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Improving care of patients with  
low-risk differentiated thyroid  
carcinoma

Mario Vaisman1

I n the last decade, imaging techniques had a great improvement in quality and 
became widely available all over the world for screening and diagnosis of the 

vast majority of malignancies. However, concerning thyroid nodule and cancer, we 
frequently face cases where micronodules were found incidentally by ultrasonography 
and other image modalities, often performed without clear indication. Some advocate 
this might be one of the main reasons for the rising incidence of thyroid nodules and 
microcarcinomas (1). Most Thyroid Societies advocate that nodules less than 0.5-1.0 
cm should not be biopsied due to the low risk of those potential tumors (1). The 
proper utility of diagnostic tools, however, can be used to tailor the management of 
these nodules leading to a more accurate diagnosis and, therefore, a more adequate 
therapeutic approach (1). 

In this issue of Archives of Endocrinology and Metabolism (AE&M), Macedo and cols. 
(2) described 195 thyroid nodules detected by ultrasound using two scoring systems: 
modified TI-RADS and ATA risk stratification, both scores based on ultrasonographic 
features. The results were compared to cytopathological analysis. Histopathological 
results, considered the golden standard for diagnosis of thyroid cancer, were available 
in 45 cases after surgery. They concluded that both TI-RADS and the ATA ultrasound 
guidelines have high sensitivity and NPV for the diagnosis of thyroid carcinoma, 
meaning they can accurately predict the probability of benignity. They also relate that 
both systems are easily applicable in a routine basis and can be used to tailor fine needle 
aspiration cytology (FNAC), avoiding unnecessary procedures (2). These results are in 
agreement with other studies that evaluated the ultrasound findings in order to define 
criteria for indication of FNAC in a suspicious nodules with accurate results. 

Fama and cols. (3) provided further arguments for the better use of diagnostic tools 
to evaluate thyroid nodules. By retrospectively reporting a 12% histological incidence 
of papillary thyroid cancer (PTC) in 207 consecutive patients who, in a 1-year period, 
underwent thyroidectomy for benign multinodular goiter, they concluded that 
multinodular goiter can harbor preoperatively unsuspected PTCs, which may have 
already infiltrated the capsule and can be associated with PTC foci contralaterally, 
leading to the need of an adequate surgical approach (3). Therefore, once the option 
for surgery in a multinodular goiter is made, the correct assessment should be carried 
out in order to try to rule out the malignant nodules, helping the surgeon to avoid a 
higher rate of relapses and recurrences and to establish the correct surgical strategy.

Regarding treatment, it is already agreed that it should be individualized (4,5). The 
standardized treatment, which was used for all patients, is no longer applicable: total 
thyroidectomy followed by ablative radioiodine dose (4). All guidelines recommend 
that the first therapeutic decision for differentiated thyroid carcinomas should be 
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based on risk factors, not only for rare cancers related 
death, but especially on the much more common risk 
of recurrence (4,5). For small tumors, accumulated 
experience of more than a decade mainly by Ito’s 
group (6), recommends active surveillance for patients 
with microcarcinoma that meet very low risk criteria. 
In other centers, total thyroidectomy is indicated for 
almost all patients, and partial thyroidectomy may be 
performed in well-selected cases (7).

Regarding the indication of adjuvant radioiodine 
therapy after surgery, for most cases requiring further 
treatment, the use of 30 mCi has been proved to be as 
effective as 100 mCi, which has been indiscriminately 
advocated in the past for all patients (7). A detailed 
surgical report is essential in order to decide the best 
approach for each patient. Tumor histopathology is 
another important factor for the therapeutic decision. 
In the present issue of AE&M, Súss and cols. (8) showed 
that in properly selected low or even intermediate risk 
patients, follow-up without radioiodine indication is a 
plausible option.

More data on the tumor brings better decisions 
regarding the risks and benefits of radioiodine 
treatment (1). Pitoia and cols. (9) reviewed 210 DTC 
patients with low and intermediate risk of recurrence 
(RR) who underwent total thyroidectomy and remnant 
ablation, with 63 available historic pathologic samples 
(HPS). The RR and the response to therapy were first 
determinate by classic histological features (histological 
type, tumor size, capsular invasion, number of lymph 
node metastases) and, then, reassessed after observing 
additional histological features (vascular invasion, 
extrathyroidal extension, size of lymph node metastases 
, presence of extranodal extension, and/or status of the 
resection margins). A change in the RR category was 
observed in 16 of 63 cases (25.4%) A detailed report 
of specific features in the HPR of patients with DTC 
might give a more accurate RR classification and a 
better estimative of the response to treatment.

In conclusion, the management of such prevalent 
disease which leads to very low risk of death and 
recurrence should include the careful evaluation 

between risk and benefit of each approach, reassessed in 
every medical appointment with the proper indication 
of FNAC in the correct nodule, followed by the 
decision of the right surgery for each patient and also 
adjuvant therapy afterwards. 

Disclosure: no potential conflict of interest relevant to this article 
was reported.
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of the American Thyroid Association 
(ATA) in differentiating benign 
from malignant thyroid nodules
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ABSTRACT 
Objective: Ultrasonography (US) is the best diagnostic tool for initial assessment of thyroid nodule. 
Recently, data reporting systems for thyroid lesions, such as the Thyroid Imaging Reporting and Data 
System (TI-RADS) and American Thyroid Association (ATA), which stratifies the risk for malignancy, 
have demonstrated good performance in differentiating malignant thyroid nodules. The purpose of this 
study is to determine the reliability of both data reporting systems in predicting thyroid malignancy 
in a tertiary care hospital. Materials and methods: We evaluated 195 thyroid nodules using modified 
TI-RADS and ATA risk stratification. The results were compared to the cyto-pathology analysis. 
Histopathological results were available for 45 cases after surgery, which is considered the golden 
standard for diagnosis of thyroid cancer. Results: When compared with cytological results, sensitivity, 
specificity, negative predictive value (NPV), and accuracy were 100, 61.1, 100, and 63%, respectively, 
for TI-RADS; and 100, 75, 100, and 76%, respectively, for ATA. When compared with histopathological 
results, sensitivity, specificity, NPV, and accuracy were 90, 51.4, 94.7, and 60% respectively, for TI-
RADS; and 100, 60, 100, and 68%, respectively, for ATA. All patients with malignant nodules were 
classified in the categories 4 or 5 of TI-RADS and in the intermediate or high suspicion risk according 
to the ATA system. Conclusion: Both TI-RADS and the ATA guidelines have high sensitivity and NPV 
for the diagnosis of thyroid carcinoma. These systems are feasible for clinical application, allowing 
to better select patients to undergo fine-needle aspiration biopsies. Arch Endocrinol Metab. 2018;62(2):131-8

Keywords
Thyroid nodules; US patterns; thyroid cancer

INTRODUCTION

T hyroid nodules are a common finding within 
the general population, and their detection is 

increasing with the widespread use of ultrasound (US) 
(1). Thyroid US is a widely accepted imaging modality 
for the initial assessment of thyroid nodules. It has 
been widely used to stratify the risk of malignancy 
in thyroid nodules and also in aiding with making 
decisions about whether fine-needle aspiration (FNA) 
is indicated. There are well-established ultrasound 
findings that differentiate benign and malignant 
thyroid nodules (2-8). A study by Kim and cols. (7) 
previously reported that hypoechogenicity, marked 
hypoechogenicity, microlobulated or irregular margins, 
microcalcifications, and taller than wide shape are the 
ultrasound features which best predicted the chance of 

malignancy in thyroid nodules. Since the malignancy 
risk estimated by US is not determined by a single US 
predictor, it should be assessed by a combination of 
the US features (9-11). There are several classification 
systems which categorize thyroid nodules according 
to the risk of cancer (12-21). An interesting thyroid 
imaging reporting and data system (TI-RADS) 
derived from the breast imaging reporting and data 
system (BI-RADS) was prospectively tested in 4550 
nodules where it demonstrated a high sensitivity and 
NPV for the diagnosis of thyroid carcinoma (21). 
One of the limitations of this recent version of TI-
RADS was related to some significant US signs not 
considered for the flow chart, such as the halo sign, 
size and central flow by Doppler study. This way, the 
American Thyroid Association’s (ATA) thyroid nodule 
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guideline (20) proposed a new ultrasonographic 
pattern considering nodule margins. There has been 
no standardized malignancy risk stratification system 
for thyroid nodules. Thus, it is important to validate 
these classifications in different healthcare centers. 
We proposed to evaluate the diagnostic accuracy of a 
modified TI-RADS and 2015 ATA’s ultrasound risk for 
the diagnosis of malignancy in thyroid nodules.

MATERIALS AND METHODS 
Patients

Between July 2014 and August 2015, we prospectively 
analyzed data from 178 consecutive unselected patients 
with thyroid nodules attending the Endocrinology 
Division at Santa Casa de Misericórdia de Porto 
Alegre, a tertiary, university-based hospital located in 
an iodine-replete area in Southern Brazil. All patients 
underwent a complete clinical evaluation and thyroid 
ultrasonography. Patients with known thyroid cancer 
and/or patients with purely cystic nodules were 
excluded. This study was approved by the local ethics 
committees and participants provided written informed 
consent (CAAE:16398613.2.0000.5335).

Imaging technique and TI-RADS and ATA ultrasound 
classification

Thyroid Ultrasound Conventional B-mode and Doppler 
images of the neck and thyroid gland were obtained by 
ultrasound machine (ACUSON S2000™, Siemens and 
ACUSON Antares™, Siemens HealthCare, Erlangen, 
Germany) using a high-frequency probe (12 MHz). All 
US examinations were performed by the same radiologist 
(RFI) who has more than 10 years of experience in 
thyroid ultrasound. All images were examined on real-
time two-dimensional gray-scale and Doppler imaging. 
All sonograms obtained were saved in a picture archive. 
Ultrasound features were assessed for each nodule 
characteristic like composition (solid, cystic, mixed), 
echogenicity (hyperechoic, isoechoic, hypoechoic, 
markedly hypoechoic), margins (well defined with 
or without halo sign, microlobulated, ill-defined, 
irregular), presence of calcification (microcalcification, 
macrocalcification), and shape of the nodule (round, 
oval). Also, the presence of cervical lymphadenopathy 
was evaluated. Findings that were considered in favor of 
a malignancy were hypoechoic or markedly hypoechoic 
in echogenicity; irregular, microlobulated, or ill-defined 
margins; presence of microcalcification; round shape 

and the presence of lymphadenopathy. We performed 
a prospective evaluation using the modified Russ 
classification (21), each nodule was classified into a  
TI-RADS category (2, 3, 4 and 5) based on the 
US features (Figure 1). Differently from the Russ 
classification (21) in which mildly or moderately 
hypoechoic nodules (TI-RADS 4A) are categorized 
differently from markedly hypoechoic nodules 
(TI-RADS 4B), we have decided not to subdivide 
category 4 with the intention of simplifying this score 
for clinical practice. Posteriorly, the same radiologist 
(RFI) who was blind about the pathological results, 
scored all evaluated nodules of the saved pictures using 
a flowchart (Figure 1) based on new ATA thyroid 
nodule guideline of as previously published (20). Based 
on the number of features suspicious for malignancy we 
considered four different sonographic patterns: ‘‘very 
low suspicion”; ‘‘low suspicion”; “intermediate’’; and 
‘‘high suspicion”. Pure cystic nodules were not included 
in the analyses. Figure 2 demonstrate representative US 
features in thyroid nodules.

The diagnostic performance of TI-RADS and ATA 
classification system was evaluated by comparison with 
the fine-needle aspiration cytology (FNA) reports and 
anatomopathological examination.

Thyroid FNA, thyroid cytology, and histology 

All 195 nodules were submitted to FNA performed 
by using a capillary US-guided (FNA-US) technique 
with 23-gauge needle attached to a 10 mL disposable 
plastic syringe. There was no nodule size threshold for 
indicating FNA. In most of the cases, only one needle 
pass was made per lesion. Cytology smears were prepared 
on four to six slides. Slides were fixed immediately in 
95% alcohol and stained with Papanicolaou stain. One 
cytopathologist from of our institution who has vast 
experience in thyroid pathology interpreted the smears. 
A thyroid FNA specimen was considered satisfactory 
if at least 6 groups of follicular cells were present, 
and each group comprised at least 10 cells (22). The 
Bethesda System for Cytological Classification of 
Thyroid Nodules was used to interpret smears (23) as: 
1) non-diagnostic or unsatisfactory, 2) benign, 3) atypia 
of undetermined significance, 4) a follicular neoplasm 
or suspicious for a follicular neoplasm, 5) suspicious for 
malignancy, and 6) malignant. Surgery was indicated 
based on cytopathological results (Bethesda 4, 5 and 
6), or when the nodule was benign (Bethesda 2) but 
larger than 3-4 cm and causing compressive symptoms.
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Suspect patterns

Hypoechoic solid nodule with  
3 to 5 signs of high suspicion

Solid hypoechoic nodule or solid 
hypoechoic component of a 

partially cystic nodule

Hypoechoic solid nodule with 
smooth margins

without any of HRF

SCORE 5

HIGH RISK

+ 1 ou more of HRF

TI-RADS

ATA 2015

SCORE 3

LOW RISK

Hypoechoic solid nodule with  
1 to 2 signs of high suspicion

SCORE 4

INTERMEDIATE RISK

SCORE 2

VERY LOW RISK

Signs of High Suspicion:
- Taller-than-wide
- Irregular Borders
- Microcalcifications
- Markedly Hypoechoic

High Risk Features
- irregular margins (infiltrative, microlobulated)
- microcalcifications
- taller than wide shape
- rim calcifications with small extrusive soft tissue component
- evidence of extrathyroidal extension

Isoechoic or hyperechoic 
solid nodule
Partially cystic nodule with 
eccentric solid
areas, 
without any High Risk 
Features

Spongiform 
Partially cystic nodules 
Without any of the 
sonographic features 
described in low, 
intermediate, or high 
suspicion patterns
Purely cystic nodules

Very Probable
- Isoechoic or Hyperechoic

AND
- No sign of high suspicion 

Constantly
- Simple cyst
- Spongiform nodule
- Isolated macrocalficication
- Nodular hyperplasia

Benign patterns

Figure 1. Comparative chart: TI-RADS (modified from Russ and cols.) and American Thyroid Association (ATA) 2015 HRF: High Risk Features.

Figure 2.  Representative images of TI-RADS and ATA systems in thyroid nodules. A: Spongiform nodule – TI-RADS 2 or ATA very low risk. B: Isoechoic 
solid nodule, regular-shaped and borders, without HRF - TI-RADS 3 or ATA low risk. C: Hypoechoic solid nodule with regular borders – TI-RADS 4 or ATA 
intermediate risk. D: Hypoechoic solid nodule with irregular borders and microcalcifications (arrows) – TI-RADS 5 or ATA high risk.
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Anatomopathological examinations of tissue samples 
obtained at thyroidectomy were carried out according 
to the World Health Organization Guidelines (24), 
and the pathology reports pertaining to these samples 
were considered identical to the gold standard for the 
diagnosis of thyroid cancer.

Statistical analysis

Clinical, laboratory, ultrasonography and cytological 
data, which are reported as the mean – standard 
deviation (SD) values, or as the median with percentiles 
between 25 and 75 (continuous variables), or as absolute 
numbers and percentages (categorical variables), were 
compared using Mann-Whitney U-test or chi-squared 
test as appropriate. Specificity, sensitivity, positive and 
negative predictive value were calculated to evaluate the 
reliability of TI-RADS and ATA classification methods 
in differentiation between benign and malignant 
features. In all analyses,  P  < 0.05 was considered for 
statistical significance. Statistical analysis of the results 
was performed with SPSS software (Statistical Package 
for Social Sciences) version 18.0. 

RESULTS 
Demographic data and global results of 195 nodules 
by US features and scores

The clinical characteristics of the 178 patients (195 
nodules) included in this study were as follow: the 
median age was 59 years (range 49-66) and 94.9% 
were female. The median size of nodules was 24 mm 
(range 15-37). Nodules were classified as TI-RADS 2, 
3, 4 and 5 in 11, 43, 44, and 2% of cases, respectively. 
Posteriorly, nodules were re-classified by ATA scores as 
very low risk in 35.9%; low risk in 28.2%; intermediate 
in 30.8% and high in 5.1% of cases. There was no 
difference in the size of the nodules among the TI-
RADS scores as well as among the ATA sonographic 
categories (p = 0.25 and 0.20, respectively). 

The cytological descriptive statistics results are as 
follow: 15.9% (n = 31) nondiagnostic (Bethesda 1), 
68.2% (n = 133) benign (Bethesda 2), 4.3% (n = 9) 
atypia of undetermined significance (Bethesda 3), 6.7% 
(n = 13); suspicious for a follicular neoplasm (Bethesda 
4), 2.1% (n = 4) suspicious for malignancy (Bethesda 5) 
and 2.6% (n = 5) malignant (Bethesda 6). 

Final histopathological results were available for 
45 cases after surgery. Surgery was indicated based 
on cytopathological results (5 malignant, 4 suspect, 

8 follicular neoplasm, and 3 atypia of indeterminate 
significance cases) or when the nodule was benign but 
larger than 3 cm and causing compressive symptoms (25 
cases). There were 35 benign cases: 18 adenomatous 
goiters, and 17 adenomas. There were 10 malignant 
cases (5.13%), 9 classical papillary thyroid carcinomas, 
and 1 follicular thyroid variants of papillary carcinoma. 

Diagnostic performance of TI-RADS and ATA scores 
compared with cytological results 

By cytology, 77% of TI-RADS scores 2 and 3 were 
benign (Bethesda category 2), 8.6% were indeterminate 
(Bethesda categories 3 and 4), and 1.9% were 
suspicious of malignancy (Bethesda categories 5) and 
none were malignant (Bethesda 6). For ATA score, 
79% of low and very low risk were benign; 8.9% were 
indeterminate, 0.8% were suspicious of malignancy and 
none were malignant. Interestingly, 100% of carcinomas 
(Bethesda 6) and 50% of suspicious lesions (Bethesda 5) 
were classified as TI-RADS scores 4 and 5, and 100% of 
carcinomas and 75% of suspicious lesions were classified 
as intermediate and high risk ATA score.

To compare TI-RADS and ATA score with 
cytological results, only Bethesda categories 2 and 6 
were used (n = 138), as the probability of mistake of 
these two categories is < 3%. The sensitivity, specificity, 
NPV, and accuracy of the TI-RADS were 100, 61.6, 
100, and 63% respectively. In same way, the sensitivity, 
specificity, NPV, and accuracy of the ATA score were 
100, 75, 100, and 76% respectively. The estimated 
pretest probability of malignant nodule was at 3.6% for 
the cytology endpoint. 

Diagnostic performance of TI-RADS and ATA scores 
compared with histopathological results (n = 45)

Distribution of carcinomas among TI-RADS categories 
2, 3, 4 and 5 was 0, 5.5, 26 and 100%, respectively (Table 1). 
Among ATA score the percentage was 0, 0, 28, and 83% 
for “very low”, “low”, “intermediate suspicion” and 
“high suspicion”, respectively (Table 2). When compared 
to histopathological results, sensitivity, specificity, NPV, 
and accuracy of the TI-RADS it was 90, 51.4, 94.7, and 
60%, respectively. In addition, the sensitivity, specificity, 
NPV, and accuracy of the ATA score was 100, 60, 100, 
and 68%, respectively. The estimated pretest probability 
of malignant nodule was at 22.2% for the histology 
endpoint. The matched results of TI-RADS and ATA 
categories with final histopathological and cytological 
results are shown in Table 3.
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Table 1. TIRADS categories and risk of malignancy by final histopathological

TIRADS 
category Benign Malignant Total

Risk of 
malignancy 

(%)

TIRADS 2  
(n= 2)

1 0 1 0

TIRADS 3 
(n= 18)

17 1 18 5.5

TIRADS 4 
(n= 23)

17 6 23 26

TIRADS 5 
(n= 3)

0 3 0 100

Total 
(n= 45)

35 10 45

Table 2. ATA categories and risk of malignancy by final histopathological

ATA  
category Benign Malignant Total

Risk of 
malignancy 

(%)

High suspicion 
(n= 6)

1 5 6 83.3

Intermediate 
suspicion 
(n= 18)

13 5 18 27.7

Low suspicion 
(n= 10)

10 0 10 0

Very low 
suspicion 
(n= 11)

11 0 11 0

Total 35 10 45

Table 3. Matched results of TIRADS and ATA categories with final histopathological and cytological results

Ultrassonographic score
Benign histological results ( N = 35 ) Malignant histological results (N = 10)

I II III IV V VI I II III IV V VI

TIRADS 2 0 1 0 0 0 0 0 0 0 0 0 0

TIRADS 3 0 12 2 2 1 0 0 0 0 0 1 0

TIRADS 4 4 5 3 4 1 0 0 1 0 2 0 3

TIRADS 5 0 0 0 0 0 0 0 0 0 0 1 2

ATA VERY LOW RISK 0 7 1 2 1 0 0 0 0 0 0 0

ATA LOW RISK 0 7 1 2 0 0 0 0 0 0 0 0

ATA INTERMEDIATE RISK 4 4 3 1 1 0 0 1 0 2 0 2

ATA HIGH RISK 0 0 0 1 0 0 0 0 0 0 2 3

Reclassification of thyroid nodules from TI-RADS to 
ATA score 

Twenty-one nodules TI-RADS category 4 were re-
classified according to ATA score as very low risk (10 
cases) and low risk (11 cases). Of the ATA very low 
risk cases, 8 presented cytological results of Bethesda 2 
(benign) and 2 cases were Bethesda 3, one of them 
being submitted to surgery and the histopathological 

diagnosis was follicular adenoma. Of the ATA low 
risk cases, 10 were classified by cytological analysis as 
Bethesda 2. One case was Bethesda category 3 and 
the outcome of the anatomopathological was follicular 
adenoma.  

Performance of TI-RADS and ATA scores in thyroid 
nodules with indeterminate results on cytology 

Of the 12 indeterminate nodules (Bethesda categories 
3 and 4) examined, 10 (83.3%) were histologically 
benign. Sonographic classification of nodules by  
TI-RADS category 2 or 3, or as very low to low suspicion 
by ATA standards displayed negative predictive value of 
100% for both systems. Positive predictive values for 
TI-RADS categories 4 and 5 and ATA intermediate and 
high risks were 54.5 and 40%, respectively.

DISCUSSION

The ultrasonography terminology of thyroid nodules 
should be feasible for clinical application, should be 
useful for malignancy risk stratification, and show a low 
inter observer variability. Here, we demonstrated a very 
high NPV and a high sensibility to cancer diagnosis of 
scores TI-RADS and ATA ultrasound risk.

The Thyroid Imaging Reporting and Data System 
(TI-RADS) was used by Park and cols. (12) and 
Horvath and cols. (13) and both systems appear to be 
difficult to use in routine clinical practice. In order to 
achieve a practical tool for analyzing thyroid nodules 
and to improve communication between radiologists 
and physicians, Russ and cols. (21) proposed a new  
TI-RADS classification that has a high sensitivity 
(95.7%) and NPV (99.7%) for diagnosis of thyroid 
carcinoma. Accordingly, we found NPV of 94.7% for 
scores TI-RADS 2 and 3. 
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Recently, the American Thyroid Association (ATA) 
proposed a classification of thyroid nodules into five 
categories based on US features (20). In the same 
way, the reassessment of ATA ultrasound classification 
of malignancy in our patients shows a very high NPV 
(100%) for very low and low ATA ultrasound risk. These 
results confirm a high probability of both systems to 
discard malignancy. In fact, TI-RADS 2 or 3, and ATA 
very low or low risk consider similar benign patterns 
like spongiform nodules, isoechoic or hyperechoic solid 
nodules without signs of high suspicion. Interestingly, 
isoechoic solid nodules with some suspicious finding 
are not included in any of the TI-RADS or ATA 
categories. The risk of malignancy found in previous 
studies was between 16 to 20%, similar to that observed 
for hypoechoic nodules without any suspicious finding 
(25-27). We observed a prevalence of malignancy of 
5.5% of nodules categorized as TI-RADS 3, similarly 
observed by Russ and cols. (4.3%) (21). Also, no nodule 
classified as low suspicion by ATA was malignant in our 
sample, reinforcing data from Rosario and cols. (25) 
that demonstrated in a large number of nodules the risk 
of malignancy of only 1.7%, lower than suggested by 
ATA (5-10%) in this category. TI-RADS category 2 or 3 
and ATA very low and low risk represented a significant 
proportion of patients, 54% and 64%, respectively.  
Therefore, proven high sensitivity and NPV of both 
systems could allow to ultrasonographically (without 
FNA) monitoring these nodules categories, especially 
nodules under 2 cm, unless they increase in volume or 
if there are new suspicious sonographic features.

TI-RADS proposed by Russ (21) categorize 
differently mild or moderate hypoechoic nodules 
(TI-RADS 4A) from markedly hypoechoic nodules 
(TI-RADS 4B) and unlike this system, we did not 
subdivide the category 4 of TI-RADS considering 
this category hypoechoic solid thyroid nodules. This 
was done to simplify the TI-RADS system for clinical 
practice minimizing discrepancies in the evaluation 
of the degree of hypoechogenicity.  Also, to calculate 
the accuracy of TIRADS, it was necessary to group 
these categories. In addition, there is a general 
recommendation of US-PAAF of hypoechoic thyroid 
nodule especially above 1 cm, regardless of the degree 
of hypoechogenicity (20,28). Thus, TI-RADS 4 
nodules were considered an intermediate suspicious for 
malignancy and were evaluated by cytology. In contrast 
to TI-RADS, hypoechogenicity associated with only 
one suspicious finding is sufficient for a nodule to be 

classified as “high suspicion” by ATA (20). Only 5.8% 
(5 of 86) of our TI-RADS 4 were reclassified to ATA 
“high suspicion”, meaning that most of TI-RADS 4 
nodules were hypoechoic solid thyroid nodules without 
sonographic patterns of high suspicion, considered by 
ATA as “intermediate suspicion”. We believe this is due 
to a better definition of the nodule margins (smooth vs 
irregular margins) proposed by ATA (20). In addition, 
we found a similar prevalence of malignancy of 26% for 
TI-RADS 4 and 28% for ATA intermediate suspicion. 
In fact, the risk of malignancy estimated by ATA in 
the “intermediate suspicion” category is 10 to 20% 
and, unlike Rosario that demonstrated only 9.9% for 
intermediate suspicion, we found a significant frequency 
of carcinoma in this category. 

We observed a malignancy risk of 100% of nodules 
TI-RADS 5. In fact, this category was composed of 
highly suspect nodules with more than 3 signs of high 
suspicion. For ATA “high risk” that included hypoechoic 
nodules with one or more signs of high suspicion, we 
found 83% of carcinomas, similar to risk estimated by 
ATA of 70-90% and a higher rate than what was observed 
by Rosario (54.8%) (25). Previous results of same author 
have been demonstrated that “high suspicion” category 
of ATA, markedly hypoechoic nodules with one or more 
suspicious findings and mildly or moderately hypoechoic 
with two or more suspicious findings had a similar risk 
of malignancy of 66% (95 % CI 57.6-73.7%) (25). These 
results reinforce that the degree of hypoechogenicity 
of nodules may not be so definitive in determining 
the suspicion pattern as the association of established 
features predictive of malignancy. 

In our study, US reevaluation had some disagreements 
regarding nodules mildly hypoechoic without suspicious 
US features classified initially as TI-RADS 4 that were 
reclassified as very low or low by ATA risk. This could 
have happened due to the heterogeneity of the nodules 
(hypoechoic areas between iso- hyperechoic areas) and 
the characteristics of borders, a feature not well defined 
in TI-RADS score. Moreover, it is important to note 
that poorly defined margins are sometimes difficult to 
delineate, and are not equivalent to irregular margins. 
An irregular margin, which indicates the demarcation 
between nodule and parenchyma, is clearly visible but 
demonstrates an irregular, infiltrative or spiculated 
course.  The reassessing of these nodules in a low 
suspicion category by ATA was strongly corroborated 
by cytology and/or histology confirming benign 
thyroid lesions. 
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The TI-RADS classification does not consider 
nodular size to indicate FNA-US (21). However, ATA 
risk score has recommended size threshold for biopsy 
(no biopsy in benign, > 2 cm in very low, > 1.5 cm 
in low, > 1 cm in intermediate, and > 1 cm in high 
risk, respectively) (20). In fact, the correlation between 
the nodule size and the risk for malignancy remains 
controversial. Although a recent systematic review 
suggested that the larger nodules present a higher 
pretest probability of malignancy (29). In addition, 
the growth of a nodule is not a reliable predictor of 
malignancy since many benign nodules can slowly grow 
over time (30-33). In our study, no correlation was 
found between the size of the nodules and sonographic 
risk assessments, reinforcing the importance of 
ultrasound findings more than the size of thyroid 
nodule in indicating FNAB-US. However, the increase 
of incidence of thyroid cancer in the last years, due to 
the diagnosis of microcarcinoma (25%), supports the 
ATA recommendation (20). 

Even with few samples evaluated by histology, a 
good performance of TI-RADS and ATA ultrasound 
risk was observed in thyroid nodules with indeterminate 
cytology (Bethesda categories 3 and 4). Sonographic 
classification of nodules by TI-RADS category 2 or 3, 
or as very low to low suspicion by ATA displayed NPV 
of 100% for both systems. Positive predictive values 
for TI-RADS category 4 and 5 and ATA intermediate 
and high risk rose the cancer prevalence to 54.5 and 
40%, respectively, compared to described prevalence of 
5-15% (0% in our sample) of Bethesda 3 nodules and 
15-30% (15.4% in our sample) for Bethesda 4. Previous 
studies have demonstrated that TI-RADS 3 and 4A 
scores led to 80% sensitivity and 90% NPV in Bethesda 
3 cases. In contrast, for nodules scored as TI-RADS 
4B and 5, the combined cytological results of Bethesda 
4 and 5 resulted in a higher risk of malignancy (75% 
and 76 9%, respectively, P < 0.001) (34). More recently 
studies confirm a NPV values for ATA and TI-RADS 
were 91 and 74%, respectively, to rule out malignancy 
in cytologically indeterminate thyroid nodules (35). 
Further, taken together, these results suggest that 
cytological indeterminate nodules with TI-RADS 2 or 
3 and ATA very low or low risk sonographic pattern 
have a higher likelihood of being benign. 

This study has some limitations because we 
retrospectively evaluated thyroid nodules by ATA 
system. Also an inter-observer analysis was not possible, 
as only one radiologist with thyroid expertise evaluated 

the patients. The small number of histopathology 
examinations of nodules with indeterminate cytology, 
limited conclusions of this subgroup. In addition, this 
study represents a single specialized thyroid clinic’s 
work with the intent to implement TI-RADS and/
or ATA diagnostic guidelines in our clinical practice; 
however, results have to be confirmed by other centers.

In conclusion, the sonographic patterns proposed 
by TI-RADS and the recently revised ATA’s guidelines 
have high sensitivity and NPV for the diagnosis of 
thyroid carcinoma. Both systems are feasible for clinical 
application and have an excellent negative predictive 
value allowing the selection of patients to FNA-US.

Disclosure: no potential conflict of interest relevant to this article 
was reported.
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Preoperatively undiagnosed 
papillary thyroid carcinoma in 
patients thyroidectomized for 
benign multinodular goiter
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Salvatore Benvenga3,5,6

ABSTRACT
Objective: Incidental thyroid cancers (ITCs) are often microcarcinomas; among them, the most 
frequent histotype is the papillary one. The purpose of this study was to evaluate the rate of papillary 
thyroid cancer (PTC) in patients thyroidectomized for benign multinodular goiter. Subject and 
methods: We retrospectively evaluated the histological incidence of PTC in 207 consecutive patients 
who, in a 1-year period, underwent thyroidectomy for benign multinodular goiter. All patients came 
from an iodine-deficient area (Orleans, France) with three nuclear power stations located in the 
neighboring areas of the county town. Results: Overall, 25 thyroids (12.1%) harbored 37 PTC, of 
which 31 were microcarcinomas. In these 25 PTC patients, mean age was 55 ± 10 years (range 30-
75), female:male ratio 20:5 (4:1). In 10 patients (40% of 25 and 4.8% of 207), PTCs were bilateral, 
and in 7 (2 with microPTCs) the thyroid capsule was infiltrated. These 7 patients underwent central 
and lateral cervical lymph node dissections, which revealed lymph node metastases in one and two 
cases, respectively. Radioiodine treatment was performed in 7 cases. Neither mortality nor transient 
and permanent nerve injuries were observed. Four (16%) transient hypocalcaemias occurred as early 
complications. At last follow-up visit (mean length of follow-up 17.2 ± 3.4 months), all patients were 
doing well and free of any clinical local recurrence or distant metastases. Conclusion: With a 12% risk 
that multinodular goiter harbors preoperatively unsuspected PTCs, which can have already infiltrated 
the capsule and that can be accompanied by PTC foci contralaterally, an adequate surgical approach 
has to be considered. Arch Endocrinol Metab. 2018;62(2):139-48

Keywords
Incidental thyroid cancer; benign thyroid disease; multinodular goiter; total thyroidectomy; papillary thyroid cancer

INTRODUCTION

I n the thyroid literature the term incidental has 
been used to indicate an unsuspected finding; 

nevertheless, the nature of the incidental finding depends 
on the clinical context in which the nodules are found. 
Considering thyroid gland, the identification of thyroid 
cancer may be classified into 3 broad categories: 1) 
clinically detected cancer (not incidentally detected), 2) 
radiologically detected cancer (clinically unsuspected), 
and 3) pathologically detected cancer (clinically and 
radiologically unsuspected) (1). Incidental thyroid 
cancers (ITCs) are often microcarcinomas, most 
frequently of the papillary histotype (2-6); the mean 
tumor size of ITCs decreased during the last decades 

(3,6). Namely, Boucek and cols. (7) divided ITC 
diagnoses into four different categories: i) neoplasms 
found incidentally after thyroidectomy whereas 
preoperatively only benign pathology was known; ii) 
neoplasms that were diagnosed incidentally on imaging, 
mainly ultrasonography (US), and that were evaluated 
further and confirmed by fine-needle aspiration cytology 
(FNAC); iii) neoplasms that appeared clinically as 
lymph node metastases, with primary thyroid carcinoma 
detected only at histological specimen examination; 
iv) thyroid cancer that is localized in ectopic thyroid 
tissue with clinical symptoms or metastases present. 
Besides these four groups, Liu and cols. (8) proposed 
another ITC group including patients that presented, 
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despite benign thyroid disease ascertained at imaging 
and definitive histology, regional or distant lymph 
node metastases from primary thyroid carcinoma not 
identified at thyroid pathological examination. 

An ITC discovered at histology, after surgical removal 
of the thyroid for a benign pathology, is the most 
frequent event (9-12). In thyroidectomy specimens, 
ITC prevalence ranges up to 40% (2). In autopsy 
studies, the reported prevalence of ITC ranges from 
0.01% in USA to 35.6% in Finland (7). Recently, a study 
from U.S.A. have documented that most counties with 
the highest thyroid cancer incidence are in a contiguous 
area of eastern Pennsylvania, New Jersey, and southern 
New York State; radioactive exposures from 16 nuclear 
power reactors within a 90-mile radius in this area have 
indicated that these emissions are a likely etiological 
factor in rising thyroid cancer incidence rates (13).

Over the last 30 years, there has been an increase 
in the overall incidence of thyroid cancer, from 3.6 (in 
1973) to 8.7 (in 2002) per 100,000 inhabitants (14). 
The incidence rate of papillary thyroid cancer PTC 
rose up more than any other malignancy (15,16), up 
to 93% of all thyroid cancers in Japan and up to 85.3% 
in Western countries (7). PTC is the most common 
histotype and microPTC represents up to 30% of all 
forms of papillary cancer (17).

The very recently released American Thyroid 
Association guidelines on thyroid nodules and cancer 
underscore that “a recent population based study from 
Olmsted County reported the doubling of thyroid 
cancer incidence from 2000-2012 compared to the 
prior decade as entirely attributable to clinically occult 
cancers detected incidentally on imaging or pathology” 
(18-20). By 2019, one study predicts that papillary 
thyroid cancer (PTC) will become the third most 
common cancer in women (21).

The purpose of this study was to evaluate the rate 
of histologically detected PTC in consecutive patients 
who were thyroidectomized for benign multinodular 
goiter (MNG) throughout a 1-year period at a single 
endocrine surgery unit. Of note, this surgery unit and 
patients’ residence is located near to three nuclear 
power units. Our data were compared with those of the 
English language literature on the ITCs.

SUBJECTS AND METHODS

All patients of this retrospective cohort were 
admitted on the same day of the surgical procedures, 

performed by 3 experienced endocrine surgeons 
under general anesthesia. Preoperatively, patients were 
studied by means of neck US and routine blood test, 
including hormones levels. The American Society of 
Anesthesiologists (ASA) physical status was assessed in 
all patients. In order to obtain a more homogeneous 
cohort of patients, we excluded patients with suspicious 
characteristics of the thyroid nodule(s) (i.e. irregular 
margin and/or contour and/or shape, calcifications, 
hypoechogenicity, vascularity or local invasion/lymph 
node metastases) at US (n = 19), history of previous 
neck surgery (n = 7), history of malignancy in other 
organs (n = 5) and ASA score greater than 4 (n = 2). 

Parathyroid glands and recurrent nerves were 
identified in all cases, and specimens sent to pathologists 
for the frozen section; no cervical drains were placed 
systematically. Patients were discharged, generally in 
the second post-operative day, with a prescription 
of a weight-adjusted thyroxine treatment. Patients 
were referred to our endocrinological outpatient 
surveillance program. We defined microcarcinoma or 
macrocarcinoma any cancerous nodule up to 10 mm 
or greater than in maximum diameter, respectively. 
When multifocality occurred, we considered the largest 
neoplasm and classified according to its anatomical 
site. For purpose of comparison with the international 
literature, we run a PubMed search entering the words 
“incidental thyroid cancer” or “incidental thyroid 
carcinoma”. The search was updated until November 
2016. The search was limited taking into consideration 
only original papers. The references of the retrieved 
articles were also checked so as not to miss important 
clinical studies. Original articles reporting data about 
patients who underwent surgery for suspicious or 
preoperatively documented disease, as well as editorials, 
commentaries, review articles and similar types of articles 
were excluded. Animal studies were also excluded. Two 
researchers (A.S., S.B.) independently reviewed the titles 
and disagreements were resolved in a consensus meeting.

Statistical analysis

Results are expressed as mean ± standard deviation 
(SD). Laboratory data without normal distribution 
were described using median and percentile values. 
Fisher’s exact test was used to analyze categorical data. 
The level for statistical significance was set at P < 0.05. 
Statistical analysis was performed using Kyplot v2.0 
beta 13 version.
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RESULTS

In our study from a French endocrine surgery unit, we 
retrospectively reviewed 207 consecutive patients, 169 
were females (mean age of 53.0 ± 12.6 years [range 
18-79]) and 38 males (mean age of 54.9 ± 14.2 years 
[range 21-78]), who underwent total thyroidectomy 
(TT) for benign bilateral MNG from January to 
December 2014. All patients came from an iodine-
deficient area (Orleans, France) (22) with three nuclear 
power stations located in the neighboring areas of the 
county town (Figure 1). Clinico-laboratory data of all 
patients are shown in Table 1. 

Figure 1. Topography of nuclear power plants in the neighboring areas of 
Orleans, France (ring).

Table 1. Demographic and clinico-laboratory characteristics of patients 
undergoing total thyroidectomy for benign multinodular goiter

All patients
(n = 207)

Age, years

mean ± SD 

(range)

53.9 ± 13.9 

 (18 – 79)

TSH, uUI/ml

median 

(interquartile range)

1.54

(1.07 – 2.27)

FT3, pmol/L

median 

(interquartile range)

5.6

(4.3 – 6.2)

FT4, pmol/L

median 

(interquartile range)

15.2

(12.8 – 16.9)

Tg, ng/ml

median 

(interquartile range)

24.2

(19.5 – 35.7)

SD: standard deviation; Tg: thyroglobulin. 

Over the 12-month chronological window of our 
study, in 25/207 patients (12.1%) we discovered 37 
preoperatively unsuspected, and therefore ITCs, all 
being PTCs. Their ASA score of these patients was 
ASA1 (n = 4), ASA2 (n = 18) and ASA3 (n = 3). 
Mean hospital stay was 1.1 ± 0.3 days; 23 (92%) were 
discharged on the 1st post-operative day and 2 on the 
2nd post-operative day.

Of these 37 PTCs, 31 (86.1%) were microPTCs, 
with a maximum diameter ranging 1 to 6 mm, while 
6 were macroPTCs (diameter range 12-16 mm). 
Overall, mean age of the 25 patients was 55 ± 10 years 
(range 30-75) with 20 being females (F:M ratio = 
4:1). Patients with macroPTCs were 7 years older than 
patients with microPTCs (Table 2). Histopathological 
examination showed bilateral MNG in all cases (mean 
weight of the thyroid glands: 53.6 ± 45.7 g) and the 
additional presence of chronic lymphocytic thyroiditis 
or Hashimoto’s thyroiditis (HT) in 6/25 patients (24%, 
all with positive thyroid peroxidase and thyroglobulin 
autoantibodies). Thyroid tumors were monofocal in 15 
patients (all microPTCs; 15/37 tumors in 15 patients) 
and multifocal in 10. Of these multifocal PTCs, 16 
were microcarcinomas and 6 macrocarciomas. In 5 of 
the 10 patients microPTCs and macroPTC coexisted. 

Multifocal PTCs, including coexistence of micro (n 
= 16) and macroPTCs (n = 6), were always bilateral. 
Of the 15 monofocal microPTCs, 8 were right-sided, 
and 7 left-sided (Table 1). MicroPTCs and macroPTCs 
did not differ in distribution if we considered the right 
lobe-left lobe-isthmus location (P = 0.836 by Fisher’s 
exact test) or the classification among the upper-
middle-lower-isthmic localization in the thyroid (P = 
0.334 by Fisher’s exact test). Of the 6/207 patients 
with HT, 2/6 (33.3%) had 4 of the 37 PTCs, all 4 
tumors being microPTCs. 

Seven supplementary central and lateral cervical lymph 
node dissections were carried out, because 2 microPTCs 
and 5 PTCs were infiltrating the thyroid capsule at frozen 
sections. Lymph node metastases were found in one and 
two patients, respectively. Radioiodine treatment, with a 
dose of 100 mCi, was performed in 7 cases, because of 
the presence of poor prognostic factors such as capsular 
infiltration, macroPTC and/or multifocality.

Neither mortality nor transient and permanent 
nerve injuries were observed. Four (16%) transient 
hypocalcaemias occurred as early complications, 
and were successfully treated by a 6-week combined 
cholecalciferol and oral calcium supplementation.
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Table 2. PTC patients and tumours characteristics

Right lobe Left lobe Isthmus Total

No. of nodules

(%)

17 

(46.0%)

16 

(43.2%)

4 

(10.8%)

37 

(100%)

No. of patients with multifocality

(%)

4 

(16%)

5 

(20%)

1 

(4%)

10/25 

(40.0%)

microPTC

No. of nodules 

(%)

14 

(45.2%)

14 

(45.2%)

3

 (9.6%)

31 

Mean diameter (mm) ± SD 4.4 ± 2.7 3.9 ± 2.5 1 3.8 ± 2.6

Mean age (years) ± SD 55.9 ± 10.2 52.2 ± 7.7 57.0 ± 18.7 54.4 ± 9.9

F:M ratio 3.7:1 3.7:1 3:0 4.2:1

macroPTC

No. of nodules 

(%)

3 

(50%)

2

(33.3%)

1 

(16.7%)

6 

Mean diameter (mm) ± SD 13.0 ± 1.7 12.5 ± 0.7 30 15.7 ± 7.1

Mean age (years) ± SD 60.0 ± 13.5 67.5 ± 9.2 52 61.2 ± 11.1

F:M ratio 3:0 2:0 0:1 5:1

PTC: papillary thyroid carcinoma; SD: standard deviation; F: female; M, male.

Table 3. Summary of the literature on thyroid cancers that were discovered incidentally at thyroidectomy in patients underwent surgery for benign thyroid 
disease

Author (ref) Years of 
study Country Patients 

studied Surgical procedure Rate of cancer Comment

Fama’ and cols., this 
study

One (2014) France 207 pts TT In 25/207 (12.1%) pts, 37 
PTC were detected (31 
microPTCs and 6 PTCs)

10/25 (40.0%) pts had 
multifocal tumours; all pts 

underwent surgery for MNG

Daumerie and cols., 
1998

1976 - 1995 Belgique 93 pts TT in 16/47 (34.0%) pts 
with MNG (group I), PT in 
39/46 (84.8%) pts with a 

solitary hot nodule (group II)

2/16 (12.5%) pts (group I) 
and 5/39 (12.8%) pts (group 
II) had microTC, with a total 

prevalence of 12.7%

Dănilă and cols., 
2008

2000 - 2006 Germany 92 pts TT 2/92 (2.2%) pts had 
microPTC (tumour size 

ranged from 3 to 5 mm) 

All pts had GD; multifocality 
and lymph node involvement 

were not detected

Pezzolla and cols., 
2014

Jan 2010 
- Jun 2013

Italy 256 pts Surgical procedures in 
tumours pts 28/256): TT in 

27/28, PT in 1/28 PT

In 28/256 (10.9%) pts, 40 
TCs were detected (29 

FV-PTC, 10 PTC and 1 FTC)

Pts underwent surgery for: 
176 pts (MNG), 67 pts (GD), 
12 pts (UNG) and 1 pt (PD)

Pezzolla and cols., 
2010

n/a Italy 165 pts n/a 30/165 (18.2%) pts had TC 
(18 PTC, 6 FTC, 5 FV-PTC 

and 1 oncocytic carcinoma); 
15/30 (50%) were 
microcarcinomas

Pts underwent surgery for: 
132 pts (MNG), 30 pts 

(UNG), 2 pts (PD) and 1 pt 
(GD)

At last follow-up visit (mean length of follow-up 
17.2 ± 3.4 months), all patients were doing well and 
free of any clinical local recurrence or distant metastases.

An overview of the literature is summarized in 
Table 3 (23-68). Reported prevalence of ITC at 
surgery ranges between 2% and 40% (1,2,17,23-68): in 
Europe it varies from 2.2% to 27.4% and in the United 
States it varies from 3.3% to 33%. In some European 

countries, such as Romania, Czech Republic, Ukraine 
and Poland, the frequency of thyroid cancer showed a 
lower range (i.e. from 5 to 9.2%); in Turkey, excluding 
the study from Tasova and cols. (46), there has been a 
lower variation range in its reported incidence (7-10%). 

Rates from other European countries were: 12.5 % 
from Belgium, 10.4-11.1% from Italy and 12.0% from 
Greece. 
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Author (ref) Years of 
study Country Patients 

studied Surgical procedure Rate of cancer Comment

Costamagna and 
cols., 2013

2001 - 2009 Italy 568 pts TT in 499/568, PT in 
69/568

53/568 (9.3%) pts had TC 
(24 FV-PTC, 20 PTC, 4 FTC, 

4 MTC and 1 primitive 
thyroid paraganglioma); 

32/53 (60.4%) had 
microPTCs

14/53 (26.4%) pts had 
multifocal tumours and in 

12/53 (22.6%) were bilateral

Negro and cols., 
2013*

2000 - 2010 Italy 970 pts TT 84/ 970 (8.7%) pts had TC

Botrugno and cols., 
2011

2000 - 2008 Italy 462 pts TT 41/462 (8.9%) pts had TC; 
the most common histotype 

was PTC

Gelmini and cols., 
2010

10 yrs Italy 739 pts TT in 503/739, PT in 
239/739

82/739 (11.1%) pts had TC, 
mainly microPTC

Lymph-node metastases 
were found in the 3.6% of 

cases

Pisello and cols., 
2007

Jan 2000 
- Jan 2006

Italy 502 pts TT in 458/502, PT in 
44/502

17/502 (3.4%) pts had 
microPTC

In 34/502 (6.8%) pts, 
tumours were suspected 

preoperatively; 2/502 (0.4%) 
had multifocal microPTCs

Carlini and cols., 
2006*

n/a Italy 88 pts TT 19/88 (21.6%) pts had TC

Miccoli and cols., 
2006

Feb 2002 
- Nov 2003

Italy 998 pts TT in 902/998 pts, PT in 
96/998

104/998 (10.4%) pts had 
TC; the most common 

histotype was PTC (99/104)

Tumours were multifocal in 
19.8% of the cases

Carlini and cols., 
2005*

1-year Italy n/a n/a Incidence of microTC was 
27.4%

Pingitore and cols., 
1993

1985 - 1991 Italy 2930 pts n/a 132/2463 (5.4%) pts had TC 2463/2930 pts were 
considered clinically benign 

and 467/2930 pts 
malignant, preoperatively

Pascual Corrales  
and cols., 2012

n/a Spain 372 pts n/a 58/372 (15.6%) pts had TC Pts underwent surgery for: 
49 pts (EMNG), 8 pts (GD) 

and 1 pt (HMNG)

Slijepcevic and cols., 
2015

2008-2013 Serbia 2466 pts TT or PT 403/2466 (16.3%) pts had 
microPTC

Zivaljević and cols., 
2008

2004 Serbia 578 pts n/a 53/578 (9.2%) pts had 
microTC

Pts underwent surgery for: 
201 pts (MNG), 178 pts 

(thyroid adenoma), 89 pts 
(GD), 79 pts (PD) and 31 pts 

thyroiditis

Alecu and cols., 
2014

2002 - 2012 Romania 145 pts TT in 102/145 pts, PT in 
43/145

10/145 (6.9%) pts had 
microPTC

Muntean and cols., 
2013

2002 - 2011 Romania 2168 pts TT or PT 187/2168 (8.6%) pts had 
microPTC 

In 66/187 (35.3%) pts had 
multifocal tumours, and in 

31/187 (16.6%) were 
bilateral

Lukás and cols., 
2010

2004 - 2008 Czech 
Republic

400 pts TT or PT 34/400 (8.5%) pts had 
microTC; 32/34 (94.1%) 

were microPTCs

In 5/34 (14.7%) pts had 
multifocal tumours and in 

4/34 (11.8%) were bilateral

Nechaĭ  and cols., 
2012*

2008 - 2009 Ukraine 608 pts n/a 56/608 (9.2%) pts had TC; 
43/56 (76.8%) were 

microPTCs 

Barczyński and 
cols., 2011*

1999 - 2009 Poland 8132 pts TT in 2918/8132 pts, PT in 
5214/8132

406/8132 (5.0%) pts had TC

Vasileiadis and cols., 
2013

2001 - 2009 Greece 2236 pts TT 268/2236 (12.0%) pts had 
microPTC.
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Author (ref) Years of 
study Country Patients 

studied Surgical procedure Rate of cancer Comment

Siassakos and cols., 
2008

Jan 1997 - Jul 
2001

Greece 191 pts TT 29/191 (15.2%) pts had 
microTC (18 microFTC, 10 
microPTC and 1 microMTC)

In 8/29 (27.6%) pts had 
multifocal microcarcinomas

Sakorafas and cols., 
2007

Feb 1990 
- Feb 2002

Greece 380 pts TT in 377/380 pts, PT in 
3/380

27/380 (7.1%) pts had 
microPTC

In 11/27 (40.7%) pts had 
multifocal tumours

Yazici and cols., 
2015

2010-2013 Turkey 86 pts TT or PT 6/86 (7.0%) pts had TC (4 
microPTC and 2 PTC)

Tasova and cols., 
2013

Mar 2007 
- May 2011

Turkey 443 pts TT in 401/443, PT in 
42/443

66/443 (14.9%) pts had TC 
(56 PTC, 4 FTC and 6 
indeterminate lesions)

Karakoyun and cols., 
2013

Jan 2010 
- Aug 2011

Turkey 50 pts TT 5/50 (10.0%) pts had 
microPTC.

Berker and cols., 
2011

Jan 2004 
- Jan 2009

Turkey 337 pts TT 18/337 (5.3%) pts had 
microTC 

Pts underwent surgery for: 
278 pts (MNG), 59 pts (GD)

Tezelman and cols., 
2009

1988-2007 Turkey 2906 pts PT in 1695/2906 (group 1), 
TT in 1211/2906 (group 2)

210/2906 (7.2%) pts had TC 
(81 in group 1 and 129 in 

group 2)

Giles and cols., 
2004

Sep 2001 
- Dec 2002

Turkey 218 pts TT in 109/218 (group 1), 
and PT in 109/218 (group 2)

18/218 (8.3%) pts had PTC 
(10 in group 1 and 8 in 

group 2)

All pts underwent surgery for 
MNG

Fernando and cols., 
2009

2003 - 2005 Sri Lanka 68 pts TT 6/68 (8.8%) pts had TC (2 
PTC, 2 MTC and 2 FTC)

John and cols., 
2014

Jan 2005 
- Jun 2012

India 1300 pts TT or PT 94/1300 (7.2%) pts had 
microPTC

Wu and cols., 1993* 1962 - 1991 China 135 pts n/a 54/135 (40.0%) pts had TC

Koh and cols., 1992 n/a Malaysia 107 pts n/a 8/107 (7.5%) pts had TC, 
mainly PTC 

All pts underwent surgery for 
MNG

Preece and cols., 
2014

Sep 1994 
- Aug 2012

Australia 1508 pts TT 96/1508 (6.4%) pts had TC Pts underwent surgery for: 
963 pts (MNG), 295 pts 

(TNG), 250 pts (GD)

Bron and cols., 2004 1998-2002 Australia 834 pts TT 71/834 (8.5%) pts had TC 
(33 microPTC, 22 PTC, 11 

FTC, 5 other)

74/834 had previously 
undergone PT

Bhuiyan  and cols., 
2015

2003-2008 South Africa 90 pts TT 10/90 (11.1%) pts had TC (3 
PTC and 7 FTC)

Bombil and cols., 
2014

2005-2010 South Africa 162 pts TT 4/162 (2.5%) pts had PTC 
(3/4 were FV-PTC)

Edino  and cols., 
2010

2000-2006 Nigeria 160 pts n/a 24/160 (15.0%) pts had TC 
(13 FTC, 10 PTC, 1 MTC and 

1 ATC)

In 6/25 (24.0%) pts tumours 
were detected preoperatively 

by FNAC

Choong and cols., 
2015

1990-2014 USA 148 pts TT (120 pts) or PT (28 pts) 7/148 (4.7%) pts had TC (5 
PTC, 1 FTC and 1 MTC)

All pts underwent surgery for 
TNG

Ergin and cols., 
2014

2005-2013 USA 493 pts TT 69/248 (28%) pts in EG 
group and 64/245 (26%) pts 
in GD group had microPTC

Pts underwent surgery for: 
248 pts (EG), 245 pts (GD)

Bahl and cols., 
2014*

2003-2012 USA 2090 pts n/a 680/2090 (33%) pts had TC

Phitayakorn and 
cols., 2013

Dec 1985 
- Mar 2010

USA 300 pts TT or PT 31/300 (10.3%) pts had TC 
(22 microPTC, 8 PTC and 1 

FTC)

Phitayakorn and 
cols., 2008

1990-2007 USA 506 pts TT, PT in 10 pts with GD 11/333 (3.3%) nonTNG pts 
had PTC, 2/92 (2.2%) GD 
pts had microPTC, 5/81 

(6.2%) TNG pts had TC (3 
PTC, 1 FTC and 1 MTC)

Pts underwent surgery for: 
333 pts (nonTNG), 92 pts 

(GD), 81 pts (TNG)
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Author (ref) Years of 
study Country Patients 

studied Surgical procedure Rate of cancer Comment

Smith and cols., 
2013

2000-2011 USA 1523 pts n/a 238/1523 (15.6%) pts had 
TC (175 PTC, 39 FV-PTC, 11 

FTC and 13 other 
malignancies)

Smith and cols., 
2013*

2002-2011 USA 164 pts n/a 30/164 (18.3%) pts had TC All pts underwent surgery for 
TNG

Dunki-Jacobs  and 
cols., 2012

2001-2007 USA 723 pts TT or PT 194/723 (27%) pts had TC 
(PTC or microPTC)

In 137/194 (70.6%) pts, 
tumours were suspected 

preoperatively 

Bradly and cols., 
2009

Jan 2000 
- May 2008

USA 678 pts TT or PT 81/678 (12%) pts had PTC

Lokey and cols., 
2005*

Dec 1998 
-Dec 2003 

USA 738 pts n/a 28/738 (3.8%) pts had TC 
(mainly microPTC)

pts: patients; TT: total thyroidectomy; PT: partial thyroidectomy; TC: thyroid carcinoma; PTC: papillary thyroid carcinoma; FV-PTC: follicular variant of papillary thyroid carcinoma; FTC: follicular thyroid 
carcinoma; MTC: medullary thyroid carcinoma; ATC: anaplastic thyroid carcinoma; MNG: multinodular goiter; UNG: uninodular goiter; TNG, toxic nodular goiter; GD, Graves’ disease; PD, Plummer’s 
disease; HT, Hashimoto’s thyroiditis; EG, euthyroid goiter; EMNG, euthyroid multinodular goiter; HMNG, hyperthyroid multinodular goiter, FNAC: fine-needle aspiration cytology; n/a: not available. 

* Tabulated data taken from the abstracts written in English and/or illustrative material.

DISCUSSION

The increased incidence of thyroid carcinoma seems 
to be related to an improved diagnostic approach, 
given by a widespread use of US and cytology, but 
also by the employment of new imaging techniques, 
such as 18F-fluoro-deoxyglucose positron emission 
tomogram/computed tomography (18F-FDG-PET/
CT) (69-71). Among patients who performed neck US 
for suspected parathyroid disease, incidental thyroid 
nodules were found in 46% of them (72). Similarly, 
thyroid incidentalomas discovered during CT or 
magnetic resonance imaging that had been carried out 
for other reasons have been reported with an incidence 
of 16% (73,74); moreover, 9% to 13% were discovered 
during carotid US (75,76), and 2% to 3% at 18F-FDG-
PET/CT scan (77-79). The prevalence of incidental 
thyroid nodules on US in the general population ranges 
between 42% and 67% (80,81). In thyroidectomy 
specimens, ITC prevalence ranges up to 40% (2). In 
autopsy studies, the reported prevalence of ITC ranges 
from 0.01% in USA to 35.6% in Finland (7).

The overview of the literature (Table 3, refs. 23-
68), has shown that one-third (n = 16) of the studies 
are on cohorts of thyroidectomized patients smaller 
than ours (n = 50 to 191, compared to 207), and one-
seventh of the studies (n = 7) are on cohorts slightly 
greater than ours (256 to 8,132). Prevalence of ITC 
at surgery ranges between 2% and 40% (1,2,17,23-
68). In Europe, the frequency of ITC varies from 2.2% 
to 27.4%, and a similar wide range (3.3% to 33%) is 

observed in the United States. Interestingly, in Eastern 
Europe (Romania, Czech Republic, Ukraine, Poland), 
the frequency of thyroid cancer is relatively low (range 
5-9.2%). In Turkey, excluding the study from Tasova 
and cols. (46), there is a lower variation range in the 
reported incidence of thyroid cancer (7-10%). 

One comment deserves the coexistence of ITCs with 
HT. We found a 33% rate of ITCs (always microPTCs) 
in patients with histologically confirmed HT. This rate 
is greater than that reported in one recent retrospective 
study from Serbia (37). Slijepcevic and cols. (37) also 
investigated the prevalence of microPTC in patients 
operated for benign thyroid diseases in a retrospective 
study of 2,466 patients who underwent thyroid 
surgery from 2008 to 2013. The overall prevalence of 
microPTC was 16.3%, the highest being in HT. Smith 
and cols. (63) examined cancer frequency in patients 
referred for removal of benign thyroid disease in a multi-
institutional series of 2,551 patients. Indeterminate/
malignant FNA diagnoses were excluded (n = 1,028). 
Overall, 238 (15.6%) cancers were found, and 275 
patients had thyroiditis (18%). Presence of thyroiditis 
was not associated with cancer, because there were 47 
ITCs in the 275 patients compared with 191 ITCs in 
1,247 patients without thyroiditis (17.1% vs 15.3%). 
Our rate of 33.3% was highly significant as well as the 
22.7% (χ2 = 10.80, P < 0.001) of Slijepcevic and cols. 
(37), whereas the rate of 17.1% (χ2 = 0.388, P = 0.533) 
reported by Smith and cols. did not reach statistical 
significance.
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The limitations of this study are due to its 
retrospective nature. Another limitation is the natural 
history of thyroid cancer, which is a slow growing 
tumor, so that extended follow-up is needed to evaluate 
the long-term outcomes. The strength of the study lies 
in its short course, avoiding that a variable number 
of pathologists histologically examined the specimens 
using different methods of evaluation. 

Our 12.1% rate is comparable to rates from 
other European countries, including Belgium, Italy 
(25,30,33) and Greece (17). Because Italy and Greece 
have no nuclear plants, we tend to exclude that our rate 
was influenced by the relative vicinity of our medical 
center and residence of patients to three nuclear plant 
units (82). A systematic review and meta-analysis on 
this issue does not support an association between living 
near nuclear power plants and risk of thyroid cancer. 
However, sensitivity analysis by exposure definition 
demonstrated that living less than 20 km from nuclear 
power plants was associated with a significant increase 
in the risk of thyroid cancer (83). Additionally, with a 
12% risk that MNG harbors preoperatively unsuspected 
PTCs which can have already infiltrated the capsule 
and that are accompanied frequently by other PTC foci 
contralaterally, an adequate surgical approach has to be 
considered. 

The operative management of benign thyroid 
diseases includes partial and total thyroidectomy: the 
first one preserves thyroid function, sparing patients the 
need for lifelong thyroid hormone replacement (84); 
moreover, microPTCs can have an excellent prognosis 
not requiring completion thyroidectomy. On the other 
hand, total thyroidectomy may present complications, 
such as hypoparathyroidism (often transient) (85) and 
recurrent laryngeal nerve injury (84), which occurs 
in 6% and 1% of patients, respectively (84). However, 
reoperation after partial thyroidectomy can be needed 
in cases with multifocal thyroid cancer or for radioactive 
iodine ablation. 

In our experience, total thyroidectomy showed 
neither mortality nor transient and permanent nerve 
injuries, avoiding the risk of recurrence and necessity 
of completion thyroidectomy, with its known technical 
difficulties and increased risk of complications, and also 
avoiding the risk of ITC presence in remnant tissue.

Disclosure: no potential conflict of interest relevant to this article 
was reported.
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ABSTRACT
Objective: To retrospectively evaluate the outcomes of patients with low and intermediate risk thyroid 
carcinoma treated with total thyroidectomy (TT) and who did not undergo radioiodine remnant 
ablation (RRA) and to compare them to patients receiving low dose of iodine (30 mCi). Subjects 
and methods: A total of 189 differentiated thyroid cancer (DTC) patients treated with TT followed 
by 30mCi for RRA or not, followed in two referral centers in Brazil were analyzed. Results: From the 
189 patients, 68.8% was ATA low-risk, 30.6% intermediate and 0.6% high risk. Eighty-seven patients 
underwent RRA and 102 did not. The RRA groups tended to be younger and had a higher frequency of 
extra-thyroidal extension (ETE). RRA did not have and impact on response to initial therapy neither in 
low (p = 0.24) nor in intermediate risk patients (p = 0.66). It also had no impact on final outcome and 
most patients had no evidence of disease (NED) at final follow-up. Recurrence/persistence of disease 
was found in 1.2% of RRA group and 2% in patients treated only with TT (p = 0.59). Conclusions: Our 
study shows that in low and intermediate-risk patients, RRA with 30 mCi seems to have no major 
advantage over patients who did not undergo RRA regarding response to initial therapy in each risk 
group and also in long term outcomes. Arch Endocrinol Metab. 2018;62(2):149-56

Keywords
Thyroid carcinoma; radioiodine ablation; low activity 

INTRODUCTION

O ver the last decades, the incidence of DTC has 
increased significantly, especially of tumors 

smaller than 2 cm (1-3). Despite this, most of these 
patients have an excellent prognosis and a long follow-
up during their lifetime (4,5). Nevertheless, rarely 
small tumors can metastasize and have an increased 
recurrence risk (6-8). 

Recently, it has been advocated an individualized 
approach of DTC based on risk stratification (8-11) 
and a more selective use of RRA (12-15). In this 
sense, treatment for low-risk tumors tends to be less 
aggressive than high-risk tumors (16,17). Indeed, the 
use of RRA in low risk patients remains controversial, 

because it has not been shown to be beneficial in their 
management after complete surgical resection in some 
recent studies (18). More recent guidelines recommend 
a more careful use of radioiodine (RRA) due to its 
adverse effects, particularly chronic sialoadenitis and 
the increased risk of development of a second primary 
neoplasm (19,20). 

In this sense, several studies have already shown 
that RRA with low RRA dose (30 mCi) is as effective 
as higher activities with excellent correlated remission 
rates (21-23). Mujammami and cols. summarizes the 
results of six studies, in which patients responded 
equally well to low iodine activity for RRA, when 
compared to higher activities, and the risk category 



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

150

Radioiodine ablation in thyroid cancer

Arch Endocrinol Metab. 2018;62/2  

was not a significant predictor of remission (low, 
intermediate and some high-risk patients without 
metastases) (7). However, there are authors who 
advocate the selective use of iodine, showing that it 
is not necessary in certain circumstances. In the study 
by Molinaro and cols., 63.6% of non-ablated low 
and intermediate risk patients evolved with remission 
during the follow-up period, without additional 
therapy, and all of these patients remained in remission 
through the study (24). Also, Schvartz and cols. failed 
to prove any benefit of RRA in survival in patients with 
low-risk DTC after thyroidectomy, reinforcing the idea 
that they should not be over-treated (22). Durante and 
cols., showed almost identical clinical response rates for 
low and intermediate risk patients, between subgroups 
with and without RRA (4). Similarly, our group had 
also previously shown that low and intermediate risk 
patients not treated with RRA had a very low risk of 
recurrence (25,26).

The aim of this study is to retrospectively analyze 
the follow-up of patients with thyroid carcinoma who 
were treated with TT and who did not receive RRA and 
compare them to patients who received a low dose of 
iodine (30 mCi).

SUBJECTS AND METHODS

We retrospectively reviewed the medical records of 
189 patients with DTC > 18 years old treated with TT 
without RRA or with low dose RRA (30 mCi) between 
1975 and 2015. We included 61 patients treated in 
Hospital das Clínicas da Universidade Federal do 
Paraná (HC-UFPR), Curitiba, Brazil and 128 patients 
treated in National Cancer Institute (Inca), Rio de 
Janeiro, Brazil. A minimum of 18 months of follow-
up after initial therapy was required for entry into the 
study, unless one of the clinical outcomes was reached 
before that time point. 

The initial thyroid surgery was total thyroidectomy 
(TT) in all patients. Therapeutic neck dissections were 
only performed for clinically apparent abnormal cervical 
lymphadenopathy, since in both institutions, it is not 
routinely performed prophylactic neck dissections for 
DTC. RRA was performed within two to six months 
after surgery in 87 patients and 102 patients did not 
receive RRA. RRA therapy was administrated after 
thyroid hormone withdrawal (TWH) for 30 days or 
with recombinant human TSH (TSHrh) administration 
in selected patients, and under a low iodine diet. Pre-

ablation serum TSH, thyroglobulin (Tg) level and 
thyroglobulin-antibodies (Tg-Ab) titer were obtained 
in all patients and whole-body scans (WBS) were 
performed five to ten days after RRA. 

This study was approved by the local research Ethics 
Committees.

Follow-up

Patients were followed every 6-8 months during the 
first year and at 6-12 months intervals thereafter at the 
discretion of the attending physician based on the risk 
of recurrence of the individual patient and the clinical 
course of the disease. Routine evaluation included 
serum TSH, serum Tg, Tg-Ab and neck ultrasound 
(US). For those patients with suspected local or distant 
metastasis, other imaging modalities such as computed 
tomography (CT) scan, or magnetic resonance imaging 
(MRI) and/or biopsies were performed as needed. 
Patients were treated and followed by the same group 
of physicians in each center. 

Laboratory studies

Serum Tg was measured postoperative and during 
follow-up in regular bases. We considered postoperative 
Tg, measurements performed at a minimum of 6-8 
weeks after TT, since Tg usually reaches its nadir by 3 to 
4 weeks postoperatively (9,15). Trend of non-stimulated 
Tg was evaluated at the same TSH levels and defined as: 
stable, decreasing, or increasing (> 20% over baseline).

At Inca, from 1977 to 1985, the functional 
sensitivity of the serum Tg assays was approximately 5 
ng/mL. Between 1986 and 1997, a variety of Tg assays 
was used with functional sensitivities of approximately 
1 ng/mL. From 1998 to 2001, a Tg assay with a 
functional sensitivity of 0.5 ng/L was employed. 
Starting in 2001 until 2010, serum Tg was quantified 
by a immunometric assay (Immulite) with a functional 
sensitivity of 0.2 ng/mL, and from 2010 until today, 
the functional sensitivity dropped to 0.1 ng/mL.

At HC-UFPR, from 1990 to 2004, serum Tg 
was quantified by a radioimmunoassay assay with a 
functional sensitivity of 0.9 ng/mL. From 2004 until 
today, serum Tg was quantified by a chemiluminescence 
assay with a functional sensitivity of 0.1 ng/mL.

Risk stratification

Patients were stratified using the modified ATA 2015 
risk stratification system (low or intermediate risk) (15). 
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Dynamic risk stratification was performed using the 
response to therapy assessment during the first 2 years 
of follow-up previous published by Tuttle and cols. 
and in the latest ATA guidelines (15,23). In patients 
treated with RRA, response to therapy were defined 
as: excellent response to therapy (negative imaging and 
suppressed Tg < 0.2 ng/mL and stimulated Tg < 1.0 
ng/mL); indeterminate response (nonspecific findings 
on imaging studies, non-stimulated Tg detectable but < 
1 ng/mL, stimulated Tg detectable but < 10 ng/mL); 
biochemical incomplete response (negative imaging 
and non-stimulated Tg > 1 ng/mL or stimulated Tg 
> 10 ng/mL); or structural incomplete response to 
therapy (structural or functional evidence of disease, 
with any Tg level) (9,15). For patients treated with TT 
without RRA, response to therapy definitions were: 
excellent response to therapy (undetectable Tg-Ab, 
negative imaging and non-stimulated Tg < 0.2 ng/mL 
or stimulated Tg < 2.0 ng/mL); indeterminate response 
(stable or declining Tg-Ab and/or nonspecific imaging 
findings and non-stimulated Tg detectable but 0.2- 
5 ng/mL, stimulated Tg detectable but 2-10 ng/mL); 
biochemical incomplete response (negative imaging 
and/or increasing Tg with similar TSH levels and/or 
increasing Tg-Ab and non-stimulated Tg > 5 ng/mL or 
stimulated Tg > 10 ng/mL); or structural incomplete 
response to therapy (structural or functional evidence 
of disease, with any Tg level) (9,11). Tg analysis were 
considered as following: Post operative undetectable 
Tg when Tg was below functional sensitivity of the Tg 
assay used at the time of surgery and to determinate 
the trend overtime we considered increase if either 
suppressed or stimulated Tg were rising, decline if both 
were declining or if one was stable and the other was 
falling and stable if both were stable. In those patients 
who did not have stimulated Tg repeated overtime, 
only suppressed Tg was considered. All of the patients 
had post operative stimulated Tg measured.

Clinical outcomes

Clinical outcomes were defined as:
• No evidence of disease (NED): the absence of 

suspected images and Tg levels used to classify 
as excellent response to therapy.

• Recurrent/persistent SD, defined as: positi-
ve cytology/histology, highly suspicious lym-
ph-nodes or thyroid bed nodules on the US 
(hyper-vascularity, cystic areas, heterogeneous 

content, rounded shape and enlargement on 
follow-up), or cross-sectional imaging highly 
suspicious for metastatic disease.

• Disease specific mortality: death related to the 
tumor or its treatment.

Additional outcomes evaluated were: need for 
additional therapy during follow-up (additional surgery 
and/or RRA), clinical outcomes after additional 
therapy and the trend of non-stimulated Tg after initial 
therapy without RRA.

Statistical analysis

Continuous data is presented as mean and standard 
deviations with median values. For comparing medians 
nonparametric Mann-Whitney test was used and for 
categories we used Chi2 to compare 2 or multiple 
groups and Fisher’s exact tests. Analysis was performed 
using SPSS software (Version 20.0 for MAC; SPSS, 
Inc., Chicago IL).

RESULTS

The demographics, clinical features, risk stratification, 
initial management and clinical outcomes of the 189 
patients included in the cohort are presented in Table 1. 
Considering the entire cohort, TT was performed as 
initial therapy in all patients, papillary thyroid cancer 
(PTC) was the most common histology and the 
majority of patients were female. Fifty-four percent  
(n = 102) of patients did not receive RRA and 46%  
(n = 87) did undergo low dose RRA (30 mCi). Patients 
treated with RRA were younger (49, range 18-86 years 
in the group without RRA vs 43, range 19-80 years 
for the RRA group) and microscopic extra-thyroidal 
extension (ETE) was more frequently observed 
(29.9% for RRA vs 14.7% without RRA) (p = 0.04 
and p = 0.01, respectively). The groups did not differ 
in tumor size, presence of vascular invasion, lymph-
node metastases (N1), tumor multifocality or ATA 
risk stratification. There was no statistical difference in 
median postoperative non-stimulated Tg and presence 
of Tg-Ab between the groups. However, presence of 
undetectable Tg postoperative during follow-up was 
significantly different (p < 0.001), observed in 65,7% of 
the patients treated without RRA and 49,4% of patients 
treated with low dose RRA. The Tg trend overtime 
decline in 67,6% of patients treated without RRA and 
56,3% patients treated with low dose RRA (p = 0.13).
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Table 1. Description of the cohort (n = 189)

Without RRA (n = 102) Low dose RRA (30mCi) (n = 87) p-value

Age 49 (18-86) 43 (19-80) 0.04

Gender-female 93.1% (n = 94) 86.2% (n = 75) 0.09

Histology

Papillary thyroid cancer 93.1% (n = 94) 95.4% (n = 83) 0.36

ETE 14.7% (n = 15) 29.9% (n = 26) 0.01

Multifocality 34.3% (n = 35) 39.1% (n = 34) 0.54

Size (cm) 1 (0.9-9) 1 (0.3-4.0) 0.21

Vascular invasion 8.8% (n = 9) 13.8% (n = 12) 0.35

N1 15.7% (n = 16) 23% (n = 20) 0.26

Post-operative non-stimulated Tg 1.25 (< 0.1-34) 0.77 (< 0.1-15) 0.59

Undetectable post-operative Suppressed Tg 65.7% (n = 67) 49.4% (n = 43) < 0.001

Positive Anti-Tg 6.9% (n = 7) 8.0% (n = 7) 0.78

ATA 2016 risk stratification

Low

Intermediate

High 

78.4% (n = 80)

20.5% (n = 21)

1% (n = 1)

57.5% (n = 50)

42.5% (n = 37)

0

0.04

Median follow-up (months) 40.5 (1-488) 49.6 (4-321) 0.63

Recurrence/persistence structural disease 1% (n = 1) 1.1% (n = 1) 0.55

Additional therapy 1% (n = 1) 2.3% (n = 2) 0.59

Response to therapy – first 2 years of follow-up

Excellent

Indeterminate

Biochemical incomplete

Structural incomplete

68.6% (n = 70)

26.5% (n = 27)

2.9% (n = 3)

2% (n = 2)

81.6% (n = 71)

13.8% (n = 12)

2.3% (n = 2)

2.3% (n = 2)

0.08

Tg trend over time (suppressed and/or stimulated)

Decline 67.6% (n = 69) 56.3% (n = 49) 0.13

Clinical status at final follow-up

NED without additional therapy

NED after additional therapy

Recurrent/persistent of disease after additional therapy

Recurrent/persistent of disease without additional therapy

Death from disease

98% (n = 100)

1% (n = 1)

0%

1% (n = 1)

0%

98,8% (n = 86)

1.2% (n = 1)

0%

0%

0%

0.59

Data are presented percentage (number) or median (range). ETE: microscopic extra thyroid extension; N1: lymph node metastases; Tg: thyroglobulin; Anti-Tg: anti-Tg 
antibody; ATA: American Thyroid Association; NED: no evidence of disease.

During follow-up, recurrence/persistence of 
disease was similar between groups, with recurrence/
persistence in 1% of patients not treated with RRA 
and 1.1% in patients treated with low dose RRA 
(30mCi) (p = 0.55). The median follow-up was 40.5 
and 49.6 months respectively (p = 0.63) (Table 1). In 
both groups, the majority of patients had an excellent 
response to initial therapy followed by indeterminate 
and only few patients had incomplete response, either 
biochemical or structural. At final follow-up the 
majority of patients had no evidence of biochemical 
or structural disease without additional therapy. There 
were no cases of disease-related deaths.

Regarding response to therapy in patients classified 
as low risk by the ATA risk stratification system (n = 
130), excellent response was found in 94 patients and 
indeterminate response in 30 patients, as presented 
in the univariate analysis shown in Table 1. Papillary 
was the most common histology and the majority 
was female in both groups. Similarly, age and size of 
tumor were not statistically different among them. 
The median postoperative non-stimulated Tg was 
significantly statistically different (0.1 ng/mL in 
patients with excellent response, ranging from < 0.1 to  
3.4 ng/mL vs 1.0 ng/mL in patients with indeterminate 
response, ranging from < 0.1 to 3.0 ng/mL,  
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p < 0.001). The presence of lymph node metastasis at 
diagnosis was significantly different (7.4% in excellent 
response vs 13.3% in indeterminate response vs 66.7% 
and structural incomplete response, p = 0.04). When 
patients were analyzed according to their initial risk of 
recurrence (Tables 2 and 3), RRA treatment did not 
differ among patients with excellent and indeterminate 
response to initial therapy. Postoperative non-
stimulated Tg was the only predictor of response to 
therapy in low and intermediate risk groups (Tables 
2 and 3). Extrathyroidal extension, present only in 
the intermediate risk group, did not have impact on 
response to initial therapy even being more frequent in 
the group that underwent RRA.

Only 3 patients with low risk tumors had a 
biochemical incomplete response and 3 had structural 
incomplete within the first 2 years of follow-up. 
They are shown in Table 4. Also, 3 patients from the 
intermediate risk group had incomplete responses.

Stands out that the only patient with persistent 
disease (incomplete structural response) still survives 
with structural disease because it is a heterogeneous 
lymph node in the left anterior cervical region, near the 
sternal, which is suspect because of its characteristics 
(irregular margins) and size (1.4 x 1.2 x 1.3 cm), 
remains unchanged for more than one year; as well as 
without elevation of Tg. 

DISCUSSION

This study showed that in properly selected low and 
intermediate risk DTC patients, low activities of RRA 
did not have a significant impact on response to therapy 
and also final status of being disease free. Furthermore, 
in response to initial therapy this difference was also not 
seen when patients were analyzed according to their 
initial risk of recurrence separately. Previous studies, 
Hilo and ESTIMABL, have shown in randomized trials 

Table 2. Response to therapy in low risk patients (n = 130) during the first 2 years of follow-up 

LOW RISK Patients Excellent  
(n = 94)

Indeterminate  
(n = 30)

Biochemical incomplete  
(n = 3)

Structural incomplete  
(n = 3) p-value

Age (years) 44.5 (20-86) 45.5 (26-76) 42 (32-57) 53 (39-79) 0.61

Gender-female 89.4% (n = 84) 90% (n = 27) 100% (n = 3) 100% (n = 3) 0.72

Histology

Papillary thyroid cancer 91.5% (n = 86) 94.3% (n = 33) 100% (n = 3) 100% (n = 3) 0.88

Post operative non stimulated Tg 0.1 (< 0.1-3.4) 1.0 (< 0.1-3.0) N/A N/A < 0.001

Size (cm) 2.0 (0.1-9.0) 1.0 (0.2-6) 1.7 (x-2.0) 1.2 (1.1-1.4) 0.78

N1 7.4% (n = 7) 13.3% (n = 4) 0% 66.7% (n = 2) 0.04

RRA 43.6% (n = 41) 26.7%% (n = 8) 0% 33.3% (n = 1) 0.24

Data are presented as percentage (number) or median (range). Tg: thyroglobulin, N1: lymph node metastases, RRA: radioiodine, N/A: non available.

Table 3. Response to therapy in intermediate risk patients (n = 58) during the first 2 years of follow-up 

Intermediate risk patients Excellent  
(n = 46)

Indeterminate  
(n = 9)

Biochemical incomplete  
(n = 2)

Structural incomplete 
 (n = 1) p-value

Age (years) 42 (18-69) 36 (34-43) 34.5 (19-50) 59 0.16

Gender-female 91.9% (42) 66.6% (n = 6) 100% (n = 2) 100% (n = 1) 0.48

Histology

Papillary thyroid cancer 97.8% (n = 45) 100% (n = 9) 100% (n = 2) 100% (n = 1) 0.96

Post operative non stimulated Tg < 0.1 (< 0.1-0.5) 0.1 (< 0.1-0.2) 1.4 3 < 0.01

ETE 69.6% (n = 32) 55.5% (n = 5) 100% (n = 2) 100% (n = 1) 0.89

Size (cm) 2.1 (1.0-4.7) 2.3 (2.1-3.0) 1.5 (0.6-2.4) 1.4 0.92

N1 37% (n = 17) 22.2% (n = 2) 50% (n = 1) 0% 0.80

RRA 65.2% (n = 30) 44.4% (n = 4) 50% (n = 1) 100% (n = 1) 0.66

Data are presented as percentage (number) or median (range). Tg: thyroglobulin; N1: lymph node metastases; RRA: radioiodine.
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Table 4. Clinical characteristics of differentiated thyroid cancer patients with incomplete response to therapy within the first 2 years of follow-up 
(biochemical or structural)

Pt1 Pt2 Pt3 Pt4 Pt5 Pt6 Pt7 Pt8 Pt9

Age (years) 79 53 39 57 42 32 59 50 19

Gender F F F F F F F F F

Histology PTC PTC PTC PTC PTC PTC PTC PTC PTC

Size (cm) 1.1 1.2 1.4 1.7 2.0 x 1,4 2,4 0,6

pN1 Yes Yes No No No No No No Yes

ATA risk Low Low Low Low Low Low Intermediate Intermediate Intermediate

Radioiodine No Yes No Yes No No Yes No Yes

Response to therapy SI SI SI BI BI BI SI BI BI

Additional Therapy No Yes Yes No No No No No Yes

Time to additional 
Therapy

x 18 120 x x x x x 34

Tg trend overtime Decline Decline Decline Decline Decline Decline Stable Stable Increase

Follow-up (months) 20 18 384 16 28 139 12 23 39

Status at final 
follow-up

PD NED-AT NED-AT NED NED NED NED NED NED - AT

F: female; SI: structural incomplete; BI: biochemical incomplete; PD: persistent of disease; NED-AT: no evidence of disease-additional therapy; NED: no evidence of disease.

that low activities such as 30mCi are equally effective 
for low and intermediate risk patients as RRA (12,14). 
Vaisman and cols., thus, showed that the recurrence 
rate of properly selected low and intermediate 
risk DTC patients are very similar in patients who 
underwent RRA and those followed with no additional 
therapy after surgery (26). Furthermore, the study 
by Schvartz and cols., with a 10.3 years follow-up, 
showed no benefit of RRA after surgery on survival in 
a large cohort of patients with low-risk DTC (22). In 
the study by Durante and cols., the rates of complete 
clinical response were almost identical in the subgroup 
that received ablation and in the subgroup that did not 
receive (92.2% and 98.3%, respectively), reinforcing the 
low impact of RRA in response to therapy (4).

In the present study, patients treated with RRA were 
younger, and microscopic ETE was observed more 
frequently (p = 0.04 and p = 0.01, respectively). It is 
known that there is a tendency for an increase in the use 
of RRA in younger patients; however, most studies fail to 
show that isolated extra-thyroidal microscopic invasion 
increases recurrence significantly as an independent 
factor. Furthermore, the most recent recommendation 
is to avoid RRA in most patients when this is the 
only reason to treat with RRA (6). Moreover, in this 
present study, ETE did not have impact in response to 
initial therapy in the intermediate risk group, probably 
being only a factor that have influenced the decision of 
performing RRA, specially in the past. 

In recent years, postoperative evaluation is 
becoming more important in decision making of RRA 
(13). This present study showed that the presence of 
undetectable non-stimulated Tg during follow-up was 
significantly different and more frequent in the non 
RRA group (p < 0.001), suggesting that independently 
of initial risk stratification, when postoperative Tg 
was negative, physicians were confortable to only 
follow these patients without RRA. Corroborating 
such findings, Webb and cols. concluded that low 
pre-ablation Tg should be considered a favorable risk 
factor in patients with DTC, suggesting that it may 
perhaps be used to select patients not candidates for 
RRA (15,27). In the same sense, Momesso and cols. 
(11) demonstrated that the value of non-stimulated Tg 
was the greatest predictor of recurrence/persistence 
of structural disease, which supports previous findings 
of patients not treated with RRA (10), in whom the 
decline or stability of non-stimulated Tg presented a 
good prognosis (18,26,28), being the best response in 
the first two years of follow-up, comparable to that at 
any time in the total follow-up of these patients (11). In 
the same study, there was no disease-specific mortality 
and low rates of recurrence/persistence of structural 
disease (11), as also occurred in the on-screen study, in 
which the majority of patients, more than 97%, had no 
evidence of disease (NED) at the end of the follow-up 
without additional therapy and without cases of death 
by the disease.
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Over time, the trend of Tg values decreased by more 
than 55% in both groups. At the final follow-up, most 
patients had no evidence of biochemical or structural 
disease without additional therapy. In the study by 
Mujammami and cols., levels of pre-dose ablative Tg 
and biochemical response to primary therapy predicted 
favorable outcomes (7), with the majority of patients 
with elevated Tg levels and incomplete or indeterminate 
responses progressing to undetectable levels of Tg 
without further treatment (7). This has already been 
observed by Vaisman and cols. (10), who concluded 
that patients with incomplete biochemical response may 
be reclassified as without evidence of disease, without 
additional therapy beyond suppression of TSH with 
LT4. Similarly, Momesso and cols. showed that even 
patients with indeterminate response to therapy had a 
good prognosis, with no evidence of structural disease 
during follow-up, and could be observed conservatively 
(4,9,11,29). Current second generation Tg assays 
(0.05-0.1 ng/mL) have shown that patients with low-
risk DTC with undetectable baseline Tg rarely recur 
(5). In this sense, study published in 2016 by Janovsky 
(1) concluded that an excellent response to treatment 
can be confirmed by the trend of Tg and US, these 
being the best follow-up approaches, showing that the 
use of RRA only to achieve negative levels of Tg for 
surveillance is not necessary because it is not an isolated 
value, but the tendency of Tg during follow-up, the 
determining factor for both (1). Therefore, based on 
the above, it should be emphasized that the trend of Tg 
is highly suggestive of being a predictor of disease-free 
follow-up.

When analyzing the low-risk patients separately, 
patients with excellent response had lower values of 
postoperative Tg than patients with indeterminate 
response. Webb and cols. (27) examined the predictive 
value of a single dose of serum Tg immediately prior to 
RRA as a subsequent disease free state and concluded 
that this evaluation is an inexpensive tool with a high 
negative predictive value which could be used to select 
patients not RRA candidates (15,27).

The presence of lymph node metastasis at the 
time of diagnosis was more frequent in those patients 
with indeterminate response to initial therapy and 
less frequently in those with excellent response, 
demonstrating that such presence may negatively 
interfere in the response to treatment. However, based 
on current ATA recommendations (15) there is no 
indication for RRA in low risk patients with up to 5 

micro-metastases to lymph nodes. Furthermore, Wang 
and cols. demonstrated that properly selected patients, 
even with affected lymph nodes, should not necessarily 
receive RRA (30,31).

It should be noted that the present work has some 
limitations. As it is a retrospective and non-randomized 
trial, selection bias based on the assistant physician 
to perform RRA could occur. However, the basic 
characteristics are similar in both groups. Furthermore, 
there were changes in ultrasound technology and Tg 
assays as mentioned before that could interfere in initial 
response to therapy classification, however, the most 
clinically relevant endpoints, which are recurrence, and 
structural incomplete response is less influenced by 
Tg values. Other important limitation is the follow –
up period. As known, the majority of the recurrences 
occur with the first 2-5 years, however, some of those 
can occur later on. Further prospective studies and 
with longer follow-up periods are needed to validate 
our findings. In addition, most of the studies with 
30mCi (12,14) evaluate the efficacy of ablation not 
correlating this with recurrence rates. In our study, we 
correlate low activities with response to therapy, which 
is a parameter with well establish correlation with long 
term prognosis (8,9,10,15).

In conclusion, the present study shows that in low 
and intermediate risk patients, the treatment with 
30mCi of radioiodine for ablation might appear to 
make a difference in response to therapy, however, when 
longer follow-up is analyzed, RRA activities at ablation 
seems to have no advantage over patients who did not 
undergo RRA with long term outcomes. As a secondary 
endpoint, in these patients an excellent response to 
treatment may be assured by the postoperative non-
stimulated Tg values analyzed as predictors of disease-
free follow-up.

Disclosure: no potential conflict of interest relevant to this article 
was reported.
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Impact of historic histopathologic 
sample review on the risk of 
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ABSTRACT
Objective: To compare the historic risk of recurrence (RR) and response to therapy to risk stratification 
estimated with historical pathology reports (HPRs) and contemporary re-review of the pathological 
slides in patients with differentiated thyroid cancer (DTC). Subjects and methods: Out of 210 DTC 
patients with low and intermediate RR who underwent total thyroidectomy and remnant ablation in 
our hospital, 63 available historic pathologic samples (HPS) were reviewed. The RR and the response 
to therapy were evaluated considering historical histological features (histological type, tumor size, 
capsular invasion, number of lymph node metastases) and then, reassessed after observing additional 
histological features (vascular invasion, extrathyroidal extension, size of lymph node metastases, 
presence of extranodal extension, and/or status of the resection margins). Results: A change in the 
RR category was observed in 16 of 63 cases (25.4%). Out of 46 patients initially classified as low 
RR, 2 patients were reclassified as intermediate RR, 4 as high RR, and 1 as noninvasive follicular 
thyroid neoplasm with papillary-like nuclear features (NIFTP). Out of 17 patients initially classified as 
intermediate RR, 3 were reassigned to the low RR group, 5 as high RR, and 1 as NIFTP. The percentages 
of structural incomplete response at final follow-up changed from 2.2 to 0% (p = 1) in patients with 
low RR and from 6.3 to 20% (p = 0.53) in patients with intermediate RR. Conclusion: A detailed report 
of specific features in the HPR of patients with DTC might give a more accurate RR classification and 
a better estimation of the response to treatment. Arch Endocrinol Metab. 2018;62(2):157-63
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INTRODUCTION

T he pathological examination of thyroid samples 
is important for establishing the diagnosis of 

differentiated thyroid carcinoma (DTC), and it also 
provides useful information for the risk stratification 
assessment (1). On the other side, the TNM AJCC/
UICC staging system is recommended for predicting 
disease mortality (1). 

The 2009 version of the American Thyroid 
Association (ATA) thyroid cancer guidelines proposed 
a three-tiered risk stratification system in which specific 
clinical-pathologic features are used to estimate the 
risk of structural incomplete response (SIR) and the 
probability of an excellent response to treatment (2). 
The variables taken into account for risk stratification in 
the 2009 version of the ATA guidelines were: evidence 
of microscopic or gross extrathyroidal extension, 
presence of aggressive histology, completeness of tumor 

resection, existence of metastatic lymph node/s and/or 
distant metastasis, and observation of RAI-avid disease 
outside the thyroid bed (2). 

In this first ATA risk of recurrence (RR) classification 
system, many important features were not taken into 
account. For example, any patient with lymph node 
metastasis was deemed to have an intermediate RR. In 
fact, the risk of structural disease can vary from 4% if 
having fewer than five metastatic lymph nodes, or 5% if 
all involved lymph nodes are less than 0.2 cm, to 19% if 
more than five lymph nodes are involved or 27%-32% 
if any metastasis in the lymph node is larger than 3 cm 
(3,4). Additionally, follicular thyroid carcinomas (FTCs) 
with vascular invasion, initially classified by the 2009 ATA 
system as intermediate RR, have an excellent prognosis 
when minor vascular invasion is present but may have 
a high RR (30%-55%) when more than four foci are 
demonstrated in the pathological examination (5,6). 
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Although the 2009 risk stratification system has 
proven to be a valuable tool for initial risk stratification 
in DTC (7-10), modifications were required to better 
assess the RR of DTC patients. The recently published 
2015 version of the ATA guidelines included specific 
prognostic variables: the extent of vascular invasion, the 
extent of lymph node involvement (number and size 
of metastatic lymph nodes and presence of extranodal 
extension), and mutational status (BRAF  and/or TERT 
when available) (1). As a result, the low risk category 
was expanded to include patients with small-volume 
lymph node metastases (clinical N0 or < 5 pathologic 
N1 micrometastases, < 0.2 cm in the largest dimension), 
the intermediate RR group now considers only a subset 
of patients with lymph node metastases (clinical N1 or 
> 5 pathologic N1 with all involved lymph nodes < 3 
cm in the largest dimension), and a second group, with 
intermediate to high risk of recurrence, now includes 
those cases with large-volume lymph node involvement 
(any metastatic lymph node > 3 cm in the largest 
dimension, > 3 lymph node metastasis with extranodal 
extension) and FTC with extensive vascular invasion 
(> 4 foci of vascular invasion or extracapsular vascular 
invasion). The 2015 guidelines defined this new 
version of the RR as the “modified risk stratification 
system from ATA 2009 guidelines” (MRSS ATA 2009) 
and were validated by our and other groups around the 
world in ablated and non-ablated patients (11-14). 

The vascular invasion (≥ or < 4 foci), the magnitude of 
extrathyroidal extension, the size of the largest metastatic 
focus in lymph nodes, the presence of extranodal 
extension, and the status of the resection margins were 
not uniformly informed in the historic pathologic reports 
that were used to assess the RR of DTC patients in our 
hospital and most centers in Latin America, with the 
exception of the number of lymph node metastases.

However, the additional benefit of adding the 
previously mentioned specific features for reclassifying 
patients has not yet been established. Therefore, our 
objective was to compare the historic RR and the responses 
to treatment to risk stratification systems estimated with 
historical pathology reports and contemporary re-review 
of the slides by two expert pathologists.

SUBJECTS AND METHODS
Inclusion criteria

The file records from our database of 610 patients with 
DTC were reviewed for the period January 2001 to 

March 2016. The inclusion criteria were i) to be 18 
years old or older, ii) to have had a follow-up for at least 
3 years, iii) to have received a total thyroidectomy with 
or without lymph node dissection and remnant ablation 
with radioiodine after thyroid hormone withdrawal 
(THW) or recombinant human thyrotropin (rhTSH). 
Lymph node dissection was performed when clinical 
pathological lymph nodes were diagnosed previous to 
surgery, when the surgeons had a suspicion of lymph 
node metastasis, or when the size of the thyroid tumor 
was greater than 4 cm in diameter. 

Out of 268 patients who met these inclusion 
criteria, 210 patients with low and intermediate RR 
were considered for analysis. The RR was assessed as 
described in Table 1. Because the historic pathological 
reports did not systematically detail the size of the lymph 
node metastasis, the extent of extranodal extension, 
the presence of vascular invasion, or the microscopic 
invasion of surgical margins, these variables were not 
taken into account for the initial RR stratification of 
these patients. The number of metastatic lymph nodes 
(> 5, intermediate RR, and < 5 low RR), as it was 
available in the pathological report, was considered for 
the initial RR classification. Also, as it was validated in 
a previous analysis from our cohort of DTC patients 
in our institution, intrathyroidal tumors with minor 
extrathyroidal extension (T3) were considered in the 
low RR group (11). One hundred fifteen patients 
were excluded because they had been operated on 
in other institutions and the pathological slides were 
not available in our hospital. Also, 32 patients were 
excluded due to insufficient histopathological material. 

Sixty-three low and intermediate RR patients were 
included in the final analysis. The historic histopathologic 
samples (HPS) of these 63 patients were reviewed by 
two senior pathologists from our hospital (P.L.A. and 
F.F.). The analysis consisted of a first diagnosis provided 
by F.F. and a re-review and agreement with P.L.A., to 
give a final homogeneous result. 

Pathological analysis 

The RR was reassessed considering the following 
variables: histologic variant, number of foci of vascular 
invasion, volume of lymph node metastases (number 
of metastatic lymph nodes and size), presence of 
extranodal extension, and status of the resection 
margins. The RR classification according to these new 
histological features can be seen in Table 1. 
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Patients having an encapsulated follicular variant of 
papillary thyroid carcinoma (FVPTC) were reclassified 
as noninvasive follicular thyroid neoplasm with papillary-
like nuclear features (NIFTP), currently considered as a 
benign neoplasm according to the criteria proposed by 
Nikoforov and cols. (15). 

Ablation protocol

Patients received radioiodine ablation after stimulation 
with rhTSH (n = 31) or endogenous TSH (n = 32), 
using activities of 3.70 GBq (100 mCi 131-I) for low 
risk (ATA 2009 RR, Table 1) and 5.55 GBq (150 
mCi 131-I) for intermediate risk (ATA 2009 RR, 
Table 1). Endogenous TSH stimulation was obtained 
after thyroid hormone withdrawal for at least 3 weeks. 
Radioiodine was administered following that interval, 
in all cases with TSH levels above 50 mUI/L.

Clinical endpoints

The initial response to therapy, defined as the best 
response to initial therapy assessed at the 12 ± 5 
months visit, and the clinical status at final follow-up 
were evaluated according to the response-to-therapy 
classification proposed by the ATA 2015 guidelines 
(2). The initial and final responses were compared to 
the risk stratification before and after reviewing the 
pathological samples.

Statistical analysis

Quantitative variables were expressed as the mean 
± standard error mean, median, and range, while 

qualitative variables were shown as percentages. To 
evaluate significant differences in the percentages of the 
responses-to-therapy before and after the pathologic 
review, we analyzed two-way contingency tables by the 
Fisher exact test or 2 x 2 contingency table by the chi-
square test when appropriate. Statistical analysis was 
developed using the SPSS statistical software (SPSS 
version 20.0, Inc., Chicago, IL, USA). We considered 
p < 0.05 to be statistically significant for all the analyses.

RESULTS

The demographics, clinical features, and MRSS ATA 
2009 for each of the 63 patients included in this study 
are seen in Table 2.

Table 1. Risk of recurrence classification considering specific histological 
features

Low RR Classical and follicular variant PTC

Minor extrathyroidal extension

< 4 foci of vascular invasion

< 5 LN metastasis 0.2-3 cm

All LN metastasis < 0.2 cm

No evidence of extranodal extension

Intermediate RR Aggressive histology (tall cell, columnar cell, 
Hürthle cell carcinomas, oncocytic PTC)

> 5 LN metastasis 0.2-3 cm

Extranodal extension in < 3 LN metastasis

Intermediate-high RR ≥ 4 foci of vascular invasion

Extranodal extension in > 3 LN metastasis

Any LN > 3 cm

Surgical margins involved

RR: risk of recurrence; PTC: papillary thyroid cancer; LN: lymph node.

Table 2. Baseline characteristics of 63 patients with DTC included in the 
study

Gender

Female/Male 58 (92%)/5 (8%)

Age (years)

Mean ± SEM

Median (range)

48.3 ± 16.1

47 (21.2-76)

Histology

PTC classic variant

PTC follicular variant

PTC oncocytic variant

PTC tall cell variant

47 (74.6%)

13 (20.6%)

2 (3.1%)

1 (1.7%)

Cervical lymphadenectomy

No

Central

Central and lateral

18 (28.5%)

40 (63.4%)

5 (9.1%)

Bilaterality, multifocality, and capsular invasion

Bilateral

Multifocal

Capsular invasion

18 (28.5%)

13 (20.6%)

16 (25.3%)

TNM stage 

I

II

III

45 (71.4%)

1 (1.7%)

17 (26.9%)

MRSS ATA 2009 before HSR

Low

Intermediate

46 (73%)

17 (27%)

131I Cumulative Dose (mCi)

Mean ± SEM

Median (range)

230 ± 116

150 (100-350)

MRSS ATA 2009: modified risk stratification system from ATA 2009 guidelines; SEM: standard 
error mean. 

The percentages of new specific histological features 
assessed after the pathological review are detailed in 
Table 3.
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Table 3. Characteristics of initial pathological reports compared with 
those obtained after histopathological sample review

Variable Informed in 
initial report

Informed 
after HSR

Number of foci of vascular invasion (> 4) Not informed 0/63 (0%)

Surgical margins involved Not informed 7/63 (11.1%)

Metastatic lymph node size

< 0.2 cm

0.2-1 cm

> 1 cm < 3 cm

>  3 cm

Not informed

6/19 (31.6%)

5/19 (26.3%)

5/19 (26.3%)

3/19 (15.8%)

Extranodal extension

> 3 lymph nodes

Not informed 3/19 (15.7%)

1/19 (5.2%)

Multifocality 18 (28.5%) 18 (28.5%)

Bilaterality 13 (20.6%) 13 (20.6%)

Necrosis Not informed 0/63 (0%)

Extrathyroidal extension

Minimal

Gross (> 1 cm)

16/63 (25.6%)

Not informed

Not informed

24/63 (38%)

7/63 (11.1%)

HSR: histopathological sample review.

After the review of the pathologic slides, a change 
in the RR category was made in 25.4% (16/63) of the 
cases. Out of 46 patients initially classified as low RR, 
2 patients were reclassified as intermediate RR because 
of extranodal extension in fewer than 3 lymph nodes, 
4 patients were reassigned to the intermediate-high 
RR group because of surgical margins involved, and 1 
patient finally was diagnosed as harboring an NIFTP 
(Table 4). 

Out of 17 patients initially classified as intermediate 
RR, 3 were reassigned to the low RR group (1 because 
of a change in the histology variant and 2 due to the 

Table 4. Reasons for reclassification of patients after the historic pathology slide review

MRSS ATA 2009 MRSS ATA 2009 after reviewing the HPS Reason for changing the RR

Low RR (n = 46) Low RR (n = 39)

Intermediate RR (n = 2) n = 1, PTC oncocytic variant (previously classic variant PTC)

n = 1, extranodal extension in < 3 LN metastasis

Intermediate-high RR (n = 4) n = 3, microscopic invasion of surgical margins

n = 1, 40% of tumor dedifferentiation 

NIFTP (n = 1)

Intermediate RR (n = 17) Low RR (n = 3) n = 1, classic PTC (previously PTC tall cell variant)

n = 2, all LN metastasis < 0.2 cm

Intermediate RR (n = 8)

Intermediate-high RR (n = 5) n = 4, microscopic invasion of surgical margins (n = 3 of them with LN metastasis > 3 cm)

n = 1, extranodal extension in > 3 LN metastases

NIFTP (n = 1)

MRSS ATA 2009: modified risk stratification system from ATA 2009 guidelines; RR: risk of recurrence; NIFTP: noninvasive follicular thyroid neoplasm with papillary-like nuclear features; HPS: historic 
pathology slide; PTC: papillary thyroid carcinoma; LN: lymph node. 

presence of micrometastasis in all involved lymph 
nodes) whereas 5 patients were reclassified to the 
intermediate-high category (4 because of surgical 
margins involved and 1 because more than 3 metastatic 
lymph nodes with extranodal extension were present). 
Three patients with positive surgical margins also had 
at least 1 lymph node metastasis > 3 cm in the largest 
dimension. One patient who initially was assigned to 
the intermediate RR group was diagnosed as NIFTP 
(Table 4).

Finally, the percentages of initial response to therapy 
and the final clinical outcomes were compared between 
the initial RR assessed before and after the pathology 
slide review. The percentage of SIR at initial evaluation 
changed from 6.7 to 2.4% (p = 0.6254) in the low 
risk group and from 12.5 to 20% (p = 0.6171) in the 
intermediate risk group (Table 5). The frequency of 
SIR at final follow-up changed from 2.2 to 0% (p = 1) in 
patients with low RR and from 6.3 to 20% (p = 0.5304) 
in patients with intermediate RR (Table 6).

DISCUSSION 

A detailed pathology review of the historic histological 
samples of 63 DTC patients initially classified as low or 
intermediate RR by a validated risk stratification system 
(7-11) demonstrated that, considering specific features 
(extent of extranodal extension, extent of vascular 
invasion, and surgical margin evaluation, among 
others), the change in percentage of SIR at initial 
and final evaluation did not significantly differ from 
the statistical point of view. However, adding these 



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

161

Pathology review and risk of recurrence

Arch Endocrinol Metab. 2018;62/2 

Table 5. Comparison of the initial response to therapy to risk of recurrence assessed before and after HPS review

Initial response to therapy (n = 61)a

Excellent Indeterminate Biochemical incomplete Structural incomplete

MRSS ATA 2009

  Low RR (n = 45)

  Intermediate RR (n = 16)

27 (60%)

6 (37.5%)

14 (31.1%)

4 (25%)

1 (2.2%)

4 (25%)

3 (6.7%)

2 (12.5%)

MRSS ATA 2009 after HPS reviewa

  Low RR (n = 42)

  Intermediate RR (n = 10)

  Intermediate-high RR (n = 9)

30 (71.4%)b

4 (40%)c

3 (33.3%)

10 (23.8%)

0 (0%)

1 (11.1%)

1 (2.4%)

4 (40%)

3 (33.3%)

1 (2.4%)b

2 (20%)c

2 (22.3%)

MRSS ATA 2009: modified risk stratification system from ATA 2009 guidelines; RR: risk of recurrence; NIFPT: noninvasive follicular thyroid neoplasm with papillary-like nuclear features; HPS: historic 
pathology slide.
a n = 2 patients reclassified as NIFTP were excluded from the analysis. They both had an initial excellent response.
b Comparison between risk of recurrence classification before and after historic pathology slide review in low risk patients: excellent response (60% vs. 71.4%, p = 0.3668), structural incomplete 
response (6.7% vs. 2.4%, p = 0.6171).
c Comparison between risk of recurrence classification before and after historic pathology slide review in intermediate risk patients: excellent response (37.5% vs. 40%, p = 1), structural incomplete 
response (12.5% vs. 20%, p = 0.6254).

Table 6. Comparison of the final response to therapy between risk of recurrence assessed before and after HPS review

Final response to therapya (n = 61)

Excellent Indeterminate Biochemical incomplete Structural incomplete

MRSS ATA 2009

  Low RR (n = 45)

  Intermediate RR (n = 16)

31 (68.9%)

7 (43.7%)

12 (26.7%)

6 (37.5%)

1 (2.2%)

2 (12.5%)

1 (2.2%)

1 (6.3%)

MRSS ATA 2009 after HPS reviewa

  Low RR (n = 42)

  Intermediate RR (n = 10)

  Intermediate-high RR (n = 9)

31 (73.8%)b

3 (30%)c

3 (33.33%)

10 (23.8%)

3 (30%)

3 (33.33%)

1 (2.4%)

2 (20%)

3 (33.33%)

0 (0%)b

2 (20%)c

0 (0%)

MRSS ATA 2009: modified risk stratification system from ATA 2009 guidelines; RR: risk of recurrence; NIFTP: noninvasive follicular thyroid neoplasm with papillary-like nuclear features; HPS: historic 
pathology slide. 
Follow-up of the entire cohort (months): mean 42.6 ± 3.3, median 39.3 (range 36.1-67.9).
a 2 patients reclassified as NIFPT were excluded from the analysis. They had excellent response at final outcome (36 and 38 months of follow-up).
b Comparison between risk of recurrence classification before and after historic pathology slide review in low risk patients: excellent response (68.9% vs. 73.8%, p = 0.6431), structural incomplete 
response (2.2% vs. 0%, p = 1).
c Comparison between risk of recurrence classification before and after historic pathology slide review in intermediate risk patients: excellent response (43.5% vs. 30%, p = 0.6913), structural 
incomplete response (6.3% vs. 20%, p = 0.5304).

new variables to the RR classification might confer a 
more accurate estimation of the probability of having 
an SIR at final follow-up. This frequency was 6.3% in 
the intermediate RR group previous to the pathologic 
review and 20% after adding specific histological data, 
which is more similar to what it was reported by larger 
cohorts of DTC patients (21%–34%) (7-11). Also, 
the excellent response at final outcome was achieved 
in 68.9% of low RR patients, but when patients were 
reclassified after the pathologic review, this percentage 
rose to 73.8% (without statistical difference).

Two patients from this cohort were diagnosed with 
the encapsulated variant of follicular thyroid carcinoma, 
which is currently known as NIFTP (15,16). These 
tumors are characterized by a follicular growth pattern 

without papillae formation, nuclear features of papillary 
thyroid carcinoma, encapsulation or clear demarcation, 
and no vascular or capsular invasion (15). They are 
associated with an indolent behavior and a very low risk 
of adverse outcome (15). The encapsulated forms of the 
follicular variant of PTC also have a distinct molecular 
profile, harboring predominantly RAS mutations in 
contrast with the more frequent BRAF mutations in 
the infiltrative forms (17,18). Currently, NIFTP is 
assumed to represent nearly two-thirds of the follicular 
variant PTCs (15,19,20). Although the ATA 2015 task 
force has recently proposed that this neoplasm with 
very low potential for recurrence should be reclassified 
as a non-cancer (16), and the 2 patients with NIFTP 
from our cohort had an excellent response to therapy 



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

162

Pathology review and risk of recurrence

Arch Endocrinol Metab. 2018;62/2  

(both treated with total thyroidectomy and radioiodine 
ablation), isolated cases of distant metastasis have been 
reported (21-23). 

It is noteworthy that 4 patients initially classified as 
having a low RR were reassigned to the intermediate-
high RR group. Although it is difficult to draw a 
conclusion with this small cohort of patients (n = 
9), this subgroup of patients showed 22% of SIR at 
initial evaluation, similar to what is expected in the 
intermediate RR group of patients (7-11). Indeed, all of 
them achieved an excellent response at final follow-up. 
Therefore, it seems that the presence of surgical margins 
involved in the microscopic analysis, the presence 
of extranodal extension in more than 3 metastatic 
lymph nodes, and < 50% of tumor dedifferentiation 
would probably have less impact on the percentage 
of SIR than the macroscopic invasion of tumor into 
the perithyroidal soft tissues or the presence of distant 
metastasis (1,7-10). It seems that, in the absence of 
extrathyroidal extension in small primary tumors, the 
positive margin status does not appear to be a poor 
prognostic indicator for local recurrence and has an 
excellent local recurrence-free survival, comparable to 
those with negative margins, at least in patients who 
received radioiodine remnant ablation, as it happened 
in our cohort (24).

The presence of vascular invasion is recognized as 
a variable that has a negative impact on the RR (25-
27), and it should be informed in the pathological 
report. It is diagnosed as a direct tumor extension into 
the blood vessel lumen typically attached to the wall 
and covered by a fibrin thrombus (27). Minor vascular 
invasion (small number of foci confined to intracapsular 
vessels) appears to have a low risk of SIR (less than 
5%) (28-30). On the contrary, more than 4 foci of 
vascular invasion are associated with a poor prognosis, 
mainly in follicular carcinomas (30-32). This situation 
seems to be uncommon in papillary carcinomas, even 
more in micro PTC, with a prevalence of less than 4% 
(25,26,28,33-35). In fact, none of the 63 patients from 
our cohort had vascular invasion in more than 4 foci in 
the pathological review. 

In our cohort, we considered the oncocytic variant 
of PTC as an aggressive histology such as columnar cell 
and tall cell subtypes. The oncocytic change in PTC 
patients was reported to have a higher recurrence rate 
than PTC patients without oncocytic change (30.8% vs. 
11.7%) (36).

One limitation of this study is the low number of 
patients in each RR group, which could have limited 
the statistical analysis. Given 2.2% and 0% SIR in the low 
risk groups and 6.3 and 20% SIR in the intermediate 
risk groups, a type I error of 5% (two-sided), and an 
interval confidence of 95%, a total of 966 low risk 
patients and 218 intermediate risk patients would have 
to be included to achieve a statistical power of at least 
80%. It is necessary to validate these results in larger 
cohorts of patients. Another limitation is that every 
single patient in our cohort, even those classified as low 
risk, was treated with total thyroidectomy and RAI, a 
common practice in the past in most countries of Latin 
America (37). Currently, this practice of care may not 
apply to many institutions where low risk patients do 
not receive remnant ablation, including in our hospital 
(14). Therefore, further analysis is necessary to validate 
our results in low risk patients who do not receive RAI.

In conclusion, a detailed report of specific features 
in the HPR of patients with DTC might give a more 
accurate RR classification and a better estimation of the 
response to treatment. If these data are not available, 
the RR can also be estimated, but the expected SIR 
might be slightly different, although not statistically 
significant, as we could see in our analysis.

Disclosure: no potential conflict of interest relevant to this article 
was reported.
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Dynamic changes of central thyroid 
functions in the management 
of Cushing’s syndrome
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ABSTRACT
Objective: The aim of this study was to determine the frequency of central thyroid dysfunctions 
in Cushing’s syndrome (CS). We also aimed to evaluate the frequency of hyperthyroidism due to 
the syndrome of the inappropriate secretion of TSH (SITSH), which was recently defined in patients 
with insufficient hydrocortisone replacement after surgery. Materials and methods: We evaluated 
thyroid functions (TSH and free thyroxine [fT4]) at the time of diagnosis, during the hypothalamo-
pituitary-adrenal axis recovery, and after surgery in 35 patients with CS. The patients were separated 
into two groups: ACTH-dependent CS (group 1, n = 20) and ACTH-independent CS (group 2, n = 
15). Patients’ clinical and laboratory findings were evaluated in five visits in the outpatient clinic 
of the endocrinology department. Results: The frequency of baseline suppressed TSH levels and 
central hypothyroidism were determined to be 37% (n = 13) and 26% (n = 9), respectively. A negative 
correlation was found between baseline cortisol and TSH levels (r = -0.45, p = 0.006). All patients 
with central hypothyroidism and suppressed TSH levels showed recovery at the first visit without 
levothyroxine treatment. SITSH was not detected in any of the patients during the postoperative 
period. No correlation was found between prednisolone replacement after surgery and TSH or fT4 
levels on each visit. Conclusion: Suppressed TSH levels and central hypothyroidism may be detected 
in CS, independent of etiology. SITSH was not detected in the early postoperative period due to our 
adequate prednisolone replacement doses. Arch Endocrinol Metab. 2018;62(2):164-71

Keywords
Cushing’s syndrome; thyroid dysfunction; syndrome of inappropriate secretion of TSH; endogenous hypercortisolemia; 
central hypothyroidism

INTRODUCTION

T he major regulators of TSH secretion are 
commonly known as the stimulation effect 

of TRH and the negative feedback of the fT4 and 
fT3. However several factors such as dopamine and 
somatostatin, also play a role in the modulation of 
TSH secretion and the secretion pattern demonstrates 
a diurnal rhythm via these regulators (1). The 
hypothalamus-pituitary-thyroid  (HPT) axis may be 
altered in Cushing’s syndrome (CS). Both endogenous 
CS and exogenous hypercortisolism suppress serum 
TSH levels (2-10). Hypercortisolemia decreases the 
TSH pulse amplitude and nocturnal surge without 
causing any changes in the TSH pulse frequency  
(4-6,8). Furthermore, many studies have indicated that 
hypercortisolemia blunts the TSH response to TRH 
(2,4,10-12). TSH suppression in hypercortisolemia is 
most likely related to decreased TRH gene expression 

(13). However, the presence of hypercortisolemia may 
also decrease TSH secretion by having a direct effect 
on the pituitary thyrotropin cells through annexin-1, 
somatostatin, leptin, and dopamine (4,14-17). 
Another possible mechanism in the TSH suppression 
of glucocorticoids is the type 2 deiodinase enzyme 
activity that converts T4 to T3 in the hypothalamus 
and pituitary. The local T3 levels in the hypothalamus 
and pituitary are also important in the regulation of the 
HPT axis. Increased type 2 deiodinase activity due to 
glucocorticoids causes increased local T3 levels which 
eventually leads to the suppression of TRH and TSH 
secretion (18,19). In addition, central hypothyroidism 
with reduced fT4 may be present in patients with 
hypercortisolism (6,7). Mathioudakis and cols. (7) 
reported that central hypothyroidism can be seen in 
patients with ACTH-secreting pituitary microadenomas 
with a prevalence as high as 18%.
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Recently, the syndrome of the inappropriate 
secretion of TSH (SITSH) was reported as a clinical 
condition with the presence of normal or elevated 
TSH secretion despite inappropriately high levels of 
thyroid hormones in patients who receive insufficient 
hydrocortisone replacement following surgery for CS 
(19). Furthermore, SITSH is considered as the main 
cause of steroid withdrawal syndrome (SWS) (20).

In light of these reports, we aimed to determine the 
frequency of central thyroid dysfunctions in patients 
who underwent endogenous hypercortisolism. We 
evaluated thyroid function tests at baseline in the time 
of CS diagnosis and during the period of hypothalamo-
pituitary-adrenal (HPA) axis recovery following surgery 
for CS and at remission. 

MATERIALS AND METHODS

This is a retrospective observational study from a 
university hospital outpatient clinic. We identified the 
patients (n = 35) with a confirmed diagnosis of CS who 
had a record of thyroid function tests during the past 10 
years. All of the procedures were applied in accordance 
with the Declaration of Helsinki. The diagnosis of CS was 
based on the clinical and radiological findings (pituitary 
adenoma, adrenal adenoma, or bronchial carcinoid 
tumor confirmed by sellar or abdominal magnetic 
resonance imaging [MRI], lung computed tomography 
[CT] or ocreotide scintigraphy) and laboratory tests. 
The diagnosis of CS was confirmed by failure to suppress 
plasma cortisol levels after the administration of 1-mg-
overnight and low-dose dexamethasone suppression tests 
(48 hours, 2 mg/day) in accordance with the current 
guideline (21). A definitive diagnosis of Cushing’s 
disease (CD) was made with positive immunostaining for 
the ACTH of the pituitary adenoma and clinical cortisol 
dependency for several months after adenomectomy. 
The diagnosis of ectopic ACTH syndrome (EAS) was 
based on high plasma ACTH levels, the presence of a 
lung lesion on high-resolution CT scanning or ocreotide 
scintigraphy, histological confirmation of the tumor 
with positive immunostaining for ACTH, and clinical 
cortisol dependency during the follow-up period after 
tumor resection. The diagnosis of primary adrenal CS 
was based on the absence or diminished dexamethasone 
suppression of serum cortisol, a low or undetectable 
plasma ACTH concentration, the presence of a 
unilateral adrenal adenoma on CT or MRI scanning, 
and histological confirmation of the adenoma.

Patients with known thyroid disease at the time of 
CS diagnosis, patients who developed thyroid disease 
(including autoimmune thyroid disease) during follow-
up, and patients who were on drugs known to alter 
thyroid functions were excluded. Macroadenoma  
(≥ 10 mm) of the pituitary, a history of conventional 
radiotherapy (RT) for the pituitary, and the development 
of hypopituitarism after pituitary surgery were also 
among the exclusion criteria of the study.

Among the patients who underwent pituitary 
surgery, adrenalectomy, or bronchial carcinoid resection, 
those who fulfilled the initial surgical remission criteria 
were included. Patients with a residual tumor after 
an unsuccessful initial operation or late relapse were 
excluded.

Initial surgical remission was defined as morning 
serum cortisol levels less than 2 µg/dL within a week of 
cortisol-secreting tumor resection. Late remission was 
defined as cortisol suppression with a 1-mg-overnight 
dexamethasone test following HPA axis recovery and 
the discontinuation of a glucocorticoid (prednisolone) 
replacement. HPA axis recovery was evaluated by 
using morning cortisol and/or ACTH stimulation 
tests. Prednisolone replacement was discontinued 
when morning plasma cortisol levels were ≥ 10 µg/
dL or stimulated cortisol levels were approximately 
≥ 18 µg/dL with ACTH stimulation test (22). 
Prednisolone replacement was gradually tapered and 
discontinued following HPA axis recovery.

We analyzed the correlation of serum cortisol 
with TSH and fT4 levels with in patients who had 
hypercortisolism due to CD (n = 17); EAS (n = 3); 
or primary-adrenal CS (n = 15). Comparisons were 
conducted before and after the remission with surgical 
treatment to evaluate the changes in TSH and fT4 due 
to the aberrations in the HPT axis. 

Serum cortisol, TSH (0.27-4.2 µU/Ml, intra-assay 
CV = 3.8%, inter-assay CV = 1.4%) and fT4 (12-22 
pmol/L, intra-assay CV = 2.1%, inter-assay CV = 1.7%) 
levels were measured using an electrochemiluminescent 
immunoassay (Roche Hitachi). Serum ACTH  
(0-46 pg/mL, intra-assay CV: < 10%, inter-assay CV: < 
10%) levels were measured using a chemiluminescence 
immunoassay (Immulite 2000).

Sex, age at diagnosis, mean duration of CS, 
duration of follow-up, baseline cortisol, ACTH, TSH, 
and fT4 levels, and the baseline adenoma diameter 
were evaluated retrospectively for each patient. Serum 
cortisol levels were recorded in the early postoperative 
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period. Patients’ clinical findings and laboratory tests 
were evaluated in a total of five visits; the first visit 
was between the first and the third month; the second 
visit was at the sixth month; the third visit was at the 
12th month; the fourth visit was at the time of HPA 
axis recovery; and the fifth visit was the last visit of 
the follow-up period. Cortisol, TSH, fT4, and the 
prednisolone replacement dose (for patients who were 
on prednisolone replacement) were recorded during 
each visit. 

ACTH-dependent (group 1) and ACTH-
independent (group 2) CS patients were compared 
in terms of the baseline characteristics and thyroid 
function tests during follow-up.

Statistical analyses were performed using SPSS 
version 21.0. Categorical variables were defined by 
frequency and percentage rate, and numeric variables by 
mean ± standard deviation (SD). In dual independent 
group comparisons, the student’s t test was used for 
normally distributed continuous variables, and the 
Mann-Whitney U test for non-normally distributed 
data. Categorical variables were compared using the chi-
square test. Correlation analyses were performed using 
the Pearson correlation test. Statistical significance was 
set at p < 0.05. Ranges of the correlation r value were 
accepted as 0-0.24 weak, 0.25-0.49 moderate, 0.50-
0.74 strong, and 0.74-1.00 very strong. 

RESULTS

Thirty-five patients (28 female and seven male; mean 
age at diagnosis of 37.2 ± 11.4 years; range of 17-61 
years) were included in the study. The mean follow-
up time was 57.1 ± 27.6 months (range of, 21-114 
months). The mean duration of CS was 2.7 ± 1.5 years 
(range of, 1-7 years). Group 1 consisted of bronchial 

carcinoid tumors (n = 3, 8%) and CD (n = 17, 49%) 
and group 2 consisted of cortisol-secreting adrenal 
adenomas (n = 15, 43%). 

The mean cortisol, TSH, and fT4 levels at the initial 
assessment are shown in Table 1. The frequencies 
of baseline-suppressed TSH levels and central 
hypothyroidism were determined to be 37% (13/35) 
and 26% (9/35), respectively. The diagnosis of patients 
with central hypothyroidism were CD (n = 3), EAS 
(n = 2), and primary adrenal CS (n = 4). The baseline 
cortisol levels correlated negatively with the baseline 
TSH levels (r = -0.45, p = 0.006). However, no 
correlation was found between the baseline cortisol and 
fT4 levels (p = 0.183). In addition, no differences were 
found between the baseline cortisol levels of patients 
with and without central hypothyroidism (p = 0.218). 

The mean postoperative early cortisol levels of the 
patients were 0.7 ± 0.6 µg/dL (range of, 0.1-1.8 µg/dL). 
Thus, all of the patients achieved remission after surgery, 
and prednisolone replacement was initiated. All of the 
patients with central hypothyroidism were recorded as 
euthyroid on the first visit without the replacement of 
levothyroxine. The mean cortisol, TSH, and fT4 levels 
and prednisolone replacement dose (for patients who 
were on prednisolone replacement) during each visit are 
shown in Table 1. No correlation was found between 
prednisolone replacement and TSH or fT4 levels during 
each visit (p > 0.05). The mean HPA axis recovery time 
was 16.2 ± 13.2 months (range of 7-60 months). TSH 
levels during the last visit were significantly higher than 
the baseline TSH levels, and no differences in the fT4 
levels were found between baseline and the last visit (p 
= 0.003, p = 0.295, respectively). Changes in the TSH 
and FT4 levels during follow-up are shown in Figure 1.

In group 1, the mean diameter of the pituitary 
adenoma was 5.9 ± 1.6 mm (range, of 3-9 mm), and the 

Table 1. The mean cortisol, TSH, fT4 levels and prednisolone replacement dose* on each visit

Cortisol levels (µg/dL)
mean ± SD (range)

TSH levels (µU/mL)
mean ± SD (range)

fT4 levels (pmol/L)
mean ± SD (range)

Prednisolone replacement 
dose* (mg/day)

mean ± SD (range)

Baseline 26.3 ± 8.7 (13-46) 0.8 ± 0.7 (0.1-2.9) 13.8 ± 2.7 (9.3-19.7) -

First visit 0.9 ± 1.1 (0.1-4.7) 2.1 ± 1.2 (0.5-4.7) 15.9 ± 2.2 (12.8-20.7) 7.3 ± 1.5 (5-10)

Second visit 2.9 ± 2.8 (0.1-8.3) 2.4 ± 1.3 (0.3-1.8) 15.1 ± 1.8 (12.4-18.6) 4.6 ± 1.5 (2.5-7.5)

Third visit 8.9 ± 5.8 (0.3-18.6) 2.7 ± 1.2 (0.5-4.8) 15.2 ± 1.3 (12.5-18.1) 3.6 ± 1.1 (2.5-5)

Fourth visit 13.2 ± 1.7 (10.4-16.9) 2.5 ± 1.2 (0.7-4.8) 15.1 ± 1.6 (12.7-19.1) -

Fifth visit 15.3 ± 2.9 (10.7-21) 2.3 ± 1.1 (0.9-4.7), 15.6 ± 1.8 (12.1-20) -

*: Prednisolone replacement doses were revised for patients who were receiving prednisolone replacement after surgical treatment. Baseline: at initial assessment, First visit: Between the 1st and 
the 3rd months; Second visit: On the 6th month; Third visit: On the 12th month; Fourth visit: At the time of HPA axis recovery; Fifth visit: Last visit of the follow-up period.
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Figure 1. Changes in TSH and FT4 levels during folliw-up. First visit: Between the 1st and the 3 rd months; Second visit: On the 6th month; Third visit: On 
the 12th month; Fourth visit: At the time of HPA axis recovery; Fifth visit: Last visit of the follow-up period.

mean baseline ACTH level was 66.6 ± 33.8 pg/mL (range 
of, 16-155 pg/mL). No correlation was found between 
the baseline TSH and ACTH levels or the diameter of the 
pituitary adenoma (p = 0.268, p = 0.813, respectively). In 
group 2, the mean diameter of the adrenal adenomas was 
32 ± 11 mm (range of, 20-54 mm). 

Patients in group 1 were found to be younger than 
those in group 2 (p = 0.03). Although baseline cortisol 
levels were higher in group 1, the difference was not 
statistically significant (p = 0.645). The frequency of 
central hypothyroidism at the initial assessment, and 
the baseline TSH and fT4 levels were not statistically 
different between the two groups (p = 0.912,  
p = 0.242, p = 0.631, respectively). The frequency of 
baseline-suppressed TSH levels were higher in group 
1, but the difference was not statistically significant  
(p = 0.069). As for the TSH and fT4 levels, the TSH 
levels of group 2 were higher only at the second visit 
(p = 0.035). No statistically significant difference was 
found between the two groups in terms of the HPA 
axis recovery time and the plasma TSH; and fT4 levels 
(p = 0.825, p = 0.761, p = 0.841, respectively). In 
addition, no difference was observed between the two 
groups regarding the change in plasma TSH levels  
(Δ TSH) at the last visit (p = 0.257). The comparisons 
of the two groups are shown in Table 2.

DISCUSSION 

In this study, we demonstrated the effect of 
hypercortisolism on thyroid functions in patients with 
CS. Because it is common knowledge that plasma T3 
levels decrease through peripheral type 1 deiodinase 
enzyme inhibition, we aimed to show the central 

effects of hypercortisolism on thyroid functions (23). 
Furthermore, glucocorticoids are used in the treatment 
of hyperthyroidism due to these peripheral effects (24). 
We have shown suppressed baseline TSH levels in 
patients with active CS, which is also compatible with 
a number of studies in the literature (2,3,5-7,10). In 
this study, a very selective population was evaluated to 
detect merely the effect of hypercortisolism on thyroid 
functions, contrary to the studies in the literature. 
Patients who had secondary conditions that could affect 
thyroid function tests, such as autoimmune thyroid 
disease, the presence of pituitary macroadenoma or RT 
were not included in the study population. Although 
the most important factor affecting TSH secretion in 
CS is considered to be hypercortisolism itself, various 
other factors associated with CS have been investigated 
as well, such as severe additional disease, goiter, and 
diabetes mellitus (10). Similarly in this study we 
observed an inverse relationship between cortisol 
levels and TSH levels which was compatible with many 
other studies (6,10-12). Furthermore, it is known 
that glucorticoid administration in healthy individuals 
also may cause dose-dependent TSH suppression (9). 

However, one study in the literature indicated that 
serum cortisol levels and TSH and fT4 levels did not 
show a significant correlation. That study indicated 
that TSH suppression in CS might be related to high 
cumulative cortisol levels and it is rather difficult to 
detect such an effect. The authors suggested that high 
ACTH levels in CD patients might have an effect on 
thyroid function tests independent of plasma cortisol 
levels. However, such a relationship was not proved 
in their study (7). Therefore, we also included an 
evaluation of the association between ACTH and TSH 
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Table 2. Comparison of ACTH-dependent and ACTH-independent Cushing’s syndrome

Group 1
(ACTH-dependent  

Cushing’s syndrome)
(n =20)

Group 2
(ACTH-independent  

Cushing’s syndrome)
(n = 15)

p

Age at diagnosis (years)

Mean ± SD

33.8 ± 11.7 (17-61) 41.8 ± 9.6 (25-58) 0.03

Sex (F/M) 14/6 14/1 0.08

Duration of follow-up (months)

Mean ± SD

63.7 ± 26.7 (25-114) 46.5 ± 23.8 (21-90) 0.06

Baseline cortisol levels (µg/dL)

Mean ± SD

28.9 ± 9.6 (14.2-46) 22.8 ± 5.9 (13.3-32) 0.645

Baseline TSH levels (µU/mL)

Mean ± SD

0.6 ± 0.6 (0.1-2.6) 1.2 ± 0.8 (0.2-2.9) 0.242

Frequency of baseline suppressed TSH levels [n, (%)] 10 (50) 3 (20) 0.069

Baseline FT4 levels (pmol/L)

Mean ± SD

13.9 ± 2.8 (9.3-19.3) 13.6 ± 2.4 (10.3-19.7) 0.631

Patients with central hypothyroidism atinitial assessment (n; %) 5 (25) 4 (27) 0.912

Early postoperative cortisol levels (µg/dL)

Mean ± SD

0.6 ± 0.4 (0.1-1.3) 0.8 ± 0.7 (0.1-1.9) 0.194

First visit (Mean ± SD)

TSH levels (µU/mL)

FT4  levels (pmol/L)

2.1 ± 1.2 (0.5-4.7)

15.6 ± 2.2 (12.8-20.7)

2.1 ± 1.3 (0.6-4.7)

16.5 ± 2.2 (13.4-19.5)

0.950

0.903

Second visit (Mean ± SD)

TSH levels (µU/mL)

FT4  levels (pmol/L)

2.2 ± 1.1 (0.3-4)

14.9 ± 1.6 (12.4-17.7)

2.7 ± 1.4 (0.8-4.8)

15.1 ± 2.3 (12.5-18.6)

0.035
0.752

Third visit (Mean ± SD)

TSH levels (µU/mL)

FT4  levels (pmol/L)

2.6 ± 1.4 (0.5-4.5)

15.2 ± 1.1 (13.4-17.8)

2.8 ± 1.2 (0.8-4.8)

15.2 ± 1.5 (12.5-18.1)

0.317

0.747

HPA axis recovery time (months)

Mean ± SD

13.6 ± 5.1 (7-25) 19.6 ± 19.3 (7-60) 0.825

Fourth visit (Mean ± SD)

TSH  levels (µU/mL)

FT4  levels (pmol/L)

2.4 ± 1.2 (0.7-4.5)

14.9 ± 1.7 (12.7-19.1)

2.7 ± 1.3 (0.8-4.8)

15.3 ± 1.4 (13.5-17.1)

0.761

0.841

Fifth visit (Mean ± SD)

Cortisol levels (µg/dL)

TSH  levels (µU/mL)

FT4  levels (pmol/L)

15.1 ± 2.9 (10.7-20)

1.9 ± 1.1 (0.5-4.5)

16.1 ± 1.8 (13.2-20)

15.7 ± 3.1 (10.7-21)

2.8 ± 1.2 (0.5-4.7)

14.9 ± 1.5 (12.1-17.1)

0.472

0.458

0.554

Δ TSH levels°  (µU/mL)

Mean ± SD

1.3 ± 1.1 (0.2-3.4) 1.7 ± 0.9 (-0.1-3) 0.257

Bold values are statistically significant (p < 0.05), °Δ TSH: The change in TSH levels between baseline and the last visits. First visit: Between the 1st and the 3rd months; Second visit: On the 6th month; 
Third visit: On the 12th ; Fourth visit: At the time of HPA axis recovery; Fifth visit: Last visit of the follow-up period.

levels in our patients with ACTH-dependent CS, which 
has not been previously mentioned in the literature. 
However, we did not find any significant correlation 
between ACTH and TSH levels. A comparison 
between the isolated effects of local pituitary ACTH 
secretion and the ectopic secretion of ACTH would 
be possible only with the selective classification of 
two groups with either EAS or CD. However, due to 

the low number of EAS patients, we were unable to 
design such a comparison in our study. Even though 
our study population included only microadenoma 
lesions, we also evaluated the mass effect of pituitary 
adenoma on TSH levels and found no significant 
correlation between adenoma size and TSH levels.

Lower plasma T4 levels due to supressed TSH 
levels may be expected in hypercortisolism. However, 
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in our study we observed central hypothyroidism in 
only 26% of patients and normal plasma fT4 levels 
in most of the patients during hypercortisolism. 
Mathioudakis and cols. (7) reported an even lower 
prevalance of central hypothyroidism (18%). Relatively 
normal plasma fT4 levels in hypercortisolism may be 
explained with the increased biological activity of TSH 
through posttranslational processes (25). Although the 
baseline fT4 levels were lower than fT4 levels during 
the last visit; no statistically significant difference was 
found. Furthermore, the cortisol levels were similar 
in patients with or without central hypothyroidism, 
and also, no correlation was found between the 
baseline cortisol and fT4 levels. Thus, the presence of 
hypercortisolemia essentially affects plasma TSH levels, 
and as fluctuations in fT4 levels are independent of 
serum cortisol, predicting which patients will develop 
low fT4 levels or central hypothyoridism is difficult. 
The factors effective in this process may be related to 
the sensitivity of thyrotrop cells for TSH or the iodine 
status of the body. Even though the iodinization 
of household salt has been mandatory since 1999, a 
recent study demonstrated urinary iodine defficiency 
in the 23% of the adult population in our country 
(26). This may be the reason for the higher prevelance 
of central hypothyroidism in our study compared 
with Mathioudakis and cols. (7). Nevertheless, even 
patients with central hypothyroidism generally do not 
have clinically evident hypothyroidism. As the clinical 
presentation is silent and thyroid dysfunction is assumed 
to recover with the improvement of hypercortisolism, 
levothyroxine replacement in the preoperative period 
is not recommended (7,22). In the literature, only a 
few patients received levothyroxine replacement before 
surgery, all of whom presented with hypothyroidism 
as the first finding of CS (27,28). In our series 
levothyroxine replacement was not given to any of the 
patients.

Altough the effect of CS on thyroid function tests 
is widely studied, studies involving the long time 
clinical course of these patients after surgery are limited 
(6,7,10,19,20,29). It has been demonstrated that TSH 
and thyroid hormone levels start to recover in the 
first six months after surgery, and these changes may 
take place as early as two weeks, especially in the first 
month following surgery (7,10,20,30). In addition, in 
our series we observed the most significant increase in 
TSH levels in the first visit, with the levels gradually 
increasing until the 12th month of follow-up. Likewise, 

Roelfsema and cols. (6) assessed TSH and thyroid 
functions for a mean of 6.8 years after surgery for CD 
and found increased basal TSH secretion compared 
with the control group. 

To evaluate tyroid function changes according to 
the etiologies, we divided our patients into two groups: 
ACTH-dependent and ACTH-independent. No 
significant difference was found between the hormone 
levels at baseline and the clinical findings at the initial 
assessment. However the patients with ACTH-
dependent CS were younger. The presence of central 
hpothyroidism and low fT4 levels are more frequently 
reported in CD (6,7). However, we found a similar 
frequency of central hypothyroidism in both groups. 
At the follow-up visits, the mean TSH levels were 
slightly higher in group 2 in the second visit, which we 
interpreted as an incidental finding. The results of our 
study showed that changes in thyroid function tests in 
CS are the result of hypercortisolism itself independent 
of the etiology of CS. No significant difference was 
found between the two groups in terms of cortisol 
levels during the baseline and follow-up visits. Bartalena 
and cols. (12) demonstrated similar results in thyroid 
function tests between ACTH-dependent or ACTH-
independent groups.

Even though CS and TSH supression have been 
well known for a long time, hyperthyroidism due to 
TSH secretion after surgery for CS was recently defined 
in the literature. This situation is described as a novel 
cause of SITSH (19). A TSH-secreting pituitary 
adenoma and resistance to the thyroid hormone are the 
primary causes of SITSH (31). First, Tamada and cols. 
(19) reported two patients who presented with SITSH 
caused by a decrease in the hydrocortisone replacement 
dose after surgery for CS. Especially the rapid decreases 
in the hydrocortisone replacement doses in the early 
postoperative period were held responsible for this 
process. The study also discussed that sypmtoms of 
hyperthyroidism due to SITSH might have overlapped 
with symptoms of SWS. Because of this knowledge in 
literature, we evaluated the prednisolone replacement 
doses of all patients during each visit and did not detect 
the presence of SITSH. This may be explained with 
the higher glucocorticoid replacement doses in our 
study compared with the series in Tamada and cols. 
(19). In that study, hyperthyroidism was especially 
detected in the first month of follow-up when the daily 
hydrocortisone replacement doses were ≤ 20 mg. In 
our study patients received a mean of 7.3 mg/day 
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of prednisolone replacement during the first visit. In 
light of these findings we suspect that a relationship 
might exist between glucocorticoid replacement doses 
and plasma TSH and fT4 level, a subject on which we 
could not find any comments in the current literature. 
However we could not demonstrate a significant 
correlation between the prednisolone replacement and 
the concurrent plasma TSH and fT4 levels until HPA 
axis recovery in the postoperative period. Our comment 
regarding this is that the mechanisms leading to SITSH 
may not be triggered as long as the glucocorticoid 
replacement doses are sufficient. Tamada and cols. also 
reported that hypocortisolemia was responsible for the 
onset of the syndrome (19). Because hypocortisolemia 
leads to decreased type 2 deiodinase activity resulting 
with declining in the local hypotalamo-pituitary T3 
levels, the TSH levels are elevated independent of the 
peripheral thyroid hormone status (18-20). However 
this theory is not the only explanation because presence 
of hyperthyroidism would then be expected in all 
hypocortisolemic patients. Although baseline TSH 
levels are elevated in patients with adrenal defficiency, 
hyperthyroidism is not defined in these patients (32). 
Our explanation is that in patients with CS plasma 
deiodinase activity which is sensitive to local T3 levels 
develops new set-points in the active hypercortisolemic 
period of CS, and a certain amount of time is needed 
for the recovery of the initial set points. Glucocorticoid 
replacement should be decreased gradually until the 
initial set points are recovered as Tamada and cols. 
(20) demonstrated in another prospective study that 
hyperthyroidism due to SITSH was also triggered 
by SWS after the treatment of CS. Thus, gradual 
reductions in steroid replacement doses are important 
in the prevention of both SWS and hyperthyroidism 
due to SITSH.

In conclusion, plasma TSH or T4 levels may be 
affected in CS independent of etiology. The primary 
cause of this finding is hypercortisolism itself. However, 
the particular mechanism of these processes is not 
clear and needs to be further evaluated. Furthermore, 
central hypothyroidism may be detected in these 
patients. Treatment recommendations need to be 
evaluated individually for each patient. In contrast 
to the general belief that TSH levels are initially 
suppressed in CS, which eventually recover after CS 
treatment and that the follow-up of thyroid function 
tests is not mandatory, we suggest that patients should 
be monitored in the postoperative period especially 

concerning hyperthyroidism due to SITSH. To prevent 
such an effect, we suggest avoiding rapid decreases in 
glucocorticoid replacement doses especially in the early 
postoperative period. The recovery of the HPT axis 
which was affected from glucocorticoid excess, may 
require some time, just as a certain period of time is 
necessary for the recovery HPA axis. 

Ethical approval: for this type of study formal consent is not re-
quired.

Funding: there was no funding received for this study. 

Disclosure: no potential conflict of interest relevant to this article 
was reported.
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The effect of metabolic surgery on 
type 1 diabetes: meta-analysis

Abdulzahra Hussain1

ABSTRACT
Objective: Metabolic and bariatric surgery has a definite role in the management of obese patients 
with type 2 diabetes mellitus (T2DM). There is also evidence of such surgery improving the health of 
type 1 diabetic (T1DM) patients. The aim of this paper is to explore the effect of metabolic and bariatric 
surgery on T1DM. Materials and methods: A comprehensive search of PubMed and Google Scholar 
was performed to identify relevant papers reporting metabolic and bariatric surgery effects on T1DM. 
A statistical analysis is applied after data synthesis. A forest plot and Pearson correlation are then 
calculated. Results: Of the 567 papers that were identified, 558 articles did not fulfill the inclusion 
criteria and were therefore excluded. Nine studies involving 78 patients were selected for this meta-
analysis. There was improvement in HBA1c (p value = 0.40), insulin dose (p value = 0.0001) and 
BMI (p value = 0.00001) after surgery. However, improvement in the HBA1c did not reach statistical 
significance. There was a weak correlation between postoperative insulin dose and BMI change 
after surgery (r = -0.177). There was a negligible correlation between HBA1c and BMI change after 
operations (r = -0.01). Conclusion: Current metabolic/bariatric surgery is improving T1DM in obese 
and morbidly obese patients. This is not exclusively related to excess weight loss (EWL) as previously 
thought. Therefore, there is a role for other factors, which are potential players to reproduce the same 
effect in nonobese T1DM patients. Arch Endocrinol Metab. 2018;62(2):172-8
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INTRODUCTION

Gastrointestinal surgery has excellent but variable 
outcomes on the glycemic control of diabetic 

patients depending on the type of surgery. The first 
report of gastrointestinal surgery ameliorating T2DM 
was reported by Friedman and cols. in 1955 (1), though 
its effect on T1DM was not recognized until recently 
when Czupryniak and cols. reported the first observation 
of T1DM improvement in a severely obese patient who 
underwent gastric bypass in 2004 (2). Hussain and cols. 
suggested the potential benefit of bariatric surgery for 
T1DM in 2009 (3), followed by Czupryniak and cols.’s 
case studies involving three patients in 2010 (4). Since 
then, several observational studies have reported changes 
in insulin requirement, HBA1c and BMI following 
different types of bariatric/metabolic surgery.

American Diabetic Association (ADA) and National 
Institute for Health and Care Excellence (NICE) 
guidelines have restricted the diagnosis of T1DM to 
situations in which the body does not produce insulin 
(5) or the destruction of insulin-producing beta cells in 
the pancreatic islets of Langerhans causes absolute insulin 
deficiency (6). This clear definition should avoid confusion 

in reporting insulin-dependent diabetic patients after 
bariatric/metabolic surgery, which could fall under either 
T1DM (when there is no insulin production) or T2DM 
(when insulin is produced but is not a sufficient amount 
for body requirements, or there is insulin resistance).

The metabolic effect of bariatric/metabolic surgery 
on T1DM has elicited significant interest because of the 
already-proven benefits on T2DM and the potential 
production of similar results for T1DM, which forms 
10% of diabetic load (7-10). As there is no insulin 
production by pancreatic beta cells, the mechanisms 
of improving T1DM following metabolic/bariatric 
surgery are expected to be related to body mass index 
(BMI) change, reduction of insulin resistance, satiety/
dietary change and possible neuroendocrine/hormonal 
or incretins influence. The aim of this paper is to explore 
current evidence regarding the effect of metabolic 
surgery on T1DM. 

MATERIALS AND METHODS 

The protocol of Preferred Reporting Items for 
Systematic Review and Meta-Analysis (PRISMA) is used 
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(Figure 1). Inclusion and exclusion criteria: All English 
literature reporting bariatric and metabolic surgery on 
T1DM patients (hyperglycemia, C-peptide negative 
and anti-glutamic acid carboxylase [GAC] antibodies 
positive) were included. The studies that reported less 
than three patients were excluded.

dose, BMI before and after the surgery and follow-up 
duration. All the studies were observational research, 
and no clinical trials were to have been performed 
for the studies to be included. Three of them were 
comparative protocols that included a T2DM arm. 
Only T1DM data were selected. Some of the studies 
lacked the calculation of standard deviation (SD), which 
is an important requirement for conducting the forest 
plot calculation. The SD of each study was calculated 
from the number of subjects, the largest and smallest 
value and the 95% confidence interval of 3.92. Some 
of the studies were lacking a mean of the specific data. 
Therefore, a calculation of the mean was performed. 
The patients’ follow-ups varied, even within a single 
study. Some studies provided follow-up at 6 months, 1 
year, 2 years, 3 years, 4 years or 5 years. The included 
data were taken from the longest follow-up to give 
more power to the results. Few studies reported insulin 
dose per kilogram (kg) of body weight/day, while the 
majority quoted total units/day. It was not possible to 
know the total units/day for these few studies (Table 2), 
so the reported unit/kg/day is used for analysis.

Data synthesis

Data synthesis was completed and is shown in Table 2. 
Further calculation of change in the mean of three variables 
is depicted in Table 3. The forest plot was performed for 
HBA1c, Insulin dose and BMI changes after surgery 
(Figures 2, 3 and 4). Pearson correlation statistics were 
applied, and the results are shown in Table 4.

Statistical analysis

Review Manager software was used (Review Manager 
5.3, version: 5.3.5). A 95% confidence interval (CI) 
and p < 0.05 limit was taken as significant. An odd 
ratio (OR), variance, standard errors and deviations 
were applied, and a forest plot for depicting the final 
results of each parameter was constructed. Different 
parameters such as age, insulin requirements, HBA1c, 
BMI and duration of diabetes were included in the 
final analysis. Further analysis was conducted to show 
the relations and degree of correlation between these 
5 parameters. The correlation tests were performed 
using Excel (Microsoft 365, 2015) and also R software 
from the R Foundation for Statistical Computing 
(http://www.R-project.org). The test of normality was 
conducted for all data using Jarque-Bera and Anderson-
Darling normality tests. The correlation coefficient 
(r) was calculated using the following equation: R 

Table 1. Newcastle-Ottawa assessment of the quality of data

Studies Selection Comparability Outcome

Blanco and cols. (2014) **** * **

Brethauer and cols. (2014) *** **

Czupryniak and cols. (2010) *** **

Maraka and cols. (2015) **** * **

Middelbeek and cols. (2015) *** **

Raab and cols. (2013) *** **

Robert and cols. (2015) **** * **

Lannoo and cols. (2014) **** **

Mendez and cols. (2010) *** **

Quality of the data

An assessment of the studies according to the Newcastle-
Ottawa scoring system was performed (Table 1).

The data were reviewed and entered into the fields 
of Microsoft Excel. The data consisted of the following: 
sample size, authors, year of publication, HBA1c, insulin 
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Source: Moher D, Liberati A, Tetzlaff J, Altman DG; The PRISMA Group (2009).
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Figure 1. Flow diagram.
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Table 2. Main data, the standard deviation is calculated using the formula SD = √n x[X-x)2/3.92, n = number of subjects, X = upper limit value, x = lower 
limit, 3.92 = 95% confidence interval, CI. The values in the table represent the mean of the data plus SD when available. For insulin requirements, some 
data depicted as IU/kg/day rather than total unit/day

Year Age (mean) 
years No

 o
f 

su
bj

ec
ts

HBA1c before/after 
surgery

Insulin 
requirements 
before/after 

surgery IU/day
(u/k/day)

BMI kg/m2 before/
after surgery

Duration 
of T1DM in 

years 

Follow up 
(month = m)

Czupryniak and cols. 2010 22 ± 6 3 10.13 ± 1.32/ 
09.00 ± 0.73

94 ± 6.3/ 
47.6 ± 6.42

42.2 ± 2.39/ 
33.5 ± 2.65

11.60 5-8 years

Raab and cols. 2013 43 6 8.18 ± 2.17/ 
6.95 ± 1.4

104.16 ± 11.59/ 
36.75 ± 7.72

41.75 ± 5.89/ 
27.82 ± 2.37

17.16 1 year

Robert and cols. 2015 39.2 ± 5.3 10 7.5 ± 1.9/ 
7.1 ± 0.9

1.09 ± 0.7/ 
0.44 ± 0.24

46.9 ± 6.3/ 
30.34 ± 6.3

23.1 ± 
11.8

4.5 years

Maraka and cols. 2015 50.6 ± 8.9 7 8.2 ± 1.6/ 
7.8 ± 0.9

75.15 ± 6.4/ 
55.45 ± 5.17

44.3 ± 8.0/ 
31.2 ± 9.9

20.6 ± 11.4 2 years

Blanco and cols. 2014 38.2 ± 13.3 7 8.3 ± 1.2- 
8.2 ± 0.9

0.61 ± 0.17/ 
0.62 ± 0.12

39.4 ± 2.2/ 
27.3 ± 2.2

27.3 ± 2.2 2 years

Middelbeek and cols. 2015 39.6 ±  8.4 10 8.1 ± 1.3/ 
9.8 ± 1.9

53.0 ± 29.7/ 
31.1 ± 22.8

43.5 ± 7.5/ 
33.8 ± 7.5

24.6 ±  
10.1

5 years

Brethauer and cols. 2014 45.6 ± 10.9 10 10 ± 1.6/ 
8.9 ± 1.1

0.74 ± 0.32/ 
0.40 ± 0

41.6 ± 3.9/ 
30.5 ± 5.9

22 36.8 ± 32.3 (m)

Lannoo and cols. 2014 40.3 ± 8.5 22 8.4 ± 2.34/ 
8.2 ± 2.11

92.5 ± 13.81/ 
48.0 ± 11.36

39.7 ± 5.34/ 
31.4 ± 2.86

25.3 ± 8.9 14.3 ± 10.1/ 
37.8 ± 29.7

Mendez and cols. 2010 42.3 3 7.96 ± 0.67/ 
8.03 ± 0.99

99.23 ± 9.36/ 
42.9 ± 3.10

45.9 ± 3.11/ 
29.4 ± 1.77

25 1 year

Table 3. Mean change in 3 variables BMI, HBA1c and insulin requirement, mean duration of T1DM (years) and age (years) are fixed

HBA1c Insulin requirement Duration of T1DM BMI AGE

1.13 46.40 11.60 08.70 22.0

1.23 67.41 17.16 13.95 43.0

0.40 00.65 23.10 16.56 39.2

0.40 19.70 20.60 13.10 50.6

0.10 00.01 27.30 12.10 38.2

-1.70 21.90 24.60 09.70 39.6

0.10 00.34 22.00 11.10 45.6

1.10 56.33 25.30 08.30 40.3

-0.07 44.50 25.00 16.50 42.3

Calculation, r = ∑((X - My)(Y - Mx)) / √((SSx)(SSy)). 
Data synthesis was performed, and statistical analysis 
was conducted. The SD was lacking in some studies, 

and it was calculated using SD = √Nx (X-x)/3.92 
and a confidence interval of 95% (http://handbook.
cochrane.org).

Figure 2. Forest plot, HBA1c.
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RESULTS

Type of bariatric/metabolic procedure

The included patients underwent laparoscopic  
adjustable gastric band (LAGB), 2 patients (2.5%); 
vertical sleeve gastrectomy (VSG), 11 patients (14%); 
laparoscopic Roux-en Y gastric bypass (LRYGB), 
52 patients (67%); bilio-pancreatic diversion (BPD) 
7 patients (9%); or bilio-pancreatic diversion plus 
duodenal switch (BPD-DS), 3 patients (3.8%). 
Except gastric bypass, all other operations included 
a small number of patients who fell short in terms of 
providing statistical power, and no subgroup analysis 
was conducted. Therefore, the outcomes were those of 
the 5 procedures.

HBA1c

HBA1c showed improvement after surgery; however, 
this improvement did not reach statistical significance, 
as the p value was 0.40 (Figure 2). HBA1c was 
moderately correlated with the duration of T1DM  
(r = -0.513) and insulin requirement (r = 0.475). 
HBA1c showed little or no correlation with BMI (r = 
0.01) but a stronger correlation with age (r = -022). 

Insulin requirement 

Insulin requirement was significantly reduced after 
surgery, with p value = 0.00001 (Figure 3). It was 
moderately correlated with HBA1c, as expected  
(r = 0.475), and with duration of T1DM (r = -0.418). 
More importantly, it was weakly correlated with BMI 

Table 4. Pearson correlation for 2 constant (age and duration of T1DM) and 3 variable post operative parameters (insulin requirements, HBA1c change 
and BMI change) combination. Significant moderate correlation between any two parameters is depicted in grey color (0.-0.39 = weak, 0.4-0.59 
moderate, 0.6-0.79 = strong, 0.8-1.0 = very strong, Evans guide 1996)

Age Duration of T1DM Insulin requirement HBA1c BMI change after 
surgery

Age ----- 0.509 -0.208 -0.220 0.405

Duration of T1DM 0.509 ------ -0.418 -0.513 0.204

Insulin requirement -0.208 -0.418 ------ 0.475 -0.177

HBA1c -0.210 -0.513  0.475 ----- -0.010

BMI 0.405 0.204 -0.177 -0.010 ------

Figure 3. Forest plot, insulin.

Figure 4. Forest plot, body mass index change after surgery. 
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change after surgery (r = -.0177) and also with age (r = 
-0.208) (Figures 2 and 4).

Duration of the diabetes 

The mean duration of T1DM was 9.6 to 34.9 years, 
and it was correlated with age (r = 0.509). Duration 
of T1DM was moderately correlated with post-surgery 
insulin requirements and HBA1c and weakly correlated 
with BMI (r = -0.418, -0.513, 0.204, respectively) 
(Table 4).

Excess weight loss

All studies showed an acceptable amount of weight loss 
ranging from 8.3 to 16.56 kilograms/m2. BMI change 
after surgery was weakly correlated with duration of 
diabetes, HBA1c and insulin requirement; however, it 
had significant correlation with age (r = 0.405) (Table 4). 

Age group 

The age group ranged from 16-65 years with mean 
of 40.16 years. There was a weak negative correlation 
with postoperative insulin dose and HBA1c (r = 
-0.205, -0.21, respectively). Age group was moderately 
correlated with duration of T1DM and BMI (r = 0.509, 
0.405, respectively). 

DISCUSSION 

HBA1c and postoperative insulin dose are important 
parameters to assess glycemic control in T1DM 
patients following metabolic surgery. All but 2 studies 
(Middelbeek and cols. 2015 and Mendez and cols. 
2010) showed a variable degree of improvement 
in HBA1c, although it did not reach statistical 
significance (4,11-18) (Figure 2). However, the insulin 
dose is significantly reduced following surgery, and 
it is moderately correlated with duration of T1DM 
and HBA1c level. This meta-analysis showed a weak 
correlation among postoperative HBA1c, insulin 
requirement and postoperative BMI loss. Therefore, 
the improvement in the HBA1c and insulin dose shortly 
after surgery is not entirely related to weight loss. The 
largest study of Lannoo and cols. (11) concluded that 
the insulin-sparing effect is probably related to insulin 
sensitivity following weight loss. However, according 
to this meta-analysis, the insulin-sparing effect is only 
weakly correlated with weight loss. We have to look 
beyond the anatomical configurations and physical 

effects of these procedures and explore the complex 
metabolic pathway of glucose homeostasis. 

Incretins play a role in glucose regulation by reducing 
glucagon and food intake and increasing satiety (19). 
A recent review study highlighted the established roles 
of gut hormones in regard to diabetes (20). Metabolic 
and bariatric surgery may possibly produce insulin dose 
reduction and improve HBA1c through an incretins-
related mechanism, but this does not exclude other 
potential factors that control glucose metabolism (21). 
The change in the nutrient flux could affect the balance 
of gut hormones (including hypothetical anti-incretins), 
and the change in hormone milieu might be responsible 
for changes in insulin sensitivity (22). 

In their study, Kempf and cols. showed a rapid 
decrease of insulin requirement and an improvement 
in HBA1c in T2DM as a result of meal modification 
even before substantial weight loss occurred (23). 
Glycogenolysis, gluconeogenesis, carbohydrate intake 
and the modified response of the metabolism to post-
metabolic/bariatric surgery in regard to anatomical, 
neuroendocrine and satiety changes are the primary 
cofactors for net glucose production. The interaction 
of these complex mechanisms produces the final blood 
glucose level, whether it is normal, hypoglycemic or 
hyperglycemic. 

Following procedures such as gastric bypass, some 
T2DM patients develop hypoglycemia. The incidence 
of symptomatic hypoglycemia is less than 1% (24). 
However, asymptomatic post-bariatric/metabolic 
surgery hypoglycemia could reach 30% (25). In these 
patients, we possibly overdoing metabolic correction. 
On the other hand, in T1DM, the beta-cell influence 
on glucose homeostasis is absent, and therefore the 
entire set of regulatory mechanisms consists of the 
complex interactions among the gastrointestinal tract 
(GIT), liver, brain, adipose tissue, blood cells, muscles 
and kidneys. This results in the regulation of glucose 
entry into the circulation being influenced by additional 
factors such as hormones, the sympathetic nervous 
system and substrates (i.e., free fatty acid concentrations 
and availability of gluconeogenic precursors) (26). 

The question regarding how to adjust the anatomical 
change of the gastrointestinal tract as a result of metabolic 
surgery and the inherent complex interactions among 
these systems to optimize the glucose level in T1DM is 
very difficult based on the current level of knowledge 
surrounding metabolic/bariatric surgery. Every single 
centimeter of the GIT is a complex unit, and any change 
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caused by metabolic and bariatric surgery will result in 
a comparative impact to the glucose homeostasis. Such 
changes will never result in total glycemic control, 
and the patient will still need an insulin replacement, 
regardless of the preoperative insulin dose. Currently, 
we do not entirely know what each part of the GIT 
produces (except some factors such as incretins, PYY 
hormones and ghrelins), and we are still a far way from 
being in a position to perfect metabolic/bariatric surgery 
to produce the maximum benefit for T1DM patients.  
The interaction between diet and GIT has been a 
very important focus of interest. A very low calorie 
diet (VLCD) was found to produce similar effects 
to gastric bypass in terms of insulin sensitivity and 
beta-cell function improvement in T2DM (27). As 
diabetes is a spectrum of disease, the same effect could 
therefore be produced in T1DM. To date, no study 
has examined the potential effect of VLCD on T1DM. 
Bile acids are recognized effectors on the regulation 
of glucose and lipid metabolism through the FXR 
and TGR5 receptors (28). There is evidence that 
the alteration of bile acids following bariatric surgery 
improves insulin responsiveness and lowers fasting 
glucose in animal models (29). A similar effect may 
be reproduced in humans, and it may be a mechanism 
through which to explain the effect of metabolic surgery 
on diabetic patients.

There is no direct link between gut microbiota and 
improvement in glucose homeostasis following bariatric 
surgery. Gut microbiota does, however, have a direct 
effect on weight. An interesting study showed that 
transferring microbiota from an obese subject to a lean 
subject resulted in weight gain (30). The hepatocytes 
orchestrate the regulatory mechanisms of bile acids, 
microbiota and metabolome to affect glucose and 
lipid metabolism (31). Future research may prove the 
existence of a link between microbiota and beta-cell 
function.

Limitations of the study 

This meta-analysis included 9 studies with some degree 
of heterogeneity that ranged from 10-82%. The studies 
are relatively small, with the largest reporting 22 patients. 
The patient follow-ups are different, as some studies 
reported 1 year, whereas others reported up to 5 years. 
The outcomes, especially HBA1c, may be creeping up 
with longer follow-up, as shown by Middelbeek and 
cols.’s 2015 study (12), and the current conclusion 
regarding HBA1c is represented by the mean follow-

ups in these studies. Some studies included women 
only (like Middlbeek and cols. 2015), whereas others 
reported women as the majority. This would raise a 
question regarding the actual representation of the 
obese T1DM population; nevertheless, the studies are 
shedding a light on such patients who require extra help 
with glycemic control after having exhausted current 
nonsurgical methods.

CONCLUSION 

Current metabolic/bariatric surgery is reducing 
postoperative insulin requirement and marginally 
improving HBA1c in obese and morbidly obese type 
1 diabetic patients. This is not exclusively related to 
the EWL as previously thought. Therefore, there is a 
role for other factors, which are potential players to 
reproduce the same effect in nonobese T1DM patients. 
Further long-term studies are required to assess the real 
benefit of metabolic surgery for T1DM patients.
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Progranulin concentration in 
relation to bone mineral density 
among obese individuals

Alireza Milajerdi1,2, Zhila Maghbooli1, Farzad Mohammadi2, 
Banafsheh Hosseini2, Khadijeh Mirzaei2

ABSTRACT
Objective: Adipose tissue, particularly visceral adipose tissue, secretes a variety of cytokines, among 
which progranulin is a glycoprotein related to the immune system. Along with other secreted proteins, 
progranulin may be associated with bone mineral density. The aim of this study was to find out whether 
there are associations between the progranulin and bone mineral density among obese people. 
Subjects and methods: This cross-sectional study was conducted on 244 obese participants (aged 
22-52). Serum progranulin, high sensitive C-reactive protein, oxidised-low dencity lipoprotein, tumor 
necrosis factor-α, parathormone, vitamin D, and interleukins of 1 β, 4, 6, 10, 13, and 17 concentrations 
were measured. Anthropometric measurements, body composition and bone mineral density were also 
assessed. Results: Serum progranulin was directly associated with interleukin-6 and interleukin-1β, 
while it had a negative association with interleukin-17 and tumor necrosis factor-α. We also observed 
a statistically significant direct association between progranulin concentration and visceral fat, 
abdominal fat, waist, abdominal and hip circumferences, hip T-score, and Z-score and T-score for the 
lumbar region. A partial correlation test has also shown a significant positive correlation regarding 
serum progranulin and the hip Z-score. Moreover, progranulin level is inversely associated with 
ospteopenia (P = 0.04 and CI: 0.17,0.96 ). Conclusion: Our study revealed that central obesity may be 
related to increased progranulin concentration. In addition, progranulin concentration was directly 
related to bone formation parameters, which indicates the protective effects of progranulin on bone 
density. Further studies are needed to clarify the exact mechanisms underlying these associations. Arch 
Endocrinol Metab. 2018;62(2):179-86
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INTRODUCTION

C ompelling evidence indicates that obesity is 
associated with inflammation and immune system 

function (1,2). Due to the function of adipose tissue 
as an endocrine gland which secretes several cytokines, 
this association has frequently been attributed to 
central obesity (3). Indeed, some studies have regarded 
inflammation as a risk factor for osteoporosis (4,5). 
However, the precise mechanism underlying the role of 
inflammation as well as the association between obesity, 
inflammation and osteoporosis has not yet been 
clarified. Some data suggest that cytokines secreted from 
adipose tissue may play a major role in osteoporosis (6). 
Osteoporosis is considered as one of the most serious 
chronic diseases in the present century (7). According 
to the international definition, osteoporosis defined 
as a 2.5 Standard Deviation (SD) reduction in Bone 
Mineral Density (BMD) (8,9).

Progranulin (PGRN) is a cytokine that is secreted 
from adipose tissue, and also, is a secretory 593-amino 

acid glycoprotein with a widespread expression in 
different cells, such as immune system cells (10). 
PGRN is also regarded as a growth factor, similar to 
IGF-1, with inflammatory properties (11). There are 
some studies that suggested PGRN concentration is 
associated with the extent of visceral adiposity (12,13). 
It seems that PGRN can activate some inflammatory 
pathways (14) and, as mentioned, this can affect BMD 
(15) and facilitate the development of osteoporosis. 
Furthermore, a recent study by Romanello and cols. has 
suggested a proliferative and pro-survival effect of PGRN 
on osteocyte-like cells. The research demonstrated 
that PGRN can induce phosphorylation of mitogen-
activated protein kinase in both HOBIT and osteocytic 
cells. Moreover, the authors reported that Risedronate, 
a bisphosphonate drug which has been widely used in 
the treatment of osteoporosis, induces the expression as 
well as the secretion of PRGN in the HOBIT secretome. 
These findings suggested the possible role of PGRN in 
osteoblast/osteocyte biology (16).
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The aim of this study was to find out whether there 
are associations between progranulin and bone mineral 
density among obese people. 

MATERIALS AND METHODS

Study population

In this cross sectional study, 244 class I and II obese 
(30 ≤ BMI < 40 kg/m2) participants (22 to 52 years 
old) were recruited from Shariati hospital. The study 
protocol was approved by the ethics committee of the 
Endocrinology and Metabolism Research Center of 
Tehran University of Medical Sciences (TUMS) with 
the following identification: 90-03-27-14619. The 
inclusion criteria namely were having a BMI in the 
range of 30-39.99kg/m2, and being aged from 22-52. 
Exclusion criteria were defined as having any history 
of inflammatory conditions or inflammatory diseases, 
cardiovascular disease, diabetes mellitus, thyroid 
diseases, cancer or malignancies, hypertension or 
hypotensive drug abuse, hepatic, heart, or renal disease, 
chronic or acute infections, smoking, drug or alcohol 
abuse, and pregnancy. Each participant was completely 
informed regarding the study protocol and provided a 
written and informed consent form before taking part 
in the study. 

Laboratory measurements

All blood samples were collected from 8:00 to 10:00 
a.m. after an 8-12 hours fast at the EMRC laboratory 
in Shariati hospital of TUMS. To collect serums, blood 
samples were centrifuged for 10 minutes at 3000 rpm. 
Serum samples were aliquoted and stored at -80ºC until 
they were analyzed. Serum high sensitive C-reactive 
protein (hsCRP), as a sensitive marker of inflammation, 
was measured by an imonoturbidimetric assay (Randox 
laboratories kit, Hitachi 902). Serum concentrations of 
adipokines (including interleukins of 1 β, 4, 6, 10, 13, 
and 17) were measured in triplicate and 10 replicates 
per EIA plate under internal quality controls. Serum 
concentration of interleukin 6 (IL-6) was analyzed by 
EIA kit (Enzo Life Sciences, Inc. Sensitivity: 3.75 pg/mL; 
inter-assay variability: 3.7%; intra-assay variability: 3.9%). 
Serum concentration of interlukin 4 (IL-4) was also 
assessed by EIA kit (Enzo Life Sciences, Inc. Sensitivity: 
< 2 pg/mL; in intra CV was 4.3% and interCV was 
4.7%). TNF-α concentration was determined by EIA 
kit (Enzo Life Sciences, Inc. Sensitivity: 8.43 pg/mL; 

inter-assay variability: 6%; intra-assay variability: 3.6%). 
Serum PGRN concentration was measured by ELISA 
kit (AdipoGen; Seoul, South Korea. Sensitivity: 32  
pg/mL; inter-assay variability: 4.7%; intra-assay 
variability: 3.79%) under internal quality controls (17).

Anthropometric measurement

Weights and heights were measured with participants 
wearing light clothes and without shoes. Weight was 
measured using a digital scale (Sega 707, Hamburg, 
Germany) to the nearest 0.1 kg. Height was measured 
using a stadiometer (Seca, Hamburg, Germany) to the 
nearest 0.1 cm. Body mass index (BMI) was calculated 
using the “weight(kg)/height2(m2)” equation. Waist 
circumference (WC) was measured in the middle point 
of the iliac crest and ribcage. 

Body composition analysis

Participant body composition was assessed by Body 
Composition Analyzer BC-418MA – Tanita (United 
Kingdom). This Bioelectrical Impedance Analyzer 
(BIA) sends out a very weak electric current across the 
body to measure its electrical resistance. Before assessing 
body composition, the manufacturer’s instructions 
were followed to ensure accurate assessment. 
Participants were asked not to exercise vigorously, put 
aside any electrical device (mobile phone, etc.), or to 
intake excessive fluid or food. As changes in body-
water distribution and body temperature can have a 
major impact on measurements, they were performed 
in the morning in a fasting condition (always urinating 
before taking measurements, etc.) to get a more 
accurate measurement every single time. To prevent 
inaccurately low body fat percentage measurements 
and other measurement errors, both arms were always 
held straight down when taking measurements. The 
device calculates the body fat percentage, fat mass and 
fat-free mass, and predicts the muscle mass on the basis 
of data obtained by dual-energy X-ray absorptiometry 
using bioelectrical impedance analysis (18). 

BMD measurement

In this study, BMD was measured by the Dual Energy 
X-ray Absorptiometery (DEXA) method at the hip and 
lumbar spine (vertebra L2-L4). The average coefficient 
of variation (CV) for measuring BMD in our device was 
1.04%. According to the World Health Organization 
(WHO) standard, normal bone mass was defined as 
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BMD ≥ -1 standard deviation (SD), osteopenia as -1 < 
BMD <-2.5 SD, and osteoporosis as BMD ≤ -2.5 SD. 
Osteoporosis was diagnosised based on the T-score (19).

Statistical analysis

The study population was divided into two groups 
based on median PGRN concentration (< 113.30 
and ≥ 113.30 pg/mL), then the study variables were 
compared among the two groups using an independent 
T-test. The association between serum PGRN 
concentration and BMD measurements was examined 
through a partial correlation test after adjusting for 
weight and fat mass. The level of statistical significance 
was set to < 0.05 All statistical analysis was performed 
using SPSS version 16.0 (Chicago, IL).

RESULTS

The particpants’ mean (±SD) of age, height, BMI, and 
weight were 39.12 ± 11.90 years, 162.42 ± 8.80 cm, 35.32 
± 3.98 kg/m2, and 93.68 ± 14.75 kg, respectively. 
The mentioned variables were 37.10 ± 12.77 years, 
176.44 ± 6.89 cm, 35.30 ± 3.49 kg/m2, and 108.42 
± 15.74 kg respectively, in men, and 39.60 ± 11.68 
years, 159.87 ± 6.38 cm, 35.33 ± 4.10 kg/m2, and 
90.15 ± 12.14 kg, respectively in women. From 244 
participants, 68 subjects (27.86%) were osteopenic 
and 176 individuals (72.14%) had normal BMD. The 
population characteristics, body composition, BMD, 
and laboratory measurements of participants are 
summarized in Table 1. As shown in the table, mean 
serum parathyroid hormone (PTH) and vitamin D 
(VitD) concentrations of participants were above and 
within the normal ranges respectively (10-55 pg/mLfor 
PTH and 30-74 ng/mL for VitD). The visceral fat 
rating showed that central obesity may be more serious 
in men compared to women (Table 1). Additionally, 
the DEXA assay showed an osteopenic condition only 
in the lumbar spine (L2-L4) of women, when BMD 
was expressed as mean ± (SD) T-score (T-score < -1).

Association between PGRN, anthropometric 
measures, and body composition

Our analysis revealed that mean BMI, fat percentage, 
fat mass, fat free mass, visceral fat, trunk fat, waist 
circumference, abdominal and hip circumferences were 
greater in the high serum PGRN concentration group 
compared to the low serum PGRN concentration one 

(Table 2). However, the association was statistically 
significant for visceral fat, trunk fat, waist, abdominal 
and hip circumferences (p < 0.05). We also found a 
higher mean of age (p = 0.17) and total body water  
(p = 0.28) in the high serum PGRN concentration group, 
which were not significant. In addition, a difference in 
the Central Adiposity Index (CAI) lower than 25 and 
above 75 centile value was seen in participants, with 
the following results reported: waist circumference was 
95.83 cm ± 3.64 SE and 98.16 ± 1.97 in participants in 

Table 1. Population characteristics, body composition, bone mineral 
density and laboratory measurements of the participants

Variables Men (n = 57) Women (n = 187)

Anthropometry:

Age (years) 37.10 ± 12.77 39.60 ± 11.68

Weight (kg) 108.42 ± 15.74 90.15 ± 12.14

Height (21) 176.44 ± 6.89 159.87 ± 6.38

BMI (kg/cm2) 35.30 ± 3.49 35.33 ± 4.10

Fat percent (%) 30.11 ± 4.23 42.43 ± 4.75

Fat mass (kg) 32.98 ± 8.22 38.48 ± 8.21

Fat-free mass (kg) 75.41 ± 9.53 51.66 ± 6.57

Visceral fat rating (kg) 14.24 ± 4.05 9.99 ± 2.46

Trunk fat percent (%) 20.80 ± 4.67 18.75 ± 4.37

Biochemistry characteristics:

Progranulin (pg/mL) 119.22 ± 30.13 120.86 ± 44.02

Vitamin D (ng/mL) 32.43 ± 4.50 38.28 ± 36.39

Hs-CRP (mg/L) 2.35 ± 2.32 4.75 ± 5.86

Ox-LDL (U/dL) 556.31 ± 58.85 583.02 ± 85.54

TNF-α (pg/mL) 13.68 ± 30.92 7.67 ± 14.01

PTH (pg/mL) 84.74 ± 54.19 89.89 ± 49.90

IL-1β (pg/mL) 0.01 ± 0.00 0.01 ± 0.00

IL-4 (pg/mL) 1.47 ± 0.86 1.81 ± 1.07

IL-6 (pg/mL) 30.28 ± 18.99 24.09 ± 20.66

IL-10 (pg/mL) 31.85 ± 38.65 14.12 ± 15.44

IL-13 (pg/mL) 32.35 ± 33.60 41.61 ± 30.41

IL-17 (pg/mL) 0.28 ± 0.13 0.95 ± 1.33

Bone densitometry:

Hip BMD  1.17 ± 0.16 1.08 ± 0.16

Hip T-score 0.64 ± 1.27 0.58 ± 1.10

Hip Z-score 0.18 ± 1.03 0.22 ± 0.99

Lumbar BMD 1.24 ± 0.18 1.19 ± 0.16

Lumbar T-score 0.24 ± 1.58 -0.10 ± 1.17

Lumbar Z-score -0.48 ± 1.45 -0.68 ± 1.13

BMI: body mass index; Hs-CRP: high sensitive C-reactive protein; TNF-α: tumor necrosis 
factor-α; IL: interleukin; Ox-LDL: oxidized-low density lipoprotein; PTH: parathormone; BMD: 
bone mineral density.
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the lower than 25 and above 75 centile for progranulin 
value, respectively, which was not significant (P-value = 
0.12). Results also highlighted values of WHR (0.86 ± 
0.01 and 0.87 ± 0.01 and P-value = 0.75), visceral fat 
(6.30 ± 0.66 and 7.88 ± 0.41 and P-value < 0.0001) 
and BMI (27.85 ± 1.12 and 31.06 ± 0.65 and P-value 
= 0.001) in lower than 25 and above 75 centile for 
progranulin value, respectively. 

T-score and Z-score and the lumbar T-score (p < 0.05) 
and was marginally significant considering total BMD 
(p = 0.05). Moreover, a partial correlation between 
serum PGRN concentration and BMD measurements 
adjusted for fat mass, indicated a significant positive 
correlation with hip Z-score (r = 0.35, p < 0.05). 
However, after factoring in weight, none of the 
observed correlations were significant (Table 5, part A). 
Additionally, a binary regression analysis was done to 
strengthen our findings, (as shown in Table 5, part B). 
After adjustment for age and BMI, the PGRN level 
was strongly and inversely associated with osteopenia  
(P = 0.04 and CI: 0.17,0.96). Figure 1 demonstrates 
that there was a significantly lower number of osteopenic 
patients in the high serum PGRN concentration group.

Table 2. Anthropometric measures and body composition between groups 
with low and high concentrations of PGRN

Variables

Relative PGRN concentration 
(n = 244)

P valueLow 
concentration 

(n = 122)

High 
concentration 

(n = 122)

Age (years) 38.08 ± 12.86 40.16 ± 11.22 0.17

BMI (kg/cm2) 34.54 ± 3.85 35.12 ± 4.44 0.27

Fat percent (%) 40.79 ± 6.56 40.86 ± 6.32 0.93

Fat mass (kg) 36.32 ± 8.86 37.40 ± 9.00 0.34

Fat-free mass (kg) 52.50 ± 9.53 53.76 ± 8.98 0.28

Visceral fat rating (kg) 9.56 ± 2.94 10.45 ± 2.71 0.01

Trunk fat percent (%) 17.57 ± 5.42 19.13 ± 4.39 0.01

Waist circumference (21) 97.00 ± 9.99 101.56 ± 9.46 < 0. 001

Abdominal 
circumference (21)

111.42 ± 8.88 116.45 ± 10.56 < 0. 001

Hip circumference (21) 114.00 ± 7.09 118.38 ± 11.55 < 0.001

TBW (%) 38.42 ± 6.99 39.36 ± 6.57 0.28

BMI: body mass index; TBW: total body water.

Association between PGRN and other cytokines

According to an independent T-test, mean serum 
concentrations of IL-1β, IL-13, Il-10, Il-6, and 
Il-4 were greater in those in the high serum PGRN 
concentration group (Table 3), while mean serum 
levels of IL-17, TNF-α, and hs-CRP were lower in 
the high PGRN concentration group compared to 
the low serum PGRN concentration one. However, it 
should be noted that these associations were statistically 
significant only for IL-1β, IL-17, IL-6, and TNF-α  
(p < 0.05).

Association between PGRN and bone health variables

According to an independent T-test, mean hip BMD 
and hip T-score and Z-score, as well as T-score and 
Z-score for the lumbar spine (L2-L4 vertebra) were 
greater in the high serum PGRN concentration group 
(Table 4). However, it should be noted that these 
associations were statistically significant only for hip 

Table 3. Cytokine concentrations between groups with low and high 
concentrations of PGRN

Variables

Relative PGRN  
concentration (n = 244)

P valueLow 
concentration 

(n = 122)

High 
concentration 

(n = 122)

Hs-CRP (mg/L) 4.91 ± 4.98 4.73 ± 6.99 0.81

TNF-α (pg/mL) 10.67 ± 19.68 3.53 ± 2.09 < 0.001

IL-1β (pg/mL) 0.01 ± 0.00 0.02 ± 0.01 < 0.001

IL-4 (pg/mL) 2.02 ± 1.35 2.21 ± 0.79 0.18

IL-6 (pg/mL) 16.68 ± 11.80 28.29 ± 28.15 < 0.001

IL-10 (pg/mL) 12.43 ± 12.21 15.51 ± 22.45 0.18

IL-13 (pg/mL) 41.83 ± 29.24 47.01 ± 31.44 0.18

IL-17 (pg/mL) 1.31 ± 1.55 0.45 ± 0.61 < 0.001

Hs-CRP: high sensitive C-reactive protein; TNF-α: tumor necrosis factor-α; IL: interleukin.

Table 4. Bone mineral density measurements between groups with low 
and high concentrations of PGRN

Variables

Relative PGRN concentration 
(n = 244)

P valueLow 
concentration 

(n = 122)

High 
concentration 

(n = 122)

Vitamin D (ng/mL) 32.76 ± 35.92 28.69 ± 13.99 0.24

PTH (pg/mL) 92.00 ± 56.76 105.74 ± 63.04 0.09

Hip BMD 1.07 ± 0.23 1.12 ± 0.17 0.05

Hip T-score 0.18 ± 0.79 1.05 ± 1.50 < 0.001

Hip Z-score -0.13 ± 0.89 0.68 ± 1.30 < 0.001

Lumbar BMD 1.15 ± 0.13 1.18 ± 0.16 0.10

Lumbar T-score -0.41 ± 1.16 -0.08 ± 1.36 0.04

Lumbar Z-score -0.85 ± 1.07 -0.61 ± 1.38 0.13

BMD: bone mineral density; PTH: parathormone. 
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Additionally, we found that serum PTH was 
greater in the high serum PGRN concentration group 
(p = 0.09), while vitamin D was lower in this group, 
in comparision with those who had lower serum 
concentrations of PGRN (p = 0.24). However, none of 
them were statistically significant.

Meanwhile, comparing the prevalence of osteopenia 
among these two groups indicated that the osteopenic 
patients had considerably lower serum PRGN 
concentrations (Figure 1). 

DISCUSSION

In the current study, a significant association was found 
between PGRN concentration and the serum levels 
of some cytokines, which can be explained by the 
regulatory roles of PGRN on signaling pathways. To 

illustrate this, it can be observed that serum PGRN was 
directly associated with the levels of serum IL-1β and 
Il-6, while it was inversely related to IL-17 and TNF-α 
serum levels. Results also showed significant associations 
between PGRN concentration and visceral and trunk 
fat. Increased hip, waist and abdominal circumferences 
were also observed in the higher concentration PGRN 
group. Furthermore, high PGRN was related to higher 
hip T- and Z-score and also lumbar T-score.

These findings agreed with Zhang and cols.’s 
study, which found a significant linear correlation 
between PGRN concentration and IL-6 serum levels 
in patients with primary Sjögren’s syndrome (20). 
Frampton and cols. also have reported that Il-6 can 
activate the ERK1/2/RSK1/C/EBPβ pathway and 
PGRN synthesis as a consequence (21). Furthermore, 
several studies have shown that PGRN may antagonize 
TNF-α by the activation of its receptors, therefore 
PGRN may have some anti-inflammatory properties 
(22). Studies have also regarded TNF-α as an inhibitor 
of osteoblast differentiation, as well as an activator of 
osteoclastogenesis (23).

According to previous studies, IL-6 and IL-1β 
induce bone resorption and inhibit bone formation 
(24). Although it has been widely reported that IL-17 
mediates diverse inflammatory processes, its effects on 
bone resorption has recently been documented (25). 
It seems that IL-17 and TNF-α synergically stimulate 
bone resorption (26).

This study demonstrated a significant linear 
association between PGRN concentration and central 
obesity parameters including visceral fat, abdominal fat, 

Table 5. A: Partial correlation between PGRN concentration and bone mineral density measurements

Progranulin 
concentration (pg/mL)

Adjusted for Hip BMD Hip T-score Hip Z-score Lumbar BMD
Lumbar 
T-score

Lumbar 
Z-score

r 

Weight   

P value

0.21

0.25

0.32

0.75

0.33

0.65

0.24

0.19

0.24

0.18

0.26

0.15

r 

Fat mass 

P value

0.19

0.30

0.33

0.06

0.35

0.04
0.22

0.22

0.23

0.21

0.26

0.14

BMD: bone mineral density.

B: Binary regression model for analyzing the relationship between Progranulin Concentration and risk of osteopenia in obese people

PGRN
Crude model Model 1 Model 2 Model 3

B ± SE CI P B ± SE CI P B ± SE CI P B ± SE CI P

-0.47 ± 0.32 0.33, 1.69 0.14 -0.52 ± 0.33 0.30, 1.30 0.11 -0.90 ± 0.99 0.17, 0.96 0.04 -0.81 ± 0.44 0.18, 1.07 0.07

Model 1: Adjusted for age; Model 2: Adjusted for age and BMI; Model 3: Adjusted for age, BMI and gender; PGRN: Progranulin

Figure 1. Variety of osteopenia by categorized progranulin level.
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waist, abdominal and hip circumferences. Along the same 
lines as these findings, previous studies have found that 
the PGRN gene expresses in macrophages existing in 
fat tissues, especially visceral fat (12,13). Youn and cols. 
reported that PGRN concentration was significantly 
associated with central and general obesity parameters, 
which can be described by stimulating omental adipose 
tissue macrophage infiltration by PGRN (13). Pradeep 
and cols. measured PGRN concentrations in serum and 
gingival crevicular fluid of 40 patients suffering from 
chronic periodentitis with and without obesity. The 
authors reported that the serum PGRN concentration 
was higher in both serum and gingival crevicular fluid 
in obese periodentitic patients; which can indicate that 
inflammation related to periodentitis and obesity may 
also be associated with PGRN concentration (27). 
In agreement with these findings, Hossein-Nezhad 
and cols. demonstrated an association between BMI 
and central obesity with PGRN gene expression and 
circulation levels, which revealed that PGRN is related 
to obesity through glucose homeostasis and metabolism 
regulation (28). 

Since we observed a linear association between 
PGRN concentration and central obesity parameters, 
changes in the secretion of cytokines may be attributed 
to adipose tissue expansion. Similarly, Zizza and cols.’s 
study found a negative association between IL-17 and 
visceral obesity (29). Furthermore, Mohamed-Ali’s 
study showed that subcutaneous fat was associated with 
IL-6 but not with TNF-α (30).

Results from previous studies have indicated that 
visceral fat, as well as subcutaneous fat, as measured by 
computer tomography scan, and BMI have a negative 
association with bone density. More importantly, 
correlations regarding visceral fat and decreased bone 
density remained statistically significant even after 
adjustment for age, sex, and BMI (31). This study’s 
findings demonstrate PGRN’s effect on osteogenesis, as 
can be seen in the hip T-score and Z-score and T-score 
for the lumbar vertebra, which were significantly 
associated with PGRN concentration. Similarly to 
this study, Romanello and cols. demonstrated the 
proliferative and pro-survival effects of PRGN on 
osteocyte-like cells (16). Likewise, a recent study by 
Oh and cols. indicated a new regulatory axis by which 
PGRN may induce osteoclastogenesis. This axis is 
regarded as the (RANKL)/RANK axis, and PGRN may 
induce this pathway by stimulating PIRO expression 
(32). Documented results showed that recombinant 

human PGRN can induce phosphorylation of mitogen-
activated protein kinase in both HOBIT and osteocytic 
cells and induce cell proliferation and survival. 
Moreover, they found that Risedronate, a widely used 
bisphosphonate drug in the treatment of osteoporosis, 
can induce the expression and secretion of PGRN 
in the HOBIT secretome (16). These findings have 
shown the probable preventive effects of PGRN on 
osteoporosis by modulating bone loss. In addition, 
results from previous studies reported that PGRN 
growth factor enhances chondrocyte differentiation 
and endochondral ossification by regulating BMP-2 
and TNF signaling, therefore PGRN injections may 
play an important role in bone healing, particularly in 
fracture conditions (33). A disadvantage of the present 
cross-sectional study is that it does not allow definite 
conclusions to be made regarding cause and effect. 
PGRN might affect BMD or vice versa.

In conclusion, the findings of this study showed that 
central obesity expansion is associated with increased 
PGRN concentration. PGRN has some paradoxical 
relation with the levels of cytokine secretion, in that 
it has a direct association with the secretion of IL-1β 
and IL-6, while it inhibits the secretion of IL-17 and 
TNF-α. According to the aforementioned mechanisms, 
these changes in cytokine secretion have both 
degenerative and protective effects on bone structure 
and BMD. Aditionally, the association between obesity 
and bone mineral density has been demonstrated 
by several studies, though its effects depend on the 
definition of obesity; if obesity is regarded as increased 
body fat levels, it can be considered as a risk factor 
for a lower BMD, which can be affected by increased 
adipokines, subsequently causing a lower BMD (34). 
However, obesity seems to play its role as a protective 
factor against osteoporosis if it is defined as an increase 
in body weight, which can be explained by a higher 
level of circulating estradiol, increased peak bone 
mass and greater gravitational load (35). The direct 
observed association between PGRN concentration 
and bone formation parameters indicates that PGRN 
may have some bone-protective effects through various 
mechanisms other than cytokine secretion regulation. 
Further studies are needed to address the cellular and 
molecular mechanisms of both general and central 
obesity, as well as PGRN’s effects on bone formation 
and absorption.
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ABSTRACT
Objective: We sought to investigate the impact of self-reported fasting duration times on the lipid 
profile results and its impact on the cardiovascular risk stratification and metabolic syndrome 
diagnosis. Subjects and methods: We analyzed data from all consecutive individuals evaluated in a 
comprehensive health examination at the Hospital Israelita Albert Einstein from January to December 
2015. We divided these patients in three groups, according to the fasting duration recalled (< 8h, 
8-12h and > 12h). We calculated the global cardiovascular risk and diagnosed metabolic syndrome 
according to the current criteria and estimated their change according to fasting duration. Results: 
A total of 12,196 (42.3 ± 9.2 years-old, 30.2% females) patients were evaluated. The distribution 
of cardiovascular risk was not different among groups defined by fasting duration in both men 
and women (p = 0.547 for women and p = 0.329 for men). Similarly, the prevalence of metabolic 
syndrome was not influenced by the fasting duration (p = 0.431 for women and p = 0.166 for men). 
Conclusion: Self-reported fasting duration had no significant impact on the lipid profile results, 
including triglyceride levels. Consequently, no changes on the cardiovascular risk stratification using 
the Framingham risk score nor changes on the prevalence of metabolic syndrome were noted. Arch 
Endocrinol Metab. 2018;62(2):187-92

Keywords
Triglycerides; cardiovascular risk; metabolic syndrome; fasting

INTRODUCTION

C urrent guidelines on screening for cardiovascular 
risk rely on the measurement of plasma 

cholesterol levels as part of the initial risk stratification 
(1-3). Those guidelines also recommend that the lipid 
panel measurement should be performed after an 8- to 
12-hour fast. This fasting request is proposed as a way 
to eliminate any interference of the postprandial lipid 
levels, particularly for triglycerides, and to allow the 
use of previously validated cut-offs for diagnosis and 
management of dyslipidemia (3,4). However, this long 
fasting period may be cumbersome and may lead to 
important logistic difficulties to patients. 

Interestingly, prior evidence suggests that the lipid 
profile variability is relatively small in healthy individuals 
(5,6). Other groups have already analyzed the interference 

of fasting on the lipid profile, and their results suggest 
that less than 12-hour fasting may offer important logistic 
advantages with minimal impact on the lipid panel results 
or cardiovascular risk stratification (7-9).

Despite those previous results on the lipid profile 
variability, few studies (10,11) have evaluated the 
impact of the fasting duration on cardiovascular risk 
stratification or metabolic syndrome diagnosis. Such 
information is necessary as the clinical relevance of the 
lipid profile variability mainly depends on its effects 
on cardiovascular risk stratification and, hence, on 
the clinical decision-making process. Therefore, in 
the present study we sought to investigate the impact 
of self-reported fasting duration time on the lipid 
profile results and its impact on the cardiovascular risk 
stratification and metabolic syndrome diagnosis.
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SUBJECTS AND METHODS

We selected all consecutive individuals evaluated at 
the Hospital Israelita Albert Einstein from January 
to December 2015. This evaluation was part of an 
executive checkup program paid by the employers from 
their organizations. The protocol includes extensive 
clinical and laboratory evaluations.

The Ethical Committee of the Hospital Israelita 
Albert Einstein approved this study and the consent 
form was waived as the research is based on database 
analysis and no additional patient contact was needed.

Participants were questioned about previous 
presence of dyslipidemia, systemic arterial hypertension 
(previous diagnosis, use of anti-hypertensive medicines 
or measured blood pressure ≥ 140/90 mmHg), diabetes 
(previous use of medicines for diabetes or fasting 
glycemia > 126 mg/dL) and smoking (consumption 
of at least one cigarette per day within the last 30 
days). Body mass index (BMI) was measured using 
the weight/height2 (kg/m2) formula. The abdominal 
circumference was measured by a trained nutritionist 
and was considered abnormal when above 94 cm for 
men and 80 cm for women. 

We included patients between 20 and 80 years of 
age and excluded those taking statins or with liver 
problems. 

When the patients made the appointment for the 
comprehensive health examination, they were oriented 
to fast for at least 12 hours. On the day of the exam, 
they were asked about how long they have been 
fasting. Independently of the fasting time, all exams 
were collected. Therefore, the patients were analyzed 
considering the period of time they self-reported they 
were fasting. We divided these patients in three groups, 
according to self-reported fasting duration: less than 8 
hours fasting, between 8 and 12 hours and more than 
12 hours fasting.

We calculated the general cardiovascular risk, 
considering gender, age, systolic blood pressure, 
smoking, presence of diabetes, use of anti-hypertensive 
agents, HDL-cholesterol levels and total cholesterol 
levels. If the risk was lower than 10% in 10 years, it was 
considered low risk; between 10 and 20%, intermediate 
risk and higher than 20%, high risk for cardiovascular 
events in 10 years (12). This score calculates the risk 
of coronary death, myocardial infarction, coronary 
insufficiency, angina, ischaemic stroke, hemorrhagic 
stroke, transient ischemic attack, peripheral artery 
disease and heart failure in 10 years.

The diagnosis of metabolic syndrome was made 
if waist circumference was abnormal (≥ 94 cm in 
men and 80 cm in women) and at least two of these 
four elements were impaired: HDL-cholesterol, 
triglycerides, glycemia and blood pressure (13). 

The measurement of lipoproteins (total cholesterol, 
HDL-C and triglycerides) was performed in automated 
equipment VITROS 5600® Ortho Clinical Diagnostics 
by dry chemical colorimetric method. The LDL-C was 
calculated by Fridewald formula for triglycerides for 
concentrations up to 250 mg/dL. For values greater 
than 250 mg/dL, direct LDL-C was performed in 
automated equipment VITROS 5600® Ortho Clinical 
Diagnostics by endpoint methodology. The LDL-C 
calculated loses correlation when compared to the 
gold standard that is ultracentrifugation. The higher 
the triglyceride value, the worst is this relationship 
(14). For this reason we use the calculation for values 
up to 250 mg/dL keeping the routine used by Albert 
Einstein Hospital laboratory.

Statistical analysis

Continuous variables are presented as means and 
standard deviation or medians and quartiles, as 
appropriate, and compared using one-way ANOVA or 
Kruskal-Wallis test. Categorical variables are presented 
as absolute numbers and proportions, and compared 
using chi-square test. 

In order to accommodate the significant difference 
in the distribution of gender across fasting duration, 
different cardiovascular risk calculators and differences 
in the definition of metabolic syndrome, we chose 
to perform a gender-stratified analysis across fasting 
duration groups. 

Additionally, in order to adjust for the potential 
confounding effect of age, gender and waist 
circumference across the fasting duration groups, we 
chose to perform a multiple linear regression analysis 
on triglyceride levels.

A level of significance of 0.05 was used. All analysis 
were performed using Stata version 13.0 (StataCorp, 
USA).

RESULTS

We included 12,196 patients that were divided in 
three groups according to the self-reported fasting 
time. The baseline characteristics of these groups are 
shown in Table 1. Due to the large sample size, almost 
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all information was statistically different between the 
groups, though the absolute differences were small. 

For triglycerides, a small, albeit significant, increase 
was noted with longer fasting duration. However, after 
adjustment for the confounding effects of age, gender 
and waist circumference, no significant difference in 

triglyceride levels was observed (< 8 hours vs 8-12 
hours: p = 0.114; < 8 hours vs > 12 hours: p = 0.220). 
Additionally, most risk factors were associated with 
triglyceride levels, though the median fasting duration 
was not different across triglycerides strata (Table 2). 
The small changes in the lipid profile across the fasting 

Table 1. Baseline characteristics stratified according to fasting duration

Total (n = 12,196) Less than 8 h fasting 
(n = 1,829)

Between 8 and 12 h 
fasting (n = 5,515)

More than 12 h fasting 
(n = 4,852) p

Male 8,514 (69.8) 949 (52) 4,031 (73.1) 3,534 (72.8) < 0.001

Age (y) 42.3 ± 9.2 41.4 ± 9.0 42.5 ± 9.0 42.2 ± 9.4 < 0.001

BMI (kg/m2) 26.3 ± 4.2 26.0 ± 4.5 26.2 ± 4.1 26.5 ± 4.2 < 0.001

Waist circumference (cm) 91 ± 15.0 89 ± 13.6 91 ± 12.5 92 ± 17.9 < 0.001

SBP (mmHg) 115.6 ± 12.0 114.6 ± 12.6 115.7 ± 12.0 115.9 ± 11.9 < 0.001

DBP (mmHg) 76.2 ± 8.2 76.4 ± 8.7 76.0 ± 8.1 76.3 ± 8.0 0.096

Total Cholesterol (mg/dL) 191.8 ± 34.4 193.6 ± 35.3 190.5 ± 34.5 192.7 ± 34.0 < 0.001

LDL-c (mg/dL) 118.5 ± 31.4 117.9 ± 32.3 118.1 ± 31.4 119.1 ± 31.1 0.236

HDL-c (mg/dL) 48.8 ± 14.0 51.8 ± 15.5 48.3 ± 13.6 48.2 ± 13.7 < 0.001

Tryglicerides (mg/dL) 124.3 ± 83.7 119.4 ± 82.4 121.6 ± 76.0 129.3 ± 83.7 < 0.001

Glucose (mg/dL) 87.0 ± 13.1 82.0 ± 12.6 87.9 ± 11.4 87.8 ± 14.5 < 0.001

HbA1c (%) 5.40 ± 0.5 5.37 ± 0.5 5.38 ± 0.5 5.42 ± 0.6 < 0.001

Diabetes 178 (1.5) 19 (1.0) 84 (1.6) 75 (1.6) 0.265

Hypertension 1331 (10.9) 175 (9.6) 607 (11.0) 549 (11.3) 0.119

Smoking 1049 (8.6) 175 (9.6) 447 (8.1) 427 (8.8) 0.029

Fasting duration (h)* 11.7 (10.2-12.4) 5.2 (4.0-6.2) 11.2 (10.3-11.6) 12.6 (12.2-13.2) 0.001

Values are mean ± SD or n (%).

* Median and quartiles.

BMI: body mass index; SBP: systolic blood pressure; DBP: diastolic blood pressure; LDL-c: low-density lipoprotein cholesterol; HDL-c: high-density lipoprotein cholesterol; HbA1c: glycated 
hemoglobin.

Table 2. Baseline characteristics stratified according to triglycerides levels

Tg < 150 mg/dL (n = 9,131) Tg 150 – 400 mg/dL (n = 2,927) Tg > 400 mg/dL (n = 124) p

Male 5,963 (65.31) 2,430 (83.02) 117 (94.35) < 0.001

Age (y) 41.9 ± 9.3 43.4 ± 8.8 42.8 ± 8.2 < 0.001

BMI (kg/m2) 25.7 ± 4.0 28.2 ± 4.2 28.5 ± 3.8 < 0.001

Waist circumference (cm) 88.8 ± 15.4 97.5 ± 11.8 99.2 ± 10.1 < 0.001

SBP (mmHg) 114.2 ± 11.7 119.6 ± 12 123.6 ± 12.0 < 0.001

DBP (mmHg) 75.2 ± 8 79.1 ± 8 81.3 ± 8.2 < 0.001

Total Cholesterol (mg/dL) 185.5 ± 32 209.9 ± 34 232.2 ± 38.5 < 0.001

LDL-c (mg/dL) 115.8 ± 30.5 127.5 ± 32.1 100.6 ± 35.4 < 0.001

HDL-c (mg/dL) 51.5 ± 13.8 41.2 ± 11.1 31.3 ± 7.4 < 0.001

Glucose (mg/dL) 85.6 ± 10 90.7 ± 18.3 98.7 ± 30.3 < 0.001

HbA1c (%) 5.4 ± 0.4 5.5 ± 0.7 5.8 ± 1.2 < 0.001

Diabetes 90 (1.0) 79 (2.7) 9 (7.3) < 0.001

Hypertension 826 (9.1) 481 (16.4) 23 (18.6) < 0.001

Smoking 710 (7.8) 324 (11.1) 14 (11.3) < 0.001

Fasting duration (h)* 11.7 (10.1-12.4) 11.8 (10.5-12.5) 11.5 (10-12.3) < 0.0001

Values are mean ± SD or n (%).

* Median and quartiles.

BMI: body mass index; SBP: systolic blood pressure; DBP: diastolic blood pressure; LDL-c: low-density lipoprotein cholesterol; HDL-c: high-density lipoprotein cholesterol; HbA1c: glycated 
hemoglobin.
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duration groups did not impact the overall distribution 
of cardiovascular risk irrespective of gender (Figure 1 – p 
= 0.547 for women and p = 0.329 for men). Similarly, 
the prevalence of metabolic syndrome was not influenced 
by the fasting duration in both genders (Figure 2 –  
p = 0.431 for women and p = 0.166 for men). 

DISCUSSION

We have shown that the self-reported fasting time had no 
significant impact on the lipid profile results. Consequently, 
no changes on the cardiovascular risk stratification using 
the Framingham risk score nor changes on the prevalence 
of metabolic syndrome were noted. 

A recent review from the American College of 
Cardiology (15) has discussed the use of fasting or non-
fasting samples depending on the question we need to 
answer. Although they do not provide extensive data to 
support the idea, they suggest that non-fasting samples 
are sufficient to estimate baseline cardiovascular risk in 
primary prevention and to define metabolic syndrome. 

Our findings provide robust real life data to support 
the expert opinion of this document, by addressing this 
issue in a large population of primary prevention adults 
undergoing a comprehensive heath examination.

Fasting has always been recommended prior to 
collecting serum lipid profile as the postprandial state 
is associated with a significant increase in triglycerides 
levels. As triglycerides are included in the Friedewald 
equation for calculating LDL-cholesterol levels, those 
changes in triglycerides levels could potentially affect 
the estimation of LDL-c and, therefore, impact the 
cardiovascular risk stratification. However, recent 
reports suggest that the impact of usual meals on 
triglyceride levels might be lower than previously 
estimated by fat tolerance tests. Thus, those reports 
agree that fasting prior to lipid profile evaluation might 
not be needed for most individuals (6,9,16). 

Despite those recommendations, experts have 
proposed new cut-points for these exams when 
performed in non-fasting scenarios. A recent study 
from the Women’s Health Study has determined a cut-

Figure 2. Metabolic syndrome prevalence according to fasting duration in women (A) and men (B).

Figure 1. General cardiovascular risk according to fasting duration in women (A) and men (B).
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off for triglycerides of 175 mg/dL when predicting 
cardiovascular risk using non-fasting samples (7). 
Similarly, the American College of Cardiology has 
established a threshold of 200 mg/dL for triglycerides 
when defining metabolic syndrome in a non-fasting 
state (15). Those recommendations contrast with 
the real life findings of our study, where the fasting 
duration did not significantly impact the lipid profile 
or the estimation of cardiovascular risk and metabolic 
syndrome based on it. 

Since the need of an 8 to 12 hour fasting impacts 
on the logistic of laboratory centers, the recent 
recommendations, corroborated by our current 
findings may facilitate the organization of laboratory 
services and add comfort to patients. It would allow 
distributing the patients’ appointment throughout the 
day, avoiding long waiting hours in the morning, as 
well as increasing the overall laboratory capacity with 
the distribution of tests throughout the day. 

Our study must, however, be read within the context 
of its design. First, we considered the fasting time 
recalled by the patients. It is probable that it was not 
exactly the same as the period that it really happened. 
However, it is difficult to find a way to measure this 
period without trusting the patient memory and all 
data on this subject considers the self-reported time. 
Not only that, patient recall of the last meal is the 
standard of care in real life. Second, the majority 
of our patients had low cardiovascular risk, which 
implies that the lipid profile is better and less likely 
to be affected by the fasting duration. Nonetheless, 
the main point of our findings is to improve patient’s 
adherence, especially those testing for an initial lipid 
profile or for first global cardiovascular risk assessment 
in a check-up unit. Also, we didn’t measure the lipid 
profile from the same patient with different fasting 
durations. Although it could generate some difference 
on the results, we understand that our population is 
homogeneous and the results from the group could 
be extrapolated to each individual. When analyzing 
the data, we could see that there were mild differences 
between the different fasting duration groups. It 
seems that older people with more comorbities (e.g. 
diabetes) are more likely to respect the fasting time, 
probably because they are more used to collect exams. 
Notwithstanding, these differences did not impact 
in our results and the guidance of non-fasting would 
be of great value for these patients in order to avoid 
hypoglycemia risk.

In conclusion, fasting does not impact the lipid 
profile testing in a comprehensive health examination, 
considering that the main purpose of this testing would 
be determining the global cardiovascular risk and 
metabolic syndrome diagnosis.

Disclosure: no potential conflict of interest relevant to this article 
was reported.
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Effect of one time high dose 
“stoss therapy” of vitamin D on 
glucose homeostasis in high 
risk obese adolescents

Preneet Cheema Brar1, Maria Contreras2, Xiaozhou Fan3,  
Nipapat Visavachaipan4

ABSTRACT
Objective: To study the effect of using a one time high dose “stoss therapy” of vitamin D2 
(ergocalciferol: VD2) on indices of insulin sensitivity {whole body sensitivity index: WBISI} and 
secretion {insulinogenic index: IGI} measured during an oral glucose tolerance test (OGTT) in obese 
adolescents with VDD (25 OHD; serum metabolite of vit D: < 30 ng/dL). Subjects and methods: In 
a randomized placebo controlled cross over design 20 obese adolescents with vitamin D deficiency 
(VDD) had baseline OGTT. Arm A received one time high dose 300,000 IU of ergocalciferol and Arm 
B received placebo. After 6 weeks the adolescents were reassigned to Arm A if they were in Arm 
B and vice versa. 25OHD, calcium, parathyroid hormone, comprehensive metabolic panel, urine 
calcium creatinine ratio were measured at each study visit. OGTTs to assess indices of sensitivity 
and secretion were done at baseline, 6 weeks and 12 weeks respectively. Results: Adolescents were 
obese and insulin resistant (mean ± SD: mean age = 15.1 ± 1.9 years; BMI: 32.7 ± 9.8; homeostatic 
model of insulin resistance: HOMA-IR: 4.2 ± 2.8). Stoss therapy with VD2 increased 25OHD from 
baseline (16.7 ± 2.9 to 19.5 ± 4.5; p = 0.0029) when compared to the placebo. WBISI (2.8 ± 1.9) showed 
a trend towards improvement in Rx group (p = 0.0577) after adjustment for covariates. IGI (3 ± 2.2) 
showed an improvement in both Rx and placebo groups. Conclusions: Our study demonstrated that 
using a high dose of VD2 (300,000 IU) did not have any beneficial effect on insulin sensitivity (whole 
body sensitivity index {WBISI}) and secretory indices (insulinogenic index {IGI}) in obese adolescents. 
High dose “stoss therapy” of VD2 did not appear to have any beneficial effect on glucose homeostasis 
on obese adolescents. Arch Endocrinol Metab. 2018;62(2):193-200
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INTRODUCTION

L ow vitamin D levels are consistently seen in 32-
50% of obese adolescents (1-3). It is also thought 

that these low levels could be due to differences in 
vitamin D metabolizing enzymes in adipose tissue (4,5) 
and higher volumetric dilution of serum vitamin D, 
rather than just sequestration in adipose tissue, which 
could explain these lower levels of vitamin D in obese 
adolescents when compared to their lean peers.

Vitamin D has been shown in both in vivo and 
in vitro studies to have effects on beta cell function 
and insulin sensitivity (6,7). The role of vitamin D in 
glucose homeostasis is well established and prospective 
studies have shown that vitamin D deficiency has an 
inverse and significant association with prediabetes 
and/or Type 2 diabetes (8,9).

There have been inconsistent results in randomized 
controlled trials done to study the effect of vitamin D 
supplementation on parameters of glucose homeostasis 
in insulin resistance states, in both adults and children, 
with some showing beneficial effects on insulin 
sensitivity (10-13) while others did not (14). In adults, 
the effect of vitamin D on prediabetes and/or T2DM 
showed beneficial effect in a study by Neyestani and 
cols. (15) and no effect in another (16). More recently 
studies using high dosing vitamin D (150,000-300,000 
units) over a short duration (4-8 weeks) have also shown 
conflicting results on insulin sensitivity and secretion in 
adults with prediabetes (17,18).

There has been no RCT which has been done in 
obese adolescents with vitamin D deficiency, defined as 
a 25(OH) D level of < 30 ng/dL (75 nmol/L) (19) 
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and insulin resistance to assess the efficacy of using one 
time high dose of VD2 on indices of insulin sensitivity 
and secretion over a short period of time. To summarize 
we tested whether one time high dose of ergocalciferol 
(300,000 units) corrected the vitamin D deficiency and 
improved glucose homeostasis in obese adolescents 
with insulin resistance.

SUBJECTS AND METHODS

This was a randomized placebo controlled cross over 
design trial with inclusion criteria that were: a) obese 
adolescents (BMI: ≥ 95th percentile for age) who 
were 12-18 years; b) > Tanner 2 for puberty and had 
vitamin D deficiency defined as a 25(OH)D of ≤ 20  
ng/mL (50 nmol/L). Exclusion criteria were: a) 
treatment with medication known to effect vitamin D, 
calcium and glucose metabolism, such as glucocorticoids, 
thiazolidinediones, metformin, anticonvulsants 
metabolized through cytochrome P-450 (phenytoin, 
carbamazepine, phenobarbital, sodium valproate); b) 
vitamin D supplementation greater than 400 IU daily 
in the preceding 3 months; c) history of nephrolithiasis 
or hypercalcemia; pregnancy; d) attendance at a 
tanning salon. The study was approved by the Ethics 
committee at New York University School of Medicine 
and consent was obtained from parents and patients.

We chose to use “stoss” therapy {German word 
stossen means “to push”} based on a recent global 
consensus for management of vitamin D deficiency 
(20). The Endocrine society consensus statement 
recommended 50,000 for 6 weeks for children and 
adolescents with vitamin D deficiency. Much higher 
dosing was recommended for obese adults at least 
6,000-10,000 per day for 8 weeks (19). We decided to 
give 300,000 IU as a “stoss dose”, a practical choice 
to improve compliance. Subjects selected for the study 
were randomized, half to the treatment group (A) 
and half to the placebo group (B). At week 7, subjects 
were switched over and reassigned to receive vitamin 
D if they are in Group B and placebo if they were in 
Group A and the study lasted 12 weeks from start to 
completion. 

Ergocalciferol (50,000 IU) capsules and placebo 
capsules were provided at the study visit based on the 
randomization scheme. Each subject got 6 capsules 
of study drug or placebo at the study visit totaling 
300,000 IU of ergocalciferol or no ergocalciferol at 
all in the placebo capsules. Each arm of trial lasted 6 

weeks with no washout period. Patients were blinded 
to treatment assignment during the entire study. Study 
design and recruitment are shown in the study consort 
diagram (Figure 1).

GCRC: General Clinical Research Center.

Modi�ed consort diagram for subject recruitment testing

6 refused and 4 cancelled

6 week
time interval

 20 adolescents were consented and assents
were obtained. These adolescents were randomized

to Rx or placebo. The study participants were blinded to the intervention

Cross over design was at week 6- 7
when every patient moved over to

the other arm of study
serving as their own control

Week 6-7: Received ergocalciferol
300,000 GCRC. Second OGTT,

25(OH)D, calcium, PTH, CMP and
urine for calcium creatinine

were obtained

Week 12: Final OGTT, 25(OH)D,
calcium, PTH, CMP and urine

for calcium creatinine
were obtained

Week 6-7: Received ergocalciferol
300,000 GCRC. Second OGTT,

25(OH)D, calcium, PTH, CMP and
urine for calcium creatinine

were obtained

Week 0: Group A (N = 10):
Received ergocalciferol 300,000

in GCRC. Baseline OGTT, 25(OH)D,
calcium, PTH, CMP and urine for
calcium creatinine were obtained

Week 0: Group B (N=10):
Received placebo in GCRC. Baseline
OGTT, 25(OH)D, calcium, PTH, CMP

and urine for calcium
creatinine were obtained

                                 Subjects recruited = 30
Inclusion criteria: * 12-18 year * BMI > 95%, Vitamin D ≤ 20 ng/mL
Exclusion criteria: * Medications which affect calcium metabolism &*
Use of Vit D > 400 IU in past 3 months * Pregnancy * Attendance at
tanning salon * History of kidney stones or hypercalcemia

Week 12: Final OGTT, 25(OH)D,
calcium, PTH, CMP and urine 

for calcium creatinine
were obtained

The study subjects had an oral glucose tolerance 
test with 75 g of glucose solution (OGTT) and 
screening labs were drawn at baseline, at week 7 and 
then again week 12 at the completion of the study. 
Plasma glucose and insulin will were measured using 
Luminex technology. Serum 25-OH vitamin D were 
measured using liquid chromatography, tandem 
mass spectrometry (LC/MS/MS), which consists of 
extraction via protein precipitation, separation via high-
performance liquid chromatography (HPLC), detection 

Figure 1. Consort diagram to show recruitment and study design.
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and quantitation via tandem mass spectrometry. 
25OHD2 and 25OHD3 concentrations were used to 
calculate total 25OHD levels. Glycosylated hemoglobin 
(HbA1C) were measured in red blood cells using 
HPLC method. Serum calcium (mg/dL), albumin 
(g/dL) and intact parathyroid hormone (PTH) (pg/
mL were measured. Calcium was corrected for the  
serum albumin {([4-albumin (g/dL)] x 0.8) + calcium 
(mg/dL)} (21). Intact PTH, 25(OH) D and spot urine 
calcium/creatinine ratio were checked at completion 
of the 6 week treatment phase (in week 7) to exclude 
vitamin D toxicity including hypercalciuria (urine 
calcium/creatinine ratio ≥ 0.2), hyperphosphatemia 
(serum phosphate > 5.7 mg/mL), hypercalcemia 
(serum calcium > 10.5 mg/dL), serum 25(OH) D > 
150 ng/mL. Baseline labs were drawn at the same time 
as 0 minute OGTT. 

Primary outcome

OGTT was done glucose solution (1.75 g/kg up to 
a maximum of 75 g) over a 2-minute period and blood 
samples were obtained at 0, 10, 30, 60, 90 and 120 minutes. 
Indices were calculated from OGTTs done at three time 
points: baseline; 7 week and 12 week time points.

Calculated insulin sensitivity parameter from OGTT

Whole body insulin sensitivity (WBISI) (22) is an insulin 
sensitivity measure that has been validated in obese 
children and adolescents (23) calculated as follows = 
10,000/√(fasting glucose mg/dl × fasting insulinµIU/
ml)×(mean glucose × mean insulin)  during OGTT 1 
during OGTT. Higher WBISI levels indicate greater 
insulin sensitivity.

Calculated insulin secretory parameters from OGTT

Insulin index (IGI): is a measure of insulin secretion 
that has been validated in children against the 
hyperglycemic clamp [7], calculated as followed: IGI 
= [30-minute insulin – fasting plasma insulin (uIU/
mL)/[30-minute glucose – fasting plasma glucose 
(mg/dL)]. Adolescents with Type 2 diabetes have a 
significant reduction in IGI (24). 

Secondary outcome

a. Pre- and post treatment 25 OHD; b. change in serum 
PTH; c. Biochemical evidence of vitamin D toxicity 
such hypercalciuria (urine calcium/creatinine ratio ≥ 
0.2), serum phosphate > 5.7 mg/mL, serum calcium > 
10.5 mg/dL, serum 25(OH) D > 150 ng/mL.

Statistical analysis

To estimate the effect of vitamin D treatment on the 
clinical features in this crossover study, we first examined 
the within patient comparison by using paired t-test. 
We next examined the treatment given one period 
(treatment/placebo) adjusted for the baseline values by 
using mixed regression models controlling for baseline 
measurements, age, gender, race, BMI, and seasons 
[winter: Dec-Feb; spring: Mar-May; summer: Jun-
Aug; fall: Sep-Nov]. Koch’s test was used to examine 
the crossover effect on the association of treatment and 
clinical features. We further conducted stratified analyses 
according to baseline diabetes and pre-diabetes status, 
using the criteria plasma glucose at 0 minute ≥ 100 mg/
dL or at 120 minutes ≥ 140 in oral glucose tolerance 
test (OGTT), HbA1C ≥ 5.7% and HOMA -IR ≥ 3.4, 
and intact PTH ≥ 44 pg/mL. At last, plasma glucose 
concentration and insulin level at times 0, minutes, 30 
minutes, 60 minutes, 90 minutes, and 120 minutes in 
insulin sensitivity test were compared between treatment 
and placebo groups by using the mixed regression 
models described above, as well as the mean levels at 
the first-phase (at and before 30 minutes), second phase 
(after 30 minutes), and whole period (0-120 minutes). 
All statistical tests were two-sided, and all statistical 
analyses were carried out using SAS 9.3.

RESULTS

Of the twenty participants, 80% (n = 16) were females, 
and 75% (n = 15) were Hispanic, with mean age 15 
year-old. The study participants were predominantly 
overweight, with mean BMI 32.7 (Table 1). The 
baseline clinical features of all participants were shown 
in Table 1 as well: Serum 25-OH vitamin D levels were 
16.7 ± 2.9 ng/mL (reference range 12-20 ng/mL) 
(25); and WBISI were 2.8 ± 1.9 (reference range 1.84 
± 0.17); and IGI were 3.0 ± 2.2; and PTH were 50.9 ± 
15.8 (reference range 15 – 75 pg/mL).

We first examined the effect of vitamin D treatment 
on the serum 25-OH vitamin D levels (Table 2). 
Treatment group had significant increased serum 
25-OH vitamin D levels (19.5 ± 4.5 ng/mL; p from 
paired t-test = 0.0029) compared to baseline levels. 
This increase in serum 25-OH vitamin D levels after 
treatment was significantly different relative to placebo 
group, after further adjusted for covariates (adjusted p 
from mixed model = 0.0059), and did not due to cross-
over effect (p from Koch’s analysis = 0.4506). 
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significant. Intact PTH decreased in treatment group 
(∆mean = -6.0, pt-test = 0.0538); however, this decrease 
was not significant compared to the changes in placebo 
group (adjusted p from mixed model = 0.1290). 
Additionally, alkaline phosphatase levels decreased in 
both treatment group (∆mean = -6.5, pt-test = 0.0334) 
and placebo group (∆mean = -7.5, pt-test = 0.0034), and 
AST and ALT only decreased in treatment group (∆mean 
= -2.0, pt-test = 0.0209 for AST, and ∆mean = -4.0, pt-test 

= 0.0106 for ALT). However, the decreasewere not 
significant compared to the changes in placebo group.

Since childhood diabetes and pre-diabetes status 
may have effects of vitamin D treatment on insulin 
sensitivity, we stratified the associations of VD2 
treatment with WBISI and IGI by clinical diabetes 
measurements (Table 3). In contrast to the overall 
analysis, the means of IGI decreased in treatment (∆mean 
= -0.70, pt-test = 0.5606) in children with fasting serum 
glucose level ≥ 100 or ≥ 140 at time 0 and 120 minutes 
during the OGTT, although these differences were 
not significant. Children with HOMA-IR ≥ 3.4 and 
HbA1C ≥ 5.7% had similar trend of in both treatment 
and placebo group with the overall changes. When 
stratified by PTH, the treatment group with PTH ≤ 44 
pg/mL had increased mean of WBISI (∆mean = 0.10, pt-

test = 0.5040), and decreased mean of IGI (∆mean = -0.30, 
pt-test = 0.5722).

In the comparisons of the mean differences between 
treatment and placebo group at each time point of 
OGTT (Table 4: 0 min, 10 min, 30 min, 60 min, 90 
min, 120 min), serum glucose level decreased slower 
in treatment group (∆mean = -5.5, pt-test = 0.2162) than 
placebo (∆mean = -18.5, pt-test = 0.0007) at 30 minutes, 
with p value from mixed model equals to 0.0236. 
While, insulin level increased in treatment group (∆mean 
= 9.0, pt-test = 0. 7864), and decreased in placebo (∆mean 
= -6.0, pt-test = 0.1270) at 30 minutes (p from mixed 
model = 0.0197). No significant differences between 
treatment and placebo at other time point of OGTT 
was found, as well as the mean values of all time points 
in both glucose and insulin levels.

DISCUSSION

Our study demonstrated that using high dose of VD2 
(300,000 IU) in a cross over design trial did not have 
any beneficial effect on insulin sensitivity and secretory 
indices in obese adolescents when measured using an 
oral glucose tolerance test.

Table 1. Baseline characteristics and clinical features of the study 
population

Characteristics and clinical features
Study participants (n = 20)

Mean/N SD/%

Age (year) 15.1 1.9

Gender*

Male 4 20

Female 16 80

Ethnicity*

African American 3 15

Bangladesh 1 5

Caucasian 1 5

Hispanic 15 75

Height (cm) 162.5 7.8

Weight (kg) 90.7 19.2

BMI 32.7 9.8

25 OH vitamin D (ng/mL) 16.7 2.9

WBISI 2.8 1.9

IGI 3.0 2.2

Intact, PTH (pg/mL) 50.9 15.8

HbA1C 5.7 0.3

HOMA-B% 452.2 343.3

HOMA-IR 4.2 2.8

Serum calcium (mg/dL) 9.4 0.4

Albumin (g/dL) 4.2 0.3

Albumin-adjusted serum calcium (mg/dL) 9.2 0.4

Alkaline phosphatase (U/L) 110.0 46.8

AST (U/L) 29.2 14.1

ALT (U/L) 42.3 39.8

Serum phosphorus (mg/dL) 4.5 0.6

Random urine calcium (mg/dL) 6.5 4.6

Random urine creatinine (mg/dL) 217.9 107.2

* Numbers of participants and percentage were calculated.

We next examined that if the vitamin D treatment 
were associated with insulin sensitivity and secretory 
parameters (Table 2). The means of whole body insulin 
sensitivity (WBISI) tend to be increased (∆mean = 0.1, 
pt-test = 0.5377) in treatment group and decreased (∆mean 
= 0.3, pt-test = 0.3855) in placebo group compared to 
baseline levels, however, without statistical significance. 
Whereas, the difference in WBISI between treatment 
and placebo group was marginally significant after 
adjusted for covariates (adjusted p from mixed model 
= 0.0577). The means of insulin index (IGI) increased 
with 0.1 in both treatment and placebo group compared 
to baseline, and these differences were not statistically 
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Table 2. Baseline values and changes after treatment in clinical features and the placebo group 

Baseline Treatment group
(N = 20)

Placebo group
(N = 20)

∆ after treatment ∆ after treatment

Mean SD Mean SD Median* IQR* p† Mean SD Median* IQR* p† p‡ p§

25 OH vitamin D 
(ng/mL)

16.7 2.9 19.5 4.5 2.4 4.7 0.0029 17.2 4.7 0.0 2.2 0.5262 0.0059 0.4506

WBISI 2.8 1.9 2.7 1.4 -0.1 1.1 0.5377 3.1 1.5 0.3 1.9 0.3855 0.0577 0.4205

IGI 3.0 2.2 3.5 2.7 0.1 1.8 0.2878 4.3 6.3 0.1 1.2 0.3069 0.5971 0.0030

Intact, PTH (pg/mL) 50.9 15.8 45.6 11.8 -6.0 19.0 0.0538 50.3 14.3 0.5 16.0 0.8327 0.1290 0.1075

HbA1C 5.7 0.3 5.7 0.4 0.1 0.2 0.2674 5.7 0.4 0.1 0.3 0.3264 0.9052 0.2918

HOMA-B% 452.2 343.3 483.5 258.2 19.8 173.8 0.3889 543.9 532.2 34.2 288.5 0.2769 0.5740 0.0004

HOMA-IR 4.2 2.8 5.2 3.6 0.9 2.3 0.1079 4.9 4.5 0.2 1.3 0.2829 0.3403 0.3396

Serum calcium  
(mg/dL)

9.4 0.4 9.3 0.4 0.0 0.4 0.4936 9.2 0.3 -0.1 0.5 0.0909 0.1287 0.2258

Albumin (g/dL) 4.2 0.3 4.2 0.9 -0.3 0.4 0.8346 4.1 0.3 -0.2 0.3 0.1670 0.8932 0.0200

Albumin-adjusted 
serum calcium

9.2 0.4 9.1 0.7 0.1 0.4 0.8927 14.7 25.6 0.0 0.6 0.3750 0.3975 < 0.0001

Alkaline 
phosphatase (U/L)

110.0 46.8 103.6 43.5 -6.5 13.0 0.0344 99.6 37.6 -7.5 15.0 0.0034 0.3105 0.4072

AST (U/L) 29.2 14.1 25.2 11.9 -2.0 5.5 0.0209 29.1 15.8 -0.5 6.0 0.9374 0.0870 < 0.0001

ALT (U/L) 42.3 39.8 36.2 32.4 -4.0 9.5 0.0106 40.6 36.7 -1.0 9.0 0.6514 0.2704 < 0.0001

Serum phosphorus 
(mg/dL)

4.5 0.6 4.5 0.6 -0.1 0.5 0.7354 4.5 0.5 0.0 0.4 0.5965 0.6586 0.9649

Random urine 
calcium (mg/dL)

6.5 4.6 8.6 7.8 2.7 6.2 0.1733 14.0 21.4 1.0 7.0 0.1411 0.3369 0.0007

Random urine 
creatinine (mg/dL)

217.9 107.2 274.6 441.8 -12.7 106.5 0.5034 199.2 108.3 -9.9 89.7 0.4150 0.3292 < 0.0001

* Medians and IQR of the difference between treatment/placebo group and baseline were calculated.
† p values were calculated from exact comparison (paired t-test) of measurements to baseline.
‡ p values were calculated from mixed regression models, adjusted for baseline measurements, age, gender, race, BMI, and season [winter: Dec-Feb; spring: Mar-May; summer: Jun-Aug; fall: Sep-Nov].
§ p values were calculated from Koch’s analysis testing for crossover effects.

Table 3. Changes after treatment in WBISI and IGI and the placebo group stratified according to diabetes status

Treatment group Placebo group

∆ after treatment ∆ after treatment

N Mean SD Median* IQR* p† N Mean SD Median* IQR* p† p‡ p§

G_0 ≥ 100 mg/dL and/
or G_120 ≥ 140 mg/dL

5 5

WBISI 1.38 0.80 -0.20 0.30 0.1293 1.56 1.04 -0.10 0.50 0.6213 0.4718 0.5477

IGI 5.18 4.51 -0.70 1.20 0.5606 2.94 2.43 -0.60 1.60 0.1376 0.1236 0.1126

HOMA-IR ≥ 3.4 & 
HbA1C ≥ 5.7%

6 6

WBISI 2.27 1.44 -0.25 0.30 0.8226 2.32 1.06 0.25 0.90 0.4391 0.2516 0.1764

IGI 5.70 3.52 2.30 5.60 0.2714 8.40 10.69 0.95 5.60 0.2636 0.1735 0.8965

Intact, PTH ≤ 44 pg/mL 9 9

WBISI 2.15 1.18 0.10 0.35 0.5040 2.86 1.69 0.30 2.00 0.0765 0.3445 < 0.0001

IGI 3.26 2.20 -0.30 1.10 0.5722 2.64 1.88 -0.55 1.40 0.0389 0.3450 < 0.0001

Intact, PTH > 44 pg/mL 11 11

WBISI 3.05 1.43 -0.30 1.90 0.4458 3.34 1.46 0.20 1.60 0.7871 0.2312 0.4084

IGI 3.74 3.20 0.65 3.20 0.2286 5.61 8.24 0.50 1.50 0.1978 0.7405 0.1898

N: number; SD: standard deviation; IQR: inter quartile range; p: p value.
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Table 4. Baseline values and changes after treatment in plasma glucose and insulin levels and the placebo group at each time point

Baseline Treatment group
(N = 20)

Placebo
(N = 20)

∆ after treatment ∆ after treatment

Mean SD Mean SD Mean* SD* p† Mean SD Mean* SD* p† p‡ p§

Plasma glucose

At fasting 82.0 7.2 82.0 5.6 0.0 8.5 0.9698 81.2 5.5 -0.5 7.0 0.4466 0.3645 0.2856

At 10 min 102.4 16.1 100.6 13.3 1.5 9.5 0.5910 96.7 13.5 -2.5 12.0 0.0589 0.2423 0.1161

At 30 min 139.8 25.4 133.4 22.6 -5.5 33.0 0.2162 122.5 22.1 -18.5 25.0 0.0007 0.0236 0.4265

At 60 min 139.8 28.5 128.7 38.9 -3.5 55.5 0.1202 119.8 34.0 -21.0 37.0 0.0067 0.2243 0.0452

At 90 min 127.5 29.4 123.4 34.9 -10.5 53.0 0.5524 117.7 39.9 -10.5 29.0 0.2737 0.4540 0.1342

At 120 min 123.3 31.2 110.5 31.0 -13.5 28.5 0.0568 111.8 35.1 -11.0 19.0 0.0419 0.9691 0.0700

Mean 119.1 18.4 113.1 20.1 -6.9 27.0 0.0684 108.3 22.0 -10.7 19.4 0.0037 0.1754 0.1741

Insulin

At fasting 20.9 13.3 25.2 16.7 4.0 10.0 0.0749 24.1 21.7 0.5 6.5 0.2686 0.4555 0.7516

At 10 min 77.7 63.4 74.2 49.5 5.0 27.0 0.7478 71.9 61.7 3.5 52.0 0.6103 0.8206 0.6579

At 30 min 183.5 147.6 176.9 110.1 9.0 117.0 0.7864 151.4 116.7 -6.0 108.5 0.1270 0.0197 0.3541

At 60 min 213.9 183.6 187.0 181.3 -8.0 95.0 0.2746 145.8 136.3 -41.5 105.5 0.0178 0.1340 0.3023

At 90 min 207.6 253.6 204.7 253.6 -17.5 133.0 0.3248 148.0 185.0 -58.0 117.0 0.0245 0.0604 0.0242

At 120 min 231.3 352.4 138.7 116.3 -37.0 109.5 0.1919 165.7 250.4 -31.0 80.5 0.0487 0.6277 0.0135

Mean 156.0 158.9 136.0 115.7 -5.5 54.4 0.2027 117.8 121.6 -2970.0 59.8 0.0215 0.2580 0.1541

First-phase  
(≤ 30 m)

49.3 35.3 52.1 34.9 5.5 17.8 0.6396 48.0 40.3 0.8 33.0 0.8336 0.5587 0.5024

Second-phase  
(> 30 m)

211.8 225.3 175.4 153.8 -20.3 83.3 0.1284 152.7 164.2 -36.8 87.0 0.0167 0.2367 0.3730

* Medians and IQR of the difference between treatment/placebo group and baseline were calculated.
† p values were calculated from exact comparison (paired t-test) of measurements to baseline.
‡ p values were calculated from mixed regression models, adjusted for baseline measurements, age, gender, race, BMI, and season [winter: Dec-Feb; spring: Mar-May; summer: Jun-Aug; fall: Sep-Nov].
§ p values were calculated from Koch’s analysis testing for crossover effects.

Prediabetes was found in 10-39% of obese 
adolescents (24,26), which parallels the rise of obesity 
(27). Vitamin D has shown to have effects on insulin 
secretion and action and in both pediatric and adult 
studies an inverse association between vitamin D levels 
and development of prediabetes and/or T2DM have 
been demonstrated (10,21). 

Long term randomized control trials (3 months- 
7 years) have studied whether giving vitamin D prevents 
the progression of insulin resistance to prediabetes to 
Type 2 diabetes due to its effects on augmenting insulin 
action and secretion. Von Hurst and cols. studied 42 
South Asian women with insulin resistance using 4000 
IU of D3 for 6 months. Fasting insulin and HOMA-IR 
improved in the cases versus controls (p values = 0.02). 
Davidson and cols. used a weight and vitamin D based 
formula to calculate vitamin D dosing (average of 88000 
IU/week) for 12 months and showed improvement 
in Hba1c (decrease by 0.2%) but the intervention 
affected no other parameters of any OGTT derived 
secretory and sensitivity indices in this cohort of pre 
diabetic adults. These studies (more than 6 months 

of vitamin D treatment) have been equivocal to truly 
establish any real benefit of using vitamin D on indices 
of beta cell function and insulin sensitivity, the caveat 
being the variations in the dosing of vitamin D used, 
compliance concerns and whether the vitamin D truly 
reached an optimal level (i.e. > 30 ng/mL) to effect 
the aspects of function of beta cell. It is clear that in 
this obese cohort of female adolescents (average BMI = 
32.1) we found that treatment did increase the vitamin 
D level when compared to the placebo arm (19.5 vs.  
17.2 ng/dL; p = 0.0029) and this significance stayed 
after adjustments for covariates: BMI, age sex, gender, 
race and season. However our intervention of 300,000 
IU was not able to optimize the vitamin D levels to 
levels of sufficiency i.e. ≥ 30 ng/mL in all except one 
subjects. Levels reached ≥ 20 ng/mL in six subjects by 
the end of the three month intervention. This dosing 
was based on the Endocrine society guidelines of using 
50,000 IU for 6 weeks for deficient states (19). 

We wanted to test the effect of using high dose of 
vitamin D effect on insulin sensitivity and secretory 
indices. WBISI did show an increase in the Rx group 
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(delta mean increase 0.1) though this difference was 
not significant when compared to the placebo. IGI 
increased in both groups while PTH decreased to a 
greater extent when compared to the placebo though 
in the mixed model analysis the difference was not 
significant. In a similar study designed by Ashraf 
and cols. obese adolescents (average age 14.9 ± 1.8 
years) were given 50,000 IU of vitamin D per week 
for 8 weeks to observe effects on glucose parameters. 
While HOMA-IR and WBISI did not improve on the 
follow up OGTT fasting glucose showed statistical 
improvement (p = 0.05) in cases when compared to 
controls. In a dose titration study (400 IU to 4000 IU) 
of 323 early pubertal children (age = 11.3 years; BMI% 
70% and 25 (OH) levels 28 ng/mL) fasting insulin and 
HOMA-IR correlated with baseline levels of 25(OH) 
D (r = 0.14 and 0.15 respectively). Rx with vitamin D had 
no significant positive impact on glucose and insulin 
parameters over a 12 week period. In this study by 
Ferira and cols. among these children only 15% were 
vitamin D deficient and obese respectively and therefore 
making comparisons with our study results would not 
be reasonable (28). 

In a noteworthy study by Wagner and cols. 
investigated the effect of high-dose vitamin D3 
treatment on beta-cell function, insulin sensitivity, 
and glucose tolerance in subjects with prediabetes or 
diet-treated type 2 diabetes adults (n = 43, BMI 28.6) 
randomized to 30,000 IU of cholecalciferol or placebo 
drops weekly for 8 weeks. They studied first and second 
phase insulin response (I Sec0-12, I Sec12-12), disposition 
index {DI} (measured with hyperglycemic clamp) and 
WBISI using pre and post Rx OGTT. The investigators 
did not find any improvement I Sec0-12, I Sec12-120 
results which are in line with our results which showed 
no improvements in the indices derived either from the 
clamp or OGTT. The difference between this study in 
adults and ours in adolescents is that their vitamin D 
levels rose from 17.2 ng/mL (43 mmol/L) at baseline 
to 34 ng/mL at the end of the 8 week study (29). The 
fact that they normalized the vitamin D levels supports 
their findings that vitamin D given in high doses over 
a short period does not improve metabolic profile of 
prediabetes and T2DM adults.

To further analyze the data we stratified and 
looked at the associations between vitamin D levels 
and metabolic parameters which reflect emerging 
decompensation such as: Glucose ≥ 100 mg/dL or 
≥ 140 mg/dL at 0 and 120 minutes of the OGTT, 

HbA1c ≥ 5.7%-6.4% (defined as prediabetes by 
American Diabetes Association). No differences were 
found in the Rx group using this stratification analysis. 
No significant differences between treatment and 
placebo at other time point of OGTTs were found, as 
well as the mean values of all time points (10, 30, 60, 
and 90 min) in both glucose and insulin levels. These 
results further reiterate that the intervention had no 
effects in the variables of interest.

The cross-over of our RCT was designed to balance 
the exposure to vitamin D and placebo in sequence 
based on the arm that the adolescents were assigned 
to. Each patient served as their own control which 
allowed for a smaller sample size. The limitations were 
the “order” and “carry over” effect of a cross over 
study and we recognize that we did not have a wash 
out period which could have affected our results. A 
strength of the study was that we did adjust for seasonal 
variation in our analysis of the data. We were not able to 
normalize 25 OHD level and that is a major limitation 
of our study. 25 OHD has a threshold effect on the beta 
cell function and we speculate that this is reason why 
we could find any improvements in insulin secretory 
and sensitivity parameters. Also, given emerging 
information on pharmacokinetics studies on available 
formulations found that ergocalciferol was not as good 
a choice as cholecalciferol which is more effective in 
increasing the serum 25(OH) D pools (30).

Our results are aligned to the negative results found 
in the recent studies showing no beneficial effect of 
vitamin D on glucose and insulin indices derived from 
OGTT. We suggest considering much higher dosing for 
obese adolescents based on adult studies (31) accepting 
the fact that these are adult sized adolescents. Based 
on our study there is no evidence to support the use 
of high dose vitamin D over a short term period to 
improve glucose homeostasis.
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Effects of drying and storage 
conditions on the stability 
of TSH in blood spots
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ABSTRACT 
Objective: To evaluate the influence of sample drying and storage temperature on TSH stability 
in neonatal screening. Subjects and methods: Blood samples from 29 adult volunteers as a 
surrogate for neonatal blood (10 with normal TSH, 9 with overt hypothyroid and 10 with subclinical 
hypothyroidism) were spotted on filter paper and dried at 22°C or 35°C for 3 hours. The samples 
were then stored at 22°C, -4°C, or -20°C, and TSH measurements were performed at day 0 (D0), D7, 
D30, D60, D180, and D360 of storage. Results: The drying temperature did not interfere with TSH 
measurement on D0. TSH values remained stable up to D30 when stored at 22°C and were stable 
up to D60 when stored in a refrigerator or freezer. Samples stored at 22°C had a greater decrease in 
TSH values than samples stored in a refrigerator or a freezer. Conclusions: Freezer storage is not 
advantageous compared to storage in the refrigerator. At the end of one year, if confirmation of the 
initial result is required, a reduction of TSH concentrations should be taken into account. Arch Endocrinol 
Metab. 2018;62(2):201-4
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INTRODUCTION

N eonatal screening for congenital hypothyroidism 
(CH) in order to prevent neurological deficit 

is accomplished through measurement of thyroid 
stimulating hormone (TSH) in dried blood spots on 
filter paper (1).

Despite the simplicity  of this method, which 
does not require venipuncture and simplifies sample  
transportation from distant regions to a central labora-
tory, questions arise about the possible interference of 
sample drying, storage and transportation under differ-
ent physical conditions and of the quality of filter paper 
with the stability of the hormones (2-8).

This study was conducted to evaluate the influence 
of sample drying and storage temperature on TSH 
stability along 1 year. 

SUBJECTS AND METHODS 
Sample collection, drying and storage

This study was conducted at the University Hospital, 
Ribeirão Preto Medical School, USP (HCFMRP-

USP), one of four newborn screening reference centers 
in the State of São Paulo, Brazil. 

Adult blood was tested as a surrogate for neonatal 
blood. Two venous blood samples (4 mL in a sodium 
heparin tube and 4 mL in a clotting activator tube 
[BD Vacutainer® tubes; catalog numbers 367835 and 
368774, respectively]) were collected from 29 adult 
volunteers aged 21-76 years: 10 had normal serum TSH 
(TSH = 0.4 – 4 µIU/mL), 9 had a serum TSH of ≥ 20 
µIU/mL, and 10 had a serum TSH of > 4.0-20 µIU/
mL during routine tests performed at the Newborn 
Screening and Thyroid Laboratory of HCFMRP-USP. 

Six filter paper discs (Whatman™  903 Neonatal 
Screening Cards, Life Sciences, GE Healthcare, US) 
per subject were spotted with 50 µL of heparinized 
blood. Three discs from each individual were dried 
horizontally at room temperature (RT, 22°C) and 50% 
air relative humidity (ARH) for 3 hours. The remaining 
three discs were dried horizontally in an oven at 35°C 
and 65% ARH for 3 hours, simulating the temperature 
in tropical countries like ours. After drying, the samples 
were wrapped in aluminum foil envelopes and stored 
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under three different conditions (1 disc per patient in 
each condition): at RT (22°C), in a refrigerator (4°C), 
or in a freezer (-20°C). 

Laboratory determinations

Serum TSH was measured by a chemiluminescent assay 
(Immulite 2000, Diagnostic Products Corporation, 
Los Angeles, CA), with an interassay error of < 10%. 
The total blood TSH equivalent was calculated from 
the serum TSH value according to the patient`s 
hematocrit.

TSH measurements of the filter paper blood 
spots under all conditions were performed by the 
AutoDELFIA® Neonatal hTSH Kit (PerkinElmer, 
Wallac Oy, Finland) at six different times: the same 
day of sample collection (day 0 [D0]), D7, D30, D60, 
D180, and D360 of storage. The intra-assay and inter-
assay coefficients of variation were < 10%. 

Statistical analysis

Serum TSH, hematocrit, total blood TSH equivalent 
and baseline values of TSH in blood collected on filter 
paper were expressed in median and range. 

TSH values in blood collected on filter paper were 
log transformed due to their non-Gaussian distribution. 
The transformed data were analyzed by using mixed 
effects linear models (9), considering the effects 
of days of storage (D0, D7, D30, D60, D180 and 
D360), storage temperatures (RT, 4°C, and -20°C), 
and interactions between days of storage and storage 
temperatures. 

Analyses were performed in SAS 9.3 (10), with the 
level of significance set at 0.05.

The study was approved by the Research 
Ethics Committee of HCFMRP-USP (protocol  
No. 13094/2011).

RESULTS

Median serum TSH for all samples was 9.7 μUI/mL 
(range: 0.5-301) and the hematocrit was 38.7% (range: 
24-45). The median total blood TSH equivalent was 
6.0 μUI/mL (range: 0.3-172.3) and confirmed the 
initial dried blood TSH concentrations. The median 
baseline values of TSH in blood collected on filter 
paper were 6.0 µIU/mL whole blood  (WB) (range: 
0.4-154) for samples dried at RT and 6.0 µIU/mL WB 
(range: 0.4-140) for samples dried in an oven. After log 

transformation, the geometric mean and confidence 
interval of the TSH values at D0 were 6.4 (3.4-12.0) 
and 6.0 (3.2-11.3) µIU/mL WB for the samples dried 
at RT and for the samples dried in an oven, respectively, 
with no significant difference between them (P = 0.06). 

TSH values over time under different storage 
conditions demonstrated the same behavior in both the 
samples dried at RT and those dried in an oven, i.e., 
they were stable up to D30 when stored at RT and 
were stable up to D60 when stored in a refrigerator or 
a freezer (Table 1 and Figure 1).

At the end of 360 days, the median reduction of 
TSH concentrations compared to baseline values when 
the filter paper was dried at RT and stored at RT, in 
a refrigerator, or in a freezer, was 47.7%, 16.8%, and 
10.1%, respectively. When the paper was dried in an 
oven, the mean reduction of TSH concentration was 
37.4%, 12.8% and 9.2% when the filter paper was stored 
at RT, in a refrigerator or in a freezer, respectively. 
Regardless of the drying conditions, a greater decrease 
of TSH values occurred in samples stored at RT than 
in samples stored in a refrigerator or a freezer (P < 
0.001), with no significant difference between storage 
in a refrigerator or a freezer (Table 1 and Figure 1).

DISCUSSION

The use of blood obtained by heel puncture and dried 
on filter paper has greatly facilitated newborn screening. 
Although the pertinent literature is quite limited (2-8), 
it is undeniably important to establish the best drying 
and storage conditions of blood samples collected on 
filter paper for newborn screening. The samples are 
frequently exposed to different climate conditions 
during drying and transport to the laboratories, a fact 
that may influence the test results. These factors are 
extremely relevant for the National Newborn Screening 
Program in view of the climatic conditions of some 
Brazilian regions and those of other tropical countries, 
with high temperatures and humidity, and considering 
that the test cards are transported in ambulances, 
buses, or postal transport cars, in most cases without 
proper packaging. Additionally, in Brazil, the cards 
with filter paper are usually stored in a refrigerator until 
the screening tests are performed. After the results are 
obtained, the cards are stored at RT so the samples can 
be reutilized in the future for confirmation of the initial 
results in case of diagnostic doubts. 
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Figure 1. Variation of geometric mean TSH concentration (µIU/mL) along 
time under the different drying and storage conditions. RT/RT = samples 
dried and stored at room temperature; RT/4ºC = samples dried at room 
temperature and stored in a refrigerator; RT/-20ºC = samples dried at 
room temperature and stored in a freezer; Ov/RT = samples dried in an 
oven and stored at room temperature; Ov/4ºC = samples dried in an oven 
and stored in a refrigerator; Ov/-20ºC = samples dried in an oven and 
stored in a freezer. 

Table 1. Thyroid stimulating hormone (TSH) concentrations (µIU/mL whole blood) in blood samples collected on filter paper and stored under different 
temperatures (room temperature [RT], 4°C, and -20°C) for 1 year

Dried at RT Dried in an Oven

Days RT 4°C -20°C P values RT 4°C -20°C P values

D0  6.4

 (3.4, 12.0)

 6.0

 (3.2, 11.3)

D7 6.1

(3.3, 11.4)

P = 0.27

6.1

(3.3, 11.5)

P = 0.35

6.4

(3.4, 12.0)

P = 0.89

RT vs  4°C  P = 0.86

RT vs -20°C  P = 0.33

4°C vs -20°C  P = 0.42

6.2

(3.3, 11.6)

P = 0.59

6.0

(3.2, 11.2)

P = 0.83

6.2

(3.3, 11.6)

P = 0.57

RT vs 4 °C  P = 0.45

RT vs -20 °C  P = 0.98

4oC vs -20 °C  P = 0.44

D30 6.0

(3.2, 11.3)

P = 0.16

6.5

(3.5, 12.2)

P = 0.63

6.7

(3.6, 12.6)

P = 0.20

RT vs 4°C  P = 0.06

RT vs -20°C  P < 0.01

4°C vs -20°C  P = 0.41

6.1

(3.3, 11.4)

P = 0.86

6.5

(3.5, 12.1)

P = 0.14

6.5

(3.5, 12.1)

P = 0.12

RT vs 4 °C  P = 0.20

RT vs -20 °C  P = 0.17

4oC vs -20 °C  P = 0.95

D60 5.9

(3.1, 11.0)

P = 0.04

6.4

(3.4, 12.1)

P = 0.83

6.1

(3.3, 11.5)

P = 0.34

RT vs 4°C  P = 0.02

RT vs -20°C  P = 0.25

4°C vs -20°C  P = 0.24

5.3

(2.8, 9.9)

P < 0.01

6.0

(3.2, 11.1)

P = 0.73

6.1

(3.3, 11.4)

P = 0.91

RT vs 4 °C  P = 0.01

RT vs -20 °C  P <0.01

4oC vs -20 °C  P = 0.65

D180 4.0

(2.1, 7.5)

P < 0.01

5.5

(2.9, 10.3)

P < 0.01

5.8

(3.1, 10.9)

P = 0.02

RT vs 4°C  P < 0.01

RT vs -20°C  P < 0.01

4°C vs -20°C  P = 0.21

4.1

(2.2, 7.8)

P < 0.01

5.0

(2.7, 9.3)

P <0.01

5.4

(2.9, 10.1)

P = 0.02

RT vs 4 °C  P <0.01

RT vs -20 °C  P <0.01

4oC vs -20 °C  P = 0.06

D360 3.4

(1.8, 6.4)

P < 0.01

4.9

(2.6, 9.1)

P < 0.01

5.2

(2.8, 9.7)

P < 0.01

RT vs 4°C  P < 0.01

RT vs -20°C  P < 0.01

4°C vs -20°C  P = 0.10

3.5

(1.9, 6.6)

P < 0.01

4.6

(2.5, 8.6)

P <0.01

4.8

(2.6, 9.0)

P <0.01

RT vs 4 °C  P <0.01

RT vs -20 °C  P <0.01

4oC vs -20 °C  P = 0.27

TSH values are reported as geometric means with their respective confidence intervals (95%CI). P values below the geometric mean refer to the comparison with the D0 mean. D0, TSH measurement 
at the same day of sample collection; D7, D30, D60, D180 and D360, TSH measurement after 7, 30, 60, 180, and 360 days of storage, respectively. 

The current study demonstrated that drying 
temperatures of up to 35°C for 3 hours do not interfere 
with the basal TSH results. Sample storage conditions, 
however, interfered with the TSH values observed. 
Regardless of the drying conditions (RT or oven), the 
samples remained stable for a longer period of time (up 
to D60) when stored in a refrigerator or freezer than 
when stored at RT (up to D30), with no difference 
between storage in a refrigerator or a freezer.

The present data disagree with those reported by 
Chen and cols. (5) who observed that the TSH values 
in blood collected by newborn heel puncture and 
dried on filter paper were higher when the samples 
were dried in room air than under direct sunlight (40-
60°C) or in a heater (60-80°C). However, the drying 
temperatures used by Chen and cols. (5) were higher 
than those used in the current study (35°C), which are 
close to those naturally occurring in Brazil during the 
summer. In addition, some of the samples in Chen and 
cols. (5) were directly exposed to sunlight, a fact that 
may have contributed to the reduction of TSH. Within 
this context we may refer to the work  of Davis & 
Poholek (2) who demonstrated that direct irradiation 
with sunlight or exposure to a high temperature (60-
64°C), especially in combination with exposure to 
higher humidity, may reduce blood extraction from 
the filter paper, reduce thyroxine (T4) values, and may 
consequently yield false-negative results within a few 
days after collection. It should be noted, however, 
that T4 is more susceptible than TSH to the effects of 
improper sample drying and storage, representing an 
additional factor favoring TSH determination as the 
method of choice for newborn CH screening (4,8).

Confirming the stability of TSH up to D30 regardless 
of drying or storage conditions, Waite and cols. (4) did 
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not detect differences in TSH results during 1 month 
of storage of blood samples collected on filter paper, 
dried at room temperature for several hours, and stored 
under different temperature and humidity conditions. 
The stability of TSH in this study (30 days at RT and 
up to 60 days in the refrigerator or freezer) was shorter 
than the 36 months reported by Lando and cols. (6) 
for samples collected from newborns on filter paper and 
stored in a refrigerator (2-8oC), and also shorter than 
the 2.7, 4.1 and 6.5 years for samples stored at RT, 
4oC and -20oC, respectively, reported by El Ezzi and 
cols. (7). However, the determinations performed by 
Lando and cols. (6) over a period of 60 months were 
not carried out on samples from the same individual, 
a fact that limits this comparison. El Ezzi and cols. 
(7) used a sealed plastic bag containing silica gel for 
samples storage, which may have increased sample 
stability. This interpretation is supported by Adam and 
cols., (8) who found that TSH and T4 degradation on 
filter paper is three and ten times greater, respectively, 
in samples stored at higher humidity. In addition, other 
factors such as the quality of the filter paper used, the 
way the blood was placed on filter paper, the time 
of blood elution, and even the method of hormone 
determination may interfere with TSH results and 
stability (6). 

It must be mentioned, that our study has an 
important limitation: the great variability of the TSH 
values of the samples. In Brazil, the cut-off level of 
neonatal TSH used by the newborn screening reference 
centers is around 6-10 µIU/mL WB. Imprecision and 
a moderate degree of instability will not affect the 
screening decision for a TSH level of < 4 mIU/L blood 
WB (normal) or > 20 mIU/L blood WB, but could 
lead to failure diagnosis of affected children who had 
neonatal TSH close to cut-off levels. However, in this 
study, an analysis using only the samples with serum 
TSH of 4.5–20 µIU/mL would have a low accuracy 
because of the small number of samples (N = 10).

In conclusion, although adult samples were used 
instead of newborn blood, the results of the current 
study contribute to better quality control of TSH 
results obtained in newborn screening tests and 
indicate the lack of influence of high temperatures for 
sample drying. In addition, these results suggest that, 

under ideal conditions, the sample should be placed 
in a refrigerator for long-term storage, something 
that does not routinely occur in Brazilian Newborn 
Screening laboratories. Even so, if confirmation of the 
initial result should become necessary after 6 months 
of storage, it is necessary to consider the possibility of 
reduced TSH concentrations due to loss of hormone 
stability inherent to storage, mainly in samples close to 
cut-offs levels.
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Diagnostic utility of DREAM gene 
mRNA levels in thyroid tumours

Fernando A. Batista1, Marjory A. Marcello1, Mariana B. Martins1,  
Karina C. Peres1, Ulieme O. Cardoso1, Aline C. D. N. Silva1, Natassia E. Bufalo1, 
Fernando A. Soares2, Márcio J. da Silva3, Lígia V. Assumpção1, Laura S. Ward1

ABSTRACT
Objective: The transcriptional repressor DREAM is involved in thyroid-specific gene expression, 
thyroid enlargement and nodular development, but its clinical utility is still uncertain. In this study 
we aimed to investigate whether DREAM mRNA levels differ in different thyroid tumors and how 
this possible difference would allow the use of DREAM gene expression as molecular marker 
for diagnostic and/or prognosis purpose. Materials and methods: We quantified DREAM gene 
mRNA levels and investigated its mutational status, relating its expression and genetic changes to 
diagnostic and prognostic features of 200 thyroid tumors, being 101 malignant [99 papillary thyroid 
carcinomas (PTC) and 2 anaplastic thyroid carcinomas] and 99 benign thyroid lesions [49 goiter 
and 50 follicular adenomas (FA)]. Results: Levels of mRNA of DREAM gene were higher in benign 
(0.7909 ± 0.6274 AU) than in malignant (0.3373 ± 0.6274 AU) thyroid lesions (p < 0.0001). DREAM gene 
expression was able to identify malignancy with 66.7% sensitivity, 85.4% specificity, 84.2% positive 
predictive value (PPV), 68.7% negative predictive value (NPV), and 75.3% accuracy. DREAM mRNA 
levels were also useful distinguishing the follicular lesions FA and FVPTC with 70.2% sensitivity, 
73.5% specificity, 78.5% PPV, 64.1% NPV, and 71.6% accuracy. However, DREAM gene expression was 
neither associated with clinical features of tumor aggressiveness, nor with recurrence or survival. 
Six different genetic changes in non-coding regions of DREAM gene were also found, not related to 
DREAM gene expression or tumor features. Conclusion: We suggest that DREAM gene expression 
may help diagnose thyroid nodules, identifying malignancy and characterizing follicular-patterned 
thyroid lesions; however, it is not useful as a prognostic marker. Arch Endocrinol Metab. 2018;62(2):205-11
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INTRODUCTION

A n important increase in the incidence of thyroid 
cancer has been observed worldwide, mainly 

because of a better access to high resolution image 
exams, such as ultrasound, and frequent fine-needle 
aspiration (FNA) biopsies of small nodules (1-4). 
Despite the advantages of cytological analysis using 
FNA, this method has limitations, not being able to 
diagnose reliably a substantial part of thyroid nodules. 
Hence, many patients are submitted to thyroid 
resection for a definitive diagnosis, and postsurgical 
exams reveal no need for surgery in approximately 
75% of these cases (4-7). A series of diagnostic markers 
has been proposed and some molecular platforms are 
particularly helpful in thyroid cancer diagnosis, but 
their implementation in clinical routine is still difficult 
(8). The determination of prognosis in thyroid cancer 
patient is problematic as well. Although most patients 

have satisfactory outcome, recurrences are relatively 
frequent and up to 10-15% of cases may present an 
aggressive behavior characterized by metastases during 
follow-up, eventually leading to death (9). Reliable 
markers able to predict poor outcome during follow-
up are utmost needed in clinical practice (2,4). 

The DREAM gene (downstream regulatory 
element antagonist modulator) has been mapped to 
chromosome 2q11.1 and has nine exons. The product 
of this gene, an homonymous protein, also identified as 
KchIP-3 (K channel-interacting protein 3) or calsenilin, 
belongs to the KchIP family, composed by four proteins 
(KChIP1-4) (10). DREAM has the ability to directly 
bind to specific DNA sites, the downstream regulatory 
elements (DRE), acting as a transcriptional repressor 
(11). Under basal conditions, DREAM binds to DRE, 
resulting in repression of transcription of target genes. 
Activation of DREAM, which can happen by increasing 
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nuclear calcium or by direct phosphorylation by 
PKA, results in the disruption of the DREAM-DRE 
binding, which enables gene transcription (10,12,13). 
DREAM may also connect to Kv4 potassium channels 
in the membrane as an accessory subunit, regulating 
their opening through stimulation by calcium (14). 
DREAM expression is found in the central nervous 
system, organs of the immune system, tests and thyroid 
(10). Although previous studies have suggested that 
DREAM has an important role as a mediator in several 
thyroid signaling pathways, and it is also involved in 
the regulation of follicular cellular functions (15-17), 
a possible clinical utility of DREAM as a biomarker for 
diagnosis or prognosis of thyroid lesions has not been 
explored. For these reasons, we quantified DREAM 
mRNA levels, and investigated the occurrence of 
its genetic alterations both in benign and malignant 
thyroid nodules, comparing the presence of these 
alterations and/or expression levels to diagnostic and 
prognostic features of these tumors.

MATERIALS AND METHODS

Patients

We investigated a total of 200 patients whose tissue 
samples were maintained in the tissue bank of the AC 
Camargo Cancer Hospital, São Paulo, Brazil. Fresh 
thyroid tissue samples were obtained from 101 patients 
diagnosed with thyroid carcinoma (TC): 99 papillary 
thyroid carcinomas (PTCs), including 63 classic 
papillary thyroid carcinomas (CPTC), 36 follicular 
variants of papillary thyroid carcinomas (FVPTC); and 
two anaplastic thyroid carcinomas (ATC). In addition, 
there were 49 nodular goiters and 50 follicular adenomas 
(FA). Four normal tissues from the contralateral lobe of 
four goiter cases were obtained as well. The diagnosis 
of TC was based on standard clinical criteria described 
in our previous article (18).

All patients were treated according to a standard 
protocol (19,20) and followed for 12-87 months with 
a median follow-up of 3.16 years (38 ± 17 months).

This study was approved by the Research Ethics 
Committees of the institutions involved (Process # 
821,805). All procedures performed in this study 
were in accordance with the ethical standards of the 
institutional and national research committee and the 
1964 Helsinki declaration and its later amendments or 
comparable ethical standards.

Quantitative real-time PCR (qPCR)

We were able to extract RNA from all 204 samples. 
Total RNA was extracted from pulverized frozen 
thyroid tissues using Trizol reagent (Invitrogen Life 
Technologies Inc., Carlsbad, CA, USA), according 
to the manufacturer instructions. The samples were 
digested with Amplification Grade DNAse I (Life 
Technologies, Rockville, MD, USA) and reverse-
transcribed using SuperScript III reverse-transcriptase 
(Invitrogen Life Technologies Inc.). The assays were 
carried out with the use of commercially available 
TaqMan gene expression assays (Applied Biosystems) 
for DREAM (Hs01106289_m1) relative to the 
internal reference gene GAPDH (Hs02758991_g1). 
Reactions were prepared with TaqMan gene expression 
master mix (Applied Biosystems), according to the 
manufacturer protocol. Analysis was performed with 
a 7500 RT-PCR system (Applied Biosystems, Foster 
City, CA, USA), using a four-stage program: 50ºC 
for 2 min, 95ºC for 10 min, 40 cycles of 95ºC for 
15s, and 60ºC for 1 min. Each sample was assayed 
in triplicate. Threshold cycle (Ct) was obtained 
using the sequence detection software (Applied 
Biosystems SDS v1.3 Software). We used DDCT, in 
which the amount of target (DREAM) normalized to 
an endogenous reference and relative to calibrator is 
given by 2-DDT. The expression levels were given in 
arbitrary units (AU).

Sequencing the coding regions of DREAM gene

The coding regions of DREAM gene were amplified by 
PCR using the following primers (all 5’–3’, forward and 
reverse respectively): AGGGGTGGAGCGATAGAAG 
and CAAAGGAAAGTGGAACAAGAG for 
exon 1; CCCATCTTACACCATAGCCA 
and GGGAAGGGTGTGAATGAATG for 
exon 2; GGTAGTCATGCAAAGAGAGTTC 
and TTTCCCACAACACATAAGCC for 
exon 3; CAAGGGGGTGGAGAGAGG and 
CCCAGGGTGACTCACAAGAT for exons 
4 and 5; AATGGATGCCGTCAGTCTCT 
and CCGAGAACACTTGCTGAGCT for 
exon 6; CTTCTCTCTCCAGCTCGTC 
and GAGTAGGGAGGCTCAGAGG for 
exon 7; CCAGAGTAGTCACAGGGGCA 
and AGACAAGAGGGCAAGTGGAG for 
exon 8; CTCCCTGCACCAATAAGAC and 
CTGGCAGGATGGAGGTTTCT for exon 9. PCR was 
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performed in 20 μL volume of a mixture containing  
100 ng of DNA, 5 mM of each primer, 2 μL of 10X PCR 
Buffer, 150 μM of each dinucleotide triphosphate, 1U 
Taq DNA polymerase, 1.5 mM MgCl2 and deionized 
water up to 20 μL. Amplifications were carried out for 
35 cycles of 94°C for 30 seconds, 55°C for 50 seconds 
and 72°C for 1 minute, with an initial denaturation 
step of 94°C for 5 minutes and a final extension step 
of 72°C for 10 minutes, using a MJ PTC-200 PCR 
system. Purification was performed using ExoSAP-
IT (USB Products, Cleveland, OH). The samples 
were submitted to automated sequencing using the 
SANGER method. For this reaction, we used for 
each sample: 13.5 μL of water, 4 μL of save money 5x 
buffer, 1 μL of each primer, 0.5 μL of BigDye buffer 
and 1 μL of the purified sample. The following cycles 
were used in the sequencing reaction: initial cycle of 1 
min and 30s at 96°C, followed by 25 cycles of 96°C 
for 12s, 50°C for 6s and 60°C for 4 min. Sequencing 
reactions were performed using Eppendorf PCR BD-
3700 system and separated on an ABI Prism 3700 DNA 
Analyzer (Applied Biosystems, Foster, CA, USA). All 
sequences were analyzed using CLC DNA Workbench® 
(Katrinebjerg, Denmark) software and compared with 
the DREAM genomic sequence (ENSG00000115041). 

Statistical analysis

Statistical analysis was carried out using the SAS System 
for Windows (Statistical Analysis System, version 9.1.3, 
Service Pack 3 Institute Inc., 2002–2003, Cary, NC, 
USA). For the analysis of correlation of DREAM 
gene expression and clinical and pathological features 
of aggressiveness, patients were classified according 
to age of diagnosis, gender, tumor size, presence 
of extrathyroidal invasion, presence of capsule, 
multifocality, presence of metastasis at diagnosis and 
TNM. For the comparison with patients outcome, 
the population as classified according to response 
to treatment, as recommended by the latest ATA 
guidelines (4). The Mann–Whitney tests were used to 
compare continuous or arranged measures between 
two groups; Kruskal–Wallis test was used to compare 
three or more groups. The accuracy of gene expression 
studies to predict malignancy and/or differentiate 
follicular lesions was evaluated using receiver operating 
curve (ROC) analysis, based on predicted probabilities 
from logistic regression models. Recurrence-free 
survival was calculated using Kaplan–Meier survival 
curves with log rank comparison. For this analysis, the 

TC patients were divided in two groups, low expression 
of DREAM (≤ 0.2AU) and normal/hyperexpression of 
DREAM (> 0.2AU). All tests were conducted at the 
significance level p = 0.05.

RESULTS

As expected, thyroid cancer patients were 
predominantly females (75.3%) aged 14–70 years 
old (41.1 ± 14.3 years) at the time of diagnosis. The 
101 patients of the thyroid cancer group did not 
differ from the 99 individuals with benign thyroid 
diseases concerning gender (67 females and 22 males 
vs. 78 females and 16 males, respectively) or age at 
diagnosis (45.6 ± 16.3 years old vs. 48.5 ± 14.8 years 
old, respectively). Multifocality was observed in 37% 
of the patients and 26% presented invasion of the 
capsule. Stage I (66%) and stage II (29%) were more 
frequent than stage III (3%) and stage IV (2%) cases. 
Metastasis at the time of diagnosis was observed in 
45% of the patients.

DREAM mRNA levels

DREAM mRNA level comparison between benign 
and malignant lesions is summarized in Table 1. As 
presented in Figure 1, the levels were significantly 
higher in benign (0.7909 ± 0.6274 AU) than in 
malignant nodules (0.3373 ± 0.6274 AU; p < 0.0001). 
Among the different histological types of tumors, we 
found higher mRNA levels of DREAM gene in goiter, 
followed by FA, FVPTC and CPTC respectively, as 
represented in Figure 2. Furthermore, DREAM gene 
expression was able to distinguish goiter and FA, 
goiter and FVPTC, goiter and CPTC, FA and CPTC, 
and the follicular-patterned lesions, FA and FVPTC, 
as shown in Table 1. 

Table 1. Comparisons of different histopathological types according to 

their DREAM mRNA levels

Analyzed groups DREAM mRNA levels DDCt (qPCR) p value

Malignant vs. 
Benign 0.3373 ± 0.6274 vs. 0.7909 ± 0.6274 < 0.0001

Goiter vs. FA 0.7816 ± 0.6512 vs. 0.8001 ± 0.6160 0.6725

Goiter vs. FVPTC 0.7816 ± 0.6512 vs. 0.3449 ± 0.2221 0.0069

Goiter vs. CPTC 0.7816 ± 0.6512 vs. 0.3281 ± 0.2261 0.0002

FA vs. FVPTC 0.8001 ± 0.6160 vs. 0.3449 ± 0.2221 0.0002

FA vs. CPTC 0.8001 ± 0.6160 vs. 0.3281 ± 0.2261 < 0.0001

FVPTC vs. CPTC 0.3449 ± 0.2221 vs. 0.3281 ± 0.2261 0.6378
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Aiming to investigate the diagnostic utility of 
DREAM gene expression, we further performed 
ROC analysis based on predicted probabilities from 
logistic regression models. Using a cutoff of 0.528 AU, 
DREAM was able to predict malignancy in thyroid 
nodules with 66.7% sensitivity, 85.4% specificity, 
84.2% positive predictive value (PPV), 68.7% negative 
predictive value (NPV), and 75.3% accuracy. DREAM 
mRNA levels were also useful in distinguishing the 
follicular lesions FA and FVPTC with 70.2% sensitivity, 
73.5% specificity, 78.5% PPV, 64.1% NPV, and 71.6% 
accuracy, using a cutoff value of 0.405 AU.

 Although DREAM gene mRNA levels were 
different among thyroid lesions, there was no 
association with any clinical or pathological parameter 
of tumor aggressiveness and there was no association 
with patient outcomes (Table 2, Figure 3).

DREAM mutational analysis

We were able to perform mutational analysis of all 9 
exons of DREAM gene in all 200 samples. There were 
no genetic changes in the coding regions. However, we 

Figure 1. DREAM mRNA expression by quantitative PCR in benign and 
malignant thyroid lesions (P < 0.0001).
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Figure 2. DREAM mRNA expression by quantitative PCR in goiter, follicular 
adenoma (FA), follicular variant papillary thyroid carcinoma (FVPTC) and 
classic papillary thyroid carcinoma (CPTC).
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Table 2. Comparison of DREAM mRNA levels to clinical and pathological 
features of aggressiveness and outcome of 101 thyroid carcinomas

Variable DREAM expression p value

Age of diagnosis    

< 45 0.44 ± 0.51 0.76

> 45 0.46 ± 0.66

Gender

Male 0.34 ± 0.30 0.9

Female 0.48 ± 0.67

Tumour size

< 2 cm 0.20 ± 0.31

2 – 4 cm 0.33 ± 0.33 0.23

> 4 cm 0.39 ± 0.45

Extrathyroidal invasion

Present 0.46 ± 0.65 0.83

Absent 0.40 ± 0.45

Presence of capsule

Present 0.48 ± 0.60 0.27

Absent 0.44 ± 0.61

Multifocality

Present 0.35 ± 0.26 0.24

Absent 0.49 ± 0.72

Metastasis at diagnosis

Present 0.48 ± 0.62 0.32

Absent 0.38 ± 0.48

TNM

I 0.94 ± 0.42 0.43

II 0.71 ± 0.38

III 0.67 ± 0.57

IV 0.41 ± 0.00

Outcome*

Excellent response 0.49 ± 0.10 0.61

Incomplete response 0.82 ± 0.40

* Classification according to recommendation of American Thyroid Association 2015 guidelines 
(4). Incomplete responses were grouped together due to insufficient number of structural 
incomplete response cases for statistical analysis. Indeterminate response cases were 
excluded from the analysis.

found 6 single base substitutions in noncoding regions 
near the amplified coding regions (Table 3). No 
association was found regarding clinical or pathological 
features, and we were unable to demonstrate any 
variation of mRNA levels in association with the 
observed sequence substitutions. 

DISCUSSION

In the present study we report higher mRNA levels 
of DREAM gene in benign thyroid tumours when 
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expression during the dedifferentiation process of the 
gland. Rivas and cols., demonstrated that, in thyroid 
follicular cells, DREAM interacts directly with the 
thyroid transcription factor-1 (TTF-1) by modulating 
its transcriptional activity, and acts in the regulation of 
gene expression of thyroglobulin and the other two 
main thyroid-specific transcription factors PAX8 and 
FOXE1 (15), both involved in thyroid differentiation 
(21,22). DREAM can still act as intracellular effector of 
TSH receptor (TSHR), activating the signaling cascade 
by cAMP (adenosine 3’,5’-cyclicmonophosphate) 
independently of stimulation by TSH, which is 
suggested by Rivas and cols., as a possible mechanism 
of development of multinodular goiter by describing 
overexpression of DREAM in 10 of 16 human 
samples (16). Similarly, Shinzato and cols. described 
overexpression of DREAM gene in 53.3% of a cohort 
composed of 60 multinodular goiter patients (23). Our 
data is compatible with these findings, being goiter 
the lesion which presented higher levels of DREAM 
mRNA compared to any other histological type of the 
analyzed thyroid samples. The same study also reports 
mutational analysis of DREAM. The SNPs rs2248415 
and rs117109173, found in a 75 and 6% of our patients 
respectively were also described by them in 91.6 and 
8.3% of their patients respectively. In our analysis, the 
intronic polymorphisms did not correlate in DREAM 
mRNA levels in different thyroid lesions and, similarly 
to previously published, do not seem to be associated 
with differential DREAM expression (23).

The expression pattern of DREAM in different 
thyroid lesions rise the hypothesis of a possible 
involvement of this transcription repressor in the 
tumorigenesis and dedifferentiation of the thyroid 
gland. Although the exact mechanism by which 
DREAM could possibly play a role in this process remains 
unknown, there are multiple paths to be explored. 
The lower expression of DREAM in malignant lesions 
may play a role in thyroid carcinogenesis given to the 
proapoptotic activity, thanks to the direct interaction 
with the presenilin 2(PS2) protein, which culminates 
in the activation of the caspase cascade (24). The 
above mentioned transcriptional modulation activity of 
DREAM on PAX8 and FOXE1 gene expression (15) 
could also explain the lower mRNA levels in malignant 
thyroid tissue, since both genes are involved in thyroid 
differentiation. Our previous findings about mRNA 
levels of thyroid specific transcription factors in thyroid 
tumours corroborate this hypothesis: both PAX8 

Figure 3. Kaplan-Meier curve comparing patterns of recurrence-free 
survival between patients according to DREAM gene expression.
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Table 3. Genetic changes in DREAM gene found in this study

ID (rs) Localization Nucleotide Allelic frequency

–
Promoter 

region
IVS-95T>A 

A = 0.9975 (399/400)

T = 0.0025 (01/400)

rs2248415 Intron1 IVS1+41C>G
C = 0.2500 (100/400) 

G = 0.7500 (300/400)

– Intron1 IVS2-131C>T
C = 0.0050 (02/400)

T = 0.9950 (398/400)

rs117109173 Intron3 IVS3+10G>C 
C = 0.940 (376/400)

G = 0.0600 (24/400)

– Intron3 IVS3+17T>C
T = (0.0025 (01/400)

C = 0.9975 (399/400)

rs58372613 Intron7 IVS8-118C>T C = 0.4300 (112/400)

T = 0.5700 (288/400)

compared to malignant thyroid lesions. By comparing 
different histologic types of tumours, we also described 
higher DREAM gene expression not only presents 
potential identifying malignancy but also distinguishing 
the follicular-patterned lesions AF and CPVF. We also 
described the presence of intronic genetic changes of 
DREAM gene in thyroid nodules patients. Although 
this is, to our knowledge, the first study of the DREAM 
gene comprehending malignant and benign thyroid 
nodules, previous studies have already demonstrated 
the importance of DREAM for the normal function of 
the thyroid gland, which may justify the possible loss of 
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and FOXE1 follow a similar expression pattern than 
DREAM, being highly expressed in benignant lesions 
compared to malignant lesions (18). A third possibility 
would be the involvement of DREAM as repressor 
of the immune response. Savignac and cols. have 
previously demonstrated that transient knockdown 
of DREAM induced basal expression of interleukin-2 
and interferon gamma in wild-type splenocytes (25). 
Recent publications from our group have demonstrated 
the important role which the immune system plays in 
thyroid cancer behaviour (26-29). Further investigation 
could lead to the identification of DREAM as one of 
the many molecules which take part in this association.

The differential expression of the DREAM gene 
described by us rises the possibility of use of this gene as 
a molecular marker. Although DREAM mRNA levels 
failed to identify aggressiveness and predict prognosis, 
there is potential for the use as a diagnostic marker. A 
comparison with some of the currently available panels 
of molecular markers can be seen on Table 4. DREAM 
specificity (85%), was better than Afirma (52%), 
Rosetta microRNA classifier (72%) and ThyGenX®/
ThyraMIR™ (85%). Despite its low NPV (69%), 
DREAM presented the second best PPV (84%), higher 
than other four panels (ThyroSeq v2, 77%; Afirma, 47%; 
Rosetta microRNA classifier, 59%; and ThyGenX®/
ThyraMIR™, 74%). Perhaps the most interesting 
comparison is the one between DREAM expression 
and Afirma, given the fact that this gene expression 
classifier (GEC) test which possesses high NPV and 
sensitivity (93 and 92% respectively), has relatively low 
specificity and PPV (52 and 47% respectively). As a 
result, more than a half of the patients tested positive 
by the Afirma GEC may still have a benign disease on 
surgical pathology. On the contrary, DREAM presented 
much higher PPV and specificity values (84 and 85% 

respectively) but much lower NPV and sensitivity value 
(69 and 67% respectively). We suggest that DREAM 
gene expression may not be useful as a single marker, 
but could be part of a panel of markers of malignancy, 
like the GEC test. Also, it may help identify follicular 
lesions, one of the major challenges in clinical practice.

In conclusion, our investigation demonstrated a 
possible diagnostic utility of DREAM gene mRNA 
levels in the identification of thyroid nodule malignancy 
and differentiation of follicular-patterned thyroid 
lesions. In addition, we demonstrated the presence 
of intronic changes of DREAM gene in patients with 
thyroid nodules, although these changes were not 
related to clinical features.
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Short-term insulin intensive 
therapy decreases MCP-1 and 
NF-κB expression of peripheral 
blood monocyte and the serum 
MCP-1 concentration in newly-
diagnosed type 2 diabetics

Yang Lin1,2, Shandong Ye1,3, Yuanyuan He3, Sumei Li3, Yan Chen4, Zhimin Zhai5

ABSTRACT
Objective: To observe the effect of short-term insulin intensive treatment on the monocyte 
chemoattractant protein-1 (MCP-1) as well as on the nuclear factor-kappa B (NF-κB) expression of 
peripheral blood monocyte. This is also in addition to observing the serum MCP-1 level in newly-
diagnosed type 2 diabetic patients and probing its anti-inflammation effects. Subjects and methods: 
Twenty newly-diagnosed type 2 diabetic patients were treated with an insulin intensive treatment for 
2 weeks. MCP-1 and NF-κB expression on the monocyte surface were measured with flow cytometry, 
the serum MCP-1 level was measured by enzyme linked immunosorbent assay (ELISA) during pre-
treatment and post-treatment. Results: After 2 weeks of the treatment, MCP-1 and NF-κB protein 
expression of peripheral blood monocyte and serum MCP-1 levels decreased significantly compared 
with those of pre-treatment, which were (0.50 ± 0.18)% vs (0.89 ± 0.26)% (12.22 ± 2.80)% vs (15.53 ± 
2.49)% and (44.53 ± 3.97) pg/mL vs (49.53 ± 3.47) pg/mL, respectively (P < 0.01). The MCP-1 expression 
on monocyte surface had a significant positive relationship with serum MCP-1 levels (r = 0.47,  
P < 0.01). Conclusions: Short-term insulin intensive therapy plays a role in alleviating the increased 
inflammation reaction in type 2 diabetics. Arch Endocrinol Metab. 2018;62(2):212-20

Keywords
Type 2 diabetes; insulin intensive therapy; MCP-1; NF-κB

INTRODUCTION

T he world has seen a rapid increase in the incidence 
of diabetes generally, and type 2 diabetes mellitus 

(T2DM) has become the most common metabolic 
disease globally (1). Experimental data have shown that 
hyperglycemia may induce a chronic inflammatory state 
in the vessel wall, thus accelerating the development of 
diabetic chronic complications (2). T2DM and obesity 
are insulin-resistant (IR) disorders characterized by 
chronic inflammation (3). 

NF-κB is a family of transcription factors that 
controls the production of pro-inflammatory proteins. 
The NF-κB pathway unites the inflammatory and 
metabolic responses, and, as a well-studied mediator 
of inflammation, represents an entry point for an 
improved understanding of metabolic diseases. 

MCP-1 is a member of chemotactic cytokines (CC) 
sub-family chemokines, which plays a pivotal role 
in the development of inflammatory reactions. 
MCP-1 accelerates the development and progress 
of diabetic nephropathy (DN) and macrovascular 
complications through inducing inflammatory cells 

from the circulation to artery endothelium and kidney. 
It also contributes to the proliferation of arterial 
smooth muscle cells, which constitute the key cellular 
components of atherosclerotic plaques (4). 

Insulin has been shown to suppress inflammatory 
changes through the down-regulation of pro-
inflammatory cytokines, reactive oxygen species (ROS) 
(5) and acute phase proteins (6), and the up-regulation 
of anti-inflammatory cytokines (7). In this report, we 
aim to demonstrate an anti-inflammatory effect of short 
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insulin intensive therapy through comparing changes 
in MCP-1 expression on the monocyte surface, NF-κB 
expression in the monocyte, and serum MCP-1 level in 
newly-diagnosed T2DM patients pre-short-term insulin 
intensive treatment with those of post-treatment. 

SUBJECTS AND METHODS

The subjects are 20 newly-diagnosed T2DM patients 
(HbA1c 9.02 ± 0.17%, women, n = 6; men, n = 14; 
mean age, 51.25 ± 5.71 years) admitted to department 
of endocrinology, Anhui provincial hospital, which 
is consistent with the diabetes diagnostic criteria of 
the World Health Organization (WHO) in 1999. 
To reduce the possibility of confounding, patients 
were selected according to the following exclusion 
criteria: pregnancy, concomitant diseases, smoking, 
and alcohol intake of more than 10 g/d. Patients 
with allergic diathesis regarding both type 1 e type 2 
immune responses and/or reporting respiratory, 
gastrointestinal, or genitourinary tracts infections 
during the last three months were also screened 
out. The acute complications and severe chronic 
complications of diabetes have not appeared in type 2 
diabetics recently, and the urinary albumin relative to 
the urinary creatinine was below 300 mg/gCr. None of 
the patients were receiving statins, aldosterone receptor 
antagonists, angiotensin-converting enzyme inhibitors, 
or angiotensin receptor antagonists, antibiotics, non-
steroidal anti-inflammatory drugs, corticosteroids, or 
cytotoxic drugs at the time of the study. The other 20 
healthy volunteers (women, n = 9; men, n = 11; mean 
age, 54.30 ± 7.39 years) were chosen from the Health 
Medical Examination Center of Anhui Provincial 
Hospital, serving as control subjects. 

Research design

Blood samples were obtained from all participants after 
a 12-hour fast to measure the blood glucose, insulin, 
glycosylated haemoglobin A1c (HbA1c), white blood 
cell count (WBC), the neutrocyte percents (N%), 
cholesterol (TC), triglyceride (TG), low density 
lipoprotein cholesterol (LDL-C), MCP-1 expression 
on the monocyte surface, serum MCP-1 level and 
NF-κB expression in monocyte. Random spot urine 
samples were collected for the examination of urinary 
Albumin and creatinine levels. To eliminate the effect of 
urine volume, we expressed the level of urinary albumin 
(UALB) relative to the urinary creatinine (UCr) 

excretion, which was abbreviated as UACR (UALB/
UCr ratio). Clearance of Creatinine Rate (Ccr) was 
calculated to stand for the glomerular filtration rate 
(GFR), using the formula raised by Cockcroft and Gault 
in 1976 (8). The patients in the observation group 
then received insulin intensive treatment consisting 
of regular pre-meal and bedtime neutral protamine 
hagedorn (NPH) insulin injections for two weeks. The 
indexes mentioned above were measured again at the 
study’s conclusion. All laboratory tests were performed 
in the Biochemical Laboratory and Endocrinology 
Laboratory of Anhui Provincial Hospital.  

The 20 newly-diagnosed T2DM patients, with an 
average HbA1c (9.02%), indicated that they had poor 
blood-glucose control, so the insulin treatment was 
necessary. Fasting blood glucose (FBG) and postprandial 
2h blood glucose (P2hBG) were measured daily, and 
daily insulin doses (in units) were approximately 1 
unit per kilogram; the dosage of insulin was adjusted 
according to blood glucose levels, FBG were controlled 
among 3.9~8.3 mmol/L  while P2hBG were controlled 
< 10 mmol/L, and 3-5 days were limited to reach the 
determined blood glucose levels. 

METHODS
Measurement of Serum MCP-1 Level (by ELISA)   

Fasting serum samples were collected to measure 
serum MCP-1 level. For purposes of analysis, samples 
were thawed and vortexed vigorously, and MCP-1 
level (pg/mL) was measured in duplicate according 
to the manufacturer’s instructions with a commercially 
available ELISA (Biosource Inc). 

Measurement of MCP-1 expression on the monocyte 
surface (by flow cytometry) 

Five mL peripheral vein blood were drawn with the 
heparin supplemented tube. The measurement tube 
was supplemented with mouse monoclonal antibody to 
the human CD14 antigen stained with PE-Cy5 (Caltag 
Laboratories) 2.5 ul and mouse monoclonal antibody to 
the human MCP-1 antigen stained with PE (eBioscience) 
1.25 ul. Mouse monoclonal antibody was added in the 
control tube to the human CD14 antigen stained with 
PE-Cy5 2.5 ul and Armenian hamster IgG isotype 
control stained with PE (eBioscience) 1.25 ul, then 
both the measurement tube and the control tube were 
injected with 100 ul blood followed by shaking in order 
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to misce bene. Subsequently, both tubes were protected 
from light for 20 min at room temperature, and then 
each tube was added with hemolytic agent 2 mL. 10 min 
later, the two tubes were centrifugated at 1500 r/min 
for 5 min, abandoned the supernatant and supplemented 
with 2 mL PBS, repeated 1500 r/min centrifugalization 
for 5 min. Each tube was then washed three times with 
PBS, abandoned the supernatant, and then both the two 
tubes were supplemented with normal sodium to 500 ul, 
shaken to misce bene before measured by flow cytometry. 

Measurement of NF-κB expression in the monocyte 
(by flow cytometry)

One milligram peripheral vein blood were drawn 
with heparin supplemented tube. The measurement 
tube and the control tube were supplemented with 
mouse monoclonal antibody to the human CD14 
antigen stained with PE-Cy5 (Caltag Laboratories) 
2.5 ul, then were added with 100 ul blood followed 
by shaking in order to misce bene. Subsequently, both 
tubes were protected from light for 20 min at room 
temperature, and then the tubes were added with 100 
ul Fixation Medium A to fix. The tubes were then 
protected from light for 15 min at room temperature, 
then supplemented with 2 mL PBS, followed by 
1500 r/min centrifugalization for 5 min, abandoned 
the supernatant and supplemented with 100 ul 
permeabilization medium B to rupture the membrane 
of monocyte. The measurement tube was added with 
mouse monoclonal antibody to the human NF-κB P65 
antigen that stained with PE (eBioscience) 5 ul while 
the control tube had Armenian hamster IgG isotype 
control stained with PE added (eBioscience) 5 ul, 
followed by shaking in order to misce bene. Following 
this, both tubes were protected from light for 20 min 
at room temperature, supplemented with 2 mL PBS, 
repeated 1500 r/min centrifugalization for 5 min, and 
abandoned the supernatant. After this, both tubes were 
supplemented with normal sodium to 500 ul, shaked to 
misce bene before measured by flow cytometry.

Statistical analysis  

Data were presented as means ± SD and analyzed using 
the Statistical Package for the Social Sciences 13.0. 
After testing data for normality, we used Student’s 

paired t test to compare values before and after two 
weeks of insulin intensive treatment. The relationship 
between MCP-1 expression on monocyte surface and 
serum MCP-1 level, the relationships between MCP-1, 

NF-κB, and the change of FBG and P2hBG were 
performed by linear correlation. In all cases, a P value ≤ 
0.05 was considered statistically significant. 

RESULTS
The comparisons of data between diabetic patients 
and control group 

The FBG, P2hBG, HbA1C, TC, TG, LDL-C, UACR, 
the expression of MCP-1 on monocyte and NF-κB in 
monocyte and serum MCP-1 level in diabetic patients were 
higher significantly than those in the control group, which 
were (11.18 ± 1.73) mmol/L vs (4.52 ± 0.15) mmol/L 
(17.92 ± 2.08) mmol/L vs (5.26 ± 0.34) mmol/L (9.02 
± 0.17)% vs (5.37 ± 0.08)% (5.45 ± 0.65) mmol/L vs 
(4.51 ± 0.53) mmol/L (2.02 ± 0.35) mmol/L vs (1.40 
± 0.30) mmol/L (3.85 ± 0.59) mmol/L vs (2.32 ± 0.69) 
mmol/L (71.98 ± 31.62) mg/gCr vs (12.88 ± 1.35) 
mg/gCr (0.89 ± 0.26)% vs (0.28 ± 0.09)% (Figures 1 
and 2), (15.53 ± 2.49)% vs (3.67 ± 1.68)% (Figures 4 
and 5) (49.53 ± 3.47) pg/mL vs (39.14 ± 7.43) pg/
mL, respectively, P < 0.05. But there were no significant 
differences in age, BMI, GFR, SBP and DBP between 
the diabetic patients and the control group, which were 
(51.25 ± 5.71)y vs (54.30 ± 7.39)y, (23.26 ± 0.40) kg/
m2 vs (22.15 ± 0.62)kg/m2, (99.35 ± 10.30) mL/min 
vs (105.10 ± 8.74) mL/min, (128.63 ± 2.41) mmHg 
vs (125.28 ± 5.31) mmHg, (75.21 ± 2.12) mmHg vs 
(70.31±2.48) mmHg, respectively, P > 0.05 (Table 1).

Table 1. The comparisons of paremeters between diabetic patients and 
control group 

NC DM

AGE (y) 54.30 ± 7.39 51.25 ± 5.71

BMI (kg/m2) 22.15 ± 0.62 23.26 ± 0.40

SBP (mmHg) 125.28 ± 5.31 128.63 ± 2.41

DBP (mmHg) 70.31 ± 2.48 75.21 ± 2.12

TC (mmol/L) 4.51 ± 0.53 5.45 ± 0.65* 

TG (mmol/L) 1.40 ± 0.30 2.02 ± 0.35* 

LDL-C (mmol/L) 2.32 ± 0.69 3.85 ± 0.59*

GFR (mL/min) 105.10 ± 8.74 99.35 ± 10.30

UACR (mg/gCr) 12.88 ± 1.35 71.98 ± 31.62* 

FBG (mmol/L) 4.52 ± 0.15 11.18 ± 1.73*

P2hBG (mmol/L) 5.26 ± 0.34 17.92 ± 2.08*

HbA1c (%) 5.37 ± 0.08 9.02 ± 0.17*

serum MCP-1 (pg/mL) 39.14 ± 7.43 49.53 ± 3.47*

MCP-1 expression (%) 0.28 ± 0.09 0.89 ± 0.26*

NF-κB expression in monocyte (%) 3.67 ± 1.68 15.53 ± 2.49*

vs normal control group, * P < 0.05.
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Table 2. The changes of indexes in diabetic group before and after insulin intensive therapy

N pre-treatment post-treatment t p

FBG (mmol/L) 20 11.18 ± 1.73 6.37 ± 1.07 11.77 < 0.01

P2hBG (mmol/L) 20 17.92 ± 2.08 8.27 ± 2.12 19.14 < 0.01

Homa-IR(log) 20 0.78 ± 0.03 0.71 ± 0.04 6.43 < 0.01

WBC × 109/L 20 7.39 ± 1.56 5.52 ± 1.12 5.54 < 0.01

N% 20 64.61 ± 5.45 56.23 ± 4.71 5.72 < 0.01

BMI (kg/m2) 20 23.26 ± 0.40 22.43 ± 0.52 1.856 > 0.05

TC (mmol/L) 20 5.45 ± 0.65 5.32 ± 0.51 2.77 < 0.05

TG (mmol/L) 20 2.02 ± 0.35 1.82 ± 0.31 8.91 < 0.01

LDL-C (mmol/L) 20 3.85 ± 0.59 3.55 ± 0.53 6.88 < 0.01

GFR (mL/min) 20 99.35 ± 10.30 101.20 ± 8.84 1.78 > 0.05

UACR (mg/gCr)  20 71.98 ± 31.62 53.52 ± 24.99 6.50 < 0.01

serum MCP-1 level (pg/mL) 20 49.53 ± 3.47 44.53 ± 3.97 4.21 < 0.01

MCP-1 expression (%) 20 0.89 ± 0.26 0.50 ± 0.18 8.48 < 0.01

NF-κB expression in monocyte (%)   20 15.53 ± 2.49 12.22 ± 2.80 3.96 < 0.01

The changes of the MCP-1 and NF-κB expression 
before and after insulin intensive therapy in diabetic 
group are as follows:

After 2 weeks of the insulin intensive treatment, the 
MCP-1 expression on monocyte surface and serum 
MCP-1 level decreased significantly compared with 
those of pre-treatment, which were (0.50 ± 0.18)% vs 
(0.89 ± 0.26)%, (44.53 ± 3.97) pg/mL vs (49.53 ± 
3.47) pg/mL, respectively, (P < 0.01) (Table 2, Figures 
2 and 3); NF-κB expression in monocyte also decreased 
significantly compared that of pre-treatment, which 
were (12.22 ± 2.80)% vs (15.53 ± 2.49)% (P < 0.01) 
(Table 2, Figures 5 and 6).

The changes of FBG, P2hBG, Homa-IR (log), 
WBC and N% before and after insulin intensive therapy 
in diabetic group are as follows:

The FBG, P2hBG, Homa-IR(log), WBC and N% 
all significantly decreased after two weeks of insulin 
intensive treatment compared with those of pre-
treatment, which were (6.37 ± 1.07) mmol/L vs (11.18 
± 1.73) mmol/L, (8.27 ± 2.12) mmol/L vs (17.92 ± 
2.08) mmol/L, (0.71 ± 0.04) vs (0.78 ± 0.03), (5.52 
± 1.12) × 109/L vs (7.39 ± 1.56) × 109/L, (56.23 ± 
4.71)% vs (64.61 ± 5.45)% (Table 2). 

Relationship analysis

The MCP-1 expression on monocyte surface had a 
significant and positive relationship with serum MCP-1 
level (r = 0.47, P < 0.01).

The expression of NF-κB in monocyte had a positive 
relationship with the MCP-1 expression on monocyte 

surface (r = 0.51, P < 0.01) and serum MCP-1 level  
(r = 0.49, P < 0.01).

The changes of FBG had no significant relationship 
with the changes of MCP-1 expression on monocyte 
surface (r = 0.31 P > 0.05), serum MCP-1 (r = 0.33, 
P > 0.05) and expression of NF-κB in monocyte  
(r = 0.28, P > 0.05).

The changes of P2hBG had no significant 
relationship with the changes of MCP-1 expression on 
monocyte surface (r = 0.32, P > 0.05), serum MCP-
1 (r = 0.28, P > 0.05) and expression of NF-κB in 
monocyte (r = 0.31, P > 0.05). 

The incidence of hypoglycemia

Hypoglycemia was recorded as blood glucose < 3.9 
mmol/L with symptoms such as hunger, shakiness, 
nervousness, sweating, or dizziness. Twenty-six percent 
of patients were recorded to have had a hypoglycemic 
attack at least once in the T2DM patients. No 
hypoglycemia occurred in the control group.

DISCUSSION  

T2DM is characterized by two major defects: a dys-
regulation of pancreatic hormone secretion (quantitative 
and qualitative – early phase, pulsatility – decrease of 
insulin secretion, increase in glucagon secretion), and 
a decrease of insulin action on target tissues (IR) (9). 
Now, T2DM is also recognized as a disease of chronic 
inflammation, which may play an important role in the 
development of IR, impairment of islet function, and 
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Figure 2. The MCP-1 expression on monocyte surface measured by flow 
cytometry before the treatment  

Figure 1. The MCP-1 expression on monocyte surface measured by flow 
cytometry in normal control group.  

Figure 3. The MCP-1 expression on monocyte surface measured by flow 
cytomery after the treatment.

Figure 4. The expression of monocyte NF-κB measured by flow cytometry 
in normal control group.

Figure 6. The expression of monocyte NF-κB measured by flow cytometry 
after the treatment

Figure 5. The expression of monocyte NF-κB measured by flow cytometry 
before the treatment.
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Figure 7. The pathophysiology of NF-κB and MCP-1 in T2DM.

diabetic chronic complications (10). Hyperglycemia, a 
main metabolic disorder in T2DM patients, activates the 
body’s inflammatory defense mechanism, causing the 
waterfall release of numerous inflammatory mediators 
and cytokines, and eventually leading to organ damage 
(11). The dyslipidemia of T2DM also results in an 
increase in circulation concentrations of inflammatory 
cytokines (12). Previous studies have shown that many 
inflammatory factors, such as NF-κB, MCP-1, TNF-α, 
C reactive protein (CRP), IL-6, etc., not only take part 
in the dys-regulation of pancreatic hormone secretion 
and IR, but also in the development of the chronic 
complications of diabetes, such as its microvascular and 
macrovascular complications (12). In this study, the 
result also showed that the expressions of MCP-1 on 
monocyte and NF-κB in monocyte and serum MCP-1 
level increased significantly in newly-diagnosed diabetic 
patients, which further indicates that increased chronic 
inflammation is present in T2DM patients. 

Data accumulated in recent years suggest that 
activated NF-κB signaling pathway may be involved 
in the pathogenesis of IR, stress response, and 
inflammation by controlling gene network expression 
(13-15). NF-κB is present in the cytoplasm complexed 
to its inhibitory protein known as inhibitory κB (Iκ-B). 
Following activation, the phosphorylation of IκB 
molecules promotes their degradation and the release 

of NF-κB, which then translocates to the nucleus to 
promote the transcription of target genes (16). The 
NF-κB signaling pathway controls the expression of 
genes including inflammatory cytokines, chemokines, 
and adhesion molecules (17), such as MCP-1, IL-6, 
TNF-α, etc., which in turn initiate local inflammation 
and leukocyte accumulation (18).

MCP-1 is expressed by a variety of cell types, 

including monocyte, macrophage, endothelial cell 
(EC), vascular smooth muscle cell (VSMC), podocyte, 
adipocyte and fibroblast, etc. The expression of MCP-1 
in all kinds of cells listed above is low under normal 
physiological conditions, once given the stimulations 
such as increased blood glucose, advanced glycation end 
products (AGEs), hyper-lipemia, angiotensin II (Ang 
II), oxidative stress, interleukin-1 (IL-1), TNF-α, et 
al., the expression of MCP-1 is obviously up-regulated 
(19,20). Increased serum MCP-1 level in humans 
correlates with markers of metabolic disorder including 
obesity, IR, and T2DM (21-23). MCP-1 accelerates 
the onset of atherosclerosis, as it attracts monocytes 
to the inflammatory sites of vascular subendothelial 
space, initiating the migration of monocytes into the 
arterial wall to form excessive macrophage-derived 
foam cells (24). It also participates in the early renal 
injury through activation of lysosomal enzymes and 
proteolytic enzymes in mononuclear macrophages 
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and overproduction of ROS (25). Chow and cols. 
(26) reported that the MCP-1 genetic knockout 
mouse displayed amelioration of diabetic albuminuria, 
reduction in renal fibrosis, preservation of kidney 
clearance function, and decreased accumulation of 
macrophages. 

Increasing evidence shows that short-term insulin 
intensive therapy can alleviate glucose toxicity, 
lipotoxicity and IR, and improve islet β cell function in 
newly diagnosed type 2 diabetics, but the study about 
its effect in inhibiting the MCP-1 and NF-κB expression 
in diabetic patients in vivo has not been reported. Two 
large, prospective, randomized controlled studies 
showed that intensive insulin therapy in hyperglycemic 
patients in a surgical intensive care unit (ICU) resulted 
in a 50% reduction in mortality, along with several other 
benefits, including a reduction in the incidence of renal 
failure, septicemia and ICU neuropathy. Insulin infusion 
also lowered circulating levels of MCP-1, intracellular 
adhesion molecule-1 (ICAM-1) and E-selectin in 
patients with prolonged critical illness (27,28). Aljada 
and cols. (29) reported that insulin could inhibit NF-
κB and MCP-1 expression in human aortic endothelial 
cells. Treatment of Akita mice with insulin implants 
for 20 weeks normalized hyperglycemia and decreased 
urinary albumin excretion (30). This study showed that 
two weeks of intensive insulin therapy reduced MCP-
1 expression on the monocyte surface, serum MCP-1 
level, NF-κB expression in monocyte, peripheral blood 
WBC and N%, which further demonstrated the anti-
inflammatory effect of insulin therapy. So an earlier 
initiation of insulin intensive treatment may be more 
effective in providing long-term efficacy against the 
complications of T2DM.

The mechanisms underlying the anti-inflammatory 
effect of insulin therapy are, however, unclear, but it 
can be proved as follows: 1) Insulin can activate some 
signaling pathways, including PI3K, protein kinase B/
Akt, and mitogen-activated protein kinases (MAPK) 
such as p38, p42/p44, and JNK (31), activation 
of those signaling pathway is known to limit pro-
inflammatory gene expression (28,32-34). 2) Insulin 
therapy has been reported to increase the production 
and release of anti-inflammatory cytokines such as 
IL-2 and IL-4 IL-10, and anti-inflammatory signal 
transcription factor mRNA expression of SOCS-3 
and RANTES (35). 3) Long-term hyperglycemia has 
been proven to activate NF-κB and upregulate the 
expression of MCP-1 gene, insulin intensive treatment 

can control hyperglycemia more quickly (36).  
4) Hyperglycemia can induce intracellular oxidative 
stress which results in the expression of pro-inflammatory 
cytokines gene. Dandona and cols. (37) showed 
that insulin therapy could decrease the production 
of ROS. Recent research also confirms that insulin 
played a significant role in the regulation of the cellular 
redox balance via Nrf-2 dependent pathway (38-40).  
5) Insulin therapy can attenuate the IR, which is related 
to the inflammatory reaction in vivo. In this trial, we 
also found that short-term insulin intensive therapy 
improved IR in newly-diagnosed T2DM patients.  
6) The dyslipidemia of T2DM also results in an increase 
in circulation concentrations of inflammatory cytokines 
(41). Hayashi (42) demonstrates that intensive insulin 
therapy reduced serum small dense LDL particles and 
TG levels in type 2 diabetics. In the present study, we 
also found that serum TC, TG, LDL-C levels in diabetic 
patients were higher than those in the control group, 
and, furthermore, their levels decreased after two weeks 
of intensive insulin therapy, which indicated that insulin 
may exert an anti-inflammatory effect partly through 
its hypolipidemic effects. 

In this study, we observed that the UACR was also 
reduced in type 2 diabetics after two weeks of treatment, 
which indicates that insulin intensive treatment could 
ameliorate micro-albuminuria, which may be partially 
related to the reduction of the expression of MCP-1 
and NF-κB. 

In summary, our primary study shows that insulin 
therapy can reduce the MCP-1 expression on the 
monocyte surface, serum MCP-1 level and NF-κB 
expression in monocyte, which indicates that short-term 
insulin intensive treatment can alleviate the increased 
micro-inflammatory state in T2DM patients. But the 
mechanisms of insulin therapy in anti-inflammation 
must be further evaluated. We also discovered that 
reduced expression of MCP-1 and NF-κB were not 
related to the changes of FBG and P2hBG, which 
requires more cases and long-term studies to research 
whether or not the anti-inflammatory effect of insulin 
therapy is independent of its hypoglycemic effects.
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TSH-receptor antibodies may 
prevent bone loss in pre- and 
postmenopausal women with Graves’ 
disease and Graves’ orbitopathy

Mira Siderova1, Kiril Hristozov1, Aleksandra Tsukeva2

ABSTRACT
Objective: Thyrotoxicosis is established risk factor for osteoporosis due to increased bone turnover. 
Glucocorticoids often administered for Graves’ orbitopathy (GO) have additional negative effect 
on bone mineral density (BMD). Our aim was to examine the influence of thyroid hormones, TSH, 
TSH-receptor antibodies (TRAb) and glucocorticoid treatment on bone in women with Graves’ 
thyrotoxicosis and Graves’ orbitopathy (GO). Subjects and methods: Forty seven women with 
Graves’ disease, mean age 55.6 ± 12.8 (23 women with thyrotoxicosis and 24 hyperthyroid with 
concomitant GO and glucocorticoid therapy) and 40 age-matched healthy female controls were 
enrolled in the study. We analyzed clinical features, TSH, FT4, FT3, TRAb, TPO antibodies. BMD of 
lumbar spine and hip was measured by DEXA and 10-year fracture risk was calculated with FRAX 
tool. Results: The study showed significantly lower spine and femoral BMD (g/cm2) in patients with 
and without GO compared to controls, as well as significantly higher fracture risk. Comparison 
between hyperthyroid patients without and with orbitopathy found out significantly lower spine BMD 
in the first group (p = 0.0049). Negative correlations between FT3 and femoral neck BMD (p = 0.0001), 
between FT4 and BMD (p = 0.049) and positive between TSH and BMD (p = 0.0001), TRAb and BMD 
(p = 0.026) were observed. Fracture risk for major fractures and TRAb were negatively associated  
(p = 0.05). We found negative correlation of BMD to duration of thyrotoxicosis and cumulative steroid 
dose. Conclusions: Our results confirm the negative effect of hyperthyroid status on BMD. TRAb, 
often in high titers in patients with GO, may have protective role for the bone, but further research is 
needed. Arch Endocrinol Metab. 2018;62(2):221-6
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INTRODUCTION

T hyroid hormones (TH) are one of the major 
regulators involved in bone metabolism and 

development among other regulators (1). They 
play a crucial role in the skeletal growth, peak bone 
mass acquisition and maintenance of bone mass. 
Triiodothyronine (T3) plays a primordial role in 
the skeletal homeostasis and stimulates osteoblast 
differentiation and activity by complex direct actions 
on TH-receptors and indirect mechanisms, involving  
diverse growth factors and cytokines (2). T3 also 
stimulates osteoclast differentiation and bone 
resorption, but it still remains unclear whether this effect 
results from direct action in osteoclasts or indirectly 
through RANK-RANKL system (3). Thyrotoxicosis 
is an established risk factor for secondary osteoporosis 
due to increased bone turnover (4). Glucocorticoids 

often administered for Graves’ orbitopathy (GO) have 
additional negative impact on bone mineral density 
(BMD) in these patients by diminishing bone formation. 

The circulating antibodies specific to hyperthyroid 
Graves’ disease are directed against the TSH-receptor 
(receptor for thyroid stimulating hormone) on the cell 
surface of thyroid follicular cells and behave as thyroid-
stimulating antibodies (5). There is now evidence that 
TSH-receptor is also expressed widely in a variety of 
extrathyroidal tissues including orbital preadipocyte 
fibroblasts, playing a pivotal role in the pathogenesis 
of GO, and bone (6). Recent studies have shown that 
TSH acts as a direct regulator of bone remodeling 
through TSH-receptors both on osteoblasts and 
osteoclasts, highlighting the importance of integrity 
of the hypothalamo-pituitary-thyroid axis (7). Given 
that TSH receptor signaling has a functional role in the 
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bone, we could expect that TSH receptor antibodies 
(TRAb) may also affect bone metabolism. There are 
conflicting results in the literature regarding the bone 
effect of TRAb, ranging from bone protection to 
accelerated bone loss (8-10). Some authors explain 
this phenomenon in the context of the thyroid status 
(overt or subclinical hyperthyroidism or restored 
euthyroidism), others by the type of TRAb (stimulating 
or blocking) (8-11). 

The aim of this study was to examine the influence 
of TH, thyroid antibodies and glucocorticoid treatment 
on bone by assessing BMD and fracture risk in women 
with Graves’ thyrotoxicosis alone or with Graves’ 
orbitopathy (GO) and steroid treatment.

SUBJECTS AND METHODS

Forty seven females with Graves’ disease, mean age 55.6 
± 12.8 (23 women with Graves’ thyrotoxicosis without 
orbitopathy and 24 thyrotoxic with concomitant active 
moderate-to-severe GO and glucocorticoid therapy) 
were enrolled in the study. Graves’ disease was previously 
diagnosed and mean duration of hyperthyroidism was 
43.6 ± 19.2 months in patients without orbitopathy 
and 32.0 ± 18.5 months in patients with orbitopathy 
(p = 0.45). At the time of study enrollment 29 patients 
were in overt hyperthyroidism (16 without orbitopathy 
and 13 with orbitopathy) and 18 had subclinical 
hyperthyroidism (7 without and 11 with orbitopathy; 
p = 0.37). Forty healthy women, mean age 53.2 ± 7.1, 
without thyroid disease served as age-matched controls. 
Informed consent was obtained from all patients. 

Clinical evaluation including weight, height, body 
mass index (BMI), cardiovascular parameters, electro-
cardiography and thyroid ultrasound were performed. 
Assessment of GO activity was carried out using the 
clinical activity score (CAS) consisting of seven items: 
spontaneous retrobulbar pain, pain on attempted up or 
down gaze, redness of the eyelids, conjunctival redness, 
swelling of the eyelids, chemosis, inflammation of the 
caruncle and/or plica; the final score was calculated as 
the sum (1 point for each) of all items with CAS ≥ 3/7 
points indicating active GO. Severity of GO was assessed 
according to NOSPECS classification. Data on duration 
of thyrotoxicosis, duration of GO, cumulative dose and 
duration of glucocorticoid treatment were collected.

Serum levels of TSH, FT4 (free thyroxine), FT3 
(free triiodothyronine), TSH receptor antibodies 
(TRAb) and TPO antibodies were analyzed through 

chemiluminescent immunoassays (Siemens Healthcare 
Diagnostics) on ADVIA Centaur XP and Immulite 
2000 systems with following reference ranges: TSH 
0,4-4,0 mU/l; FT4 10,3-24,0 pmol/l; FT3 2,8-
6,5 pmol/l; TRAb with normal range < 1IU/l and  
TPO-Ab 10-100 U/mL.

BMD of total hip, femoral neck and lumbar spine 
(L1-L4) was measured by GE-Lunar Prodigy DEXA 
and the 10-year fracture risk was calculated with FRAX 
tool (https://www.shef.ac.uk/FRAX/tool.jsp). This 
was first BMD measurement for all participants, so they 
could not provide any information of previous BMD or 
bone metabolic markers. Neither patients, nor controls 
were taking calcium or vitamin D3 supplementation. 

Statistical analysis of the data was performed by 
SPSS v.19.0 (SPSS, Chicago, USA). The data are 
expressed as mean ± standard deviation (SD). Student’s 
T-test was used to compare continuous variables. Non-
metric variables were presented by relative frequency 
distribution (in percentages). Fisher’s exact test was 
used to detect differences between the groups. The 
Spearman correlation method was performed between 
different measured parameters. A p-value (two-tailed) 
of less than 0.05 was considered statistically significant 
with statistical power 80% for the sample size. 

RESULTS

Patients and controls did not differ for age, prevalence 
of smokers and premenopausal women. Four women of 
the patients’ group had fractures (2 with and 2 without 
steroid treatment). Both patients on steroid treatment 
had a vertebral fracture, whereas one patient without 
steroid treatment had a vertebral fracture and the other 
had a distal radius fracture. Although there was no 
significant difference in BMI (25.3 ± 3.23 vs 26.1 ± 3.53,  
p = 0.29), the body weight was lower in the patients’ 
group (64.8 ± 7.9 vs 69.1 ± 9.2, p = 0.025), but weight 
loss is a well known clinical characteristic of Graves’ 
disease. The study showed significantly lower BMD 
(g/cm2) at spine, total hip and femoral neck in patients 
compared to healthy controls (p < 0.0001; p < 0.0001;  
p = 0.0002). The results are summarized in Table 1.

Both subgroups of patients with and without GO had 
lower BMD than controls (p = 0.0002; p < 0.0001), as 
well as significantly higher 10-year fracture risk for major 
osteoporotic and hip fractures (p < 0.0001; p < 0.0001). 

Comparison between patients with Graves’ 
thyrotoxicosis without orbitopathy and those with 
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Table 1. Comparison between clinical characteristics, laboratory exams, DEXA and FRAX assessment in patients and controls

Patients
(Thyrotoxicosis with/ 

without GO)
Healthy controls p-value

Number 47 40

Mean age (years) 55.6 ± 12.8 53.2 ± 7.1 p = 0.25            NS

Weight (kg) 64.8 ± 7.9 69.1 ± 9.2 p = 0.025*           S

BMI (kg/m2) 25.3 ± 3.23 26.1 ± 3.53 p = 0.29             NS

TSH (mU/l) 0.0185 ± 0.13 1.840 ± 0.96 p < 0.001**         S

TRAb (IU/l)  16.2 ± 13.32 Negative (< 1.0) p < 0.0001***      S

Women in menopause

Mean age of menopause

36/47

47.7

31/41

48.6

p = 0.327          NS

p = 0.391          NS

BMD spine (g/cm2) 0.994 ± 0.15 1.197 ± 0.08 p < 0.0001***     S

BMD total hip (g/cm2) 0.885 ± 0.12 0.999 ± 0.07 p < 0.0001***     S

BMD fem. neck (g/cm2) 0.845 ± 0.11 0.920 ± 0.06 p = 0.0002***     S

FRAX (major osteoporotic fractures %) 6.85 3.49 p < 0.0001***     S

FRAX (hip fractures %) 1.95 0.36 p < 0.0001***     S

NS: not significant, p > 0.05; */S: significant; p = 0.01-0.05; **: very significant, p = 0.001-0.01 ***: extremely significant, p < 0.001.

Table 2. Comparison between clinical characteristics, laboratory exams, DEXA and FRAX assessment in Graves’ patients with and without Graves’ orbitopathy 

Graves’ disease without 
orbitopathy

Graves’ disease with orbitopathy 
(GO) p-value

Number 23 24

Mean age (years) 58.5 ± 11.9 52.6 ± 12.3 p = 0.14         NS

Women in menopause 20/23 16/24 p = 0.17        NS

Duration of hyperthyroidism (months) 43.6 ± 19.2 32.0 ± 18.5 p = 0.45         NS

TSH (mUI/l) 0.017 ± 0.12 0.019 ± 0.14 p = 0.62         NS

TRAb (IU/l) 15.58 ± 13.0 16.61 ± 13.5 p = 0.88         NS

BMD spine (g/cm2) 0.936 ± 0.14 1.059 ± 0.15 p = 0.0049**   S

BMD total hip (g/cm2) 0.863 ± 0.11 0.9123 ± 0.12 p = 0.205       NS

BMD fem. neck (g/cm2) 0.836 ± 0.11 0.858 ± 0.11 p = 0.517       NS

FRAX (major osteoporotic fractures %) 5.97 7.91 p = 0.200       NS

FRAX (hip fractures %) 1.64 2.32 p = 0.313       NS

NS: not significant, p > 0.05. **: very significant, p = 0.001-0.01.

additional steroid-treated Graves’ orbitopathy found 
out significantly lower spine BMD in the first subgroup  
(p = 0.0049). However, the duration of thyrotoxicosis 
in this first subgroup was longer (43.6 vs 32 months, p = 
0.45). The GO subgroup was younger than the subgroup 
without orbitopathy, but this diffenrence did not reach 
statistical significance (52.6 ± 12.3 years vs. 58.5 ± 11.9 
years, p = 0.14). Although the study population was 
heterogeneous concerning menopausal status, there was 
no significant difference in number of postmenopausal 
women between the subgroup without GO and that 
with GO (20/23 vs 16/24, p = 0.17). Table 2 presents 
the analysis of both subgroups of hyperthyroid patients.

In patients’ group as a whole we observed negative 
correlation between FT3 and BMD (p = 0.019 for spine; 
p = 0.0001 for total hip and p = 0.0001 for femoral 

neck), as well as between FT4 and BMD of femoral 
neck (p = 0.049). Data are presented in Table 3. There 
was a positive association between TSH and BMD with 
statistical significance for total hip and femoral neck 
(p = 0.0001; p = 0.0001). We found also significant 
positive correlation between TRAb and BMD (p = 
0.006 for spine; p = 0.013 for total hip and p = 0.026 
for femoral neck) and a negative correlation between 
TRAb and fracture risk for major fractures (p = 0.050). 
The analysis showed negative association of BMD to 
duration of steroid treatment for GO and cumulative 
steroid dose with significance for total hip (p = 0.016; 
p = 0.030) and femoral neck (p = 0.011; p = 0.020). 
There was also negative correlation between BMD 
and duration of thyrotoxicosis (p = 0.048 for spine;  
p = 0.045 for total hip and p = 0.040 for femoral neck). 
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DISCUSSION

Thyrotoxicosis is a well-established cause for high 
bone turnover osteoporosis and fragility fractures 
(12). Our study demonstrates lower bone mineral 
density at axial skeleton (spine and hip) in hyperthyroid 
perimenopausal women with Graves’ disease compared 
to healthy controls in accordance with results of many 
other authors (12,13). Some studies have proved that in 
premenopausal women this decrease in the bone density 
is observed mainly in cortical bone (femoral neck) 
similarly to other examples of secondary osteoporosis 
(14). Histomorphometric analysis has shown that 
thyrotoxicosis results in an increased frequency of 
bone remodelling cycle initiation and a shortened cycle 
duration (15). The bone formation phase is reduced to 
a greater extent than the resorption phase, leading to a 
10% loss of bone per cycle (15,16).

Our results showed unexpectedly lower spine 
BMD in the subgroup of Graves’ patients without 
orbitopathy than that of the subgroup with GO, despite 
the steroid treatment in the latter. This phenomenon 
could be partially explained with the longer duration 
of thyrotoxicosis in the subgroup of patients without 
GO. The difference in age and menopausal status was 
not significant between the two subgroups to affect the 
findings at lumbar spine BMD.

Another factor influencing the difference in BMD 
between hyperthyroid patients with and without GO 
is the short duration and low cumulative dose of 
steroid treatment in GO subgroup. Since we aimed 

to include patients in the study and to perform DEXA 
scan as soon as possible, the cumulative dose of already 
started steroid treatment was relatively low (2050 
± 1200 mg) as well as duration of steroid treatment 
for GO was relatively short (3,1 ± 1.9 months). This 
confounding factor could also be the reason for the 
insignificant correlation between cumulative steroid 
dose/duration of steroid treatment and spine BMD in 
our study. The main effect of glucocorticoids on bone 
is inhibition of osteoblast function, leading to a 
decrease in bone  formation (17). Several studies and 
reports show a decrease in bone mineral density and an 
increased risk of fractures during glucocorticoid use for 
GO (18). Bone loss starts promptly after initiation of 
glucocorticoids and is mainly taking place in the first six 
months of treatment (17). 

Last but not least both TSH and TRAb were 
higher in the subgroup of GO patients although this 
difference did not reached statistical significance. 
Physiologically TSH stimulates T4 secretion by thyroid 
follicular cells (13,19), however, the effects of the 
hypothalamic–pituitary–thyroid (HPT) axis on its 
target organs are related to levels of TH and to the 
activities of the deiodinase enzymes that regulate the 
local concentration of triiodothyronine (T3). Thus, T4 
is a pro-hormone of the biologically active T3 (19,20). 
A recent study on human osteoblast cell line showed 
increased expression of deiodinase 2 (which converts 
T4 to T3) by administration of TSH, suggesting 
that TSH may indirectly promote bone turnover by 

Table 3. Correlations between clinico-laboratory parameters and BMD/fracture risk

BMD
Spine

BMD
total hip BMD femoral neck

FRAX
major osteoporotic 

fractures

FRAX
hip fractures

FT3 r -0.361 

p 0.019

r -0.635 

p 0.0001

r -0.665 

p 0.0001

r 0.262

p 0.117

r 0.267 

p 0.110

FT4 r -0.021 

p 0.807

r -0.100 

p 0.439

r -0.250 

p 0.049

r 0.037 

p 0.817

r 0.129 

p 0.416

TSH r 0.120 

p 0.282

r 0.418 

p 0.0001

r 0.539

p 0.0001

r -0.045 

p 0.688

r -0.263 

p 0.017

TRAb r 0.412 

p 0.006

r 0.380 

p 0.013

r 0.348 

p 0.026

r -0.292 

p 0.050

r -0.231 

p 0.07

TPOAb r -0.357 

p 0.024

r -0.421 

p 0.007

r -0.434 

p 0.005

r 0.229 

p 0.155

r -0.115 

p 0.481

Duration of steroid 
treatment for GO

r -0.434 

p 0.072

r -0.557 

p 0.016

r -0.585 

p 0.011

r 0.371 

p 0.129

r -0.05 

p 0.844

Cumulative dose of 
steroids

r -0.402 

p 0.100

r -0.515 

p 0.030

r -0.541 

p 0.020

r 0.397 

p 0.103

r 0.051 

p 0.841
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increasing local T3 availability (21). Furthermore, the 
HPT axis set-point in an individual is at least in part 
genetically determined and may influence fracture risk 
(22,23). 

Our results confirmed a negative correlation 
between FT3 and BMD at spine, total hip and femoral 
neck), as well as between FT4 and BMD of femoral 
neck. In the studies of van Rijn and cols. similar 
association was found in euthyroid perimenopausal 
women – higher fT4 levels within the normal reference 
range were independently related to decreased BMD at 
lumbar spine (13). 

It is well established that thyroid hormones (TH), 
acting via thyroid receptors alpha (TRα), promote 
catabolic actions on the adult skeleton (19,24). Some 
authors have proposed that TSH plays important role 
in bone tissue, which is independent of the actions of 
TH (7,25,26). This is supported by studies on mice 
with deletion of the TSHR gene, which show high 
TSH and low serum levels of TH. TH therapy in these 
mice affect body weight but not bone mass (7,27,28). 
Another study has suggested that TSH binding to 
its receptor in bone cells has beneficial effects on the 
skeleton through inhibition of osteoclastogenesis (29).

In the study of Tuchendler and Bolanowski BMD 
changes among premenopausal women with newly 
diagnosed hyperthyroidism before and after reaching 
normal thyroid function were assessed (14). There 
was a clear decrease in the BMD at femoral neck of 
hyperthyroid patients compared to controls, as well 
as higher serum concentrations of osteocalcin and 
collagen type 1 crosslinked C-telopeptide (14). Despite 
the increase in BMD after one year of methimazol 
treatment and restoration of euthyroidism, significantly 
lower femoral neck BMD was observed in patients 
compared to controls, indicating that correcting the 
hormonal dysfunction does not fully normalize bone 
density (14). Probably the effect of TSH which is the last 
to normalize and the TSH-Ab is responsible for these 
observations. Another study of Haras and cols. proved 
that TSH raise during treatment of hyperthyroid patients 
is the best predictor for bone density increase (30).

Our data revealed a positive significant correlation 
between TSH and BMD, as well as between TRAb 
and BMD, and a negative association between TRAb 
and fracture risk. Similarly, Ma and cols. suggested that 
in Graves’ disease the antibody TRAb decreases bone 
loss against the catabolic effects of high circulatory 
levels of TH (8). According to them, TSHR-Abs offer 

skeletal protection in hyperthyroid Graves’ disease, 
even in the face of high thyroid hormone and low 
TSH levels (8). By contrast, in Graves’ patients with 
subclinical hyperthyroidism with normal FT4 and FT3, 
TRAb were positively associated with bone metabolic 
markers, including B-ALP, U-PYD, and U-DPD (9). 
In the study of Ecolano and cols. patients with 
previous Graves’ disease hyperthyroidism and restored 
euthyroidism for at least 6 months were investigated 
(10). In postmenopausal women BMD of lumbar 
spine correlated negatively with TRAb and positively 
with the time of euthyroidism, but neither with serum 
T4 nor TSH (10). In a multiple regression analysis 
TRAb was the only significant independent variable 
in relation to lumbar spine BMD, which suggest 
that this antibody may affect bone metabolism (10). 
However, discrepancies exist in the results regarding 
the role of TRAb in bone metabolism. They could be 
summarized as bone protective role in the settings of 
overt hyperthyroidism (8) and accelerated bone loss in 
subclinical hyperthyroidism and euthyroidism (9,10) 
underlining the complex interactions of TH, TSH and 
TSH-R antibodies locally in the bone. Further studies 
are needed to elucidate their role, as well as the role of 
inhibiting TSH-R antibodies for bone metabolism. 

The strength of the current study is that all 
participants were peri-menopausal women within a 
narrow age range and they were not receiving hormone 
replacement therapy, neither calcium, vitamin D 
or anti-osteoporosis medication. However, several 
limitations of our study should be considered. First, 
DEXA scan was performed shortly after the start of 
steroid treatment in the group of patients with GO, 
which can not segregate the effect of steroids from the 
influence of TH, TSH and TRAb on bone metabolism. 
Second, bone metabolic markers were not measured in 
this study and they could add additional information to 
BMD conserning the effect of hypothalamic–pituitary–
thyroid axis and thyroid antibodies on skeleton. Third 
disadvantage is the lack of follow up and assessment 
of BMD after restoration of euthyroidism, especially in 
the cases that will appear with low or negative TRAb in 
the follow up. 

In conclusion, our results confirm the negative effect of 
hyperthyroid status on BMD. Whereas TH are negatively 
correlated with BMD, TSH has a positive influence. 
TSH-receptor antibodies, often in higher titers in patients 
with Graves’ orbitopathy, might have protective role for 
the bone, but further research is needed.  
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ABSTRACT
Androgenic insensitivity syndrome is the most common cause of disorders of sexual differentiation 
in 46,XY individuals. It results from alterations in the androgen receptor gene, leading to a frame 
of hormonal resistance, which may present clinically under 3 phenotypes: complete (CAIS), partial 
(PAIS) or mild (MAIS). The androgen receptor gene has 8 exons and 3 domains, and allelic variants 
in this gene occur in all domains and exons, regardless of phenotype, providing a poor genotype – 
phenotype correlation in this syndrome. Typically, laboratory diagnosis is made through elevated 
levels of LH and testosterone, with little or no virilization. Treatment depends on the phenotype and 
social sex of the individual. Open issues in the management of androgen insensitivity syndromes 
includes decisions on sex assignment, timing of gonadectomy, fertility, physcological outcomes and 
genetic counseling. Arch Endocrinol Metab. 2018;62(2):227-35

Keywords
Androgen insensitivity syndrome; androgen receptor; disorders of sex development; 46,XY DSD

INTRODUCTION

A ndrogen Insensitivity Syndrome (AIS) is an 
X-linked genetic disease and it is the most 

common cause of disorders of sex development (DSD) 
in 46,XY individuals (1). The phenotype ranges from 
normal female external genitalia in the complete form 
(CAIS) to normal male external genitalia associated 
with infertility and/or gynecomastia in the mild form 
(MAIS). A large spectrum of undervirilized male 
external genitalia is observed in the partial form (PAIS) 
(2). Mutations in the androgen receptor gene (AR) 
are found in most individuals with CAIS but in less 
individuals with PAIS (3). 

AIS was first described by Morris, in 1953, with the 
clinical description of 82 female patients with testes but 
female phenotype and for this reason Morris named 
the syndrome as testicular feminization (4). Later, 
this syndrome was characterized for being a condition 
resulting from a complete or partial resistance to 

androgens in 46,XY individuals with normal male 
gonad development (5).

PAIS should be considered in all individuals with 
atypical genitalia at birth regardless of the degree of 
external genitalia virilization and MAIS is a possible 
diagnosis in males with persistent gynecomastia and or 
infertility (6). 

Role of Androgens in Male Fetal Development: 
androgens are key elements for appropriate internal and 
external male sex differentiation. After normal testes 
development, the Leydig cells produce testosterone, 
which promotes Wolffian duct differentiation into 
epididymes, vasa deferentia and seminal vesicles (7). The 
conversion of testosterone to dihydrotestosterone by 
the 5α-reductase type 2 enzyme promotes male external 
genitalia differentiation (8). In humans, the critical period 
for genitalia virilization occurs between 8 and 14 weeks of 
gestation and depends on the presence of androgens and 
of a functioning androgen receptor (9). Impairment of 
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androgen secretion and defects in the androgen receptor 
will compromise the virilization process.  

THE HUMAN ANDROGEN RECEPTOR

The AR gene is located at chromosome Xq11-12, is 
encoded by eight exons and codifies a 919 aminoacids 
protein (Figure 1). The AR is a ligand-dependent 
transcription factor composed by three functional 
domains as the other nuclear receptors: a large 
N-terminal domain (NTD) (residues 1-555), a DNA-
binding domain (DBD) (556-623 residues), a hinge 
domain (624-665 residues) and a C-terminal ligand-
binding domain (LBD) (666–919 residues) (10). The 
NTD is encoded by exon 1 and contains a ligand-
independent transactivation function 1 (AF1), which 
contains two distinct transcription activation units: 
Tau-1 (aminoacids 100-370) and Tau-5 (aminoacids 
360-485), that are essential for full AR activity. The 
DBD is composed by two zinc fingers and connects the 
AR to promoter and enhancer regions of AR regulated 
genes by direct nuclear DNA binding allowing the 
activate functions of NTD and LBD (11). The LBD 
is encoded by exons 4-8 and contains 11 α-helices 
associated with two anti-parallel β-sheets in a sandwich-
like conformation with a central ligand binding pocket, 
in which the ligand can bind (12).

CLINICAL PRESENTATION

CAIS prevalence in 46,XY males is estimated from 1 in 
20.400 to 1 in 99.100 (13). Except in cases of familial 

inheritance, CAIS is diagnosed in three scenarios: in 
fetal life when prenatal sex determination disclosed 
a 46,XY karyotype in a fetus with female external 
genitalia; in childhood in a girl with inguinal hernia or at 
puberty in females with primary amenorrhea (14). The 
presence of inguinal hernia in a female child is rare and 
could indicate a CAIS diagnosis (13). Patients with AIS 
developed breasts with estradiol levels in normal male 
range suggesting that the lack of androgen action is the 
main driver of breast development in these patients, 
rather than an increased estrogen secretion. Menstrual 
cycles do not appear since normal production of anti-
mullerian hormone (AMH) by the testis impeded 
uterus, cervix and proximal vagina to development. A 
shortened blind-ending vagina is observed in almost all 
patients and the vaginal measurement varied from 2.5 
to 8 cm in CAIS and 1.5 – 4 cm in PAIS. Pubic and 
axillary hair are sparse or absent (1,14). 

Final height in CAIS is above normal mean female 
height, probably due to the action of the growth-
controlling gene (GCY) located at the Y chromosome 
(15). Interestingly, newborns with CAIS have the same 
size of male newborns, suggesting that postnatal factors 
are involved in the final height in these individuals (16). 
In our cohort, the final height of CAIS individuals (165.7 
± 8.9 cm) was taller than described for Brazilian females, 
but lower than expected for Brazilian males (15).

Differential diagnosis of CAIS includes complete 
gonadal dysgenesis, Mayer-Rokitanski-Kuster-
Hauser syndrome and Mullerian ducts anomalies (1). 
Biosynthetic enzyme deficiencies are rarely a differential 
diagnosis for CAIS (8,17).

Figure 1. A schematic representation of androgen receptor gene and androgen receptor protein.
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The PAIS clinical phenotype varies according to 
the degree of AR residual function and ranges from 
proximal hypospadias to micropenis (18). Hypospadias 
are a common finding with an estimated prevalence of 
1:8000 male births and AR sequencing is necessary to 
exclude PAIS diagnosis (19). Gynecomastia observed 
at puberty time in patients with atypical genitalia can 
be indicative of PAIS (2,20). Differential diagnosis of 
PAIS includes all causes resulting in a undervirilized 
male external genitalia such as chromosomal defects 
(Klinefelter syndrome), genetic diseases (Smith-Lemli-
Opitz syndrome, Denys-Drash syndrome, Frasier 
syndrome), partial gonadal dysgenesis, LH receptor 
defects, biosynthetic enzyme deficiencies (17,20-lyase 
deficiency, P450 oxidoreductase deficiency, 
17β-hydroxysteroid dehydrogenase deficiency type 3, 
5α-reductase 2 deficiency and hypospadias in small for 
gestation age boys (8,17). 

MAIS is associated with AR mutations but without 
external genitalia abnormalities (6). This diagnosis 
could be suspected in the investigation of male infertility 
or in pubertal gynecomastia (14,18). There are few AR 
mutations associated exclusively with MAIS, but this 
condition is probably underdiagnosed (3,6).

MAIS can also manifest in a patient with neurological 
disorder characterized by bulbar and muscular atrophy 
(Kennedy’s disease). This condition is due to the 
hyperexpansion of the CAG repeats (> 38), present in 
AR exon 1 (21). These patients present with normal 
male external genitalia, but testosterone resistance 
will develop with disease progression. For MAIS, the 
differential diagnosis includes other causes of male 
infertility.

ENDOCRINE FEATURES

In AIS the endocrine profile is consistent with androgen 
resistance characterized by elevated or normal basal 

serum testosterone levels associated with high serum 
LH levels (22). Elevated serum AMH and testosterone 
levels in a newborn suggest the diagnosis of androgen 
insensitivity and also exclude the diagnosis of complete 
gonadal dysgenesis (23). In postpuberal patients 
estradiol levels are normal or slightly elevated for a male 
individual (22). This pattern is seen at mini-puberty or 
after puberty. During childhood when gonadotropin 
axis is not activated, a hCG stimulation is necessary to 
evaluate testosterone secretion by Leydig cells (24). In 
MAIS, hormone concentrations are usually normal, 
but elevated serum LH and testosterone levels could 
be found in these patients (19).

Typically in AIS, basal testosterone and LH levels 
are elevated demonstrating the impairment of androgen 
negative feedback on the anterior pituitary (22). In 
contrast, FSH levels are usually normal in AIS. This is 
explained by the fact that FSH is mainly regulated by 
gonadal inhibin (25). Although there are differences in 
the AR residual function among the mutated receptors 
between CAIS and PAIS phenotypes, no difference 
are observed in hormonal levels (20,22). Serum LH, 
FSH estradiol, DHT were not different in subjects with 
CAIS and PAIS (Table 1). 

MOLECULAR DEFECTS IN THE ANDROGEN 
RECEPTOR GENE 

The AIS diagnosis is confirmed by the presence of 
allelic variants in the AR gene (1,26). About 30% of 
AR mutations in AIS are de novo and sequencing of 
the entire AR gene is recommended for all 46,XY DSD 
newborns, regardless of a familial history of DSD or AIS 
(26). In the absence of allelic variants in AR a multiplex 
ligation-dependent probe amplification (MLPA) can 
be helpful in order to detect deletions, insertions and 
duplications in the AR gene (26). There are more than 
1000 AR mutations described in a website database 

Table 1. Basal hormone levels in patients with AIS

Phenotype LH
(U/L)

FSH
(U/L)

Testosterone
ng/dL

Estradiol
pg/mL Reference

CAIS

n = 11

14 – 43*

26**

3.5 – 16*

7.4**

186 – 1033* 

342**

10 – 40* 

27**

(22)

PAIS

n =  14

9 – 32*

26**

– 34*

5.0**

157 – 1592* 

1032

20 – 109*

49

(22)

CAIS

n = 42

5.5 – 51

18.5

0.4 – 16**

3.5*

173 – 1497* 

576**

4.8 – 70* 

30.7**

(60)

* Range; ** Median.
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associated with AIS and prostate cancer (http://www.
mcgill.ca/androgendb) and around 600 of them were 
described in AIS (3). Mutations are found along the 
AR gene, being more frequent in exon 1 (the largest 
AR exon, which encodes the NTD). Defects in the 
NTD domain are more frequent in CAIS’s patients 
and variants in exons 5 and 6 (that encode LBD) are 
more frequent in PAIS’s patients (3). Almost all AR 
mutations in MAIS were found in the NTD, but 
there is a low number of AR mutations related to this 
phenotype. 

The most common AR allelic variants in all AIS 
phenotypes are non-synonymous point mutations. 
Insertions and deletions causing a frameshift leading 
to a premature stop codon downstream are more 
frequently reported in CAIS’s patients. Allelic variants 
affecting mRNA splicing are reported in CAIS and 
PAIS phenotypes. Rarely, synonymous allelic variants 
affecting splicing sites has been described in PAIS (27) 
and in CAIS individuals (28).

Large structural mutations (exon 1 deletion, exon 2 
duplication, exon 3 deletion, exon 4-8 (LBD domain) 
deletion and deletion of entire AR gene) have been 
described but are very rare in AIS (3). Interesting, 
a deletion of an entire exon (exon 4) was previously 
described in a phenotypic male with azoospermia (29).

Postzygotic AR allelic variants resulting in somatic 
mosaicism are rarely described in AIS (30). In this 
situation the variant appears in heterozygote instead of 
hemizygote state. AR allelic variants in heterozygosis 
was also identified in some individuals with 47,XXY 
karyotype causing AIS (31).

There is not a perfect correlation between genotype 
and phenotype in AIS. In the AR mutation database, 
there are some AR allelic variants that can cause 
different phenotypes (Table 2). The explanation for 
this is not completely understood. It is hypothesized 
that AR co-regulators (activators and repressors) are 
implicated with this phenomenon. Other possibilities 
are variations in the level of 5α-reductase type 2 activity 
resulting in different DHT availability, and the presence 

of germ-line AR allelic variants at a post zygote stage 
conferring somatic mosaicism (31).

CLINICAL MANAGEMENT OF AIS 

AIS patients have complex issues including functional, 
sexual and psychosocial aspects. Sex assignment, 
external genitalia adequacy for social sex, hormonal 
replacement, psychosexual outcome, ideal time for 
gonadectomy, infertility and genetic counseling are 
issues that need attention in AIS care. All of them 
demand flexible, sensible and individualized procedures 
to achieve good results. 

CLINICAL MANAGEMENT OF CAIS

After diagnosis, the first aspect to be considered is the 
time for bilateral gonadectomy. In a girl, maintenance of 
the gonads will allow spontaneous breast development, 
though breast development is similar with estrogen 
replacement in gonadectomized females. So far, 
gonadectomy is performed at early age, in order to avoid 
the risk of malignancies and the psychosocial difficulties 
in submitting an adolescent female to gonadectomy 
(24). When gonadectomy is performed before puberty, 
estrogen replacement is necessary to induce puberty. 
In general, hormonal replacement is started at the 
age of 11-12 years with oral or transdermal estrogen. 
Both ways are adequate and the patient and family 
can choose the route in which the compliance will be 
better (18). Due to the absence of uterus, progesterone 
replacement is not necessary. 

Genitoplasty is not necessary in CAIS and vaginal 
dilation promotes an adequate vaginal length vaginal 
dilation should occur after puberty or when the 
patient refers to desire to initiate sexual activity (32). 
Most of the individuals (80%) who were submitted to 
vaginal dilation referred satisfactory and some of them 
reported dyspareunia (33). There are many vaginoplasty 
techniques (34), but non-surgical dilation is effective, 
safe, non expensive and normalizes vaginal length and 

Table 2. AR allelic variants identified in more than one AIS phenotype (3) 

Allelic variants Phenotype

p.Leu174, p.Arg616Pro, p.Asn693del, p.Asn706Ser,p.Gly744Val, p.Met746Phe, p.Met750Val, p.Trp752*, p.Ala766Thr, p.Pro767Ser,  
p.Arg775His, p.Arg841His, p.Ile843Thr, p.Val867Met, p.Val890Met, p.Ser704Gly

CAIS, PAIS

p.Pro392Ser, p.Leu548Phe, p.Arg616His, p.Asp696Asn, p.Met781Ile, p.Arg856His, p.Ala646Asp CAIS, PAIS, MAIS

p.Tyr572His, p.Arg608Gly, p.Asn757Ser, p.Arg789Ser, p.Gln799Glu, p.Thr801Ile, p.Ser815Asn, p.Leu822Val, p.Ala871Gly, p.Gly216Arg,  
p.Arg608Gly

PAIS, MAIS
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sex intercourse (32). Because of that, surgical creation 
of a vagina should be avoid regardless of the surgical 
technique (32). 

CLINICAL MANAGEMENT OF PAIS 

PAIS diagnosis is usually suspected in a newborn with 
atypical genitalia and palpable gonads. Most of the 
patients are raised as male. The degree of external 
genitalia virilization is related to the residual AR 
function and can be predictive of androgen response at 
puberty. In male patients, correction of cryptorchidism 
and hypospadias are recommended as soon as possible, 
preferably before two years of age (35). 

PAIS males frequently develop gynecomastia at 
puberty and surgical correction is generally necessary 
(22). High testosterone or DHT trials (intramuscular 
or topic testosterone esters or topic DHT) can be 
use to increase penile length and to improve other 
virilization signs (18,30). The results are unpredictable 
but are usually limited. Maximum virilization effect 
is observed after 6 months of high androgen usage 
treatment, subsequently, androgen therapy can be 
withdrawn in the patients with normal testes and 
preserved testosterone secretion. 

For individuals raised as females, bilateral 
gonadectomy is recommended in childhood to avoid 
virilization and to eliminate the risk of testicular tumors 
(36). Genitoplasty is usually necessary in PAIS females 
and estrogen replacement is mandatory at pubertal 
time, with similar recommendation as describe for 
CAIS patients (15). 

For MAIS, there is little information about 
clinical outcomes. Gynecomastia and infertility are 
the usual clinical presentation of this phenotype (6) 
and mastectomy is recommended for gynecomastia 
correction. This phenotype is observed in individuals 
with Kennedy’s disease, which is more commonly 
known as spinal and bulbar muscular atrophy (SBMA). 
This syndrome is caused by an excessive number of CAG 

repeats in the AR exon 1 and a number of patients also 
have testicular atrophy, gynecomastia, oligospermia 
and erectile dysfunction (37).

HORMONAL REPLACEMENT IN AIS

Hormonal replacement is mandatory for all 
gonadectomized individuals. In females, the purpose 
is the development of secondary sexual characteristics 
and an adequate and bone mass (2). Estrogen can be 
introduced in low doses (one quarter of the adult dose), 
at 9 – 11 years of age, with titration of this dosage every 
6 months (20). The time for complete feminization 
is expected to be about 2 years. Oral or transdermic 
estrogen are alternative ways for estrogen replacement. 
The initial dose is 0.25 mg/day of 17β-estradiol 
increasing the dose each 6 months considering the 
progression of breast development. After complete 
breast development, a regular dose can be introduced 
(1-2 mg/day of 17β-estradiol continuously) (9). 

In male individuals, the testes are able to produce 
testosterone. In male AIS, at pubertal age, high 
testosterone doses (200–500 mg twice a week) can be 
used, in order to increase the penile size and to promote 
virilization (1). Maximum penile length is obtained 
after six months of treatment with high testosterone 
doses. After this period, the dose of testosterone when 
necessary should return to the maintenance dose. The 
use of DHT in male PAIS has been tested (0.3 mg/kg 
of androstanolone gel 2.5% for 4 months) and mixed 
results were obtained following DHT therapy (38).

GONADAL TUMOR RISK IN AIS

Disorders of sex development are recognized as a risk 
factor for type II germ cell tumors (GCTs). These tumors 
are classified as seminomatous and non-seminomatous 
types (39). The seminomatous tumors referred to 
seminoma (testis) and to dysgerminoma (ovary and 
dysgenetic gonads). In the non-seminomatous group, 
many differentiated variants can be identified according 
to the cellular origin, being the teratomas from somatic 
differentiation, yolk sac tumor and choriocarcinoma 
from extra-embryonic differentiation, and embryonal 
carcinoma from stem cells (27). These tumors derivate 
from a non-invasive precursor named carcinoma 
in situ – CIS – or Intrabular germ cell neoplasia 
unclassified – IGCNU). In 2016, the World Health 
Organization suggested to change the nomenclature of 

Table 3. Types of androgen receptor allelic variants related to AIS reported 
in the androgen receptor mutations database

Type of defect CAIS PAIS MAIS

Non-synonymous 155 125 41

Stop codon 57 2 0

Indel 41 4 2

Duplication 6 0 0

Total 259 131 43
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this initial germinative neoplastic lesion from CIS or 
IGCNU to germ cell neoplasia in situ (GCNIS) (40). 
GCNIS are always non-invasive, but 50% of GCNIS 
progress to invasive GCTs within 5 years. The risk 
of GCTs development is related to the presence of a 
Y chromosome, but is not the same for the different 
etiologies of 46,XY DSD. So far, some factors, as 
chronological age and gonadal location can influence 
GCTs development (41). 

In CAIS, the risk of GCTs is considered low and 
related to age (36). The estimated risk of gonadal tumors 
in CAIS gonads was about 0.8% - 22% (42). However, 
most old series included patients without confirmed AR 
mutation or without description of age at gonadectomy. 
The reports of malignant GCTs before puberty in CAIS 
are very rare (43). There is only one documented report 
of an invasive yolk-sac tumor in a CAIS individual 
before puberty. This occurred in a 17-months-old 
CAIS girl with abdominal gonads (44). After puberty, 
the risk is low, but not negligible. In a study, including 
133 patients with CAIS, the gonads’ histological and 
immunohistochemical findings showed a prevalence of 
1.5% (2/133) for malignancies (45). The low incidence 
of GCTs in CAIS individuals can be explain by the rapid 
decline of germ cells after the first year of life (46). 

PAIS individuals may maintain their germ cells 
because of the presence of residual androgen receptor 
responsiveness, differently of CAIS (46). Therefore, the 
incidence of GCTs in PAIS (15%) is higher than in CAIS 
(42). In cases of PAIS with untreated undescended testes 
the GCTs risk may be as high as 50% (47). Therefore, 
laparoscopic bilateral gonadectomy is indicated in all 
PAIS females and orquidopexy in scrotum in the male 
patients (48). 

In patients who maintained the gonads, a careful 
monitoring including ultrasonography (US) or MRI 
has been suggested (43). Due to easy access and low 
cost, US remain the first choice for monitoring retained 
gonads. MRI has demonstrated adequate sensitivity to 
detect benign gonadal lesions, such as cysts or Sertoli 
cell adenomas, but failed to detect GCNIS (49). Annual 
US follow-up of labioscrotal and/or inguinal gonads 
is recommended. For abdominal gonads monitoring 
MRI is more helpful (50). 

FERTILITY IN AIS

A normal androgen receptor is necessary for normal 
male reproduction, because testosterone and FSH, are 

essential factors for male spermatogenesis. Therefore, 
mutations in the androgen receptor gene have been 
searched in order to identify possible causes for male 
infertility. As previously described, infertility may be the 
only clinical manifestation of undervirilization in MAIS 
phenotype (6,51). 

The strategy to obtain fertility in AIS individuals has 
not been defined yet (52). In CAIS, there is absence 
of uterus and testes histology reveals incomplete 
spermatogenesis, increased fibrosis, Leydig cell 
hyperplasia and low frequency of spermatogonia 
conferring a very low potential to fertility. In addition, 
the viability of male germ cells in CAIS is restricted to 
the first two years of life and for fertility in adult life germ 
cells should be preserved before this age (46). In PAIS 
individuals, some residual androgen receptor function is 
preserved, but not usually enough to promote fertility 
(46). Indeed, infertility is the rule in AIS (22).

Probably, fertility is the most sensitive outcome 
which depends of an intact androgen receptor. For it, 
MAIS individuals can present only infertility (6,51). 
However, the p.G824K and p.R840C AR variant 
allelics, were found in male individuals with preserved 
fertility (51,53).

A successful fertility was recently described in a 
PAIS individual harboring the p.V686A AR variant, 
after prolonged high-dose testosterone therapy 
(250 mg of testosterone enanthate weekly by four 
years) causing improvement in sperm count. The 
gonadotropin concentrations remained unaffected and 
intracytoplasmic sperm injection with a single sperm 
directly into an egg resulted in proved fertility (54).

In general, infertility in AIS is the rule. The evidence 
of sperm count improvement after high doses of 
testosterone (as described above) can be an indicative 
of fertility success, but should be tested in further 
studies as well as the use of aromatase inhibitors and 
clomiphene citrate to obtain fertility in these patients

PSYCHOLOGICAL OUTCOMES

Psychological support is essential for AIS individuals 
and their parents, in general (55). Dialogue about 
fertility, sexuality and karyotype are delicated issues to 
be approached with AIS individuals. 

The gender identity, gender role and sexual 
orientation show a female pattern in CAIS individuals. 
In PAIS patients, in general, gender identity aligned 
with both sex of rearing male or female (56).
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Gender change is very rarely described in CAIS and 
there are just four cases of gender change in individuals 
with CAIS (57). Therefore, gender dysphoria in CAIS 
is considered truly transgenderism. However, sexual 
functioning and sexual quality of life demonstrated less-
positive outcome in CAIS patients in comparison with 
normal woman (58).

Although there is no inconsistency in gender identity, 
male PAIS individuals show disappointment with 
undervirilization signs. The absence or paucity of facial 
and body hair, the high-pitched voice compromised 
their self-perception of manhood (59). In female 
individuals, low scores in feminility scales have been 
reported (58). An impairment of sexual functioning is 
reported in male and female PAIS individuals (58).

CONCLUSION

AIS is the most common molecular diagnosis in 
newborns with 46,XY DSD and results of an AR 
defect. It has an X-linked inheritance and affects 50% 
of the male offspring. In CAIS, the diagnosis can be 
done intrauterus, at birth, childhood or after puberty. 
In PAIS, the diagnosis is usually at birth due to the 
atypical external genitalia. In MAIS, the diagnosis 
should be considered in cases of pubertal gynecomastia 
and male infertility. AR defects are found along AR 
gene in all AIS phenotypes. Non-synonymous point 
mutations are the commonest AR defects reported 
in AIS. Molecular diagnosis is achieved in almost all 
patients with CAIS and in a lower frequency in PAIS 
individuals. AIS is characterized by elevated serum 
LH and testosterone. In CAIS, there is a low risk of 
GCTs before puberty and postponing surgery to after 
puberty may allow the development of spontaneous 
puberty. In PAIS there is a risk of GCTs in 15% of the 
patients, and bilateral gonadectomy is recommended at 
childhood in all individuals raised in the female social 
sex. For males with PAIS, the testis should be placed 
in the scrotum and regularly monitored. Fertility was 
described in one PAIS individuals, and therapeutic 
strategy for successful fertility could be experienced in 
PAIS and MAIS individuals. In AIS, gender identity 
usually follows the sex of rearing, but quality of sexual 
life, sexual functioning and quality of life can be slightly 
compromised and are important issues for keeping 
patients in psychological care. 
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ABSTRACT
Prolactinomas are the most common pituitary adenomas (approximately 40% of cases), and they 
represent an important cause of hypogonadism and infertility in both sexes. The magnitude of 
prolactin (PRL) elevation can be useful in determining the etiology of hyperprolactinemia. Indeed, 
PRL levels > 250 ng/mL are highly suggestive of the presence of a prolactinoma. In contrast, most 
patients with stalk dysfunction, drug-induced hyperprolactinemia or systemic diseases present 
with PRL levels < 100 ng/mL. However, exceptions to these rules are not rare. On the other hand, 
among patients with macroprolactinomas (MACs), artificially low PRL levels may result from the 
so-called “hook effect”. Patients harboring cystic MACs may also present with a mild PRL elevation. 
The screening for macroprolactin is mostly indicated for asymptomatic patients and those with 
apparent idiopathic hyperprolactinemia. Dopamine agonists (DAs) are the treatment of choice 
for prolactinomas, particularly cabergoline, which is more effective and better tolerated than 
bromocriptine. After 2 years of successful treatment, DA withdrawal should be considered in all 
cases of microprolactinomas and in selected cases of MACs. In this publication, the goal of the 
Neuroendocrinology Department of the Brazilian Society of Endocrinology and Metabolism (SBEM) 
is to provide a review of the diagnosis and treatment of hyperprolactinemia and prolactinomas, 
emphasizing controversial issues regarding these topics. This review is based on data published in 
the literature and the authors’ experience. Arch Endocrinol Metab. 2018;62(2):236-63

Keywords
Hyperprolactinemia; prolactinomas; pseudoprolactinomas; macroprolactin; hook-effect; dopamine agonists; pituitary 
surgery; temozolomide
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INTRODUCTION 

Hyperprolactinemia has multiple etiologies (Table 1) 
and is the most common endocrine disorder of the 

hypothalamic-pituitary axis (1-3). A prolactinoma is the 
most common cause of chronic hyperprolactinemia once 
pregnancy, primary hypothyroidism, and drugs that raise 
serum prolactin (PRL) levels have been ruled out (4-6).

Prolactinomas are the most common hormone-
secreting pituitary tumors,accounting for approximately 
40% of all pituitary tumors (2,6) In adults, prolactinomas 
have an estimated prevalence of 60-100 per million 
population (7,8), and in a population from three 
different districts of Belgium, prolactinomas have been 
reported to represent 73.3% of all pituitary adenomas, 
with a higher prevalence in women (78.2%) (9). Between 
the age of 20 and 50 years, the ratio between women 
and men is estimated to be 10:1, whereas after the fifth 
decade of life, both genders are equally affected (10,11). 
Although prolactinomas are rare at the pediatric and 
adolescent ages, they account for approximately half of 
all pituitary adenomas in that population (12). PRL-
secreting carcinomas are extremely rare (13).

effects of hyperprolactinemia on testes and ovaries. 
Hypogonadism can cause menstrual irregularity 
and amenorrhea in women, sexual dysfunction, 
infertility, and loss of bone mineral mass in both 
genders (15,16). Hyperprolactinemia can also reduce 
the libido independently of testosterone levels (17). 
In patients harboring macroprolactinomas, tumor 
mass effect symptoms, such as headache, visual 
changes, and, more rarely, cerebrospinal fluid (CSF) 
rhinorrhea, hydrocephalus and seizures, can also occur 
(1-3). Hypopituitarism beyond hypogonadism can 
occur if there is compression of the pituitary stalk or 
destruction of normal pituitary tissue (3,6,7). It is 
worth commenting that some women present with 
non-puerperal galactorrhea in the presence of regular 
menstrual cycles and normal PRL levels (18,19). 
This so-called “idiopathic galactorrhea” is estimated 
to be present in up to 40-50% of all women with 
non-puerperal galactorrhea (19,20). In contrast, the 
finding of galactorrhea in men is highly suggestive of a 
prolactinoma (2,18).

In this publication, the goal of the Neuroendocrino-
logy Department of the Brazilian Society of 
Endocrinology and Metabolism (SBEM) is to 
provide a review on the diagnosis and treatment of 
hyperprolactinemia and prolactinomas, emphasizing 
controversial issues regarding these topics. 

PROLACTIN SERUM ISOFORMS

The PRL size is heterogeneous in terms of circulating 
molecular forms. The predominant form in healthy 
subjects and in patients with prolactinomas is monomeric 
PRL (molecular weight of 23 kDa), while dimeric or big 
PRL (45-60 kDa) and big-big PRL or macroprolactin 
(150-170 kDa) correspond to less than 20% of the 
total PRL (20,21). When the serum of a patient with 
hyperprolactinemia contains mostly macroprolactin, 
the condition is termed macroprolactinemia (22,23). 
In up to 90% of cases, macroprolactin is composed of a 
complex formed by an IgG and monomeric PRL (2,24-29).

DIAGNOSTIC EVALUATION

For the correct identification of the etiology of 
hyperprolactinemia, some parameters must be taken 
into account: medical history, physical examination, 
clinical features, laboratory findings (especially 
PRL serum levels), and imaging studies of the 

Table 1. Causes of hyperprolactinemia

Physiologic
• Pregnancy; lactation; stress; sleep; coitus; exercise

Pathologic
• Systemic diseases – Primary hypothyroidism; adrenal insufficiency; renal 

insufficiency; cirrhosis; pseudocyesis; epileptic seizures

• Hypothalamic diseases – tumors (craniopharyngiomas, dysgerminomas, 
meningiomas, etc.); infiltrative disorders (histiocytosis, sarcoidosis, etc.), 
metastasis; cranial radiation; Rathke’s cleft cysts, etc.

• Pituitary diseases – Prolactinomas; acromegaly; thyrotropinomas; Cushing’s 
disease; infiltrative disorders; metastasis; lymphocytic hypophysitis; empty 
sella syndrome, etc.

• Stalk disorders – Hastitis; seccion; traumatic brain injury

• Neurogenic – Chest wall lesions (burns; breast surgery; thoracotomy; nipple 
rings; herpes zoster, etc.); spinal cord injury (cervical ependymoma; tabes 
dorsalis; extrinsic tumors, etc.), breast stimulation, etc.

• Idiopathic

• Ectopic prolactin production – Renal cell carcinoma; ovarian teratomas; 
gonadoblastoma; non-Hodgkin lymphoma, uterine cervical carcinoma; 
colorectal adenocarcinoma, etc.)

Macroprolactinemia

Drug-induced (Table 3)

Adapted from Ref. 1.

The most characteristic signs and symptoms found 
in patients with hyperprolactinemia are those related 
to hypogonadotropic hypogonadism and galactorrhea 
(1,3,7). Increased PRL levels decrease gonadotropin 
pulsatile secretion through inhibition of hypothalamic 
GnRH release (14). In addition, there may be direct 
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pituitary and sella turcica (1,3,5). Furthermore, the 
screening for macroprolactinemia should often be 
considered, particularly in cases of asymptomatic 
hyperprolactinemia (3-5).

In addition to PRL determination, TSH, free 
T4, and creatinine levels should be obtained to rule 
out secondary causes of hyperprolactinemia (1,3,6). 
Moreover, acromegaly must be investigated by 
measuring IGF-1 in all patients with a macroadenoma, 
even when there are no manifestations of this disease 
(30). Finally, β-hCG measurement is mandatory in any 
woman of childbearing age with amenorrhea (1,3).

1. CONTROVERSIAL ISSUES REGARDING DIAGNOSIS 

1.1. Environmental influences on PRL secretion 

Prolactin is secreted in a pulsatile manner, and serum 
levels can vary greatly throughout the day, with higher 
levels during sleep, a morning peak and a gradual 
decline after awakening, but without a typical circadian 
rhythm. Under normal conditions, ∼50% of the total 
daily production of PRL occurs during the sleep period. 
Thus, samples should be collected up to 3 hours after 
awakening, preferably while the patient is fasted (1,4). 

Stress from any source, whether psychological, 
induced by exercise or due to other acute illness, 
leads to the physiological elevation of PRL levels 
(2,3,5). However, supine rest is not necessary prior 
to sampling, contrary to what was believed in the 
past (31). Venipuncture stress may cause an elevation 
in the PRL level, but it is usually mild (< 40-60 ng/
mL) (32). The same is true for breast stimulation 
(1,2,33). Moreover, as PRL is secreted episodically, 
its levels measured during the day may possibly be 
beyond the upper limit of normality for a particular 
laboratory in healthy individuals (1,3). Therefore, an 
elevated PRL level should be confirmed at least once 
(33) unless the PRL levels are clearly elevated (> 80-100 
ng/mL) (1). Nevertheless, according to the guidelines 
of the Endocrine Society, a single PRL level above 
the upper limit of normal confirms the diagnosis of 
hyperprolactinemia, as long as the serum sample was 
obtained without excessive venipuncture stress (4).

COMMENT 1: As PRL is secreted in a pulsatile 
manner and as venipuncture stress can increase PRL 
levels, we suggest that an elevated PRL level should 
be confirmed at least once, unless the PRL levels are 
clearly elevated (> 80-100 ng/mL). 

COMMENT 2: Vigorous exercise and nipple 
stimulation should be avoided for at least 30 minutes 
before checking PRL levels as they may result in PRL 
elevation.

1.2 Accuracy of prolactin levels

The magnitude of PRL elevation can be useful in 
determining the etiology of hyperprolactinemia 
because the highest values are observed in patients 
with prolactinomas (1-5,33,34). For example, levels > 
250 ng/mL are highly suggestive of the presence of 
a prolactinoma (3-5), although they may occasionally 
be found in other conditions (1,34), as commented 
on below. In contrast, most patients with stalk 
dysfunction (pseudoprolactinomas), drug-induced 
hyperprolactinemia or systemic diseases present 
with PRL levels < 100 ng/mL (1,4,34). However, 
exceptions to these rules are not rare (1,34).

In patients with prolactinomas, circulating PRL 
levels usually parallel the tumor size (1,4,7). Indeed, 
microprolactinomas (MIC) (diameter < 10 mm) 
usually result in PRL levels of 100-200 ng/mL, but 
not infrequently, they may be < 100 ng/mL, and 
occasionally reach 500 ng/mL or more (1,33,34). 
Macroprolactinomas (MACs) (diameter ≥ 10 mm) are 
typically associated with PRL values > 250 ng/mL (4-7). 
In the vast majority of patients with giant prolactinomas 
(maximum diameter ≥ 4 cm), PRL levels will be > 
1000 ng/mL (35,36). On the other hand, artificially 
low PRL levels may result from the so-called “hook 
effect”, which should be considered in all cases of large  
(≥ 3 cm) pituitary macroadenomas associated with 
normal or mildly elevated PRL levels (< 200 ng/mL) 
(1,37-39), as commented on below. Patients harboring 
cystic MACs may also present with mild PRL elevation 
(1-3). 

The Brazilian Multicenter Study on 
Hyperprolactinemia (BMSH) analyzed 1234 patients 
whose results are presented in Figure 1 and Table 2 (34). 
In this study, only patients harboring prolactinomas 
presented with PRL values ≥ 500 ng/nL (34). 

1.2.1 How do PRL levels behave in cases of 
pseudoprolactinomas?

In patients with “pseudoprolactinomas”, whose 
main etiology isa nonfunctioning pituitary adenoma 
(NFPA), hyperprolactinemia results from compression 
of the pituitary stalk (2,40). In that situation, this so-
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Prolactin levels in hyperprolactinemic patients (n = 1234) 
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Figure 1. PRL levels according to the etiology of the hyperprolactinemia in the Brazilian multicenter study on hyperprolactinemia (Adapted from Ref. 34).

Table 2. Prolactin levels (ng/mL) according to the etiology of the 
hyperprolactinemia in the Brazilian Multicenter Study on Hyperprolactinemia 

Etiology N (%) Mean PRL (range) (ng/mL)

Macroprolactinomas 250 (20.2) 1422.9 ± 3134.7 (108-21,200)

Microprolactinomas 444 (36) 165.6 ± 255.1 (32-525)

Idiopathic 45 (3.6) 163.9 ± 81.8 (46-328)

Macroprolactinemia 115 (9.3) 119.5 ± 112.9 (32.5-404)

Drug-induced 180 (14.6) 105.1 ± 73.2 (28-380)

Acromegaly 40 (3.2) 99.3 ± 57.4 (28-275)

NFPA 82 (6.6) 80.9 ± 54.5 (28-490)

Primary hypothyroidism 78 (6.3) 74.6 ± 42.4 (30-253)

NFPA: Non-functioning pituitary adenomas. Adapted from Ref. 34.

called disconnection hyperprolactinemia is thought to 
result from loss of the inhibitory effect of dopamine 
on PRL secretion (19). NFPAs represent the principal 
differential diagnosis of macroprolactinomas, as 
they require distinct treatments and have a distinct 
natural history and prognosis (1,40). The term 
pseudoprolactinomas also includes other conditions 
such as craniopharyngiomas, Rathke´s cleft cysts, 
sarcoidosis, Langerhans-cell histiocytosis and metastasis 
(19,40).

Based on a large series of histologically confirmed 
cases (n = 226) with NFPA, serum PRL > 2000 mIU/L 
(> 95 ng/mL) is almost never (< 2%) encountered in 
these patients (41). Accordingly, in a recent study, 
among 64 patients with immunohistochemically 
confirmed NFPAs, PRL levels ranged from 33 to  

250 ng/mL (~80% < 100 ng/mL) (42) By contrast, 
in BMSH, among 82 patients with NFPA, PRL levels 
ranged from 28 to 490 ng/mL (< 100 ng/mL in 
82%); however, not all patients had been submitted to 
immunohistochemical evaluation (Table 3) (34).

COMMENT 3: In cases of non-functioning 
pituitary adenomas, hyperprolactinemia results 
from stalk compression, and thus, prolactin (PRL) 
levels are modestly elevated (< 100 ng/mL) in 
the great majority of cases. Values > 250 ng/mL 
are exceedingly rare. By contrast, in patients with 
macroprolactinomas, PRL levels are usually > 250 
ng/mL, and not infrequently, they exceed 1000 
ng/mL. However, PRL levels may be misleadingly 
low due to the hook effect or in patients with cystic 
macroprolactinomas.

1.2.2 How do PRL levels behave in cases of drug-
induced hyperprolactinemia?

The most common cause of non-physiological 
hyperprolactinemia is the use of drugs, which 
act through different mechanisms: increased 
transcription of the PRL gene (estrogens), antagonism 
of the dopamine receptor (risperidone, haloperidol, 
metoclopramide, domperidone, sulpiride, etc.), 
dopamine depletion (reserpine, methyldopa), inhibition 
of hypothalamic dopamine production (verapamil, 
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heroin, morphine, enkephalin analogs, etc.), inhibition 
of dopamine reuptake (tricyclic antidepressants, 
cocaine, amphetamine, monoamine oxidase inhibitors), 
inhibition of serotonin reuptake (opiates, fenfluramine, 
fluoxetine, sibutramine), etc. (1,2,42-47) (Table 3).

Table 3. Drug-induced hyperprolactinemia

Antipsychotics
• Typical – Phenothiazines; butirophenones; thyoxanthenes

• Atypical – Risperidone; molindone; amisulpride; quetiapine; olanzapine

Antidepressants
• Tricyclics – Amitriptyline; desipramine; clomipramine

• MAO inhibitors – Pargyline; clorgyline

• SSRIs – Fluoxetine; citalopram; paroxetine

Antihypertensive drugs
• Verapamil; α-methyldopa; reserpine; labetolol

Anticonvulsivants
• Phenytoin

Prokinetic agents
• Metoclopramide; domperidone; bromopride

Others
• Estrogens; anesthetics; cimetidine; ranitidine; opiates; methadone; 

morphine; apomorphine; heroin; cocaine; marijuana; alcohol; sibutramine, 
etc.

MAO: monoamine oxidase; SSRIs: selective serotonin re-uptake inhibitors. Adapted from Refs. 
1, 2, and 3.

In the Brazilian Multicenter Study on 
Hyperprolactinemia (BMSH), antidepressants and 
neuroleptics (in monotherapy or in combination) were 
the culprits in a large majority of the cases (82.2%) 
(34). Among antipsychotics, the most frequently 
involved drugs were haloperidol, phenothiazines, 
and risperidone, while tricyclic drugs were the main 
representants among the antidepressants (34). Other 
studies found the following rates of hyperprolactinemia 
associated with each therapeutic drug class: 31% for 
neuroleptics, 28% for neuroleptic-like drugs, 26% 
for antidepressants, 5% for H2-receptor antagonists, 
and 10% for other drugs (45). In one group of 106 
patients receiving antipsychotics, hyperprolactinemia 
was present in 81%, 35%, 29%, and 38% of patients 
taking risperidone, olanzapine, ziprasidone, and typical 
antipsychotics, respectively (46). 

The newer atypical antipsychotics (AAPs) are 
characterized by increased antipsychotic efficacy and 
fewer neurological and endocrine related side-effects 
compared to classical antipsychotic drugs (45,46). 
With the exception of risperidone, amisulpride and 
molindone, which are often associated with high 
PRL levels (45), most of the AAPs elicit a poor 

hyperprolactinemic response or no hyperprolactinemia 
at all (43,45,46). Furthermore, the use of drugs such 
as quetiapine and aripiprazole (a dopamine partial 
agonist) was shown to be associated with resolution of 
the hyperprolactinemia induced by other AAPs (48). 
Moreover, decreased PRL levels were also reported 
when aripiprazole was used as adjunct therapy to 
risperidone (49).

Antidepressants induce hyperprolactinemia in a 
small proportion of patients, but they rarely elevate 
PRL to a significant degree (46). Among 80 patients 
treated with fluoxetine, only 10 (12.5% developed 
hyperprolactinemia, with 38 ng/mL being the highest 
PRL level (50). Atypical antidepressants, including 
bupropion and mirtazapine, appear to have no effect 
on PRL levels (44,47). 

 Although PRL elevation is usually mild (25-100 
ng/mL) in cases of drug-induced hyperprolactinemia, 
it is also highly variable. Indeed, metoclopramide, 
risperidone, and phenothiazines can lead to prolactin 
levels > 200 ng/mL (1,43-46). Among 180 cases 
enrolled in the BMSH, most (64%) presented with 
PRL levels < 100 ng/mL, but in 5%, they exceeded 
250 ng/mL (range, 28-380; mean, 105.1 ± 73.2) 
(Table 3) (34). Interestingly, PRL levels of 720 ng/mL 
were recently reported in a young lady who had been 
treated with domperidone for 3 months. Following 
domperidone discontinuation, PRL fell to the normal 
range (51).

COMMENT 4: Although drug-induced 
hyperprolactinemia is usually associated with PRL 
levels < 100 ng/mL, they are largely variable and may 
overlap those found in patients with prolactinomas.

1.2.3 How do the hook effect and linearity issues in PRL 
assays impact our practice?

Immunometric assays have greatly improved the 
sensitivity of PRL and other hormone measurements. 
They are usually performed through capture 
antibodies that are immobilized in a solid phase, and 
a second antibodyis labeled a signal generator. These 
antibodies bind to different epitopes of the PRL to 
be quantified, thus forming a “sandwich” test using 
either a fluorescent or chemiluminescent marker. The 
relative antigen-to-antibody proportion influences 
its interaction and may compromise the appropriate 
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formation of the immunocomplexes. Thus, extremely 
high concentrations of PRL can simultaneously saturate 
both the capture and the labeled antibody when only 
a few PRL molecules are actually bound in a sandwich 
complex to be quantified by the test. In that situation, 
most of the PRL molecules are bound to just one 
antibody instead and are subsequently washed away 
(Figure 2). Therefore, falsely low results are reported, 
and the correct result for the PRL concentration is much 
higher than reported. This artifact is called a high-dose 
hook effect, also known as the prozone phenomenon, 
and the reported results are usually within or, more 
often, slightly above the manufacturer´s reference 
range (52,53). 

and its reported levels of hook effect by the respective 
manufacturer, dilutions may occasionally start at 1:10. 
For instance, considering an assay in which, according 
to its manufacturer, the hook effect is not supposed 
to be induced up to a PRL value of 20,680 ng/mL, 
this theoretically means that a starting dilution of 1:10 
should be sufficient enough to detect the phenomenon, 
as it is very improbable to have a PRL value higher than 
200,680 ng/mL (53). In this regard, it is noteworthy 
that unnecessary dilutions usually cause a loss of accuracy 
in measurements. Fortunately, with the newer assays, 
extremely high levels of PRL are usually necessary to 
hook the assay, and this fact has dramatically decreased 
the incidence of this phenomenon (53,54).

Interestingly, the hook effect has often been 
confused with assay linearity problems by clinicians 
(54). In a given assay with a reportable PRL ranging 
from 0.25-200 ng/mL according to the manufacturer, 
PRL samples coming from patients with untreated 
macroprolactinomas may often fall out of this 
reportable range, even when an automatic dilution of 
1:10 is superimposed. In this case, it is common that the 
laboratory releases a result of “> 2000 ng/mL”, and it 
seems that they are not aware of the importance of exact 
quantification of the result. Therefore, clinicians must 
refrain from starting treatment until the laboratory re-
assays the sample at further dilutions, even if it has to be 
performed manually, and up to the point that the linear 
range of the assay is reached. Otherwise, the observed 
effect of a treatment may be misled due to an inexact 
reported measurement (53,54).

COMMENT 5: The hook effect should be 
considered in every patient presenting with a large  
(≥ 3 cm) pituitary macroadenoma and prolactin levels 
within the normal range or only modestly elevated. 

1.3 Macroprolactinemia screening: routinely or just 
in asymptomatic individuals?

Macroprolactinemia is a condition where more than 
60% of circulating PRL is made up of macroprolactin 
(1,29). In most of the in vitro studies, macroprolactin 
was shown to display low biological activity (28,29,55). 
This is corroborated by the finding that in most series 
with macroprolactinemia, individuals are pauci- or 
asymptomatic (56,57), with no need to perform sellar 
imaging (58) or specific treatments (58,59). Others 
argued that the binding of PRL to their receptor could 

Capture antibody
Antigen
Sinal antibody
“Sandwick”

Antigen concentration extremely high

Figure 2. Schematic depiction of “hook effect.” Left, Extremely high 
antigen concentrations saturate both capture and signal antibodies and 
prevent “sandwich” formation. Right, When liquid phase is discarded, 
most of the antigen is lost with the signal antibody; thus, antigen 
concentration is measured as low (Adapted from Ref. 39).

The hook effect differs between the different assay 
systems used in clinical practice. Dilution of the sample 
at 1:100 is the test of choice to unmask this hook effect 
(1,4). Indeed, this step will result in a dramatic rise 
in PRL levels if the patient has a macroprolactinoma, 
remaining low in cases of non-functioning pituitary 
adenomas (1,4,37,38).

Physicians should keep in mind that laboratories 
cannot dilute all samples on a routine basis to rule out 
the hook effect. Thus, it is extremely important that 
they are aware of the phenomenon so they do not 
forget to order dilution for all PRL samples suspected 
to be overconcentrated. In clinical practice, this means 
that dilutions must be ordered for PRL measurements 
in all patients with macroadenomas ³ 3 cm and initial 
PRL levels < 200 ng/mL, even if the PRL levels are 
normal (1,2,38). However, it is relevant to mention 
that dilutions ordered by physicians are performed at 
the discretion of laboratory workers. This means that, 
according to the reportable reference range of an assay 
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be blocked by modification of the tertiary structure of 
the original molecule (60).

However, there are individuals who, despite 
increased macroprolactin, also present with high 
levels of monomeric PRL, leading to “true” 
hyperprolactinemia with clinical symptoms and the need 
foran etiologic diagnosis for the proper management 
of hyperprolactinemia (59). Moreover, the presence 
of symptoms could result from the concomitance of 
macroprolactinemia with other conditions, such as 
polycystic ovary syndrome (61), idiopathic galactorrhea 
(1,2), or psychogenic erectile dysfunction (62). 

Assaying serum PRL before and after precipitation 
with polyethylene glycol (PEG) is the most 
used method for screening macroprolactinemias 
due to its low cost and easy workability (63). 
Theoretically, macroprolactin is precipitated with 
PEG, and only monomeric PRL will be recovered 
in the supernatant. However, some monomeric PRL 
also suffers precipitation, hence the need for the 
standardization of normal monomeric PRL values   
after PEG precipitation (58,60). Recoveries < 40% 
are indicative of the predominance of macroprolactin, 
whereas recoveries > 60% point to the diagnosis of 
monomeric hyperprolactinemia (56,58). Overall, 
PEG precipitation enables the correct diagnosis of 
macroprolactinemia in at least 80% of cases (56,63). 
The gold standard diagnostic test is the separation of 
isoforms by gel filtration, which correlates well with 
the PEG precipitation and is the only way of assessment 
when screening with PEG is inconclusive (58,63). 
However, it is an expensive and time-consuming 
method that cannot be used routinely. 

It is noteworthy that different assays recognize 
macroprolactin differently (64). It has been 
demonstrated that some of the new assays show lower 
cross-reactivity with macroprolactin; however, the 
number of samples defined as macroprolactin is still 
significant (65).

Hyperprolactinemia related to macroprolactin 
may be due to its lower renal clearance, longer half-
life and lower capability to activate hypothalamic 
dopaminergic tone, which negatively regulates the 
secretion of pituitary prolactin (5). The frequency 
of macroprolactinemia in the general population was 
shown to be 0.2% in women from Scandinavia (66) and 
3.7% in a total of 1330 Japanese hospital workers of 
both genders (67), whereas among hyperprolactinemic 
individuals, it ranged from 8 to 42%, with a mean of 

19.6%, in 8 European series (56,68-75). The study 
population may explain the variation in the frequency of 
macroprolactinemia in hyperprolactinemic individuals. 
As an example, two Brazilian studies have shown 
frequencies of 16.5% in 115 consecutive patients with 
hyperprolactinemia (76) and 46% in 113 cases from 
a reference laboratory (58). This high frequency of 
macroprolactinemia becomes an important issue in 
clinical practice: what is the probability with an additional 
assessment and treatment in an individual presenting 
with macroprolactinemia? Should all individuals with 
hyperprolactinemia be actively investigated for the 
presence of macroprolactinemia? 

The request for serum PRL assessment occurs 
in two scenarios. At first, there are complaints 
related to hyperprolactinemia, such as galactorrhea, 
hypogonadism and infertility, leading to serum 
PRL measurement. If laboratory tests confirm the 
clinical suspicion of monomeric hyperprolactinemia, 
macroprolactinemia screening is not indicated, and it 
is recommended to proceed to the usual investigation 
of physiological, pharmacological and pathological 
causes of hyperprolactinemia for proper handling 
of the case. In the second scenario, serum PRL 
evaluation is requested in the absence of complaints 
related to hyperprolactinemia. In this situation, facing 
hyperprolactinemia in an asymptomatic individual, 
macroprolactinemia screening is always indicated. 
If positive and monomeric PRL levels are normal, 
it should guide the patient that there is no need 
for further investigation, follow-up or treatment, 
due to the benign nature of the condition. If the 
screening with PEG is inconclusive, one may proceed 
to gel-filtration chromatography, or if the latter is 
unavailable, be guided by the clinical picture. If 
the macroprolactin result is negative, investigate 
hyperprolactinemia as usual. A flowchart for the 
management of macroprolactinemic individuals is 
proposed in Figure 3. 

Macroprolactinemia

Asymptomatic
No imaging

No treatment

Symptomatic
mPRL after

PEG precipitation 

High True 
hyperprolactinemia

Normal
Evaluate other

causes for
clinical picture

Figure 3. Flowchart to the management of patients with macroprolactinemia 
(mPRL: monomeric prolactin) (Adapted from Ref. 6).
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Some authors advocate routine macroprolactin 
screening as a cost-effective procedure (56,76-78), and 
others allow screening to rule out macroprolactinemia 
and investigate other conditions that justify symptoms 
(79). In a study conducted in a Brazilian reference 
laboratory, there was more cost in searching for 
individuals with true hyperprolactinemia, but screening 
macroprolactinemia did not prevent investigation 
and inappropriate treatment, pointing to the need 
for the dissemination of medical knowledge about 
macroprolactinemia (80). By contrast, according to 
some studies, the detection of macroprolactin may 
change the initial diagnosis in a significant proportion 
of patients. Indeed, in three series (73,74,81), 
macroprolactinemia was encountered in 25 to 68.3% 
(mean, 42.3%) of patients with apparent idiopathic 
hyperprolactinemia (IH). Moreover, the diagnosis 
of PRL-secreting pituitary microadenoma shifted to 
non-secreting pituitary microadenoma in 10 of 49 
patients (20%) reported by Donadio and cols. (73). 
Thus, macroprolactinemia may occasionally represent a 
relevant cause of misdiagnosis, unnecessary investigation 
and inappropriate treatment (73,74,81). Conversely, 
PRL should never be measured in asymptomatic 
patients, in order to avoid the unnecessary detection of 
macroprolactinemia cases (1,5).

Concerning the natural history of macro-
prolactinemia, macroprolactinemic subjects usually 
display persistent macroprolactinemia without the 
development of raised free PRL (82). However, 
during follow-up, hyperprolactinemia may develop 
in macroprolactinemic subjects who were initially 
normoprolactinemic along with an increase in anti-
PRL autoantibody titers (82).

Overall, symptoms related to hyperprolactinemia 
(galactorrhea, menstrual disorders and sexual 
dysfunction) have been reported in up to 45% of 
patients with macroprolactinemia (56,58,69,70,73, 
74,76,83,84). As mentioned, this would mostly 
result from the concomitance with monomeric 
hyperprolactinemia (74,75,85) or other disorders, 
such as polycystic ovary syndrome (1,61,62). Of 
note, the finding of both galactorrhea and menstrual 
disorders is rare in macroprolactinemia (83,84).

In most patients with macroprolactinemia, PRL 
levels are < 100 ng/mL, but they are highly variable: 
from 20-663 ng/mL (mean, 61 ± 66; < 100 ng/mL 
in approximately 91% of cases) (83), to 119.5 ± 112.9 
(range, 32.5-404; < 100 mg/L in 74%) among 115 

patients in the BMSH (33). In most studies, PRL levels 
were lower in macroprolactinemic patients than in 
those with monomeric hyperprolactinemia, but there 
was a great overlap between groups (34,56,63,69,83). 
Moreover, MRI abnormalities (e.g., macroadenomas 
and, mostly, microadenomas or an empty sella) may be 
found in approximately 20-25% of macroprolactinemic 
patients (69,70,73,74,84).

COMMENT 6: Macroprolactinemia is, in most 
cases, a laboratory diagnostic pitfall, with a mean 
frequency of ~20% among hyperprolactinemic 
subjects. Clinical, radiological and laboratory features 
cannot be used reliably to differentiatemonomeric 
hyperprolactinemia from macroprolactinemia. The 
screening for macroprolactin is mostly indicated for 
asymptomatic hyperprolactinemic patients, subjects 
with apparent idiopathic hyperprolactinemia, 
and any patient without an obvious cause for the 
hyperprolactinemia.

TREATMENT OF HYPERPROLACTINEMIA AND 
PROLACTINOMAS

The ideal treatment of hyperprolactinemia depends on 
its etiology and may include, for instance, L-thyroxine 
replacement in patients with primary hypothyroidism, 
dopamine agonists (DAs) for prolactinomas, and drug 
withdrawal in cases of drug-induced hyperprolactinemia 
(2-7). By contrast, macroprolactinemia does not need 
to be treated (5,24,25). 

Current available therapeutic options for 
prolactinomas include surgery, pituitary radiation 
therapy and pharmacotherapy with dopamine agonists 
(DAs) (19). DAs are the gold standard treatment 
for prolactinomas, as their use controls hormonal 
secretion and tumor growth in approximately 80% 
of cases (8). Among DAs, bromocriptine (BRC) 
and cabergoline (CAB), both of which are ergot 
derivatives, are the most commonly used worldwide. 
Quinagolide is available in some European 
countries. Cabergoline (CAB), a specific agonist 
of the dopamine receptor type 2 (D2R), is the first 
choice because of its better tolerability and greater 
efficacy in inducing PRL normalization and tumor 
shrinkage (Figures 4 and 5) (Table 4) (19,86-89). 
Bromocriptine use leads to normal serum PRL 
levels in 80% of microprolactinomas and 70% of 
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2. CONTROVERSIAL ISSUES REGARDING TREATMENT

In this topic, we will cover challenging or controversial 
aspects related to the treatment of prolactinomas 
and the management of psychotropic-induced 
hyperprolactinemia. 

2.1 How to manage the resistance to dopamine 
agonists? 

Different arbitrary concepts have been proposed for 
the definition of resistance to dopamine agonist (DA) 
therapy (2,4,88-91). Currently many experts have 
adopted the definition suggested by Molitch, which 
includes failure to normalize PRL levels and to decrease 
macroprolactinoma size by ≥ 50% with maximal 
conventional doses of medication (7.5 mg/day of 
bromocriptine or 2.0 mg/week of cabergoline) (89,90). 
Bromocriptine (BCR) fails to normalize prolactin levels 
in approximately one-quarter of patients; cabergoline 
(CAB), in 10-15%. BCR fails to decrease prolactinoma 
size by at least 50% in approximately one-third of the 
patients; CAB, in 10-15% (34,88-91).
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Figure 4. Comparison of cabergoline (CAB) and bromocriptine (BCR), 
concerning efficacy and tolerability (Adapted from Ref. 34).

Figure 5. Comparative efficacy of CAB and BCR in inducing tumor shrinkage 
in naïve patients with macroprolactinomas (Adapted from Ref. 34). 

Figure 6. Efficacy of cabergoline on the normalization of PRL levels in 238 
patients with prolactinomas. BCR: bromocriptine (Adapted from Ref. 34). 

macroprolactinomas, whereas with CAB, this goal 
is achieved in 85% of patients (3,86-88). CAB 
effectiveness is higher in naïve patients, but the drug 
is also very effective in patients with intolerance or 
resistance to BCR (Figures 6 and 7) (34,88). The 
better performance of CAB probably results from 
its better tolerance and higher affinity for D2R 
(10,19,88). 

Figure 7. Concerning macroprolactinoma shrinkage, cabergoline is 
effective not only in naive patients but also in those previoiusly treated with 
bromocriptine (BCR) (Adapted from Ref. 34). 

Table 4. Comparative efficacy of cabergoline (CAB) and bromocriptine 
(BCR) among patients with macroprolactinomas from the Brazilian 
Multicenter Study on Hyperprolactinemia 

Outcome CAB  
(n = 117)

BCR 
(n = 133) p-value

PRL normalization 77.8% 59.4% 0.042

Tumor reduction > 50% 80% 58.7% 0.048

Complete tumor disappearance 57.5% 34.7% 0.034

Adapted from Ref. 34.
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Pathogenetic mechanisms 

There are a number of potential mechanisms to 
explainresistance to DAs. Drug absorption or drug 
affinity to D2R are not involved (90). DA resistance 
is rather associated with a decrease in D2R gene 
transcription, resulting in a 4-fold decrease in the 
number of D2Rs on the cell membrane (92,93). 
Moreover, there is a decrease in the G protein that 
couples the D2R to adenylyl cyclase, further decreasing 
the ability of dopamine to inhibit PRL secretion (90). 

Patients who initially respond to a DA may rarely 
become resistant to these drugs at a later point in time 
(90). Most commonly, this is due to noncompliance. 
Rarely, there may be malignant transformation of a 
prolactinoma (94). In some cases, the development of 
DA resistance is due to the concomitant use of hormone 
replacement therapy with estrogen or testosterone (95).

Treatment

The approaches for patients with resistance to DA 
therapy include (1) switching to another DA; (2) raising 
the dose of the DA beyond conventional doses if the 
patient continues to respond and tolerate; (3) surgical 
tumor resection; (4) radiotherapy; and (5) experimental 
treatments with other drugs (34,88,90,96,97).

Switching to another DA

Most of the data regarding switching dopamine agonists 
in resistant patients address switching from BCR to 
CAB. CAB is effective in normalizing PRL levels in 
approximately 50-80% of patients resistant to BCR, 
and up to 70% respond with some tumor size change 
(30,90,96,97). It is not clear why CAB should be so 
effective in patients resistant to BCR, but this may be due 
to cabergoline’s possessing a higher affinity for dopamine 
binding sites, a longer time occupying the receptor, and a 
slower elimination from the pituitary (90,97). By contrast, 
the response to BCR in a patient resistant to CAB is much 
more rare and has only been reported twice (90,98).

Raising the dose of the DA beyond conventional doses 

As long as there is a continued response and no adverse 
effects from higher doses, there is no reason not to 
continue to increase the CAB dose (90). There is, however, 
a concern regarding the risk of cardiac valvulopathy 
induced by high doses of CAB (see below) (88,90). 

Using an individualized, stepwise approach of dose 
titration of CAB, Ono and cols. (99) documented 
that 25 of 26 patients (96.1%) considered to have DA 
resistance, achieved normalization of the PRL levels 
within 12 months, with a mean dose of CAB of 5.2 ± 0.6 
mg per week (range 3-12 mg/week). The rate of PRL 
normalization gradually increased to 35, 73, and 89% 
at 3, 6, and 9 mg/week, respectively, finally reaching 
96% at the highest dose of 12 mg/week (99). DiSarno 
and cols. (100) found that doses > 2.0 mg/week (up to 
7 mg/week) of CAB werestill unable to normalize PRL 
levels in 18% of patients with macroadenomas and 10% 
of those with microadenomas. More recently, Vilar and 
cols. (101) prospectively evaluated the management 
of 25 prolactinomas refractory to CAB 3 mg/week by 
progressively increasing the CAB dose as needed and 
tolerated, every 3 months, up to 9 mg/week. Overall, 
normalization of PRL levels was achieved in 18 patients 
(72%), as follows: in 3 (12%) patients, with up to 4 
mg/week; in 9 (36%) patients, with 5 mg/week; and 
in 6 (24%) patients, with 6-7 mg/week. No patients 
benefitted from doses > 7 mg/week. CAB was well 
tolerated, and no significant echocardio graphic valve 
abnormalities were detected (101).

Debulking surgery 

Patients can always undergo transsphenoidal surgery if 
their tumor is potentially resectable and an experienced 
neurosurgeon is available (4,90). There is also some 
evidence that debulking surgery may improve the 
response to DA (6,102-104). Of 61 patients resistant to 
either BCR or CAB, Hamilton and cols. (102) reported 
that surgery resulted in a normalization of PRL in 36% 
without dopamine agonist medication and in 15% with 
medication. Similarly, Primeau and cols. (102) found 
in 26 patients resistant to BCR, quinagolide or CAB 
that surgery resulted in a normalization of PRL in 42% 
without medication and in 27% with medication. In the 
European Multicenter Study, the rate of postoperative 
normalization of PRL was only 7.8% without medication 
and 5.3% with medication (104).

Radiotherapy 

Among the functioning pituitary tumors, prolactinomas 
seem to be the less responsive to radiotherapy (see 
below). Indeed, although it can also be effective in 
controlling tumor growth, its efficacy in restoring PRL 
levels to normal is limited (4,89,90).
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Other drugs 

Of note, if one is dealing with microprolactinomas 
resistant to DAs, hormonal replacement therapy is 
often all that is necessary for men and premenopausal 
women not willing to conceive (4,19,90). 

Estrogens may cause a decrease in the effectiveness 
of dopamine agonists through multiple mechanisms, 
including direct effects on PRL gene transcription 
(105), stimulation of mitotic activity (106), and a 
decrease in the number of D2 receptors on the lactotroph 
cell membrane (107). Moreover, estrogen may block 
apoptosis (108). Thus, reducing endogenous estrogens 
in resistant prolactinomas through the use of SERMs 
in women or aromatase inhibitors in men might be 
an interesting experimental approach. Accordingly, a 
few patients with “bromocriptine resistant” invasive 
macroprolactinomas have been shown to respond with 
a decrease in tumor size and a lowering of PRL levels 
when tamoxifen was added (90,109). The use of the 
SERM clomiphene was also shown to be effective in 
the recovery of hypogonadism in prolactinoma patients 
who persisted with low testosterone levels despite 
maximal doses of DA (110,111). In addition, the 
successful use of anastrozole, an aromatase inhibitor, 
was recently reported in two males with DA-resistant 
prolactinomas (90,112). 

Somatostatin analogs generally are not useful for 
PRL-secreting tumors (90), and there have been few 
reports on the successful combination therapy of 
octreotide (113) or lanreotide (114) and cabergoline 
in cases of DA-resistant tumors. The somatostatin 
receptor subtype 5 (SSTR5) is the most important 
with respect to the regulation of PRL secretion 
(115). Therefore, as pasireotide only has substantial 
activity at SSTR5 (116), it would be potentially 
more useful than the SSTR2-agonists octreotide and 
lanreotide in patients with aggressive DA-resistant 
prolactinomas (90). 

Temozolomide, an oral alkylating agent, has been 
successfully used in the treatment of aggressive or 
malignant pituitary tumors since 2006 (117,118). 
It has also been found to be moderately successful in 
some very aggressive, large DA-resistant prolactinomas. 
Reviewing such cases, Whitelaw and cols. (119) 
found that 12 of 20 (75%) resistant PRL-secreting 
macroadenomas responded to temozolomide. Given 
the toxicity of the drug, its use is generally regarded as 
the therapy of last resort and should only be performed 

after the failure of DAs, surgery and radiotherapy for 
tumor control (90,119). Unfortunately, many of these 
very aggressive tumors escape from the suppressive 
effects of temozolomide after 0.5-2.5 years (90,119).

Other treatment strategies undergoing clinical 
trials are the use of chimeric molecules (somatostatin 
analogues and dopamine D2 receptors) (2,3), PRL 
receptor antagonists (3), and antiblastic drugs, such as 
mTOR and tyrosine kinase inhibitors (3,120).

COMMENT 7: Patients with resistance to 
bromocriptine should be switched to treatment 
with cabergoline (CAB), which leads to prolactin 
normalization in at least 50% of cases. Facedwith 
resistance to CAB, a stepwise increase in the dose 
should be performed first, as long as there is a 
continued response and no adverse effects. This 
approach is successful in at least 70% of patients. 
In our experience, doses > 7 mg/week do not 
provide additional benefits. Debulking surgery may 
improve a response to the dopamine agonist (DA) 
when the medical treatment has failed.Radiation and 
temozolomide can be indicated to control aggressive 
tumor growth even under DA therapy.

2.2 Are there differences in the safety profile of DAs?

DA therapy often precipitates a broad spectrum 
of side effects, more frequently gastrointestinal 
symptoms (e.g., constipation, nausea, vomiting, 
etc.) but also postural hypotension, dizziness and 
headaches, which may range from mild to severe 
(34,88,121). The most common adverse events 
include nausea or vomiting (~35%), headache 
(~30%), and dizziness or vertigo (~25%) (121). 
The safety profile of CAB is similar to that reported 
for BRC, but CAB adverse effects are generally 
less frequent, less severe, and of shorter duration 
(34,88), and they resolve with dose reduction or 
continued use in many patients (34,88,121). The 
rate of treatment discontinuation due to complete 
intolerance is also significantly higher with BCR, 
compared to CAB (~12% vs ~4%) (87). 

Whether CAB is associated with an increased risk of 
clinically relevant cardiac valvulopathy in patients with 
prolactinomas as in those with Parkinson’s disease is 
still debated (see below) (10,121).
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2.3 Do dopamine agonists cause psychiatric 
disorders?

Dopamine antagonists (e.g., haloperidol, olanzapine, 
quetiapine, sulpiride) are classically used for the 
treatment of psychiatric disorders such as psychosis 
and schizophrenia due to the supposed dopaminergic 
hyperactivity that occurs in these cases (43,46,47). 
DA treatment exerts the opposite effect to that of the 
dopamine antagonists (7). These agents can rarely cause 
psychiatric adverse side effects, including depression, 
somnolence, anorexia, anxiety, insomnia, impaired 
concentration, nervousness, hallucinations, nightmares, 
psychosis, impulsive control disorders (ICDs), and 
mania (3,5,122-125). The exact incidence of these 
side effects in DA-treated patients is not known but is 
thought to range from less than 1% to 3% (122,123).

ICDs are characterized by difficulties in resisting 
urges to engage in behaviors that are excessive and/
or ultimately harmful to oneself or others and can 
include gambling, kleptomania, intermittent explosive 
disorder, compulsive sexual behavior and compulsive 
buying (126). 

Few reports have been published focusing on 
ICDs and other psychiatric disorders in prolactinoma 
patients treated with CAB (123-133). These reports 
have described disorders such as a first episode of 
mania (123,129); mania with psychotic features in a 
subject with bipolar disorder after starting CAB (125); 
psychosis in a patient with undiagnosed depression 
(126); compulsive gambling one year after starting 
CAB (130); gambling and compulsive sexual behavior 
just after starting CAB (131); psychosis in a patient 
without a previous history of psychiatric disorder three 
months after starting CAB (132); and depression and 
compulsive buying (133). 

In 2011, Martinkova and cols. (128) published a 
review reporting a 10% prevalence of ICD in patients 
on CAB for prolactinoma treatment. In another study, 
males with prolactinomas treated with DAs have been 
reported to be 9.9 times more likely to develop an 
impulse control disorder compared to their counterparts 
with nonfunctioning pituitary adenomas (134). More 
recently, Barake and cols. (135) conducted the only 
randomized study aiming to assess the impact of CAB 
on the appearance of ICDs and concluded that patients 
on CAB (particularly with higher dosages) were more 
susceptible to impulsivity disorders than those not 
taking the drug.

Psychiatric effects of CAB can be modulated by 
P-glycoprotein (P-gp). This protein, encoded by 
the ABCB1 gene (136), is a membrane transporter 
expressed in tumor cells and in normal tissues that acts 
as an efflux transporter in order to transport certain 
substances out of the brain and protect it against 
harmful substances. A recent study showed that CAB 
is a P-gp substrate (137). This study demonstrated that 
ABCB1 gene polymorphisms (with loss of function) 
could explain individual differences in the occurrence 
of central nervous system side-effects, demonstrating a 
future perspective to select patients for CAB treatment 
based on this gene study (137).

COMMENT 8: In susceptible subjects, psychotic 
symptoms and impulsive control disorders may be 
triggered or aggravated by dopamine agonist (DA) 
therapy. It seems therefore important to exclude 
psychiatric disorders before prescribing DAs and to 
carefully follow up patients prone to or with a history 
of psychiatric disorders.

2.4 Risk of heart valvular disease associated with 
dopamine agonists – what is its relevance? 

The main warning signs that cause concerns among 
endocrinologists about a possible association between 
the therapeutic use of dopamine agonists (DAs) with 
heart valvular disease (HVD) emerged from two articles 
published in 2007 involving patients with Parkinson’s 
disease (138,139). In this group of patients, there is 
now strong evidence that treatment with high doses of 
CAB and pergolide (PGL) is associated with a higher 
risk of cardiac valvular regurgitation and moderate 
evidence that treatment with CAB, and the non-ergot-
derived DAs pramipexole is associated with a higher 
risk of heart failure (140). The underlying mechanism 
involves the activation of the 5-hydroxytryptamine 2B 
(5-HT2B) receptors, abundantly expressed on heart 
valves, which induces a cascade of events involving 
mitogenesis, fibroblast proliferation, valve thickening 
and, finally, valvular dysfunction (141,142). DAs bind 
to 5-HT2B receptors with different affinities; for 
instance, CAG and PGL show high affinity and act as 
a potent agonist, whereas bromocriptine (BRC) has 
a lower affinity compared to other DAs (141,142). 
However, there have been case reports and clinical 
studies in Parkinson's disease reporting on an increased 
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risk of abnormal valvular regurgitation and cardiac and 
non-cardiac fibrotic reactions in patients treated with 
BRC (143,144).

As expected, the findings in patients with Parkinson's 
disease brought an immediate concern about the risk of 
HVD in endocrine patients treated with DAs, especially 
CAB, despite the striking differences between these 
groups that must be highlighted. First, the daily and 
cumulative doses of DAs used in neurology (at least 3 
mg of CAB per day) are approximately 10-fold higher 
than those used in endocrinology (rarely more than 3 
mg of CAB per week) (145). Moreover, most studies 
in Parkinson’s disease predominantly include men 
older than 60 years of agewho are usually on therapy 
with multiple drugs, while patients with endocrine 
abnormalities treated with DAs are predominantly 
young or middle-age women (146). This is important 
because the prevalence of valvular regurgitation 
increases with age and is influenced by gender, body 
mass index and hypertension (146,147). Another factor 
to be considered is the impact of examiner bias in the 
results, as shown in the study by Gu and cols. (148). 

In patients with hyperprolactinemia, most cross-
sectional studies were dedicated to investigating the role 
of CAB in HVD. A meta-analysis of seven observational 
studies with 1,398 individuals found an increased risk 
of mild-to-moderate tricuspid valve regurgitation in 
hyperprolactinemic patients taking CAB. No significant 
differences were observed in mitral or aortic valve 
regurgitation (149). Another recent systematic review 
analyzed data from 21 studies and from 40 patients 
followed by the authors (150). Utilizing the precise 
definition of CAB-associated valvulopathy as the triad 
of moderate or severe regurgitation associated with 
a restricted and thickened valve, clinically relevant 
disease was identified in only two out of 1,811 patients, 
resulting in a prevalence of 0.11% (150). The authors 
of this study also prospectively assessed 40 patients 
with prolactinoma taking cabergoline. Cardiovascular 
examination before echocardiography detected an 
audible systolic murmur in 10% of cases (all were 
functional murmurs), and no clinically significant 
valvular lesion was shown on echocardiogram in the 
90% of patients without a murmur (150).

A Brazilian study by Boguszewski and cols. (151) 
was the first to include a group of prolactinoma 
patients treated with BRC for comparison. Notably, a 
higher prevalence of trace tricuspid regurgitation was 
observed in patients taking BRC, while more prevalent 

trace-to-mild tricuspid and trace mitral regurgitation 
and a higher mitral tent area were observed in CAB 
users; nevertheless, all these echocardiographic findings 
were not clinically significant (151). This observation 
was confirmed in a subsequent study in which an 
increased prevalence of subclinical HVD in patients 
with prolactinomas on long-term treatment with either 
BRC or CAB was reported (152).

Beyond the cross-sectional investigations, 
longitudinal studies have shed light on the potential 
damage caused by DAs to cardiac valves. Delgado 
and cols. (153) followed patients with prolactinomas 
treated (n = 45) or not treated (n = 29) with CAB for 
2 years and found an increased prevalence of valvular 
calcification in CAB users that was not accompanied by 
a higher prevalence of valvular dysfunction. Auriemma 
and cols. (154) concluded that 5 years of CAB therapy 
in prolactinomas does not increase the risk of significant 
cardiac valve regurgitation. Similarly, 19 patients 
with prolactinomas were followed in Curitiba, Brazil, 
during 5 years of continuous treatment with DAs. 
Neither a significant change in valvular regurgitation 
grades nor symptomatic disease was observed in the 
follow-up (155). Population-based studies have also 
confirmed the safety of CAB in endocrine patients. A 
nationwide cohort study carried out in Denmark did 
not support that hyperprolactinemia or its treatment is 
associated with an increased risk of clinically significant 
HVD (156). In a multi-country, nested case-control 
study involving data from the United Kingdom, Italy, 
and the Netherlands, CAB was associated with an 
increased risk of HVD in Parkinson’s disease but not 
in hyperprolactinemia (157), confirming the role of 
high cumulative doses in the development of valvular 
dysfunction and the safety of long-term use of low 
cumulative doses. 

In two studies involving 51 prolactinoma patients 
considered to be resistant to standard doses of CAB, no 
significant echocardio graphic valve abnormalities were 
detected despite the use of doses ranging from 3 to 12 
mg/week (99,110).

The absence of a detrimental effect of CAB therapy 
on cardiac valves has also been noticed in a longitudinal 
study in patients with acromegaly (158). 

The findings of the abovementioned studies 
challenge the US Food and Drug Administration 
(FDA) advice that patients with prolactinoma treated 
with CAB should have an annual echocardiogram 
to screen for valvular heart disease. Of note, with 
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conventional doses of cabergoline, i.e., up to 2 mg/
week, usually used in patients with prolactinomas, 
there does not appear to be any increased risk of 
cardiac valve abnormalities (90,145,156). However, 
as it is uncertain at what dose level these valve 
effects become significant, some experts recommend 
assessing all patients receiving > 2 mg/week with an 
echocardiogram on a yearly basis (90). More recently, 
based on the findings of their systematic review, Caputo 
and cols. (150) proposed that such patients should be 
screened by a clinical cardiovascular examination and 
that echocardiograms should be reserved for patients 
with an audible murmur, those treated for more than 
5 years at a dose of more than 3 mg per week, or those 
who maintain cabergoline treatment after the age of 50 
years. Nevertheless, special attention should be given 
in interpreting echocardiographic findings in older 
individuals, as highlighted by some authors (146,147).

Subclinical valvular abnormalities detected by 
echocardiography are not an indication for cessation 
of the therapy (121,154). Importantly, if valve lesions 
are detected or progress during follow-up, further 
evaluation is indicated to distinguish CAB-induced 
etiologies from other causes of valvulopathies. In 
such cases, therapy may be interrupted, reduced or 
maintained based on clinical judgment and discussion 
with the patient (121,150,154).

COMMENT 9: Current available data do not support 
major concerns about the risk of valvulopathy in 
patients with hyperprolactinemia or other endocrine 
diseases who are chronically treated with DAs in 
standard doses. Thus, an echocardiogram evaluation 
would not be recommended for patients receiving 
cabergoline at doses up to 2 mg/week.

 

2.5 Withdrawal of the dopamine agonist – Why, 
when, how and how often?

Why, when and how? 

Although it is well known that prolactinomas respond 
very well to DAs, the optimal duration of treatment is 
still not clear (4,6,10). Despite the need for long-term 
therapy, withdrawal of treatment should be considered 
because of the adverse effects of medical treatment, 
potential long-term consequences in cardiac valves, and 
treatment costs (4,6,88). 

Studies on persistent normoprolactinemia after DA 
withdrawal have been published since 1979 (159). In 
2002, a Brazilian study by Passos and cols. (160) showed 
a remission rate of 20.6% after BCR discontinuation. In 
2003, a landmark prospective study by Colao and cols. 
(161) demonstrated that CAB could be successfully 
withdrawn in 70% of patients with a MIC and 64% 
of those harboring a MAC (161). An extension of 
this study to 8 years documented remission rates of 
66 and 47%, respectively (162). The higher success 
rates of this study were attributed to stricter selection 
criteria for CAB withdrawal, including a prolonged 
period of normoprolactinemia during treatment and 
a significant tumor size reduction (161,162). Since 
2003, several studies have evaluated the recurrence 
rates of hyperprolactinemia after DA withdrawal with 
variable results (162-170).

In a meta-analysis of 19 studies with a total of 743 
patients, the overall remission rate after the withdrawal 
of DA therapy was only 21%, 32% for idiopathic 
hyperprolactinemia, 21% for microadenoma and 16% 
for macroprolactinomas (171). Furthermore, a higher 
rate of remission was found in studies in which CAB 
was used (35% in 4 studies) versus BRC (20% in 12 
studies) (p = 0.07) (171). In studies lasting over 24 
months of treatment, the remission was higher (34%) 
in comparison to studies with a shorter treatment 
duration (16%) (p = 0.01) (153). The remission rate 
was also higher in studies in which agreater than 50% 
reduction of the tumor was achieved in all patients 
prior to discontinuation of therapy (171).

The guidelines provided by the Endocrine Society 
in 2011 recommended that patients who have attained 
normoprolactinemia for at least 2 years and who have 
no visible tumor remnant on MRI may be candidates 
for a gradual DA withdrawal (4).

A meta-analysis from 2015 that only evaluated 
patients submitted to CAB withdrawal found that 
the hyperprolactinemia recurrence rate was 65% by a 
random effects meta-analysis (172). In a random effects 
meta-regression adjusting for optimal withdrawal 
strategies, a CAB dose reduced to the lowest level 
before withdrawal was associated with treatment success 
(p = 0.006), whereas CAB treatment longer than 2 
years showed no trend of effect (p = 0.587). Patients 
who received the lowest CAB dose and presented a 
significant reduction in tumor size before withdrawal 
were more likely to benefit from CAB withdrawal (p < 
0.001) (172).
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In three recent studies, the recurrence rates after 
CAB withdrawal ranged from 27% to 54% (168-170). 
Among 74 patients (19 MACs and 55 MICs) treated 
with CAB for ≥ 3 years, recurrences occurred within 
12 months in 34 (45.9%), regardless of the previous 
duration of CAB therapy (up to 3 yrs, 3 to 5 yrs or > 5 
yrs) or initial adenoma size (168). Among 67 patients 
(23 MACs and 44 MICs), the overall recurrence rate 
was 54% (35% in cases of MIC and 64% in subjects with 
MAC) (169). A higher remission rate was found with 
CAB, compared to BCR (55% vs. 36%) (169). More 
recently, treatment discontinuation was evaluated 
in 11 patients with macroprolactinomas treated 
with CAB for at least 5 years (170). Recurrences of 
hyperprolactinemia were observed in 3 (27%) post-
withdrawal patients at a median time of 3.0 (range; 2.9-
11.2) months, indicating that a high percentage (73%) 
maintained remission for at least 12 months after CAB 
cessation (170). 

How often? 

Two independent studies (173,174) have investigated 
the outcome of a second attempt at CAB withdrawal 
in patients with recurrence of hyperprolactinemia after 
the first withdrawal, receiving additional CAB therapy 
for at least 2 years. The results of these studies have 
demonstrated that a second attempt at CAB withdrawal 
after 2 additional years of therapy may be successful in 
approximately 30% of patients (173,174).

What are the predictors of remission?

Several studies in the literature sought the predictors of 
remission after stopping DAs, but the results of these 
studies have been contradictory (4,6,10,19). Overall, 
parameters more often associated with a successful 
DA withdrawal include suppressed PRL levels, the use 
of low doses of CAB, and lack of a visible tumor on 
MRI before withdrawal. However, hyperprolactinemia 
recurrence was observed even in patients who presented 
with these parameters (168-172). 

In the great majority of studies, patients harboring 
MACs presented a lower risk of hyperprolactinemia 
remission than those with MICs when treatment is 
discontinued (161-169). The same was true when CAB 
and BCR were compared (167-169). In the series by 
Dogansen and cols. (169), the overall remission rate 
was 46% (65% in cases of MIC and 36% in subjects with 
MAC). A higher remission rate was experienced by 

patients treated with CAB vs. BCR, for both MIC (86% 
vs. 56%) and MAC (45% vs. 27%), respectively (169). 

Menopause might be considered a factor that 
influences the reduction of PRL levels (175). 
Nevertheless, Colao and cols. (163) showed that the 
rate of recurrence of hyperprolactinemia was similar 
among premenopausal and postmenopausal patients. 

There are few studies showing that some patients may 
spontaneously normalize serum PRL concentrations 
after pregnancy. Auriemma and cols. (176) reported that 
pregnancy was associated with normalization of PRL 
levels in 68% of patients. Moreover, breastfeeding did 
not increase the recurrence rate of hyperprolactinemia 
(177). Thus, DA withdrawal has been suggested after 
pregnancy to assess the possibility of hyperprolactinemia 
remission (176,177). Previous pituitary surgery and 
radiotherapy also favor persistent normal PRL levels 
after DA withdrawal (4,6,88).

How long should patients be followedup after 
withdrawal?

The follow-up after DA withdrawal has varied in different 
studies. Generally, the patients have been observed for 
1 to 5 years after cessation of treatment (171,172). 
Most patients relapse within the first year, during which 
the patient should be subjected to a stricter monitoring 
of PRL levels (e.g., every 3 months) (164-169). In 
virtually all studies, all recurrences were observed 
within 24 months of DA discontinuation (162-173). 
In cases of hyperprolactinemia recurrence, the risk of 
tumor growth is very low (< 10%) (88,160,162,169).

COMMENT 10: Following two years of treatment, 
cabergoline (CAB) withdrawal should be strongly 
considered in all patients with microprolactinomas 
and those with macroprolactinomas without visible 
tumor or harboring small tumor remnants, in the 
presence of PRL levels < 10 ng/mL and the use of 
the lowest dose of CAB. Before drug withdrawal, it is 
recommended to gradually taper the CAB dose.

2.6 What is the role of surgery for prolactinomas?

Transsphenoidal surgery (TSS) represents the 
golden standard of surgical approach for both 
microprolactinomas and most macroprolactinomas 
(88), whereas craniotomy must be reserved for tumors 
inaccessible via the transsphenoidal approach and 
currently is indicated in extremely rare cases (6,88,178). 
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Additional indications for TSS surgery are 
complications of the prolactinomas, particularly the 
management of symptomatic apoplexy (178) and the 
surgical repair of CSF leaks (179). The latter can occur 
spontaneously due to tumor invasion of the sphenoid 
sinus or result from a rapid tumor shrinkage induced by 
DA therapy (180-182). In a recent review, more than 
90% of cases of cerebrospinal fluid leakage were related to 
the use of DA, with a mean time of 3.3 months between 
the start of drug administration and the diagnosis of 
rhinorrhea (182). However, this complication can also 
occur during long-term treatment (183). An additional 
strategy to CSF leakage would be the withdrawal of 
DA to allow tumor re-growth to stop the leak (181). 
As β2-transferrin is only found in CSF, its detection in 
nasal secretions is a very accurate tool for confirming 
the diagnosis of CSF rhinorrhea (179,184).

Table 5. Indications for surgery in prolactinomas 

Increasing tumor size despite optimal medical therapy

Pituitary apoplexy

Intolerance to dopamine agonists 

Resistance to dopamine-agonists

Persistent optic chiasm compression

Cerebrospinal fluid leak during administration of dopamine agonists

Adapted from Refs. 6, 10, and 19.

Efficacy

The most important determinants of successful 
surgery for prolactinoma treatment are the 
experience of the neurosurgeon, moderately 
increased serum PRL levels (< 200 ng/mL), and 
tumor size and invasiveness (6,121). In a literature 
review involving more than 50 series, initial surgical 
remission, defined as the normalization of PRL 
levels, occurred on average in 74.7% and 34% of 
patients with microprolactinomas (MICs) and 
macroprolactinomas (MACs), with a recurrence rate 
of 18% and 23%, respectively (88). More recently, 
the analysis of surgical results from 13 published 
series, including at least 100 patients, has shown the 
control of PRL levels to be achieved in approximately 
73% of 1211 microprolactinomas and 38% of 1480 
macroprolactinomas (185).

Notably, as shown in two recent studies (102,104), 
many patients with partial resistance to CAB achieve 
PRL normalization after surgical debulking, using a 
lower dose of CAB than the presurgical one.

Safety

Complications from TSS for MIC are infrequent, 
the mortality rate being at most 0.6% and the major 
morbidity rate being approximately 3.4% (88,121). 
In patients with large tumors, particularly those 
with giant prolactinomas, the mortality rate ranges 
from 3.3% to 31.2% (88,121). Visual loss, stroke/
vascular injury, meningitis/abscess, oculomotor 
palsy and cerebrospinal fluid rhinorrhea have been 
reported to occur in 0.1%, 0.2%, 0.1%, 0.1% and 
1.9% of cases, respectively (121,186-188). Transient 
diabetes insipidus (DI) is quite common with TSS for 
both micro- and macroadenomas (121). In contrast, 
permanent DI is rare and has been reported to occur in 
approximately 1% of surgeries on MACs (121,187,188). 
Hypopituitarism, commonly found in patients with 
macroadenomas before surgery as a consequence of 
mass effects, has been reported either to further worsen 
or to improve after surgery (102-104).

COMMENT 11: Surgery, usually by the 
transsphenoidal approach, is indicated for patients 
with resistance or intolerance to dopamine agonists; 
macroprolactinomas with chiasmal compression 
and visual impairment without fast improvement by 
medical treatment; and acute tumor complications, 
such as symptomatic apoplexy or cerebrospinal fluid 
leakage.

2.7 What is the role of radiotherapy for 
prolactinomas?

As prolactinomas are among the most radioresistant 
pituitary tumors, PRL normalization occurs in only 
approximately one-third of patients submitted to 
radiotherapy (RT) (88,189,190). Moreover, it is 
associated with a high risk of radiation-induced 
hypopituitarism at 10-20 years (121,191). Therefore, 
RT is only indicated to control tumor growth in DA-
resistant cases not controlled by surgery, as well as in 
the very rare cases of malignant prolactinomas (4,6,88). 

Historically, patients have been treated with both 
external beam radiotherapy and stereotactic techniques 
(189). External beam radiotherapy, also referred to as 
“conventional radiotherapy” (CRT), involves the use of 
multiple non-overlapping beams of X-rays that intersect 
over the target area (191). Stereotactic RT is a form 
of RT that uses stereotactic guidance to deliver high 
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doses of radiation in a single fraction (radiosurgery) or 
in multiple fractions (191). 

Efficacy

A comprehensive review of the literature regarding 
hormonal normalization in patients with prolactinomas 
treated with CRT or radiosurgery concluded that the 
overall normalization rate of both approaches seems to 
be similar (34.1% for CRT vs. 31.4% for radiosurgery) 
(88). In the series by Wan and cols. (190), of the 176 
patients with prolactinomas submitted to gamma-knife 
radiosurgery, 23.3% achieved PRL normalization, 
whereas in 90.3%, the tumor volume decreased or 
remained unchanged. 

Stereotactic techniques deliver less radiation to 
normal brain and nerve tissue in the tumor vicinity. 
Thus, radiation-induced complications are thought 
to be less frequent with radiosurgery than with CRT 
(88,189,190). Moreover, a shorter time to hormonal 
normalization with radiosurgery has been reported in 
some series (189,191), but not in all (192).

Currently, radiosurgery has been the recommended 
treatment option unless the tumor is larger than 3-4 
cm, or within 3 mm of the optic nerves, chiasm or tracts 
(192). In this situation, patients should be offered 
CRT or, whenever possible, stereotactic RT in multiple 
fractions (88,189-191).

Safety

The use of convention radiotherapy (CRT) is associated 
with the development of several severe complications 
(121). More than 50% of patients receiving pituitary 
radiotherapy will develop at least one anterior 
pituitary hormone deficiency within the following 
decade (193,194). Although hypopituitarism tends 
to arise in the first 5 years after radiation treatment, 
new deficiencies can appear even 20 years later 
(103,176,177). Additional complications of CRT 
include cerebrovascular accidents (CVAs), a second 
brain tumor and optic nerve injury. The incidence 
of CVA has been found to increase from the time of 
radiation, from 4% at 5 years to 11% at 10 years and 
21% at 20 years (121,195). The cumulative risk of 
second brain tumors has been demonstrated to range 
from 2.0% at 10 yr, to 2.4% at 20 yr, and 8.5% at 30 
yr (196). The rate of presumed radiation-induced 
optic neuropathy has been estimated to be 0.8% at 10 
years (197). Another rare complication is radiation-

induced necrosis of the surrounding brain tissue, with a 
prevalence of approximately 0.2-0.8% (88,121).

In patients receiving radiosurgery, hypopituitarism 
has been found to be the most common complication, 
occurring in approximately one-third of patients 
(121,198). Clinical deterioration due to visual field loss 
and worsened facial sensory loss, as well as a handful 
of cases of second brain malignancies have also been 
reported (88,191,199). 

These data suggest the greater safety of radiosurgery 
compared to CRT. However, further studies of large 
series and with long follow-ups are required to draw 
definitive conclusions (121). 

COMMENT 12: Due to its low efficacy and 
potentially severe side-effects, radiation therapy is 
only indicated to control tumor growth in DA-
resistant cases not controlled by surgery. Whenever 
possible, preference should be given to stereotactic 
techniques.

2.8 How giant prolactinomas should be managed? 

Although there is no consensus on the definition of 
giant prolactinomas (GPs), they are usually defined as 
tumors with a maximum diameter greater than or equal 
to 4 cm (200-202).

GPs represent only 2-3% of all prolactinomas, and 
they are more commonly found in middle-aged men 
(200,201). These tumors are usually more aggressive in 
men than in women (203). GPs often cause visual field 
defects and/or ophthalmoplegia due to compression of 
the optic chiasm and/or cranial nerves, respectively, and 
headaches, as well as other neurological alterations and 
other atypical manifestations for a pituitary adenoma, 
such as orbital invasion, epistaxis or obstructive 
hydrocephalus (204-207). Panhypopituitarism may 
also be present. Therefore, formal visual testing is 
usually necessary, and pituitary function evaluation is 
mandatory (200,203).

Different therapeutic approaches, such as dopamine 
agonists (DAs) alone or in combination with surgery 
and radiotherapy, may be necessary to reach the 
therapeutic goals in patients with GPs, which include 
tumor volume control, normalization of the PRL level 
and restoration of eugonadism (200). Temozolomide 
(TMZ) has been used in aggressive prolactinomas that 
are unresponsive to the abovementioned therapies 
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(117-119). Due to the large tumor volume and 
commonly invasive behavior, control of mass effects 
should be a priority in the management of patients with 
giant prolactinomas (88).

Dopamine agonists

As medical therapy in most cases causes a marked and 
rapid reduction of the tumor size, it is considered the 
first-line treatment option in patients with GPs, even 
in the presence of visual abnormalities. However, close 
monitoring of the visual field is mandatory (200-202). 
In this setting, early surgery (e.g., within 15 to 30 days) 
may occasionally be necessary if the tumors do not 
shrink and if severe visual field defects do not improve 
or even get worse (200-202). 

The use of DA for GPs seems to reduce significantly 
the tumor mass (> 30% decrease in tumor diameter or 
> 65% reduction in tumor volume) in 74% of the cases 
and to normalize the PRL level in 60% of the cases 
(200). Cabergoline (CAB) is the preferred DA for the 
medical management of GPs due to its greater efficacy 
and better tolerability compared to BCR (34,88). In 
the series by Espinosa and cols. (208), CAB treatment 
resulted in the normalization of PRL levels in 68% and 
in the reduction of > 50% in tumor volume in 87% of the 
GP patients. The composite goal of PRL normalization 
and > 50% tumor reduction was achieved by 55% of 
patients with GPs (n = 26) and by 66% of patients with 
no giant macroprolactinomas (n = 100) (p = 0.19) 
(208). Among GPs ≥ 6 cm, DA treatment achieved 
PRL normalization in 11/18 (61%) patients within 
a median interval of 20 months (209). In the series 
by Vilar and cols. (210), 10 of 16 patients (62.5%) 
reached PRL normalization at weekly doses ranging 
from 2.5 to 7 mg. Regarding DA withdrawal, there 
are no data in the literature about CAB withdrawal 
in patients with GPs. Concerning BRC withdrawn in 
these patients, some authors described the persistence 
of normoprolactinemia and tumor volume shrinkage in 
only a minority of patients (211-213).

Surgery

Neurosurgery should be considered as part of the 
multidisciplinary approach to patients with DA-
resistant prolactinoma (debulking surgery) or should 
be restricted to some acute complications such as 
apoplexy or leakage of cerebrospinal fluid during DA 
therapy (4,206,214). Neurosurgery could also be 

considered for patients with severe visual field defects 
that do not show any improvement or even worsen 
during DA treatment. The transsphenoidal approach is 
usually the first choice, even for GPs (200). In patients 
with giant and invasive prolactinomas, surgery is hardly 
curative, regardless of the surgical technique employed 
or the neurosurgeon’s experience. Therefore, in these 
cases, the goal of surgery is to debulk the tumor in 
order to improve the symptoms related to mass effects 
(88,121). Debulking surgery may also improve the 
tumor response to DA therapy (102,104).

Radiotherapy 

Radiotherapy should be used in patients with GPs who 
do not achieve disease control with DA therapy and 
surgery, particularly regarding mass effects (200-202).

Temozolomide

Temozolomide is an oral alkylating chemotherapeutic 
agent that exerts cytotoxic effects through methylation 
of DNA and can be used in aggressive giant 
prolactinomas that remain uncontrolled in terms of 
mass effects despite the multiple treatment modalities 
previously mentioned. The standard dose is 150–200 
mg/m2 for 5 days, repeated every 28-days in a cycle 
(117,119).

COMMENT 13: Cabergoline is the therapy of 
choice for patients with giant prolactinomas (GPs), 
as this drug enables normalization of prolactin levels 
and significant tumor reduction in the majority of 
cases, but higher doses are often required, compared 
to those for smaller macroprolactinomas. Surgery 
should be considered as part of the management 
of these patients, especially in patients who still 
have a large tumor load despite dopamine agonist 
therapy. Radiotherapy and/or temozolomide should 
be reserved for the subgroup of GPs that are not 
controlled in terms of mass effects regardless of the 
multiple conventional treatment modalities.

2.9 How to manage the challenges involving 
prolactinomas and pregnancy?

Chronic anovulation and infertility are very frequent 
among women with prolactinomas, mostly due to 
the hypogonadotropic hypogonadism related to 
hyperprolactinemia (6,10,88). Hyperprolactinemia 
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decreases the luteinizing hormone (LH) pulse amplitude 
and frequency through the suppression of GnRH (14). 
This effect appears to be mediated by an earlier step 
of suppressing the generation of kisspeptin, a protein 
made by neurons in the arcuate and periventricular 
nuclei of the hypothalamus, which stimulates GnRH 
release (215). PRL can also decrease estrogen and 
progesterone production through direct effects on the 
ovaries (216). Fertility is, however, restored in most 
women with the use of DA. In the absence of hormonal 
control in cases with microprolactinomas, clomiphene 
citrate or recombinant gonadotropins may be used for 
ovulation induction (216,217).

During pregnancy, the primary concern is growth of 
the tumor because of high levels of estrogens, leading 
to visual disturbances and headache. The second 
point of concern is the fetal expo sure to DA in early 
embryogenesis and the poten tial risk of malformations 
(216,217). 

Tumor growth 

Prolactinomas can enlarge during pregnancy as a result 
of both the stimulatory effect of these high estrogen 
levels and the discontinuation of the dopamine agonist 
that might have caused tumor shrinkage (216). In 
microprolactinomas, the chance of clinically significant 
tumor growth is less than 5%; therefore, after pregnancy 
confirmation, DA can be withdrawn, and the patient 
should be monitored clinically every trimester. In 
contrast, in patients with macroadenomas, the risk of 
tumor growth with clinical repercussion is up to 35% 
(217). However, Holmgren and cols. (218) noted 
a reduced risk of tumor growth during preg nancy 
in patients treated with BRC for at least 12 months. 
Thus, in patients with expansive macroprolactinomas, 
it is mandatory to observe a tumor within the sellar 
boundaries and usually to wait at least 1 year under 
treatment with a DA (217,219). 

DAs safety in the fetus 

BRC has been shown to cross the placenta in human 
studies (103); CAB has been shown to do so in 
animal models, but such data are lacking in humans 
(121,216). As a general approach in pregnancy, DAsare 
discontinued as soon as pregnancy is con firmed (216). 
Nevertheless, taking into account that CAB has a long 
half-life and can be detected in the circulation within 
30 days after drug with drawal, early fetal exposure is 

unavoidable (217). Moreover, the experience with this 
drug is still limited compared to BRC: ~950 vs. ~6200 
pregnancies induced by CAB and BRC, respectively 
(216). These facts are the rational for BRC preference 
in hyperprolactinemic women willing to become 
pregnant (217), as recommended by the Guidelines 
of the Endocrine Society, with BRC being the only 
authorized DA for pregnancy induction (4). However, 
in clinical practice, CAB has often been used for this 
purpose with no apparent damage to the fetus (216). 

The potential fetal malformation and im pairment of the 
dopaminergic brain circuitry under DA use are a concern 
(216,217,219). Addressing this issue, Molitch (216) 
has compared outcomes data from 6239 pregnancies 
induced by BCR with 968 pregnancies induced by CAB 
and pregnancies in the US general population, regarding 
miscarriages, births at term, premature births, multiple 
pregnancies, and malformed newborns. Overall, no 
difference was found among the three groups (216).

In the vast majority of cases, the DA was with-
drawn at up to 6 weeks of pregnancy. In the literature, 
there are only data on approximately 100 cases of 
BRC use throughout pregnancy, which have disclosed 
one case of undescended testis and one case of talipes 
deformity (217,220,221). Recently, a compilation of 
15 pregnancies with the use of CAB during the entire 
pregnancy has shown 12 healthy babies and one fetal 
death by severe pre-eclampsia (222).

Concerning the long follow-up of children 
conceived during BRC treatment, Bronstein followed 
up 70 children, during 12 to 240 months, and there 
was one case of idio pathic hydrocephalus, one child 
with tuberous sclerosis and another one with precocious 
pu berty (223). In two other studies (217,224), no 
impairment of physical development was observed.

In four studies, the follow-ups of children con-
ceived on CAB were described. Bronstein (223) and 
Ono and cols. (225) did not find any abnormalities in 
five and 83 children followed for 41 months and 12 
years, respectively. Leb be and cols. (226) following 88 
children described two cases of slight delay in verbal 
fluency and one case of difficulty in achieving complete 
conti nence. Moreover, Stalldecker and cols. (227) 
followed 61 children and found two cases of seizures 
and two cases of pervasive developmental dis order.

In summary, BCR and CAB seem to be equally 
safe for the fetus; none of these drugs are apparently 
associated with increased risk for abortions or 
malformations, when used for pregnancy induction 
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in infertile hyperprolactinemic women. Ideally, CAB 
should be discontinued 30 days before the conception 
(216,218,223).

The best approach

An algorithm proposed by Glezer and cols. (217) for the 
management of prolactinoma during preg nancy is shown 
is Figure 8. The DA should be withdrawn as soon as 
pregnancy is confirmed in patients with microadenomas 
or enclosed macroadenomas. Assessment of tumor 
shrink age in macroadenomas is mandatory before 
pregnancy allowance. In previously expanded or invasive 
tumors, the choice of BRC main tenance throughout 
pregnancy or its reintro duction if needed, or else the 
indication of previous surgical debulking, depends on 
the physician’s and patient’s decision (217).

Patients with microprolactinomas (MICs) or 
enclosed macroprolactinomas (MACs) should be 
followed each trimester, with attention to headache 
and visual impair ment (217). In the pres ence of those 
complaints, sellar MRI without contrast, preferably 
after the first trimester, should be performed, and 
BRC reintroduc tion is indicated if tumor growth is 
related to the clinical findings (217). In cases of BCR 
intolerance, CAB, although off-label, could be used 
instead (217,219,222). On the other hand, in pa tients 
with expanding MACs, DA maintenance throughout 
pregnancy should be evaluated by an expert (217,219). 
Clinical evalua tion monthly and neuroophthalmological 
evalu ation each trimester are indicated. In patients 
with MICs or MACs experiencing symptoms related 
to mass effects and without improvement with clinical 
treatment, neuro surgery should be performed, 
preferably during the second trimester (216,217). An 
alternative approach might be delivery of the baby, 
if the pregnancy is sufficiently advanced (e.g., > 37 
weeks) (216,217,219).

Notably, during pregnancy, periodic checking 
of PRL levels is of no diagnostic benefit and can be 
misleading (216,217). Indeed, in normal women, PRL 
levels rise with gestation, but PRL levels do not always 
rise with tumor enlargement, and tumor enlargement 
can occur without a change in the PRL concentration 
(216). A rise in PRL may well not indicate tumor 
enlargement and therefore may cause unnecessary 
worry. By contrast, the lack of a rise in PRL may be 
falsely reassuring in a patient with headaches or other 
evidence of tumor enlargement (216).

Microprolactinoma
and intrasellar

macroprolactinoma

Headache and/or visual
impairment

Sellar MRI
without contrast

Clinical follow-up each month +
Neurophtalmologic 

evaluation 3/3 months

BRC mantainance evaluated
in individual cases Sellar MRI and PRL serum

levels reassed after delivery

BRC
reintroduction

Medical treatment
failure or apoplexy

NeurosurgeryMacroprolactinoma

Clinical follow-up
each 3
months

Sellar MRI and PRL
serum levels reassed

after delivery

Figure 8. Algorithm suggested for the prolactinoma management during 
pregnancy (PRL: prolactin; BCR: bromocriptine; MRI: magnetic resonance 
imaging) (Adapted from Ref. 217).

Follow-up

After pregnancy, PRL levels and tumor size should be 
reassessed because reduction, or even complete tumor 
disappearance, after pregnancy may occur. Moreover, 
asymptomatic tumor enlargement may occur during 
pregnancy (216,217). It has been suggested that high 
levels of estrogen during pregnancy can induce areas 
of tumor necrosis and apoptosis. The median rate of 
hyperprolactinemia remission after preg nancy in eight 
studies was 27%, ranging from 10 to 68% (217).

Breastfeeding does not seem to be associated with 
tumor growth risk, and it is allowed in patients who did 
not require DA during pregnancy (216-219).

COMMENT 14: In the large majority of cases, 
a dopamine agonist is only necessary to induce 
pregnancy and should be discontinued as soon as 
pregnancy is confirmed. Nevertheless, in selected 
cases harboring invasive macroprolactinomas or 
in patients with marked growth and visual and/
or headache complaints, the drug may be used 
throughout pregnancy.

COMMENT 15: Bromocriptine and cabergoline 
seem to be equally safe for the fetus, when used for 
pregnancy induction. Indeed, short-term exposure 
to these drugs for less than 6 weeks of gestation has 
not been found to cause any increase in spontaneous 
abortions, ectopic pregnancies, trophoblastic disease, 
multiple pregnancies, or congenital malformations.
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2.10 How to manage the psychotropic-induced 
hyperprolactinemia?

It should always be kept in mind that patients with 
apparent psychotropic-induced hyperprolactinemia 
may have an alternative etiology for the PRL elevation, 
such prolactinomas, primary hypothyroidism, 
macroprolactinemia, or pseudo-prolactinoma (1). 
Ideally, a baseline PRL level should be obtained before 
starting psychotropic medications known to increase 
PRL, but in the majority of cases, this is not practically 
possible, particularly when these medications are started 
urgently (4,44). Endocrine Society Guidelines suggest 
discontinuing the drug for 3 days or substituting 
with an alternative drug if psychotropic-induced 
hyperprolactinemia is suspected and then remeasuring 
PRL (4). Nevertheless, the decision to withdraw or 
substitute the medication should always be made in 
consultation with the patient’s psychiatrist (4,46). If 
the drug cannot be safely withdrawn due to the risk 
of a relapse of psychiatric symptoms and if the onset of 
hyperprolactinemia does not coincide with the initiation 
of therapy, then pituitary MRI should be performed to 
exclude or diagnose a sellar region lesion (4,46).

The different approaches proposed for symptomatic 
patients with confirmed psychotropic-induced 
hyperprolactinemia include (i) switching the offending 
drug to aripiprazole or other atypical antipsychotics 
(AAPs) with a low effect on PRL levels (41,209-211) 
and (ii) adding DA therapy (41).

Switching to aripiprazole or other AAPs

Because the atypical antipsychotic aripiprazole is a partial 
D2 receptor agonist, it has a neutral effect on PRL 
levels and may often decrease them (46, 228). Thus, 
it may be used as alternative therapy for patients with 
antipsychotic-induced hyperprolactinemia (46,228). 
Other atypical antipsychotics, such as quetiapine, 
olanzapine, lurasidone, asenapine, or clozapine, cause 
only a mild elevation in PRL levels, and only in a 
subgroup of those treated (43,46). Therefore, these 
drugs may also serve as alternatives to antipsychotics 
with robust effects on PRL (e.g., risperidone) (43,46). 

However, in patients who are clinically very stable 
on antipsychotic treatment, switching to a different 
antipsychotic such as aripiprazole or other atypical 
antipsychotics may be inappropriate (46-48). In these 
cases, using aripiprazole as adjunctive therapy may be 
useful. Indeed, in a placebo-controlled trial, adjunctive 

aripiprazole normalized drug-induced hyperprolactinemia 
in more than 80% of patients with schizophrenia (229). 
More recently, in a double-blind, randomized, placebo-
controlled trial involving patients with risperidone-
induced hyperprolactinemia, normalization of PRL 
levels was encountered in 46% of patients who received 
adjunctive aripiprazole therapy (49).

Very interestingly, aripiprazole therapy was 
recently shown to be effective in normalizing PRL 
levels and in reducing tumor size in two patients with 
microprolactinomas and psychotic symptoms (230,231). 

Adding DA therapy 

The use of DA in the treatment of antipsychotic-
induced hyperprolactinemia is not well studied (46,47). 
DA and antipsychotic medications may have opposing 
mechanisms of action. Indeed, the therapeutic effects of 
most antipsychotics come from D2 receptor antagonism 
(232,233). Thus, there is a concern that DA therapy 
may reduce the effectiveness of antipsychotic drugs and 
trigger relapse or exacerbation of psychosis (46). There 
is, however, little evidence to support this concern. For 
instance, Chang and cols. (234) reported a cabergoline-
induced psychotic exacerbation in three schizophrenic 
patients when CAB was introduced for the treatment 
of the hyperprolactinemic symptoms. Likewise, Santos 
Andrade and cols. (235) described a similar situation 
when BCR was added for macroprolactinoma treatment 
in a patient with schizophrenia on haloperidol. By 
contrast, in 5 studies that involved 174 schizophrenic and 
bipolar patients and had a duration ranging from 8 weeks 
to 6 months, the association of dopamine antagonists 
with low doses of CAB or BCR for the treatment of 
hyperprolactinemic symptoms apparently did not impair 
the underlying psychiatric disorder (236-240).

DA therapy should therefore be reserved for patients 
with severe hyperprolactinemia who fail to respond to 
aripiprazole as an alternative or adjunctive treatment. Due 
to its higher specificity for the D2 receptor, CAB would be 
preferable to BCR in the management of antipsychotic-
induced hyperprolactinemia. Nevertheless, it should be 
used cautiously, in doses as low as possible (46).

COMMENT 16: The best approach for symptomatic 
antipsychotic-induced hyperprolactinemia would be 
the use of aripiprazole as an alternative or adjunctive 
therapy. DA therapy at low doses can be used cautiously 
in patients who do not respond to the first approach. 
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What determines mortality in 
malignant pheochromocytoma? – 
Report of a case with eighteen-year 
survival and review of the literature

Matheus de Oliveira Andrade1, Vinícius Santos da Cunha1,  
Dayana Carla de Oliveira1, Olívia Laquis de Moraes1, Adriana Lofrano-Porto1,2

SUMMARY
Pheochromocytoma (PCC) is a tumor derived from adrenomedullary chromaffin cells. Prognosis of 
malignant PCC is generally poor due to local recurrence or metastasis. We aim to report a case of 
malignant PCC with 18-year survival and discuss which factors may be related to mortality and long-
term survival in malignant pheochromocytoma. The patient, a 45-year-old man, reported sustained 
arterial hypertension with paroxysmal episodes of tachycardia, associated with head and neck 
burning sensation, and hand and foot tremors. Diagnosis of PCC was established biochemically and 
a tumor with infiltration of renal parenchyma was resected. No genetic mutation or copy number 
variations were identified in SDHB, SDHD, SDHC, MAX and VHL. Over 18 years, tumor progression 
was managed with 131I-MIBG (iodine-metaiodobenzylguanidine) and 177Lutetium-octreotate therapy. 
Currently, the patient is asymptomatic and presents sustained stable disease, despite the presence of 
lung, para-aortic lymph nodes and femoral metastases. Adequate response to treatment with control 
of tumor progression, absence of significant cardiovascular events and other neoplasms, and lack of 
mutations in the main predisposing genes reported so far may be factors possibly associated with 
the prolonged survival in this case. Early diagnosis and life-long follow-up in patients with malignant 
pheochromocytoma are known to be crucial in improving survival. Arch Endocrinol Metab. 2018;62(2):264-9

INTRODUCTION

P heochromocytoma (PCC) is a tumor derived from 
adrenomedullary chromaffin cells, which produce 

catecholamines, such as norepinephrine, epinephrine 
and dopamine. Approximately 15-20% of chromaffin-
cell tumors arise from extra-adrenal chromaffin cells, 
and they are called paragangliomas (1). PCCs are rare, 
with an incidence of 2 to 8 per 1 million adults, and 
correspond to 5% of all adrenal incidentalomas (2).

The clinical relevance of these tumors is based on 
their potential of secreting cathecolamines, causing 
cardiovascular morbidity and mortality. Around 0.2% to 
1% of patients with hypertension have chromaffin-cell 
tumors. These tumors may also extend into adjacent 
organs, causing mass-effect symptoms (1,2).

Malignant pheochromocytomas are defined as 
those with metastases, evidence of local invasion, or 
recurrence. The main sites of metastasis are lymph 
nodes (80% of patients), bones (50-70%), liver (50%), 

lungs (30-50%), and kidney. Approximately 10% to 
25% of PCCs are malignant (2-4).

There is no available method to accurately predict the 
malignant potential of these tumors when they present 
without metastases. Tumors larger than 5 cm, location of 
the primary lesion, local invasion, tumor necrosis, high 
cellularity, nuclear pleomorphism and hyperchromasia 
are some characteristics that may suggest malignancy, 
but distant metastases remain the only widely accepted 
malignancy criterion (3,5). The pattern of cathecolamine 
secretion is also not useful to differentiate benign from 
malignant pheochromocytomas, despite previous 
reports claiming that dopamine levels may be higher in 
malignant cases (6).

The prognosis of malignant PCC is generally poor 
due to local recurrence or metastasis, with 5-year 
survival rates varying between 40% e 70%, and median 
survival of 7 years (7,8). Nevertheless, there are few 
reports of patients with malignant PCC surviving for 
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more than 15 years after diagnosis (6,8-24). We report 
a case of malignant PCC with 18-year survival and 
discuss which factors may be related to mortality and 
long-term survival in malignant pheochromocytoma. 

CASE REPORT

The patient, a 45-year-old man, reported sustained 
arterial hypertension with paroxysmal episodes of 
tachycardia, associated with burning sensations in the 
head and neck, and hand and foot tremors. On the first 
consultation, blood pressure was 220 x 160 mmHg, 
the heart rate was 58 bpm and a systolic murmur 
2+/6+ in mitral area was noticed, radiating to the left 
sternal border. No relevant family history was reported. 
His father died of prostate cancer at age 65, but there 
were no other cases of cancer in the family.

An abdominal computed tomography (CT) 
scan showed compression of the left kidney by 
a tumor measuring 14.8 x 9.8 cm. At that time 
(1998), the concentrations of total catecholamines 
and vanillylmandelic acid in 24-hour urine sample 
were 1875 μg/24h (normal range: < 100 μg/24h) 
and 86.8 mg/24h (normal range: < 8 mg/24h), 
respectively. Adrenalectomy and nephrectomy were 
performed, accompanied by splenectomy and resection 
of the tail of the pancreas due to tumor infiltration. 
Histopathological examination was consistent with 
pheochromocytoma with vascular invasion and 
infiltration of renal parenchyma.

After two years, the patient presented negative 
biochemical evaluation for pheochromocytoma, 
and the only reported symptom was intestinal 
subocclusion, which was clinically treated. However, 
an abdominal CT scan demonstrated recurrence of a 
tumor measuring 8 x 6 cm, in the left renal bed, which 
was resected. In subsequent years, 131I-MIBG (iodine-
metaiodobenzylguanidine) scintigraphy and abdominal 
and pelvic CT scans showed multiple enlarged para-
aortic lymph nodes, compatible with metastasis, as well 
as metastatic nodules in the left adrenal bed and left 
lung base. Over twelve years, treatment was performed 
with four therapeutic doses of 131I-MIBG (two, seven, 
eleven and thirteen years after the second surgery), 
totaling a cumulative dose of 700 mCi (first dose of 
100 mCi and the others of 200 mCi).

In the last seven years, however, persistently elevated 
levels of urinary normetanephrines have been noted. 
The last magnetic resonance imaging (MRI) revealed 

the presence of node formations on the left para-aortic 
region and on the topography of the ipsilateral adrenal 
gland. Recently, 111Indium-octreotide scintigraphy 
was performed, followed by 177Lutetium-octreotate 
therapy, and the last whole body scan after the second 
therapeutic dose (200 mCi) of 177Lutetium-octreotate 
demonstrated the presence of neuroendocrine lesions 
in the lungs, left para-aortic lymph nodes and in the 
intertrochanteric region of the left femur, suggesting 
active disease (Figure 1). The patient, currently 63 
years old, remains asymptomatic and normotensive, 
under use of antihypertensive medication (Enalapril  
40 mg/day).

In face of the malignant presentation, molecular 
studies were conducted to screen mutations in 
five genes related to pheochromocytoma: SDHB, 
SDHD, SDHC, MAX and VHL. Genomic DNA 
was extracted from 12 mL of EDTA-anticoagulated 
peripheral blood, by the salting out method. All 
coding exons and flanking intronic regions of SDHB, 
SDHD, SDHC, MAX and VHL were amplified and 
automatically sequenced. Since no point mutations 
were found by the Sanger sequencing, analysis 
for large deletions in SDH and VHL was included. 
Multiplex Ligand-Probe Amplification (MLPA) was 
performed using commercially available kits, P226 
for SDH, and P016 for VHL (MRC Holland®). No 
mutation or copy number variations were identified in 
the assessed genes.

Figure 1. 177Lutetium-Octreotate Single-Photon Emission Computed 
Tomography (SPECT) revealing areas of radiopharmaceutical 
hyperconcentration (shown by black arrows) in the lungs (A, axial and 
sagittal view), left para-aortic lymph nodes (B, coronal view), and left 
femoral intertrochanteric region (C, coronal view).

A

B C
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DISCUSSION

We report a rare case of malignant pheochromocytoma 
with 18 years of follow-up, during which the patient has 
been asymptomatic and has referred a good quality of 
life after treatment with a cumulative dose of 700 mCi of 
131I-MIBG, followed by 177Lutetium-octreotate therapy. 
While the diagnosis of a malignant pheochromocytoma 
was suspected in 1998 when an invasive 14.8-cm 
adrenal tumor was resected, the confirmation of 
malignancy came with early postoperative evidence 
of locoregional recurrence followed by multiple para-
aortic lymph nodes metastasis. Despite the anatomical 
evidence of relatively stable metastatic disease, no 
evidence of cathecolamine hypersecretion was noted 
for approximately 10 years. Moreover, even though 
urinary normetanephrine levels have slowly increased 
over the last 7 years, the patient remains clinically 
controlled. 

According to recent guidelines, the initial 
diagnosis of pheochromocytoma is based on the 
assessment of increased cathecolamines or metabolites 
(metanephrines) in a plasma sample or in a 24h urine 
collection, followed by localization of the tumor using 
imaging techniques, such as CT, T2-weighted MRI 
and I-MIBG scintigraphy (3). In the present case, MRI 
and I-MIBG scintigraphy have shown complementary 
usefulness in the clinical follow up and identification of 
disease recurrence, as previously reported (25). 

Genetic testing is recommended in all PCC patients, 
since it may guide genetic counselling and ensure 
a personalized approach to patient management. 
Although approximately 14 confirmed genes are 
associated with pheochromocytoma and paraganglioma 
susceptibility, the genes investigated in the present case 
– SDHB, SDHC, SDHD, VHL and MAX – have been 
the main reported genes associated with malignant 
PCC reported so far, according to the Endocrine 
Society Clinical Practice Guideline (1). Metastatic 
disease is one of the features that indicates likelihood of 
a hereditary cause, and it is recommended that patients 
with malignant PCC should undergo genetic testing 
for SDHB, SDHC, SDHD, VHL and MAX (1,26). In 
the presented case, we performed genetic screening 
of those main malignancy predisposing genes, but no 
germline mutations or copy number variations were 
identified. Accordingly, it has been shown that only 40% 
of patients carry germline mutations in the susceptibility 
genes, and up to two thirds of the remaining sporadic 
PCCs have somatic mutations (26).

The prevalence of germline mutations in SDHB, 
SDHC, SDHD, VHL and MAX in PCC and 
paraganglioma patients is, respectively, 10%, 1%, 9%, 
7%, and 1%. SDHx mutations are associated with 
inappropriate activation of hypoxic signaling leading to 
angiogenesis, metabolic alterations and tumorigenesis. 
SDHB mutations are especially related to sporadic 
malignant PCC with poor prognosis, and up to 40% 
of patients with metastatic disease harbor mutations in 
this gene. Hypoxic signaling is also disrupted by loss-of-
function mutations in VHL, which cause von Hippel-
Lindau disease, a syndrome characterized by tumors in 
several organs, including kidney, central nervous system, 
pancreas and adrenal gland. MAX mutations promote 
upregulation of the MYC signaling, a key oncogenic 
pathway, leading to familial pheochromocytomas (1,26).

The absence of germline mutations in the main 
predisposing genes suggests that other mechanisms are 
related to the development of malignancy, particularly 
in indolent cases, which still has no biological markers 
or defined pathophysiological basis. The absence of 
mutations in the reported case, especially SDHB, may also 
be related to long-term survival, since SDHB mutations 
are independently related to shorter survival in patients 
with malignant pheochromocytoma (26). Intriguingly, 
there are few reports of malignant pheochromocytoma 
patients harboring SDHB mutations with prolonged 
survival (17,22). Whether the absence of germline 
mutations in the genes previously associated with 
a malignant behavior represents a protective factor 
against aggressive disease must be further investigated. 

Curative treatment for malignant PCC is not available 
yet, and surgery is focused on reducing hormonal 
activity and palliating local complications. MIBG-
radiotherapy, radiolabeled somatostatin analogues 
(e.g. octreotide), and chemotherapy are other available 
therapeutic options. Conventional chemotherapeutic 
regimens (e.g. cyclophosphamide, vincristine, and 
dacarbazine) provide limited efficacy (27).

Several studies have investigated the use of 
radiolabeled MIBG for treatment of malignant PCC. 
Dose regimen and tumor response are variable, as 
there is no established agreed-upon protocol. A 
phase II study involving 50 patients with malignant 
pheochromocytoma or paraganglioma treated with 
high-dose 131I-MIBG showed overall 5-year survival 
rate of 64% and sustained stable disease in 8% of patients 
(28). Another study reported median survival of 4.7 
years for patients with malignant PCC after treatment 
with high-dose 131I-MIBG (29). 
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Table 1. Reports of malignant pheochromocytomas and paragangliomas with more than 15 years of survival

No.
Age at 

diagnosis 
(years)

Location of 
primary tumor

Tumor size 
(cm) Site of metastasis Genetic 

testing
Survival time

(years) Reference

1 43 Adrenal Uni NA Pleura NA 20 Traub and Rosenfeld (1970) (9)

2 NA NA NA NA NA 17

Remine and cols. (1975) (10)
3 NA NA NA NA NA 20

4 NA NA NA NA NA 20

5 NA NA NA NA NA 21

6 NA NA NA Lung NA 25
Van den Broek and De Graeff 

(1978) (11)

7 7 Adrenal Uni NA Left renal hilus NA 21 Abemayor and cols. (1980) (12)

8 NA NA NA NA NA >20 Brennan and Kaiser

(1982) (13)9 NA NA NA NA NA 23

10 NA NA NA Liver NA 17 Okada and cols. (1990) (14)

11 NA NA NA NA NA 22 Mornex and cols. (1992) (15)

12 44 Adrenal Uni NA
Lumbar vertebrae and 

ilium
NA 26 Yoshida and cols. (2001) (16)

13 32 Extra-adrenal NA Liver and vena cava SDHB 30 Young and cols. (2002) (17)

14 NA NA NA Bone NA 30
Arias Martinez and cols. (2003) 

(24)

15 19 Adrenal Bi NA Liver NA 29 Mózes and cols. (2003) (18)

In the present case, the patient responded to 
treatment with 131I-MIBG for 12 years and, more 
recently, to 177Lutetium-octreotate therapy. Currently, 
the patient presents sustained stable disease, despite the 
presence of metastases in the lung, para-aortic lymph 
nodes and, more recently, femoral metastasis. Repeated 
intermediate-dosage of 131I-MIBG is considered an 
efficient and well-tolerated treatment in patients with 
malignant PCC, but the role of 131I-MIBG in longevity 
remains to be elucidated in patients with long-term 
survival (19).

The most frequent cause of death in malignant 
pheochromocytoma is tumor progression, highlighting 
the importance of controlling tumor growth in disease 
management. Cardiovascular manifestations related 
to catecholamine hypersecretion account for 30% of 
mortality (4). The main cardiovascular events associated 
with mortality are myocardial infarction, heart failure, 
cerebrovascular complications, and hypertensive 
or hypotensive crisis associated with operations for 
unrelated conditions (7). 

Other cancers are also associated with mortality in 
PCC. These additional neoplasms may occur in the 
context of genetic syndromes, such as von Hippel-
Lindau syndrome and neurofibromatosis type 1. They 
also may be sporadic, considering that presence of 
pheochromocytoma is associated with increased risk of 
developing other malignancies (melanoma, carcinoma 

of uterine cervix, liver/biliary tract and central nervous 
system tumors) (30). So far, no additional or secondary 
neoplasm has been identified in our case. Control of 
tumor progression, as well as the absence of significant 
cardiovascular events and other cancers may have 
contributed to the prolonged survival in the reported case. 

An extensive literature search from 1970 to 2016 
revealed 42 cases of malignant pheochromocytomas 
and paragangliomas with more than 15 years of survival 
(Table 1). It is noteworthy that a significant number 
of malignant cases with prolonged survival (11 of 42; 
26%) were described more than 25 years ago, when 
imaging and radionuclide-based therapies were not 
widely available in clinical practice. Overall, among 
31 cases of malignant PCCs with prolonged survival 
in which the primary tumor localization was provided, 
the majority were unilateral adrenal tumors (62.5%; n 
= 20), followed by extra-adrenal (35.5%; n = 11), and 
bilateral tumors (3.2%; n = 1). Only two studies (17,22) 
performed genetic analysis, and out of four cases in 
which genetic screening was performed in apparently 
sporadic malignant PCC, three presented SDHB 
mutations, and one patient was negative for SDHB, 
SDHD, RET and VHL mutations. The variability in 
clinical presentation and rarity of cases with prolonged 
survival impair the establishment of definitive factors 
associated with better outcomes and long-term survival 
in malignant PCC. 
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No.
Age at 

diagnosis 
(years)

Location of 
primary tumor

Tumor size 
(cm) Site of metastasis Genetic 

testing
Survival time

(years) Reference

16 43 Adrenal Uni 9
Liver and 

retroperitoneum
NA 16 Lam and cols. (2005) (19)

17 18 Extra-adrenal NA Bone NA 21

Sisson and cols. (2006) (20)

18 30 Adrenal Uni NA Lung NA 34

19 17 Extra-adrenal NA Regional NA 25

20 25 Adrenal Uni NA Liver NA 17

21 39 Adrenal Uni NA Liver NA 17

22 42 Adrenal Uni NA Regional NA 18

23 23 Adrenal Uni NA Liver NA 36

24 10 Extra-adrenal NA Bone NA 32

25 36 Adrenal Uni NA Lung NA 17

26 69 Extra-adrenal NA Liver NA 16

27 15 Adrenal Uni NA Bone NA 45

28 51 Adrenal Uni 11x12x11 Lung and bone NA 20 Huang and cols. (2007) (6)

29 34 Adrenal Uni 22 NA NA 18 Szalat and cols. (2011) (21)

30 49 Adrenal Uni NA Lung NA 19

Choi and cols. (2015) (8)
31 47 Adrenal Uni 3.2

Kidney and 
retroperitoneum

NA 18

32 26 Adrenal Uni NA Lung NA 18

33 14 Adrenal Uni NA
Liver, lung, duodenum, 

bone
NA 25

34 47 Extra-adrenal NA NA NA 17

Rutherford and cols. (2015) (22)

35 50 Extra-adrenal NA NA NA 25

36 15 Extra-adrenal NA NA NA 21

37 26 Adrenal Uni NA NA NA 31

38 56 Adrenal Uni NA NA SDHB 16

39 13 Extra-adrenal NA NA SDHB 25

40 31 Adrenal Uni NA NA Negative 18

41 32 Extra-adrenal NA NA NA 26

42 53 Extra-adrenal NA Anterior cranial fossa 
and cervical lymph 

nodes

NA 22 Belgioia and cols. (2016) (23)

Uni: unilateral; Bi: bilateral; NA: not available.

This case report and literature review carefully 
illustrate that regular clinical monitoring with 
imaging and biochemical evaluation of malignant 
pheochromocytomas is essential to address tumor 
behavior, and to ensure prompt intervention when 
complications or tumor recurrence arise. In addition, 
early diagnosis and life-long follow-up are crucial for 
improving survival. Adequate response to treatment 
with control of tumor progression, absence of significant 
cardiovascular events and other neoplasms, and lack of 
mutations in the main predisposing genes reported so 
far might be associated with the prolonged survival in 
the presented case. Further studies involving a larger 
number of cases are needed to compare the clinical, 
biochemical and molecular signatures of malignant 

pheochromocytomas with indolent versus aggressive 
behavior and treatment response. 
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Instructions for authors

GENERAL INFORMATION 
We emphasize the importance of following these instructions carefully. Failure to do 
so will delay the processing of your manuscript. 
Manuscripts should be submitted solely to the AE&M and should not have been 
published, or be under consideration for publication in any substantial form, in ano-
ther periodical-either professional or lay. 
Manuscripts should be submitted in English. Proofreading by a scientific editing ser-
vice is strongly recommended; the following companies are suggested: Voxmed Me-
dical Communications, American Journal Experts and PaperCheck. Manuscripts that 
successfully complete the peer-review process and are recommended for publication 
will only be accepted and published upon receipt of a certificate proving professional 
academic English proofreading. In extraordinary circumstances, the certificate can 
be waived by editorial decision.
All submissions are initially evaluated in depth by the scientific editors. Papers that 
do not conform with the general criteria for publication will be returned to the au-
thors without detailed review, typically within three to five days. Otherwise, manus-
cripts will be sent to reviewers (most commonly two). 

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

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

Review Articles 
The AE&M publishes Review Articles that show a balanced perspective on timely 
issues within the field of clinical endocrinology. All reviews are submitted upon in-
vitation and are subject to peer review. Articles in this category are requested by the 
Editors to authors with proven expertise in the field. Authors considering the sub-
mission of uninvited reviews should contact the editors in advance to determine 
whether the topic that they propose is of current potential interest to the Journal. 
Review articles should be no longer than 4,000 words in the main text, include no 
more than four figures and tables, and no more than 60 references. The author 
should mention the source and/or request authorization for use of previously publi-
shed figures or tables.

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

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

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

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

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

Letters to the Editor 

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

MANUSCRIPT PREPARATION 
GENERAL FORMAT 

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

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

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

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

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

ALL SUBMISSIONS MUST INCLUDE: 
• A cover letter requesting the evaluation of the manuscript for publication in 

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

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

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

Title Page 
The title page must contain the following information: 

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

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

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

legends.
7.  Article type 

Structured Abstracts 
All Original Articles, Brief Reports, Reviews, Case Reports should be submitted with 
structured abstracts of no more than 250 words. The abstract must be self-contained 
and clear without reference to the text, and should be written for general journal 
readership. The abstract format should include four sections that reflect the section 
headings in the main text. All information reported in the abstract must appear in 
the manuscript. Please use complete sentences for all sections of the abstract. 
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Introduction 
The article should begin with a brief introductory statement that places the study in 
historical perspective, and explains its objective and significance.

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

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

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

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

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

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

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

Figures and Legends 
All figures must display the figure number. Sizing the figure: the author is responsi-
ble for providing digital art that has been properly sized, cropped, and has adequate 
space between images. All color figures will be reproduced in full color in the online 
edition of the journal at no cost to the authors. Authors are requested to pay the cost 
of reproducing color figures in print (the publisher will provide price quotes upon 
acceptance of the manuscript). 

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

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

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

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

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

Molecular Genetic Description 
• Use standard terminology for variants, providing rs numbers for all variants re-

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

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

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

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

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

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

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

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

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

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