

the TgAb values in the serum and FNAB washout 

would not be plausible. Instead, we considered other 

potential reasons why low levels of Tg-FNAB were 

present in the metastatic LNs of patients with PTC, 

including diffi culties in sampling a representative area 

of neoplasia during the FNAB procedure, heterogenic 

Tg production by metastatic cells and differences in Tg 

assay performance.

Regarding the diffi culties in sampling a representative 

area of neoplasia during FNAB, we identifi ed metastatic 

LNs with Tg-FNAB < 10 ng/mL in both Group 1 (n 

= 16) and Group 2 (n = 11). We proposed that this 

Tg-FNAB value represented a true negative result in 

most cases based on the fi nding that the majority of 

these LNs also exhibited inadequate/non-diagnostic 

cyto-FNAB results (Group 1: n = 13/16 and Group 

2: n = 5/11) (Table 1). However, this result may also 

refl ect the non-homogeneous patterns and fl uid areas 

that occur in some metastatic LNs. 

In the present study, we did not identify 

undifferentiated variants of PTC carcinoma in 

metastatic LNs with low Tg-FNAB levels (< 10 ng/mL). 

In both Groups 1 and 2, all metastatic LNs with low 

Tg-FNAB values presented classical and follicular PTC 

histological variants. However, variable levels of Tg-

FNAB have been described, even in samples with the 

same variant, which refl ects heterogenic Tg production 

by differentiated metastatic cells (24). 

Differences in Tg assays were also identifi ed in the 

present study. The fi nding of negative TgAb-FNAB in 

all samples and a higher percentage of metastatic LNs 

with Tg-FNAB < 10 ng/dL in the sTgAb+ patients than 

the sTgAb- patients (68.75% vs. 25.4%, respectively, 

p < 0.05) prompted us to perform a second Tg assay in 

the washout fl uids of all proven metastatic LNs of the 

sTgAb+ patients with Tg-FNAB < 10 ng/dL (Table 2). 

In some patients, we obtained different results between 

both assays. The Tg-FNAB levels according to assay 2 

were consistent with the cytological results in 4 LNs 

with positive cyto-FNAB for PTC metastasis with 

undetectable Tg-FNAB based on assay 1, and these 

LNs were metastatic. The Tg-FNAB level of 142 ng/mL 

detected using assay 2 also clarifi ed the diagnosis of a 

metastatic LN with inadequate/non-diagnostic cyto-

FNAB and a Tg-FNAB level of 8.7 ng/mL according 

to assay 1 (Table 2).

Similar to the results obtained in the present 

study, Jeon and cols. (27) and Jo and cols. (31) also 

identifi ed a higher percentage of LNs with low levels 

of Tg-FNAB in sTgAb+ patients than sTgAb- patients. 

These authors concluded that the presence of sTgAb 

interfered with the Tg-FNAB levels; however, these 

researchers did not measure TgAb in FNAB washout 

fl uid samples (27,31). 

In conclusion, we propose that other factors, rather 

than the presence of TgAb, may contribute to the 

higher number of metastatic LNs with undetectable 

Tg-FNAB identifi ed in the sTgAb+ group because 

TgAb-FNAB was negative in all samples according 

to 2 different assays. Furthermore, for the analysis of 

Tg-FNAB in the sTgAb+ patients, assay 2 (mono/

polyclonal) had a better performance in the detection 

of metastatic LNs than the monoclonal assay; however, 

it exhibited limitations in the identifi cation of some 

LN metastases. Nevertheless, this analysis was useful 

in some cases in which there was no concordance 

between the cyto-FNAB and Tg-FNAB results or 

when the cyto-FNAB was inadequate/non-diagnostic 

and the Tg-FNAB levels were low based on the 

monoclonal assay. Therefore, we proposed that the 

measurement of Tg using another assay would be 

helpful in LNs with a positive cytology for PTC and 

low levels of Tg-FNAB using the fi rst assay and in 

cases of inadequate/non-diagnostic cytology and low 

Tg-FNAB levels. However, in this latter situation, 

we emphasize that the low value of Tg-FNAB may 

persist in every additional assay assessed, as a matter 

of material scarcity. When employed alone, cyto-FNAB 

or Tg-FNAB (independent of the tested assay) did not 

provide a guarantee of establishing the diagnosis of 

cervical lymphadenopathy in patients. 

In addition, false-positive and false-negative results 

may occur, which reinforce the recommendations that 

these LNs require monitoring and physicians must 

interpret clinical, laboratory, cytology, and ultrasound 

data together to achieve successful management in the 

follow-up of patients with PTC. 
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Predictors of subclinical 
atherosclerosis evaluated by 
carotid inti ma-media thickness 
in asymptomatic young women 
with type 1 diabetes mellitus

Rosane Kupfer1, Manuella Rangel Larrúbia1, Isabela Bussade1, 

Joana Rodrigues Dantas Pereira1, Giovanna A. Balarini Lima1, Marcio Antonio 

Epifanio2, Claudio Domenico Sahione Schettino2, Denise Prado Momesso1 

ABSTRACT 

Objective: This study aimed to evaluate the occurrence and clinical predictors of subclinical 
atherosclerosis in asymptomatic, young adult women with type 1 DM. Subjects and methods: The 
study included 45 women with type 1 diabetes mellitus (DM) (aged 36 ± 9 years) who underwent 
carotid Doppler ultrasound evaluation to determine the carotid artery intima-media thickness 
(CIMT) and to assess the occurrence of carotid artery plaques. Insulin sensitivity was assessed by 
estimated glucose disposal rate (eGDR), and metabolic syndrome (MS) was defi ned by the World 
Health Organization criteria. Results: The cohort had a mean age of 36 ± 9 years, diabetes duration 
of 18.1 ± 9.5 years, and body mass index (BMI) of 24.6 ± 2.4 kg/m2. MS was present in 44.4% of the 
participants. The CIMT was 0.25 ± 0.28 mm, and the prevalence of carotid artery plaques was 13%. 
CIMT correlated positively with hypertension (p = 0.04) and waist-to-hip ratio (r = 0.37, p = 0.012). 
The presence of carotid artery plaques correlated positively with age (p = 0.018) and hypertension 
(p = 0.017). eGDR correlated negatively with CIMT (r = -0.39, p = 0.009) and carotid plaques (p = 0.04). 
Albuminuria showed a correlation trend with CIMT (p = 0.06). Patients with carotid artery plaques 
were older, had a higher prevalence of hypertension, and lower eGDR. No correlation was found 
between CIMT and carotid plaques with diabetes duration, MS, BMI, cholesterol profi le, glycated 
hemoglobin, high-sensitivity C-reactive protein, or fi brinogen. Conclusion: Insulin resistance, central 
obesity, hypertension, and older age were predictors of subclinical atherosclerosis in asymptomatic, 
young adult women with type 1 DM. Arch Endocrinol Metab. 2017;61(2):115-21.
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INTRODUCTION

T ype 1 diabetes mellitus (DM) is associated with a 

high incidence of atherosclerotic disease and early 

mortality. The process of vascular changes starts at a 

young age in patients with type 1 DM, even though the 

atherosclerotic disease may only manifest clinically later 

in life (1-4). Chronic hyperglycemia may predispose 

to infl ammation, endothelial dysfunction, and changes 

in coagulation, which in turn are associated with 

cardiovascular diseases (CVD). In addition, more 

youths today have overweight and central obesity, both 

predisposing to insulin resistance and hypertension 

and further increasing the risk of CVD in individuals 

with type 1 DM (5-8). Based on that, the identifi cation 

of clinical predictors of subclinical atherosclerosis 

is essential to prevent the morbidity and mortality 

associated with CVD in these patients.

Subclinical atherosclerosis may be assessed 

by noninvasive techniques such as carotid artery 

ultrasound, which measures the carotid intima-media 

thickness (CIMT) and evaluates the occurrence of 

carotid artery plaques. Increased CIMT is a well-

established surrogate for subclinical atherosclerosis 

and a risk factor for myocardial infarction and stroke. 

Carotid plaques have also been shown to be a useful 

predictor of coronary atherosclerosis (9-13).

Based on the above, the aims of this study were 

to evaluate the occurrence and clinical predictors of 

subclinical atherosclerosis in asymptomatic, young 

adult women with type 1 DM. For this purpose, 
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subclinical atherosclerosis was evaluated by carotid 

Doppler ultrasound with measurement of CIMT and 

assessment of the presence of carotid artery plaques.

SUBJECTS AND METHODS

This was a cross-sectional, uncontrolled study evaluating 

women with type 1 DM consecutively attending the 

outpatient diabetes clinic of the Instituto Estadual de 

Diabetes e Endocrinologia Luiz Capriglione (IEDE) over 

a 6-month period. A total of 45 women were enrolled. 

The inclusion criteria were a diagnosis of type 1 DM with 

a disease duration longer than 10 years, regular insulin 

therapy with multiple injections, positive anti-glutamic 

acid decarboxylase (GAD) autoantibodies, regular 

menstrual periods, and age older than 18 years. The 

exclusion criteria were a past history of CVD (myocardial 

infarction, angina, stroke and/or events in other major 

vessels), symptoms of CVD, and ovarian failure. 

Weight (in kilograms [kg]) and height (in meters 

[m]) were measured with the subjects wearing only 

undergarments. Body mass index (BMI) was calculated 

as the body weight divided by the squared height (kg/m2). 

With the subjects standing with their heels together, 

we measured the waist circumference (WC) midway 

between the lowest rib margin and the iliac crest, and 

the hip circumference at the widest circumference over 

the greater trochanters, both in centimeters (cm). After 

obtaining both results, we calculated the waist-to-hip 

ratio (WHR). 

Fasting blood samples were collected and analyzed 

for measurement of glycated hemoglobin (HbA1c) 

and lipids. HbA1c concentrations were measured by 

high- pressure liquid chromatography (Variant II, 

Biorad), using a reference range of 4% to 6%. Serum 

total cholesterol, HDL cholesterol, and triglycerides 

were measured with an enzymatic colorimetric assay 

(Advia, Siemens). LDL cholesterol was calculated using 

the Friedewald formula. Albuminuria (urinary albumin 

excretion rate) was determined in a 24-hour urine 

sample by the nephelometric method (BNII, Siemens). 

High-sensitivity C-reactive protein (hs-CRP) and 

fi brinogen were measured by immunoturbidimetric 

and nephelometric assays, respectively (both by Advia, 

Siemens).

The insulin sensitivity was calculated using the 

estimated glucose disposal rate (eGDR), previously 

validated by Williams and cols. (14), according to the 

following equation: 24.31- (12.22 x WHR) – 3.29 x 

HT) – 0.57 x HbA1c (in mg.kg-1.min-1), in which HT 

represents hypertension (14). An elevated eGDR value 

represents a high insulin sensitivity (14). The daily 

insulin dosage was calculated at baseline in units per 

kilogram of body weight. 

Metabolic syndrome (MS) was defi ned according 

to the modifi ed World Health Organization (WHO) 

consensus criteria (15). To establish the diagnosis of 

MS, the modifi ed WHO criteria requires the presence 

of glucose intolerance or diabetes and/or insulin 

resistance plus two of the following: 1) hypertension, 

defi ned as the use of antihypertensive treatment and/

or elevated blood pressure (systolic ≥ 160 mmHg or 

≥ diastolic 90 mmHg); 2) dyslipidemia, defi ned as 

an elevated plasma triglyceride level (≥ 150 mg/dL) 

and/or a low HDL cholesterol level (< 39 mg/dL in 

women); 3) obesity, defi ned as a high WHR (≥ 0.85 

in women); 4) albuminuria (urinary albumin excretion 

rate ≥ 20 μg/min).

Each patient underwent a complete Doppler 

echocardiographic evaluation of both common 

carotid arteries according to the American Society 

of Echocardiography guidelines (16). The 

echocardiographic evaluations were performed 

with an M3S transducer in a VIVID 7 (GE, USA) 

equipment following standard techniques. Doppler 

echocardiography studies were performed by the same 

cardiologist with a high experience in echocardiography 

and a high interstudy reproducibility, who was unaware 

of the clinical data. All measurements were performed 

during the examination using longitudinal images 

obtained by the automatic calibrator of the equipment. 

The evaluations were conducted with the subjects in 

the supine position with their heads elevated at 15o and 

turned to the opposite side of the transducer. The images 

were recorded into a computerized database. CIMT was 

defi ned as the distance between the media-adventitia 

interface and the lumen-intima interface. We measured 

CIMT twice on each side (right and left) and a mean 

value of both these measurements was obtained for each 

side, with the highest value (right or left) considered for 

the analysis. The common carotid arteries were evaluated 

at a distance of 1 to 3 cm from their bifurcation, and 

the internal carotid arteries were evaluated at their initial 

2 cm. Carotid artery plaques were evaluated and reported.

Statistical analysis

The statistical analysis was performed using the software 

SPSS 17.0 (SPSS Inc., Chicago, IL, USA) and the 
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signifi cance threshold was set at 0.05. Data are presented 

as mean ± standard deviation (SD) for continuous 

variables and as absolute numbers (relative frequencies) 

for discrete variables. The Mann-Whitney test and the 

chi-square test were used for comparisons between 

groups. Spearman correlation coeffi cient was calculated 

where indicated. 

The study was approved by the Ethics Committee 

of the Instituto Estadual de Diabetes e Endocrinologia 

Luiz Capriglione. All patients agreed to participate in 

the research and signed a written informed consent 

form.

RESULTS

The clinical characteristics of the 45 women with 

type 1 DM enrolled in the study are shown in Table 1. 

The study evaluated young adult women (mean age 

= 36.2 ± 9.5 years) with type 1 DM of long duration 

(mean duration 18.1 ± 9.5 years). The prevalence of MS 

according to the WHO criteria was 44.4%, and none of 

the patients were obese (mean BMI 24.6 ± 2.4 kg/m2). 

The mean CIMT was 0.25 ± 0.28 mm, and the 

prevalence of carotid plaques was 13% (n = 6).

Table 2 shows the results of univariate analysis of 

risk factors associated with CIMT and with the presence 

of carotid artery plaques. CIMT correlated positively 

with hypertension (p = 0.04) and WHR (r = 0.37, 

p = 0.012). The presence of carotid artery plaques, 

determined by ultrasound, correlated positively 

with age (p = 0.018) and hypertension (p = 0.017). 

Insulin sensitivity, assessed with the eGDR, correlated 

negatively with CIMT and carotid plaques (p = 0.009 

and p = 0.04, respectively). The albuminuria level 

showed a correlation trend with the presence of carotid 

artery plaques (r = -0.39, p = 0.06). No correlation 

was found between CIMT and diabetes duration, MS, 

BMI, WC, cholesterol profi le, HbA1c, hs-CRP, or 

fi brinogen.

Table 1. Baseline characteristics of 45 young adult women with type 1 

diabetes

Age (years) 36.2 ± 9.5

Diabetes duration (years) 18.1 ± 9.5 

Presence of metabolic syndrome 20 (44.4%)

Presence of hypertension 16 (35.6%)

Cigarette smoking 4 (8.9%)

BMI (kg/m2) 24.6 ± 2.4

WC (cm) 83.9 ± 11.51

WHR 0.86 ± 0.07

LDL cholesterol (mg/dL) 99.8 ± 33.4

HDL cholesterol (mg/dL) 53.82 ± 13.8

Triglycerides (mg/dL) 99.88 ± 71.63

Insulin dosage (U/kg/dia) 0.79 ± 0.24

HbA1c (%) 8.5 ± 2.0

CIMT (mm) 0.25 ± 0.28

Carotid artery plaques 6 (13%)

BMI: body mass index; WC: waist circumference; WHR: waist-to-hip ratio; HbA1c: glycated 

hemoglobin; CIMT: carotid intima-media thickness. The values are expressed as mean ± 

standard deviation, or number of patients and percentage. 

Table 2. Univariate analysis of risk factors associated with subclinical 

carotid atherosclerosis measured by carotid intima-media thickness and 

the presence of carotid artery plaques

Carotid intima-media 

thickness

Carotid artery 

plaques

Age (years) r = 0.23

p = 0.13

 p = 0.018*

Diabetes duration 

(years)

r = 0.11

p = 0.13

p = 0.30

Presence of metabolic 

syndrome

p = 0.32 p = 0.38

Presence of 

hypertension

p = 0.04* p = 0.017*

Cigarette smoking p = 0.82 p = 0.45

BMI (kg/m2) r = 0.01

p = 0.94

p = 0.27

WC (cm) r = 0.24

p = 0.12

p = 0.46

WHR r = 0.37

p = 0.012*

p = 0.68

LDL cholesterol 

(mg/dL)

r = - 0.004

p = 0.98

p = 0.11

HDL cholesterol 

(mg/dL)

r = 0.03

p = 0.85

p = 0.44

Triglycerides 

(mg/dL)

r = -0.008

p = 0.96

p = 0.31

Albuminuria 

(μg/min)

r = 0.096

p = 0.53

p = 0.06

HbA1c (%) r = 0.13

p = 0.41

p = 0.86

hs-CRP r = 0.04

p = 0.82

p = 0.77

Fibrinogen r = - 0.16

p = 0.37

p = 0.98

eGDR r = - 0.39

p = 0.009*

p = 0.04*

BMI: body mass index; WC: waist circumference; WHR: waist-to-hip ratio; HbA1c: glycated 

hemoglobin; hs-CRP: high-sensitivity C-reactive protein; eGDR: estimated glucose disposal 

rate. * Statistical signifi cance (p < 0.05).
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Carotid artery plaques were observed in six patients 

(13%). Table 3 shows the clinical characteristics of the 

patients with and without such plaques. Women with 

type 1 DM with carotid artery plaques were older, had 

a higher prevalence of hypertension, and lower eGDR, 

refl ecting higher insulin resistance. Patients with carotid 

plaques showed a trend toward higher albuminuria 

levels compared with patients without plaques (43.9 ± 

53.64 μg/min and 10.08 ± 9.02 μg/min, respectively, 

p = 0.06).

greater relative risk of presenting CVD when compared 

with men and individuals without DM (2,3). We 

included in this study patients with DM of long duration 

(18.1 ± 9.5 years), in order to best evaluate the effects of 

type 1 DM in the atherosclerotic process. We included 

only non-menopausal women, since the incidence of 

CVD increases after menopause (17). 

In the present study, subclinical atherosclerosis was 

evaluated by carotid artery ultrasound and defi ned as 

the occurrence of an increased CIMT and/or presence 

of carotid artery plaques. In our cohort of young adult 

women with type 1 DM, we found a 13% prevalence 

of carotid artery plaques, consistent with emerging 

subclinical atherosclerotic disease, and a mean CIMT 

of 0.25 ± 0.28 mm. A study in 150 patients with long-

standing type 1 DM has found a lower prevalence of 

subclinical atherosclerosis (18). In contrast, other 

studies have reported increased CIMT in children and 

adolescents with type 1 DM, demonstrating that the 

atherosclerotic process may start at a young age in these 

patients (19,20). Our results provide further evidence 

of the importance of screening for subclinical CVD in 

women with type 1 DM. 

Central obesity, evaluated with the WHR, 

correlated positively with CIMT. The WHR is a useful 

anthropometric measurement of central fat deposition 

and overcomes the limitations of the WC (21). Indeed, 

we found correlations between WC and CIMT and 

carotid plaques. Furthermore, none of the patients 

evaluated in our study were obese, and BMI was not 

associated with CIMT or carotid plaques. These results 

suggest that the pattern of central fat deposition in 

type 1 DM may also be associated with increased risk 

of atherosclerotic CVD and negative metabolic effects, 

similar to the fi ndings described in type 2 DM patients 

(8,22-24). 

We also observed that insulin resistance was 

associated with subclinical predictors of atherosclerosis. 

In type 1 DM, it is often diffi cult to accurately identify 

insulin resistance with clinical parameters alone. 

The eGDR has been validated as an easy method to 

evaluate insulin resistance in type 1 DM, with higher 

values indicating increased insulin sensitivity (14). In 

the present study, eGDR correlated negatively with 

CIMT and with carotid plaques. In fact, it has been 

demonstrated that insulin resistance is a predictor of 

coronary artery disease in patients with type 1 DM (25-

28). To the best of our knowledge, this is the fi rst study 

describing the evaluation of insulin resistance by eGDR 

Table 3. Clinical characteristics of asymptomatic women with type 1 DM 

with and without carotid artery plaques

With carotid 

artery plaques

(n = 6)

Without carotid 

artery plaques

(n = 39)

P value

Age (years) 44.3 ± 6.9 34.9 ± 9.3 0.018*

Diabetes duration 

(years)

22.3 ± 11.2 17.5 ± 9.3 0.30

Presence of 

metabolic 

syndrome

4 (66.7%) 16 (41.0%) 0.38

Presence of 

hypertension

5 (84%) 11 (28%) 0.017*

Cigarette smoking 1 (16.7%) 3 (7.7%) 0.45

BMI (kg/m2) 26.04 ± 2.3 24.43 ± 4.6 0.29

WC (cm) 85 ± 41 83 ± 66 0.60

WHR 1.0 ± 0.88 1.08 ± 0.85 0.46

LDL cholesterol 

(mg/dL)

116.8 ± 36.9 97.12 ± 32.6 0.10

HDL cholesterol 

(mg/dL)

49.2 ± 11.3 54.5 ± 13.9 0.44

HbA1c (%) 8.7 ± 2.6 8.6 ± 1.9 0.87

Albuminuria 

(μg/min)

26.5 (7.8-75.5) 7.0 (5.0-13.10) 0.06

hs-CRP 2.06 ± 1.97 4.67 ± 1.04 0.46

eGDR 4.98 ± 2.0 7.16 ± 2.47 0.04*

BMI: body mass index; WC: waist circumference; WHR: waist-to-hip ratio; HbA1c: glycated 

hemoglobin; hs-CRP: high-sensitivity C-reactive protein; eGDR: estimated glucose disposal 

rate. Values are expressed as mean ± standard deviation, median (interquartile range), or 

number of patients and percentage. * Statistical signifi cance (p < 0.05).

DISCUSSION

The occurrence of CVD is an important cause of 

morbidity and mortality in type 1 DM (1-4). Therefore, 

it is imperative to identify factors predictive of subclinical 

atherosclerosis to diagnose early, treat, and prevent the 

occurrence of CVD. For that purpose, we evaluated 

asymptomatic, young adult women with type 1 DM with 

no past history of CVD. We targeted young women with 

type 1 DM in our study since this group experiences a 
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as a surrogate marker of subclinical atherosclerosis in 

type 1 DM. 

Central obesity and insulin resistance are important 

clinical features of the MS (29,30). However, we 

found no association between MS and subclinical 

atherosclerosis measured by carotid artery ultrasound, 

thus indicating that the presence of MS defi ned by the 

WHO criteria did not add a predictive value for subclinical 

atherosclerosis detection in our population. The MS has 

been shown to predict major complication outcomes in 

type 1 DM in several clinical studies, but in other studies, 

the presence of MS did not add a signifi cant predictive 

prognostic value to conventional CVD risk factors alone 

(25,28,31-34). We used the WHO criteria for the MS 

classifi cation since it has exhibited the highest sensitivity 

to discriminate negative outcomes in patients with type 

1 DM in prior studies (28,31). Indeed, a previous study 

from our group has critically analyzed different criteria 

for MS in type 1 DM patients and observed that the 

WHO criteria were the preferred method to identify MS 

in this population when compared with to the IDF and 

NCEP-ATP III criteria (31). 

Hypertension is a well-established, traditional CVD 

risk factor. Clinical trials have shown that diastolic 

blood pressure in the highest quintile, even without 

the added risks of high cholesterol and smoking, still 

contributes signifi cantly to the risk of atherosclerosis 

(35,36). Our data corroborate this knowledge, as 

hypertension correlated positively with CIMT and 

carotid plaques and was more frequently diagnosed 

in patients with carotid obstruction. It is important to 

notice that despite the fact that all hypertensive women 

in this study had blood pressure levels controlled 

with medication, an effect of hypertension on the 

atherosclerotic process was still observed. 

Increased age was associated with carotid artery 

plaques and obstruction but not with CIMT. There are 

controversies in the literature regarding the association 

of age and CIMT, in which positive (20,36) and 

negative (19) results have been reported, but none of 

these studies have evaluated the presence of carotid 

plaques. 

Albuminuria has been recently recognized as a risk 

factor for CVD, both in patients with DM as well as 

in those with hypertension, and is considered an initial 

marker of diabetic nephropathy (37,38). We observed 

a trend of an association between albuminuria levels 

and the presence of carotid artery plaques, with 

patients with carotid obstruction displaying increased 

levels of albuminuria, as also described by other 

authors (37,38). 

We observed no association between DM duration 

and subclinical atherosclerosis. This fi nding contrasts 

with previous studies that have demonstrated that CIMT 

increases with the duration of type 1 DM (19,20,36). 

In these studies, the duration of the disease was shorter 

than that in our study, which might explain our fi ndings. 

Furthermore, we found no association between CIMT 

and glycemic control measured by HbA1c, as reported 

in other studies (19,20). Our results are similar to those 

of another study in a cohort of 603 patients with type 1 

DM followed up for 10 years, which found that a better 

glycemic control was unable to predict the occurrence 

of coronary artery disease (CAD), in contrast to insulin 

resistance measured by eGDR, which emerged as a 

predictor of CAD endpoints (27). Furthermore, since 

this was a cross-sectional study, we had no information 

regarding the glycemic control of the patients before 

the study, which could have had an impact on these 

fi ndings. Finally, the follow-up duration probably 

needs to be longer to confi rm an association between 

hyperglycemia and CVD. In fact, in the Diabetes Control 

and Complication Trial/Epidemiology of Diabetes 

Interventions and Complication (DCCT/EDIC) study, 

a longer observation time was needed to confi rm the 

association between hyperglycemia and CVD, especially 

in a population of younger patients (39). 

Laboratory infl ammation markers have been used 

as predictive tools for atherosclerosis in patients with 

type 2 DM (36,40-43). In our study, we found no 

association between the infl ammation markers hs-

PCR and fi brinogen with subclinical atherosclerosis 

in patients with type 1 DM. A study in children and 

adolescents with type 1 DM has shown that levels 

of plasminogen activator factor-1 (PAI-1) correlated 

positively with CIMT (42). Nitric oxide, an oxidative 

stress marker, also correlated with CIMT in young 

patients with type 1 DM, suggesting a possible role of 

oxidative stress in the development of atherosclerosis 

(20). Data from the DCCT/EDIC study have 

shown in patients with type 1 DM that plasma 

homocysteine correlates with CIMT but not with 

CIMT progression; based on this fi nding, routine 

homocysteine measurement in patients with type 1 

DM found no support (43). Thus, further studies are 

needed to evaluate the clinical impact of laboratory 

infl ammation markers in the prediction of subclinical 

atherosclerosis in type 1 DM.
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The present study has several limitations. First, 

due to its cross-sectional design, our fi ndings could 

not prove causal relationships between risk factors and 

subclinical atherosclerosis. Additionally, we evaluated 

only young, non-menopausal women, so our results 

must be interpreted considering that they may be 

not valid for male patients with type 1 DM. Since we 

did not include a control group of patients without 

diabetes, the most likely bias in this context would be 

the fact that other factors, apart from the DM, could 

have been responsible for the carotid abnormalities 

that we found. This is a pilot study, and additional 

studies with larger cohorts with increased prevalence 

of subclinical atherosclerosis and longitudinal trials are 

still needed to elucidate further the clinical risk factors 

for subclinical atherosclerosis diagnosed by carotid 

artery ultrasonography.

In conclusion, the present study provided important 

evidence that central obesity, insulin resistance, 

hypertension, and older age were clinical predictors of 

subclinical atherosclerosis in asymptomatic, nonobese, 

young adult women with type 1 DM. Subclinical 

atherosclerosis was assessed by CIMT measurement 

and by the presence of carotid plaques, which are well-

established markers of CVD. The clinical evaluation of 

these predictors of subclinical atherosclerosis might, 

therefore, guide CVD risk stratifi cation and prevention 

of type 1 DM.
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Estimation of cardiovascular 
risk and detection of subclinical 
carotid atheromatosis in patients 
with diabetes without a history 
of cardiovascular disease

Walter Masson1, Salvador De Francesca1, Micaela Molinero1, 

Daniel Siniawski1, Andrés Mulassi1, Frank Espinoza Morales1, 

Melina Huerin1, Martín Lobo1, Graciela Molinero1

ABSTRACT

Objectives: Cardiovascular risk estimated by several scores in patients with diabetes mellitus 
without a cardiovascular disease history and the association with carotid atherosclerotic plaque 
(CAP) were the aims of this study. Materials and methods:  Cardiovascular risk was calculate 
using United Kingdom Prospective Diabetes Study (UKPDS) risk engine, Framingham risk score 
for cardiovascular (FSCV) and coronary disease (FSCD), and the new score (NS) proposed by the 
2013 ACC/AHA Guideline on the Treatment of Blood Cholesterol. Ultrasound was used to assess CAP 
occurrence. A receiver operating characteristic (ROC) analysis was performed. Results: One hundred 
seventy patients (mean age 61.4 ± 11 years, 58.8% men) were included. Average FSCV, FSCD and 
NS values were 33.6% ± 21%, 20.6% ± 12% and 24.8% ± 18%, respectively. According to the UKPDS 
score, average risk of coronary disease and stroke were 22.1% ± 16% and 14.3% ± 19% respectively. 
Comparing the risks estimated by the different scores a signifi cant correlation was found. The 
prevalence of CAP was 51%, in patients with the higher scores this prevalence was increased. ROC 
analysis showed a good discrimination power between subjects with or without CAP. Conclusion: The 
cardiovascular risk estimated was high but heterogenic. The prevalence of CAP increased according 
to the strata of risk. Understanding the relationship between CAP and scores could improve the risk 
estimation in subjects with diabetes. Arch Endocrinol Metab. 2017;61(2):122-9.
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INTRODUCTION

T he presence of type 2 diabetes mellitus approxi-

mately doubles the risk of cardiovascular mortality 

when compared with individuals without diabetes (1).

Previously, published studies showed that the 

cardiovascular prognosis of patients with diabetes 

without acute myocardial infarction (AMI) was similar 

to patients without diabetes but with a history of AMI 

(2-4). Consequently, the third National Cholesterol 

Education Program (NCEP) expert panel report on 

elevated blood cholesterol detection, assessment and 

treatment in adults (Adult Treatment Panel III – 

ATP III), considered the patient with diabetes as 

“coronary equivalent” (5). However, other reports have 

not confi rmed these fi ndings, generating controversy 

over what is the real cardiovascular risk of subjects with 

diabetes without coronary disease history (6-8).

A number of cardiovascular risk functions or scores 

have been developed from large epidemiological studies 

in general population (9-11). However, the low number 

of people with diabetes in the cohorts that originated 

these scores, puts limits its applicability. One of the few 

risk scores specifi cally developed in a population with 

diabetes came from the United Kingdom Prospective 

Diabetes Study (UKPDS risk engine) (12).

The estimation of cardiovascular risk in patients 

with diabetes would have clinical implications. Patients 

with diabetes, with or without additional risk factors or 

target organ damage, are considered “very high risk” 

or “high risk” respectively, with different LDL-C goal 

recommended in both groups, according to European 

guidelines for the management of cholesterol (13). 

On the other hand, the 2013 American College of 

Cardiology/American Heart Association (ACC/AHA) 
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Guideline on the Treatment of Blood Cholesterol 

recommends a new risk score (NS) in the population 

with diabetes without cardiovascular disease, suggesting 

moderate or high doses of statins according to the 

estimated risk (< or ≥ 7.5% respectively) (14). 

There is evidence that the presence or absence 

of subclinical carotid atherosclerotic detected by 

ultrasound, improve the prediction of cardiovascular 

events in general population as well as in diabetes 

population (15-17). 

Cardiovascular stratifi cation with several risk 

scores, the association with the presence of carotid 

atherosclerotic plaque (CAP) and their implications on 

the use of statins have been previously evaluated by our 

working group in a primary prevention population in 

our country, but this analysis did not include patients 

with diabetes (18).

Therefore, the aims of the study were: 1) To stratify 

the cardiovascular risk using four different risk scores 

in patients with diabetes without cardiovascular disease 

history; 2) To estimate the correlation and concordance 

between these risk scores; 3) To describe the prevalence 

of CAP in the different risk categories according to each 

score; 4) To establish the optimal cutoff point (OCP) 

of each score that allows us to discriminate between 

subjects with or without CAP.

MATERIALS AND METHODS

Subjects

A multicenter, descriptive, cross-sectional study was 

performed on consecutive samples obtained in the 

cardiovascular prevention outpatient clinics of fi ve 

cardiology centers in Buenos Aires, Argentina.

Subjects with diagnostic of diabetes were included 

in the study (fasting plasma glucose concentration 

≥ 126 mg/dL in two consecutive measurements 

or plasma glucose ≥ 200 mg/dL on a 2-hour oral 

glucose tolerance test). Exclusion criteria were: 1) 

previous cardiovascular disease defi ned as AMI, prior 

percutaneous coronary intervention or coronary artery 

bypass graft surgery, or stroke or peripheral artery 

disease history; 2) chronic renal disease stage 4-5 

(creatinine clearance < 30 mL/min); 3) concomitant 

lipid lowering therapy. The variables age, gender, 

total cholesterol, cholesterol bound to high-density 

lipoproteins (HDL-C), cholesterol bound to low-

density lipoproteins (LDL-C), triglycerides, body mass 

index, systolic and diastolic blood pressure, duration 

of diabetes, hemoglobin glycosylate (HbA1c), family 

history of early coronary heart disease, smoking, 

presence of atrial fi brillation, and pharmacotherapy 

were collected.

Cardiovascular scores and CAP

Four risk scores were calculated: 1) The Framingham 10-

year risk score for cardiovascular disease (coronary death, 

AMI, coronary insuffi ciency, angina, ischemic stroke, 

hemorrhagic stroke, transient ischemic attack, peripheral 

artery disease, heart failure) based on lipids (FSCV) (19). 

2) The Framingham 10-year risk score for coronary 

disease (FSCD) (9). 3) The NS for cardiovascular 

disease (AMI and stroke, fatal and nonfatal) used by the 

2013 ACC/AHA Guideline on the Treatment of Blood 

Cholesterol (14). We consider indication of statins at 

moderate or high doses according to the estimated risk 

(< or ≥ 7.5% respectively). 4) The UKPDS 10-year risk 

score. The risk of coronary heart disease and stroke (fatal 

and nonfatal) was calculated. The UKPDS risk engine 

(ver. 2.0) was downloaded from the website and used to 

analyze the data (20).

The scores were analyzed by quartiles and the 

distribution was graphed using Kernel density 

estimation.

Ultrasound was used as noninvasive method for 

detecting the presence of CAP. The following points 

were required for the characterization of the plaque: 

1) abnormal wall thickness (intima-media thickness > 

1.5 mm), 2) abnormal structure (protrusion towards 

the lumen, loss of alignment with the adjacent 

wall) and 3) abnormal wall echogenicity. Carotid 

atherosclerotic plaque prevalence was compared 

between the different risks strata (quartiles) in the 

different scores used.

Statistical analysis 

A receiver operating characteristic (ROC) analysis was 

carried out to determine the area under the curve, 

assessing the four scores accuracy to discriminate 

between subjects with or without CAP. The Youden 

index [maximum vertical distance between the ROC 

curve and the line of statistical chance (CJ point)] was 

used to determine the score OCP. Continuous data were 

compared between groups using the t test for normal 

distribution or the Mann-Whitney-Wilcoxon test for 

non-normal distribution. The analysis of categorical 
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data was performed using the chi-square test. Pearson’s 

test was used to obtain correlation between scores. The 

concordance between the FSCV, the FSCD, the NS and 

the UKPDS score for coronary disease was analyzed to 

classify patients into “high” or “non-high” risk strata 

(≥ 20% or < 20%), using the Fleiss kappa index. Mild 

or poor, acceptable or discrete, moderate, signifi cant or 

almost perfect agreement was defi ned if the kappa value 

was < 0.20, between 0.21 and 0.40, 0.41 and 0.60, 

0.61 and 0.80 and 0.81 and 1, respectively. Continuous 

variables were expressed as mean ± standard deviation, 

and categorical variables as percentages. A two-tailed p 

value < 0.01 was considered as statistically signifi cant. 

STATA 11.1 and 3.1 EPIDAT software packages were 

used for statistical analysis.

Ethics considerations

The study was conducted following the recommendations 

in medical research suggested by the Declaration of 

Helsinki, Guidelines for Good Clinical Practice and valid 

local ethical regulations.

RESULTS

A total of 170 patients (mean age 61.4 ± 11 years, 

58.8% men) were included in the study. Average body 

mass index was 30.6 ± 5 and mean total cholesterol, 

LDL-C, HDL-C and triglyceride values were 201 ± 36 

mg/dL, 121 ± 34 mg/dL, 46 ± 13 mg/dL and 173 

± 101 mg/dL respectively. Mean HbA1c value was 

7.0% (53 mmol/mol), 15% received insulin therapy and 

average duration of diabetes was 7.2 ± 6.5 years. Sixty 

four percent of patients were receiving antihypertensive 

treatment, 18.9% was active smokers and only 3.6% have 

history of atrial fi brillation. The baseline characteristics of 

the population stratifi ed by sex are described in Table 1.

Average FSCV, FSCD and NS values were 33.6% 

± 21%, 20.6% ± 12% and 24.8% ± 18%, respectively. 

According to the UKPDS score, average risk of 

coronary disease (fatal and nonfatal), fatal coronary 

disease, stroke (fatal and non fatal) and fatal stroke were 

22.1% ± 16%, 15.1% ± 14%, 14,3% ± 19%, and 2.1% ± 

3%, respectively. The Kernel density distributions of the 

risk scores are showed in Figure 1.

Table 1. Characteristics of the population stratifi ed by sex

Continuous variables, 

mean (SD)

General population Population with CAP 

Women 

n = 70

Men 

n = 100
p

Women 

n = 26

Men 

n = 60
P

Age, years 61.5 (10.1) 61.0 (11.3) 0.76 68.1 (7.1) 66.8 (8.0) 0.47

BMI, kg/m2 31.6 (6.1) 29.9 (5.3) 0.04 31.5 (6.3) 29.4 (5.0) 0.11

Total cholesterol, mg/dL 197.8 (29.6) 202.7 (40.2) 0.36 202.5 (30.9) 202.3 (39.0) 0.98

LDL-C, mg/dL 113.9 (27.4) 126.3 (37.5) 0.01 118.3 (24.3) 129.8 (38.2) 0.1

HDL-C, mg/dL 51.3 (15.2) 41.8 (10.4) < 0.001 48.6 (14.3) 42.3 (10.1) 0.05

Triglycerides, mg/dL 155.4 (73.3) 184.3 (115.7) 0.07 165.4 (71.3) 156.9 (67.9) 0.6

HbA1c, % 6.9 (1.4) 7.1 (1.2) 0.33 7.2 (1.4) 7.2 (0.9) 0.81

FSCV, % 20.6 (12.6) 42.4 (21.3) < 0.001 28.3 (10.5) 51.7 (19.1) < 0.001

FSCD, % 14.9 (7.2) 24.4 (13.4) < 0.001 18.5 (6.0) 29.3 (13.2) < 0.001

NS, % 16.2 (13.7) 30.6 (18.2) < 0.001 25.3 (12.3) 39.4 (16.3) < 0.001

UKPDS for CD, % 12.5 (8.6) 28.6 (17.1) < 0.001 18.6 (9.6) 36.5 (16.7) < 0.001

UKPDS for stroke, % 8.4 (8.4) 18.3 (22.4) < 0.001 13.4 (9.8) 26.9 (25.3) < 0.001

UKPDS for fatal CD, % 8.4 (7.5) 19.6 (15.4) < 0.001 13.6 (8.8) 26.8 (15.4) < 0.001

UKPDS for fatal stroke, % 1.3 (1.4) 2.7 (3.3) < 0.001 1.9 (1.4) 3.9 (3.8) < 0.001

Categorical variables, %

Insulin therapy 10.1 18.2 0.15 7.7 21.7 0.14

Antihypertensive treatment 55.7 70.0 0.06 73.1 81.7 0.37

Smoking 10.0 25.0 0.001 15.4 30.0 0.03

Atrial fi brillation 0.0 3.1 0.08 0.0 8.3 0.32

Family history of early CD 10.0 23.0 0.03 7.7 21.7 0.12

SD: standard deviation; BMI: body mass index; FSCV: Framingham score for cardiovascular disease; FSCD: Framingham score for coronary disease; CD: coronary disease; NS: new score proposed 

by the 2013 ACC/AHA Guideline on the Treatment of Blood Cholesterol.
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A signifi cant correlation was found between the 

estimations of all scores compared, with a range of 

“r” value between 0.46 and 0.98 (Table 2). However, 

the agreement (concordance) between the scores in 

categorizing the population as “high risk” or “no high 

risk” was moderate (kappa statistic between 0.45-0.59).

Subjects with CAP were older (67.2 ± 7.7 vs. 55.3 ± 

10.0 years, p < 0.001) and evidenced higher prevalence 

of male sex (69.8% vs. 48.2%, p = 0.004), smoking 

(25.6% vs. 12.1%, p = 0.002) and anti-hypertensive 

treatment (79.1% vs. 49.4%, p < 0.001) than patients 

without CAP. The mean duration of diabetes was 

Table 2. Correlations between different risk scores values

FSCV FSCD
UKPDS 

(CD)

UKPDS 

(fatal CD)

UKPDS

(Stroke)

UKPDS

(fatal stroke)
NS

FSCV – r = 0.89 r = 0.87 r = 0.81 r = 0.58 r = 0.59 r = 0.84

FSCD  r = 0.89 – r = 0.78 r = 0.71 r = 0.46 r = 0.48 r = 0.72

UKPDS (CD) r = 0.87 r = 0.78 – r = 0.98 r = 0.73 r = 0.72 r = 0.86

UKPDS (fatal CD) r = 0.81 r = 0.71 r = 0.98 – r = 0.78 r = 0.78 r = 0.86

UKPDS (stroke) r = 0.58 r = 0.46 r = 0.73 r = 0.78 – r = 0.98 r = 0.74

UKPDS (fatal stroke) r = 0.59 r = 0.48 r = 0.72 r = 0.78 r = 0.98 – r = 0.74

NS r = 0.84 r = 0.72 r = 0.86 r = 0.86 r = 0.74 r = 0.74 --

FSCV: Framingham score for cardiovascular disease; FSCD: Framingham score for coronary disease; CD: coronary disease; NS: new score proposed by the 2013 ACC/AHA Guideline on the 

Treatment of Blood Cholesterol.
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Figure 1. Kernel density distributions of the risk scores values.

FSCV: Framingham score for cardiovascular disease; FSCD: Framingham score for coronary disease; CD: coronary disease; NS: new score of the 2013 ACC/AHA Guideline; 

UKPDS: United Kingdom Prospective Diabetes Study.
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higher in subjects with CAP in comparison with patients 

without CAP (9.3 ± 7.6 vs. 4.9 ± 4.3 years, p < 0.001).

Mean scores values were signifi cantly higher in 

patients with CAP (FSCV: 44.6% ± 20.0% vs. 22.1% 

± 15.2%, p < 0.001; FSCD: 26.0% ± 12.5% vs. 14.9% 

± 8.6%, p < 0.001; NS: 35.1% ± 16.5% vs. 13.9% ± 

11.8%, p < 0.001; UKPDS for coronary disease: 31.1% 

± 17.0% vs. 12.6% ± 7.9%, p < 0.001; UKPDS for fatal 

coronary events: 22.8% ± 15.0% vs. 6.9% ± 5.2%, p < 

0.001; UKPDS for stroke: 22.8% ± 22.6% vs. 5.3% ± 

4.8%, p < 0.001; UKPDS for fatal stroke: 3.3% ± 3.6% 

vs. 0.79% ± 0.98%, p < 0.001) compared with the 

group without CAP.

Overall, the prevalence of CAP was 51% (men: 60%; 

women 38%), being greater in the higher risk strata 

(quartiles) in all the scores evaluated (Figure 2). Sixty 

three percent of diabetic patients with ≥ 7.5% of NS 

have CAP and only one subject with a NS < 7.5% have 

CAP.

Applying the NS, 80.4% of the population obtained 

a cardiovascular risk ≥ 7.5% (men 88.9% vs. women 

68.1%, p = 0.001). Thus, considering the 2013 ACC/

AHA Guideline on the Treatment of Blood Cholesterol, 

≈ 80% of the population had absolute indication for 

high doses of statin therapy (98.9% in patients with 

CAP). 

ROC analysis showed a good discrimination power 

between subjects with or without CAP (Figures 3 and 4). 

When we analyze the population by sex, the area under 

the curve showed a good discrimination both in women 

(SFCV: 0.804, SFCD: 0.738, NS: 0.837, UKPDS score 

for coronary disease: 0.845, UKPDS for stroke: 0.839, 

UKPDS for fatal coronary disease: 0.858, UKPDS for 

fatal stroke: 0.820) and men (SFCV: 0.814, SFCD: 

0.769, NS: 0.863, UKPDS score for coronary disease: 

0.860, UKPDS for stroke: 0.900, UKPDS for fatal 

coronary disease: 0.885, UKPDS for fatal stroke: 0.915).

The OCP value of SFCV, SFCD and NS were 

25.4% (sensitivity 86%, specifi city 69%, Youden 0.547); 

16% (sensitivity 79%, specifi city 62%, Youden 0.405) 

and 14.3% (sensitivity 91%, specifi city 66%, Youden 

0.566) respectively. On the other hand, the OCP 

value of UKPDS score for coronary disease, fatal 

coronary disease, stroke and fatal stroke were 17.7% 

(sensitivity 80%, specifi city 79%, Youden 0.592); 8,4% 

(sensitivity 90%, specifi city 69%, Youden 0.587), 7.7% 

(sensitivity 83%, specifi city 79%, Youden 0.616) and 

1.1% (sensitivity 84, specifi city 77%, Youden 0.603) 

respectively. When we analyze the population by sex, 

the OCP values were higher in men in comparison 

with women (SFCV: 31.0% vs. 15.9%; SFCD: 27% 

vs. 15.0%; NS: 22.4% vs. 11.8%; UKPDS score for 

coronary disease: 23.5% vs. 12.0%, UKPDS score for 

fatal coronary disease 13.1% vs. 7.1%; UKPDS score 

for stroke: 12.5% vs. 7.3% and UKPDS score for fatal 

stroke: 1.7% vs. 0.7%).

CAP: carotid atherosclerotic plaque; FSCV: Framingham score for cardiovascular disease; FSCD: Framingham score for coronary disease; CD: coronary disease; NS: new score of the 

2013 ACC/AHA Guideline; UKPDS: United Kingdom Prospective Diabetes Study; Q: Quartile.

Figure 2. Prevalence of CAP according to different risk scores quartiles. (A) FSCV, FSCD and NS. (B) UKPDS scores.
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DISCUSSION

The identifi cation of patients at risk of developing 

cardiovascular events is one of the most challenging 

issues in clinical practice. Different risk assessment 

tools have been proposed to estimate the risk of future 

events. Although, the Framingham and UKPDS scores 

are the most frequently used. Recently, a new score has 

been proposed by the latest ACC/AHA Guideline on 

the Treatment of Blood Cholesterol. In our study, we 

compared these predictive scores in a group of patients 

with diabetes without a history of cardiovascular disease, 

including the NS, and then we analyzed its relationship 

with the presence of CAP.

According to what is seen in our results, the 

estimation of coronary risk at 10 years by using the 

FSCD and UKPDS score for coronary events is 

close to the theoretical 20% accepted as “coronary 

equivalent”. Moreover, when scores that predict 

combined cardiovascular events (FSCV or NS) are 

used, cardiovascular risk clearly exceeded this threshold. 

Additionally, stroke risk calculated by the UKPDS 

score was considerably (14.2%). Our fi ndings were 

similar to the results of a study conducted in Spain. 

Using the UKPDS score, the authors found that the 

risk of coronary events and stroke was 23% and 12% 

respectively (21).

Although different endpoints were evaluated by each 

score, the Kernel density distribution on the FSCV, 

FSCD, NS and UKPDS for coronary events showed 

similar distributions. This fi nding is probably related 

with the good correlation found between different 

risks estimations. Similarly, a Spanish study showed a 

signifi cant correlation between the REGICOR equation 

and UKPDS score in a group of subject with diabetes 

(22). However, in our study the agreement between 

the different scores was moderate. Diabetes patients 

were not classifi ed into the same risk score categories. 

Therefore, we could not classifi ed into the same 

categories all diabetes patients using different risk scores.

The prevalence of CAP in our study was 51%. 

This fi nding was consistent with previous reports. For 

example, Ahn and cols. reported a prevalence of 47% 

in subjects with diabetes in Korea (23) and Catalan 

and cols. showed a high CAP prevalence (60%) in new-

onset diabetes subjects (24). Furthermore, in a group of 

patients with diabetes but with high cholesterol levels, 

the prevalence of CAP was even higher (69%) (25).

As expected, patients with CAP had worse clinical 

risk factors and higher values of all scores than subject 

without CAP. Our working group had already reported 

these fi ndings in a cohort that did not include individuals 

with cardiovascular disease neither people with diabetes 

(18). Cardoso and cols. showed that in patients with 

diabetes, older age, male sex, smoking status and the 

results of ambulatory blood pressure monitoring were 

the main independent predictors of ultrasonographic 

carotid atherosclerosis (26).

In our study, the prevalence of CAP was higher in 

men than in women. This fi nding could be explained 

in part by the presence of a worse lipid profi le and a 

higher prevalence of smoking and family history of 

coronary disease in men.

AUC: area under the curve; CI: interval confi dence; CD: coronary disease; 

UKPDS: United Kingdom Prospective Diabetes Study.

Figure 3. Discrimination capacity of the UKPDS scores between subjects 

with or without carotid atherosclerotic plaque (ROC analysis).
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Figure 4. Discrimination capacity of the FSCV, FSCD and NS between 

subjects with or without carotid atherosclerotic plaque (ROC analysis).
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The prevalence of CAP was elevated in the highest 

quartiles of all the risk scores. Similarly, in the previously 

mentioned study, Hong and cols. reported that the 

prevalence and the number of carotid artery plaques were 

signifi cantly higher in the high-risk group according to 

UKPDS risk stratifi cation (25). However, we found that 

in the lowest quartile of all the scores the prevalence 

of CAP was between 9 to 19%. Then, a low score does 

not exclude the possibility of diagnose asymptomatic 

carotid atherosclerosis. This topic is relevant, especially 

in women, because the estimated cardiovascular risk 

for all scores was signifi cantly lower than in men, even 

analyzing only the population with CAP. 

In our investigation, all scores predict CAP with very 

good accuracy (area under the ROC curves above 0.75). 

Similarly, a study made in Japan showed area under the 

ROC curves of 0.76 and 0.79 for FSCV and UKPDS 

score respectively, for predicting coronary artery stenosis 

assessment with computed angiography (27).

Applying the NS, only one patient with a score value 

< 7.5% had CAP. Taking into account these fi ndings, it 

seems that the recommendation proposed by the 2013 

ACC/AHA Guideline on the Treatment of Blood 

Cholesterol regarding the indication of moderate or 

intensive doses of statins according to the risk level are 

appropriate. However, in our study the OCP of NS for 

the detection of CAP was 14.3%. This cutoff is about 

twice the one proposed by the NS to stratify patients 

with diabetes in the highest-risk category and to indi-

cate intensive treatment with statins. This discrepancy 

might suggest that the cutoff point proposed by the NS 

in patients with DBT is too low and that the inclusion 

of the diagnosis of diabetes in the equation probably 

could increase excessively the impact of the disease on 

the estimation of risk of events. Something very simi-

lar happens in these guides, with the very strong de-

pendence of ageing in the calculation of cardiovascular 

risk at 10 years. We consider that the equation used by 

the ACC/AHA Guideline does not capture the hete-

rogeneity of risk present in diabetic patients and the 

detection of subclinical atherosclerosis could probably 

improve this limitation.

All other functions evaluated for coronary o car-

diovascular events, the OCP was close or over 20%, 

threshold chosen to classify patients as high risk.

Finally, the OCP values were higher in men compa-

red to women. These fi ndings would suggest that the 

clinical applicability of the scores would be different 

in men and women, such as occurs in people without 

diabetes. However, the low number of individuals 

analyzed in each group, limiting the conclusions.

This study is associated with several limitations. First, 

it was cross-sectional with a small number of patients. 

Second, all participants were enrolled in cardiovascu-

lar prevention outpatient clinics of cardiology centers 

which may have introduced selection bias. Third, in our 

study, CAP was defi ned according to the Atherosclero-

sis Risk in Communities study criteria. Changing the 

defi nition of CAP could modify our results. Fourth, the 

low prevalence of atrial fi brillation in this population 

may have underestimation the risk of stroke. Finally, 

this study was not intended to determine whether risk 

classifi cation was correct. A prospective study should be 

developed to confi rm our fi ndings. 

Despite its limitations, our study represents a valu-

able contribution because we examined patients with 

diabetes from Argentina, whereas previous reports were 

limited to other regions of the world. 

Several guidelines classify patients with diabetes as 

high or very high risk regardless of atheroma burden 

(5,13,28,29). Consequently, the evaluation of atheros-

clerotic burden by non-invasive imaging has not been 

defi nitely incorporated in clinical practice. However, 

some authors consider that carotid intima-media thi-

ckness is a useful marker of the progression of athe-

rosclerosis and is an excellent predictor of cardiovas-

cular events (30). Also, the Brazilian Diabetes Society 

recommended that patients with diabetes and without 

a history of cardiovascular disease should be stratifi ed 

annually by the UKPDS risk-calculator (31). Additio-

nally, through this tool, patients can be distributed be-

tween low risk (< 10% in 10 years), intermediate risk 

(10-20% in 10 years) and high risk (> 20% in 10 years). 

Furthermore, these recommendations suggest that co-

ronary calcium score should be performed in patients 

with intermediate risk in order to reclassify their risk. In 

this context, the search CAP could be suitable for the 

same purpose, in situations that the computed tomo-

graphy method is not available.

In conclusion, on average, the cardiovascular risk 

was elevated for all the scores that were evaluated. Ho-

wever, risk stratifi cation was heterogenic. The prevalen-

ce of CAP increased signifi cantly in the higher strata of 

estimated risk. Understanding the relationship between 

presence of CAP and scores could improve the estima-

tion of risk in our patients with diabetes.

Disclosure: no potential confl ict of interest relevant to this article 

was reported.
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Impact of free thyroxine levels 
and other clinical factors on 
bare metal stent restenosis 

Uğur Canpolat1, Osman Turak1, Fırat Özcan1, Fatih Öksüz1, 

Mehmet Ali Mendi1, Çağrı Yayla1, Sinan Aydoğdu1

ABSTRACT

Objective: Thyroid hormones have both direct and indirect effects on thermogenesis such as 
modulating vascular smooth muscle cell proliferation. However, the infl uence of more subtle 
changes in thyroid hormones on coronary atherosclerosis remains a matter of speculation. Smooth 
muscle cells play a crucial role in the pathogenesis of in-stent restenosis (ISR). However, the 
relationship between free thyroxine (fT4) and ISR has not been studied. In the present study, we 
aimed to assess the role of preprocedural serum fT4 level on the development of ISR in patients 
undergoing coronary bare metal stent (BMS) implantation. Materials and methods: We enrolled 
and analyzed clinical, biochemical, and angiographic data from 705 consecutive patients without 
a history of primary thyroid disease [mean age 60.3 ± 9.3 years, 505 (72%) male]; all patients had 
undergone BMS implantation and further control coronary angiography owing to stable or unstable 
angina pectoris. Patients were divided into 3 tertiles based on preprocedural serum fT4 levels. 
Results: ISR was observed in 53 (23%) patients in the lowest tertile, 82 (35%) patients in the second 
tertile, and 107 (46%) patients in the highest fT4 tertile (p < 0.001). Using multiple logistic regression 
analysis, fi ve characteristics emerged as independent predictors of ISR: diabetes mellitus, smoking, 
HDL-cholesterol, stent length, and preprocedural serum fT4 level. In receiver operating characteristics 
curve analysis, fT4 level > 1.23 mg/dL had 70% sensitivity and 73% specifi city (AUC: 0.75, p < 0.001) 
in predicting ISR. Conclusion: Higher preprocedural serum fT4 is a powerful and independent 
predictor of BMS restenosis in patients with stable and unstable angina pectoris. Arch Endocrinol Metab. 

2017;61(2):130-6.
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INTRODUCTION

T hyroid hormones (TH) falling within and 

outside of the normal range have both direct 

and indirect effects on atherogenesis (1). While TH 

indirectly modifi es atherosclerotic risk factors such as 

lipid profi le (2,3) and blood pressure (4), direct effects 

act via vascular smooth muscle cells, altering vascular 

tone (5), angiotensin-II type 1 receptor modulating 

the proliferation of vascular smooth muscle cells (6), 

upregulation of basic fi broblast growth factor causing 

enhanced angiogenesis (7), modulating the maturation 

and functioning of macrophages (8), and acting 

on the renin-angiotensin system (9,10). However, 

clinical studies yield confl icting results and mechanistic 

explanations remain elusive (11-13). 

In-stent restenosis (ISR) continues to be a major pitfall 

for interventional cardiologists, and numerous efforts have 

been made to predict or resolve this important problem 

(14,15). Various reactions following percutaneous 

coronary intervention (PCI) mediated vascular damage 

occur in sequence including infl ammation, granulation, 

extracellular matrix remodeling, and vascular smooth 

muscle cell proliferation and migration, which result in 

neointimal hyperplasia and restenosis (16,17). Besides 

procedural factors, we hypothesize that patient-related 

factors such as preprocedural TH status may also be 

important in the development of ISR. Although previous 

evidence has shown several roles for THs in angiogenesis, 

macrophage functioning, and vascular smooth muscle cell 

function and proliferation, to the best of our knowledge, 

there has been no study investigating any possible 

association between pre-procedural TH levels and ISR. 

Here, we aimed to evaluate the association of TH levels 

before successful bare metal stent (BMS) implantation in 

predicting ISR in patients with stable and unstable angina 

pectoris. 
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MATERIALS AND METHODS

We retrieved clinical, laboratory, and angiographic data 

of consecutive patients who had undergone successful 

BMS implantation between January 2008 and August 

2010 at our tertiary center hospital. The inclusion 

criteria were as follows: (a) patients with stable or 

unstable angina, (b) coronary angiography showing 

de-novo lesions without a history of the previous 

PCI, and (c) patients who received coronary BMS 

implantation. Patient data was accessed retrospectively 

with the time of interest being the point at which the 

patients underwent BMS implantation after control 

coronary angiography was performed because of 

clinical indications that included anginal symptoms 

and abnormal non-invasive test results (either treadmill 

exercise test or myocardial perfusion scintigraphy), 

thus recalling clinical, angiographic, and laboratory 

characteristics at that time. As such, we were able 

to collect the data from 772 patients. Patients with 

unstable angina pectoris were identifi ed according 

to the defi nition of Braunwald (18). As part of our 

preprocedural protocol, thyroid hormone levels were 

obtained prior to coronary angiography for all patients. 

Patients were excluded from analysis if they had been 

using thyroid replacement therapy or anti-thyroid 

drugs (n = 8), showed clinical evidence of neoplastic 

diseases (n = 2), heart failure [left ventricular ejection 

fraction (LVEF) of < 50%] (n = 18), renal dysfunction 

[estimated glomerular fi ltration rate (eGFR) of < 90 

mL/min/1.73 m2] (n = 20), hepatic and hemolytic 

disorders (n = 1), chronic infl ammatory disease (n = 

3), used therapy with amiodarone (n = 7), or had any 

active infectious disease (n = 2) or sepsis (n = 1), alcohol 

consumption (n = 3), and patients having major adverse 

event during follow-up (n = 2), leaving 705 patients to 

be included in the study for analysis.

Clinical and demographic characteristics of 

patients encompassing age, gender, history of arterial 

hypertension, diabetes mellitus, smoking, family history 

of coronary artery disease, LVEF, and medications used 

were noted. In addition, serum levels of fasting blood 

glucose, serum creatinine, and lipid panel including 

total cholesterol, low-density lipoprotein cholesterol, 

high-density lipoprotein cholesterol, and triglyceride 

levels were recorded. Our study was in compliance with 

the principles outlined in the Declaration of Helsinki 

and approved by Institutional Ethics Committee.

All laboratory data were obtained from venous blood 

samples up to 6 h before stent implantation. Complete 

blood count and serum lipid/biochemistry panel were 

measured according to standard methods. Measurement 

of thyroid-stimulating hormone (TSH) (reference 

range, 0.34–5.6 μIU/mL), free triiodothyronine (fT3) 

(reference range, 2.5–3.9 pg/mL), and free thyroxine 

(fT4) (reference range, 0.54–1.24 ng/dL) levels was 

performed with a Beckman Coulter DXI 800 auto 

analyzer (Beckman Coulter, Brea, CA, USA) using the 

chemiluminescence method. Intra assay coeffi cients of 

variations were as follows: 4.1% for fT3, 3.4% for fT4, 

and 5.3% for TSH. 

Coronary interventions were performed according 

to the current practice guidelines and were recorded 

in digital storage for further analysis. The degree of 

coronary stenosis was visually estimated by experienced 

interventional cardiologists. A luminal narrowing 

> 50% in a major subepicardial vessel (left anterior 

descending, left circumfl ex, or right coronary artery) 

was defi ned as signifi cant stenosis. Each patient 

received aspirin plus clopidogrel (loading dose 300 

or 600 mg) before or during coronary intervention. 

Unfractionated heparin 100 U/kg was administered at 

the beginning of the procedure to keep the activated 

clotting time > 200 s. The access site for PCI was at the 

physician’s preference (femoral or radial). The usage 

of glycoprotein IIb/IIIa (GpIIbIIIa) inhibitors and 

pre- or post-dilatation after stent implantation of the 

lesion was at the operator’s discretion. Successful PCI 

was defi ned as a < 20% decrease in diameter stenosis 

and residual stenosis < 5% in diameter with fi nal 

thrombolysis in myocardial infarction (TIMI) grade 

3 fl ow without any major complications. After stent 

placement, clopidogrel was administered for 1 month 

and aspirin was used indefi nitely. During routine clinical 

follow-up, coronary angiography was performed on 

clinical indications secondarily in patients with stable or 

unstable angina pectoris. Control coronary angiograms 

were recorded with Judkins technique and interpreted 

by two, independent cardiologists who were blinded 

to the patients’ data. The evaluation of stenosis was 

conducted using the conventional visual assessment 

technique. ISR was accepted as narrowing of > 50% in an 

otherwise normal diameter, including 5 mm proximal 

and distal to the stent edge, according to the results of 

control coronary angiographies (19). Intra- and inter-

observer variabilities of stent restenosis analysis were 

minimal in a representative subset of 100 patients. The 

interpretations of the two investigators on the presence 

or absence of ISR was 95% and 97%, respectively. 
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Intra-observer variability was assessed by the same 

investigator. The two readings were concordant for the 

presence or absence ISR in 98% and 97%, respectively.

Analyses were performed using SPSS 20.0 (SPSS, 

Inc., Chicago, Illinois). Continuous data were 

presented as median (minimum-maximum range) or 

mean ± standard deviation. To test the distribution 

pattern, the Kolmogorov–Smirnov test was used. The 

study population was assigned to tertiles based on 

the preprocedural fT4 level. Comparisons of multiple 

mean values were conducted by using the Kruskal–

Wallis tests or analysis of variance as appropriate. 

Categorical variables were summarized as percentages 

and compared with the chi-square test. The effects of 

different variables on ISR were calculated by univariate 

analysis for each variable. Variables for which the 

unadjusted p-value was < 0.10 in the logistic regression 

analysis were identifi ed as potential risk markers and 

were included in the full model. We reduced the model 

using stepwise, multivariate logistic regression analyses 

and eliminated potential risk markers using likelihood 

ratio tests. An exploratory evaluation of additional 

cut points was performed using receiver operating 

characteristics (ROC) curve analysis. A p-value of < 

0.05 was considered statistically signifi cant. 

RESULTS

A total 705 patients [mean age 60.3 ± 9.3 years, 505 

(72%) male] were grouped into tertiles according to 

the preprocedural fT4 levels. The baseline clinical, 

laboratory, and angiographic data of the study groups 

are summarized in Table 1. All diabetic patients 

included in the study had a diagnosis of type 2 diabetes 

mellitus. The mean period between the two coronary 

angiograms for the entire study population was 20.2 

± 4.5 months. While the TSH [median 1.34 (0.95–

1.95) vs 1.22 (1.03–1.54), p = 0.48] and fT3 [median 

2.96 (2.75–3.18) vs 2.85 (2.60–3.10), p = 0.11] levels 

were similar between patients with and without ISR, 

the fT4 levels were signifi cantly higher in patients with 

ISR [median 1.45 (1.25–1.67) vs 1.20 (1.02–1.38), 

p < 0.001] (Figure 1). No difference was found in 

GpIIbIIIa inhibitor use, pre-dilatation rate, or post-

dilatation rates among fT4 tertile groups (Table 1) 

and among the without/with ISR groups [GpIIbIIIa 

inhibitor use: 36 (7.7%) for without ISR vs 14 (5.9%) 

for with ISR, p = 0.232; pre-dilatation rate: 27 (8.8%) 

for without ISR vs 11 (4.6%) for with ISR, p = 0.325; 

post-dilatation rate: 17 (3.6%) for without ISR vs 7 

(2.9%) for with ISR, p = 0.404].  

The rate of ISR showed an incremental trend from 

tertile 1 to 3 (23%, 35%, and 46%, p < 0.001, respectively) 

(Figure 2). Similarly, higher fT4 levels before stent 

implantation were associated with an increased risk for 

ISR by logistic regression analysis. Assuming fT4 level 

as a continuous variable in multiple logistic regression 

analysis, diabetes mellitus, smoking, HDL-C, stent 

length, and fT4 levels emerged as independent 

predictors of ISR (Table 2). When fT4 tertiles were 

analyzed as a categorical (tertile 1 reference) variable in 

multiple logistic regression analysis, the relative risk of 

ISR in the highest tertile was 5.31 (95% CI: 3.44–8.19, 

p < 0.001) and 2.98 for tertile 2 (95% CI: 1.92–4.63, 

p < 0.001) as compared to the lowest tertile of the fT4 

levels.

The ROC curve explored the relation between 

preprocedural fT4 and ISR. Area under the curve was 

0.75 (95% confi dence interval 0.72–0.79; p < 0.001). 

Preprocedural fT4 with a cut-off level of > 1.23 ng/dL 

well predicted ISR with a sensitivity of 70% and 

specifi city of 73% (Figure 3).

In subgroup analyses, patients with subclinical 

hyperthyroidism (12/18 patients) displayed a higher 

rate of ISR during follow-up compared to subclinical 

hypothyroidism (3/10 patients) and euthyroidism 

(227/677 patients) (66.7% vs 30% and 33.5%, p < 

0.001). In another subgroup analysis that included only 

diabetic and/or smoking patients, the impact of fT4 

on ISR was analyzed. We found that among diabetic 

patients who did not smoke, the rate of ISR was higher 

in Tertile 3 [39 (36.4%)] of fT4 compared to Tertile 1 

[22 (14.4%)] and Tertile 2 [46 (34.3%)] (p < 0.001). 

Serum fT4 level was still signifi cantly associated with 

ISR in patients with diabetes who did not smoke (OR: 

3.6, p < 0.001). Among smokers who did not have 

diabetes, the rate of ISR was higher in Tertile 3 [66 

(50.8%)] for fT4 compared to Tertile 1 [22 (11.6%)] 

and Tertile 2 [52 (31.3%)] (p < 0.001). The serum 

fT4 level was signifi cantly associated with ISR in non-

diabetic smokers (OR: 6.08, p < 0.001). When these 

same two populations were excluded from the analysis, 

the rate of ISR was higher in Tertile 3 [18 (35.3%)] 

for fT4 compared to Tertile 1 [13 (10.9%)] and Tertile 

2 [24 (29.6%)] (p < 0.001). However, the serum fT4 

level did not reach a high enough statistical signifi cance 

to show an association with ISR when diabetic and 

smoking patients were excluded from the analysis. 
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Table 1. Baseline characteristics of study sample according to preprocedural free thyroxine tertiles

Variables

Free Thyroxine (ng/dL)

Tertile 1

n = 235

1.02 (0.91-1.15)

Tertile 2

n = 235

1.23 (1.13-1.37)

Tertile 3

n = 235

1.49 (1.37-1.68)

p value

Age (years) 60.4 ± 9.1 59.7 ± 9.2 61.1 ± 9.5 0.52

Male gender 178 (77%) 160 (68%) 167 (71%) 0.18

Type 2 DM 53 (23%) 70 (30%) 84 (35%) 0.002

Current smoker 80 (34%) 94 (40%) 115 (49%) < 0.001

Hypertension 131 (56%) 124 (53%) 135 (57%) 0.58

Cause of stent implantation

Stable angina pectoris 150 (64%) 146 (68%) 140 (60%) 0.34

Unstable angina pectoris 85 (36%) 89 (38%) 95 (40%) 0.34

No of coronary arteries narrowed

1  vessel 43 (18%) 56 (24%) 53 (23%) 0.31

2  vessel 192 (82%) 179 (76%) 182 (77%) 0.31

Target coronary artery

Left anterior descending artery 124 (53%) 100 (43%) 103 (44%) 0.01

Right coronary artery 50 (21%) 83 (35%) 76 (32%) 0.01

Left circumfl ex artery 61 (26%) 52 (21%) 56 (24%) 0.01

Stent diameter (mm) 3 (2.75-3) 3 (2.5-3) 3 (2.75-3) 0.67

Stent length (mm) 15 (12-18) 15 (13-18) 16 (13-18) 0.31

Periprocedural GpIIbIIIa inhibitor adminisitration 18 (7.7%) 15 (6.4%) 17 (7.2%) 0.86

Pre-dilatation rate 13 (5.5%) 11 (4.7%) 14 (6.0%) 0.82

Post-dilatation rate 8 (3.4%) 7 (3.0%) 9 (3.8%) 0.88

In-hospital medications

Beta blocker 81% 82% 79% 0.78

ACEi 71% 73% 70% 0.81

CCB 4% 4% 3% 0.84

ARB 5% 6% 5% 0.74

Statins 86% 89% 87% 0.68

LVEF (%) 60.1 ± 3.7 61.0 ± 3.9 59.5 ± 3.4 0.53

Fasting glucose (mg/dL) 104 (92-131) 104 (92-137) 113 (95-144) 0.04

HDL-C (mg/dL) 43 (35-47) 40 (34-46) 35 (30-42) 0.02

LDL-C (mg/dL) 105 (81-134) 107 (83-137) 104 (82-130) 0.73

Triglycerides (mg/dL) 143 (100-207) 140 (100-183) 135 (94-180) 0.18

TSH (μIU/mL) 1.28 (0.12-6.0) 1.40 (0.05-5.90) 1.30 (0.02-5.50) 0.596

Free triiodothyronine (pg/mL) 2.8 (2.6-3.1) 2.9 (2.6-3.2) 2.9 (2.7-3.2) 0.28

Hemoglobin (g/dL) 14.2 ± 2.0 14.0 ± 1.7 13.7 ± 1.6 0.03

Platelet count (×109/L) 251.9 ± 32.2 248.7 ± 34.5 255.6 ± 32.3 0.41

Period between the two CAG (months) 20.9 ± 4.4 20.3 ± 5.2 19.3 ± 4.1 0.17

In-stent restenosis 53 (23%) 82 (35%) 107 (46%) < 0.001

Data are median (minimum-maximum range), means ± S.D. or n (%).

ACEi: angiotensin converting enzyme inhibitors; ARB: angiotensin receptor blockers; CAG: coronary angiography; CCB: calcium channel blocker; DM: diabetes mellitus; HDL-C: high density 

lipoprotein cholesterol; LDL-C: low density lipoprotein cholesterol; LVEF: left ventricular ejection fraction.
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Table 2. Predictors of in-stent restenosis in univariable and multivariable logistic regression analyses

Variables
Univariable Multivariable

OR (95% CI) p value OR (95% CI) p value

Age (years) 1.02 (0.90-1.13) 0.52 - -

Diabetes mellitus 1.35 (1.12-1.55) < 0.001 1.21 (1.08-1.33) < 0.001

Smoking 1.47 (1.08-1.87) < 0.001 1.87 (1.19-2.55) 0.001

HDL-C (mg/dL) 0.91 (0.86-0.96) 0.001 0.94 (0.89-0.98) 0.02

LDL-C (mg/dL) 1.05 (0.94-1.15) 0.27 - -

Triglycerides (mg/dL) 1.02 (0.85-1.20) 0.46 - -

Hemoglobin (g/dL) 1.12 (0.95-1.31) 0.19 - -

Stent length (mm) 1.33 (1.15-1.51) 0.001 1.30 (1.11-1.48) 0.001

Stent diameter (mm) 1.05 (0.96-1.14) 0.31 - -

LVEF (%) 1.07 (0.94-1.19) 0.14 - -

Free thyroxine (ng/dL) 1.17 (1.09-1.25) 0.001 1.05 (1.02-1.08) 0.02

Free triiodothyronine (pg/mL) 1.02 (0.94-1.11) 0.51

Period between the two CAG (months) 0.93 (0.88-0.97) 0.01 0.97 (0.92-1.03) 0.10

 CAG: coronary angiography; CI: confi dence interval; HDL-C: high density lipoprotein cholesterol; LDL-C: low density lipoprotein cholesterol; LVEF: left ventricular ejection fraction; OR: odds ratio.

Figure 3. Receiver operating characteristic curve of pre-procedural 

serum fT4 levels for predicting in-stent restenosis after bare metal stent 

implantation. AUC: Area under curve; CI: confi dence interval.

Figure 1. Comparison of serum fT4 levels among patients with and 

without in-stent restenosis.

Figure 2. Percentages of the patients developing in-stent restenosis 

stratifi ed by tertile of preprocedural serum fT4 levels.

DISCUSSION

Three major fi ndings arose from our study: (i) 

preprocedural serum fT4 is a signifi cant, independent 

predictor of further ISR in patients with stable or 

unstable angina pectoris undergoing successful BMS 

implantation, (ii) patients in the highest tertile of serum 

fT4 are at greater risk, and preprocedural fT4 > 1.23 

ng/dl have a 70% sensitivity and 73% specifi city in 

predicting ISR, and (iii) other well-known predictors 
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of ISR including diabetes mellitus, smoking, lower 

HDL-C, and increased stent length were also important.

PCI for ischemic coronary heart disease is well-

known as a pioneering innovation for interventional 

cardiologists. However, ISR represents a major 

nightmare for interventionalists and efforts are ongoing 

to circumvent this serious problem (15,20). Along 

with technical issues, several cellular and molecular 

pathways play a role in coronary wall injury after PCI 

(14,21). Cellular response to mechanical vascular 

damage initiated immediately after PCI includes 

an early phase, consisting of platelet activation and 

infl ammation, followed by an intermediate phase of 

granulation tissue corresponding to vascular smooth 

muscle cell migration and proliferation, and a late phase 

of neointima formation and fi nally progression to ISR 

(21). Although the exact etiopathogenesis remains 

to be fully elucidated, various pre-, peri-, and post-

procedural risk factors represent possible actors in the 

development of ISR (14). The clinical parameter that 

most consistently increases the risk of ISR is diabetes 

mellitus (22). The common hypothesis for this effect 

is that hyperglycemia induces endothelial dysfunction 

and a proinfl ammatory state with increased cytokine 

production (23,24). These pathways enhance neointima 

formation, which promotes the development of ISR. 

Although smoking is established as a conventional 

risk factor for atherosclerosis, there is a possible 

protective effect associated with smoking that might 

result in the development of ISR after PCI. The data 

regarding the impact of smoking on ISR have been 

contradictory (25-27). Hong and cols. (28) evaluated 

840 patients with drug-eluting stent implantation and 

showed that current smoking was a predictor of ISR in 

diabetic patients (OR: 1.923, 95% CI: 1.055–4.725). 

In another study, Ma and cols. (29) also showed that 

current smoking increases the risk of ISR in ST-segment 

elevation MI patients undergoing drug-eluting stent 

implantation. Furthermore, among the lesion-related 

factors, lesion length and thereby stent length are the 

most consistent factors that were associated ISR (30). 

Consistent with previous studies, we have also found 

that diabetes mellitus, smoking, and stent length are 

signifi cantly associated with ISR.

The role of THs, particularly fT4, in the pathogenesis 

of atherosclerosis is unclear and controversial. It has 

been suggested that THs act both directly and indirectly 

on atherogenesis by altering vascular tone, modulating 

macrophage functions, enhancing angiogenesis, and 

regulating vascular smooth muscle cell proliferation (5-10). 

Jung and cols. (11) reported that higher serum fT4 

levels even within the normal reference range were 

signifi cantly associated with both the presence and 

severity of coronary artery disease in 192 patients with 

stable angina pectoris. In contrast, Auer and cols. (12) 

showed that higher serum fT4 levels were inversely 

correlated with the severity of coronary atherosclerosis 

and higher thyrotropin levels correlated positively. The 

reasons proposed to underlie the differences in the 

study results are as follows: i) study populations that 

are too small to detect an association between subtle 

changes in fT4 level and coronary atherosclerosis 

because of the narrow reference range for serum fT4 

level; ii) inclusion of heterogeneous patient groups 

having either stable angina pectoris or acute coronary 

syndrome. Therefore, to clarify the exact association of 

THs with coronary atherosclerosis, more specifi c studies 

should be designed. The fi ndings of experimental and 

clinical studies investigating the fT4-atherosclerosis 

relationship and ISR mechanisms have been coupled, 

and we have found that high pre-procedural serum 

fT4 is a powerful and independent predictor of BMS 

restenosis in patients with stable or unstable angina 

pectoris. We hypothesize that serum fT4 increases the 

risk of ISR through enhanced activity of the renin–

angiotensin system and proliferation of vascular smooth 

muscle cells. To the best of our knowledge, this is the 

fi rst study demonstrating such an association. 

Our results raise some clinical implications. The 

pre-procedural fT4 level may identify patients with 

a higher risk for ISR with high relevance for clinical 

routine practice, and close follow-up in those patients 

is warranted. Furthermore, it is unclear in such a 

population, at what level or range the serum fT4 should 

be kept to prevent ISR. Prospective, large-scale studies 

evaluating the impact of thyroxin replacement or anti-

thyroid therapy on ISR should be designed to confi rm 

our study fi ndings and to decide which interval of TH 

levels are safe for patients undergoing PCI. 

Our study should be interpreted within several 

limitations. First, the study was designed in a 

retrospective manner representing a single-center 

experience with only BMS restenosis. Thus, a causal 

relationship cannot be established between THs 

and ISR. Second, the defi nition of ISR was based on 

visual assessment rather than on a more quantitative 

and informative intravascular ultrasound or optical 

coherence tomography. Third, the serum fT4 level was 
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only measured before stent implantation. The levels of 

serum fT4 have the potential to change over time in an 

individual patient.

In summary, higher preprocedural serum fT4 is a 

powerful and independent predictor of BMS restenosis 

in patients with stable and unstable angina pectoris.
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Low glycemic index diet 
reduces body fat and attenuates 
infl ammatory and metabolic 
responses in patients with 
type 2 diabetes

Júnia Maria Geraldo Gomes1, Sabrina Pinheiro Fabrini2, 

Rita de Cássia Gonçalves Alfenas3

ABSTRACT 

Objective: The aim of this study was to verify the effects of glycemic index (GI) on body composition, 
and on infl ammatory and metabolic markers concentrations in patients with type 2 diabetes. 
Subjects and methods: In this randomized controlled parallel trial, twenty subjects (aged 42.4 ± 
5.1 years, BMI 29.2 ± 4.8 kg.m-2) were allocated to low GI (LGI) (n = 10) or high GI (HGI) (n = 10) 
groups. Body composition, infl ammatory and metabolic markers were assessed at baseline and after 
30 days of intervention. Food intake was monitored during the study using three-day food records 
completed on two non-consecutive weekdays and on a weekend day. Results: Body fat reduced 
after the LGI intervention compared with baseline (P = 0.043) and with the HGI group (P = 0.036). 
Serum fructosamine concentration (P = 0.031) and TNF- mRNA expression (P = 0.05) increased 
in the HGI group. Serum non-esterifi ed fatty acids were greater in the HGI than in the LGI group 
(P = 0.032). IL-6 mRNA expression tended to decrease after the consumption of the LGI diet compared 
to baseline (P = 0.06). Conclusion: The LGI diet reduced body fat and prevented the negative metabolic 
and infl ammatory responses induced by the HGI diet. Arch Endocrinol Metab. 2017;61(2):137-44.
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INTRODUCTION

T he glycemic index (GI) has been used in clinical 

practice for more than three decades to classify the 

glycemic impact of foods, meals or diets on glycemic 

response (1). Its use is supported by the World Health 

Organization and American Diabetes Association, 

which recommend the preferential consumption of low 

GI diets to provide health benefi ts (1).

Chronic ingestion of low GI diets can prevent 

and control obesity (2), cardiovascular diseases 

(3), and type 2 diabetes mellitus (T2DM) (4). By 

contrast, consumption of high GI diets is related to 

hyperglycemia and hyperinsulinemia, favoring an 

increase in glucose uptake by the adipocytes, leading 

to weight gain and body fat accumulation (5). On the 

other hand, it has been claimed that daily consumption 

of two low GI meals can result in benefi cial effects on 

body weight and body composition (6).

High GI diets seem to negatively affect insulin 

sensitivity and subclinical infl ammation, contributing 

to the pathogenesis of T2DM (7,8). Low GI diets 

may decrease concentrations of pro-infl ammatory 

biomarkers, especially ultra-sensitive C-reactive protein 

(CRP), fi brinogen, interleukin-6 (IL-6) and tumor 

necrosis factor-alpha (TNF-) (3,7,9). However, 

there is no consensus among authors regarding these 

effects (10).

Some studies that evaluated the effect of GI on 

infl ammatory markers are epidemiological (2,11). 

These studies can detect an association between the 

variables of interest, but are unable to prove causation 

(2,11). By contrast, the main limitation of the many 

clinical trials published is the different macronutrients 

and dietary fi ber contents of the test meals (7). The 

consumption of diets differing in protein and fat 

content can lead to different glycemic responses (12). 
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Dietary fi ber may also reduce the glycemic response, 

increasing glucose tolerance (13). Thus, the test meals 

in such studies must contain the same quantity of fi ber 

and macronutrients so that the observed effect can 

be attributed to the GI. Due to the lack of consensus 

in the results of previous studies, we evaluated the 

effect of the consumption of high or low GI diets 

for 30 consecutive days on anthropometric, body 

composition, food intake, glycemic and lipid control, 

infl ammatory marker in concentrations in patients with 

type 2 diabetes.

SUBJECTS AND METHODS

Subjects

Subjects were recruited via advertisements in local 

newspapers, in the university website and fl yers 

distributed around the city of Viçosa, Minas Gerais, 

Brazil. Data collection took place between April and 

September 2007. An initial screening was conducted 

by phone calls and then in the laboratory. Eligible 

participants were men or premenopausal women 

between 18 and 55 years old with type 2 diabetes who 

were receiving biguanides therapy (metformin), which 

did not change their medications in the previous three 

months and who had body fat percentage values higher 

than 16% for men and 24% for women. The exclusion 

criteria were tobacco use, consumption of > 50 g/day 

of alcohol (14), pregnancy or lactation, menopause 

or postmenopause, regular use of hormones, anti-

infl ammatory medications or other medications that 

might interfere with outcome measures, recent change 

(in the previous three months) in the level of physical 

activity (15) or diet, weight instability (> 3 kg in the 

previous three months), on a therapeutic diet, dietary 

allergies or intolerances, cancer, or cardiovascular, 

renal, or liver disease. Of 102 individuals interested to 

participate in the study, 55 met the inclusion criteria 

in the initial screening (via telephone). However, only 

41 fully met all the inclusion criteria after screening in 

the laboratory. Among these, 18 refused to participate 

due to unavailability to attend daily twice a day to the 

laboratory during the study. Therefore, 23 subjects 

were included in the study, and 20 completed the 

study (Figure 1). This study had a statistical power of 

80% (16), considering the baseline mean and standard 

deviation data presented by the subjects that completed 

the study, a difference of 2% in body fat content (main 

variable), and an alpha level of 0.05.

Phone screening: age, gender, smoking status, alcohol 

consumption, diabetes history, body weight, and height 

(n = 102)

Laboratory screening: food intake, physical activity, 

anthropometry and body composition, physiological and 

behavioral parameters 

(n = 55)

Selected subjects

(n = 41)

High GI diet 

(n = 11)

High GI diet 

(n = 10)

Low GI diet 

(n = 12)

High GI diet 

(n = 10)

Randomly assigned

(n = 23)

Excluded for not meeting the physical activity 

and/or the stable body weight required in the 

previous 3 months (n = 9) or for presenting 

low body fat (n = 5)

Refused to participate in the study (n = 18)

n = 1 dropped out  n = 2 dropped out

Figure 1. Screening fl uxogram.

This study was conducted according to the 

guidelines laid down in the Declaration of Helsinki and 

all procedures involving human subjects were approved 

by the Federal University of Viçosa Ethics Committee, 

Viçosa, Minas Gerais, Brazil (UFV 0382007). Written 

informed consent was obtained from all subjects. The 

present trial was registered at www.clinicaltrials.gov, 

as “Effects of Low- or High-glycemic Index Diets on 

Metabolic and Infl ammatory Responses in Diabetics” 

(ID no. NCT02383784).

Experimental design

This was a randomized, single blind (only the subjects 

were blind), parallel-arm clinical trial. During screening, 

subjects completed a form to provide demographic, 

health and habitual physical activity level data. Once 

selected, subjects were submitted to anthropometric, 

body composition, food intake and biochemical 

assessments. Next, they were allocated, according to 

the order of inclusion and based on the ABBA counter 

Excluded for not meeting the inclusion/exclusion 

criteria: age, medication, alcohol consumption 

and tobacco use (n = 47)
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balancing design, to either a high GI (HGI) or low GI 

(LGI) group.

Two daily high or low GI test meals (breakfast and 

an afternoon snack) were consumed in the laboratory 

during 30 consecutive days. Other meals were 

consumed in free-living conditions. Subjects received a 

list discriminating the foods according to their GI values 

and were instructed to preferentially consume high or 

low GI foods that corresponded to their experimental 

group. Food intake was assessed at baseline and weekly 

throughout the study. Anthropometric, biochemical 

and body composition parameters were reassessed at 

the end of the intervention (Figure 2). Subjects were 

instructed to maintain a constant level of physical 

activity and to maintain the same type/dose of oral 

antidiabetic medication during the experimental period.

Intervention

Day 1

BW, FI, BC, B

Week 1 Week 2 Week 3 Week 4

BW, FI, BC, BFI FI FI

Day 15 Day 30

Figure 2. Experimental design. Body weight (BW), food intake (FI), body 

composition (BC) and biochemical parameters (B) were assessed at 

baseline and after the experimental period. Food intake was assessed 

weekly.

Test meals

The test meals’ GIs were determined in a pilot study 

and it involved 15 healthy subjects (seven men and eight 

women, mean age of 23 ± 3.2 years, body mass index 

[BMI] 21.1 ± 2.3 kg/m2, nondiabetic, normoglycemic, 

no family history of diabetes, and not taking medications 

regularly [except birth control pills]). After 12 hours of 

overnight fasting, the subjects consumed a portion of 

the test meals or a glucose solution (reference food) 

containing 50 g of available carbohydrates within 15 

minutes. All subjects consumed the test meals once and 

the glucose solution was consumed on three different 

test days by each subject. The test days were separated 

by a washout period of at least four days (17).

Capillary blood glucose was obtained by a fi nger-

prick at 0 (immediately before meal consumption), 15, 

30, 45, 60, 90 and 120 minutes after the start of the 

consumption of the test meals or glucose solution. The 

positive area under the glycemic response curve for each 

test meal was computed by the trapezoidal method and 

then expressed as a percentage of the average glycemic 

response of glucose obtained for the same subject. The 

resulting values were used to calculate the GI of each 

test meal (12).

The test meals (14 HGI [GI > 70] and 14 of LGI 

[GI < 55]) (18) had similar energy density, dietary 

fi ber, and macronutrients contents (19) (Table 1). 

These meals provided 15% of the Estimated Energy 

Requirements (EER) for each subject (20). The meals’ 

nutritional compositions were calculated using Diet 

Pro 5.1i software and b ased on food label information.

Table 1. Mean ± SE test meals glycemic index, available carbohydrate, 

protein, fat and dietary fi ber contents

Test meals
P value

High GI Low GI

GI 74.1 ± 2.9a 35.8 ± 3.3b 0.010

Energy density (kcal/g) 1.5 ± 0.2 1.5 ± 0.2 1.000

Available carbohydrate (g) 53.7 ± 4.5 53.0 ± 1.1 1.000

Protein (g) 4.9 ± 1.6 4.8 ± 1.5 0.787

Fat (g) 6.4 ± 2.3 6.3 ± 2.3 0.854

Dietary fi ber (g) 3.6 ± 1.5 3.0 ± 1.0 0.723

Different letters in the same line indicate statistical difference between groups (t-Student test, 

P < 0.05).

Test meals’ GIs (14 types per group) were determined in the laboratory (FAO, 1998). Nutritional 

composition was obtained using Diet Pro 5.1i Software and food labels. Test meals provided 

15% of the Estimated Energy Requirements (EER) for each subject. 

GI: glycemic index.

Test meals were composed of a drink, a starchy 

food, and a fruit. While Corn Flakes® cereal, whole 

milk, sports drinks, white bread, margarine and papaya 

were used to prepare the high GI meals, All Bran® 

cereal, fat free strawberry yogurt, grape juice, multi-

grain bread, margarine and apples were the food types 

used for the low GI versions. Benefi ber® (added to high 

GI meals), glucose (added to HGI meals) and fructose 

(added to LGI meals) were used to make the test meals 

nutritionally simila r in composition.

Food intake

Food intake was assessed at baseline and weekly 

throughout the study, using three-day food records, which 

were completed on two non-consecutive weekdays and 

on a weekend day. During the fi rst visit to the laboratory, 

subjects were instructed on how to complete the food 

records. Each food record was reviewed with the subjects to 

ensure data accuracy and completeness. Data was assessed 

by a single investigator using Diet Pro 5.1i software.
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The GI and the glycemic load (GL) of the daily 

consumed diet (in the laboratory and outside the 

laboratory) were calculated considering glucose as the 

reference food (1). For foods not listed in Atkinson and 

cols. (1), we used GI values of foods presenting similar 

nutritional composition. Dietary GI and GL were 

obtained using the following equations (21):

GI = GI
a
 x (CHO

a
/CHO

a-n
) (A)

GL = GI
a
 x CHO

a
/100 (B)

Where GI
a
 represents the GI of a given food; CHO

a
, 

the available carbohydrate of that same food, and 

CHO
a-n

, the meal total available carbohydrate content. 

Anthropometry and body composition 

Anthropometric and body composition parameters 

were assessed at baseline and at the end of the 

intervention. These assessments were conducted by 

the same investigator, which was trained to ensure 

precision on data collection. Subjects were asked to 

wear light clothes, use no accessories, to be barefoot, 

not to consume water or any other type of food 4 hours 

before the test, refrain from intense physical activity, 

avoid caffeine consumption, not use diuretics or drugs 

that cause water retention in the 24 hours before the 

test, and not to consume alcohol 48 hours before 

the test. The assessments were not done in subjects 

presenting fever, edema or on their menstrual period 

(women). Upon arriving at the laboratory, participants 

were instructed to urinate (at least 30 minutes prior to 

body composition assessment).

Body weight was assessed using a digital electronic 

scale, with 150 kg capacity and 0.05 kg accuracy (22). 

Height was determined using an anthropometer fi xed 

to the wall, with 2 m extension and 0.5 cm scale (22). 

In both procedures, participants stood up barefoot, 

in erect position, with relaxed arms and head in the 

horizontal plan. BMI was calculated by dividing body 

weight (kg) by height squared (m²). Waist circumference 

(WC) was measured with a non-elastic, 2 m extension, 

1 mm precision fl exible tape measure. WC was assessed 

in a standing position at the midpoint between the 

last rib and the iliac crest, and hip was measured at the 

maximum circumference of the buttocks (23).

Body composition was assessed by tetrapolar 

bioelectrical impedance (Biodynamics, model 310, 

TMB). Measurements were taken in the right hemibody, 

with subjects laid in dorsal decubitus on an isolating 

surface, without shoes, socks or accessories. The 

subject’s skin was cleaned with alcohol before placing 

the electrodes to the hand, wrist, foot and ankle. 

Biochemical assays

Biochemical parameters were assessed at baseline and 

at the end of the intervention. Serum samples (glucose, 

total cholesterol, HDL cholesterol, triglycerides, non-

esterifi ed free fatty acids (NEFA), ultra-sensitive CRP, 

insulin, fructosamine, and high molecular weight 

adiponectin analyses), plasma samples (fi brinogen) 

and buffy coat (IL-6 and TNF-) were collected after 

12 hours of overnight fasting at baseline and after the 

experimental period. Samples were centrifuged at 4ºC 

and stored at -80ºC for later batch analyses.

Glucose, total cholesterol, HDL cholesterol 

and triglycerides were determined by enzymatic 

colorimetric tests (autoanalyzer BS200 model, 

Mindray Bio-Medical Electronics Co., Ltda. 

Shenzhen, China). Ultra-sensitive CRP was assessed 

by the immunoturbidimetric method, using the same 

biochemical analyzer. LDL cholesterol was estimated 

using Friedewald equation (24).

NEFA were determined by the enzymatic 

colorimetric method described in the kit Wako® 

NEFAC (Neuss, Germany). Insulin concentration 

was measured by the electrochemiluminescence 

immunoassay (ECLIA) using the Immulite 2000 

(DPC®) device. High molecular weight adiponectin was 

evaluated using ELISA kit (EZHMWA-64K, Millipore, 

Missouri, USES). Fibrinogen analysis was based on 

Clauss automated method (Fibriquik, brand Organon 

Teknika). Insulin resistance (IR) was assessed using the 

HOMA-IR index (Homeostasis Model Assessment-

Insulin Resistance) (25).

Quantitative RT-PCR

Infl ammatory markers were assessed at baseline and 

at the end of the intervention. Analyses of IL-6 and 

TNF- were conducted through real-time polymerase 

chain reaction technique (RT-PCR). Briefl y, total RNA 

(ribonucleic acid) was isolated from buffy coat using 

TRIZOL reagent (Invitrogen, Paisley, Renfrewshire, 

UK). High-Capacity cDNA Reverse Transcription Kit 

(Applied Biosystems, Foster City, California, USA) 

was used for reverse transcription. Real-time detection 

of target gene complementary DNA amplifi cation was 

performed using TaqMan Gene Expression Assays 
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(Applied Biosystems, Foster City, California, USA) for 

IL-6 (Hs.654458) and TNF- (Hs.241570). RN18S1 

(Hs.03928985_g1) was used as an endogenous 

reference gene to calculate comparative/delta cycle 

threshold (DCt) values for IL-6 complementary DNA 

and TNF- complementary DNA amplifi cation. The 

DCt values of target gene amplifi cation were compared 

with those of an in-house calibrator sample for relative 

values of gene expression.

Statistical analysis

Statistical analysis was performed using SPSS software 

(version 18.0, SPSS Inc., Chicago, IL). The Shapiro-Wilk 

test (1% signifi cance) was used to evaluate the normality of 

data distribution. Student’s t-test or the Mann-Whitney 

U test was used for between groups comparisons, while 

for paired t-test or Wilcoxon rank sum test was used 

for within groups comparisons (at baseline and after 

intervention). Data are presented as mean ± standard 

deviation (SD) or median (minimum/maximum). The 

criterion for statistical signifi cance was P < 0.05.

RESULTS

Twenty patients with type 2 diabetes (10 men and 10 

women), aged 42.4 ± 5.1 years old (38 to 49 years 

old), and mean BMI 29.2 ± 4.8 kg.m-2 (22.5 to 37.5 

kg.m-2) participated in the study. The subjects’ baseline 

sociodemographic and clinical characteristics are 

presented in Table 2.

Table 2. Baseline sociodemographic and clinical1 characteristics 

presented by the subjects2

Characteristic
HGI diet

(n = 10)

LGI diet

(n = 10)
P value*

Age (years) 41.1 ± 3.2 44.3 ± 4.8 0.665

Males (%) 5 (50%) 5 (50%) ---

Educational level (years) 8.7 ± 2.5 8.3 ± 2.8 0.723

Disease duration (years) 4.9 ± 1.6 4.8 ± 1.5 0.821

Metformin dosage (mg/day) 655 + 194.2 640 + 171.5 0.671

HGI: high glycemic index; LGI: low glycemic index.
1 Other clinical characteristics are presented in Table 3. 2 Values expressed as mean ± SD or n (%).

* No statistical difference between groups (student’s t test).

The subjects conducted light to moderate physical 

activity and consumed diets presenting similar 

macronutrients and dietary fi ber contents (50-60% 

carbohydrate, 15-20% protein, 20-35% fat, and 20-25 

g fi ber). The diet consumed differed only in term of 

GI and GL (Table 3). Macronutrient intake was not 

affected during the study (Table 3). 

There were no differences in anthropometric 

measures, body composition and biochemical 

parameters between the HGI and LGI groups at 

baseline. Body fat reduced in the LGI group compared 

with baseline (P = 0.043) and the HGI group (P = 

0.036). LGI group body fat reduced by 1.8% and in 

the HGI group by 0.4% (Table 3).

All subjects presented ultra-sensitive CRP 

concentrations below 10 mg/dL, indicating absence of 

infection (26). Serum NEFA concentration increased 

in the HGI group compared to the LGI group after 

the intervention (P = 0.032). Serum fructosamine 

concentration (P = 0.031) and TNF- mRNA 

expression (P = 0.05) increased in the HGI group at 

the end of the study. The other biochemical parameters 

remained unchanged during the study (Table 3, Figure 3).

1.6

1.4

1.2

1

0.8

0.6

0.4

0.2

0

TNF- IL-6

HGI

LGI

HGI: high glycemic index diet; LGI: low glycemic index diet; TNF-: tumor necrosis 

factor-alpha; IL-6: interleukin-6; a.u.: arbitrary units.

* TNF- mRNA expression increased in the HGI group after intervention (P = 0.05, 

Wilcoxon test). There is not a signifi cant difference between the changes in TNF- and 

Il-6 expression between the groups.

Figure 3. Mean delta ± SD (fi nal – initial values) infl ammatory markers 

expression according to experimental group (n = 10). 
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DISCUSSION

Consumption of a low GI diet for 30 consecutive days 

led to greater body fat reduction (1.8%) compared 

to high GI diet (0.4%). This reduction is desirable, 

especially among patients with type 2 diabetes, since 

body fat is positively correlated with cardiovascular 

disease risk (27). Bouché and cols. (28) also verifi ed a 

reduction of ~700 g in total fat mass in 11 healthy men 

after fi ve weeks of LGI. Similar results were observed 

by Costa and Alfenas (6) in 17 glucose intolerant 

and excessive body weight subjects in response to 30 

consecutive days of LGI hypocaloric diet. In that study, 

WC decreased after the low GI session (6).

*
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Table 3. Body composition, anthropometry and biochemical outcomes presented by the subjects at baseline and after 30 days of intervention    

Outcomes
HGI diet (n = 10)

P-value2
LGI diet (n = 10)

P-value3 P-value4 P-value5

Baseline 30 days Baseline 30 days

Body composition and anthropometry1

Body fat (%) 30.1 ± 5.6 29.7 ± 4.3 0.18 33.1 ± 4.9 31.3 ± 4.7 0.043* 0.22 0.036†

BMI (kg.m-2) 28.6 (25.4/37.5) 28.2 (25.5/36.8) 0.79 28.8 (22.5/33.9) 28.5 (22.5/34.6) 0.83 0.86 0.91

WC (cm) 101 ± 8.7 101 ± 13.4 0.85 99 ± 7.5 98.7 ± 8.5 0.84 0.85 0.61

WHR 0.98 (0.85/1.04) 0.95 (0.86/1.02) 0.89 0.98 (0.86/1.07) 0.97 (0.86/1.04) 0.78 0.97 0.72

Biochemical parameters1

Fasting glycemia (mg/dL) 147.8 ± 10.7 157.8 ± 10.4 0.20 148.9 ± 8.2 150.8 ± 8.7 0.36 0.43 0.43

Fructosamine (mmol/L) 1.90 ± 0.05 2.21 ± 0.08 0.031* 1.93 ± 0.04 1.96 ± 0.03 0.23 0.13 0.09

Total cholesterol (mg/dL) 210.1 (180/273.5) 211 (172/284) 0.54 200.4 (123/248.1) 214.1 (145/288.5) 0.15 0.10 0.38

HDL cholesterol (mg/dL) 43 (30/59) 40 (30/54) 0.67 38 (27.6/45.2) 41 (24.5/47) 0.34 0.27 0.76

Triglycerides (mg/dL) 180.2 (88.7/287) 175.3 (132/311.2) 0.09 195 (68/372) 205.1 (63/384.1) 0.09 0.14 0.08

NEFA (mmol/L) 1.0 (0.5/1.5) 1.6 (0.6/1.5) 0.10 1.0  (0.4/1.2) 0.8 (0.6/5.0) 0.22 0.93 0.032§

HOMA-IR 4.8 (1.4/10.4) 4.7 (2.1/7.7) 0.87 4.2 (1.2/8.7) 4.3 (1.9/6.2) 0.76 0.34 0.57

Adiponectin (ng/mL) 30.9 (29.8/31.4) 30.8 (30.2/31.6) 0.90 30.1 (29.4/31.3) 30.5 (26.7/93) 0.81 0.78 0.74

Fibrinogen (mg/dL) 289.7 (213.5/333.9) 294.6 (193.6/413.4) 0.35 255.1 (118.5/395.2) 261.3 (141/374.7) 0.48 0.26 0.16

CRP (mg/L) 2.6 (0.8/7.3) 2.8 (0.6/6.13) 0.87 2.7 (0.5/5.5) 2.5 (0.1/6.9) 0.73 0.84 0.44

Food intake1

GI 66 ± 4 72 ± 3 0.007* 63 ± 6 54 ± 4 0.005* 0.86 0.001†

GL 36.2 ± 10.1 39.3 ± 12.4 0.08 38.6 ± 11.1 32.5 ± 10.6 0.031* 0.75 0.025†

Dietary fi ber (g) 18.5 ± 5.4 20.6 ± 6.1 0.92 19.6 ± 7.6 21.4 ± 7.2 0.08 0.43 0.53

Carbohydrate (%) 53.5 ± 8.4 57.9 ± 7.7 0.07 59.8 ± 9.3 57.0 ± 8.1 0.33 0.15 0.54

Protein (%) 13.2 ± 1.6 15 ± 2.7 0.09 14 ± 2.0 15.8 ± 2.7 0.67 0.81 0.91

Fat (%) 30.4 + 3.9 34.9 ± 5.9 0.25 31.9 ± 5 34.3 ± 5.2 0.12 0.58 0.83

Energy (kcal/d) 2432.1 ± 581.4 2012.9 ± 591.4 0.08 2217.7 ± 602.4 1997.7 ± 596.2 0.11 0.73 0.85

HGI: high glycemic index; LGI: low glycemic index; BMI: body mass index; WC: waist circumference; WHR: waist-hip ratio; NEFA: non-esterifi ed free fatty acids; CRP: ultra-sensitive C reactive protein; 

HOMA-IR: Homeostasis Model Assessment – Insulin Resistance; GI: glycemic index; GL: glycemic load. 1 Values expressed as mean ± SD or median (minimum/maximum). 2 Comparisons between 

baseline and 30 days after HGI diet. 3 Comparisons between baseline and 30 days after LGI diet. 4 Comparisons between baseline values (HGI x LGI diet). 5 Comparisons between fi nal values (HGI x 

LGI diet). * P < 0.05 (t-paired test). † P < 0.05 (t test). § P < 0.05 (Mann Whitney test).

Wee and cols. (29) showed that the consumption of 

low GI diets favors fat instead of carbohydrate oxidation, 

leading to body fat reduction. Further, Bouché and 

cols. (28) observed a reduction on abdominal tissue 

hormone sensitive lipase (HSL) and on subcutaneous 

tissue lipoprotein lipase (LPL) gene expression after 

the consumption of low GI diets. Thus, these authors 

concluded that the decrease in body fat was not due to 

increased lipolysis mediated by the HSL, but instead to 

less fat deposition in the adipose tissue mediated by the 

LPL (28).

Human LPL promotes plasma triglycerides 

hydrolysis, increasing circulating NEFA concentrations 

and its uptake by the adipose tissue. The consumption of 

high GI diets decreases insulin sensitivity and increases 

LPL action, since insulinemia is positively correlated 

with the levels of this enzyme (30). Consequently, 

although LPL levels were not measured in our study, 

LPL may have contributed to the increased NEFA 

concentrations in the HGI group and also to reduce 

body fat in the LGI group. However, this is only a 

hypothesized mechanism to try to explain the effects 

observed in our study.

We verifi ed that HGI diet increased NEFA’s 

concentrations after the intervention compared to 

baseline. High concentrations of NEFA appear to 

inhibit the activity of phosphofructokinase and lead 

to glucose-6-phosphate accumulation inside the 

muscle cells, inhibiting cellular glucose uptake (31). 

The fi nal effect of high serum NEFA concentrations 

is increased insulin secretion and its reduced action in 

peripheral tissues, causing beta cells depletion and IR 

(32). So, the increased serum NEFA and fructosamine 

concentrations after the intervention may indicate 

worse glycemic control in the HGI group subjects.

Opperman and cols. (33) assessed the effect of 

consuming diets differing in GI in a randomized 

clinical trials meta-analysis. The consumption of 
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low GI diets led to a reduction of fructosamine 

concentrations compared to high GI diets (33). In our 

study, although the consumption of the high GI diet 

increased fructosamine concentrations, the opposite 

effect did not occur in response to the low GI diet. It 

is possible that the duration of the present study was 

not long enough to cause that reduction. Robert and 

Ismail (34) observed that the GI was useful to evaluate 

the glycemic response in patients with type 2 diabetes 

to individual high-carbohydrate foods and to mixed 

meals (n = 10). However, it must be highlighted that 

many factors can affect the GI value of foods, such as 

climate, soil, preparation, cooking time, temperature 

and acidity (12,13). Therefore, the values obtained in 

the laboratory under controlled conditions may not be 

refl ected when these same foods are consumed in free 

living conditions. However, the consumption of two 

HGI or LGI meals associated with the instruction to 

preferentially consume foods presenting the same GI of 

each subject’s study group was suffi cient to ensure that 

diets consumed during our study differed in GI. We 

also verifi ed elevated TNF- mRNA expression in the 

HGI group. TNF- action may dramatically increase 

IR and affect glycemic control. TNF- production is 

usually increased in obese subjects and its production 

by adipose tissue is one of the causes of IR (35). This 

cytokine plays an important regulatory role on adipose 

tissue fat accumulation (36). TNF- inhibits LPL 

action and induces HSL increase, stimulating lipolysis 

in the adipocytes (36), and consequently increasing 

circulating NEFA concentrations, as observed in our 

study. Moreover, TNF- reduces glucose transporters 

GLUT 1 and 4 expressions, contributing to IR (35).

Frost and cols. (7) assessed the effect of the GI 

on insulin sensitivity and TNF- production in 

women with a high risk of heart disease. Twenty-eight 

premenopausal women participated in the study and 

randomly consumed, for three weeks, isocaloric high 

or low GI diets presenting similar macronutrients and 

dietary fi ber contents. At the end of the study, there 

was an increase in insulin sensitivity in response to the 

consumption of the low GI diet. Adipocyte TNF- 

production was higher among people with a family 

history of cardiovascular disease, but was not affected 

by GI. However, the GI of the consumed diets was 

estimated based on food records completed only in 

the last week of the study, which may not refl ect the 

diet consumed during the study. In that study, the 

GI was estimated considering the values presented in 

international tables of GI, instead of being determined 

in the laboratory, as we did in our study. Consequently, 

there is no guarantee that the GI values assigned to 

the test diets were accurate. The GI can be affected 

by factors such as fruit ripeness, food processing and 

interactions between nutrients of a mixed meal (37). It 

has been verifi ed that mixed meals’ GI estimation based 

on such types of tables may not predict the GI directly 

measured in the laboratory (38).

The small sample size of our study limited the 

statistical power to conduct a multivariate statistical 

analysis. However, the randomization process was 

carefully conducted by us. Because of that, the 

intervention groups (HGI and LGI) presented similar 

baseline body composition, besides clinical, biochemical, 

and anthropometric data. The wide variance in BMI 

could also be considered another limitation of our 

study. Although there was a wide variance in the BMI 

of our subjects, the baseline values presented by groups 

was not statistically different. That is, the wide range of 

variation occurred in both groups. We also emphasize 

that high body fat percentage (up to 16% for men and 

24% for women) instead of BMI was considered as a 

criterion for inclusion in the study. 

In conclusion, while the consumption of a high 

GI diet for 30 consecutive days caused an increase 

in fructosamine, NEFA and TNF- concentrations, 

consuming a low GI diet caused a signifi cant reduction 

of approximately 2% in body fat among overweight 

patients with type 2 diabetes. These results suggest 

that the consumption of low GI diets can help reduce 

body fat and prevent the harmful infl ammatory and 

metabolic changes induced by high GI diets.

Disclosure: no potential confl ict of interest relevant to this article 

was reported.
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 Does insulin resistance increase 
thyroid volume in patients with 
polycystic ovary syndrome? 

Murat Sahin1, Didem Demircioglu2, Ayten Oguz1, 

Dilek Tuzun1, Mehmet Akif Sarica3, Elif Inanc2, Kamile Gul1

ABSTRACT

Objective: To investigate the effect of gonadotropin, sex hormone levels and insulin resistance (IR) 
on thyroid functions and thyroid volume (TV) in polycystic ovary syndrome (PCOS). Subjects and 
methods: Sixty nine new diagnosed PCOS patients (age 24.82 ± 6.17) and 56 healthy control female 
(age 26.69 ± 5.25) were involved to the study. Fasting plasma glucose, lipid profi le, insulin, thyroid 
stimulating hormone (TSH), free thyroxine (fT4), estradiol (E2), luteinizing hormone (LH), follicle 
stimulating hormone levels and urine iodine were measured in all participants. Thyroid and pelvic 
ultrasound were performed in all participants. Results: Insulin, HOMA-IR, LH, E2 and TV were higher 
in PCOS group (p < 0.05). TV was signifi cantly higher in PCOS patients with IR compared to non-IR 
PCOS patients (p < 0.001), while TSH, fT4, and urine iodine levels were similar between these groups 
(p > 0.05). There was a negative correlation between E2 and TSH (p < 0.05) and a positive correlation 
between TSH and TV (p < 0.05). There was a signifi cant positive correlation between TV and LH, 
insulin, HOMA-IR (p < 0.05). Conclusion: This study showed that TV was increased in patients with 
insulin resistance but differences in TSH and LH levels may affect TV changes as well. Arch Endocrinol 

Metab. 2017;61(2):145-51.
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INTRODUCTION

P olycystic ovary syndrome (PCOS) is a common 

endocrine disorder that affects 5-10% of 

women reproductive age. It is characterized 

by hyperandrogenism, menstrual irregularity, 

anovulation, infertility, obesity, early atherosclerosis, 

and increased cardiovascular risk (1). Recent studies 

have shown an association between PCOS and thyroid 

dysfunction, including thyroid volume (TV) changes 

(2). However, the mechanism of this association 

remains unclear. In patients with PCOS, central 

gonadotropin release is changed in pulse frequency 

and the pulse amplitude of luteinizing hormone (LH) 

is increased. Increased LH levels are detected in 50% 

of PCOS patients, but follicle-stimulating hormone 

(FSH) levels are normal or below normal (1). Thyroid 

stimulating hormone (TSH), FSH, and LH are 

accepted as human chorionic gonadotropin (HCG)-

like hormones. TSH, FSH, and LH are glycoprotein 

hormones; they have similar alpha subunits but 

different beta subunits. Endogenous TSH increases 

TV (3). It has been shown that both HCG and LH 

have thyrotropic effects as well (4,5). So, theoretically, 

FSH and LH changes in PCOS may affect TV. It is 

known that, hormones as FSH, LH and oestrogen 

have effects on the pathogenesis of thyroid diseases 

in women. The difference in thyroid disease incidence 

between genders may support this effect (6). 

Insulin resistance (IR) is one of the characteristic 

fi ndings in patients with PCOS. Recently, many studies 

have reported an association between IR and TV, nodule 

frequency, and thyroid nodule volume (6-8). Moreover, 

metformin decreased thyroid nodule volume among 

patients with IR (9). So, the primary objective of this 

study was to investigate the effect of gonadotropin, 

sex hormone levels and insulin resistance on thyroid 

functions and thyroid volume in 69 new diagnosed 
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polycystic ovary syndrome patients and 56 healthy 

controls female.

SUBJECTS AND METHODS 

This prospective study was conducted between June 

2014 and September 2015 in the Department of 

Endocrinology and Metabolism. It was approved by the 

local ethical committee (Date: 23.06.2014; Decision 

Number: 2014/09-08) and written informed consent 

was obtained from all subjects. 

Subjects and study protocol

Seventy-four patients who were newly diagnosed with 

PCOS (PCOS group), and 56 healthy females (control 

group), were included in the study. In the PCOS group, 

fi ve patients were ruled out due to follow-up failure, so 

the group proceeded with 69 patients. 

For the diagnosis of PCOS, the 2003 Rotterdam 

criteria were used (10). Being positive for at least two 

of three criteria (1-oligo and/or anovulation; 2-clinical 

and/or biochemical hyperandrogenism; and 3-PCOS 

fi ndings on ultrasound) was accepted as a diagnosis 

of PCOS, after other possible causes were excluded. 

All PCOS patients were examined for fi ndings of 

hyperandrogenism, such as hirsutism, androgenic 

alopecia, acne, and virilism. Hirsutism was evaluated 

with the modifi ed Ferriman-Gallwey score (FGS) 

and a score ≥ eight was accepted as hirsutism (11). 

Androgenic alopecia was evaluated with the Ludwig 

score (stage I, II, and III) (12). 

Blood pressure was measured in all patients in the 

right arm after resting in a seated position for fi ve 

minutes. Height, weight, and body mass index (BMI) 

values were recorded for all participants. Body mass 

index was measured as weight/height² (kg/m²). Body 

mass index levels were classifi ed as follows: 18.5-24.9 

kg/m² = normal; 25-29.9 kg/m² = overweight; and ≥ 

30 kg/m² = obese. 

Exclusion criteria

The following criteria were used to exclude patients 

from the study: use of drugs containing steroids and/

or sex hormones; drugs associated with hirsutism; 

congenital adrenal hyperplasia or increased 17-alpha-

hydroxyprogesterone levels; Cushing syndrome or 

increased cortisol levels; obesity; prediabetes or diabetes; 

thyroid disease or thyroid hormone dysfunction; severe 

iodine defi ciency (urine iodine levels < 20 μg/L); and 

smoking. 

Control group participants were selected from 

patients with regular menstrual cycles, normal androgen 

levels, and normal hirsutism scores that presented to 

the endocrinology polyclinic.

Fasting plasma glucose (FPG), lipid profi le 

[triglycerides (TG), low density lipoprotein (LDL), 

and high density lipoprotein (HDL)], insulin, TSH, 

free triiodothyronine (fT3), free thyroxin (fT4), anti-

thyroglobulin (anti-Tg), anti-thyroid peroxidase 

(anti-TPO), FSH, LH, estradiol (E2), progesterone, 

prolactin, cortisol, total testosterone (TT), 

dehydroepiandrosterone sulfate (DHEAS) and urinary 

iodine (fi rst morning urine) levels were evaluated in 

both the PCOS and control groups. Thyroid and pelvic 

ultrasounds were performed in all participants to assess 

thyroid nodules, TV, polycystic ovaries, and ovarian 

volume. 

Biochemical analyses

Blood samples were obtained in 5th day of the menstrual 

cycle in patients with oligomenorrhea but in patients 

with amenorrhea blood samples were obtained any 

day after 8-10 hours of fasting. Blood samples were 

obtained in sitting position at 8.30 morning from all 

participants. Normal reference values were as follow; 

TG (0-150 mg/dL), HDL (26-86 mg/dL), LDL (0-

130 mg/dL), TSH (0.4-4.2 uIU/mL), fT3 (1.8-5.2 

ng/mL), fT4 (0.8-2.7 ng/dL), thyroglobulin (1.6-

59.9 ng/mL), anti-TPO (0-59.9 IU/mL), anti-TG 

(0-58.5 IU/mL), FSH (1.42-15.4 mIU/mL), LH 

(1.24-7.8 mIU/mL), TT (15-60 ng/dL), prolactin (3-

14.7 ng/mL), E2 (0-750 pg/mL), progesterone (0.2-

728.2 nmol/L), DHEAS (35-560 ug/dL), cortisol 

(5-23 μg/dL) and insulin (6-27 uIU/mL). For urine 

iodine levels; < 20 μg/L severe iodine defi ciency, 20-

49 μg/L moderate iodine defi ciency, 50-99 μg/L 

mild iodine defi ciency, 100-199 μg/L normal iodine 

level, 200-299 μg/L increased iodine levels, > 300 

μg/L markedly increased iodine levels (13). For urine 

iodine measurement colorimetric and sandell-kolthoff 

reaction methods that approved by World Health 

Organisation (WHO) and International Council for 

Control of Iodine Defi ciency Disorders (ICCIDD) 

were used (14).

Hormone analyses were carried out using 

chemiluminescence enzyme immunoassay (Immulite 

2000, Diagnostic Products Corporation, Los Angeles, 
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CA, USA, or UniCelDxI 800, Beckman Coulter CA, 

USA) commercial kits. Glucose levels were measured 

with glucose oxidase method. Lipid parameters were 

measured with cholesterol esterase enzymatic assays 

and Roche T800 Modular analyser (Roche Diagnostic, 

Turkeys). 

OGTT with 75 g glucose were performed in all 

patients even in normal FPG. After 8-10 hours fasting, 

fasting glucose and 2nd hour glucose after 75 g glucose 

were measured. Plasma glucose levels were evaluated 

according to American Diabetes Association 2013 

criteria (15). GDM was diagnosed when any one 

measurements were higher than normal limits.

Insulin resistance was measured with Homeostatic 

Model Assessment index (HOMA) [(fasting insulin 

level [μU/mL] x FPG [mg/dL])/405] and > 2.5 

values accepted as IR (16). 

1 mg overnight dexamethasone suppression test was 

performed to all participants to exclude the cushing 

syndrome and ≤ 1.8 levels was defi ned as suppressed. 

Pelvic ultrasonography

Ovarian volumes of the patients were evaluated at 

the day of the blood sampling. Ovarian volumes were 

evaluated transabdominally with same radiologist and 

same ultrasound device (Toshiba Medical Systems 

Corporation, Otawara, Japan) Aplio 400 ultrasound 

device with 3.5-5.0 Mhz convex probe. Cyst count 

and dimension were noted. Ellipsoid formula was 

used to measure the ovary volume (π/6 x transverse 

diameter x anteroposterior diameter x superoinferior 

diameter). Ovarian volume under 10 mL was accepted 

as normal and over 10 mL was accepted as increased 

over volume. 

Thyroid ultrasonography

Thyroid ultrasonography was performed to all 

participants and nodule, parenchymal heterogeneity 

were noted. Grey scale measurements were measured 

with same endocrinologist and with same device (Logic 

5 Doppler system, General electric medical systems, 

Milwaukee, WI, USA 12 Mhz lineer transduser). 

Thyroid ultrasonography was performed to participants 

when they are in supine position, 3 dimensions of the 

thyroid gland were screened and length, thickness and 

width of each lobe were measured. The volume of each 

lob was measured with this formula (17); volume (mL) 

= π/6 × width × thickness × length. 

Statistical analysis

The SPSS for Windows (ver. 11.0.; Chicago, IL, USA) 

was used for statistical analysis. The Shapiro–Wilk 

test was performed to test for a normal distribution. 

The Independent Simple T-test was used to compare 

dependent variables that were in accordance with a 

normal distribution, and the variables were expressed 

as the mean ± standard deviation. Direct relationship 

between variations was evaluated with pearson 

correlation test. P < 0.05 was defi ned as statistically 

signifi cant. Direct regression analyze with stepwise 

method was used to show the effects of insulin, LH and 

TSH on TV.

RESULTS

Sixty-nine female who were newly diagnosed with 

PCOS (age, 24,82 ± 6,17) and 56 healthy female (age, 

26,69 ± 5,25) were involved to study. 

The demographic and clinic characteristics and 

radiological parameters of the patients with PCOS 

and controls are presented in Table 1. There was 

no signifi cant difference for age, BMI and blood 

pressure (p > 0.05). FGS and mean ovary volume 

were signifi cantly higher in PCOS group compared 

to control group (p < 0.001 and p < 0.001, 

respectively).

Table 1. The demographic and clini c characteristics and radiological 

parameters of the PCOS patients and controls

Parameters
PCOS group

n = 69

Control group

n = 56
p

Age (year) 24.82 ± 6.17 26.69 ± 5.25 0.075

BMI (kg/m2) 21.86 ± 2.08 21.48 ± 2.16 0.325

Sistolic blood 

pressure (mmHg)

106.59 ± 10.42 107.69 ± 11.66 0.578

Diastolic blood 

pressure (mmHg)

66.95 ± 7.96 67.41± 7.97 0.752

Complaint (n/%)

Hirsutism

Oligo/amenore

Acne

Alopecia

51/73.9

14/20.3

2/2.9

2/2.9

- -

FGS 11.01 ± 2.74 2.92 ± 2.12 0.000

Ultrasonography 

PCO image (n/%) 48/69.56 - -

Mean ovary 

volume (mL)

10.95 ± 5.45 6.87 ± 1.27 0.000

PCOS: polycystic ovary syndrome; BMI: body mass index; FGS: Ferriman-Gallwey score; 

PCO: polycystic ovary.
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Changes in the metabolic and hormonal parameters 

between PCOS and control group are presented in 

Table 2. Insulin, HOMA-IR, LH, E2, prolactin, DHEAS 

and TT levels were signifi cantly higher in PCOS group 

(p < 0.001, p < 0.001, p < 0.001, p = 0.038, p = 0.012, 

p = 0.001 and p < 0.001, respectively). 

There was no signifi cant difference for mean TSH, 

fT4, thyroglobulin, urinary iodine, prevalence of nodule 

and thyroid antibody (p > 0.05). Thyroid volume was 

signifi cantly higher in PCOS group (p = 0.033) (Table 3).

Table 2. Changes in the metabolic and hormonal parameters between 

PCOS and control group

Parameters
PCOS group

n = 69

Control group

n = 56
p

Glucose (mg/dL) 80.76 ± 8.62 80.62 ± 8.59 0.927

Glucose
2
 (OGTT) 86.49 ± 17.70 87.69 ± 20.27 0.724

LDL (mg/dL) 89.78 ± 25.27 92.15 ± 20.28 0.09

HDL (mg/dL) 53.32 ± 10.13 56.03 ± 10.56 0.146

TG (mg/dL) 81.98 ± 43.32 90.51 ± 41.75 0.268

Insulin (uIU/mL) 11.29 ± 6.93 6.28 ± 3.44 0.000

HOMA-IR 2.29 ± 1.52 1.24 ± 0.69 0.000

LH (mIU/mL) 12.92 ± 9.16 5.50 ± 2.92 0.000

FSH (mIU/mL) 5.80 ± 3.15 6.62 ± 2.04 0.096

E2 (pg/mL) 79.07 ± 60.34 59.58 ± 38.13 0.038

Progesterone (nmol/L) 1.50 ± 1.71 1.00 ± 1.05 0.059

DHEAS (ug/dL) 265.30 ± 118.25 197.81 ± 93.95 0.001

TT (ng/dL) 50.01 ± 25.28 33.60 ± 13.34 0.000

Prolactin (ng/mL) 16.64 ± 9.69 12.94 ± 5.28 0.012

Cortisol (mcg/dL) 14.16 ± 5.63 14.68 ± 5.69 0.611

Cortisol (1 mg DST) 0.65 ± 0.28 0.77 ± 0.35 0.058

PCOS: polycystic ovary syndrome; OGTT: oral glucose tolerance test; LDL: low density lipoprotein; 

HDL: high density lipoprotein; TG: triglycerides; HOMA-IR: homeostasis model assessment-insulin 

resistance; LH: luteinizing hormone; FSH: follicle-stimulating hormone; E2: estradiol; DHEAS: 

dehydroepiandrosterone sulfate; TT: total testosterone; DST: dexamethasone suppression test. 

Table 3. Changes in the thyroid spesifi c characteristics between PCOS 

and control group

Parameters
PCOS group

n = 69

Control group

n = 56
p

TSH (uIU/mL) 2.49 ± 1.00 2.29 ± 1.03 0.296

fT4 (ng/dL) 1.11 ± 0.12 1.14 ± 0.13 0.09

Anti-TPO positivity (n/%) 6/ 8.7 7/12.5 0.343

Anti-TG positivity (n/%) 7/10.1 4/7.14 0.397

Thyroglobulin (ng/mL) 13.45 ± 9.58 10.94 ± 7.87 0.118

Urinary iodine (μg/L) 97.84 ± 38.30 91.83 ± 37.42 0.381

Thyroid nodule (n/%)

NG

MNG

7/10.1

8/11.6

6/10.71

3/5.35

0.446

0.371

Thyroid volume (mL) 12.68 ± 3.07 11.45 ± 3.27 0.033

PCOS: polycystic ovary syndrome; TSH: thyroid stimulating hormone; fT4: free thyroxin; anti-TPO: 

anti-thyroid peroxidase; anti-Tg: anti-thyroglobulin; NG: nodular goiter; MNG: multinodular goiter.

Table 4. Changes in the thyroid spesifi c characteristics between IR-PCOS 

and NIR-PCOS 

IR-PCOS 

n = 25

NIR-PCOS 

n = 44
p

TSH (uIU/mL) 2.69 ± 1.07 2.37 ± 0.96 0.213

fT4 (ng/dL) 1.10 ± 0.13 1.11 ± 0.12 0.631

Thyroglobulin (ng/mL) 11.37 ± 8.92 14.63 ± 9.84 0.177

Urinary iodine (μg/L) 94.96 ± 41.07 99.47 ± 37.03 0.641

Thyroid volume (mL) 14.43 ± 2.91 11.68 ± 2.72 0.000

IR-PCOS: insulin resistant polycystic ovary syndrome; NIR-PCOS: non-insulin resistant 

polycystic ovary syndrome; TSH: thyroid stimulating hormone; fT4: free thyroxin.

Patients with PCOS were divided, according to 

HOMA-IR, into 2 subgroups: non-insulin resistant 

(NIR-PCOS), and insulin resistant PCOS (IR-PCOS). 

Thyroid volume was statistically signifi cant higher in 

IR-PCOS group (p < 0.001). There was no signifi cant 

difference for TSH, fT4, thyroglobulin and urinary 

iodine (p > 0.05) (Table 4).

There was negative correlation between TSH 

levels and E2 (r = -0.261, p = 0.031), and a positive 

correlation with TSH and TV (r = 0.319, p = 0.008). 

There was no correlation between TSH and BMI, 

fT4, urinary iodine, FSH, LH, thyroglobulin, TT, 

E2, prolactin, glucose, insulin, HOMA-IR and ovary 

volume (p > 0.05). Additionally, there was a positive 

correlation between TV and LH, insulin and HOMA-

IR (r = 0.177, p = 0.048; r = 0.375, p = 0.001 and 

r = 0.361, p = 0.002, respectively), but there was no 

correlation between TV and BMI, fT4, urinary iodine, 

FSH, thyroglobulin, TT, E2, prolactin, glucose levels 

and ovary volume (p > 0.05). Direct regression analyze 

with stepwise method revealed that insulin, LH and 

TSH may explain the 88,5% of the change on TV and 

the model to assess the change was as follow; “TV = 

2.895 x TSH + 0.318 x insulin + 0.130 x LH”.

DISCUSSION

Thyroid disorders and PCOS are two of the most 

common endocrine disorders in the general population 

(18,19). Insulin resistance and gonadotropin axis 

changes are thought to contribute to the pathogenesis 

of PCOS (1), however, there is limited data about the 

effect of these changes on thyroid hormones and TV (2).

Thyroid diseases are seen more frequently in women, 

so in this regard, FSH, LH, and E2 are important to 

consider (19). The research about the effect of E2 on 
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TV is confl icting. It has been shown that increased 

E2 levels have mitogenic and proliferative effects on 

thyroid cells (20,21), but some studies have concluded 

that chronic estrogen treatment may decrease TV (22). 

There is a hyperestrogenic state in PCOS (23), but 

data about the effects of E2 levels on PCOS patients 

are contradictory. Cakir and cols. (24) reported that 

E2 levels were signifi cantly lower in PCOS patients and 

E2 levels were not associated with TV. In this study, 

E2 levels were signifi cantly higher when compared with 

the control group, and there was a signifi cant negative 

correlation between E2 and TSH, but no signifi cant 

correlation between E2 and TV. The lack of expected 

effects of E2 on TV may be due to the negative effect 

of E2 on TSH.   

TSH, FSH, and LH are glycoprotein hormones; 

they have similar alpha subunits but different beta 

subunits. Endogenous TSH increases TV (3,25,26). 

It has been shown that HCG increases TSH receptor 

expression, thyroid hormone secretion, iodine uptake, 

organifi cation, and DNA synthesis in both rat and 

human thyrocyte cultures (27,28). LH is more potent 

than HCG for binding TSH receptors and increasing 

adenylate cyclase (5,29). In PCOS patients, LH levels 

are higher than in controls, even in the follicular phase 

(30,31). Dewailly and cols. (32) reported serum LH 

and the LH/FSH ratio in patients with PCOS to be 

higher compared with the control group. Jamil and 

cols. (33) reported that LH levels were higher in the 

PCOS group. A positive association between LH and 

TV has been reported as well (24). In this study, LH 

levels were signifi cantly higher in the PCOS group, and 

there was a positive correlation between LH and TV. 

This suggests that changes in LH levels may lead to 

thyrotrophic effects and cause changes in TV. 

Thyroid volume is associated with hyperinsulinemia 

(34). Insulin receptor expression is increased in thyroid 

cells of diabetic rats (35). Furthermore, there is evidence 

showing that insulin increases thyroid proliferation 

(36). Therefore, high circulating insulin levels may 

increase thyroid proliferation and cause thyroid nodule 

formation and an increase in TV. Rezzonico and cols. 

(7) reported an association between thyroid nodularity 

and IR. However, the data about thyroid nodularity 

and TV in IR-PCOS patients is contradictory. Several 

studies have reported a positive association between 

IR, TV, and nodularity (2), but contrary results have 

also been reported (24,37). In the present study, both 

insulin levels and IR were higher in the PCOS group. 

TV was signifi cantly higher in IR-PCOS patients 

compared with NIR-PCOS patients. Moreover, a 

positive association between insulin levels and HOMA-

IR with TV was detected. This suggests that IR may 

be one of the causes of TV changes in PCOS patients. 

A positive association between TSH levels and IR in 

PCOS patients has been reported (2). However, Cakir 

and cols. (24) found no signifi cant difference in TV 

between IR-PCOS patients and NIR-PCOS patients. 

In this study, there was no signifi cant difference in TSH 

and fT4 levels between both the PCOS and the control 

group and in the NIR-PCOS and IR-PCOS groups. 

However, in the PCOS group, TV was signifi cantly 

higher than in the control group and there was a positive 

correlation between TSH and TV. Unlike other studies, 

in this study, the iodine status of the participants was 

evaluated and similar iodine status, both in the PCOS 

and control group (mild iodine defi ciency), was found. 

This may be the reason for similar TSH and fT4 levels 

between the control and PCOS patients. However, it 

may be proposed that TSH levels affect TV because of 

a signifi cant association between TSH and TV. 

 TV is infl uenced by urine iodine status, age, gender, 

height, weight, BMI, and body surface area (38). In 

this study, age, BMI, and iodine status were similar, so 

it is concluded that these factors did not affect TV in 

the study participants.

It has been shown that autoimmune thyroid diseases 

are more frequent in PCOS patients (39,40), but no 

difference in thyroid autoimmunity between PCOS 

patients and healthy controls was shown as well (41). 

Hyperestrogenism is thought to be responsible for more 

frequent autoimmune diseases in women compared 

to men (42). Janssen and cols. (40) demonstrated 

increased thyroid autoantibodies, TV and thyroid 

hypoechogenicity in PCOS patients. Garelli and cols. (43) 

reported that anti-TPO positivity was 27% in the PCOS 

group and 8% in the control group. But Anaforoglu and 

cols. (6) claim that PCOS alone is not associated with 

thyroid disease, metabolic syndrome components may 

be associated with thyroid autoimmunity. In this study, 

there was no signifi cant difference between groups 

according thyroid antibodies. This may be due to small 

number of patients with positive thyroid antibodies. 

This study demonstrates that TV is increased in 

PCOS patients and this change is especially due to 

hyperinsulinemia and IR since NRI-PCOS have the 

same TV as controls. This study also showed that TSH 

and LH levels may be independently responsible for 
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TV increases in PCOS patients. However further more 

detailed studies are needed to address this issue.

Funding: we have no direct or indirect commercial, fi nancial in-

centive associated with publishing this article.
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Evaluation of salivary oxidative 
parameters in overweight 
and obese young adults

Eduardo Ottobelli Chielle1, Jeferson Noslen Casarin1

ABSTRACT

Background: Obesity is characterized by a deposition of abnormal or excessive fat in adipose tissue, 
and is linked with a risk of damage to several metabolic and pathological processes associated 
with oxidative stress. To date, salivary oxidative biomarkers have been minimally explored in 
obese individuals. Thus, the aim of this study was to assess the concentrations of salivary oxidative 
biomarkers (ferric-reducing antioxidant power, uric acid, sulfhydryl groups) and lipid peroxidation in 
obese and overweight young subjects. Materials and methods: Levels of lipid peroxidation, ferric-
reducing antioxidant power, uric acid, and SH groups were determined in the saliva and serum of 149 
young adults, including 54 normal weight, 27 overweight, and 68 obese individuals. Anthropometric 
measurements were also evaluated. Results: Salivary levels of ferric-reducing antioxidant power, 
sulfhydryl groups, and lipid peroxidation, as well as serum levels of ferric-reducing antioxidant 
power, uric acid, and lipid peroxidation were higher in obese patients when compared with individuals 
with normal weight. There were correlations between salivary and serum ferric-reducing antioxidant 
power and salivary and serum uric acid in the obese and normal-weight groups. Conclusions: Our 
results indicate that the increase in salivary levels of ferric-reducing antioxidant power, sulfhydryl 
groups, and lipid peroxidation, and serum levels of ferric-reducing antioxidant power, uric acid, 
and lipid peroxidation could be related to the regulation of various processes in the adipose tissue. 
These fi ndings may hold promise in identifying new oxidative markers to assist in diagnosing and 
monitoring overweight and obese patients. Arch Endocrinol Metab. 2017;61(2):152-9.
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INTRODUCTION

R eactive oxygen species (ROS) and reactive 

nitrogen species (RNS) play an important role in 

cell signaling and metabolic pathways in physiological 

conditions. On the other hand, decreased antioxidant 

levels and/or increased production of reactive 

metabolites may disrupt homeostatic processes and 

lead to oxidative damage (1,2). Oxidative/nitrosative 

stress may have a serious impact on cell viability and 

induce cellular responses leading to cell death (3). Many 

studies have shown a connection between oxidative 

molecular damage and pathophysiological mechanisms 

associated with severe diseases such as atherosclerosis 

(4), neurodegenerative disorders (5), and diabetes, 

and an important role in the etiopathogenesis of 

infl ammatory diseases (6). There is also a relationship 

between oxidative stress and aging processes (7).

Obesity is associated with an increase in oxidative 

stress, defi ned as an increased load of free radicals 

comprised of ROS and RNS generated during cellular 

metabolism (8). These free radicals are chemically 

reactive molecules that may damage cellular proteins, 

membranes, and DNA. The increase in oxidative 

stress is considered to be involved in the pathogenesis 

of insulin resistance and type 2 diabetes (T2DM) 

associated with obesity (9,10). Data from studies 

with cell culture systems have shown that products of 

oxidative stress impair insulin-mediated translocation 

of GLUT4 in myotubes and adipocytes and suppress 

the transcription of the insulin gene in  cells and 

adiponectin in adipocytes (11,12).

On the other hand, most cells have an adequate 

protective system to circumvent harmful oxidative 

events. This system is composed of antioxidant enzymes 

(superoxide dismutase, catalase, and many other 

peroxidases) and nonenzymatic antioxidants, including 

the glutathione (SH groups), uric acid, ascorbate, 

and ferric-reducing antioxidant power (FRAP) (13). 

Was observed a progressive increase TBARS levels 

in accordance with the increase in body weight and 

progressive decrease in SH groups and FRAP according 
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to body weight gain (14). The increased oxidative 

stress in vascular walls is involved in the pathogenesis of 

atherosclerosis, hypertension and induces damage to cell 

structures, including membranes, proteins, and ADN 

and this contributes to disorders cardiometabolic (15).

The major antioxidant capacity toward named 

oxidants is represented by numerous thiol groups (SH 

groups) in intracellular and extracellular compartments. 

At the same time, thiols are also the major targets for ROS 

and RNS. It is well known that the serum SH groups 

levels are modifi ed in many diseases, including obesity, 

indicating that SH groups content is a useful biochemical 

marker of “in vivo” oxido-reduction reactions (16). 

Membrane SH groups are liable to be modifi ed by 

different oxidants or alkylating agents, increasing their 

membrane permeability to different ions, such as Ca++, 

which can promote excitotoxicity, by RNS and ROS 

that lead to lipid peroxidation, increasing the levels of 

TBARS and decreased concentration of SH groups in 

membrane proteins (17). Thiol-containing molecules 

with SH bonds such as glutathione (GSH) suppress 

oxidative damage and involve the maintenance of the cell 

redox status. In healthy tissues, these antioxidants work 

in cooperative to maintain the pro oxidant–antioxidant 

balance and prevent tissue damage and disease (18).

The saliva also has antioxidant properties attributed to 

its composition of enzymatic (mostly peroxidase system) 

and nonenzymatic compounds (uric acid, glutathione, 

sialic acid), which may be determined in salivary samples 

(19,20). Sampling of human saliva is an attractive means 

to diagnose and monitor diseases since the saliva may be 

collected easily and noninvasively. Analysis of the saliva 

may also be benefi cial to predict the progression of future 

diseases (14,21,22). As a clinical tool, saliva has many 

advantages over serum, including ease of collection, 

storing, and shipping. Saliva is composed of organic and 

inorganic elements and represents an important fl uid in 

the oral cavity that has been used as a sample to diagnose 

and control the treatment of systemic diseases and 

disorders (23). Measurement of oxidative biomarkers in 

the saliva to examine numerous clinical conditions has 

increased over the last decade (24).

Thus, considering the fact that obesity is a chronic 

state that involves diverse pathways such as oxidative 

stress, infl ammation, and endothelial dysfunction, the 

aim of this study was to assess the salivary and serum 

levels of oxidative biomarkers in obese and overweight 

subjects and analyze the correlation between salivary 

and serum parameters.

MATERIALS AND METHODS

Study population

Participants were recruited from January to August 

2014 in São Miguel do Oeste located in south of Brazil. 

The protocol of the study was approved by the Ethics 

Committee of the University of West Santa Catarina 

(UNOESC, Nº 219.091) and all participants provided 

writ- ten informed consent. Experiments were performed 

in 149 subjects. A total of 54 normal weight subjects 

with gender-matched healthy volunteers served as a 

control group (32 females and 22 males). The subjects 

with increased weight were divided in two subgroups, 

matching for sex, age, and body mass index, and were 

enrolled as follows: 1) 27 overweight subjects (17 females 

and 10 males); 2) 68 obese young subjects (41 females 

and 27 males). The participants were non-smokers and 

were not using any medications, as shown in Table 1.

Anthropometric measurements

All measures were taken in the Anthropometry 

Laboratory at the University of West Santa Catarina, 

São Miguel do Oeste, SC (Table 1). Standing height (H, 

cm) was measured to the nearest 0.1 cm using a wall-

mounted stadiometer (Charder model HM-210D). 

Weight (W, kg) was measured to the nearest 0.1 kg using 

a calibrated electronic scale (Toledo model 2124). BMI 

was calculated as W/H2 (kg/m2). Waist circumference 

(WC), neck circumference (NC) and hip circumference 

(HC) was measured in centimeters with a fl exible tape 

to the nearest 0.1 cm. For AC the tape was applied 

above the iliac crest with the subject standing with the 

abdomen relaxed, arms at sides and feet together. NC 

for the participant remained in the same position and 

tape was placed on half of the neck on the hyoid bone. 

The percentages of fat and fat weight were determined 

by bioimpedance (Biodynamics Model 450). Systolic 

and diastolic pressure (SBP, DBP) was measured in the 

individual after being seated and resting for 10 minutes, 

with a digital apparatus and were expressed in mmHg. 

All measurements were taken on the left side of the body, 

according to standardized procedures by Weiner and 

Lourie (11). During the anthropometric measurements, 

all participants were barefoot and clothed appropriately.

Indices and classifi cations

According to the World Health Organization, 

underweight was defi ned as BMI < 18.5 kg/m2, 

normal weight as BMI 18.5–24.9 kg/m2, overweight 
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as BMI 25–29.9 kg/m2, and obesity as a BMI > 

30 kg/m2 (12), all without comorbidities. According 

to Gallagher and cols. (13) % fat ≥ 20% (males) and % 

fat ≥ 33% (females) are the cut-points adopted to defi ne 

over fatness, corresponding to overweight classifi cation 

using BMI in a population of young adults. According 

to the National Institute for Health and Clinical 

Excellence guidelines, WC ≥ 102 cm for men and ≥ 

88 cm for women are prerequisite risk factors for the 

diagnosis of the metabolic syndrome, as Waist-Hip 

Ratio (WHR) ≥  0.9 for males and ≥  0.8 females (25).

Saliva sampling

A well defi ned and standardized protocol was used for 

collection, storage, and processing of all the samples 

under the exactly same conditions. Unstimulated saliva 

samples were collected in the morning after fasting 

for at least 8 h. Brushing teeth, smoking, eating or 

drinking anything but water for at least 60 min prior to 

sampling were prohibited. For the collection of salivary 

samples, patients were asked to put and keep the cotton 

swab under tongue for Laboratory analyzes 3 min and 

then to place it back directly into the plastic container 

according to the manufacture’s instruction (Salivette 

tubes, Sarstedt, Nümbrecht, Germany). The collections 

were made in the laboratory under the guidance and 

supervision of researchers. Immediately after collecting 

the saliva samples were centrifuged for 10 min at 1100g, 

fractionated in eppendorf and were stored at –20ºC until 

analysis (19). Approximately 200 μL of thawed saliva 

samples was processed for enzymatic and biochemical 

tests. To avoid the effects of protein degradation, the 

samples that had been thawed were not reused.

Laboratory methods

Determination of Ferric-Reducing Antioxidant Power 

(FRAP): salivary and serun FRAP levels were measured 

according to Singh and cols., (20). Two hundred 

μL of prewarmed 37ºC FRAP reagent (1 volume of 

3 mol/L acetate buffer, pH 3.6 + 1 vol of 10 mmol/L 

2,4,6-tripyridyl-S-triazine in 40 mmol/L HCl + 1 vol 

of 20 mmol/L FeCl
3
) was mixed with 20 μL of saliva. 

Absorbance was read at 593 nm. Ferrous sulphate was 

used as standard and the concentration of FRAP was 

expressed in μmol/L. All other chemicals were obtained 

from Sigma Chemical Co. (St. Louis, MO, USA).

Determination of Thiobarbituric Acid Reactive 

Substances (TBARS): lipid peroxidation was estimated 

in plasma and salivary by measurement of thiobarbituric 

acid reactive substances (TBARS) according to the 

method of Lapenna and cols. (23), using 1% phosphoric 

acid and 0.6% thiobarbituric acid (TBA). The reaction 

product was measured spectrophotometrically at 

532  nm and the results were expressed in nmol 

TBARS/mL.

Determination of Protein thiol groups (SH groups): 

protein thiol groups were assayed in salivary and plasma 

by the method of Boyne and Ellman (24) which consist 

of the reduction of 5.5’-dithio(bis-nithrobenzoic) acid 

(DTNB) in pH 7.0, measured at 412 nm. The results 

were expressed in nmol P-SH/mL.

Statistical analysis

The data were analyzed using Statistica 6.0 software 

(StatSoft, Tulsa, OK, USA). Data are expressed as means 

± SD or median (interquartile ranges). The Kolmogorov-

Smirnov test was used to examine the distribution of 

variables. Comparisons of baseline data among the groups 

were performed using One-way ANOVA followed by 

Tukey’s test or Kruskal Wallis test followed by Dunn’s 

Multiple Comparison Test. Spearman or Pearson 

correlation coeffi cients were calculated to describe crude 

associations between variables (bivariate correlation) and 

the effect of potential confounding factors was tested in 

multivariate linear regression models. A p-value of < 0.05 

was considered statistically signifi cant.

RESULTS

The baseline characteristics of the study participants 

are described in Table 1. As expected, systolic blood 

pressure (SBP) and diastolic blood pressure (DBP), 

weight, body mass index (BMI), neck, hip and waist 

circumferences, body fat percentage, and body fat mass 

were higher in obese when compared with normal-

weight subjects (p < 0.0001). 

Levels of salivary FRAP and SH groups were 

signifi cantly elevated in the obese group when 

compared with the normal-weight group (p < 0.05 and 

p < 0.0001, respectively). There were no signifi cant 

differences in levels of salivary uric acid among the 

groups. The degree of lipid peroxidation, measured 

by levels of salivary TBARS, were signifi cantly higher 

in the obese group compared with the normal-weight 

group (p < 0.0001), as shown in Table 2.

Serum levels of FRAP, uric acid, and TBARS 

were signifi cantly elevated in the obese group when 
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compared with the normal-weight group (p < 0.05, 

p < 0.0001, and p < 0.05, respectively). In contrast, 

levels of SH groups were signifi cantly decreased in the 

obese group when compared with the normal-weight 

group (p < 0.0001), as shown in Table 3.

Correlation analyses were performed between 

antioxidant parameters and salivary and serum lipid 

peroxidation levels among the study groups. As shown 

Table 2. Concentration of salivary antioxidants and lipid peroxidation in the groups studied

Groups

Normal weight Overweight Obese

N 54 27 68

Uric acid (mg/dL) 1.7 (1.4 – 2.4) 1.8 (1.4 – 2.6) 1.9 (1.4 – 2.3)

 FRAP (mmol/L) 0.37 (0.29 – 0.46) 0.38 (0.35 – 0.48) 0.45 (0.35 – 0.59)a

 SH groups (nmol P-SH/mL) 15.1 ± 8.9 20.9 ± 8.7b 22.22 ± 8.8b

TBARS (mmol/L) 20.7 ± 7.2 23.4 ± 7.9 28.2 ± 11.6b

Data are expressed as means ± SD or median (interquartile ranges). Normality was assessed by Kolmogorov-Smirnov test. Data were processed for analysis, where One-way ANOVA followed by 

Tukey’s test, and Kruskal-Wallis test followed by Dunn’s Multiple Comparison Test.
a p < 0.05, b p < 0.0001 compared to normal weight group.

Table 3. Concentration of serum antioxidants and lipid peroxidation in the groups studied

Groups

Normal weight Overweight Obese

N 54 27 68

Uric acid (mg/dL) 3.8 ± 1.0 4.2 ± 1.0 4.7 ± 1.7b 

FRAP (mmol/L) 0.89 ± 0.20 0.98 ± 0.25 1.05 ± 0.22a

SH groups (nmol P-SH/mL) 143.6 ± 21.7 123.2 ± 25.1 105.4 ± 24.2bc

TBARS (mmol/L) 5.1 (4.6 – 6.5) 6.0 (5.0 – 7.4) 6.6 (5.4 – 8.3)a

Data are expressed as means ± SD or median (interquartile ranges). Normality was assessed by Kolmogorov-Smirnov test. Data were processed for analysis, where One-way ANOVA followed by 

Tukey’s test, and Kruskal-Wallis test followed by Dunn’s Multiple Comparison Test.
a p < 0.05, b p < 0.0001 compared to Normal Weight Group, c p < 0.0001 compared to Overweight Group.

Table 1. Baseline characteristics of study participants

Groups

Normal weight Overweight Obese

N 54 27 68

Male/Female 22/32 10/17 27/41

Age (years) 21.0 (19.8-24.0) 24.0 (21.0-26.0) 25.0 (22.0-27.0)

Weight (kg) 60.1 ± 9.4 77.2 ± 7.0a 97.7 ± 16.0ab

Height (cm) 167.8 ± 7.3 167.0 ± 8.3 166.8 ± 10.5

BMI (kg/m2) 20.9 (19.3 – 22.6) 28.1 (26.5 – 28.7)a 34.1 (32.4 – 37.5)ab

NC (cm) 36.0 ± 4.3 36.0 ± 3.3 38.8 ± 3.5ab

WC (cm) 72.3 ± 6.8 87.7 ± 6.3a 104.2 ± 13.7ab

HC (cm) 95.7 ± 6.2 107.1 ± 5.5a 117.8 ± 8.9ab

SBP (mmHg) 120.9 ± 11.7 126.3 ± 11.2 136.7 ± 14.2ab

DBP (mmHg) 72.0 (67.8 – 80.0) 81.0 (73.0 – 89.0)a 86.0 (77.0 – 93.0)a

Body fat (%) 25.3 (18.9 – 28.9) 33.3 (27.4 – 36.8)a 38.7 (34.8 – 41.6)ab

Fat body mass (kg) 14.9 (12.7 – 17.9) 24.2 (21.0 – 28.3)a 36.1 (31.1 – 40.7)ab

Data are expressed as means ± SD or median (interquartile ranges). Data were processed for analysis for One-way ANOVA followed by Tukey’s test or Kruskal Wallis test followed by Dunn’s Multiple 

Comparison Test. BMI: body mass index; NC: neck circumference; WC: waist circumference; HC: hip circumference; SBP: systolic blood pressure; DBP: diastolic blood pressure.
a p < 0.0001 compared to normal weight group.
b  p < 0.0001 compared to overweight group.

in Table 4, there were signifi cant correlations between 

salivary and serum levels of uric acid (r = 0.5162, 

p < 0.0001) and FRAP (r = 0.4361, p = 0.001) in the 

normal-weight group. This positive correlation was also 

observed in the obese group (r = 0.4205 and p = 0.0004 

for uric acid, and r = 0.4482 and p = 0.0001 for FRAP), 

as shown in Table 5. No other positive correlations 

were observed in the other groups and parameters.
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Table 4. Correlation between antioxidants salivary and serum in normal 

weight group

Saliva Serum p and r value

Uric Acid (mg/dL) 1.7 (1.4 – 2.4) 3.8 ± 1.0 r = 0.5162

p < 0.0001

FRAP (mmol/L) 0.37 

(0.29 – 0.46)

0.89 ± 0.20 r = 0.4361

p = 0.001

Data are expressed as means ± SD or median (interquartile ranges). Normality was assessed 

by Kolmogorov-Smirnov test. Data were processed for analysis by Pearson or Spearman 

correlation.

Table 5. Correlation between antioxidants salivary and serum in group obese

Saliva Serum p and r value

Uric Acid (mg/dL) 1.9 (1.4 – 2.3) 4.7 ± 1.7 r = 0.4205

p = 0.0004 

FRAP (mmol/L) 0.45 

(0.35 – 0.59)

1.05 ± 0.22 r = 0.4482

p = 0.0001

Data are expressed as means ± SD or median (interquartile ranges). Normality was assessed by 

Kolmogorov-Smirnov test. Data were processed for analysis by Pearson or Spearman correlation.

DISCUSSION

Sampling of human saliva is an attractive means to 

diagnose and monitor diseases since the saliva may be 

collected easily and noninvasively. Saliva has been widely 

used to study a variety of molecules and biochemical 

substances. Salivary analysis may also be helpful in 

predicting the development of future diseases (26,27). 

In the present study, we investigated antioxidant 

parameters and markers of lipoperoxidation in the saliva 

of healthy young adults with obesity and overweight 

to verify if the excessive body fat would infl uence these 

parameters. We then correlated the results in the saliva 

with those in the serum.

The nonenzymatic parameters evaluated in this study 

were selected based on their specifi c antioxidant properties 

(28): (i) the FRAP test quantifi es the general capacity of 

the saliva to chelate and inactivate metal ions (mainly 

Fe2+/3+) involved in the formation of highly reactive 

ROS/RNS, such as hydroxyl radicals (using the Fenton 

reaction); (ii) uric acid is both a preventive (chelating) 

antioxidant and a scavenger of free radicals that have 

already been produced; and (iii) SH groups are considered 

the nonenzymatic antioxidant frontline in most body 

fl uids, and their measurement accurately identifi es the 

redox (pro/antioxidant) balance in the saliva.

TBARS are products of lipid peroxidation often 

used to determine the balance between oxidation and 

antioxidation (29). The present data demonstrated an 

increase in TBARS concentration (p = 0.0002) in the 

saliva and serum (p < 0.05) in obese patients compared 

with non-obese individuals. These results suggest an 

increased generation of reactive species with potential 

to cause damage to cell membranes. Physiologically, an 

increase in O
2
 and H

2
O

2 
production can increase the 

levels of TBARS. Obesity associated with a dyslipidemic 

profi le, characterized by high levels of triglycerides and 

low-density lipoprotein (LDL) and low levels of high-

density lipoprotein (HDL), promotes lipid peroxidation 

through formation of free radicals and ROS. Lipid 

oxidation generates some products, including TBARS, 

F
2
-isoprostanes, and MDA, which are used as markers 

of oxidative stress (30).

 SH groups (mixed disulfi des of proteins and low-

molecular-weight thiols) are very early products of 

protein oxidation generated during oxidative stress, 

formed a few seconds after oxygen radicals are generated. 

As a result, the assessment of the extent and specifi city 

of this process during oxidative stress is one of the best 

measurements of the primary effects of oxygen radicals. 

S-thiolation has been correlated in many cases with 

changes in protein function. Hence, the estimation of 

salivary levels of protein thiol indicates the status of the 

oxidative stress (31,32). Many studies have observed 

changes in protein thiols, including alterations in 

glutathione levels in various diseases in which oxidative 

stress occurs (33,34). Oxidative stress is considered to 

be involved in the pathogenesis of insulin resistance 

associated with obesity (35).

In this study, salivary protein thiols were 

signifi cantly increased (p < 0.0001) in obese patients 

when compared with normal-weight individuals. 

Similar results have been reported in studies measuring 

salivary and serum levels of antioxidants (peroxidase, 

superoxide dismutase, salivary total antioxidant status) 

in patients with type 1 diabetes mellitus. Increased 

antioxidant levels have been observed in these patients, 

indicating a compensation of the antioxidant systems 

against oxidative stress (36). 

Corroborating with the above, FRAP levels were 

signifi cantly higher (p < 0.05) in the saliva of patients 

in the obese group. This may refl ect a compensation 

of the obese body against oxidative stress to neutralize 

reactive species since several paths generating oxidative 

stress are activated in obesity (37). Studies in obese 

diabetic subjects, compared with normal men and 

women matched for weight, have shown higher 

oxidative stress in obese individuals (12), as evidenced 

in this study by the increased production of TBARS. 
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In the acute phase of obesity, levels of antioxidants 

appear to be increased, but as the obesity becomes 

chronic, the antioxidant reserve depletes over time 

(9). In addition to a defi ciency in antioxidants in 

individuals with obesity and excessive fat tissue, other 

mechanisms may contribute to the increased oxidative 

stress: hyperglycemia, increased muscle activity to 

bear the excessive weight, hypertension, chronic 

infl ammation, endothelial production of EROS, and 

hyperleptinemia (37).

We observed no signifi cant differences in uric acid 

levels in the saliva among the studied groups, although 

this compound has been noted to increase with increases 

in BMI. However, we observed that the serum of 

patients in the obese group had a greater concentration 

of uric acid. Uric acid, one of the largest hydrophilic 

antioxidants in the body, inhibits the action of free 

radicals on organic molecules, such as those that make 

up the cell membrane and the genetic material (26). 

However, the sharp increase in the concentration of uric 

acid appears to be a protective factor against oxidative 

stress, whereas its chronic increase is associated with a 

risk of chronic diseases (38). 

Data from a series of studies have shown a strong 

and independent correlation between serum uric 

acid and insulin resistance in subjects with metabolic 

syndrome. Evidence has also shown that serum uric 

acid is a strong predictor of future development of 

diabetes (39,40). In this context, an important result of 

the present study was to detect higher concentrations 

of uric acid in obese individuals.

Oxidative stress occurring in obesity contributes to 

the oxidation of proteins in the plasma; these proteins 

may then undergo functional changes, in particular, loss 

of metabolic, enzymatic, and immunological properties 

(8). Protein thiol groups are the most susceptible to 

oxidation. Among proteins with antioxidant properties, 

powerful nonenzymatic antioxidants stand out such 

as glutathione, which has an important antioxidant 

action (7). Plasma thiol groups serve as antioxidants 

capable of removing oxidants responsible for initiating 

peroxidation, the main responsible for oxidative 

damage to proteins (40).

Our results demonstrate a signifi cant plasma reduction 

in SH groups in the obese group compared with the 

normal-weight group. Since the serum levels of TBARS 

were signifi cantly higher in the obese group, this effect 

was probably due to a requirement for neutralization 

of ROS, which are produced in greater amounts in this 

group. Plasma SH groups are antioxidants that scavenge 

oxidants that initiate peroxidation and are quantitatively 

the major manifestation of oxidative protein damage 

(18). In obesity, the increase in carbonyl protein and a 

concomitant reduction in plasma thiol groups may be 

a possible mechanism contributing to atherosclerosis, 

insulin resistance, and hypertension (41). These data 

demonstrate a consumption of thiol groups to combat 

overproduction of free radicals and ROS produced 

during oxidative stress.

The results showed a progressive increase in serum 

FRAP levels in relation to BMI, in addition to signifi cantly 

higher levels in obese volunteers. This reinforces our 

line of thought in which we consider this compound to 

be produced in greater amounts to offset the increased 

oxidative stress in the obese group since FRAP levels 

indicate the total plasma antioxidant capacity.

The second objective of this study was to correlate 

the salivary and serum parameters. We found a 

signifi cant positive correlation between salivary and 

serum levels of uric acid and FRAP in the obese and 

normal-weight group, suggesting that measurement 

of salivary antioxidants could be used in the future to 

assess the antioxidant status of obese patients.

In conclusion, the results of this study showed that 

obese young patients presented signifi cant changes in 

salivary biomarkers when compared normal-weight 

volunteers. Changes in salivary and serum levels of FRAP, 

SH groups, uric acid, and TBARS in obese subjects 

suggest major changes in oxidative status in these 

individuals. These fi ndings are particularly important 

since they show an oxidative and infl ammatory imbalance 

frequently observed in obesity. These results could help 

determine the pathways involved in obesity-related 

oxidative stress that are relevant to the development of 

obesity in young individuals. The results demonstrated 

a good correlation between salivary and serum 

biomarkers. There was a good replication in the results 

and maybe in the future, salivary can be used instead of 

blood to measure these oxidative biomarkers. Hence, 

we conclude that in addition to physical characteristics, 

levels of salivary FRAP and SH groups are indicators 

of oxidative stress in young obese individuals. Salivary 

analysis may prove to be a noninvasive, patient-friendly 

technique to assess the antioxidant status in these cases.
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ABSTRACT

Objective: The objective of this study was to determine the prevalence of metabolic syndrome (MS) 
and its components among pre- and postmenopausal women, as well as the association between 
menopausal status and MS. Materials and methods: A retrospective study was conducted at a 
reference cardiology outpatient clinic in a city located in Northwestern Paraná State, Brazil. A total 
of 958 medical records of symptomatic climacteric women evaluated between 2010 and 2014 were 
analyzed. The study consisted of two groups: pre- and post-menopausal women. MS was characterized 
according to the criteria of the National Cholesterol Education Program’s Adult Treatment Panel III – 
NCEP-ATP III-2005. Results: MS was observed in 18.5% of the total study population; 9.4% of the 
premenopausal women and 22.2% of the postmenopausal women displayed MS, corresponding to a 
relative risk of 2.75. In addition, the frequency of MS increased with age. Regarding the components 
of MS, postmenopausal women were more likely to have high density lipoprotein (HDL-C) levels < 
50 mg/dL; systolic blood pressure (SBP) values ≥ 130 mmHg or diastolic blood pressure (DBP) values 
≥ 85 mmHg; and fasting glucose levels ≥ 100 mg/dL. Conclusion: MS was more prevalent among 
postmenopausal women than among premenopausal women. Arch Endocrinol Metab. 2017;61(2):160-6.

Keywords
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INTRODUCTION

C ardiovascular diseases (CVDs) are the leading 

cause of death among women in the United 

States. According to the American Heart Association 

(AHA), approximately one in three female adults has 

some form of CVD (1).

The cardiovascular risk profi le coincides with 

menopause and it is characterized by the occurrence 

or worsening of some risk factors associated with this 

period such as abdominal obesity, hypertension, and 

dyslipidemia (2,3). These risk factors, in combination 

with insulin resistance, hyperinsulinemia, and 

hyperglycemia, compose metabolic syndrome (MS). 

Patients with MS are at increased risk of CVD and 

type 2 diabetes mellitus (2).

Postmenopausal status is associated with an 

increased incidence of MS and CVD, which is mainly 

associated with the reduction in the levels of female sex 

hormones (4). Studies have reported that menopause is 

an independent predictor of MS in females (5,6).

Several studies have identifi ed risk factors for MS 

and CVD in menopausal women (7,8). However, few 

studies address this topic in the Brazilian population. 

Therefore, the objective of this study was to determine 

the prevalence of MS and its components in pre- and 

postmenopausal women, as well as the association 

between menopausal status and MS.

MATERIALS AND METHODS

This retrospective study was performed in a reference 

cardiology outpatient clinic in a city located in 

Northwestern Paraná State, Southern Brazil. A total 

of 958 medical records of women aged 40-65 years 

evaluated between 2010 and 2014 were analyzed. All 

of the women seen in the clinic during the study period 
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were included in the study, except for hysterectomized 

women.

The study consisted of two groups: a premenopausal 

group composed of women who were still having 

either regular or irregular menstrual cycles and a 

postmenopausal group composed of women who had 

not experienced menstrual cycles in more than one 

year, according to the defi nition of the guideline on the 

diagnosis and management of menopause (9).

The presence of MS is considered a disorder 

associated with a set of cardiovascular risk factors 

including abdominal fat deposition, hypertension, low 

levels of high density lipoprotein cholesterol (HDL-C), 

elevated levels of low density lipoprotein cholesterol 

(LDL-C), hypertriglyceridemia, increased fasting 

glucose levels diagnosed according to the criteria of 

the National Cholesterol Education Program’s Adult 

Treatment Panel III – NCEP-ATP III-2005 (2), and an 

increased body mass index (BMI) calculated by dividing 

the body weight (kg) by the height squared (m2). 

The subjects were classifi ed as non-obese (BMI up to 

29.9 kg/m2) and obese (BMI equal to or greater than 

30 kg/m2) according to the World Health Organization 

(WHO) standards (10). According to the NCEP-ATP 

III, MS represents the combination of three of the 

following variables (2):

1) Abdominal obesity: waist circumference ≥ 88 cm;

2) Hypertriglyceridemia: serum TG levels ≥ 

150 mg/dL;

3) Serum HDL-c, low: < 50 mg/dL;

4) Hypertension: systolic blood pressure (SBP) ≥ 

130 mmHg and/or diastolic blood pressure (DBP) ≥ 

85 mmHg or receiving treatment for hypertension; and

5) Elevated fasting glucose: glucose level > 100 

mg/dL or receiving treatment for diabetes. 

The following variables were analyzed: age, stratifi ed 

into age groups (40-45 years, 46-50 years, 51-55 years, 

and 56-65 years); color (white and non-white); civil 

status (with or without a partner); paid occupation (yes 

or no); physical activity (yes or no); tobacco and alcohol 

use (yes or no); systolic and diastolic blood pressure 

values; waist circumference (WC); and an analysis of 

fasting glucose, HDL-C, LDL-C, and triglycerides 

levels and the BMI (obese or non-obese).

The values for WC, blood pressure and laboratory 

tests were obtained from the medical records of the 

participants. The outpatient clinic uses a standardized 

procedure for measuring blood pressure; namely, after 

a 5-min rest, blood pressure is measured in the left arm 

both at the beginning and end of the examination using 

an aneroid sphygmomanometer, and the patient is in a 

seated position. The WC corresponds to the midpoint 

between the lower margin of the last rib and the top 

of the iliac crest. The laboratory tests were performed 

in different laboratories, always after a 12-h fasting 

period.

For the statistical analysis, a descriptive analysis and 

a crude analysis were performed using the chi-square 

test. The risk of MS and its components was analyzed 

with the crude odds ratio (OR) using the chi-square 

test. The program Epi Info 3.5.1 was used, and a 

signifi cance level of 5% and confi dence interval (CI) of 

95% were adopted.

The research project was approved by the Standing 

Committee on Research Ethics of the State University 

of Maringa (Universidade Estadual de Maringá – 

UEM), under decision number 856.300. A waiver 

of signed informed consent was requested because 

the data were obtained from medical records without 

patient identifi cation.

RESULTS

The medical records of 958 climacteric women, 

including 277 premenopausal women (28.9%) and 681 

postmenopausal women (71.1%), were analyzed. The 

overall mean age was 53.6 ± 7.52 years, with a large 

percentage of women aged 56-65 years (46.0%). The 

mean ages of the pre- and postmenopausal women were 

44.5 ± 2.9 and 57.3 ± 5.33 years, respectively. According 

to the socio-demographic variables, 71.3% of the women 

had a partner, 95.4% were white, and 57.4% had a paid 

occupation. 

MS was observed in 18.5% of women. MS was 

more prevalent among postmenopausal and the oldest 

women. A total of 9.4% of premenopausal women 

presented MS, while 22.2% of postmenopausal women 

presented this syndrome, with a relative risk of 2.75 (CI 

1.76-4.28). Regarding the age groups, MS was more 

frequent with increasing age (Table 1).

Table 2 shows the association between the 

components of MS according to menopausal status. 

Postmenopausal women were more likely to have 

HDL-C levels < 50 mg/dL (OR 1.53; CI 1.08-2.18); 

SBP values ≥ 130 or DBP values ≥ 85 mmHg (OR 

2.47; CI 1.85-3.31); and fasting glucose levels ≥ 100 

mg/dL (OR 2.04; CI 1.30-3.21).
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Table 1. Prevalence of metabolic syndrome according to men opausal status, sociodemographic data, and lifestyle. Sarandi, Paraná, Brazil, 2015

n

% MS

OR 95% CI p Yes

n (%)

No

n (%)

Menopausal status 958

  Premenopausal 26 (9.4) 251 (90.6) 1

  Postmenopausal 151 (22.2) 530 (77.8) 2.75 1.76-4.28 < 0.001

Age group (years) 958

  40-45 10 (5.4) 174 (94.6) 1

  46-50 20 (12.7) 137 (87.3) 2.54 1.15-5.60 0.01

  51-55 36 (19.9) 145 (80.1) 4.32 2.07-9.00 < 0.001

  56-65 111 (25.5) 325 (74.5) 5.94 3.03-11.64 < 0.001

Skin color 951

  White 166 (18.3) 742 (81.7) 1

  Non-white 9 (20.9) 34 (79.1) 1.18 0.55-2.51 0.66

Marital status 937

  With partner 125 (18.5) 552 (81.5) 1

  Without partner 49 (18.8) 211 (81.2) 1.02 0.71-1.47 0.89

Paid occupation 951

  Yes 92 (16.5) 464 (83.5) 1

  No 84 (21.3) 311 (78.7) 1.36 0.98-1.89 0.06

Physical activity 294

  Yes 24 (16.1) 125 (83.9) 1

  No 21 (14.5) 124 (85.5) 0.88 0.46-1.66 0.69

Tobacco use 581

  Yes 12 (19.0) 51 (81.0) 1.18 0.60-2.31 0.62

  No 86 (16.6) 432 (83.4) 1

Alcohol use 845

  Yes 3 (15.8) 16 (84.2) 0.87 0.25-3.08 1.00

  No   82 (17.6) 384 (82.4) 1    

MS: metabolic syndrome; OR: odds ratio; CI: confi dence interval.

DISCUSSION

Few Brazilian studies address the correlation between 

MS and menopause, which sets the present study apart. 

However, some study limitations should be considered. 

Data were obtained from electronic medical records 

that were entered only once during medical visits and 

may have been incomplete. In fact, because the present 

study evaluated medical records, some relevant factors 

associated with MS were missing, such as lifestyle, 

physical activity, tobacco use, and obesity. The frequency 

and intensity of physical activity were not reported. 

Similarly, the tobacco use data were incomplete, as the 

time and frequency of use were not collected. Another 

important limitation of this study is that the sample 

comprised women who were observed at a reference 

cardiology outpatient clinic, and thus, they had a greater 

likelihood of presenting with cardiovascular risk factors 

and other comorbidities.

In this study, MS was present in 18.5% of the 

studied women. Another Brazilian study found a higher 

prevalence (34.7%) of MS in this group of women in 

the state of Maranhão (11). In studies from different 

countries, the prevalence of MS in women has ranged 

from 15.9% in Thai women (12) to 26.4% in Iranian 

women (5) and 33.8% in Puerto Rican women (13).

Our study found that MS was more prevalent 

among postmenopausal women (22.2%) than among 

premenopausal women (9.4%). The prevalence of MS 

among postmenopausal women has been reported to 
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Table 2. Presence of metabolic syndrome and its components according to menopausal status. Sarandi, Paraná, 2015

   N
Premenopause Post menopause

OR  95% CI   p 
N % N % 

WC ≥ 88 cm 213

  Yes 31 23.3 102 76.7 1.32 0.70-1.49 0.37

  No 23 28.8 57 71.3 1

TGL ≥ 150 mg/dL 673

  Yes 40 21.5 146 78.5 1.44 0.96-3.15 0.07

  No 138 28.3 349 71.7 1

HDL-C < 50 mg/dL 661

  Yes 71 22.2 249 77.8 1.53 1.08-2.18 0.01

  No 104 30.5 237 69.5 1

LDL-C ≥ 130 mg/dL 629

  Yes 57 25.6 166 74.4 1.10 0.74-1.62 0.62

  No 111 27.3 295 72.7 1

SBP ≥ 130 or DBP ≥ 85 mmHg 932

  Yes 134 22.3 468 77.7 2.47 1.85-3.31 < 0.001

  No 137 41.5 193 58.5 1

Fasting glucose levels > 100 mg/dL 501

  Yes 32 17.2 154 82.8 2.04 1.30-3.21 0.001

  No   94 29.8 221 70.2 1    

BMI (kg/m2) 204

  < 29.9 28 26.7 77 73.3 1

  ≥ 30 30 30.3 69 69.7 0.84 0.43-1.61 0.56

WC: waist circumference; TGL: triglycerides; SBP: systolic blood pressure; DBP: diastolic blood pressure; BMI: body mass index; OR: odds ratio; CI: confi dence interval.

vary by country, ranging between 16.9% in Thailand 

(12), 29.0% in Puerto Rico (13), 31.0% in Iran (14), 

49.8% in Brazil (11), 53.5% in Iran (5), 55.5% in India 

(15), and 64.3% in Iran (16). MS is one factor that 

increases the mortality rate in both men and women 

(17). A meta-analysis confi rmed this information 

by describing a higher prevalence of MS during the 

postmenopausal stage than the premenopausal stage, 

regardless of population (18).

There was a statistically signifi cant relationship 

between postmenopausal stage and increased age with 

the presence of MS. Older women (older than 56 years 

of age) were 5.95 (CI: 3.03-11.64) times more likely 

than younger women to be diagnosed with MS. Some 

authors have identifi ed age as the main risk factor for 

increased MS prevalence (10,19). The prevalence of 

MS varies among studies; however, several Brazilian 

(11,20) and international studies (15,16,21) found 

a greater MS prevalence among postmenopausal 

women than among premenopausal women. A study 

performed in women aged 40-65 years in Argentina, 

another South American country, demonstrated a 

relative risk of 1.61 (CI: 1.18-2.19) of developing 

MS during post-menopause (22). The Third National 

Health and Nutrition Examination Survey (NHANES) 

III study described the association between MS and 

increased risk of mortality among postmenopausal 

women compared to premenopausal women (23). 

Unfavorable cardiovascular risk factor levels are 

observed during menopause, including changes in 

body fat distribution from a gynaecoid pattern to 

an android pattern, abnormal blood lipid levels, 

increased sympathetic tone, endothelial dysfunction, 

vascular infl ammation, and increased blood pressure. 

Postmenopausal women are at greater risk for CVDs 

than men (matched by age) due to the failure and 
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reduction of the gonads and steroid production (24). 

Estrogens play a key role in maintaining adequate levels 

of HDL-C (8).

In our study, the prevalence of all MS components 

was higher in postmenopausal women, with a 

statistically signifi cant association for low HDL-c 

levels, hypertension, and high fasting glucose levels. 

These components were also described as prevalent 

in postmenopausal women in Iran (5,6), South Korea 

(25), and Poland (26), as well as in Brazil (20). A 

study conducted in the state of Maranhão revealed that 

increased blood pressure was also prevalent (73.4%) 

among postmenopausal women (11). However, a recent 

study found no signifi cance differences for body weight, 

BMI, WC, blood pressure, total cholesterol, LDL 

cholesterol, triglycerides and glucose levels between 

premenopausal and postmenopausal women (27).

Some researchers consider post-menopause as a 

period of hyperandrogenism that results from the 

greater reduction in estrogen, due to ovarian failure, 

than in androgens, with increased levels of LDL 

and decreased levels of HDL cholesterol, which 

characterize an atherogenic profi le (28,29), compatible 

with MS. Estrogen seems to have a positive effect on 

the inner layer of artery wall, which helps to maintain 

blood vessels fl exible (30). Conversely, the cause of 

hypertension is not well defi ned in postmenopausal 

women. It is believed that an increased androgen/

estrogen ratio can alter the renin-angiotensin system 

(31). Other possible causes for hypertension are 

increased endothelin levels, oxidative stress, obesity 

and stimulation of the sympathetic nervous system 

(32). Whether administered chronically, endothelin 

causes increases in sodium reabsorption in the kidney 

and consequent increase in blood pressure (33), and in 

postmenopausal women, plasma endothelin levels are 

increased (34), suggesting that endothelin can play a 

part in increasing blood pressure after menopause (35). 

In conclusion, both endothelin and angiotensin II may 

contribute to oxidative stress (36). The oxidative stress 

markers are increased in women after menopause (37), 

and oxidative stress has caused the increase of blood 

pressure by decreasing the bioavailability of vasodilator 

(36). However, antioxidant therapy did not produce 

a reduction in blood pressure, in humans (38). The 

role of oxidative stress in hypertension in women after 

menopause has not been completely elucidated (35).

However, some authors found that although HDL 

cholesterol levels decrease with increased visceral fat 

and total weight, low HDL cholesterol levels are not a 

main feature of MS in postmenopausal women. HDL 

cholesterol levels appear to increase, not decrease, with 

age (27). Moreover, higher HDL cholesterol levels 

were found in postmenopausal women compared to 

premenopausal women (27,39).

In our study, we found a higher risk of glucose 

levels > 100 mg/dL. A study conducted with diabetic 

women found a high prevalence of MS in both 

premenopausal (87.5%) and postmenopausal (87.7%) 

women (24). Insulin resistance is described as a key 

factor implicated in the pathophysiology of MS (40). 

It contributes to increased glucose intolerance and 

diabetes, hypertension, increased triglyceride levels, 

and reduced HDL levels (41).

Another study revealed that postmenopausal women 

were more likely to present elevated total cholesterol 

levels, poor glycemic control (OR = 2.92; 95% CI = 

1.32-6.33), and lower HDL levels (OR = 0.36; 95% CI 

= 0.19-0.68) than premenopausal women (42).

Although the BMI was not correlated with 

menopausal status in the present study, a previous 

study demonstrated that a BMI > 30 kg/m2 (obese 

subjects) had a signifi cant negative effect on blood 

pressure (increase), triglycerides, and fasting glucose 

levels, in addition to being associated with low HDL-C 

levels compared to a normal BMI (non-obese subjects). 

These data indicate that “obese” individuals have more 

cardiovascular risk factors (43).

Finally, some authors report that the prevention 

of metabolic diseases in menopause requires changes 

in lifestyle, including the performance of moderate 

physical activity and consumption of a healthy diet, 

as the main recommendation to prevent metabolic 

diseases during menopause. In some cases, after an 

individual evaluation, hormone replacement therapy 

was recommended (44), which could have a positive 

effect on lipids by reducing total and LDL cholesterol 

and by slightly increasing HDL levels, as demonstrated 

in a meta-analysis (45 ). 

Thus, our data suggest that the prevalence of 

MS was higher among postmenopausal women than 

premenopausal women and increased with increasing 

age. The components of MS that were prevalent in 

postmenopausal women included low HDL-C levels 

(< 50 mg/dL), hypertension (SBP values ≥ 130 mmHg 

or DBP values ≥ 85 mmHg), and high fasting glucose 

levels (≥ 100 mg/dL).
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Recombinant human TSH versus 
thyroid h ormone withdrawal 
in adjuvant therapy with 
radioactive iodine of patients with 
papillary thyroid carcinoma and 
clinically apparent lymph node 
metastases not limited to the 
central compartment (cN1b)
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ABSTRACT

Objective: To compare the short- and long-term outcomes of adjuvant therapy with radioactive 
iodine (RAI) preceded by the administration of recombinant human TSH (rhTSH) versus thyroid 
hormone withdrawal (THW) in patients with papillary thyroid carcinoma and clinically apparent 
lymph node metastases not limited to the central neck compartment (cN1b). Subjects and methods: 
The sample consisted of 178 cN1b patients at intermediate risk who underwent total thyroidectomy 
with apparently complete tumor resection [including postoperative ultrasonography (US) without 
anomalies] and who received adjuvant therapy with RAI (30-100 mCi) preceded by the administration 
of rhTSH (n = 91) or THW (n = 87). Results: One year after RAI, the rates of excellent response to 
therapy, i.e., nonstimulated thyroglobulin (Tg) ≤ 0.2 ng/mL with negative antithyroglobulin antibodies 
and negative neck US, and of structural disease were similar for the two preparations (84% and 4.5%, 
respectively, in both groups). During follow-up (median 66 months), the rate of structural or biochemical 
(nonstimulated Tg > 1 ng/mL, with increment) recurrence was also similar in the two groups (4.5%). 
In the last assessment, the percentage of patients without evidence of disease, i.e., nonstimulated Tg 
< 1 ng/mL and no evidence of structural disease, was similar for the two preparations [92.3% in the 
rhTSH group and 97.7% in the THW group (p = 0.17)]. Conclusion: Preparation with rhTSH was equally 
effective (short- and long-term) as THW for adjuvant RAI therapy of cN1b patients at intermediate risk 
and with apparently complete tumor resection. Arch Endocrinol Metab. 2017;61(2):167-72.

Keywords

Papillary thyroid cancer; lymph node metastases; recombinant human thyroid; radioiodine

1 Santa Casa de Belo 
Horizonte, MG, Brasil

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

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

DOI: 10.1590/2359-3997000000247

INTRODUCTION

A ccording to the American Thyroid Association 

(ATA), preparation with recombinant human 

TSH (rhTSH) stimulation is an acceptable alternative 

to thyroid hormone withdrawal (THW) for ablation 

of thyroid remnants with radioactive iodine (RAI) in 

patients with papillary thyroid carcinoma (PTC) at low 

or intermediate risk with lymph node (LN) metastases 

restricted to the central neck compartment (N1a) and 

discrete/microscopic metastases (1). This is considered 

a “strong recommendation” and “moderate-quality 

evidence” (1). Even more favorable, the European 

Thyroid Association (ETA) (2) and many authors (3,4) 

consider rhTSH to be the “preparation of choice” for 

these patients.

In contrast, in the absence of comorbidities that 

prevent THW, in intermediate-risk patients with LN 

metastases not limited to the central neck compartment 

(N1b) or clinically apparent/macroscopic metastases 

(cN1), rhTSH stimulation “may be considered” an 

alternative to adjuvant RAI treatment (1). Apparently, 

ATA does not consider rhTSH to be at the same 

level as THW (5). This observation is supported by 

the fact that this recommendation is considered a 

“weak recommendation” and “low-quality evidence” 

(1). In agreement, in the absence of any clinical 
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contraindication, ETA (2) and other authors (3,4) 

also consider THW the most indicated preparation for 

patients with macroscopic LN metastases.

Indeed, ATA calls attention to the fact that, among 

the randomized studies comparing the effi cacy of 

ablation with RAI preceded by rhTSH versus THW, 

few investigations included N1 patients (1). More 

importantly, almost all patients had exclusive central 

neck compartment metastasis (N1a) and the studies 

only reported the short-term outcomes (1). There 

was only one retrospective study that included a 

signifi cant number of cN1b patients (6). This scenario 

has not changed since the publication of the ATA 

guidelines (1).

Obviously, more investigations, especially long-term 

studies, evaluating the effi cacy of rhTSH specifi cally in 

these patients (cN1b) are necessary and desirable. The 

objective of this study was to compare the short- and 

long-term outcomes of adjuvant RAI therapy preceded 

by rhTSH versus THW specifi cally in patients with 

PTC and clinically apparent LN metastases not limited 

to the central neck compartment (cN1b).

SUBJECTS AND METHODS

The study was approved by the Research Ethics 

Committee of our institution.

Patients

Patients with PTC consecutively seen at our institution 

from 2006 to 2014 and undergoing total thyroidectomy 

with apparently complete tumor resection were fi rst 

selected. Only patients with LN metastases detected by 

preoperative US or during intraoperative inspection by 

the surgeon [clinical N1 (cN1)] were submitted to LN 

dissection. A total of 206 patients had LN metastases 

outside the central neck compartment detected by 

preoperative US or during intraoperative inspection by 

the surgeon (cN1b). Eighteen patients with incomplete 

tumor resection, extensive extrathyroid invasion (pT4) 

and distant metastases known before RAI (detected by 

clinical examination or simple chest X-ray), who are 

classifi ed as high risk by ATA (1), were excluded.

Therapy with levothyroxine (L-T4) was initiated 

immediately after surgery and the dose was adjusted to 

maintain TSH < 2 mIU/l. Neck US was performed 96 

to 180 days (median 140 days) after thyroidectomy. Ten 

patients with positive neck US were excluded. Finally, 

178 patients had US scans that showed no anomalies. 

These patients were treated with 30-100 mCi (1.1-3.7 

GBq) RAI and composed the sample of this study.

Adjuvant therapy with RAI

The patients were submitted to adjuvant RAI therapy 

after THW for 4 weeks or administration of rhTSH and 

of a low-iodine diet for 10 days prior to the procedure. 

Anterior and posterior whole-body images were obtained 

7 days after therapy with RAI (RxWBS).

Initial assessment after RAI therapy

The patients were evaluated 12 months after RAI therapy 

by the measurement of nonstimulated thyroglobulin 

(Tg), antithyroglobulin antibodies (TgAb), and neck 

US. In the case of patients with ectopic uptake on initial 

RxWBS, in addition to US, diagnostic WBS (DxWBS) 

and computed tomography (CT) were performed to 

exclude persistent disease. Imaging methods other than 

US [neck, chest and mediastinal CT, fl uorodeoxyglucose-

positron emission tomography (FDG-PET)/CT] were 

performed if nonstimulated Tg levels ≥ 1 ng/mL.

Follow-up

The patients were maintained on TSH < 0.5 mIU/l and 

were followed up by clinical examination, measurement 

of nonstimulated Tg and TgAb at intervals of 6-12 

months, and annual neck US. Imaging methods other 

than US were performed when nonstimulated Tg 

converted to levels ≥ 1 ng/mL. The time of follow-up 

ranged from 18 to 118 months (median 66 months).

Outcomes

The outcomes were: (i) rate of excellent response to 

therapy, i.e., nonstimulated Tg ≤ 0.2 ng/mL, with 

negative TgAb and negative neck US, 1 year after 

RAI (1-4); (ii) structural disease 1 year after RAI; 

(iii) structural or biochemical (nonstimulated Tg > 

1 ng/mL, with increment) recurrence during follow-up, 

and (iv) percentage of patients without disease in the 

last assessment, i.e., nonstimulated Tg < 1 ng/mL and 

no evidence of structural disease. In the case of patients 

with metastases detected by RxWBS who required a new 

cycle of RAI to treat persistent disease, the preparation 

(rhTSH or THW) was always the same in all cycles.

Imaging methods

US was performed with a linear multifrequency 

transducer for morphological analysis (B-mode) and 
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for power Doppler evaluation. All suspected lesions 

apparent on the scans (7,8) were evaluated by US-guided 

fi ne-needle aspiration biopsy. DxWBS was obtained 3 

days after RAI administration (185 MBq) with rhTSH 

stimulation. Contrast-enhanced CT was performed on 

5-mm sequential sections. FDG-PET/CT was carried 

out after stimulation with rhTSH. All images were 

analyzed by experienced Radiology or Nuclear Medicine 

specialists.

Apparent disease was defi ned based on the results 

of the imaging methods, cytology or histology, and/

or unequivocal ectopic uptake (excluding false-positive 

results) on RxWBS or FDG-PET/CT.

Assays

Chemiluminescent assays were used for the measurement 

of Tg [Access Thyroglobulin Assay, Beckman Coulter, 

Fullerton, CA (functional sensitivity of 0.1 ng/mL)] 

and TgAb [Immulite 2000, Diagnostic Products 

Corporation, Los Angeles, CA (reference value of 

up to 40 IU/mL) or ARCHITECT Anti-Tg, Abbott 

Laboratories, IL, USA (reference value of up to 4.11 

IU/mL)]. Patients with positive TgAb were excluded.

Statistical analysis

Means were compared between groups by the Student 

t-test or the nonparametric Mann-Whitney U test. 

Fisher’s exact test or chi-squared test was used to detect 

differences in the proportion of cases. A p value of less 

than 0.05 was considered to be signifi cant.

RESULTS

Characteristics of the patients

The characteristics of the patients studied are shown 

in Table 1. The patients were classifi ed as intermediate 

risk according to ATA (1). The two groups (rhTSH and 

THW) were similar in terms of sex, age, tumor stage, 

serum TSH immediately before the administration 

of 131I, RAI activity, frequency of metastases on initial 

RxWBS, and time of follow-up.

Initial assessment after adjuvant therapy with RAI

When evaluated 12 months after therapy with RAI, an 

excellent response to initial therapy was achieved in 149 

patients (83.7%). Structural disease was detected in 8 

patients (4.5%). Five of these patients had metastases on 

initial RxWBS and persistent disease (mediastinal in 2, 

pulmonary in 2, cervical and pulmonary in 1) and three 

had no metastases on initial RxWBS (in these cases, 

FDG-PET revealed bone metastases in 1, cervical in 1, 

and cervical and mediastinal in 1). The rates of excellent 

response and structural disease 1 year after initial therapy 

were similar in the rhTSH and THW groups (Table 2).

Twenty-one patients (11.8%) had elevated Tg 

in the absence of apparent disease detected by the 

imaging methods: 15 had indeterminate response 

[8/87 patients (9.2%) in the THW group and 7/91 

patients (7.7%) in the rhTSH group (p = 0.8)] and 6 

had incomplete biochemical response [2/87 patients 

(2.3%) in the THW group and 4/91 patients (4.4%) in 

the rhTSH group (p = 0.7)].

Table 1. Characteristics of the patients studied

rhTSH (n = 91) THW (n = 87) p-value

Sex

Male 23 (25.2%) 21 (24.1%) 1.0

Female 68 (74.5%) 66 (75.8%)

Age [range (median), years] 18-76 (47) 18-72 (48) 0.93

Tumor stage (1)

I 43 (47.2%) 41 (47.1%) 1.0

IVA 48 (52.7%) 46 (52.8%)

Lymph node(s) with 

extranodal extension

37 (40.6%) 39 (44.8%) 0.65

Serum TSH  

[range (median), mIU/L]a

70-156 (105) 48-223 (98) 0.9

RAI activity

30 mCi 39 (42.8%) 32 (36.8%)

0.4450 mCi 14 (15.4%) 17 (19.5%)

100 mCi 38 (41.7%) 38 (43.7%)

Mean (mCi) 62.3 64.5

Initial RxWBS

Negative 86 (94.5%) 83 (95.4%) 1.0

Positiveb 5 (5.5%) 4 (4.6%)

Follow-up time [range 

(median), months]

24-118 (64) 18-118 (68) 0.9

rhTSH: recombinant human TSH; THW: thyroid hormone withdrawal; RAI: radioactive iodine; 

RxWBS: post-therapy whole-body scanning.
a TSH immediately before the administration of 131I.
b Uptake outside the thyroid bed and non-physiological: cervical (n = 3), mediastinal (n = 2), 

pulmonary (n = 2), cervical and pulmonary (n = 1), and cervical and mediastinal (n = 1).

Late follow-up

During follow-up, 8/170 patients (4.7%) without 

structural disease 1 year after RAI relapsed (Table 2). Six 

patients had structural disease (neck metastases detected 

by US in 3 and by FDG-PET in 1, and pulmonary 
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metastases detected by CT and RxWBS in 1 and by 

CT and FDG-PET in 1). In 2 patients, nonstimulated 

Tg increased (> 1 ng/mL) in the absence of apparent 

disease detected by the imaging methods (US, CT, and 

FDG-PET). The recurrence rate was the same in the two 

groups (Table 2).

of disease did not differ between the two groups 

(Table 2). There was no case of death due to the tumor.

DISCUSSION

Specifi cally in patients with PTC and clinical apparent 

lymph node metastases not limited to the central neck 

compartment (cN1b), when THW is not contraindicated, 

preparation with rhTSH for adjuvant RAI therapy is 

not yet considered to be at the same level as THW by 

ATA (1), ETA (2) and other authors (3,4). According 

to ATA, few randomized studies comparing the effi cacy 

of ablation with rhTSH versus THW included N1 

patients, almost all patients had exclusive central neck 

compartment metastasis (N1a), and only the short-

term outcomes were reported (1). There was only one 

retrospective study that included a signifi cant number of 

cN1b patients (6).

The present study included a signifi cant number of 

patients (approximately 90 in each group) and not only 

evaluated the outcomes 1 year after RAI but also the long-

term evolution of the patients. The median follow-up 

time was longer than 5 years. In this respect, it is known 

that 80% of recurrences occur in these fi rst years (9-11). 

It should be noted that in the present study patients with 

elevated Tg without structural disease did not receive a 

new cycle of RAI. Consequently, the results of the last 

assessment of patients without persistent or recurrent 

disease refl ect the effect of initial therapy. The study was 

prospective and the selection criteria were pre-defi ned. 

However, one limitation of our study is that the patients 

were not randomized, with the choice of the preparation 

being defi ned based on the access of the patient to 

rhTSH. Nevertheless, the groups were similar in terms 

of sex, age, tumor stage, TSH concentrations before 

RAI, RAI activity, and time of follow-up. In addition, 

the patients were followed up at the same institution and 

were submitted to the same follow-up protocol.

In the present study, rhTSH was equally effective as 

THW as a preparation for adjuvant therapy with RAI. 

The two preparations were also similar in the series of 

Hugo and cols. (6) including 183 N1b patients, but 

the effi cacy of therapy was much lower than that found 

in the present series despite the use of higher RAI 

activities. In the study of Hugo and cols. (6), part of the 

cN1b patients exhibited additional fi ndings [incomplete 

tumor resection, distant metastases, and extensive 

extrathyroid invasion (pT4)] and the effi cacy of RAI 

was indeed higher when these patients were excluded 

Table 2. Outcomes of patients submitted to adjuvant therapy with 

radioactive iodine preceded by rhTSH versus thyroid hormone withdrawal

rhTSH

(n = 91)

THW

(n = 87)
p-value

Excellent response 1 year after 

initial therapya

76 (83.5%) 73 (84%) 1.0

Structural disease 1 year after 

initial therapy

4 (4.4%) 4 (4.6%) 1.0

Recurrence during follow-upb 4 (4.4%) 4 (4.6%) 1.0

Structural recurrence 2 (2.2%) 4 (4.6%) 0.43

Biochemical recurrencec 2 (2.2%) 0 0.5

No evidence of disease in the last 

assessmentd

84 (92.3%) 85 (97.7%) 0.17

Persistent disease in the last 

assessmente

7 (7.7%) 2 (2.3%)

rhTSH: recombinant human TSH; THW: thyroid hormone withdrawal; RAI: radioactive iodine.
a Nonstimulated Tg ≤ 0.2 ng/mL with negative antithyroglobulin antibodies and negative neck 

ultrasonography.
b Patients without struct ural disease 1 year after RAI.
c Nonstimulated Tg > 1 ng/mL, with increment, in the absence of apparent disease detected by 

the imaging methods.
d Nonstimulated Tg < 1 ng/mL and no evidence of structural disease.
e Nonstimulated Tg > 1 ng/mL or evidence of structural disease.

Last assessment

All 162 patients without structural disease 1 year after 

RAI, who developed no recurrence and who were not 

submitted to any additional therapy, continued to have 

nonstimulated Tg < 1 ng/mL (≤ 0.2 ng/mL in 153), 

negative TgAb, and neck US showing no anomalies in 

the last assessment.

The two patients in whom Tg increased (biochemical 

recurrence) continued to have elevated Tg in the 

absence of structural disease identifi ed until the last 

assessment.

In the last assessment, among the 14 patients with 

structural disease detected after initial therapy and 

who had undergone new surgery (LN dissection) 

and/or had been treated with RAI and/or external 

radiotherapy and maintained under TSH suppression, 

7 patients achieved remission, structural disease 

persisted in 6 patients, and one patient had elevated 

Tg in the absence of structural disease. Thus, in the last 

assessment, the percentage of patients without evidence 
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and only intermediate-risk patients were considered. 

As supporting data, in a subsequent publication of 

the same group, the response rate of intermediate-risk 

cN1b patients to initial therapy was approximately 85% 

(12). In another series involving N1bM0 patients, the 

recurrence rate ranged from 15-20% (13-18), while 

this rate was approximately 10% in the present series. 

We attribute this apparent difference to the fact that the 

present study excluded cN1b patients who additionally 

exhibited incomplete tumor resection and extensive 

extrathyroid invasion (pT4) [high risk according to 

ATA (1)]. In addition, postoperative US (before RAI) 

was obtained for all patients of the present series as 

currently recommended (1) and patients with positive 

US were excluded. If this imaging method were not 

performed, these cases would have probably been 

detected subsequently, which would increase the rate 

of persistent or recurrent disease. Other smaller series 

that compared rhTSH versus THW for adjuvant RAI 

therapy included N1b patients, but the number of these 

patients was only about 10 in each group (19-22).

One limitation of this study was the lack of Tg 

results before RAI. However, specifi cally in these cN1b 

patients, negative Tg and TgAb do not exclude the 

need for RAI. First, ATA (1) and ETA (2) continue 

to recommend adjuvant therapy with RAI for cN1b 

patients, as do many authors (3,4). Second, in previous 

series, persistent disease was detected by RxWBS in 

7% of N1 patients with stimulated Tg < 1 ng/mL 

and negative US (23) and in 12% of patients with 

undetectable nonstimulated Tg (24). It is possible that, 

if these patients had not received RAI, the lesions seen 

on RxWBS would have progressed to apparent disease 

during follow-up. Third, not every microscopic residual 

disease is apparent on RxWBS and yet can progress to 

structural disease. Destruction of these microscopic 

tumor foci, preventing recurrence, is exactly the rational 

of adjuvant therapy with RAI (1). In addition, the two 

groups (rhTSH and THW) were similar in terms of 

initial characteristics and patients were operated on by 

the same surgeons. The proportion of patients with 

negative pre-RAI Tg is therefore expected to be the 

same. Thus, the conclusion of the effi cacy of adjuvant 

therapy with RAI in cN1b patients preceded by rhTSH 

or THW, which was the objective of the study, most 

likely would not be modifi ed by this information. 

Our results show that in patients with cN1b 

PTC without distant metastases and with complete 

tumor resection (including postoperative US without 

metastases), preparation with rhTSH was equally 

effective as THW for adjuvant therapy with RAI in 

the short- and long-term. Thus, rhTSH could be 

considered equal to THW also in these patients.

Disclosure: no potential confl ict of interest relevant to this article 
was reported. 
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ABSTRACT

Objective: The objective of our study is to evaluate the clinical outcomes and safety of radiofrequency 
thermal ablation (RFA) for benign thyroid nodules (BTNs) over a 1-year follow-up. Subjects and 
methods: This is a monocentric retrospective study. Forty-eight patients with solid, non-functioning 
BTNs were treated by RFA using a 17G internally cooled electrode. We categorized thyroid nodules 
as small (≤ 12 mL), medium (12 to 30 mL), or large (over 30 mL). BTNs volume reduction, thyroid 
function, cosmetic and compressive score changes and side effect evaluation at 6 and 12 months 
were evaluated. Results: BTN volume decreased signifi cantly from baseline to 6 (mean percentage 
decrease of BTN volume was 66.8 ± 13.6%, p < 0.001). At 12 months, the mean percentage reduction 
of BTN volume compared to six months was 13.7 ± 17.1% (p < 0.001). At 6-month, symptom score had 
improved signifi cantly (p < 0.001) while it does not change signifi cantly between 6 and 12 months. 
In particular, symptom score improved signifi cantly in the medium (p < 0.001) and large (p < 0.01) 
subgroups. Cosmetic score improved signifi cantly between baseline and 6 months (p < 0.001) and 
between 6 and 12 months (p < 0.01). In all the subgroups, cosmetic score improved signifi cantly 
between baseline and 6 months, while between 6 and 12 months it improved signifi cantly only in 
the large group (p < 0.05). RFA was well tolerated. Only one patient experienced permanent right 
paramedian vocal cord palsy. Conclusions: A single RFA treatment was effective in reducing BTNs 
volume, in particular small and medium nodules. Cosmetic score improved in all treated BTNs while 
symptom score only got better in the medium and large BTNs. Arch Endocrinol Metab. 2017;61(2):173-9.
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INTRODUCTION

O ver the last decade, non-surgical minimally 

invasive US-guided debulking techniques 

have been proposed to reduce the volume of thyroid 

nodules when surgery is contraindicated or refused 

(1). US-guided percutaneous ethanol injection (PEI) 

therapy is currently considered one of the fi rst-line 

treatment modality for cystic and predominantly cystic 

nodules (2,3). Laser ablation (LA) has been proposed 

as a safe outpatient procedure that effectively reduces 

the volume of solid nodules and the clinical outcomes 

in the majority of patients (4-9).

Although it is a newer technique compared to 

LA, radiofrequency ablation (RFA) has been gaining 

popularity as a minimally invasive treatment for thyroid 

nodules (10-12). Indications for RFA of benign 

thyroid nodules (BTNs) are nodule-related clinical 

symptoms such as neck pain, dysphasia, foreign body 

sensation, discomfort, cough, cosmetic problems, or 

thyrotoxicosis in cases of autonomously functioning 

thyroid nodules (10-12). 

The real impact of RFA of benign thyroid nodules 

in terms of effi cacy is still controversial because most 

of the published studies are compromised by several 

bias such as trials not controlled, small thyroid nodule 

volume or short follow-up period (13-20). Moreover, 

a few authors have treated large thyroid nodules and, in 

these patients, further RFA treatments were needed to 

obtain a signifi cant volumetric reduction (14,15). 

Furthermore, there are contrasting evidence on the 

role of thyroid nodule function (15,16,21), as it may 

affect the volumetric response to the RFA treatment.
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Two retrospective studies have shown the ability 

of the RFA to reduce the thyroid nodule volume but 

the authors enrolled patients with cystic nodules and 

sometimes re-treatment was provided (22,23).

Our retrospective study aims to evaluate the clinical 

outcomes and safety of a single RFA treatment for 

benign non-functioning thyroid solid nodules over a 

1-year follow-up. In particular, we categorized thyroid 

nodules in small (≤ 12 mL), medium (12 to 30 mL), or 

large (over 30 mL) and BTN volume reduction, thyroid 

function, cosmetic and compressive score changes and 

side effects were evaluated.

SUBJECTS AND METHODS

Study population

From June 2012 to November 2015, a total of 90 

patients affected by thyroid nodules were treated and 

enrolled. Ninety thyroid nodules were treated with US-

guided RF ablation at the Thyroid Center of “S. M. 

Goretti” Hospital.

Subjects were enrolled if they fulfi lled all the 

following criteria: 

– Older than 18 years;

– Reported cosmetic and/or symptomatic problems; 

– Solid thyroid nodule (solid portion over 70%); 

– Thyroid nodules with maximum diameter > 

2 cm steadily growing over time;

– Cytologically confi rmed benign nodule on two 

separate US-guided FNAB; 

– Serum thyroid hormone (free T4 and free T3), 

thyrotropin levels (TSH), calcitonin, thyroid 

peroxidase and thyroglobulin antibodies within 

normal ranges;

– No history of radioiodine therapy or thermal 

ablation;

– No previous neck or trunk external beam 

radiotherapy;

– Refusal of or ineligible for surgery;

– One single RFA treatment. 

Exclusion criteria were:

– Pregnancy;

– Malignant or suspicious thyroid nodules;

– Nodules that were confl uent in a compressive 

lobar mass;

– Hot nodule at 99mTc-pertechnetate scintigraphy.

Subjects with small nodules and cosmetic score 

less than 3 (see section below on the Thyroid nodule 

classifi cation according to the volume).

Finally, we enrolled 48 patients (17 men, 31 women; 

age 57.7 ± 14 yrs, range 24-80) who were followed up 

for 1 year after treatment.

Thyroid nodule classifi cation according 

to the volume

We classifi ed nodules according to baseline volume as 

small (≤ 12 mL), medium (12 to 30 mL), or large (over 

30 mL), as previously shown in a recent randomized 

control trial (24). One single nodule per patient was 

treated with RFA. In patients with multiple thyroid 

nodules, the largest and/or most symptomatic one was 

treated. All patients were clinically, biochemically, and 

morphologically evaluated at 6 and 12 months.

Procedure

US was performed using a 7.5–12MHz linear probe 

equipped with Color Doppler and Power Doppler 

modules (Technos MPX; Esaote My Lab 50, Italy). 

We recalculated the nodule volume and percentage of 

volume reduction (PVR) with the following equations: 

volume percentage (ellipsoid equation): V = length x 

width x depth x 0.525; volume reduction percentage: 

PVR = [initial volume – fi nal volume] ×100)/initial 

volume (24). 

A single BTN volume was measured in case of 

uninodular goiter or in case of multinodular goiter 

when characterized by one predominant nodule 

associated with other non-clinically signifi cant thyroid 

nodules. We took photos of all enrolled patients 

at baseline and at 1, 6 and 12 months after RFA. A 

radiofrequency generator (Cool-tip, E-Series Covidien) 

and a 17 gauge, 15 cm electrode with a 1 cm active tip 

was used. All RF procedures were carried out by the 

same operator under US control with the same scanner 

used for the initial diagnostic evaluation. The intra- and 

inter-observer coeffi cients of variation for sonographic 

volume assessment were previously defi ned as 4% 

and 6%, respectively (24). The patients were treated 

with 2% Mepivacain 2-5 mL (Carbosen) and 3 mL 

of Ropivacaine (Naropine, Fresenius Kabi, USA) 

for local anesthesia at the puncture site. Four mg of 

dexamethasone IV before RFA of large thyroid nodule 

were prescribed to reduce post-treatment oedema. On 

the basis of previous experience, the procedure utilized 



C
o

p
yr

ig
h

t©
 A

E&
M

 a
ll 

rig
h

ts
 re

se
rv

ed
.

175

Radiofrequency ablation for thyroid nodules

Arch Endocrinol Metab. 2017;61/2

included the trans-isthmic approach along the short 

axis of the nodule, and the nodules were managed with 

the “moving-shot technique” as described elsewhere by 

Baek and cols. (14).

We adopted a variant of the aforementioned 

technique, using 60 W of radiofrequency outpower and 

exposure time needed to obtain a transient multiple 

hyperechoic zones as a sign of the manoeuvre. All 

the patients were informed and treated after written 

informed consent was obtained.

Clinical evaluation

We classifi ed symptom and cosmetic scores, as described 

in a previous consensus statement (10). All patients 

were asked to rate pressure symptoms on a 10-cm visual 

analogue scale (grade 0-10 cm) at enrolment and during 

follow-up. A cosmetic score was obtained according to 

the following scale: 1, no palpable mass; 2, no cosmetic 

problem but palpable mass; 3, a cosmetic problem on 

swallowing only; 4, easily visible mass. According to 

this classifi cation, we decide to treat subjects with small 

nodules with cosmetic score more than 2 or nodules 

with symptoms score > 3. 

Biochemical evaluation

The laboratory studies included chemiluminescent 

enzyme immunoassay (Architect i4000 SR, Abbott) for 

serum thyrotropin (normal range, 0.5–4.9 mIU/L), 

serum free triiodothyronine (normal range, 1.7-3.7 

pg/mL), serum-free thyroxine (normal range, 0.7-1.7 

pg/mL), and serum antithyroid peroxidase antibodies 

(normal range, 0–35 IU/mL); immunoradiometric 

assay (Architect i4000 SR, Abbott) for serum calcitonin 

(normal range, 0–10 pg/mL) and blood coagulation 

tests (prothrombin time, activated partial thromboplastin 

time).

Statistical analysis 

Statistical analysis was performed using IBM-SPSS 

Statistics version 21. Descriptive statistics (median, mean, 

standard deviation, range) were computed on thyroid 

volume and other clinical variables. To compare group 

mean values, appropriate parametric test of statistical 

signifi cance (t test) was used, where a Shapiro–Wilk 

test indicated that the data conformed to a log-normal 

distribution. Otherwise, an equivalent non parametric test 

was employed (Kruskal–Wallis test, Wilcoxon for paired 

sample). The signifi cance level was defi ned as p ≤ 0.05.

RESULTS

Nodule volume

Characteristics and clinical data are summarized in 

Table 1. BTN volume decreased signifi cantly (Table 2) 

from baseline to 6 months (23.5 ± 18.6 at baseline to 

8.5 ± 9 at 6 months; p < 0.001); the mean percentage 

decrease of BTN volume was 66.8 ± 13.6% at 6 months. 

Table 1. Main characteristics of the study population and clinical data at 

baseline

Parameter

N 48

Sex (males/females) 17/27

Age in years 56 ± 14 (24 – 80)

Thyroid nodule volume (mL) 23.5 ± 18.6 (3.4 – 89)

TSH (mIU/mL) 2.0 ± 0.9 (0.6 – 4.1)

FT3 (pg/mL) 2.6 ± 0.6 (1.2 – 3.7)

FT4 (pg/mL) 1.3 ± 0.2 (0.8 – 1.7)

Table 2. Thyroid nodule volume (mL) in radiofrequency ablation group

Baseline 6 months 12 months

Whole group (n = 48)

TN vol. 23.5 ± 18.6 8.5 ± 9.0*** 7.6 ± 8.7*** 

TN vol. variation (%) 

from baseline

TN vol. variation (%) 

from 6 months

-66.8 ± 13.6 -71.1 ± 14.3

-13.7 ± 17.1

Small (n = 12)

TN vol. 7.4 ± 2.6 2.0 ± 1.1*** 1.6 ± 0.9*

TN vol. variation (%) 

from baseline

TN vol. variation (%)  

from 6 months

-73.5 ± 10.8 -78.7 ± 1

-18.7 ± 18.8

Medium (n = 24)

TN vol. 18.3 ± 42 6.2 ± 2.6*** 5.6 ± 2.7*** 

TN vol. variation (%) 

from baseline

TN vol. variation (%) 

from 6 months

-65.8 ± 13.7 -69.0 ± 14.4

-10.8 ± 13.4

Large (n = 12)

TN vol. 49.8 ± 18.4 19.7 ± 11.6*** 17.5 ± 12.3* 

TN vol. variation (%) 

from baseline

TN vol. variation (%) 

from 6 months

-62.0 ± 14.3 -67.7 ± 15.9

-14.7 ± 21.8

Differences are considered between baseline and 6 months and between 6 and 12 months.

* p ≤ 0.05; *** p ≤ 0.001.
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At 12 months, BTN volume was 7.6 ± 8.7 

mL and the mean percentage reduction of BTN 

volume compared to six months was 13.7 ± 17.1% 

(p < 0.001).

The mean percentage of volumetric reduction 

differed in the three classes of nodules: for small 

nodules, the mean percentage decrease was 73.5 ± 

10.8% at 6 months and 78.7 ± 10% at 12 months; for 

medium nodules, it was 65.8 ± 13.7% at 6 months 

and 69 ± 14.4% at 12 months and for large nodules it 

was 62 ± 14.3% at 6 months and 67.7 ± 15.9% at 12 

months. 

Hormonal evaluation

All patients were euthyroid at baseline (Table 1) and 

serum thyroid function tests after 1, 6 and 12 months 

did not show signifi cant modifi cation. No signifi cant 

changes were observed either in TgAb and TPOAb 

titers or in calcitonin serum concentrations during the 

follow-up period except for two patients who developed 

autoimmune thyroid diseases with hyperthyroidism six 

and twelve months after RF ablation.

Symptom and cosmetic score evaluation

At 6-month evaluation (Table 3), symptom score 

improved signifi cantly (p < 0.001) while it doesn’t 

change signifi cantly between 6 and 12 months 

(0.5 ± 0.8 at 6 months and 0.4 ± 0.8 at 12 months 

(p = ns). Between baseline and 6 months, symptom 

score signifi cantly improved in the medium (p < 0.001) 

and large subgroups (p < 0.01), whereas, of course, no 

improvement was observed in the small subgroup. The 

overall cosmetic score improved signifi cantly between 

baseline and 6 months (p < 0.001) and between 6 and 

12 months (p < 0.01). In all subgroups cosmetic score 

improved signifi cantly between baseline and 6 months, 

while between 6 and 12 months it decreased signifi cantly 

only in large group (p < 0.05).

Complications and safety

RFA was generally safe and well tolerated in all patients, 

who were placed under observation for 4 hours after 

the procedure. No patient needed hospitalization after 

treatment. During the RFA procedure, 8 (21%) of the 

48 patients experienced mild local pain, occasionally 

radiating to the ear or jaw or chest, but it was limited 

and resolved quickly after the power was switched off. 

In one patient, however, the procedure was stopped 

due to severe chest pain (it was resolved quickly after the 

power was switched off). The most feared complication 

is voice change after RFA. Only 2 patients (4.7%) had 

voice change immediately after the RFA session but it 

resolved completely 2 or 3 hours after the procedure. 

One patient experienced permanent right paramedian 

vocal cord palsy with inspiratory stridor without 

dysphonia.

DISCUSSION

This one year retrospective study has demonstrated 

that one single RFA treatment was effective in reducing 

benign non-functional thyroid nodules volume in 

particular small and medium nodules.

In order to avoid some confounding factors, we 

previously excluded from our analysis patients with 

thyroid cystic nodule or thyroid nodules with a solid 

portion less than 70%. Indeed a large quantity of fl uid 

may affect the “volumetric” response to RFA and PEI 

should be used to manage thyroid cystic lesions (2,3). 

Up to now, there is no univocal and shared 

classifi cation that divides the thyroid nodules according 

to size. Compressive symptoms are usually linked to 

large nodules, while cosmetic problems can be due to 

smaller nodules that are located in a superfi cial part of 

the gland. In this study, as previously reported (24), 

we arbitrarily divided the thyroid nodules into small, 

medium and large (see materials and methods section). 

According to this distribution, we have noticed that the 

Table 3. Cosmetic score and symptom score groups

All Small

n = 12

Medium

n = 24

Large

n = 12

Cosmetic 

score

Symptom 

score

Cosmetic 

score

Symptom 

score

Cosmetic 

score

Symptom 

score

Cosmetic 

score

Symptom 

score

Baseline 2.8 ± 0.7 3.4 ± 3 3 ± 0 0 ± 0 2.5 ± 0.7 3.6 ± 2.8 3.3 ± 0.8 6.2 ± 1.3

6 months 1.6 ± 0.6*** 0.5 ± 0.8*** 1.0 ± 0** 0 ± 0 1.6 ± 0.6*** 0.4 ± 0.9*** 2.2 ± 0.6** 1.0 ± 1.0**

12 months 1.5 ± 0.7** 0.4 ± 0.8° 1.0 ± 0 0 ± 0 1.6 ± 0.6 0.3 ± 0.8° 1.8 ± 0.8* 0.9 ± 1.0°

Differences are considered between baseline and 6 months and between 6 and 12 months.

* p ≤ 0.05; ** p ≤ 0.01; *** p ≤ 0.001; °n.s.
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percentage decrease for the small nodules was larger 

compared to the other groups, as already shown by 

other authors (15,23,25). 

In particular, according to these fi ndings, multi-

RFA treatments would be needed to achieve a clinically 

signifi cant volume reduction for larger nodules (15,26) 

therefore, when not contraindicated, surgical treatment 

or more than a single RFA treatment should be 

recommended.

We have obtained the maximum volume reduction 

after 6-month treatment even if we have recorded 

a further reduction (14,16) at the end of the 

study period. Only 2 subjects have experienced an 

increase of the thyroid volume from 6 to 12 months 

(11.6 mL vs 12.6 mL and 17.3 mL vs 20.0 mL) 

but none of them exceeded 50% at 1-year post RFA 

treatment (volume increases after the last follow-up of 

8.6 and 15.6% respectively). In another retrospective 

study, the authors found that 5.6 % subjects (7/126) 

experienced > 50% increase in nodule volume compared 

to the previous follow-up volume (23). Probably, the 

longer follow-up period (4 years) of the Hyun’s study 

(23) can explain the difference in terms of regrowth rate. 

Moreover, our study population is homogenous. 

Indeed, as previously reported (20,24), thyroid nodules 

have been treated by one single RFA using the same 

radiofrequency outpower in order to better evaluate 

the effi cacy of this technique.

We enrolled only patients with non-functioning 

thyroid nodules because it cannot be fully excluded 

that their functional state could affect the volumetric 

response to the RFA treatment (15,16,21,27).

Only two other retrospective studies were published 

investigating the effi cacy of RFA on thyroid nodules 

(22,23). These authors also took into consideration 

nodules with a large amount of liquid, sometimes multi-

RFA treatments were needed to achieve a signifi cant 

volume reduction and the basal mean volume was 

signifi cant lower compared to our study population one 

(22,23). In previous clinical trials (13,14,18,19,21), 

it has always been found that there is a signifi cant 

amelioration of both symptoms and cosmetic score 

regardless of the thyroid nodule volume and location. 

Conversely, we have shown that RFA is able to 

suddenly improve the symptom score in patients 

with medium or large nodules and this improvement 

remained stable until the end of the study period. 

However, no improvement in the symptom score was 

observed in the small nodule subgroup. 

Moreover, we have shown that, in the overall study 

population, the cosmetic score improved signifi cantly 

between baseline and 6 months and between 6 and 12 

months while between 6 and 12 months it decreased 

signifi cantly only in large group. 

More than 20% of patients experienced local 

mild neck pain but it was not necessary to stop the 

treatment. Two people, a man and a woman, developed 

an autoimmune hyperthyroidism at 6 and 12 months 

after RFA treatment respectively. Graves’ disease or 

autoimmune hyperthyroidism is a complication that 

can be expected after laser ablation or PEI, probably 

due to the extensively damage of follicular thyroid cells. 

The mechanism for causality between these treatments 

and Graves’ disease is not completely known. Regalbuto 

and cols. had been issued a theory contend that the 

destruction of thyroid tissue after ablation therapy 

or injection of ethanol, among subjects genetically 

predisposed to autoimmune reactions, could release a 

large quantity of antigenic material (including TSHr 

protein) from follicular thyroid cells, that may trigger an 

autoimmune infl ammatory response thought thyroid 

and orbital soft tissues (28). Anyway, we cannot surely 

state if, in these 2 subjects, the onset of autoimmune 

hyperthyroidism is due to the previous radiofrequency 

ablation treatment. One patient experienced major 

complication – permanent right paramedian vocal cord 

palsy with inspiratory stridor without dysphonia.

In our study, we did not perform a particular cost 

analysis comparing RFA to surgical procedure. Anyway, 

we agree with Bernardi’s fi ndings (29). She has clearly 

shown that RFA may be a cost-effective technique to 

treat the thyroid nodules compared to surgery. Indeed, 

she performed a cost analysis included the procedures 

(RFA or surgery) and the respective pre- and post-

procedural exams. The length of RFA session was short 

and was set in an outpatient regimen with an overall 

cost of about 1,660 € compared to surgical procedure 

(the operative time was longer, the length of the 

hospital stay was 1-2 days and the mean cost was about 

4,550 €). However, a recent study (30) did not confi rm 

these fi ndings. Indeed, Che and cols. stated that 

compared with surgery, the advantages of radiofrequency 

ablation include fewer complications, preservation of 

thyroid function, and fewer hospitalization days but the 

cost difference was not signifi cant.

The strength of our study is that compared to the 

previous published evidence, the study population is 

homogeneous regarding thyroid function, thyroid 
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nodule volume, radiofrequency out-power and number 

of RFA sessions. In particular:
– We enrolled only patients with non-functioning 

thyroid nodules because it cannot be fully ex-

cluded that their functional state could affect 

the volumetric response to the RFA treatment.

– We previously excluded from our analysis pa-

tients with thyroid cystic nodule or thyroid no-

dules with a solid portion less than 70%.

– Thyroid nodules have been treated by one single 

RFA using the same radiofrequency outpower.

 Furthermore, our mean baseline nodule volu-

me is signifi cant higher compared to the other 

studies (much more close to what we face in 

the the real life when we suggest the RFA te-

chnique). Moreover, compared to the previous 

publication (24), this study confi rms the signi-

fi cant volume reduction at 6 months after RFA 

treatment and demonstrates further signifi cant 

volume decline at 12 months after RFA in this 

homogeneous study population.

This study has a few major limitations. In particular, 

this is a retrospective study and the follow-up period is 

quite short.

In conclusion our study has shown that a single 

RFA treatment was effective in reducing benign thyroid 

nodules volume. Moreover, larger BTNs seem to be 

less responsive and perhaps in these cases a further RFA 

treatment should be used to get all the desired clinical 

and radiological outcomes. Cosmetic score improved 

in all treated BTNs, while symptom score got better 

only in medium and large BTN. RF ablation can be 

a valuable and generally safe tool for the non-surgical 

management of BTNs. Other large and prospective 

studies are needed to confi rm these fi ndings. 
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INTRODUCTION 

The thyroid gland is highly sensitive to the carcinogenic 

effects of exposure to ionizing radiation during childhood 

and adolescence. The fi rst relationship between radiation 

exposure and thyroid carcinoma was reported in 1950 

after irradiation of the thymus soon after birth (1). 

Thyroid carcinoma was the fi rst solid malignant tumor 

found with an increased incidence among Japanese atomic 

bomb survivors (2). Later, an increased risk of thyroid 

carcinoma was observed as a consequence of fallout from 

thermonuclear explosion in the Marshall Islands (3) and 

from the nuclear plant accident in Chernobyl (4). The 

risk is signifi cantly increased for radiation doses to the 

thyroid of 50-100 mGy, and for higher doses, the risk 

increases with increasing radiation doses to the thyroid 

gland (5). The risk is maximal for radiation exposure 

during the fi rst years of life and decreases with increasing 

age at exposure, and is low in exposed adults. 

One third of thyroid tumors occurring after 

radiation exposure are malignant, and most radiation-

induced thyroid cancers are papillary thyroid carcinoma 

(PTC). PTC occurs at least 5 to 10 years after radiation 

exposure and may occur years or decades after the 

exposure (6). These cancers have a clinical behavior 

similar to that of PTC that occurs at the same age in 

non-irradiated individuals and that are usually not 

aggressive (7).

As demonstrated for sporadic thyroid carcinomas 

(8), the apparent incidence of radiation-induced 

thyroid cancer is closely related to the modalities and 

intensity of screening. In South Korea where screening 

procedures were introduced in 2000, the apparent 

incidence increased by 15 folds in the subsequent 

years; in 2014, the “Physician Coalition for Prevention 

of Overdiagnosis of Thyroid Cancer” discouraged 

screening with ultrasound (US), resulting in a decrease 

in thyroid cancer incidence by 40% within 3 months (9). 

Similarly, the prevalence of thyroid cancer in Belarus 

after the Chernobyl accident or in Japan after the 

Fukushima accident is much higher at ultrasonography 

screening that at clinical examination in both exposed 

and non-exposed populations (10). Although most 

studies showed an increased incidence of thyroid cancer 

in patients who were exposed to radiation during 

childhood and adolescence, it is important to take 

Radiation expos ure and 
thyroid cancer: a review

Maria Laura Iglesias1, Angelica Schmidt2, Abir Al Ghuzlan1, Ludovic Lacroix1, 

Florent de Vathaire1,3, Sylvie Chevillard4, Martin Schlumberger1

ABSTRACT

The association between radiation exposure and the occurrence of thyroid cancer has been well 
documented, and the two main risk factors for the development of a thyroid cancer are the radiation 
dose delivered to the thyroid gland and the age at exposure. The risk increases after exposure to 
a mean dose of more than 0.05-0.1 Gy (50-100mGy). The risk is more important during childhood 
and decreases with increased age at exposure, being low in adults. After exposure, the minimum 
latency period before the appearance of thyroid cancers is 5 to 10 years. Papillary carcinoma (PTC) 
is the most frequent form of thyroid carcinoma diagnosed after radiation exposure, with a higher 
prevalence of the solid subtype in young children with a short latency period and of the classical 
subtype in cases with a longer latency period after exposure. Molecular alterations, including intra-
chromosomal rearrangements, are frequently found. Among them, RET/PTC rearrangements are 
the most frequent. Current research is directed on the mechanism of genetic alterations induced by 
radiation and on a molecular signature that can identify the origin of thyroid carcinoma after a known 
or suspected exposure to radiation. Arch Endocrinol Metab. 2017;61(2):180-7.

Keywords 

Differentiated thyroid carcinoma; radiation-induced thyroid cancer; radiation exposure; chernobyl accident



C
o

p
yr

ig
h

t©
 A

E&
M

 a
ll 

rig
h

ts
 re

se
rv

ed
.

181

Radiation-induced thyroid cancer

Arch Endocrinol Metab. 2017;61/2

into account that the extent of this increase could be 

determined by the screening procedures used to detect 

thyroid abnormalities. 

We reviewed the current perspectives of this 

pathology and its clinical management.

EPIDEMIOLOGICAL DATA

External radiation

From 1920 until the 50s, external radiation was used for 

the treatment of children with benign conditions such as 

the enlargement of the thymus, skin angiomas, adenoids 

or neck lymph nodes, acnea, otitis, or tinea capitis. 

External radiation therapy to the neck for malignant 

diseases, such as Hodgkin’s disease, may deliver high 

radiation doses to the thyroid gland (11), but even 

external radiation therapy for a thoracic or abdominal 

tumor in young children may deliver signifi cant radiation 

doses to the thyroid gland, because of their small body 

size (12).  

Nuclear exposure 

On August 6, 1945, the U.S. Army Air Forces detonated 

a fi ssion bomb over the Japanese city of Hiroshima and 

another bomb three days later over the city of Nagasaki. 

Since 1950, the Radiation Effects Research Foundation 

has been investigating the late health effects of the 

radiation exposure in atomic bomb survivors. In the 

cohort of 105,401 subjects, 371 thyroid cancers were 

identifi ed from 1958 through 2005. The excess relative 

risk of thyroid cancer at age 60 after exposure at 1Gy at 

age 10 was estimated as 1.28 (95% confi dence interval: 

0.59–2.70). The risk decreased with increasing age 

at exposure and was minimal for those exposed after 

age 20. About 36% of the thyroid cancer cases among 

subjects exposed before age 20 were attributable to 

radiation exposure (13).

In March 1954, after the Bravo nuclear test on the 

Bikini atoll, 245 individuals were exposed to external 

beta and gamma radiation and to internally deposited 

radionuclides. Nearly 80% of the thyroid radiation dose 

was due to short-lived radioactive isotopes of iodine. 

Treatment of exposed subjects with levothyroxine was 

initiated in 1965, when cases of hypothyroidism and 

thyroid nodules were discovered. Thirty-four years after 

the test explosion, 55 (22%) thyroid nodules, including 

16 (7%) thyroid carcinomas, were diagnosed in the 

245 exposed subjects. Twenty-two (1.5%) nodules, 

including 7 (0.5%) carcinomas, were found in 1,495 

unexposed subjects from the same geographical region 

(3,14). The prevalence of hypothyroidism, thyroid 

nodules, and thyroid carcinoma in exposed subjects 

increased with the radiation dose to the thyroid gland. 

Females were at a higher risk (3.7 fold) of developing 

a thyroid nodule than males, and the risk decreased 

with increasing age at exposure. In 1987, the study 

was expanded to subjects living on atolls away from 

Bikini Island and showed that the frequency of thyroid 

nodules increased with shorter distances from Bikini 

Island. A more recent study was unable to confi rm or 

refute these conclusions (15). The risk of radiation-

induced thyroid tumors in fact decreases with longer 

follow-up, whereas the risk of spontaneous thyroid 

tumors increases with older age. 

In 1986, after the accident at the nuclear power 

plant at Chernobyl in Ukraine, huge amounts of 

radioactivity were released in the atmosphere (over 1019 

Bq), including large amounts of radioactive iodines 

(16). The radiation dose to the thyroid gland was high 

in Belarus, Ukraine, and South Russia because of the 

high level of contamination (no food restriction, no 

shielding, late evacuation of only some contaminated 

populations) and because the uptake of radioiodines 

in the thyroid gland was high (iodine defi ciency and 

no iodine prophylaxis). Because of wind during the 

days after the accident, the radiation cloud spread 

over large territories in northern and western Europe. 

The fi rst cases of thyroid cancers were observed in 

contaminated young children in 1990, only 4 years 

after the accident in Minsk and Kiev centers (16). 

The incidence of childhood thyroid carcinoma then 

increased, and in 1995, the incidence rate of childhood 

thyroid carcinoma in Belarus reached 40 per million. It 

is estimated that 7,000 thyroid cancer cases occurred 

among the 2 million highly contaminated subjects who 

were younger than 18 years at the time of the accident. 

In children, a strong relationship was found between 

the dose of radiation delivered to the thyroid gland and 

the risk of developing a thyroid cancer (17).

Important differences exist between the nuclear 

bombing in Japan and the accident at Chernobyl; during 

the atomic bombing, the irradiation was instantaneous 

due to gamma rays and neutrons that were released by 

the atomic explosion, and the entire body was irradiated. 

In Chernobyl, the emitted radiation involved beta and 

gamma rays from radioactive iodines (mainly131 I), 

which were concentrated into the thyroid gland, and 
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the exposure lasted for days, resulting in radiation doses 

to the thyroid gland that were 1,000 to 10,000 folds 

higher than the doses to other organs (16).

On March 11, 2011, during the Fukushima nuclear 

plant accident in Japan, large amounts of radioactive 

isotopes, including  131I, were released. However, the 

radiation dose to the thyroid gland was low because 

the authorities ordered shielding, evacuation from the 

most contaminated territories, and food restriction. 

Furthermore, the thyroid uptake of iodine was low 

in relation to the high iodine alimentary intake. The 

average thyroid dose of residents was < 1 mSv, with 

a maximal dose to the thyroid gland of 33mSv., and 

during the 5 years following the accident, there was no 

increased incidence of clinical thyroid cancers (1 to 5 

per million children) (10). The 300,000 people aged 

18 years or younger who were living in Fukushima 

prefecture at the time of the accident are being 

submitted to ultrasonography screening. During the 

fi rst screening assessment, 100 cases of thyroid cancer 

were found in the screened population, and a similar 

incidence was found in a Japanese control population 

of non-exposed children and adolescents. These cases 

were discovered soon after the accident, and in those 

who developed a thyroid cancer, the radiation dose 

to the thyroid was low (< 10 mSv.), and there is no 

evidence that thyroid cancer incidence is increasing 

with time. Therefore, there is no obvious relationship 

with the nuclear meltdown; furthermore, the age 

distribution at occurrence of thyroid cancer is similar 

to that observed in France and Italy in non-exposed 

children and was different from the age distribution 

observed at Chernobyl (18). The detection of these 

cases is related to the sensitivity of screening procedures.

FACTORS MODIFYING THE SENSITIVITY TO 

DEVELOPING RADIATION-RELATED THYROID 

CARCINOMA

Dose

The main risk factor for the development of a thyroid 

cancer after radiation exposure is the radiation dose 

delivered to the thyroid gland. In the pooled analysis 

of seven studies (5), which was recently extended to 

12 studies (18), the risk of thyroid cancer signifi cantly 

increased after a mean dose to the thyroid during 

childhood as low as 0.05 to 0.1 Gy (50 to 100mGy). 

Nevertheless, there is no dose limit below which the risk 

can be totally excluded (19). For this reason, irradiating 

procedures such as CT scan that may deliver up to 10 

mSv should be avoided in young children whenever 

possible, and when performed, it should deliver a 

minimal radiation dose. 

At doses above 0.05 - 0.1 Gy, the risk increases 

linearly with the dose up to 20–29 Gy (OR: 9.8, 

3.2–34.8), and at doses higher than 30 Gy, there is 

a reduction in dose response (20). This is consistent 

with the cell-killing hypothesis, but the risk remains 

signifi cant (19,21). 

In children exposed to a dose of 1 Gy to the 

thyroid, the relative risk of thyroid carcinoma ranges 

among series from 5.1 to 8.5 (17,19). It was estimated 

that 88% of the thyroid cancers in this group of patients 

are attributable to radiation exposure (5,19). A similar 

relative risk was observed after external radiation 

exposure and in contaminated children who lived 

in Belarus and Ukraine at the time of the Chernobyl 

accident (17).

In the past, it was thought that the dose rate 

(Gy/time unit) was an important parameter because 

radiation-induced thyroid tumors were observed after 

exposure to external radiation at high dose rates, 

but the study of subjects exposed to 131I for medical 

conditions in Sweden did not reveal any increased risk 

of thyroid cancer (22). Also, the occurrence of thyroid 

tumors in the Marshall Islands was attributed to the 

exposure to short-lived radioisotopes of iodine. In fact, 

Swedish subjects were adults at the time of exposure 

and at an age when people are poorly sensitive to the 

carcinogenetic effects of radioiodine (see below). The 

consequences of the Chernobyl accident clearly showed 

that low-dose-rate exposure due to radioactive iodine 

contamination, including with 131I, may induce thyroid 

tumors at a young age with similar risk factors compared 

to external radiation exposure at a high dose rate.

Age and latency

In the pooled analysis of 12 studies, the patients exposed 

to external radiation before the age of 4 years showed 

a fi vefold greater risk per Gy of developing a thyroid 

cancer relative to those aged 10–14 years (19). Likewise, 

a study of thyroid cancer after external radiation therapy 

for childhood cancer found a 10-fold higher excess 

relative risk per Gy (ERR/Gy) for those treated with 

radiation at age 0–1 year relative to those aged 15–20 

years (19,23). Similar data were observed in Japanese 
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survivors of atomic bombings and after the Chernobyl 

accident, for whom the risk was maximal when exposed 

at a young age and decreased with increasing age at 

exposure (17,24). 

The risk of thyroid cancer after exposure to external 

radiation was believed to be 2-3 fold higher in females 

than in males, but this gender effect was not confi rmed in 

the pooled analysis of 12 studies (19) and was not found in 

contaminated children after the Chernobyl accident (24).

After exposure to radiation, the minimum latency 

period for the development of thyroid cancer was 5 to 

10 years (5,6,25,26). However, a shorter interval was 

observed after the Chernobyl accident that may be 

related to the large number of contaminated children 

among whom few cases of thyroid cancer occurred 

earlier, representing a signifi cant increased incidence 

due to the rarity of the disease in the general population 

at that young age (4). The risk increases and peaks at 

20-35 years, declining thereafter; but in survivors of 

the Nagasaki and Hiroshima bombings, an excess risk 

is still present at 60 years after exposure (5,13). 

Iodine status and other conditions 

In the case of iodine defi ciency, the thyroid uptake of 

radioactive iodine is high, resulting in high radiation 

doses to the thyroid gland. Iodine defi ciency may also 

increase the proliferation rate of thyroid cells that may 

facilitate the occurrence of thyroid cancers, and this 

may have occurred in contaminated children in Belarus, 

Ukraine, and Russia (17,26,27). 

In a cohort of 4,338 5-year survivors of solid 

childhood cancer, the thyroid cancer risk increased after 

splenectomy and decreased after high radiation doses 

to the pituitary gland. The authors hypothesized that 

after splenectomy, the immunological alterations could 

be involved in the development of thyroid carcinoma 

and that, after pituitary irradiation, low serum TSH 

levels will result in lower thyroid stimulation (12). 

Until recently, chemotherapy administration was 

not considered to be a risk factor for thyroid carcinoma 

after radiation therapy for a childhood cancer or as 

a potential radiation dose response-modifi er (5). 

However, it is currently considered that chemotherapy 

during childhood increases the risk of subsequent 

thyroid carcinoma by 4 folds if given alone and that the 

risk of chemotherapy is additive to the risk of radiation 

therapy when both are given (19).

The risk of thyroid carcinoma per unit of radiation 

dose to the thyroid was higher in subjects with a body 

mass index (BMI) higher than 25 or a larger BSA (body 

surface area) (12). 

These data show that the risk for any radiation dose 

to the thyroid gland may be modifi ed by many factors, 

but as already stated, screening biases should always be 

kept in mind. 

Other thyroid pathologies

Several other thyroid abnormalities may be caused by 

radiation exposure (28). The risk of hypothyroidism, 

probably as a consequence of cellular death, increases 

with the radiation dose.

In a study of 4,091 Hiroshima and Nagasaki 

survivors, autoimmune thyroid diseases were not 

associated with radiation exposure (29). In a study 

of patients irradiated for Hodgkin’s disease, the risk 

of Graves’ disease was signifi cantly increased (11). 

Finally, several studies have indicated that low-doses 

of radiation to the thyroid could be associated with an 

increased prevalence of anti-thyroid antibodies (30), 

but these associations remain controversial. 

Personal and familial susceptibility

A familial susceptibility to radiation-induced thyroid 

cancer has been suggested by the pedigree of some 

families in which several irradiated individuals have 

developed a thyroid tumor more often that would be 

expected by chance. Also, the association of thyroid, 

parathyroid, salivary gland, or neural tumors in a subject 

exposed to radiation to the neck suggests a predisposition 

to develop tumors after radiation exposure. However, 

the natural history of the thyroid cancer was not altered 

by any familial concordance (31).

PATHOLOGY AND MOLECULAR BIOLOGY

PTC is the most frequent form of thyroid carcinoma 

diagnosed after radiation exposure. After the Chernobyl 

accident, most young children had a solid or follicular 

PTC subtype with an aggressive behavior and a short 

latency period, whereas older children had more 

frequently classical PTC that was less aggressive and 

was discovered after a longer latency period. Solid 

subtype was also frequently observed in the rare PTC 

that occurred in young children in the absence of any 

radiation exposure, demonstrating that this subtype is 
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associated with a younger age at occurrence of the tumor 

(16,32). 

Ionizing radiations induce DNA damage either 

directly or by generating reactive oxygen species 

(ROS) (16). The thyroid tissue contains a high 

quantity of NADPH oxidases, which are specialized 

ROS-generating enzymes that are known as NOX/

DUOX. Radiation exposure increases DUOX1 

expression, leading to an important production of 

ROS in the thyroid gland after radiation exposure, and 

this may explain its high sensitivity to radiation (33). 

This DNA damage includes single- or double-strand 

breaks that will result in deletions and chromosomal 

rearrangements.

Normal thyrocytes multiply during body growth, 

especially before the age of 5 years, and this will favor 

the accumulation of genetic defects after radiation 

exposure. Mitotic rate decreases with age and becomes 

very low in adults. This may explain the high sensitivity 

of the thyroid gland to the carcinogenic effects of 

radiation at birth, which decreases with increasing age, 

becoming low or not signifi cant after the age of 15-20 

years (5,16,26,27).

In PTC occurring after radiation exposure, intra-

chromosomal rearrangements are frequently observed. 

RET/PTC rearrangements consist in the fusion of 

the tyrosine kinase domain of RET with the NH2 

terminal domain of another gene that is ubiquitously 

expressed, resulting in the constitutive expression of 

the transcript. RET/PTC3 rearrangement was the 

most frequently observed rearrangement in aggressive 

PTC that occurred in young children soon after the 

Chernobyl accident, and RET/PTC1 rearrangement 

was more frequently observed in classical PTC that 

occurred later after the accident. Other RET/PTC 

rearrangements have been found in Chernobyl thyroid 

cancers that may differ either by the partner gene or by 

the breakpoint site (34-40). In a series of 26 papillary 

thyroid cancers that occurred in highly contaminated 

children in Ukraine, kinase fusion oncogenes resulting 

from intra-chromosomal rearrangements that activate 

the mitogen-activated kinase pathway (MAP kinase 

pathway) were found in 23 (including RET/PTC, 

BRAF, and TRK rearrangements), and BRAF (n = 2) 

and TSHR (n = 1) gene point mutations were found in 

only 3 tumors (36). In contrast, in 27 sporadic papillary 

thyroid cancers that occurred in non-contaminated 

children from Ukraine, gene rearrangements were 

found in 9, and BRAF (n = 7) or NRAS (n = 2) gene 

point mutations were found in 9 tumors, and no 

driver mutation was found in 9 tumors. In conclusion, 

in radiation-induced PTC, gene rearrangements are 

frequently found and point mutations are infrequent; 

in rare PTCs occurring in children in the absence 

of previous radiation exposure, RET/PTC gene 

rearrangements are more frequent than in adults but 

less frequent than in radiation-induced PTC (41). 

A transcriptomic signature that includes genes that 

are differently expressed in sporadic tumors relative 

to tumors occurring after external radiation exposure 

during childhood permits the distinction of these 

two groups of tumors with a sensitivity of 0.92 and a 

specifi city of 0.85 (42). Furthermore, this signature 

allows for classifying tumors from Belarus and Ukraine 

as either sporadic or occurring in highly contaminated 

subjects during the Chernobyl accident (43). These 

data confi rm previous studies (44-47) and suggest 

that radiation-induced tumors may have some specifi c 

molecular characteristics, but this should be confi rmed 

on a larger series of tumors.

MANAGEMENT

The risk of developing a thyroid cancer and its temporal 

pattern of occurrence is of clinical importance for the 

long-term surveillance of late effects of radiation to the 

neck. In daily practice, the clinician could be in front 

of patients who have been exposed to external radiation 

or patients with thyroid abnormalities that require the 

search for a history of radiation exposure (28). 

In the case of external radiation exposure, the risk 

of radiation-induced thyroid tumor can be estimated 

according to the age at exposure and the dose delivered 

to the thyroid gland; additionally, it is important to 

search for other effects of radiation and a personal or 

family history of head and neck tumors.

An exhaustive physical examination and 

ultrasonography of the thyroid gland and of lymph 

node areas are performed. Also abnormalities that may 

be induced by radiation exposure to the neck such as 

tumors of the salivary glands, hyperparathyroidism, and 

neural tumors should be screened.

Laboratory tests include screening for hypothyroidism 

(TSH) and hyperparathyroidism (calcium). Radiation 

exposure during childhood increases the risk of 

hyperparathyroidism, and this risk increases with radiation 

doses (48,49). Subjects exposed to radiation with high 

Tg levels and with a normal clinical examination have an 

increased risk of developing thyroid nodules (50). 
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with radioactive isotopes of iodine during childhood 

increases the risk of developing a thyroid cancer. It is 

therefore warranted to avoid any thyroid irradiation 

in case of atmospheric contamination by means of 

shielding, food restrictions, and evacuation if necessary 

and with the administration of large amounts of stable 

iodine. 

Stable iodine, administered as potassium iodide 

(KI), inhibits the thyroid uptake of radioactive iodine 

by more than 98% if it is administered several hours 

before contamination, by 90% at the time of the 

contamination, and by 50% if it is given 6 hours after 

the accident. Uptake will be low during 48-72 hours 

and then will re-increase. 

KI prophylaxis should be administered in priority to 

children and pregnant women. It is not recommended 

for people over 60 years or those with cardio-vascular 

disease. KI can induce thyrotoxicosis in subjects with 

nodular goiter or thyroid autonomy. In Poland, after the 

Chernobyl accident, KI doses were distributed to over 

18 million subjects, and no case of thyrotoxicosis has 

been reported, and only a few subjects had symptoms 

(51). The newborns of mothers who took KI at the end 

of their pregnancies had increased serum TSH at birth, 

but this was transient, and no neurological sequelae 

were observed.

In France, KI was distributed to the population 

that lives within 10 kilometers of one of the 19 French 

nuclear power plants (52). In case of atmospheric 

contamination, the public authorities will establish the 

need for and timing of iodine prophylaxis. 

In France, each tablet contains 65 mg of KI 

(equivalent to 50 mg of iodine) with a chemical stability 

of at least 5 years. The tablets can be dissolved in water, 

milk, or fruit juice and can be divided in 4 pieces. It 

is not recommended to ingest these tablets with an 

empty stomach. The recommended doses are: 100 mg 

of iodine (130 mg KI, two tablets) for adult subjects 

(including pregnant women); 50 mg of iodine (65 mg 

KI, one tablet) for children below 13 years of age; 25 

mg of iodine (32.5 mg KI, half tablet) for children 

below 3 years of age; 12.5 mg of iodine (16 mg KI, 

quarter tablet) for newborns. 

For the International Atomic Energy Agency, the 

intervention level for the administration of stable iodine 

is when the thyroid gland of children may receive an 

estimated dose of 50 mSv or more (53,54). Western 

nuclear reactors are fi tted with fi lters that will decrease 

the magnitude of atmospheric contamination and with 

Patients with a history of radiation exposure during 

childhood (Figure 1) should be submitted to follow-up 

for life. Patients without abnormalities can be evaluated 

every 1 to 5 years, according to risk factors.

Figure 1. Work-up of subjects with a history of external radiation during 

childhood. 

* Risk factors include young age at radiation exposure, high radiation dose 

to the neck, personal and familial susceptibility, and elevated serum Tg 

concentrations. Levothyroxine therapy is considered if needed to maintain 

a TSH in the low-to-normal reference range.

TSH-Tg-calcium

Clinical examination

Neck ultrasonography

No nodule Nodule < 1 cm

LT4 treatment 6 monthsRisk factors*

Low risk

Follow-up

(1-5 years)

< 1 cm/no

suspicious findings

Surgery and

LT4 treatment

Malignant or

suspicious

Yearly follow-up

(on LT4 treatment)

High risk

FNAC

> 1 cm

Nodule > 1 cm

Solid thyroid nodules larger than 1 cm in diameter 

are submitted to fi ne needle biopsy for cytology. If 

multiple nodules are found, the fi ne needle biopsy is 

indicated in nodules that are suspicious at ultrasound. 

Patients with sub-centimeter nodules are controlled 

every 1-2 years with ultrasonography.

Hypothyroidism is treated with levothyroxine. 

In addition, levothyroxine treatment is considered in 

euthyroid patients with high risk factors and in patients 

with small nodules in order to maintain the serum TSH 

levels in the low normal range.

If the cytology suggests the presence of a papillary 

carcinoma, a total thyroidectomy is recommended. 

Total thyroidectomy is also performed when surgery 

has been decided for an apparently benign nodule, with 

the aim of reducing the risk of nodule recurrence. 

PREVENTION

Evaluation of the consequences of the Chernobyl 

accident has clearly demonstrated that contamination 
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an isolating barrier (not present at the Chernobyl plant), 

which should ensure a delay of several hours between a 

serious accident and the release of radioactive material 

into the atmosphere. Public authorities must capitalize 

on this time interval to organize iodine prophylaxis.

CONCLUSION

The consequences of radiation exposure of the thyroid 

gland are well known. The risk of thyroid carcinoma after 

exposure to doses higher than 0.05 - 0.1 Gy is higher 

in younger children at the time of exposure. All efforts 

should be performed to avoid any radiation exposure 

during childhood.
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Eff ect of diacerein as an add-on 
to metformin in patients with 
type 2 diabetes mellitus and 
inadequate glycemic control

Miriam Méndez-del Villar1, Esperanza Martínez-Abundis1, 

Rafael O. Preciado-Márquez1†, Manuel González-Ortiz1 

ABSTRACT

Objective: To evaluate the effect of diacerein as an add-on to metformin in patients with type 2 
diabetes mellitus (T2DM) and inadequate glycemic control. Materials and methods: A randomized, 
double-blind, placebo-controlled clinical trial was carried out on 12 patients with T2DM and inadequate 
glycemic control [glycated hemoglobin A1c (A1C) ≥ 7%] with metformin as monotherapy (≥ 1500 mg 
per day) for at least the previous 90 days. Fasting and postprandial glucose were measured before 
and after the pharmacological intervention. A1C, lipid profi le, creatinine and uric acid were also 
evaluated. After randomization, all patients continued with their dose of metformin. Six subjects 
received placebo and the other six volunteers took diacerein. Data were tested using the Wilcoxon 
signed-rank, Mann-Whitney U and chi-square tests. The Institutional Ethics Committee approved the 
study protocol. Results: After 90 days of diacerein as an add-on to metformin, there was a signifi cant 
decrease in fasting glucose (196 ± 79 vs. 149 ± 70 mg/dL, p < 0.05), postprandial glucose (262 ± 99 
vs. 187 ± 70 mg/dlL, p < 0.05) and A1C (8.4 ± 2.0 vs. 6.7 ± 1.7 %, p < 0.05). Conclusions: Diacerein as 
an add-on to metformin in patients with T2DM improved their glycemic control. Arch Endocrinol Metab. 

2017;61(2):188-92.
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INTRODUCTION 

A dipose tissue is considered an endocrine organ 

that secretes various adipokines involved in 

metabolic regulation and infl ammatory processes (1). 

Dysregulation of endocrine function and infl ammation 

of adipose tissue induce a systemic infl ammation and 

insulin resistance in patients with overweight and 

obesity, which may lead to the development of type 

2 diabetes mellitus (T2DM) (2). Tumor necrosis 

factor- (TNF-) and interleukin (IL)-1 have been 

involved in apoptosis of pancreatic -cells, decreasing 

insulin secretion with the consequent hyperglycemia 

characteristic of T2DM (3,4).

Diacerein is an anthraquinone derivative whose 

active metabolite is rhein. It is considered a symptomatic 

slow-acting drug for the treatment of certain articular 

diseases such as osteoarthritis with anti-infl ammatory, 

anti-catabolic and pro-anabolic properties on cartilage 

and synovial membrane. It has also recently been shown 

to have protective effects against subchondral bone 

remodeling. The use of diacerein is associated with 

common gastrointestinal disorders such as soft stools and 

diarrhea, common mild skin reactions, and, uncommonly, 

hepatobiliary disorders. No serious adverse events have 

been associated with its long-term use (5).

Metformin is an oral glucose-lowering agent of the 

biguanide family and is derived from Galega offi cinalis. 

It currently is the fi rst-choice drug for T2DM treatment 

because of its effectiveness, low cost and safety (6). Its 

antihyperglycemic properties are due to its effects on 

various tissues such as intestine, liver and skeletal muscle.

Meanwhile, the anti-infl ammatory properties 

of diacerein due to the decrease of some cytokine 

concentrations, mainly TNF- and IL-1, may be 

responsible for insulin resistance improvement (7) 

(Figure 1) (6-9).

Due to the anti-infl ammatory effects of diacerein, 

it could be considered as a pharmacological option 

to counter the systemic infl ammation and insulin 

resistance characteristic of patients with obesity (8). 

Administration in drug-naïve patients with T2DM 

signifi cantly increases the fi rst, late, and total insulin 

secretion phases, improving metabolic control (10).
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Several pharmacological options are available for 

the treatment of T2DM with different mechanisms of 

action (11). In many cases the combination of therapies, 

which improve both insulin sensitivity and secretion, is 

recommended (11,12).

If diacerein improves insulin secretion in T2DM 

patients, it may be used in combination with an insulin 

sensitizer such as metformin, which is considered the 

fi rst drug of choice for T2DM treatment. Therefore, 

the aim of this study was to evaluate the effect of 

diacerein as an add-on to metformin in patients with 

T2DM and inadequate glycemic control. 

MATERIALS AND METHODS

A randomized, double-blind, placebo-controlled clinical 

trial was performed including 12 patients with T2DM 

and inadequate glycemic control [glycated hemoglobin 

A1c (A1C) levels ≥ 7%] with metformin as monotherapy 

(≥ 1500 mg per day) for at least the previous 90 days. 

Subjects were between 30 and 60 years of age and with 

overweight or obesity according to body mass index (BMI) 

(25.0–34.9 kg/m2). Subjects were selected from the same 

residential area and socioeconomic status. No participant 

was excessively sedentary or engaged in strenuous physical 

activity. All individuals were nonsmokers and their body 

weight remained stable for at least 90 days prior to the 

study. Patients had no history of hepatic, renal, thyroid, or 

heart disease. Subjects denied use of any other medications 

that affect glucose metabolism during the previous 6 

months. Patients were excluded if they were pregnant, 

breastfeeding, or had a known allergy to diacerein.

Patients were evaluated before and after the 

90-day study period. All patients received general 

recommendations about their medical nutritional 

therapy and were instructed to not modify their usual 

physical activity. Tests were performed at 8:00 a.m. 

after a 10- to 12-h overnight fast.

Height and body weight were measured with 

individuals wearing light clothing and no shoes. Height 

was measured with subjects standing and head in 

Frankfort plane (when orbitale is at the same horizontal 

plane with tragion). Measurements were rounded to the 

nearest centimeter. Body weight was evaluated using a 

bioimpedance digital scale and results were reported in 

kilograms using a decimal. Fat mass, in kilograms, was 

evaluated through bioimpedance. BMI was calculated by 

dividing body weight (kg) by height squared (m2). Waist 

circumference was measured with a fl exible steel certifi ed 

Lufkin® tape at the midpoint between the lowest rib and 

the iliac crest and was expressed in centimeters using a 

decimal. Blood pressure was measured three times at 

the left arm with a digital sphygmomanometer (Omron 

Hem-907 XL®) with the subject seated in a chair after 

a 5-min rest. The mean of the three measurements was 

considered as the value of systolic blood pressure and 

diastolic blood pressure expressed in mmHg.

Blood samples were taken under fasting conditions 

to measure serum fasting glucose (FG), total cholesterol 

(TC), triglycerides (TG), high-density lipoprotein 

cholesterol (HDL-C), creatinine and uric acid levels. 

Whole blood was collected for A1C concentrations. 

After the fasting blood sample, patients were requested 

to eat their breakfast as usual. A second blood sample 2 h 

after breakfast intake was taken to evaluate postprandial 

glucose (PPG) concentrations. 

FG, TG, TC, creatinine and uric acid concentrations 

were measured by enzymatic colorimetric methods 

in an automated analyzer (Erba XL-100®). All 

determinations had intra- and inter-assay coeffi cients 

of variation < 1% and 2%, respectively. Whole blood 

A1C concentrations were determined using ion-

exchange high-performance liquid chromatography 

technique (Bio-Rad Laboratories, Hercules, CA) with 

intra- and interassay coeffi cient of variation of 0.4 and 

1.6%, respectively. Low-density lipoprotein cholesterol 

(LDL-C) levels were calculated using the Friedewald 

formula as follows: LDL-C = TC – HDL-C – (TG/5).

Pharmacological administration

All patients received daily metformin (≥ 1500 mg per 

day) prior to the beginning of the study. Six patients 

were randomly assigned to receive 50 mg of diacerein 

(Representaciones e Investigaciones Médicas, S.A. de 

C.V., México City, Mexico) before breakfast for 15 

days and for the remaining 75 days dose was titrated to 

receive 50 mg of diacerein before breakfast and dinner. 

The remaining six patients received placebo according 

to the same schedule. Simple random allocation was 

performed using a random number list.

Statistical analyses

Sample size was calculated using a formula for clinical 

trials (13) with a statistical confi dence of 95%, statistical 

power of 80%, standard deviation (SD) for FG of 

27 mg/dL, and an expected between-group difference 

of at least 39 mg/dL for FG, obtaining a total of six 

patients for each group. For A1C and PPG, sample size 
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calculation was lower. Values are presented as mean ± 

standard deviation. Data were tested using the Wilcoxon 

signed-rank test for intragroup differences. Mann-

Whitney U test was used for intergroup differences 

and chi-square test was performed for qualitative 

determinations; p ≤ 0.05 was considered signifi cant.

Ethical considerations

The study protocol was reviewed and approved by the 

Institutional Ethics Committee and written informed 

consent was obtained from all volunteers.

RESULTS

All patients who were eligible after enrollment 

completed the 90 days of the pharmacological 

intervention. Of the six patients from the metformin 

plus placebo group, fi ve patients (83.3%) were female 

and one patient was male (16.7%). Mean age was 54.0 

± 3.5 years. In the metformin plus diacerein group, 

four patients (66.7%) were male and two patients 

were female (33.3%). Mean age was 41.3 ± 9.7 years. 

There were no signifi cant differences between gender 

distribution between groups (p = 0.071) and between 

ages (p = 0.143). There were no signifi cant differences 

between groups at baseline according to clinical and 

laboratory characteristics (Table 1).

After administration of diacerein as an add-on to 

metformin, there were signifi cant differences in FG, 

PPG and A1C concentrations (Table 1, Figures 2 and 3). 

There were no signifi cant differences after placebo 

administration. 

No serious adverse events occurred during the 

study. Diarrhea (3 vs. 1 patient, metformin plus 

diacerein and metformin groups, respectively; p = 

0.545) was the unique adverse event reported after the 

pharmacological intervention.

DISCUSSION

A low-grade chronic infl ammatory state is present 

in obesity and T2DM (3). Therefore, treating 

infl ammation together with the different described 

pathophysiological mechanisms of T2DM could be a 

key point for controlling the diabetes epidemic. The 

presence of certain pro-infl ammatory cytokines such as 

TNF- and some interleukins are involved in apoptosis 

of  cells, which results in a decrease in insulin secretion 

(14). Use of some pharmacological interventions such as 

etanercept (15) and some nonsteroidal anti-infl ammatory 

drugs (16) has shown an improvement in -cell function 

and insulin secretion by reducing infl ammation. In both 

in vitro and murine studies, diacerein has demonstrated 

to downregulate pro-infl ammatory cytokine expression, 

which improves insulin secretion (7).

These fi ndings led our investigational team to carry 

out a randomized, double-blind, placebo-controlled 

clinical trial in 40 drug-näive adult patients with T2DM 

(10). A hyperglycemic-hyperinsulinemic clamp was 

used to measure insulin secretion and insulin sensitivity 

before and after the administration of 50 mg of 

diacerein for 60 days. The results showed that diacerein 

administration signifi cantly increases the fi rst, late, and 

total insulin secretion phases with improvement of FG 

and A1C levels.

Table 1. Characteristics before and after the interventions

Metformin Metformin plus diacerein

Baseline 90 days Baseline 90 days

BMI (kg/m2) 32.0 ± 2.4 31.7 ± 2.0 32.5 ± 4.2 32.1 ± 3.7

Fat mass (kg) 31.7 ± 6.6 31.2 ± 5.0  30.7 ± 10.3 30.7 ± 10.3

WC (cm) 101.2 ± 10.0 101.7 ± 8.4 107.1 ± 12.5 106.2 ± 11.4

SBP (mmHg) 129.0 ± 9.5 123.3 ± 8.9 126.7 ± 15.7 119.7 ± 13.3

DBP (mmHg) 78.3 ± 5.4 78.7 ± 7.9 82.7 ± 10.2 76.3 ± 7.4

Total cholester ol (mg/dL) 202 ± 42 202 ± 27  183 ± 70 195 ± 54

Triglycerides (mg/dL) 265 ± 70 380 ± 88 237 ± 220 228 ± 176

HDL-C (mg/dL) 39 ± 11 35 ± 7 35 ± 7 39 ± 7

LDL-C (mg/dL) 109 ± 35 89 ± 46 97 ± 42 109 ± 31

Creatinine (mg/dL) 0.7 ± 0.1 0.7 ± 0.1 0.6 ± 0.1 0.7 ± 0.2

Uric acid (mg/dL) 6.1 ± 1.6 5.6 ± 1.4 5.2 ± 1.6 5.1 ± 1.3

BMI: body mass index; WC: waist circumference; SBP: systolic blood pressure; DBP: diastolic blood pressure; HDL-C: high-density lipoprotein cholesterol; LDL-C: low-density lipoprotein cholesterol.



C
o

p
yr

ig
h

t©
 A

E&
M

 a
ll 

rig
h

ts
 re

se
rv

ed
.

191

Diacerein: metformin on type 2 diabetes

Arch Endocrinol Metab. 2017;61/2

In the present study, diacerein as an add-on to 

metformin improves glycemic control, signifi cantly 

decreasing A1C, FG and PPG concentrations. 

No signifi cant differences were found with the 

administration of metformin plus placebo.

This may be explained by the fi ndings of a previous 

experimental study in an animal model of obesity 

and T2DM treated with diacerein (8). The authors 

found an important effect on adipose tissue, lowering 

macrophage infi ltration, reducing cytokine production 

and improving some infl ammatory pathways in the 

muscle and liver. These effects lead to improvement in 

insulin signaling in the liver accompanied by a reduction 

in hepatic glucose output and in reductions of glucose 

concentrations. These effects may be potentiated by the 

co-administration of metformin that acts according to 

similar pathways. No signifi cant differences were found 

in other metabolic parameters such as lipid profi le, 

which coincides with our previous fi ndings. 

The main limitation of our study is the small sample 

size. Further studies with additional patients are needed 

to confi rm our fi ndings. Also, it would be appropriate 

to more rigorously control certain confounders such 

Intestine

Anaerobic glucose

metabolism

Total and active

GLP-1

May  DPP-4

 ER

stress/inflammatory

 (mRNA) IL-6, IL-1

and TNF-

pIR-  PTP1B),

 IRS-1, and pAkT 

 Inflammatory status

 pIR-  PTP1B),

 IRS-1,   pAkT

 Glucose uptake 

 ER stress/inflammatory status

 pIR-  PTP1B),

 IRS-1, and pAkT

 Gluconeogenesis/fasting

plasma glucose

 Fatty acid oxidation 

 Gluconeogenesis

 Glucogenolisis

 Fatty acid oxidation

 Insulin-mediated

glucose uptake

 Glucogenesis

 Fatty acid oxidation

Metformin

LiverLactate

 Hyperglycemia

Adipose tissue Liver

Diacerein

Skeletal muscle

Skeletal muscle

Figure 1. Mechanism of action of metformin and diacerein for glucose improvement (Ref. 6-9).

GLP-1: glucagon like peptide 1; DPP-4: dipeptidyl-peptidase 4; ER: endoplasmic reticulum; mRNA: messenger RNA; IL-6: interleukin 6; IL-1: interleukin 1; 

TNF-: tumor necrosis factor ; pIR-: phosphorylated insulin receptor type ; PTP1B: protein-tyrosine phosphatase 1B; IRS-1: insulin receptor substrate 

1; pAkt: activated protein kinase B.

400

350

Baseline 90 days

Metformin

Fasting glucose (mg/dL) Postprandial glucose (mg/dL)

* p < 0.05

*
*

Metformin plus

diacerein

Metformin plus

diacerein

Baseline 90 days Baseline 90 days Baseline 90 days

300

250

200

150

100

50

0

Metformin

12

10

8

6

4

2

0
Baseline 90 days Baseline 90 days

Glycated hemoglobin A1c (%)

* p < 0.05

*

Metformin plus diacereinMetformin

Figure 2. Fasting and postprandial glucose differences before and after 

the interventions.

Figure 3. Glycated hemoglobin A1c differences before and after the 

interventions.



C
o

p
yr

ig
h

t©
 A

E&
M

 a
ll 

rig
h

ts
 re

se
rv

ed
.

192

Diacerein: metformin on type 2 diabetes

Arch Endocrinol Metab. 2017;61/2

as age. In the present study, patients in the metformin 

plus diacerein group were, on average, 10 years younger 

than in the metformin plus placebo group. 

This clinical trial should be considered as a pilot 

study for future studies examining the effect of diacerein 

in combination with other antidiabetic agents.

In conclusion, diacerein as an add-on to metformin 

in patients with T2DM showed an improvement in 

glycemic control.
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case report

Malignant melanoma with 
synchronou s thyroid metastases: 
case report and literature review

Maria Manuel Costa1, Sandra Belo1, João Capela-Costa2, 

Jennifer Costa3, Davide Carvalho1

SUMMARY

Thyroid metastases are rare in clinical practice. We describe the case of an 85-year-old woman who was 
referred to our department due to a multinodular goiter with compressive symptoms and subclinical 
hyperthyroidism. The patient was also undergoing evaluation for a polyp in her left nasal cavity, which 
was then diagnosed as a malignant melanoma of the nasal mucosa. A thoracoabdominal magnetic 
resonance imaging obtained for cancer staging revealed a > 50% tracheal obstruction caused by the 
goiter. The patient underwent simultaneous total thyroidectomy and melanoma excision. Histological 
analysis of the thyroid showed the presence of multiple metastatic foci from the melanoma. Due to 
the patient’s age, a decision was made to maintain her under surveillance and administer palliative 
treatment if necessary. Although metastases to the thyroid are rare, they should be considered in the 
differential diagnosis of thyroid lesions in patients with a known primary tumor. The thyroidectomy, 
performed in this patient’s case, allowed the diagnosis of the metastases and relief of compressive 
symptoms caused by the goiter. Arch Endocrinol Metab. 2017;61(2):193-7.
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INTRODUCTION

M etastases to the thyroid are rare, despite the 

gland’s rich vascular structure and blood supply 

(1). Some hypotheses proposed to explain the low rates 

of thyroid metastases include the fast blood fl ow within 

the gland, which would prevent adhesion of malignant 

cells, and its high concentration of oxygen and iodine, 

which inhibit the propagation and growth of malignant 

cells (2). 

The frequency of thyroid metastases vary depending 

on the type of material analyzed. In autopsy series, the 

incidence of metastases to this gland varies from 1 to 

24%, but only 1.4 to 3% of the patients undergoing 

surgery for thyroid malignancy present thyroid 

metastases (3-5). These different rates suggest that 

thyroid metastases are often occult (6). The most 

frequent primary tumors metastasizing to the thyroid 

are the lungs, the gastrointestinal system, the breast, 

and the kidneys (4,7,8).

Metastases may occur due to the spread of malignant 

cells via hematogenous or lymphatic dissemination 

or, alternatively, by a direct invasion of the thyroid 

by malignant neoplasms located in adjacent organs 

such as the larynx, tongue, esophagus, and proximal 

trachea (3). Malignant melanoma, an aggressive skin 

cancer with an increasing incidence, has the ability 

to metastasize to almost any organ, with the most 

common sites including the lungs, liver, and brain (9). 

Metastatic disease should always be considered in the 

differential diagnosis of patients with a history of cancer 

and presenting with thyroid nodules. Metastases are 

often found in patients with disseminated disease and 

are frequently a fi nding of a terminal disease (10). 

Here, we describe the case of a patient with thyroid 

metastases from a nasal malignant melanoma and 

present a review of the literature on the topic of thyroid 

metastases.

CASE REPORT

An 85-year-old Caucasian female was referred to our 

Endocrinology Department due to a thyroid goiter and 

subclinical thyrotoxicosis. She had known multinodular 

goiter for many years and had developed dyspnea, 
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dysphagia, and hoarseness a few months before the 

referral. The patient had no prior history of cancer and 

no family history of thyroid disease.

On thyroid ultrasonography, the patient presented a 

multinodular goiter with the largest nodules measuring 

35 mm and 21 mm, located in the left and right lobes, 

respectively. No cervical adenopathy was noted. Her 

thyroid function tests showed the following results: 

thyroid-stimulating hormone (TSH) 0.15 μU/mL 

(reference range 0.46-4.68), free triiodothyronine 

(T3) 4.15 pg/mL (2.75-5.26), and free thyroxine (T4) 

1.07 ng/dL (0.77-2.19). Antithyroperoxidase and 

antithyroglobulin antibodies were negative. 

The diagnosis of thyrotoxicosis was established, and 

therapy with methimazole 5 mg once daily was initiated 

due to the patient’s age and history of cardiovascular 

disease. Thyroid scintigraphy, cervical and chest X-ray, 

and measurement of thyrotropin-receptor antibodies 

were requested; however, the patient underwent 

surgery before undergoing these tests. Due to that, we 

were unable to clarify the etiology of her thyrotoxicosis, 

although, toxic multinodular goiter or damage to 

thyroid follicles by metastatic lesions seemed to be the 

two likely causes.

The patient was also undergoing an ear, nose, and throat 

(ENT) evaluation due to a polyp in her left nasal cavity 

measuring 41 x 29 mm, which occupied almost the entire 

cavity. The polyp was evaluated with fi ne-needle aspiration 

biopsy (FNAB), and the results suggested the diagnosis of 

malignant melanoma. For the purpose of cancer staging, 

she was investigated with thoracoabdominal magnetic 

resonance imaging which revealed a > 50% tracheal 

obstruction on the cervical-thoracic transition caused by 

her large multinodular goiter (Figure 1). No other lesions 

suggestive of metastatic disease were observed.

The patient subsequently underwent total 

thyroidectomy with left cervical lymph node dissection 

and removal of the melanoma from her nasal cavity. 

She was discharged from the hospital on the third 

postoperative day without any complications with a 

prescription of levothyroxine 100 μg/day.

The histological report of the excised nasal polyp 

confi rmed the diagnosis of malignant melanoma. On 

immunohistochemical staining, the tumor tissue showed 

diffuse immunoreactivity for HMB-45 and S-100 

proteins. The histological analysis also revealed the 

presence of metastases in two out of 21 dissected lymph 

nodes. The histological analysis of the thyroid confi rmed 

the diagnosis of a multinodular goiter with multiple 

bilateral cancer foci with overlapping characteristics 

to that of the nasal mucosa neoplasm (Figure 2) and 

immunoreactivity for HMB-45 (Figure 3).

Due to the patient’s age, a decision was made to 

maintain her under surveillance, with possible palliative 

treatment if necessary. Four months after surgery, the 

patient was hospitalized due to obstructive pyelonephritis 

and aggravation of a chronic renal disease. In this context, 

a computed tomographic (CT) scan of the abdomen 

and pelvis was performed, which revealed the presence 

of multiple lesions consistent with widespread metastatic 

disease. One month later, the patient presented a right 

femoral neck fracture in the absence of a fall or injury, 

which was interpreted as a pathologic fracture. She 

underwent surgical correction of the fracture but died 

two weeks later due to cardiorespiratory arrest.

Figure 1. Magnetic resonance imaging of the head and neck showing 

compression of the trachea by a multinodular goiter. (A) Coronal view. (B) 
Sagittal view.

A

B
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DISCUSSION

This case illustrates the presentation, diagnosis, and 

treatment of a patient with thyroid metastases. Thyroid 

metastases account for a low percentage of all malignant 

thyroid neoplasms. They occur most frequently between 

the sixth and seventh decades of life and have age as one 

of the main contributors of a poor prognosis (10,11). In 

the present case, the diagnosis was established at an even 

older age, at the ninth decade of life.

Primary tumors of the thyroid gland occur more 

frequently in women; however, in terms of thyroid 

metastases, some controversy exists regarding a gender 

predominance. Some studies suggest a higher incidence 

in females, while others report otherwise (4,12,13). 

According to their primary site, melanomas are grouped 

as cutaneous, ocular, mucosal, and of unknown origin; of 

all, mucosal melanomas are the least frequent ones (14). 

Head and neck mucosal melanomas (HNMMs) comprise 

0.7% to 0.8% of all melanomas and less than 10% of all 

head and neck melanomas (15). Malignant melanoma 

is an aggressive cutaneous melanocytic neoplasm which 

often metastasizes to regional lymph nodes but whose 

mortality is mainly determined by tumor dissemination 

to visceral organs such as the lungs, liver, and brain. 

Although rare, HNMMs are very aggressive malignant 

tumors, and their prognosis is worse than that for 

cutaneous and ocular melanomas (16). 

Metastatic melanoma to the thyroid is rare, with only 

a few cases described in the literature (17). In a recent 

meta-analysis that excluded thyroid metastases detected 

on autopsies, metastases of malignant melanomas 

accounted for 4% of 372 cases of thyroid metastases (4). 

Noncutaneous melanomas tend to present at an older 

age, as in the present case, and to be diagnosed at a 

more advanced stage (16,18). 

Thyroid metastases may be the fi rst fi nding in a tumor 

with an unknown location, leading to the diagnosis of 

the primary tumor, or may be a synchronous (20-40%) 

or metachronous (60-80%) manifestation of a known 

tumor (19). In the current case, the thyroid metastases 

were a synchronous fi nding. The moment when the 

thyroid metastases are diagnosed varies widely, ranging 

from the same time as the primary tumor (especially 

in the case of aggressive primary tumors) to up to 20 

years after the primary tumor (in cases of less aggressive 

tumors) (13). This time gap may account for the 

diffi culty of diagnosing these metastases (19). They can 

be solitary, multiple, or diffuse, and often present as 

multiple nodules, as in the present case (20). 

A

B

Figure 2. Thyroid histology showing (A) melanoma metastasis (H&E 

staining, x200) and (B) neoplastic cells infi ltrating the parenchyma without 

destroying the thyroid follicles. Shown are epithelioid or spindle cells with 

granular chromatin and scant cytoplasm (H&E staining x 400). 

Figure 3. Histological analysis of the thyroid showing HMB-45 

immunoexpression by the neoplastic cells (x200).
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Immunohistochemistry is a useful test to confi rm 

the diagnosis of metastatic malignant melanoma. The 

S-100 protein is a sensitive but not very specifi c marker. 

More specifi c markers such as melan-A, HMB-45 and 

MITF are preferable in this regard (21).

The diagnosis of thyroid metastasis is often delayed 

since its signs and symptoms are usually mild, like the 

manifestations present in differentiated thyroid cancer. 

Affected patients may be asymptomatic and have a 

nodule detected during routine examination or while 

undergoing imaging tests to stage the primary tumor; 

they may also be symptomatic and report a new or 

enlarging thyroid nodule, enlarged thyroid gland, neck 

swelling, dysphagia, dysphonia, or cough, as observed 

in the present case report (4,13). 

Most case reports of thyroid metastases omit 

the patient’s thyroid function; however, existing 

information in the literature report that most patients 

with thyroid metastases are euthyroid, although 

thyrotoxicosis or hypothyroidism may occur. 

Thyrotoxicosis, as observed in our patient, may be 

caused by invasion and damage to thyroid follicles by 

rapid growing metastases, with release of hormone 

into the bloodstream, or by the production of thyroid 

hormones by the tumor cells (13,22). Unfortunately, 

the study of the etiology of the thyrotoxicosis in our 

patient’s case was incomplete. Hypothyroidism can 

occur later in the context of parenchymal damage (4). 

FNAB is a useful method to determine the 

differential diagnosis between benign and malignant 

thyroid lesions; however, the differentiation between 

primary and secondary malignant thyroid lesions is 

sometimes challenging and often achieved only after 

surgery. Despite the high sensitivity of FNAB for 

the diagnosis of metastases to the thyroid gland, the 

accuracy of FNAB is between 50% and 90% (19,23-

25). This difference can be attributed to the experience 

of the center performing the FNAB (23). In cases of 

poorly differentiated tumors, immunohistochemistry 

may be required to determine their differential 

diagnosis, increasing the diagnostic accuracy and 

helping identify the primary neoplasm. Metastases 

fail to react to thyroglobulin, calcitonin, and thyroid 

transcription factor-1 (TTF-1) (26). It is important to 

highlight that anaplastic thyroid carcinomas also do not 

always react to thyroglobulin and 20-30% of the cases 

are negative on thyroid-specifi c immunohistochemistry 

(19,26). Our patient was not evaluated with thyroid 

FNAB because surgery had to be performed fast; her 

malignant melanoma had to be removed with some 

urgency, and due to her symptoms, it was decided that 

both surgeries should be performed simultaneously. 

The presence of thyroid metastases is associated with 

a poor prognosis, although the life expectancy depends 

mostly on the prognosis of the primary tumor, extent 

of the disseminated disease, and primary tumor stage, 

rather than in the dissemination of the primary tumor 

to the thyroid gland (16,27,28). Overall, 35-80% of 

the patients presenting with metastases to the thyroid 

have disseminated disease (4,29). Specifi cally regarding 

malignant melanomas, patients with metastatic 

melanoma are reported to have a 24-month survival 

regardless of the location of the metastases. The survival 

of our patient was below 8 months.

Due to the rare occurrence of thyroid metastases, 

their approach is based on data from retrospective 

reviews and isolated clinical reports; therefore, no 

consensus recommendations have been established in 

this regard (23). Treatment of thyroid metastases is 

primarily surgical, but the decision to operate on the 

patients will depend on their clinical condition, the 

primary site of the original tumor, presence of other 

metastases, the degree of dissemination, and symptoms 

caused by the thyroid mass (7,10,13). Surgery may 

also be important as a palliative treatment to relieve 

symptoms, particularly those associated with airway 

compression. Most experts agree that surgery is an 

appropriate approach to patients with resectable disease 

and an otherwise reasonable prognosis (19). No 

consensus exists on the extent of the surgery, and most 

authors recommend that isthmectomy and lobectomy 

be performed in cases with isolated nodules, whereas 

total or near-total thyroidectomy should be performed 

in cases with multifocal disease (13). In the present case, 

the patient had a multinodular goiter with compressive 

symptoms, which was the reason for her undergoing 

total thyroidectomy. 

Although some studies suggest that surgical 

treatment extends the survival of patients with thyroid 

metastases, the evidence in this regard remains 

inconclusive (4,13). The factors associated with a 

better prognosis in patients undergoing surgery are the 

absence of metastases to other sites, renal carcinoma 

as the primary tumor, and a long period between the 

diagnosis and the development of the primary tumor 

(19). In cases of patients with disseminated disease or 

comorbidities contraindicating surgery, radiotherapy 

and chemotherapy have been used as palliative 
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treatments (19,28). Since there have been only a 

few reports of melanomas metastatic to the thyroid, 

the role of surgery in this aggressive malignancy has 

not yet been well defi ned; however, considering the 

aggressiveness of this tumor, the role of surgery seems 

to be limited to the relief of compressive symptoms 

rather than cure (30).

CONCLUSION

We described a rare case of thyroid metastases from 

malignant melanoma to draw attention to the differential 

diagnosis of thyroid lesions. During the evaluation of a 

thyroid nodule, particularly in patients with a history of 

malignancy, the hypothesis of metastases should always 

be considered.

Disclosure: no potential confl ict of interest relevant to this article 

was reported.
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Heparin and insulin in 
the  management of 
hypertriglyceridemia-associated 
pancreatitis: case series 
and literature review
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SUMMARY 

Severe hypertriglyceridemia accounts for up to 7% of all cases of acute pancreatitis. Heparin and 
insulin activate lipoprotein lipase (LPL), thereby reducing plasma triglyceride levels. However, the 
safety and effi cacy of heparin and insulin in the treatment of hypertriglyceridemia-associated acute 
pancreatitis have not been well established yet. We successfully used heparin and insulin as fi rst-line 
therapy in four consecutive patients with acute pancreatitis secondary to hypertriglyceridemia. In a 
literature search, we revised almost all reports published to date of patients managed successfully 
with this combination. Heparin and insulin appear to be a safe, effective, and inexpensive fi rst-line 
therapy for hypertriglyceridemia-associated acute pancreatitis. Arch Endocrinol Metab. 2017;61(2):198-201.
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INTRODUCTION

H ypertriglyceridemia is the third most common 

cause of acute pancreatitis after alcohol 

and cholelithiasis (1). The clinical presentation of 

hypertriglyceridemia-associated pancreatitis (HTGP) is 

similar to that of acute pancreatitis due to other causes, 

although the risk of complications with HTGP may be 

higher (2). There are no standard treatment guidelines 

for HTGP, and current treatment strategies include 

standard supportive therapy for the acute pancreatitis 

(suspension of enteral intake, fl uid repletion, and opiate 

analgesia), rapidly lowering the plasma triglyceride levels 

and reducing the likelihood of pancreatitis recurrence 

by eliminating its triggering factors (3). Anecdotal 

evidence suggests that a combination of heparin and 

insulin may be an effective fi rst-line therapy for severe 

HTGP, but the effi cacy of this approach has not been 

well established. We used this combination successfully 

in four consecutive patients with HTGP and found it 

to be safe and effective. All published cases of heparin 

and insulin therapy to control hypertriglyceridemia in 

HTGP also vouch for the safety and effi cacy of this 

approach.

CASES 

We report in the present study a case series of four 

patients (three males and one female), aged between 

28–46 years, who presented to our hospital between 

January 2015 and December 2015. All four patients had 

symptoms attributable to acute pancreatitis with elevated 

serum triglyceride levels (Table 1). Ultrasonography and 

contrast-enhanced computed tomography (CECT) of 

the abdomen confi rmed the occurrence of pancreatic 

infl ammatory changes. Serum markers of pancreatitis 

(serum amylase and lipase) were elevated in all patients. 

Three patients had diabetes of variable duration (cases 1, 

2, and 4) while one patient (case 3) had no diabetes. All 

patients with diabetes had uncontrolled glycemic levels 

(mean glycated hemoglobin of 10.3%) and were on 

oral antidiabetic agents. None of the four patients used 

alcohol. Patients 1 and 4 had known hypertriglyceridemia 

for 3 and 4 years, respectively, while patients 2 and 3 
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were diagnosed with hypertriglyceridemia during 

the current episode of pancreatitis. Table 2 shows the 

baseline characteristics of all four patients. 

The initial management of all patients included 

suspension of enteral intake and fl uid repletion. Regular 

insulin infusion was started at 2–5 units per hour and 

gradually increased to 8–12 units per hour depending 

Table 2. Baseline characteristics of the cases

Parameters Case 1 Case 2 Case 3 Case 4

Age (years)/

Gender
32/M 38/M 28/F 46/M

Weight (kg) 103 88 63 82

BMI (kg/m2) 35.0 31.1 25.0 28.7

Blood glucose at 

presentation 

(mg/dL)

540 232 96 298

HbA1c (%) at 

presentation
11.2 9.2 5.2 10.8

Diabetes 

duration 
3 years 3 years ND 4 years

History of 

pancreatitis

Recurrent 

(third 

episode)

First 

episode

First 

episode

Recurrent 

(second 

episode)

Antidiabetic 

drugs/day

Metformin 

2 g/d

Glimepiride 

4 mg/d

Metformin

1 g/d

Gliclazide 

80 mg/d 

None
Metformin

1 g/d

Antilipidemic 

drugs

Fenofi brate 

145 mg/d
None None

Atorvastatin 

10 mg/d

BMI: body mass index; M: male; F: female; HbA1c: glycated hemoglobin; ND: no diabetes.

Table 1. Laboratory parameters of the patients

Parameter Admission 
24 

hours

48 

hours

72 

hours

Day 

12

Case 1 TG

(mg/dL) 

5,860 3,416 2,280 1,578 501

VLDL

(mg/dL)

249 260 256 239 100

Case 2 TG

(mg/dL)

3,891 1,851 979 686 320

VLDL 

(mg/dL)

262 219 157 142 96

Case 3 TG

(mg/dL)

1,820 1,011 876 534 221

VLDL

(mg/dL)

202 180 120 84 42

Case 4 TG 

(mg/dL)

2,430 1,121 992 601 252

VLDL

(mg/dL)

235 192 143 110 82 

To convert triglycerides from mg/dL to mmol/L, divide the value by 88.5.

TG: triglycerides; VLDL: very-low-density lipoprotein. 

on the patient’s blood glucose levels. In the patients 

with diabetes (cases 1, 2, and 4), 5% dextrose with 

0.45% normal saline was started when the glycemic 

levels reached 180 mg/dL in order to maintain these 

levels within the 140–180 mg/dL range (i.e., glucose 

clamping until decrease in circulatory triglyceride 

levels). Patient 3, who had no diabetes, received 

5% dextrose simultaneously with insulin infusion to 

maintain the glycemic levels at 160 ± 20 mg/dL. The 

mean duration of the insulin infusion was 72 hours 

(range 48–96 hours). None of the patients developed 

hypoglycemia.

Activated partial thromboplastin time (aPTT), 

prothrombin time (PT), international normalized ratio 

(INR), and complete blood cell count were obtained 

from all patients at baseline. Heparin was initiated 

simultaneously with insulin infusion on the fi rst day of 

admission. Subcutaneous (SC) unfractionated heparin 

(UFH, 60 U/kg) every 8 hours was initiated in cases 1 

and 3, and SC low-molecular-weight heparin (LMWH, 

enoxaparin, 1 mg/kg) was administered every 12 hours 

in cases 2 and 4. Heparin was administered for fi ve 

days in case 1, four days in case 2, and three days in 

cases 3 and 4. All patients presented full recovery with 

controlled glycemic and triglyceride levels, as shown in 

Table 1.

DISCUSSION

Hypertriglyceridemia may be primary, when it occurs as 

a familial trait, or secondary to uncontrolled diabetes, 

obesity, alcohol consumption, or estrogen therapy. 

Patients with severe hypertriglyceridemia (triglyceride 

levels > 2,000 mg/dL [> 22.4 mmol/L]) almost 

always have both the secondary and genetic forms of 

hypertriglyceridemia. Three of our patients (cases 1, 

2, and 4) had type 2 diabetes mellitus (T2DM) with 

uncontrolled glycemic levels, while case 3 had no known 

secondary cause for the hypertriglyceridemia.

Severe hypertriglyceridemia (triglyceride levels > 

1,000 mg/dL [> 11.2 mmol/L]) requires urgent 

treatment to reduce the risk of pancreatitis. Identifi cation 

and elimination of secondary contributing factors are 

critical in alleviating the ongoing accumulation of 

triglyceride-rich lipoprotein. For example, control of 

glycemic levels in patients with uncontrolled diabetes 

mellitus alleviates the hypertriglyceridemia, as seen 

in cases 1, 2, and 4. However, a mere control of 

secondary contributing factor(s) may not be suffi cient 
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regimen were observed in our patients or reported in 

previously published cases.

Treatment of severe hypertriglyceridemia with 

heparin is controversial due to a transient rise in LPL 

followed by increased degradation and depletion of 

plasma stores resulting in LPL defi ciency (16,17). 

However, in all case reports, including ours, the 

triglyceride levels have been maintained low, without 

recurrence of the hypertriglyceridemia. Whether 

this concept of depletion of LPL levels after heparin 

therapy is clinically relevant in HTGP is to be 

determined.

Heparin and insulin have both been used 

also as monotherapy in the treatment of severe 

hypertriglyceridemia in previous studies (18-21). 

However, more dramatic results have been achieved 

when both were used in combination (7-15). Plasma 

exchange (plasmapheresis) has also been used 

successfully to treat severe HTGP (22); however, 

this treatment is far more expensive and may not be 

available at all health care centers. Plasma exchange 

may be useful in pregnant patients who fail to respond 

to other forms of treatment (22). 

At present, no studies have been conducted to 

identify the best route (intravenous or SC) to administer 

heparin and insulin to treat HTGP. Both Henzen 

and cols. and Berger and cols., in their series of fi ve 

patients each, used heparin and insulin intravenously in 

a continuous infusion. The heparin dose was guided by 

usual parameters of blood coagulation, and the insulin 

dose by serial blood glucose monitoring (7,8). Jain 

and cols. published a case report in which SC heparin 

was used in one patient (11). We also used SC UFH 

to control the hypertriglyceridemia in an acute setting 

such as that in pancreatitis. Anecdotal evidence has 

shown substantial decreases in serum triglyceride levels 

following insulin and heparin therapy. LPL is a pivotal 

enzyme required for the removal of triglycerides from 

the plasma. Insulin promotes synthesis and activation 

of LPL, thereby accelerating chylomicron degradation. 

Heparan sulfate proteoglycan chains normally bind 

LPL to the capillary endothelium (4). Heparin, 

administered as a bolus dose, has a stronger affi nity 

for the LPL binding site than heparan sulfate, leading 

to a dissociation of heparan-LPL complexes from the 

endothelium to the plasma (5). This surge of “free” 

LPL is then able to bind to and metabolize lipoproteins 

at an accelerated rate, thus lowering serum triglyceride 

levels (6).
Henzen and cols. have found that serum triglyceride 

levels decreased from a mean of 3,822 mg/dL 

(43 mmol/L) to 888.8 mg/dL (10 mmol/L) within 

2.8 days from the administration of heparin and insulin 

in fi ve patients with HTGP (7). In our series of four 

patients, serum TG levels decreased from a mean 

of 3,500 mg/dL (39.5 mmol/L) to 849.7 mg/dL 

(9.6 mmol/L) within 72 hours, which is comparable 

with the report by Henzen and cols. All patients 

had a rapid clinical resolution of the pancreatitis. 

Similarly, Berger and cols. reported a successful HTGP 

treatment with insulin and heparin in fi ve patients (8). 

Serum triglyceride levels in their series decreased to 

< 500 mg/dL (5.6 mmol/L) within 3 days in all cases. 

Other authors have also reported successful treatment 

with heparin and insulin in patients with HTGP 

(Table 3) (9-15). No complications from this treatment 

Table 3. Summary of case reports of hypertriglyceridemia-associated acute pancreatitis managed with insulin and heparin

Case report Year of publication Number of patients
Initial triglyceride level 

(mg/dL)
Treatment used

Henzen and cols.7 1999 5 1,323-7,236 Insulin, heparin

Berger and cols.8 2001 5 1,590-8,690 Insulin, heparin

Monga and cols.9 2003 1 7900 Insulin, heparin

Alagozlu and cols.10 2006 1 1,707 Insulin, heparin

Jain and cols.11 2007 2 1,808-3,743 Insulin, heparin, fenofi brate

Jain and cols.12 2009 1 10,320 Insulin, heparin

Twilla and Mancell13 2012 1 5,366 Insulin, heparin, gemfi brozil

Patel14 2012 1 > 5,000 Insulin, heparin, fenofi brate, fi sh oil

Kota and cols.15 2014 1 2,080 insulin, heparin

Current study 2015 4 1,820-5,860 Insulin, heparin

fenofi brate

For the reports with more than one cases, the value shown for triglycerides correspond to the range of the reported values.
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every 8 hours in two of our patients (cases 1 and 3) and 

SC LMWH every 12 hours in cases 2 and 4. Both SC 

and intravenous heparin have been used successfully to 

treat HTGP. On the other hand, insulin has been used 

uniformly as a continuous infusion in all case series and 

reports.

The dose of heparin for HTGP management has 

also not been determined by the studies. Based on 

anecdotal evidence, we initiated UFH at a dosage based 

on the patients’ weights (60 U/kg) in cases 1 and 3. 

In cases 2 and 4, LMWH was administered at a dose 

of 1 mg/kg. Whether this is the optimal dose to lower 

serum triglyceride levels remains to be determined in 

future studies. There is also no consensus in regard to 

the type of heparin to be used. Both UFH and LMWH 

have been used and seem to have similar effi cacy. 

None of the studies have reported complications with 

heparin therapy. In our series, none of the patients 

had coagulation defects or platelet abnormalities at 

baseline. Furthermore, none of our patients developed 

bleeding or platelet complications during treatment. 

We maintained the INR in all patients ≤ 3.

In conclusion, heparin and insulin appear to be 

an effective therapy in the management of HTGP. 

Bleeding is a risk to be considered in this treatment, 

although no problems were observed in this regard. 

There is a defi nite need for clinical guidelines for HTGP 

management, as none exist to date.

Fundings: no fi nancial support.

Disclosure: no potential confl ict of interest relevant to this article 

was reported.
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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 scientifi c editing ser-
vice is strongly recommended; the following companies are suggested: Voxmed Me-
dical Communications, American Journal Experts and PaperCheck. Manuscripts that 
successfully complete the peer-review process and are recommended for publication 
will only be accepted and published upon receipt of a certifi cate proving professional 
academic English proofreading. In extraordinary circumstances, the certifi cate can 
be waived by editorial decision.
All submissions are initially evaluated in depth by the scientifi c 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 fi ve 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 specifi ed below, for text only; 
word count does not include the abstract, references, or fi gures/tables and their le-
gends. Word count must be shown on the title page, along with the number of fi gu-
res and tables. The format is similar for all manuscript categories, and it is described 
in detail in the “Manuscript Preparation” section. 

Original Arti cles 

The Original Article is a scientifi c 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 fi gures and tables, or more than 35 references. 

Review Arti cles 

The AE&M publishes Review Articles that show a balanced perspective on timely 
issues within the fi eld 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 fi eld. 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 fi gures and tables, and no more than 60 references. The author 
should mention the source and/or request authorization for use of previously publi-
shed fi gures 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 
modifi able 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 fi gures and ta-
bles, and no more than 60 references. 

Brief Report 

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

Case Report 

A Case Report is a brief communication presenting collected or single case reports 
of clinical or scientifi c signifi cance. 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 fi gures 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 specifi c 
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 fi ve complete references, 
and should not include any fi gures 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 fi gures must be placed after the text and must be labeled. Submit-

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

ALL SUBMISSIONS MUST INCLUDE: 
• A cover letter requesting the evaluation of the manuscript for publication in 

AE&M, and any information relevant to the manuscript. Elsewhere on the sub-
mission form, authors may suggest up to three specifi c 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 fi gures. 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 fi ve keywords or phrases suitable for use in an index (the use of MeSH 

terms is recommended).
6.  Word count – excluding title page, abstract, references, fi gures/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 refl ect the section 
headings in the main text. All information reported in the abstract must appear in 
the manuscript. Please use complete sentences for all sections of the abstract. 
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Introduction 
The article should begin with a brief introductory statement that places the study in 
historical perspective, and explains its objective and signifi cance.

Materials and Methods 
These should be described and referenced in suffi cient 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 modifi ed methods, only 
the modifi cations need be described. 

Results and Discussion 
The Results section should briefl y present the experimental data in text, tables, and/
or fi gures. For details on preparation of tables and fi gures, see below. The Discus-
sion should focus on the interpretation and signifi cance of the fi ndings, 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 defi ned 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 fi nal 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. 

Confl ict of interest 
A confl ict 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-
fl ict 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 fi les within the ma-
nuscript. Tables should be self-explanatory and the data they contain must not be 
duplicated in the text or fi gures. 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 fi gures. 

Figures and Legends 
All fi gures must display the fi gure number. Sizing the fi gure: the author is responsi-
ble for providing digital art that has been properly sized, cropped, and has adequate 
space between images. All color fi gures 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 fi gures 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 identifi able 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 specifi c 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 defi ned after it is fi rst 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 identifi ed only by number or letter, not by initials or names. Pho-
tographs of patients’ faces should be included only if scientifi cally 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 confl ict of interest to study participants and 
should indicate in the manuscript that they have done so. 

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

Molecular Genetic Description 
• Use standard terminology for variants, providing rs numbers for all variants re-

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

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

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

menclature Committee (HGNC) – (http://www.genenames.org/). 
• For mutation nomenclature, please use the no menclature 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 fi rst 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 
fi rst language of the authors, the paper must be checked by a native English speaker.
For non-native English speakers and international authors who would like assistan-
ce with their writing before submission, we suggest Voxmed Medical Communica-
tions, American Journal Experts or PaperCheck.
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FORXIGA® – (dapagliflozina) comprimidos revestidos. Indicações: FORXIGA é indicado como 
adjuvante a dieta e exercícios para melhora do controle glicêmico em pacientes com diabetes 
mellitus tipo 2 em monoterapia ou em combinação com metformina; tiazolidinediona; sulfoni-
lureia; inibidor da DPP4 (com ou sem metformina); ou insulina (isolada ou com até duas me-
dicações antidiabéticas orais), quando a terapia existente juntamente com dieta e exercícios 
não proporciona controle glicêmico adequado. Indicado em combinação inicial com metformina 
quando ambas as terapias são apropriadas. FORXIGA não é indicado para uso por pacien-
tes com diabetes tipo 1 e não deve ser utilizado para o tratamento de cetoacidose diabética 
Contraindicações: hipersensibilidade a dapagliflozina ou aos outros componentes da fórmula. 
Advertências e Precauções: Foram reportados alguns relatos pós-comercialização de ce-
toacidose em pacientes diabéticos tipo 1 e tipo 2 em uso de FORXIGA. Embora uma relação 
causal ainda não tenha sido estabelecida, recomenda-se que pacientes que apresentem sinais 
de cetoacidose incluindo náusea, vômitos, dor abdominal, prostração ou dispneia sejam avalia-
dos quanto a presença de cetoacidose, mesmo que sua glicemia esteja menor que 250 mg/dL. 
FORXIGA® deve ser usado com cautela ou ser temporariamente suspenso em pacientes sob 
risco de depleção de volume, pacientes com hipertensão ou outra doença cardiovascular, infec-
ções do trato urinário, incluindo urosepse e pielonefrite, uso concomitante com medicamentos 
que podem causar hipoglicemia, gravidez, lactação uso pediátrico, uso geriátrico. Categoria 
de Risco na Gravidez: C. Reações Adversas: infecção genital, infecção do trato urinário, 
dor nas costas, poliúria e erupção cutânea. Interações Medicamentosas: (sem alterações 
clínicas relevantes, sem necessidade de ajuste de dose) metformina, pioglitazona, sitagliptina, 
glimepirida, voglibose, hidroclorotiazida, bumetanida, valsartana, sinvastatina, rifampicina, áci-
do mefenâmico. Outras interações: os efeitos da dieta, tabagismo, produtos à base de plantas 
e uso de álcool sobre a farmacocinética da dapagliflozina não foram especificamente estuda-
dos. Interferência com o teste 1,5-anidroglucitol (1,5-AG). Posologia: a dose recomendada de 
FORXIGA, em monoterapia ou terapia combinada, é 10 mg, uma vez ao dia, a qualquer hora do 
dia, independentemente das refeições. Para pacientes em risco de depleção de volume devido 
a condições coexistentes, uma dose inicial de 5 mg de FORXIGA pode ser apropriada. Não são 
necessários ajustes de dose de FORXIGA com base na função renal ou hepática. Apresentações: 
embalagens com 30 comprimidos revestidos de 5 mg e embalagens com 14 ou 30 comprimidos 
revestidos de 10 mg. USO ORAL. USO ADULTO. VENDA SOB PRESCRIÇÃO MÉDICA. SE 
PERSISTIREM OS SINTOMAS, O MÉDICO DEVERÁ SER CONSULTADO. Para maiores infor-
mações, consulte a bula completa do produto. Reg. MS - 1.0180.0404 (FRX013_min).

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

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

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