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The long and still uncertain journey of 
BRAF as a prognostic tool in patients 
with papillary thyroid cancer

Rafael Selbach Scheffel1,2, Ana Luiza Maia2

T he principle underlying personalized medicine is that using specific information 
about a person’s disease will help in establishing a diagnostic, a therapeutic 

strategy or defining a prognosis. Nevertheless, the underlying assumptions of the 
precision-medicine model may not be obvious, since it includes the existence of 
meaningful subgroups of patients and the ability to identify them with this approach. 
Perhaps the most successful area of personalized medicine is cancer treatment. Tumors 
arise as a result of an accumulative series of events from genetic variants, usually in a 
limited set of genes, which identification led to molecular-target therapies. Examples 
of successful use of personalized medicine include the use of targeted therapies to 
treat specific types of cancer cells, such as HER2-positive breast cancer cells, BRAF 
mutation‐related melanoma, and RET driven tumors (1).

BRAF is one of the most studied genes in papillary thyroid cancer (PTC). BRAF 
mutations activate the mitogen-activated protein kinase (MAPK) pathway resulting 
in increases of cellular proliferation, inhibition of differentiation and apoptosis (2). 
The BRAF point mutation T1799A is the most common, resulting in the exchange 
of valine to glutamate at residue 600 (BRAFV600E). The first studies describing the 
role of BRAFV600E mutation on the pathogenesis of PTC were published in 2003 (3). 
Subsequent studies focused on searching an association between BRAF mutation 
and features of an unfavorable course of the disease. The impact of the mutation 
in clinical outcomes (persistent disease, recurrence, survival) remains debatable with 
studies showing conflicting results (4). So far, it seems that BRAFV600E mutation is not 
an independent prognostic marker and should be analyzed in association with other 
prognostic factors. 

In this edition of the Archives of Endocrinology and Metabolism, two studies shed 
light on the prognostic role of BRAFV600E on Brazilian patients. Pessôa-Pereira and cols 
retrospectively studied 43 PTC patients to evaluate the association between BRAFV600E 
mutation and several clinicopathological features of PTC, meaning tumor size, 
histological subtype, multifocality, extrathyroidal extension, vascular invasion, lymph 
node and distant metastases, and AJCC/TNM or recurrence risk stage systems (5). The 
authors report a high prevalence of BRAFV600E mutation (65.1%), which was associated 
with older age and absence of Hashimoto’s thyroiditis, but not with other high-risk 
features. In the study of Giorgenon and cols (6), the authors evaluated BRAFV600E 
mutation and TERT (telomerase reverse transcriptase) gene promoter mutation 
preoperatively in 45 high-risk thyroid nodules with confirmed anatomopathological 
diagnostic PTC. TERT is involved in cellular immortality, by preserving the telomere 
length at the end of chromosomes and enhancing other cellular functions such as 
proliferation and cell cycles. The authors also found a high prevalence of BRAFV600E 
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mutation (66.7%), but only 4 patients (8.9%) showed 
TERT mutation. No association was observed between 
BRAFV600E mutation and clinicopathological aspects. 
Interestingly, however, in agreement with previous 
studies (7), the TERT mutation was associated with 
advanced age and advanced AJCC TNM stage.

These studies show interesting similarities: both 
of them observed a high prevalence of BRAFV600E 
mutation, conflicting with previous studies in South-
eastern region (28.1 to 48.3%) (8,9) but in accordance 
with results obtained from Goiânia (63.8%) and Porto 
Alegre (59.4%) (10,11). These observations indicate a 
significant heterogeneity on the prevalence of BRAFV600E 
mutation among the different regions in Brazil. 
Contrasting with other reports (4), the studies failed 
to demonstrate an association between the BRAFV600E 
mutation and high-risk clinicopathological features, 
which might be partially explained by the relatively 
small sample sizes of both studies. Unfortunately, the 
lack of data on patient-centered outcomes (i.e., status 
of the disease on long term follow-up) in both studies, 
and the absence of multivariate analyses on the second 
one (6) limit the study’s conclusions. 

The use of specific molecular classifier as prognostic 
markers is a research trend in thyroid cancer, and a 
potential role of BRAFV600E mutation has been long 
advocated. However, until now, the studies have 
failed to demonstrate its use as a single, independent 
predictive factor in clinical practice. Accordingly, the 
current guidelines do not indicate a routine application 
of BRAF mutation status for initial risk stratification 
in PTC. Thus, the real place of BRAFV600E as a tool in 
personalized medicine in the prognostic of PTC patients 
remains uncertain. On the other hand, studies point that 
identification TERT promoter mutation in preoperative 
specimens might be useful as an independent marker 
for risk stratification and helpful on defining the best 
treatment strategy for PTC patients.

Disclosure: no potential conflict of interest relevant to this article 
was reported.
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mutation and clinicopathological 
features of papillary thyroid 
carcinoma: a Brazilian  
single-centre case series
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ABSTRACT
Objectives: We aimed to investigate the prevalence of the BRAF (V600E) mutation in consecutive 
cases of papillary thyroid carcinoma (PTC) in patients diagnosed and treated at the Hospital Sao 
Rafael (Salvador, BA, Brazil) and evaluate its association with clinical and pathological characteristics 
of PTC. Subjects and methods: We retrospectively enrolled in the study a total of 43 consecutive 
PTC patients who underwent total thyroidectomy. We performed DNA extraction from formalin-
fixed paraffin-embedded (FFPE) tumour tissue samples. Polymerase chain reaction (PCR) and direct 
sequencing were used to determine BRAF (V600E) mutation status. Univariate and multivariate 
logistic regression analyses were employed to identify independent associations. Results: 
The prevalence of BRAF (V600E) mutation was 65.1% (28/43). A high frequency of older patients  
(p value: 0.004) was observed among the BRAF-mutated PTC group and, in contrast, a low frequency 
of concurrent Hashimoto’s thyroiditis (HT) (p value: 0.011) was noted. Multivariate analysis confirmed 
that older age (OR: 1.15; 95% CI: 1.00 - 1.33; p value: 0.047) and HT (OR: 0.05; 95% CI: 0.006-0.40;  
p value: 0.005) were independent factors associated with BRAF (V600E) mutation. Conclusion: We 
found a high prevalence of BRAF (V600E) mutation in PTC cases. Older age and no concurrent HT 
were independently associated with BRAF (V600E) mutation. Arch Endocrinol Metab. 2019;63(2):97-106

Keywords 
Papillary thyroid cancer; BRAF mutation; Hashimoto’s thyroiditis

INTRODUCTION

T hyroid cancer is the most frequently diagnosed 
endocrine malignancy worldwide, currently 

ranking in ninth place for global incidence (1). 
Papillary thyroid carcinoma (PTC), which accounts for 
up to 85% of all thyroid cancer cases (2), has a relatively 
indolent behaviour and shows better prognosis than 
other malignant thyroid tumours, such as medullary 
and anaplastic thyroid carcinoma (3). However, some 
patients may experience extrathyroidal extension 
(ETE), local and/or distant metastases, as well as 
present recurrent disease after surgery and radioactive 
iodine therapy, all of which significantly contribute 

to a poorer prognosis (4). Recurrence and mortality 
risk stratifications, which are mainly based on clinical 
and pathological criteria, are currently the main tool 
for determining suitable clinical management of PTC 
(5,6). Nevertheless, those clinicopathological factors, 
such as older age, histological subtypes, tumour size 
and distant metastasis, have not been able to provide 
complete accuracy in terms of predicting a poor 
prognosis (7). Therefore, many studies have focused 
on identifying additional parameters, such as molecular 
markers, in order to provide an accurate risk assessment.   

Significant advances in understanding oncogenic 
events involved in the onset and progression of PTC 
have arisen over recent decades. Thyroid oncogenesis 
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often involves constitutive activation of the mitogen-
activated protein kinase (MAPK) kinase (MEKK)/
extracellular signal-regulated kinase (ERK) pathway, 
usually driven by the T1799A somatic mutation in 
the v-raf murine sarcoma viral oncogene homolog B1 
(BRAF) exon 15, a process which results in a V600E 
amino acid replacement (8). Several studies have shown 
a positive association between BRAF (V600E) and 
PTC aggressive phenotype, including ETE, distant 
metastasis, and silencing of thyroid-specific iodine-
metabolizing genes (9). On the other hand, these 
findings have not been found in some other studies 
(10), raising doubts about whether BRAF (V600E) 
could be used as an appropriate prognostic factor for 
PTC. 

Considering the lack of consistent evidence in the 
literature and that there are no published reports on 
the prevalence of BRAF (V600E) mutation in PTC 
patients in North-eastern Brazil, we conducted a cross-
sectional study of consecutive case series of PTC from 
a reference hospital in Salvador, BA, Brazil, in order 
to evaluate the association between BRAF (V600E) 
mutation and clinicopathological features of PTC. 

SUBJECTS AND METHODS
Ethics statement

This study was formally approved by the institutional 
Research Ethics Committee of the Federal University 
of Bahia (n. 102.290), along with the medical board 
of Sao Rafael Hospital (Salvador, Bahia, Brazil), and 
was carried out in accordance with the Declaration of 
Helsinki of the World Medical Association.

Patient selection

We retrospectively enrolled 43 consecutive PTC 
patients who had undergone total thyroidectomy as 
initial treatment for PTC in the Department of Head 
and Neck Surgery at Sao Rafael Hospital between 2006 
and 2012. All clinical and pathological data, including 
age, sex, tumour size, histological subtype, multifocality, 
concurrent Hashimoto’s thyroiditis (HT), ETE, 
vascular invasion, lymph node and distant metastasis 
status, were collected from medical records (Table 1). 
Patients were classified as low, intermediate and high risk 
according to the 2015 American Thyroid Association 
(ATA) risk stratification for well-differentiated thyroid 
cancer (6,11), as well as according to the Brazilian 

consensus (5). We excluded from the study patients 
whose cancer-related medical records and/or formalin-
fixed paraffin-embedded (FFPE) tumour specimens 
derived from their surgical resections were unavailable.

Tumor samples

FFPE blocks were obtained from the archives of the 
Department of Anatomic Pathology and Cytopathology 
at Sao Rafael Hospital in order to acquire thyroid 
tumour samples for BRAF (V600E) mutation 
analysis. All samples were histologically reviewed on 
haematoxylin and eosin (HE)-stained slides by two 
pathologists. Tumours were staged according to the 
8th edition of the TNM-based staging system proposed 
by the American Joint Association on Cancer (AJCC). 
Representative tumour areas containing at least 60% of 
cancer cells were marked on the HE-stained sections. 
Subsequently, five sequential sections of 10-μm 
thickness were obtained from each chosen FFPE tissue 
block. Marked tumour areas were manually scraped 
off from the unstained sections by sterile needles using 
their respective HE-stained slides as a guide. In cases of 
multifocal disease, we only collected the largest tumour 
focus for analysis. 

DNA isolation

Genomic DNA isolation from the FFPE samples was 
performed using Gentra Puregene Core Kit B (Qiagen, 
Valencia, CA, USA) at the Thyroid Study Laboratory 
(Salvador, BA, Brasil), preceded by a total removal of 
the paraffin from the samples with xylene and washing 
steps with ethanol, according to the manufacturer’s 
protocol. Concentration levels and quality were 
assessed using a Nano Spectrophotometer Kasvi K23-
0002 (Kasvi, Sao Jose dos Pinhais, PR, Brazil).

Polymerase chain reaction

Polymerase chain reaction (PCR) was performed to 
amplify the exon 15 of BRAF from the isolated DNA, 
as previously described (8). Briefly, BRAF exon 15 was 
amplified in a 20-μl reaction volume containing 100 ng 
of genomic DNA, 7.5 pmol of each primer (Forward: 
5 ’ -AAACTCTTCATAATGCTTGCTCTG-3’ ; 
Reverse: 5’-GGCCAAAAATTAATCAGTGGA-3’), 
100 μm  deoxynucleoside triphosphates (dNTPs), 5 
μCi [α32P]dCTP, 1.5 mm MgCl2, Platinum TaqDNA 
polymerase high fidelity and buffer (Thermo Fisher 
Scientific, Waltham, MA, USA). The PCR reaction was 
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Table 1. Clinical and pathological features of the PTC patients

Patient Age 
(y) Sex Tumour 

size (mm) PTC variant HT Multifocal
disease ETE Vascular 

invasion LM Distant 
metastasis

8th AJCC TNM 2015 ATA 
Recurrence Risk

BRAF (V600E) 
mutationT N M CS

1 20 F 25 Classical Yes Yes No Yes No No 2 0 0 I Intermediate Negative

2 12 F 40 Classical Yes Yes No No Yes No 2 1b 0 I High Negative

3 17 F 6 Classical No No No No Yes No 1a 1b 0 I Intermediate Negative

4 17 F 10 Classical No No No No No No 1a 0 0 I Low Positive

5 13 F 22 Classical Yes Yes No No No No 2 0 0 I Low Negative

6 36 F 25 Follicular Yes Yes No No No No 2 0 0 I Low Negative

7 40 F 20 Follicular No Yes No No No Yes 1b 0 1 II High Positive

8 26 F 15 Classical Yes Yes Yes No Yes No 1a 1b 0 I Intermediate Positive

9 44 F 10 Classical Yes No No No Yes No 1a 1a 0 I Low Negative

10 38 F 12 Classical Yes Yes No No No No 1b 0 0 I Low Positive

11 39 F 12 Classical Yes Yes No No No No 1b 0 0 I Low Negative

12 26 F 10 Classical No No No No Yes No 1a 1a 0 I Low Positive

13 40 M 13 Classical No Yes No No No No 1b 0 0 I Low Positive

14 31 F 30 Follicular No No No No No No 2 0 0 I Low Negative

15 45 F 15 Classical No No Yes No Yes No 1b 1a 0 I Intermediate Positive

16 36 F 10 Follicular No No No No Yes No 1a 1a 0 I Low Negative

17 41 F 5 Classical Yes Yes No No Yes No 1a 1a 1 I Low Negative

18 45 F 20 Classical No Yes No No No No 1b 0 0 I Low Positive

19 32 F 16 Classical Yes No No No No No 1b 0 0 I Low Negative

20 36 F 13 Follicular No No No No No Yes 1b 0 1 II High Negative

21 35 F 15 Tall cell Yes No No No Yes No 1b 1a 0 I High Negative

22 30 F 15 Follicular No Yes No No Yes No 1b 1a 0 I Intermediate Negative

23 24 F 10 Classical No No No No No No 1a 0 0 I High Positive

24 37 F 20 Classical No Yes No No No No 1b 0 0 I High Positive

25 42 M 15 Classical No No No No No No 1b 0 0 I Low Positive

26 33 F 20 Classical Yes No Yes No Yes No 3b 1a 0 I High Positive

27 29 F 10 Classical No No No No No No 1a 0 0 I Low Positive

28 27 F 20 Classical No Yes No No No No 1b 0 0 I Low Positive

29 24 F 20 Classical Yes No No No No No 1b 0 0 I Low Negative

30 41 M 35 Classical No No No No No No 2 0 0 I Low Positive

31 46 F 10 Follicular No Yes No No Yes No 1a 1a 0 I Low Positive

32 46 F 37 Classical No Yes No Yes Yes No 2 1a 0 I Intermediate Positive

33 46 F 9 Classical No Yes No No No No 1a 0 0 I Low Positive

34 61 F 50 Trabecular No Yes No No No No 3a 0 0 II Low Positive

35 42 F 30 Classical Yes No No No Yes No 2 1b 0 I Low Positive

36 62 F 50 Classical Yes Yes No Yes No No 3a 0 0 II Intermediate Positive

37 44 F 15 Oncocytic No Yes No No No No 1b 0 0 I Low Positive

38 28 F 15 Classical No No No No No No 1b 0 0 I Low Positive

39 41 F 13 Classical No Yes No No Yes No 1b 1a 0 I Low Positive

40 36 F 13 Classical No No No No No No 1b 0 0 I Low Positive

41 78 F 15 Follicular No Yes No No No No 1b 0 0 I Low Positive

42 69 F 18 Classical Yes Yes Yes No No No 3b 0 0 II High Positive

43 38 F 18 Classical Yes No No No Yes No 1b 1a 0 I High Positive

Y: years-old; F: female; M: male; mm: millimetres; PTC: papillary thyroid carcinoma; HT: Hashimoto’s thyroiditis; ETE: extrathyroidal extension; AJCC: American Joint 
Committee on Cancer; CS: clinical stage; ATA: American Thyroid Association.
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heated to 95 °C for 5 minutes for initial denaturation 
followed by 35 cycles of 95 °C for 30 seconds, 58 °C 
for 30 seconds and 72 °C for 45 seconds, with a final 
extension at 72 °C for 5 minutes. All PCR amplifications 
were performed using the Veriti 96-Well Thermal 
Cycler (Thermo Fisher Scientific, Waltham, MA, USA).

Agarose gel eletrophoresis

PCR products were electrophoresed in 1,5% UltraPureTM 
Agarose diluted in UltraPureTM TBE Buffer 1X (Thermo 
Fisher Scientific, Waltham, MA, USA) containing 0,1-
μl/mL SYBR Safe DNA Gel Stain (Thermo Fisher 
Scientific, Waltham, MA, USA) at 90v for 45 minutes 
using the Loccus horizontal gel electrophoresis system, 
model LCH 13x15 (Loccus Biotechnology, Cotia, SP, 
Brazil). BRAF exon 15 amplification was confirmed 
by the presence of single bands containing 231 base 
pairs visualized using a Safe Imager 2.0 (Thermo Fisher 
Scientific, Waltham, MA, USA).

DNA sequecing 

After confirmation of BRAF exon 15 amplification, PCR 
products were purified using the PureLink Quick PCR 
Purification Kit (Thermo Fisher Scientific, Waltham, 
MA, USA) and precipitated using 70% isopropyl alcohol 

and Hi-DITM Formamide (Thermo Fisher Scientific, 
Waltham, MA, USA). Subsequently, DNA sequencing 
reaction were performed using a BigDye® Terminator 
v3.1 Cycle Sequencing Kit (Thermo Fisher Scientific, 
Waltham, MA, USA) in the capillary automatic 
sequencer ABI 3130XL PRISM Genetic Analyzer 
(Thermo Fisher Scientific, Waltham, MA, USA) at 
the Fundação Oswaldo Cruz – Instituto Gonçalo 
Moniz (Salvador, Bahia, Brazil). The BRAF (V600E) 
mutation was confirmed by comparing sequences 
using the Basic Local Alignment Search Tool (BLAST) 
program, available at the NCBI website (http://www.
ncbi.nlm.nih.gov/BLAST/). We considered tumours 
as being BRAF (V600E) positive those which were 
harbouring a homozygous or heterozygous BRAF 
(V600E) mutation (T1799A) (Figure 1).

Statistical analysis

Qualitative variables were presented using frequencies 
and percentages, whereas continuous variables were 
presented using mean values and standard deviation. 
An independent t-test was used to compare the mean 
values of continuous variables and a chi-square test or 
Fisher’s exact test to compare frequencies of qualitative 
variables. Univariate and multivariate logistic regression 

Figure 1. Representative DNA sequencing of BRAF exon 15. A) Absence of thymine to adenine replacement (T1799A), indicating a wild-type BRAF.  
B) Heterozygous BRAF (V600E) mutation.

A

B
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analyses were performed to evaluate the associations 
between clinical and pathological parameters of PTC 
and the BRAF (V600E) mutation. Values of odds 
ratio (OR) were determined to measure the strength 
of the associations. The statistical significance of these 
associations was based on p value < 0.05 and 95% 
confidence intervals (CI). All statistical data analyses 
were performed using the statistical software program 
SPSS for Windows, v. 20.0 (IBM, Armonk, NY, USA).

RESULTS
Clinical and pathological characteristics of PTC 
patients 

All clinical and pathological data of the 43 selected 
PTC patients are summarized in Table 2. The mean age 
at diagnosis was 37 years, ranging from 12 to 78 years. 
Even though only four patients (3.6%) were considered 
as paediatric cases (≤ 18 years old), most patients were 
> 55 years old (90.7%). Therefore, our case series were 
mainly comprised by early-stage PTC patients (88.4% 
and 11.6% for clinical stage I and II, respectively), 
according to current pathological TNM system. Most 
patients were female (40/43; 93%) and presented 
multifocal disease (23/43; 53.5%). Seventeen patients 
(39.5%) had concurrent Hashimoto’s thyroiditis (HT). 
As expected, there were more conventional PTC cases 
(32/43; 8/43; 74.4%), followed by the follicular 
variant (8/43; 18.6%). Three cases of rare PTC 
histological subtypes were observed, which included 
an oncocytic (oxyphilic), variant, a trabecular variant 
and a tall cell variant. Tumour sizes ranged from 5 to 
50 mm (mean, 19.23 mm), most of them having more 
than 10 mm (32/43; 74.4%). Furthermore, 16 patients 
(37.2%) had lymph node metastasis at diagnosis, but 
only few cases presented vascular invasion (3/43; 7%), 
ETE (4/43; 9.3%) and distant metastases (2/43; 2%). 
As stated by 2015 ATA risk stratification, 27 (62.8%) 
and 16 patients had low and intermediate/high risk of 
recurrence, respectively. Moreover, 24 (55.8%) and 19 
(44.2%) patients had very low/low and intermediate/
high risk of recurrence, respectively, according to the 
current Brazilian consensus. 

Association of BRAF (V600E) mutation and 
clinicopathological characteristics of PTC

BRAF (V600E) mutation was detected in 28 PTC 
tumour samples (65.1%). No homozygous mutant or 

other genetic alterations were found in BRAF exon 15. 
Patients were categorized according to BRAF (V600E) 
mutation status in order to evaluate possible associations 
between clinical and pathological features of PTC and 
presence of BRAF (V600E) (Table 2). All ≥ 55-year-
old (4/43) and male (3/43) patients presented PTC 
harbouring a BRAF (V600E) mutation. Only one 
paediatric patient (1/3) had a BRAF-mutant PTC: a 
17-year-old young woman who presented PTC with no 
aggressive behaviour. Furthermore, follicular variant was 
predominantly observed in the BRAF-wild type PTC 
group (5/8; 62.5%). BRAF (V600E) was detected in 
the isolated rare cases of trabecular variant and oncocytic 
variant, but not in the tall cell PTC variant. All patients 
who presented PTC with ETE (4/43) were tested as 
BRAF (V600E) positives. 

After comparing the groups, we found that 
the frequency of BRAF (V600E) mutation was 
significantly higher in older patients (40.96 ± 13.69 vs 
29.73 ± 10.18; p value: 0.004) and lower in PTC with 
concurrent HT (25 vs 66.7%; p value: 0.011). However, 
no significant differences were found for other clinical 
and pathological parameters, including intermediate to 
high risk of recurrence.

Univariate and multivariate logistic regression 
analysis

To further investigate the effect of BRAF (V600E) 
on age and HT in PTC patients, we performed a 
univariate analysis to measure the association between 
these parameters and the presence of a BRAF (V600E) 
mutation (Table 3). Once again, we found that older 
age at diagnosis (OR: 1.09; 95% CI: 1.02-1.17;  
p value: 0.016) and negative HT (OR: 0.17; 95% CI: 
0,04-0,66; p value: 0.011) were significantly associated 
with BRAF-mutated PTC. Finally, we performed a 
multivariate regression logistic analysis in order to 
investigate whether these features could be considered 
as independent predictors of BRAF (V600E) mutation. 
Crude OR values confirmed the significant associations 
revealed in the univariate analysis. After adjusting 
for tumour size, multifocality, vascular invasion, 
extrathyroidal extension, lymph node and distant 
metastasis, we found that older age (OR: 1.15; 95% 
CI: 1.00-1.33; p value: 0.047) and negative HT (OR: 
0.05; 95% CI: 0.006-0.40; p value: 0.005) were still 
significantly associated with the BRAF (V600E) 
mutation.
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Table 2. Associations between BRAF (V600E) mutation and clinicopathological features of PTC

Characteristics All patients BRAF mutation (-) BRAF mutation (+) p value

Total number of patients (%) 43 15 28 −

Paediatric patients (≤ 18 y) 4 (9.3) 3 1 (3.6)

Age at diagnosis, y

Mean 37.04 ± 13.58 29.73 ± 10.18 40.96 ± 13.69 0.004

Median 37

Range 12-78

< 55 39 (90.7) 15 (100) 24 (85.7) 0.280a

≥ 55 4 (9.3) 0 4 (14.3)

Sex 0.540a

Male 3 (7) 0 3 (10.7)

Female 40 (93) 15 (100) 25 (89.3)

Tumour size, mm

Mean 19.23 ± 11.36 17.60 ± 9.51 19.21 ± 11.20 0.622

Median 15

Range 5-50

< 10 11 (25.6) 2 (13.3) 1 (3.6) 0.275a

≥ 10 32 (74.4) 13 (86.7) 27 (96.4)

Histological subtype 0.150

Classical PTC 32 (74.4) 9 (60) 23 (82.1)

Non-classical PTC 11 (25.6) 6 (40) 5 (17.9)

Follicular variant 8 (18.6) 5 (33.3) 3 (10.7)

Tall cell variant 1 (3.6) 1 (6.7) 0

Trabecular variant 1 (3.6) 0 1 (3.6)

Oncocytic variant 1 (3.6) 0 1 (3.6)

Hashimoto’s thyroiditis 0.011

No 26 (60.5) 5 (33.3) 21 (75)

Yes 17 (39.5) 10 (66.7) 7 (25)

Multifocal disease 0.54

No 20 (46.5) 8 (53.3) 12 (42.9)

Yes 23 (53.5) 7 (46.7) 16 (57.1)

ETE 0.280a

No 39 (90.7) 15 (100) 24 (85.7)

Yes 4 (9.3) 0 4 (14.3)

Vascular invasion 1a

No 40 (93) 14 (93.3) 26 (92.9)

Yes 3 (7) 1 (6.7) 2 (7.1)

Lymph node metastasis 0.348

No 27 (62.8) 8 (53.3) 19 (67.9)

Yes 16 (37.2) 7 (46.7) 9 (32.1)

Distant metastasis 1a

No 41 (95.3) 14 (93.3) 27 (96.4)

Yes 2 (4.7) 1 (6.7) 1 (3.6)

8th AJCC/TNM stage system 0.643a

I 38 (88.4) 14 (93.3) 24 (85.7)

II 5 (11.6) 1 (6.7) 4 (14.3)

2015 ATA recurrence risk 0.782

Low 27 (62.8) 9 (60) 18 (64.3)

Intermediate/High 16 (37.2) 6 (40) 10 (35.7)

SBEM recurrence risk 1

Very low/Low 24 (55.8) 9 (60) 16 (57.1)

Intermediate/High 19 (44.2) 6 (40) 12 (42.9)

a: Fisher’s exact test. Y: years-old; mm, millimetres; ETE: extrathyroidal extension; AJCC: American Joint Committee on Cancer; ATA: American Thyroid Association; SBEM: Sociedade Brasileira de 
Endocrinologia e Metabologia.



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

103

BRAF mutation in papillary thyroid carcinoma

Arch Endocrinol Metab. 2019;63/2

DISCUSSION

Although PTC usually displays excellent behaviour 
at clinical presentation (3), some cases may present a 
worse prognosis, with ETE, lymph node and distant 
metastases, as well as acquiring treatment resistance (4). 
In an effort to find potential prognostic biomarkers in 
PTC that could identify those patients, several studies 
have investigated the role of the BRAF (V600E) 
mutation, a common genetic alteration in PTC. 
However, it remains unclear whether BRAF (V600E) 
is closely associated with aggressive behaviour of PTC. 
Because few studies have been performed by using 
Brazilian cohorts, this research was designed to verify 
the frequency of BRAF (V600E) mutation in PTC 
patients in a reference hospital in Salvador, BA, Brazil, 
and investigate its association with their clinical and 
pathological characteristics. 

The prevalence rates of the BRAF (V600E) mutation 
in PTC range between 27.3 to 90.2% worldwide 
(12,13). Most Brazilian studies that investigated the 
presence of BRAF mutation in FFPE or fresh frozen 
PTC samples were conducted in the South-eastern 
region, mainly in the State of Sao Paulo (14-18). While 
these studies reported BRAF (V600E) frequencies 
between 28.1 to 48.3%, we noted a higher prevalence 
rate (65.1%) in PTC patients in the present study. Our 
finding is similar to those reported in PTC patients 
diagnosed in cities from other Brazilian regions, such 
as Goiânia (74/116; 63,8%) and Porto Alegre (19/32; 
59,4%) (19,20). Some studies have implied that the 
increased occurrence of BRAF (V600E) mutation  in 
PTC may be associated with high dietary iodine intake 
(21). We found in a previous study from our laboratory 
a high risk of excessive nutritional iodine intake among 
schoolchildren in Salvador (22), a coastal Brazilian city. 
If extrapolated to the adult population, this finding 
suggested that most residents in Salvador may also have 

a relatively high iodine intake. However, considering 
the low frequency reported by the studies conducted in 
Sao Paulo, where thyroid cancer incidence and iodine 
intake levels are considered higher than other Brazilian 
regions (23), we assume there are other features that 
could have influenced the high prevalence rate of 
BRAF (V600E) mutation found in the present study, 
such as environmental factors and genetic background 
of the PTC patients.

In the past few decades, numerous meta-analyses 
have reported BRAF (V600E) as being strictly 
associated with aggressive clinicopathological features 
and poorer clinical outcomes PTC (12,13), but this 
association remains controversial. We found that 
BRAF (V600E) mutation was significantly linked 
with older age, with such patients being more likely 
to have a BRAF-mutated PTC according to univariate 
and multivariate analyses. Advanced age has been 
considered an important prognostic factor for PTC 
patients and is significantly associated with recurrence 
and survival (24). Interestingly, Shen and cols. have 
recently demonstrated in a large cohort that age is an 
independent risk factor for mortality in PTC patients 
with BRAF (V600E) mutation, but not in wild type 
BRAF (25). In contrast to the adult population, 
differentiated thyroid cancer is an uncommon event in 
childhood and adolescence (26). From our case series, 
only four PTC patients were classified as paediatric 
cases. As opposed to adult PTC, paediatric PTC usually 
displays aggressive behaviour at clinical presentation, 
manifested by high incidence of multifocal disease, 
lymph node and distant metastasis (26). In spite of that, 
paediatric PTC often has a better prognosis compared 
to adult PTC (26). Among all paediatric PTC patients 
enrolled in the present study, only one presented 
a BRAF-mutant PTC. Consistently, the literature 
has reported low frequency of BRAF mutations in 
paediatric PTC (27). Conversely, rearranged during 

Table 3. Univariate and multivariate regression logistic analysis of BRAF (V600E) mutation and clinicopathological features of PTC

Characteristics
Univariate Multivariate

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

Age at diagnosis, y 1 1 1

Mean 1.09 (1.02 - 1.17) 0.016 1.09 (1.01 - 1.18) 0.021 1.15 (1.00 - 1.33) 0.047

Hashimoto’s thyroiditis

No 1 1 1

Yes 0.17 (0.04 - 0.66) 0.011 0.14 (0.03 - 0.68) 0.014 0.05 (0.006 - 0.40) 0.005

Y: years; OR: odds ratio.
a: Adjusted for tumour size, multifocality, vascular invasion, extrathyroidal extension, lymph node and distant metastasis.
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transfection (RET)/PTC translocations seems to be 
the most frequent genetic change in those cases, which 
are most often associated with radiation exposure (27). 
Remarkably, BRAF (V600E) mutation, but not RET/
PTC rearrangements, has been associated with genomic 
instability and consequently with decreased expression 
of the sodium-iodine symporter (NIS) (14,28), 
somewhat corroborating the better recurrence-free 
survival observed in paediatric PTC patients when 
compared to adults. 

HT is an autoimmune disease that promotes 
inflammation and subsequently a progressive depletion 
of thyroid cells, which are gradually replaced by 
fibrosis and mononuclear infiltrate (29). Although 
the association between inflammation and cancer has 
been well established in distinct human cancers (30), 
the pathological and molecular connections between 
HT and PTC are still discussed. It has been postulated 
that genetic alterations promoting carcinogenesis 
can activate proinflammatory programs, which 
result in the formation of an inflammatory tumour 
microenvironment (31). In turn, the inflammatory 
cells contribute to tumour progression by inducing 
the expression of growth factors, proangiogenic 
factors, extracellular matrix-degrading enzymes, as 
well as by releasing reactive oxygen species into the 
tumour microenvironment (30). Indeed, some studies 
conducted using in vitro models have demonstrated 
that RET/PTC rearrangements and BRAF (V600E) 
mutation, the most frequent genetic events in PTC, can 
increase the expression of proinflammatory chemokines 
and cytokines, which facilitate tumour proliferation, 
migration and survival (32-34). However, it is worth 
mentioning that most studies have reported that RET/
PTC translocations are more frequent in PTC patients 
with HT than in patients with PTC alone, which has 
a higher frequency of BRAF (V600E) mutation in 
contrast (35,36). Consistently, we found a significant 
and independent negative association between BRAF 
(V600E) and HT in PTC patients. Because RET/PTC 
rearrangements is also detected in HT-affected thyroid 
epithelial cells (35), we believe that the molecular 
circuits linking HT and PTC mostly do not involve 
BRAF (V600E) mutation, but preferably RET/PTC 
rearrangements.

Overall, we did not demonstrate a significant 
association between BRAF (V600E) mutation and the 
remaining clinicopathological characteristics of PTC, 
which included sex, tumour size, histological subtype, 

multifocality, ETE, vascular invasion, lymph node 
and distant metastases, as well as intermediate/high 
risk to recurrence according to current guidelines. 
There were some important limitations in our study, 
notably the small sample size and the predominance 
of early-stage patients; therefore, we did not confirm 
the association between BRAF (V600E) mutation 
and aggressive behaviour and poor prognosis in PTC. 
The 8th TNM edition recently removed microscopic 
ETE and regional lymph node metastasis from the 
classification of T3 disease. In addition, the 8th TNM 
edition changed the age at diagnosis cut-off from 
45 to 55 years, downstaging a significant number of 
PTC patients (37). Because we selected consecutive 
cases, only patients classified into the stage I/II were 
included in the present study. However, our results 
are in accordance with the majority of Brazilian 
studies, which did not find correlation between 
BRAF mutations and PTC aggressive phenotype 
(15-20). In contrast, Oler and Cerutti reported that 
the BRAF (V600E) mutation was associated with 
tumour size, ETE, lymph node metastasis, high risk 
of recurrence and mortality in PTC patients (14). 
Many factors could explain this discrepancy, including 
case selection, different statistical approaches and 
the effect of possible confounding factors. Taking 
into account the conflicting results obtained from 
several studies addressing BRAF (V600E) prognostic 
value in PTC around the world, some authors 
suggest reconsidering the clinical relevance of the 
BRAF (V600E) mutation (10). Indeed, there is a 
possibility that this mutation may be in fact indirectly 
involved in tumour progression. By causing genomic 
instability, the BRAF (V600E) mutation may coexist 
with secondary genetic and/or epigenetic alterations 
(38,39), which in turn might cooperate in terms of 
tumour aggressiveness and even be more reliable 
prognostic indicators for PTC.

In conclusion, we found a high prevalence of 
BRAF (V600E) mutation in a PTC case series from 
patients diagnosed and treated in Salvador, BA, 
Brazil. Furthermore, older age and concurrent HT 
was independently associated with the presence and 
absence of the BRAF (V600E) mutation, respectively. 
We consider that further investigation is required to 
clarify potential mechanisms underlying the association 
between HT and the BRAF (V600E) mutation.

Acknownledgements: we would like to thank Dr. Edna Teruko Ki-
mura for providing the protocol used to amplify the BRAF exon 15. 
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Preoperative detection of TERT 
promoter and BRAFV600E mutations 
in papillary thyroid carcinoma 
in high-risk thyroid nodules 

Tatiana Marina Vieira Giorgenon1, Fabiane Tavares Carrijo2,3,  
Maurício Alamos Arruda2, Taíse Lima Oliveira Cerqueira2, Haiara Ramos 
Barreto2, Juliana Brandão Cabral4, Thiago Magalhães da Silva5, Patrícia Künzle 
Ribeiro Magalhães1, Léa Maria Zanini Maciel1, Helton Estrela Ramos2,3,4

ABSTRACT 
Objectives: This observational study analyzed telomerase reverse transcriptase (pTERT) 
mutations in 45 fine-needle aspiration (FNA) specimens obtained from thyroid nodules followed 
by postoperatively confirmation of papillary thyroid cancer (PTC) diagnosis, examining their 
relationship with clinicopathologic aspects and the BRAFV600E mutation. Subjects and methods: 
Clinical information was collected from patients who presented to Ribeirao Preto University Hospital 
for surgical consultation regarding a thyroid nodule and who underwent molecular testing between 
January 2010 to October 2012. Tests included a DNA-based somatic detection of BRAFV600E and pTERT 
mutations. Results: We found coexistence of pTERTC228T and BRAFV600E mutations in 8.9% (4/45) of 
thyroid nodules. All nodules positive for pTERT mutations were BRAFV600E positives. There was a 
significant association between pTERTC228T/BRAFV600E with older age and advanced stage compared 
with the group negative for either mutation. Conclusions: This series provides evidence that FNA 
is a reliable method for preoperative diagnosis of high-risk thyroid nodules. pTERTC228T/BRAFV600E 
mutations could be a marker of poor prognosis. Its use as a personalized molecular medicine tool 
to individualize treatment decisions and follow-up design needs to be further studied. Arch Endocrinol 
Metab. 2019;63(2):107-12
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INTRODUCTION

P apillary thyroid cancer (PTC) risk stratification 
and prognostication has been normally placed on 

clinicopathologic aspects, which are usually unreliable 
and presurgically nonexistent (1). In recent years, 
molecularly established prognostication for PTC has 
been broadly advised (2-4). The role of BRAFV600E-
mutation test in bettering the preoperative premonition 
of thyroid nodules US guided fine-needle aspiration 
(FNA) is dubious in terms of the prognostic accuracy 
of BRAFV600E mutations in PTC (5,6).

Telomerase reverse transcriptase (TERT) has been 
known to play a decisive role in cellular immortality 
by preserving the telomere length at the end of 

chromosomes and in encouraging other cellular 
functions such as proliferation and cell cycles (7). 
TERT gene promoter mutations (pTERT) increment 
the transcriptional activities of the TERT and have 
been connected to malignant tumors with superlative 
recurrence and lower survival in PTC (7,8). Only three 
studies preoperatively investigated pTERT mutations in 
PTC patients and proposed that the awareness of the 
mutation status might guide the amplitude of initial 
surgery (9-11). Coexistence of BRAFV600E and pTERT 
mutations leads to a more aggressive subgroup of PTC, 
whereas the two mutations alone have relatively less 
impact on the aggressiveness of PTC (12). This study 
preoperatively scrutinized high-risk thyroid nodules 
confirmed as PTC tumors for pTERT mutations and 
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inspected their relationship with clinicopathologic 
features at the moment of the diagnosis and co-
occurrence with the BRAFV600E-mutation.

SUBJECTS AND METHODS
FNA specimens 

We have studied 59 consecutive patients with high-
risk thyroid nodules after US evaluation, followed up 
at the Thyroid Outpatient Clinic of the Division of 
Endocrinology of the Ribeirao Preto Medical School 
of University of São Paulo, Brazil, who needed another 
FNA examination and were chosen in our hospital 
from January 2010 to October 2012. Inclusion criteria 
were: (1) TIRADS 4-6 at US, or (2) TIRADS 3 that 
meet at least one of the following criteria: the nodule 
grows during follow-up (more than a 50% change 
in volume or a 20% increase in at least two nodule 
dimensions with a minimal increase of 2 mm in solid 
nodules or in the solid portion of mixed cystic-solid 
nodules), patients with higher risk of malignancy like 
those exposed to previous radiation to the neck or 
family history of DTC, and (3) histologic confirmation 
of PTC after thyroidectomy and elective lymph node 
dissection. TNM classification was built according to 
the American Joint Committee on Cancer (AJCC) 8th 
edition (13,14). Genomic DNA from FNA specimens 
preoperatively obtained was isolated, and nested PCR 
was performed for direct genomic DNA sequencing to 
identify both the C228T and C250T pTERT mutations 
as previously described (9-11). 

FNA biopsy used 24-gauge needles fitted to a 10-
mL syringe. Most of the material (about two thirds) 
from the needle was used for cytological examination, 
and the remaining amount was used for DNA isolation 
after needle washing with 1 mL of the phosphate buffer. 
Then the sample was stored and frozen for future DNA 
extraction, using 20-50 μL of DNA extraction buffer 
solution (50 mM Tris buffer, pH 8.3; 1 mM EDTA, 
pH 8.0; 5% Tween 20 and 100 μg/mL proteinase K) 
with 10% resin added to the samples and incubated at 
56.8 °C for a minimum of 1 hour. After incubation, the 
tubes were heated to 100 °C for 10 minutes, followed 
by centrifugation to pellet the debris, and 5 μL of the 
supernatant was used in the PCR reaction.

BRAFV600E mutation analysis 

PCR was performed to amplify the exon 15 of BRAF 
from the isolated DNA in 20 μL reaction volume 

containing 100 ng of genomic DNA, 7.5 pmol of 
each primer, 100 μm deoxynucleoside triphosphates 
(dNTPs), 5 μCi [α32P] dCTP, 1.5 mm MgCl2, 
Platinum TaqDNA polymerase high fidelity and buffer 
(Thermo Fisher Scientific, Waltham, MA, USA). The 
primer pair was designed flanking BRAF exon 15: 5‘ 
AAACTCTTCATAATGCTTGCTCTG3’ (sense) and 
5‘GGCCAAAAATTTAATCAGTGGA 3’ (antisense). 
Quality confirmation of the PCR products was 
achieved by gel electrophoresis, and sequencing PCR 
was performed using the Veriti 96-Well Thermal Cycler 
(Thermo Fisher Scientific, Waltham, MA, USA).

pTERT mutation analysis

A fragment of the pTERT, which contained the 
sites for pTERTC250T and pTERTC228T mutations, was 
amplified by nested PCR on 50-100 ng of genomic 
DNA from FNA specimens. The first PCR used pair 
primers [5’ACGAACGTGGCCAGCGGCAG3’ 
(sense) and 5’CTGGCGTCCCTGCACCCTGG3’ 
(antisense)] in a 0,4 µM, 200 µM dNTPs, 1,5 mM 
MgCl2, PCRx Enhancer System 1X (Life Technologies, 
Carlsbad, CA), Taq DNA polimerase recombinant 
(Life Technologies, Carlsbad, CA), buffer and water 
(UltraPure™ DNase/RNase-Free Distilled Water, 
Life Technologies, Carlsbad, CA). It was performed 
with an initial denaturation at 94 °C for 5 minutes, 
followed by 40 cycles of 94 °C for 30 seconds, 62 °C 
annealing for 30 seconds, 72 °C elongation for 45 
seconds and final completion with an elongation at 
72 °C for 15 min. The second PCR used a dilution 
(1:50) of the first PCR product. The primers used were 
5’ AGTGGATTCGCGGGCACAGA 3’ (sense) and 5’ 
CAGCGCTGCCTGAAACTC 3’ (antisense) in a 0,5 
µM, 200 mM dNTPs, PCRx Enhancer System 1X (Life 
Technologies, Carlsbad, CA), Taq DNA polimerase 
Hot Start High Fidelity (Life Technologies, Carlsbad, 
CA), buffer and water to 50 µL of final volume. This 
PCR was performed with an initial denaturation at  
98 °C for 3 minutes, followed by 35 cycles of 98 °C 
for 20 seconds, 66 °C annealing for 30 seconds, 72 °C 
elongation for 30 seconds and final completion with an 
elongation at 72 °C for 10 minutes. 

Statistic analysis

For analysis of the relationship between tumor 
clinicopathologic features and presence of pTERT/
BRAFV600E mutations, Pearson’s chi-square test and 
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Fisher’s exact test were used. A linear-by-linear test 
was used to examine the association between T stage,  
N stage, AJCC stage, and mutations. 

RESULTS

A total of 59 patients with confirmed PTC was enrolled, 
and 14 patients were excluded due PCR failure (n = 8) 
and 6 due to incomplete clinical data. Therefore, 45 
thyroid nodules confirmed as PTC cases were included 
after histological re-review by two experienced 
pathologists. As reported in Table 1, 39 out of 45 

patients (86.7%) were women, and the mean age for all 
the cases was 48.5 ± 14.33 years (range 16-78). Among 
those, 16 patients were over 55 years old (median) at the 
time of diagnosis. The median tumor size was 1.9 cm 
(range 0.6-6.8), mean 1.35 ± 1.48 cm, with 13 (29.5%) 
tumors smaller than 1 cm. More than half (75.6%) of 
PTC were unifocal; 4 cases had a focal extra thyroidal 
extension, and only 7 cases had lymph node metastases 
at diagnosis. Four distant metastases were observed. In 
all, 17 (38.6%) patients had locally advanced disease 
(AJCC stage III or IV), and the presence of capsular 
invasion was observed for 8 (17.8%) patients. In all, 
66.7% (30/45) and 8.9% (4/45) of the cases were 
BRAFV600E-mutated and TERT-mutated, respectively.

Correlation between pTERT/BRAFV600E status and 
clinicopathological parameters

Four PTC tumors (two oncocytic, one classic and one 
trabecular) had pTERT mutations, and all additionally 
harbored the BRAFV600E mutation. There was no 
association between isolated BRAFV600E mutations and 
clinic-pathological parameters. However, the found 
pTERTC228T mutation was independently associated 
with advanced age (p = 0.02) and high AJCC stage  
(p = 0.03) (Table 2). Interestingly, three of four patients 
with concomitant BRAFV600E and pTERTC228T mutations 
were classified as stage III-IV. There was significant 
difference in age at diagnosis between wild type for 
both BRAFV600E and pTERTC228T mutations, only 
BRAFV600E positive and with concomitant BRAFV600E and 
pTERTC228T mutations patients. (p = 0.03) (Figure 1). 

Table 1. Clinical and pathological characteristics of 45 patients harboring 
thyroid nodules confirmed as papillary thyroid carcinoma and 
preoperatively submitted to molecular analysis of pTERT and BRAFV600E 
mutations  

Variables n %

Gender

Male 6 13.3

Female 39 86.7

Age, mean (sd) 48.5 (14.33)

≤ 55 23 51.1

> 55 22 48.9

Tumor size

≤ 1 cm 13 29.5

> 1 cm 31 70.5

Multicentricity

Absent 34 75.6

Present 11 24.4

Extrathyroid extension

Absent 41 91.1

Present 4 8.9

Lymphnode metastases

Absent 38 84.4

Present 7 15.6

AJCC stage

I+II 33 75.0

III+IV 11 25.0

Capsular invasion

Absent 37 82.2

Present 8 17.8

BRAF status

Wild Type 15 33.3

Mutated 30 66.7

TERT status

Wild Type 41 91.1

Mutated 4 8.9

80

p = 0.037

BRAF-/TERT- BRAF+/TERT- BRAF+/TERT+
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Figure 1. Relationship between age at PTC diagnosis and mutation 
status.
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Table 2. Relationship of pTERT/BRAFV600E mutation and clinicopathologic aspects in 45 thyroid nodules specimens obtained by fine needle aspiration and 
postoperatively confirmed as papillary thyroid carcinoma

Variables
BRAF status, n (%)

P value
TERT status, n (%)

P value
Wild type Mutated Wild type Mutated

Gender

Male 1 (6.7) 5 (16.7) 0.647 5 (12.2) 1 (25.0) 0.448

Female 14 (93.3) 25 (83.3) 36 (87.8) 3 (75.5)

Age, mean (sd) 44.0 (14.35) 50.7 (14.0) 0.139 46.9 (13.5) 64.0 (15.3) 0.022

Tumor size

≤ 1 cm 3 (21.4) 10 (33.3) 0.498 13 (32.5) 0 (0.0) 0.302

> 1 cm 11 (78.6) 20 (66.7) 27 (67.5) 4 (100.0)

Multicentricity

Absent 12 (80.0) 22 (73.3) 0.726 30 (73.2) 4 (100.0) 0.558

Present 3 (20.0) 8 (26.7) 11 (26.8) 0 (0.0)

Extrathyroid extension

Absent 14 (93.3) 27 (90.0) 1.00 38 (92.7) 3 (75.0) 0.320

Present 1 (6.7) 3 (10.0) 3 (7.3) 1 (25.0)

Lymphnode metastases

Absent 14 (93.3) 24 (80.0) 0.395 36 (87.8) 2 (50.0) 0.108

Present 1 (6.7) 6 (20.0) 5 (12.2) 2 (50.0)

AJCC stage

I+II 12 (85.7) 21 (70.0) 0.456 33 (82.5) 0 (0.0) 0.002

III+IV 2 (14.3) 9 (30.0) 7 (17.5) 4 (100.0)

Capsular invasion

Absent 13 (86.7) 24 (80.0) 0.699 34 (82.9) 3 (75.0) 0.557

Present 2 (13.3) 6 (20.0)   7 (17.1) 1 (25.0)  

However, in the follow-up evaluation, one patient had 
died, two present excellent response and another has 
indeterminated response to treatment at the study data 
snapshot. 

CONCLUSION

We investigated the feasibility of combined BRAFV600E/
pTERT mutations testing on routine FNA specimens 
and its prognostic value in US guide biopsied of 
high suspicious thyroid nodules. The BRAFV600E and 
pTERT mutations were found in a frequency of 66.7% 
and 8.9%, respectively. Indeed, we observed that 
BRAFV600E/pTERT mutation-positive thyroid nodules 
were detected only in cancers that behaved aggressively, 
representing 4/11 (36%) of advanced stage PTCs and 
harboring threatening clinic-pathological features such 

as lymph node metastases, extra-thyroidal invasion and 
distant metastases (Table 3).

We did not evaluate the degree of concordance 
between matched FNA and formalin-fixed, paraffin-
embedded samples. The mutation analysis sensitivity can 
be compromised by using lavage fluid once the amount 
and composition of the cellular content is unknown, 
potentially leading to discordance between matched 
FNA and formalin-fixed, paraffin-embedded. As a result, 
we were not able to measure the mutation false-negative 
and false-positive rates on FNA preparations. Indeed, 
strategies such as real-time Light Cycler PCR and 
fluorescence melting curve analysis might be superior. 

In conclusion, preoperative determination of 
BRAFV600E and pTERT mutations status can be easily 
performed on cytologic preparation using lavage fluids 
collected from needle rinsing. The presence of the 
BRAFV600E/pTERT mutations could be a marker of poor 



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

111

TERT promoter and BRAFV600E mutations in papillary thyroid carcinomas

Arch Endocrinol Metab. 2019;63/2 

Table 3. Correlation of pTERT/BRAFV600E mutations and clinicopathologic aspects in 45 thyroid nodules specimens obtained by fine needle aspiration and 
postoperatively confirmed as papillary thyroid carcinoma

Variables
BRAF/TERT status, n (%)

BRAF-/TERT- BRAF+/TERT- BRAF+/TERT+

Gender

Male 14 (93.3) 22 (84.6) 3 (75.0)

Female 1 (6.7) 4 (15.4) 1 (25.0)

P valuea = 0.407 P valueb = 0.636 P valuec = 0.386

Age, mean (sd) 44.0 (14.35) 48.7 (12.9) 64.0 (15.3)

P valuea = 0.042 P valueb = 0.881 P valuec = 0.037

Tumor size

≤ 1 cm 3 (21.4) 10 (38.5) 0 (0.0)

> 1 cm 11 (78.6) 16 (61.5) 4 (100.0)

P valuea = 0.284 P valueb = 0.316 P valuec = 1.00

Multicentricity

Absent 12 (80.0) 18 (69.2) 4 (100.0)

Present 3 (20.0) 8 (30.8) 0 (0.0)

P valuea = 0.592 P valueb = 0.716 P valuec = 1.00

Extrathyroid extension

Absent 14 (93.3) 24 (92.3) 3 (75.0)

Present 1 (6.7) 2 (7.7) 1 (25.0)

P valuea = 0.509 P valueb = 1.00 P valuec = 0.386

Lymphnode metastases

Absent 14 (93.3) 22 (84.6) 2 (50.0)

Present 1 (6.7) 4 (15.4) 2 (50.0)

P valuea = 0.139 P valueb = 0.636 P valuec = 0.097

AJCC stage

I+II 12 (85.7) 21 (80.8) 0 (0.0)

III+IV 2 (14.3) 5 (19.2) 4 (100.0)

P valuea = 0.004 P valueb = 1.00 P valuec = 0.005

Capsular invasion

Absent 13 (86.7) 21 (80.8) 3 (75.0)

Present 2 (13.3) 5 (19.2) 1 (25.0)

  P valuea = 0.861 P valueb = 1.00 P valuec = 0.530

a Global test. 
b BRAF-/TERT- vs BRAF+/TERT- comparasion. 
c BRAF-/TERT- vs BRAF+/TERT+ comparasion. 

prognosis in elderly population, although the absence 
of the mutation may not yet be considered an index 
of good prognosis to individualize treatment decisions 
and follow-up protocol. Preoperative knowledge of 
the BRAFV600E/pTERT mutations status would help 
determine the extent of surgery for thyroid nodules. 
Disease free or overall survival is still unclear.
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Cognitive functions in children with 
congenital adrenal hyperplasia

Nermine Hussein Amr1, Alaa Youssef Baioumi1,2, Mohamed Nagy Serour1,  
Abdelgawad Khalifa3, Nermine Mahmoud Shaker4

ABSTRACT
Objective: There is controversy regarding cognitive function in patients with congenital adrenal 
hyperplasia (CAH). This study is aimed at the assessment of cognitive functions in children with CAH, 
and their relation to hydrocortisone (HC) therapy and testosterone levels. Subjects and methods: 
Thirty children with CAH due to 21 hydroxylase deficiency were compared with twenty age- and sex-
matched healthy controls. HC daily and cumulative doses were calculated, the socioeconomic standard 
was assessed, and free testosterone was measured. Cognitive function assessment was performed 
using the Wechsler Intelligence Scale – Revised for Children and Adults (WISC), the Benton Visual 
Retention Test, and the Wisconsin Card Sorting Test (WCST). Results: The mean age (SD) of patients 
was 10.22 (3.17) years [11 males (36.7%), 19 females (63.3%)]. Mean (SD) HC dose was 15.78 (4.36) mg/
m2/day. Mean (SD) cumulative HC dose 44,689. 9 (26,892.02) mg. Patients had significantly lower scores 
in all domains of the WISC test, performed significantly worse in some components of the Benton 
Visual Retention Test, as well as in the Wisconsin Card Sorting Test. There was no significant difference 
in cognitive performance when patients were subdivided according to daily HC dose (< 10, 10 – 15, > 
15 mg/m2/day). A positive correlation existed between cumulative HC dose and worse results of the 
Benton test. No correlation existed between free testosterone and any of the three tests. Conclusion: 
Patients with CAH are at risk of some cognitive impairment. Hydrocortisone therapy may be implicated. 
This study highlights the need to assess cognitive functions in CAH. Arch Endocrinol Metab. 2019;63(2):113-20
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INTRODUCTION

C ongenital adrenal hyperplasia (CAH) is a group 
of autosomal recessive diseases, the most common 

enzyme defect of which is 21-hydroxylase deficiency. 
This defect is characterised by defective cortisol 
synthesis, elevation of adrenocorticotrophic hormone, 
and accumulation of adrenal androgens. Patients present 
in early life with virilisation of female newborns or by 
salt-losing crises which can occur in both sexes (1).

Cognitive functions represent the highest 
environmentally acquired mental functions of the human 
brain. The four main areas of cognitive assessment are 1) 
attention, which is the ability to maintain concentration 
on a single stimulus in an environment containing other 
distracters; 2) perception, which is an essential step in 
processing sensory information; 3) memory; 4) executive 
functions, which are the most advanced of all cognitive 
functions as they encompass integration of input from 
the environment with what is stored in memory to be 
used for planning and choosing strategies (2).

Data on cognitive functions in CAH patients is 
controversial (3). Visuospatial processing may be 

affected by prenatal androgen exposure through an 
effect on the hippocampus (4). Memory performance 
defects were demonstrated in some patients with 
CAH (5), some showed defects in mental rotation (6), 
executive functions (7), spatial abilities (8), while others 
showed no differences in cognitive functions between 
patients and controls (9). The androgenic effect on 
spatial abilities during a critical time of development 
was thought to be curvilinear, so that very low and very 
high doses of testosterone impair cognition, whereas 
doses in the intermediate zone improve cognition (4). 
There is paucity of such data in children with CAH 
(5,10,11). Cognitive deficits are hypothesized to 
result either from the disease process itself owing to 
prolonged exposure to high androgen levels, or could 
be the effect of glucocorticoid medication that is used 
in the treatment (3,4). Another postulated mechanism 
is the effect of hyponatraemia (4).

The aim of this study is to assess the cognitive 
functions in children with CAH, and their relation 
to hydrocortisone (HC) therapy and testosterone 
level.
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SUBJECTS AND METHODS

Thirty patients aged 6-16 years with classic congenital 
adrenal hyperplasia due to 21 hydroxylase deficiency 
were included in this case–control study. Patients were 
recruited during between August 2014 and December 
2015 from the Pediatric Endocrinology Clinic at Ain-
Shams University Hospital, Cairo, Egypt. All parents 
signed an informed consent prior to recruitment and 
the patients dis so as well if this was deemed appropriate. 
The study protocol was approved by the local ethics 
committee of Ain-Shams University. Diagnosis 
was made based on clinical signs and biochemical 
assessment (elevated ACTH, 17 hydroxy-progesterone, 
dehydroepiandrosterone, androstenedione, total and 
free testosterone, in addition to low cortisol). Salt-
wasting (SW) was diagnosed in patients with frank 
hyponatraemia and hyperkalaemia accompanied by low 
plasma aldosterone and elevated renin concentrations. All 
patients were receiving glucocorticoid treatment in the 
form of hydrocortisone. No antenatal dexamethasone 
was used in any of the patients. Salt-wasting patients 
were on 9-alphafludrocortisone therapy at a dose of 
50–100 µg/m2/day. The simple virilising (SV) patients 
did not receive mineralocorticoid treatment. Patients 
were excluded from the study if they had other chronic 
medical conditions or co-morbid psychiatric diagnoses.
Twenty age- and sex-matched controls were recruited 
from the General Pediatric Outpatient Clinic of Ain-
Shams Children’s University Hospital. Controls 
were healthy subjects attending the outpatient clinic 
accompanying their sick siblings.

Clinical evaluation

Patients’ files were reviewed for date of birth, age at 
diagnosis, ambiguity at birth, sex assignment, and 
karyotype. Family history of similar condition was also 
reported.

The mean daily dose of hydrocortisone in relation 
to body surface area was calculated and patients 
were subdivided according to their daily dose  
(< 10 mg/m2/day, 10-15 mg/m2/day, > 15 mg/m2/
day) at the time of assessment. Duration of treatment 
and total hydrocortisone dose since the start of 
treatment was calculated in milligrams. All patients and 
controls underwent physical examination. Height was 
measured without shoes to the nearest 0.1 cm, using 
the Harpenden stadiometer (Holtain ltd, Croswell, 
Crymych, UK). Weight was measured using a digital 

scale, to the nearest 0.1 kg, wearing light clothing and 
without shoes. Body mass index (BMI) was calculated 
using the formula kg/m2. Standard deviation scores 
for weight, height, and BMI were calculated (12,13). 
Socioeconomic status (SES) was determined for 
patients and controls based on parental education 
and occupation, family income, crowding index, and 
sanitation available. A score of 25–30 is considered high 
SES, 20–24 middle, 15–19 score low SES, and < 14 is 
very low SES (14). Patients showed different pubertal 
stages ranging from Tanner stage 1 to Tanner stage 5 in 
both males and females. Patients were not categorised 
according to their pubertal stage to detect the effect 
puberty might have on cognitive function, as this 
would have created many subgroups in male and female 
patients which would have decreased the individual 
group power when trying to correlate the resulting 
subgroups with their various cognitive function tests. 
However, cognitive function tests were applied and 
comparison was done to age and sex-matched controls. 

Laboratory evaluation

Serum free testosterone level was measured for patients 
only, as part of a routine assessment with a commercially 
available kit (DRG International Inc., USA, EIA-2924) 
using the principle of competitive immunoenzymatic 
colorimetric assay.

Neurocognitive functions assessment

All patients and controls underwent the following tests.

Wechsler Intelligence Scale-Revised for Children and 
Adults (WISC)

WISC reflects the intellectual performance through 
verbal (VIQ), performance (PIQ), and full scale IQ. It 
is used for assessment of different cognitive functions, 
including executive functions, and provides an overview 
of the integrity of cognitive abilities (2) and its Arabic 
version has been validated (15). The WISC comprises 
ten subtests numbered in order of their administration, 
in which verbal and performance tests are alternated. 
The Wechsler Intelligence Scale for Children assesses 
a panel of cognitive function parameters. Five verbal 
linguistic subtests underlie the verbal IQ; information 
(factual knowledge), similarities (verbal concept 
formation), arithmetic (mental arithmetic), vocabulary 
(word definitions), and comprehension (social 
understanding). Five visuospatial subtests underlie the 
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performance IQ: picture completion (perception of 
visual detail), picture arrangement (logical reasoning), 
block design (visual analysis), object assembly 
(part/whole construction), and coding (symbol 
manipulation). The test also measures the total IQ. 
This test is also a practical tests of the working memory. 
Scoring is as follows: > 90 is normal, 90-70 borderline, 
and < 70 is borderline. VIQ and PIQ were interpreted 
as normal if > 7 in each subscale, abnormal if < 7 (16).

Benton Visual Retention Test

This test assesses visual perception, visual memory and 
visuoconstructive abilities. It measures perception of 
spatial relations and memory for newly-learned material. 
The examiner compares the examinee’s obtained scores 
with the expected scores found in the norm tables. The 
larger the difference, the more probable it is that the 
examinee has neurological impairment. A difference <4 
is a normal score (17).

Wisconsin Card Sorting Test (WCST)

WCST is a tool for recognising frontal cortical executive 
functions (planning – shifting – cognitive flexibility 
– sustained attention) (18). A computer-based test is 
used, in which 4 stimulus cards appear on the screen, 
with symbols differing in colour, shape, and number. 
A fifth card is presented to the child, and the child 
is asked to match the card presented with one of the 
4 stimulus cards and sort it under the most suitable 
stimulus card. The examiner declares if this match 
is right or wrong and accordingly the child keeps or 
changes his chosen strategy. Ten indices are chosen for 
assessment (total trials administered, total correct trials, 
total errors, percentage errors, trials to complete first 
category, failure to maintain set, percentage conceptual 
level response, learning to learn, categories completed, 
and percentage preservative). The test is normal if the 
number of categories completed >6 (18).

Statistical analysis

IBM SPSS Statistics (V. 22.0, IBM Corp., USA, 2013) 
was used for data analysis. Data is expressed as mean & 
standard deviation (SD) for parametric values, median 
and interquartile range (IQR) or 25th–75th percentile 
for non-parametric quantitative values, and number and 
percentage for categorised values. The Student’s t-test 
was used for comparison between two independent 
mean groups for parametric data, and the Wilcoxon Rank 

Sum test was used for non-parametric quantitative data. 
The Chi-square test was used to study the association 
between each two variables or comparison between two 
independent groups as regards the categorized data. 
Pearson and Spearman correlation tests were used to study 
the correlation between parametric and non-parametric 
data respectively. The probability of error at 0.05 was 
considered significant, and 0.01 highly significant.

RESULTS

The study included 30 patients, 11 males (36.67%) 
and 19 females (63.33%). Genders were confirmed by 
karyotype. The mean (SD) age of the patients was 10.22 
(3.17) years. There were 23 (76.67%) patients with SW 
CAH and 7 (23.33%) were SV. Twenty healthy age- 
and sex-matched children were included as controls, 8 
males (40%) and 12 females (60%). The mean (SD) age 
of the controls was 11.01 (2.71) years. Most (66.7%, 20 
patients) were from a middle SES, 26.7% (8 patients) 
were of high SES, and 6.6% (2 patients) of low SES. 
Seventy per cent of the controls (14 subjects) were of 
middle SES, 25% (5 subjects) were of high SES, and 
5% (1 subject) of low SES. No significant difference 
in SES was found between both groups (p > 0.05). 
Sexual ambiguity at birth was evident in 19 patients 
(63.33%). Positive family history of CAH was present 
in 14 patients (46.7%). Some background data of the 
patients are listed in Tables 1 and 2. 

Patients performed worse than controls in verbal, 
performance, and total IQ categories of the WISC 
test (p < 0.05) (Table 3). This was also evident in the 

Table 1. Background data of patients

Median (IQR)

Age at diagnosis (years) 0.34 (0.9)

Duration of treatment (years) 9.33 (5.77)

Hydrocortisone dose mg/m2/day 10 (7.63)

Total hydrocortisone dose (mg) 3585 (49923.75)

Fludrocortisone dose mg/day 0.08 (0.05)

Table 2. Comparison of anthropometric parameters in patients and 
controls

Patients 
(n = 30)

Mean ± SD

Controls 
(n = 20)

Mean ± SD
p

Weight SDS 1.23 ± 0.95 0.96 ± 0.92 0.337

Height SDS 0.53 ± 1.54 -0.21 ± 1.49 0.101

BMI SDS 1.46 ± 0.92 1.6 ± 0.58 0.522
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Benton Visual Retention test. Patients had significantly 
higher median difference between obtained and 
expected errors, and significantly lower obtained 
correct scores and higher expected error score  
(p < 0.05) (Table 4). In the Wisconsin Card Sorting 
Test, patients performed significantly worse compared 
to controls, with less correct trials, more errors, and 
more failed trials to complete the test categories 
(p < 0.05) (Table 5). When patients were classified 
according to their daily hydrocortisone doses (> 15, 10-
15, and < 10 mg/m2/day), regarding the dose that was 
taken at the time of assessment, there were no significant 
differences detected in age, age at diagnosis, duration 
of treatment, and SES between the three groups  
(p > 0.05). Height SDS, weight SDS, BMI SDS, 
and free testosterone level did not differ significantly  
(p > 0.05). The WISC test, Benton Test and WCST 
results also did not significantly differ (p > 0.05).

Table 3. Wechsler Intelligence Scale for Children (WISC) in patients and 
controls

Patients n = 30
Median 

(25th – 75th)

Controls n = 20
Median 

(25th – 75th)
p

VIQ 85.5 (80-92.5) 109 (99-115.3) 0.000

Verbal comprehension 9 (7.8-10) 11.5 (10-13.8) 0.000

Verbal arithmetic 7 (5-9) 10.5 (7.3-12) 0.000

Verbal similarities 6 (5-9) 10 (9-12) 0.000

Verbal digit span 5 (4-6) 9 (8-10) 0.000

PIQ 80.5 (74-88.8) 105 (98.5-109) 0.000

Picture completion 7 (6-8) 10 (9-11) 0.000

Block design 6 (5-8) 9 (8-10) 0.000

Coding 6.5 (5-9) 11.5 (9-13) 0.000

TIQ 82.5 (75.8-90.3) 106 (100.3-111.8) 0.000

VIQ: verbal intelligence quotient, PIQ: performance intelligence quotient, TIQ: total intelligence 
quotient.

Table 4. Benton Visual Retention Test in patients and controls

Patients n = 30
Median 

(25th – 75th)

Controls n = 20
Median 

(25th – 75th)
p

OCS 2 (1-4.3) 5.5 (4-7.8) 0.000

ECS 4 (2-6) 5 (4-6.8) 0.07

DIFF1 2 (0-2.3) 1 (0-2) 0.109

OES 12.5 (8.8-16) 6.5 (3.5-10) 0.000

EES 9 (6-12) 7 (4-8.8) 0.026

DIFF2 3.5 (2-6.3) 1 (1-2) 0.000

OCS: obtained correct score, ECS: expected correct score, DIFF1: difference between obtained 
and expected correct score, OES: obtained error score, EES: expected error score,  
DIFF2: difference between obtained and expected error score.

Table 5. Wisconsin Card Sorting Test (WCST) in patients and controls

Patients n = 30
Median 

(25th – 75th)

Controls n = 20
Median 

(25th – 75th)
p

Trials administered 128 (128-128) 99 (83-104) 0.000

Total correct trials 58.5 (47.3-75.3) 73 (67-80.3) 0.007

Total error 72 (51.1-80.8) 19 (16-24) 0.000

% Error 56 (40-67) 19 (18-26) 0.000

Perseverative responses 42.5 (27.5-81.8) 10 (8-15) 0.000

% Perseverative 
responses

39.5 (23.5-71.3) 10 (10-15)
0.000

Perseverative error 40 (26.8-74) 10 (8-12) 0.000

% Perseverative error 33.5 (22.8-58) 10 (10-12) 0.000

Non perseverative error 22.5 (7-24.3) 9 (8-12) 0.04

% Perseverative error 17.5 (6.8-19.3) 10 (9-12) 0.07

Conceptual level 
responses

37.5 (11.8-68.3) 64 (62-73.5)
0.001

% Conceptual level 
responses

29.5 (13.8-54.3) 75 (65-76)
0.000

Categories completed 2 (1-4) 6 (6-6) 0.000

Trials to complete 
category

17.5 (12-76.5) 13 (11-13)
0.004

Failure to maintain set 1 (0-2) 0 (0-1) 0.056

Comparing patients and controls of the same SES 
showed that among those from high SES, patients had 
significantly worse PIQ and TIQ (p < 0.05). Patients 
from high SES showed worse results than controls of 
the same SES in the difference between the obtained 
correct and expected correct scores in the Benton 
Visual Retention Test (p < 0.05). 

In the Wisconsin Card Sorting Test, patients of high 
SES did significantly worse in many aspects, which was 
particularly evident in the number of trials administered 
being highly significant among patients (p < 0.01), and the 
number of completed test categories. (p <0.05), (Table 6).

Among patients and controls of middle SES, 
the VIQ, PIQ, and TIQ were highly significantly 
worse among patients (p < 0.01). A highly significant 
difference was obtained between the obtained error and 
expected error score in the Benton Visual Retention 
Test showing worse performance among patients  
(p < 0.01). In the Wisconsin Card Sorting Test, patients 
performed worse than controls in many aspects with 
a highly significant difference in the number of trials 
administered, and in the number of completed test 
categories (p < 0.01), as well as a significant difference 
in the number of trials to complete test categories  
(p < 0.05), (Table 7). No significant differences existed 
in age or anthropometric data between patients and 
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controls of high SES, or those of medium SES. We 
could not compare patients and controls of low SES 
due to the small sample size (2 and 1 respectively).

Table 6. Cognitive tests among patients and controls of high SES

Patients n = 8
Median  

(25th – 75th)

Controls n = 5
Median  

(25th – 75th)
p

WISC

VIQ 96.5 (93-105.8) 104 (98.5-113) 0.163

PIQ 91.5 (81-98) 105 (99.5-109) 0.018

TIQ 93.5 (82-101.8) 106 (99.5-109.5) 0.048

Benton Visual Retention Test

OCS 5.5 (1.8-6.8) 5 (3.5-6) 0.076

ECS 5.5 (3-7) 4 (4-6.5) 1

DIFF1 2 (1.3-3) 1 (0-1) 0.029

OES 7.5 (4.3-12.8) 9 (5-10.5) 0.712

EES 6.5 (5-10.8) 8 (5-8.5) 0.825

DIFF2 2.5 (1-4.5) 1 (1-2) 0.149

Wisconsin Card Sorting Test

Trials administered 128 (115.3-128) 83 (76-101.5) 0.006

Categories 
completed

4 (2.3-5.8) 6 (6-6) 0.017

VIQ: verbal intelligence quotient, PIQ:  performance intelligence quotient, TIQ: total intelligence 
quotient. OCS: obtained correct score, ECS: expected correct score, DIFF1: difference between 
obtained and expected correct score, OES: obtained error score, EES: expected error score, 
DIFF2: difference between obtained and expected error score.

The difference between expected and obtained 
error score (DIFF 2) of the Benton Retention 
Test showed a significant positive correlation with 
the total hydrocortisone dose in the patient group  
(r = 0.421, (p < 0.05) (Figure 1). Free testosterone did 
not significantly correlate with any of the performed 
tests (p > 0.05).

Table 7. Cognitive tests among patients and controls of medium SES

Patients n = 20
Median  

(25th – 75th)

Controls n = 14
Median  

(25th – 75th)
p

WISC

VIQ 85 (80-89.3) 110.5 (99-1166.5) 0.000

PIQ 80 (74-87) 105 (99.5-109) 0.000

TIQ 81 (75.3-85.5) 106.5 (100.8-112.5) 0.000

Benton Visual Retention Test

OCS 2 (1-3.75) 6.5 (3.8-8) 0.000

ECS 3 (2-5.8) 5 (4-8) 0.043

DIFF1 1 (0-2) 1 (0-2) 0.432

OES 14.5 (9-16) 6 (3-10) 0.000

EES 10.5 (6.3-12) 7 (3.8-8.3) 0.02

DIFF2 4 (2-7) 1.5 (0-2) 0.001

Wisconsin Card Sorting Test

Trials administered 128 (128-128) 99 (83-104.3) 0.000

Categories 
completed

1.5 (0.3-3.5) 6 (6-6) 0.000

Trials to complete 23.5 (13.3 – 116.3) 13 (11-14) 0.014

VIQ: verbal intelligence quotient, PIQ:  performance intelligence quotient, TIQ: total intelligence 
quotient. OCS: obtained correct score, ECS: expected correct score, DIFF1: difference between 
obtained and expected correct score, OES: obtained error score, EES: expected error score, 
DIFF2: difference between obtained and expected error score.

Figure 1. Correlation between Benton Visual Retention Test and Total HC 
dose (p < 0.05).
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DISCUSSION

This study is one of the few studies addressing cognitive 
functions in children and adolescents in CAH. The 
present study shows that young patients with CAH 
have intellectual disabilities as reflected by lower total, 
verbal, and performance IQ scores. Furthermore, we 
find that these patients have impairment in both the 
visual memory and cortical executive functions. To 
our knowledge, this is one of the first studies to use 
the Benton Visual Retention Test and the Wisconsin 
Card Sorting Test in this population of patients. 
Although some of the patients’ scores fell within the 
normal ranges, they were still significantly lower than 
the scores obtained from healthy controls. There were 
no differences in SES between patients and controls 
sufficient to eliminate the effect of SES. Additionally, 
when patients and controls of the same SES were 
compared, patients still scored worse than controls. 
The strong family history of CAH in patients was 
related the fact that our clinic is a tertiary referral centre 
where we treat patients and some of their siblings as 
well. However, only one child from each family was 
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included in the study to avoid overrepresentation of the 
genetic and environmental contribution to cognition in 
our studied sample. 

Previous studies looking at the cognitive and 
psychosocial characteristics of patients with CAH 
showed controversial results (3). It is worth noting 
that most of these studies were conducted on older 
groups of patients. It was previously suggested that 
patients with CAH may have higher IQ scores. But 
when such patients were compared with their non-
affected siblings, the difference in the IQ was not 
observed (19,20). The outdated tests used in these 
studies, the under-presentation of SW patients, over-
representation of females, might all have been reasons 
for the observed results (8). More recent studies found 
lower IQ scores among patients with CAH (8,11,21). 
Collaer and cols. previously demonstrated lower scores 
in tasks examining spatial perception and short term 
memory. However, their cohort had a similar IQ to 
the controls (21), whereas the total IQ score in our 
patients was significantly lower than controls. Reduced 
verbal performance, irrespective of sex, was previously 
reported in CAH children (11).

Various factors could explain this: reduced 
endogenous glucocorticoid production, disruption of 
the hypothalamo-pituitary-adrenal axis, subsequent 
excess CRH and ACTH could all be the reason (22). 
Difficulties in adjusting glucocorticoid dose is another 
problem – it was demonstrated recently that excess 
glucocorticoid treatment increased pro-apoptotic 
signals in hippocampal neurons (23). The hippocampus 
plays a pivotal role in learning and memory, has high 
concentration of corticosteroid receptors (24), and 
is liable to damage by excess glucocorticoids. Some 
adults with CAH showed hippocampal dysgenesis 
(25). A recent study in adolescents and adults with 
CAH showed impaired executive functions represented 
by defects in visual and visuospatial working memory 
(26). Another recent study in adults showed that the 
doses of glucocorticoids that are used for treatment of 
CAH can alter brain micro- and macrostructure with 
quantitative brain magnetic resonance imaging (MRI) 
changes of reduced volume in the right hippocampus, 
thalami, cerebellum and brain stem. The effects of 
glucocorticoid treatment also affected the brain choline 
content of the mesial temporal lobe. Their patients also 
demonstrated cognitive impairment in some domains, 
e.g. working memory (27). 

In this study, the total hydrocortisone dose 
correlated positively with the Benton Visual Retention 
Test DIFF2 result. This could possibly point to the 
deleterious effect of higher hydrocortisone dose on visual 
memory. The higher the cumulative hydrocortisone 
dose in our patients, the greater the difference there 
was between their obtained errors in the test and what 
was expected for their age. Such a finding was not 
observed when patients were compared according to 
the mean daily hydrocortisone dose. A previous study 
demonstrated that acute glucocorticoid administration 
negatively affects the different components of working 
memory, including executive functions (28). The 
positive correlation found in our study between total 
hydrocortisone dose and the Benton score supports 
this. Browne and cols. demonstrated reduced working 
memory in children with CAH, but the Digit Span 
test was used in their study (11). The negative effects 
of corticosteroids on learning and memory have 
been suggested using variable tests (29-31). These 
findings may call for a re-examination of the prescribed 
glucocorticoid dose in children with CAH to minimise 
short term memory deficits, which may affect their 
learning abilities, while still maintaining control over 
the excess intermediary metabolites of the cortisol 
synthesis pathway. Research in adult rats demonstrated 
that both high and low doses of glucocorticoids 
impaired memory (32). The same can occur in patients 
with CAH who are subjected to over- and under-dosing 
(33). There has been less research exploring a potential 
relationship in humans between low glucocorticoid 
levels and memory functioning, although an inverted 
U-shaped relationship between glucocorticoids and 
human memory retrieval has been demonstrated (34). 

Antenatal and early postnatal exposure to high 
androgen levels is another possible explanation. Excess 
androgen exposure starting in utero was suggested to 
adversely affect the maturation of cerebral hemispheres, 
and to cause learning difficulties (8). Enhanced spatial 
abilities were previously observed in females with CAH 
compared to normal males, and on the other hand, 
males with idiopathic hypogonatropic hypogonadism 
showed lower spatial abilities (35). In our study, free 
testosterone levels did not correlate with the total IQ 
in the WISC test or the DIFF-2 of the Benton test, 
neither with any other test domain. Thus we could not 
prove that postnatal exposure to high androgen levels 
in children with CAH affects cognitive functions or 
spatial cognition, unlike that demonstrated in previous 
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studies (5), (10). This may be due to differences in 
study designs, or differences in the age and sex of the 
included patients in previous studies.

Our cohort of CAH patients were not diagnosed 
by neonatal screening as it was not applied on a wide 
scale at the time of their diagnosis, and neither of them 
received prenatal dexamethasone, so the results on 
cognition bear no relation to prenatal dexamethasone 
administration.

Hyponatraemia is one of the mechanisms that may 
be incriminated in worse cognitive performance (8). 
We could not compare SW and SV patients due to the 
small number of the SV group. Some authors found 
that patients with salt-wasting CAH have lower overall 
cognitive ability than patients with the simple virilising 
form, but both groups were within the normal range 
(3). This finding was significant in women with CAH, 
but the effect was not present for the performance IQ 
(8). Conversely, adolescent and young adult SW females 
were found to perform better than SV females in mental 
rotation tasks, an effect that was not demonstrated in 
verbal fluency or perceptual speed. Furthermore, this 
enhanced performance was predicted by the severity of 
prenatal androgen exposure (36). Such controversies in 
this respect warrant further research.

The limitations of this study include the small 
sample size, which also hampered comparing salt 
wasters with simple virilisers. It would be useful to study 
the relation between hyponatraemia and cognitive 
performance in this specific group. This was also 
demonstrated in the worse performance in some of the 
cognitive tests in patients with a high socioeconomic 
status compared to controls, a finding which appears 
counterintuitive and contradictory to what is known 
in normal children. This effect of socioeconomic status 
on cognitive functions in children with CAH needs 
to be addressed in larger studies. One of the factors 
affecting cognition could be the severity of neonatal 
dehydration at first presentation, which is difficult to 
document in retrospect. Another limitation was the 
difficulty finding a larger comparison group, which is 
often a problem when assessing psychological problems 
in a young population with chronic illness. One cannot 
ignore the possible effect of the chronic illness itself on 
performance.

In conclusion, this study showed that impaired 
cognitive functions exist in children with CAH 
mainly in the forms of lower intellectual performance 
and worse visual memory as well as worse executive 

functions. The cumulative hydrocortisone dose is the 
most significant contributing factor in this regard, 
with an effect that seems to start early. We believe that 
further studies are warranted on greater numbers of 
patients. Specific neuro-imaging techniques are helpful 
in this regard. Early intervention in children with 
cognitive deficits is crucial to prevent learning deficits 
later in childhood. 
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Prediction of gestational diabetes 
mellitus in the first trimester: 
comparison of maternal fetuin-A, 
N-terminal proatrial natriuretic 
peptide, high-sensitivity C-reactive 
protein, and fasting glucose levels

Hatice Kansu-Celik1, A. Seval Ozgu-Erdinc1, Burcu Kisa1, 
Rahime Bedir Findik1, Canan Yilmaz1, Yasemin Tasci1

ABSTRACT 
Objective: We investigated the utility of maternal fetuin-A, N-terminal proatrial natriuretic peptide 
(pro-ANP), high-sensitivity C-reactive protein (hs-CRP), and fasting glucose levels at 11-14 gestation 
weeks for predicting pregnancies complicated by gestational diabetes mellitus (GDM). Subjects and 
methods: This prospective cohort study included 327 low-risk pregnant women who completed 
antenatal follow-up at a tertiary research hospital between January and April 2014. Maternal blood 
samples were collected between 11–14 gestational weeks in the first trimester of pregnancy and 
then stored at –80 °C until further analyses. During follow-up, 29 (8.8%) women developed GDM. The 
study population was compared 1:2 with age- and body mass index-matched pregnant women who 
did not develop GDM (n = 59). Fasting plasma glucose (FPG) levels and serum fetuin-A, pro-ANP, 
and hs-CRP levels were measured using automated immunoassay systems. Results: There was a 
significant negative correlation between fetuin-A and hs-CRP (CC = –0.21, p = 0.047) and a positive 
correlation between FPG and hs-CRP (CC = 0.251, p = 0.018). The areas under the receiver operating 
characteristic curve for diagnosing GDM were 0.337 (p = 0.013), 0.702 (p = 0.002), and 0.738 (p < 0.001) 
for fetuin-A, hs-CRP, and FPG, respectively. The optimal cut-off values were > 4.65, < 166, and > 88.5 
mg/dL for maternal hs-CRP, fetuin-A, and FPG, respectively. Conclusion: Reduced fetuin-A, elevated 
hs-CRP, and FPG levels in women in the first trimester can be used for the early detection of GDM. 
Further research is needed before accepting these biomarkers as valid screening tests for GDM. Arch 
Endocrinol Metab. 2019;63(2):121-7
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INTRODUCTION 

F etuin-A is a novel biomarker that is mainly excreted 
from liver and adipose tissue and is associated 

with insulin resistance and metabolic syndrome (1). 
It increases insulin resistance by inhibiting the insulin 
receptor tyrosine kinase and by mediating toll-like 
receptor 4 signaling (2). Its secretion may differ in 
various disease states, and decreased levels of fetuin-A 
indicate its anti-inflammatory or protective effects as a 
negative acute-phase reactant (APR) (3). Sindhu and 
cols. demonstrated a negative correlation between 
plasma levels of fetuin-A and systemic inflammatory 
markers in patients with type 2 diabetes (4). Serum 
levels of fetuin-A increase mid-trimester in normal 

pregnancies (5). Only three previous studies have 
analyzed the potential relationship between fetuin-A 
levels and parameters of insulin resistance through 
the pregnancies complicated by GDM and normal 
pregnancies in the second trimester (6-8). 

Atrial natriuretic peptide (ANP) is a peptide hormone 
mainly secreted by the heart. Although its main function 
is the regulation of hemodynamic homeostasis, several 
studies have observed a relationship between plasma 
glucose, insulin, and ANP levels (9). ANP circulates 
mainly as a 28-amino acid polypeptide, 99-126 amino 
acids at the C-terminal end prohormone, pro-ANP (10). 
A rapid increase in ANP levels occurs in response to acute 
hyperglycemia, and it is associated with poor glycemic 
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control (11). Yuksel and cols. demonstrated that ANP 
levels are significantly reduced in patients with GDM 
beyond 26 weeks of gestation and negatively correlated 
with some parameters of insulin resistance (12). 

High-sensitivity C-reactive protein (hs-CRP) is an 
inflammatory agent secreted by the liver. It may be 
correlated with obesity and insulin resistance (13). 
Increased maternal levels of hs-CRP in the first trimester 
are linked to increased risk of developing GDM (14). 

To the best of our knowledge, this is the first study 
to investigate the utility of fetuin-A and pro-ANP levels 
in the first trimester as biomarkers for predicting GDM. 
We identified biochemical markers (fetuin-A, pro-ANP, 
hs-CRP, and FPG) related to GDM in the Turkish 
population in the first trimester to predict subsequent 
development of GDM. 

SUBJECTS AND METHODS

This prospective cohort study included pregnant 
women who attended their routine antenatal follow-up 
at 11 and 14 gestational weeks at the Zekai Tahir Burak 
Women’s and Research Hospital between January and 
April 2014. This study was conducted in accordance 
with the Declaration of Helsinki (15). The institutional 
review board (23# 26/12/2013) approved the study. 
Exclusion criteria included age < 18 years or > 40 years, 
diagnosis of chronic disease before conception (diabetes, 
hypertension, thyroid dysfunction, uncontrolled 
endocrine illness, or abnormal renal function), FPG 
levels exceeding 126 mg/dL, or postprandial 2nd h 
glucose level or glucose challenge test (GCT) value 
exceeding 200 mg/dL at gestational weeks of 24-28, 
history of a positive glucose tolerance test in the first 
trimester, and having had a previous pregnancy. Medical 
history and demographic characteristics including age, 
parity, pre-pregnancy body mass index (BMI), and 
smoking were noted. Gestational age was estimated via 
ultrasonography results between 11 and 14 weeks of 
gestation. BMI was calculated as weight (kg)/height 
(m)2. Type of delivery, complications during gestation, 
and neonatal outcomes were recorded. All subjects 
underwent a two-step GDM screening between 24 and 
28 weeks of gestation A positive 50 g GCT was defined 
as a glucose level of at least 140 mg/dL 1 h after the 
glucose challenge. In case of positive 50g GCT, 100 
g oral glucose tolerance test (OGTT) was performed 
following 3 days of normal diet. GDM was diagnosed 
if there were two or more abnormal values on a 100g 

OGTT performed according to the criteria identified 
by Carpenter and Coustan (FPG: 95 mg/dL, 1st h: 180 
mg/dL, 2nd h: 155 mg/dL, 3rd h: 140 mg/dL) (16). 
Healthy controls were defined as pregnant women with 
a negative 50 g GCT (1st h < 140 mg/dL). The control 
group was selected and recruited for the study using 
a simple random-sampling method, and 59 pregnant 
women who did not develop GDM were matched by 
age and BMI at a 1:2 ratio. 

Venous blood samples for fetuin-A, pro-ANP,  
hs-CRP, and FPG were collected at the routine 
obstetric examination at 11-14 weeks of gestation. 
Maternal blood samples were immediately centrifuged, 
and serum was separated and stored at –80 °C until use. 
All of the laboratory measurements were performed 
simultaneously in the same laboratory by the same 
technician.

Biochemical assays

Serum levels of fetuin-A and pro-ANP in separate 
samples were quantified using enzyme linked 
immunosorbent assay (ELISA) kits according to the 
manufacturer’s protocols (Cat.No:YHB1184Hu, Lot 
No: 20160901, and Cat.No:YHB2435Hu, Lot No: 
20160901; YEHUA Biological Technology, Shanghai, 
China). These kits use ELISAs based on a biotin 
double antibody sandwich technology to assay fetuin-A 
and pro-ANP. The detection limits of the assays were 
between 10-4,000 mg/L and 5-2,000 μmol/L, 
respectively, and the intra- and inter-assay coefficients 
of variation were < 10 and < 12%, respectively.

Serum levels of glucose were measured using a 
Beckman AU5800 biochemistry auto-analyzer with the 
hexokinase method. The total coefficient of variation 
was < 2.0%, and the reference interval was 60-100 
mg/dL. Serum levels of hs-CRP were measured using 
a Siemens BN ProSpec nephelometer. The intra- and 
inter-assay coefficients of variation were 4.0% and 4.6%, 
respectively. The reference interval was < 2.87 mg/L.

Statistical analyses

To calculate statistical power, we accepted the GDM 
prevalence in our population as 5% and the effect size 
as 0.8 (17). The sample size calculation for this study 
population of 88 women with an allocation ratio of 2 
and a two-tailed sample comparison with a 5% level of 
significance (alpha) had a power of 0.94. This sample 
size was sufficient to detect a 0.5 standard deviation 
difference in continuous variables given the same power 
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and significance level. Sample size calculations were 
performed using the G*Power v.3.1.5 general power 
analysis program (18).

The mean and standard deviation (SD) were 
calculated for continuous variables, and categorical 
variables are expressed as numbers and percentages. 
Chi-square tests or Fisher’s exact tests were used 
to compare categorical variables. The normality of 
variables was analyzed using the Kolmogorov-Smirnov 
test. Independent sample t-tests were used to compare 
continuous variables with normal distribution. The 
Mann–Whitney U test was used to analyze non-
normally distributed data. Correlation analyses were 
done using Spearman’s coefficient. Pearson’s test was 
performed when necessary. The accuracy of each test 
was evaluated separately, and a multiple binary logistic 
regression model was generated to identify variables 
that were significantly associated with the outcome 
of interest. For multivariate analyses, possible factors 
identified in univariate analyses were further analyzed 
by binary logistic regression to determine independent 
predictors of GDM in the first trimester of pregnancy. 
The Hosmer–Lemeshow goodness of fit statistic was 
used to assess model fit. A 5% type-1 error level was 
used to infer statistical significance. The sensitivity, 
specificity, positive predictive value (PPV), negative 
predictive value (NPV), positive likelihood ratio (PLR), 
negative likelihood ratio (NLR), and diagnostic odds 
ratio (OR) with their associated 95% confidence intervals 
(CIs) were determined for each method. The detection 
and false-positive rates in the prediction of GDM were 
estimated using receiver operating characteristic (ROC) 
curves, and the diagnostic power of these screening 
tests to predict GDM in early pregnancy was assessed by 
comparing the areas under the ROC curve (AUROCs). 
Youden’s index was used to select the cut-off value for 
diagnosis of GDM for each test (19). A two-tailed 
p-value < 0.05 was considered statistically significant. 
The statistical software package IBM SPSS 21.0 (IBM 
Corp., Armonk, NY, USA) was used for data analyses.

RESULTS

During the study period, 350 healthy low-risk pregnant 
women at 11-14 gestational weeks met the inclusion 
criteria. A total of 23 patients were excluded due to 
loss to follow-up, not participating in GDM screening, 
or having a chronic disease before pregnancy. In 
the final analysis, a total of 327 women completed 
antenatal follow-up in our hospital, 29 of whom (8.8%) 

developed GDM, and 59 healthy controls were age- 
and BMI-matched in a 1:2 ratio. 

The demographic characteristics and obstetric and 
neonatal outcomes of the patients are shown in Table 1. 
There was no statistically significant difference between 
groups in terms of age, gravidity, parity, pre-pregnancy 
BMI, smoking status, gestational age at delivery, type 
of delivery, birth weight, Apgar scores at first and fifth 
minute, and NICU requirement (p > 0.05). 

Fetuin-A levels were significantly lower, and hs-CRP 
levels were significantly higher, in cases of complicated 
GDM compared to uncomplicated ones (154 [95% 
CI: 47-2777] ng/mL vs. 210 [44-1860] ng/mL,  
p = 0.013; and 7.95 [3.14–27.7] ng/mL vs. 4.63 [3.11-
24.2] ng/mL, p = 0.032, respectively). There was no 
statistically significant difference between groups in 
terms of pro-ANP levels (P < 0.05) (Table 2).

According to Spearman rank correlation analyses, 
there was a significant inverse correlation between 
fetuin-A and hs-CRP (CC = –0.93, p = 0.009), and 
a positive correlation between hs-CRP and FPG, but 
no correlation between fetuin-A and FPG levels (CC = 
–0.186, p = 0.083).

Table 1. Demographics, obstetric and neonatal outcomes

Variable GDM Group
(n = 29)

Control 
groups
(n = 59)

p

Age (years) (Mean ± SD) 29.96 ± 3.79 29.28 ± 3.69 0.121

Gravidity Median 
(Min-Max)

3 (1-8) 2 (1-5) 0.139

Parity (Mean ± SD) 
(Min-Max)

1 (0-3) 1 (0-3) 0.11

Pre-pregnancy BMI  
(Mean ± SD)

27.74 ± 2.14 27.41 ± 2.18 0.656

Smoking n (%) 1 (34%) 6 (10%) 0.418

Gestational age at delivery 
(week) (Mean ± SD)

38.60 ± 1.82 38.96 ± 1.56 0.359

Mode of delivery n (%)     0.656

Vaginally 22 (76%) 47 (80%)

C-section 7 (24%) 12 (20%)

Birthweight (g) (Mean ± 
SD)

3391 ± 455 3372 ± 409 0.85

Apgar scores  Median 
(Min-Max)

   

1th min 8 (6-9) 8 (6-9) 0.321

5th min 10 (8-10) 10 (8-10) 0.234

NICU (n,%) 3 (10%) 5 (8.4%) 0.115

*p < 0.05: significant; BMI: body mass index; NICU: requirement of neonatal intensive care unit.
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Table 2. Maternal fetuin-A, pro-ANP, and hs-CRP levels between two 
groups

Variable GDM Group 
(n = 29)

Control groups 
(n = 59) p

Fetuin-a (ng/mL) 154 (47-2777) 210 (44-1860) 0.013*

Pro-ANP (mg/dL) 694 (461-4957) 721 (484-4551) 0.144

Hs-CRP (ng/mL) 8.89 (3.14-27.7) 4.63 (3.11-24.2) 0.003*

FPG (mg/dL) 92.93 ± 7.84 85.79 ± 8.17 <0.001* 

*p < 0.05, significant. BMI: body mass index; Pro-ANP: N-terminal peptide of proatrial 
natriuretic peptide; hs-CRP: high sensitive C-reactive protein; FPG: fasting plasma glucose.

Figure 1. Area under receiver operating characteristic (ROC) curves for 
FPG, fetuin-A and hs-CRP in predicting GDM.
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Table 3. Diagnostic performances of first trimester FPG, hs-CRP and fetuin-A

FPG hs-CRP fetuin-A

Sensitivity (%) and 95 CI (%) 79.31 (59.74-91.29) 86.21 (67.43-95.49) 58.62 (39.13-75.91)

Specificity (%) and 95 CI (%) 59.32 (45.76-71.67) 50.85 (37.64-63.95 76.27 (63.11-85.98)

Positive Likelihood Ratio and 95 CI (%) 53.41 (42.51-64.01) 61.36 (50.35-71.38) 35.23 (25.55-46.21)

Negative Likelihood Ratio and 95 CI (%) 46.59 (35.99-57.49) 38.64 (28.62-49.65) 64.77 (53.79-74.45)

Positive Predictive Value (%) and 95 CI (%) 48.94 (34.3-63.74) 46.3 (32.84-60.27) 54.84 (36.3-72.22)

Negative Predictive Value (%) and 95 CI (%) 85.37 (70.14-93.91) 88.24 (71.61-96.16) 78.95 (65.75-88.2)

Diagnostic Odds Ratio and 95 CI (%) 5.59 (1.98-15.78) 6.47 (2.0-20.88) 4.55 (1.76-11.8)

Diagnostic Accuracy (%) 85.23 88.64 70.45

The area under ROC curves of fetuin-A, hs-CRP, 
and FPG for diagnosing GDM were 0.337 (95% CI: 
0.212--0.461, p = 0.013), 0.702 (95% CI: 0.592-
0.812, p = 0.002), and 0.738 (95% CI: 0.626-0.850, 
p < 0.001), respectively (Figure 1). Table 3 shows the 
different measurements of diagnostic accuracy of FPG, 
hs-CRP, and fetuin-A. Maternal hs-CRP levels above 
4.65 ng/mL had the highest sensitivity (86.21%, 95% 
C1: 67.43-95.49), NPV (88.24%, 95% CI: 71.61–
96.16), and PLR (61.36%, 95% CI: 50.35-71.38), 
with a diagnostic accuracy of 88.64%. Fetuin-A levels 
below 166 ng/mL had the highest specificity (76.27%, 
95% CI: 63.11-85.98), NLR (64.77, 95% CI: 53.79-
74.45), and PPV (54.84%, 95% CI: 36.3-72.22) with 
a diagnostic accuracy of 70.45%. FPG levels above 
88.5 mg/dL had a sensitivity of 79.31% (95% C1: 
59.74-91.29), specificity of 59.32% (95% CI: 45.76-
71.67), and the PPV and NPV were 48.94% (95% 
CI: 34.3-63.74) and 85.37% (95% CI: 70.14-93.91), 
respectively, with a diagnostic accuracy of 85.23%. 

DISCUSSION

We evaluated the diagnostic value of first trimester 
fetuin-A, pro-ANP, and hs-CRP levels in predicting 
GDM. Low levels of fetuin-A and high levels of  
hs-CRP at 11 to 14 weeks of gestation were associated 

with GDM later in pregnancy. In addition, there was 
an inverse correlation between fetuin-A and hs-CRP 
levels.

GDM affects 8%-18% of all pregnancies, and with 
impaired glucose tolerance first recognized during the 
second or third trimester of pregnancy, it is a main 
cause of maternal and neonatal morbidity and mortality 
(20). The cornerstone of management is glycemic 
control, and poor control during pregnancy has been 
associated with miscarriage, preterm birth, stillbirth, 
macrosomia, urinary tract infection, polyhydramnios, 
shoulder dystocia, operative delivery, neonatal 
hyperbilirubinemia-hypocalcemia, and increased NICU 
admission (21).
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Therefore, some first-trimester markers may help to 
predict this complication and improve the management 
of such cases (22-24). Recent studies have found 
changes in the expression of fetuin-A, pro-ANP, and 
hs-CRP in pregnant women with GDM (12,14,25,26). 

Fetuin-A, a member of the cystatin superfamily of 
protease inhibitors, is secreted by the liver in adults 
and by various fetal tissues (27). It is associated with 
insulin resistance and metabolic syndrome. It binds to 
the β-subunit of the insulin receptor, thus activating 
insulin receptor kinase (2). Some studies have reported 
high concentrations of fetuin-A in patients with type 
2 DM, and others have reported low concentrations 
(25,28,29); therefore, the results have been conflicting 
and limited. Farhan and cols. observed no differences 
in fetuin-A levels in the third trimester of pregnancy 
and in the postpartum period in a group of GDM 
patients (6), whereas Kalabay and cols. and Iyidir and 
cols. found increased levels of fetuin-A in women with 
GDM compared to healthy pregnant women at 20-40 
gestational weeks, and between 24-28 gestational weeks, 
respectively (7,8). In healthy individuals, fetuin-A 
concentrations range from 450 to 600 μg/mL (30). 
In Kalabay and cols., fetuin-A concentrations increased 
with gestational age in healthy pregnant women, but 
interval values during the pregnancy period were not 
clearly reported by the authors (7). Iyidir and cols. 
observed a mean level of 35 ng/dL in a GDM group at 
gestational weeks 24 and 28 (8). In Briana and cols., the 
mean concentration in healthy pregnant women during 
the first stage of labor or before elective C-section was 
43 ng/dL (31). To the best of our knowledge, there 
are no data evaluating the utility of maternal fetuin-A 
levels at 11-14 weeks of gestation for predicting GDM. 
In the current study, we found that fetuin-A levels 
were significantly lower in women with GDM than in 
healthy pregnant women. Low levels of fetuin-A can be 
explained by several possible mechanisms. Some studies 
have reported that low concentrations of fetuin-A are 
related to inflammation and vascular calcifications, 
whereas high levels are associated with dyslipidemia 
and metabolic syndrome (1). Subclinical inflammation 
in the early period of pregnancy may lead to a decrease 
in fetuin-A levels due to its protective effects as an 
APR (3). In addition, the first trimester of pregnancy 
is known as the insulin-sensitive period. Catalano and 
cols. reported that insulin resistance progressively 
increases during the second trimester of pregnancy 
(32). We found no correlation between fetuin-A levels 

and FPG, although FPG was significantly higher in 
patients who subsequently developed GDM. Future 
longitudinal studies showing changes in fetuin-A levels 
over time in women developing GDM are needed. 

Recent cross-sectional studies have demonstrated 
an inverse correlation between ANP and metabolic 
syndrome, insulin resistance, and FPG. Magnusson 
and cols. demonstrated that low ANP concentrations 
predict later development of diabetes, and suggested 
that ANP deficiency may have a pivotal role in diabetes 
development (33). Yuksel and cols. demonstrated that 
ANP levels were significantly lower in patients with 
GDM beyond 26 weeks of gestation and negatively 
correlated with some parameters of insulin resistance 
(12). This may be because low levels of ANP may 
become evident due to either increased clearance or 
decreased cardiac production of ANP in subsequent 
gestational weeks (34). In our study, pro-ANP levels 
were lower in women with GDM than in healthy 
pregnant women, but the difference was not statistically 
significant. A progressive decline in ANP may lead to 
insulin resistance in the second trimester.

GDM is associated with both short- and long-term 
risks for mothers and fetuses during pregnancy and 
postpartum (35). Many validated prediction models 
are being developed to recognize GMD and intervene 
in the early weeks of pregnancy (35,36). Among these 
markers, hs-CRP levels in the first trimester are linked 
to an increased risk of developing GDM, with high 
specificity and diagnostic odds ratio (14,37). High hs-
CRP values are indicative of increased inflammation 
at baseline, which is also an independent risk factor 
for developing GDM (37). Consistent with previous 
studies, we demonstrated a positive association between 
hs-CRP levels and GDM prediction. On the other 
hand, hs-CRP is a positive APR. We found that levels 
of fetuin-A, a negative APR, were significantly lower in 
women with GDM than in healthy pregnant women. 
Previous studies have documented that fetuin-A levels 
are inversely correlated with CRP levels in serum (38). 
Our findings are consistent with the literature. We 
also demonstrated that hs-CRP has better diagnostic 
accuracy for GDM than fetuin-A and FPG (88.64 vs. 
70.45 and 85.23%, respectively).

Similar to previous studies, we detected higher first 
trimester FPG levels among women who subsequently 
developed GDM. Riskin-Mashiah and cols. and Ozgu-
Erdinc and cols. reported FPG cut-off values of 80-
85 mg/dL (75-55% sensitivity and 52-75% specificity) 
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and 90 mg/dL (55.1% sensitivity and 71% specificity), 
respectively for predicting GDM (14,39). We found a 
similar result of 88.5 mg/dL, with 79.3% sensitivity and 
59.3% specificity. FPG has a test validity comparable to 
that of hs-CRP but is much easier and less costly to 
determine. Thus, for clinicians, this is the most valuable 
and helpful result of our study. 

In the management of GDM, treatment modalities 
aimed to improve insulin sensitivity may be useful. 
Controlling weight gain during pregnancy reduces the 
incidence of GDM in pregnant women (40). Exercise 
improves glycemic control, and exercising both prior 
to and during pregnancy has the greatest correlation 
with protection against GDM development. Changes 
in diet, exercise, and achieving desirable gestational 
weight gain should be encouraged to improve insulin 
sensitivity (40).

We did not include non-pregnant individuals as 
a control group. This is a limitation for our study. 
Despite this, our study is the first trial investigating 
the circulating fetuin-A and pro-ANP levels in the first 
trimester of pregnancy, and our results provide important 
information on the associations between fetuin-A, hs-
CRP, and FPG and subsequent development of GDM. 

Elevated hs-CRP and FPG and reduced fetuin-A 
levels (compared to levels in uncomplicated pregnancies) 
at 11 to 14 weeks of gestation are associated with 
subsequent development of GDM. Thus, these markers 
may be useful for early detection and intervention in 
GDM. However, further studies with larger sample 
sizes are needed before accepting these markers as valid 
screening tests for GDM.
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Could semiquantitative analysis of 
real-time ultrasound elastography 
distinguish more liver parenchyma 
alterations of nonalcoholic fatty 
liver disease in patients with 
polycystic ovary syndrome?

Na Di1,2, Xinchuan Zhou1, Yaxiao Chen2, Xiaomiao Zhao2, Lin Li2, 
Linlin Jiang2, Baoming Luo1, Xiaoli Chen2, Dongzi Yang2

ABSTRACT
Objective: Nonalcoholic fatty liver disease is the commonest diffuse liver disease, of which women 
with polycystic ovary syndrome are at an increased risk. The aim of the present study was to assess 
the diagnostic value of the semiquantitative strain parameters of real-time ultrasound elastography for 
nonalcoholic fatty liver disease in patients with polycystic ovary syndrome. Subjects and methods: 
Thirty-five polycystic ovary syndrome patients with nonalcoholic fatty liver disease, 70 polycystic ovary 
syndrome patients without nonalcoholic fatty liver disease, and 70 healthy female controls of reproductive 
age were included. All participants underwent ultrasonic examination and semiquantitative analysis 
of real-time ultrasound elastography of the liver. Results: Main semi quantitative strain parameters, 
such as average strain value, differed significantly among groups polycystic ovary syndrome with 
nonalcoholic fatty liver disease, polycystic ovary syndrome without nonalcoholic fatty liver disease, 
and control (87.02 ± 10.16 vs. 96.31 ± 11.44 vs. 104.49 ± 7.28, p < 0.001). Clinical and laboratory parameters 
differed significantly between the two subgroups with low or high average strain value. For diagnostic 
value of average strain value for elevated aminotransferase, the area under the curve was 0.808 (range 
0.721-0.895). In multiple linear regression analysis, polycystic ovary syndrome, waist circumference, and 
metabolic syndrome were stand-alone independent factors associated with average strain value among 
subjects without nonalcoholic fatty liver disease. Conclusion: Semiquantitative real-time ultrasound 
elastography analysis could distinguish liver parenchyma alterations in patients with polycystic ovary 
syndrome more sensitively. The diagnostic value of the proposed method for nonalcoholic fatty liver 
disease need further research. Arch Endocrinol Metab. 2019;63(2):128-36
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INTRODUCTION 

N onalcoholic fatty liver disease (NAFLD) is the 
commonest diffuse liver disease, comprising the 

spectrum of liver damage from simple hepatic steatosis 
to nonalcoholic steatohepatitis to advanced fibrosis 
and cirrhosis, in patients without significant alcohol 
consumption and any other cause of liver diseases. The 
worldwide prevalence of NAFLD, which is 5%-58% in 
the general population, has increased over time and 
has become a major public health problem (1). In the 
Chinese population from Hong Kong, the prevalence 
of NAFLD is as high as 42% according to a 2015 

report (2). NAFLD is also used as a marker of severe 
metabolic disorders. 

 Polycystic ovary syndrome (PCOS) is the most 
common endocrine disorder among women of 
reproductive age, and the prevalence varies from 5% 
to 20% (1,3). It is also a metabolic disease according 
to high prevalence of the accompanying metabolic 
disturbances, which may pose a high long-term risk 
of cardiovascular diseases for patients with PCOS (4). 
Women with PCOS are at an increased risk of NAFLD 
as reported previously: the prevalence of NAFLD varies 
from 23.8% to 86.79% among women with PCOS 
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(5,6). Accordingly, it has been suggested that women 
with PCOS should be screened for liver disease more 
actively (7).

Although a liver biopsy is still considered the 
gold standard for detection of a liver disease such as 
fibrosis, this procedure is invasive and is associated 
with possible problems such as bleeding and severe 
pain, sampling errors, and interobserver variability (8). 
Computed tomography (CT) or magnetic resonance 
imaging (MRI) can quantify liver fat, but CT involves 
ionizing radiation, and both methods are costly (9). 
Conventional ultrasonography has been used for 
detection of NAFLD in daily practice, but its accuracy is 
limited by subcutaneous fat thickness of patients and the 
operator’s experience. Furthermore, it cannot provide 
information about mechanical properties of the tissue. 
It is impractical to use these methods for assessment and 
frequent monitoring of NAFLD in PCOS patients of 
reproductive age. Real-time tissue elastography (RTE), 
one of the ultrasound elastography technologies, has 
been rapidly evolving in the last decade, being used for 
diagnosis of focal lesions in various organs. According 
to recent reports, RTE is also useful for assessment of 
fibrosis in patients with chronic liver diseases (10,11). 
With the improvements in RTE, semiquantitative 
analysis of strain was developed. Parameters including 
the average strain value (MEAN) of RTE are reported 
to be useful for early diagnosis and staging of liver 
fibrosis (12-18). 

On the other hand, application of RTE with 
semiquantitative parameters to NAFLD is rarely 
reported, never in PCOS women of reproductive age. 
The aims of our study were to analyze semiquantitative 
strain parameters of RTE of the liver in PCOS patients 
with or without NAFLD as compared to healthy 
controls and then to evaluate the diagnostic value of 
these parameters for NAFLD in patients with PCOS.

SUBJECTS AND METHODS
Sample size estimate

No previous study had reported the efficacy of RTE in 
diagnose of NAFLD in patients with PCOS. According 
to report about RTE for assessment of liver fibrosis 
in chronic hepatitis B (18), a sample size of 5 in each 
group has a power of 0.949 at 5% significance to detect 
a difference of 6.39 in the value of MEAN between 
cases and controls calculated by PASS 11(NCSS LLC, 

USA). We recruited more than 5 participants for each 
group. A total of 35 PCOS patients with NAFLD, 70 
PCOS patients without NAFLD, and 70 healthy female 
controls aged 20 to 40 years were recruited in our 
Hospital from May 27, 2015, to November 31, 2015.

Patients and controls

The study was approved by the Institutional Review 
Board of our Hospital. All participants provided written 
informed consent. The Chinese Clinical Trial Registry 
(http://www.chictr.org/en/) number is ChiCTR-
OOC-15006452. Detailed data on all participates were 
deposited in the Research Electronic Data Capture 
(REDCap) databases.

PCOS was diagnosed according to the Rotterdam 
2003 criteria (19), two of the following three criteria 
had to be met: 1) oligomenorrhea and/or anovulation, 
2) clinical and/or biochemical hyperandrogenism,  
3) polycystic ovaries (PCO) (presence in each ovary of 
12 or more follicles measuring 2 to 9 mm in diameter 
and/or increased ovarian volume: more than 10 mL). 
NAFLD was diagnosed according to conventional 
criteria (conventional ultrasonography) (20). Controls 
were defined as healthy non pregnant, amenorrheic 
women without endocrine disorders, PCO, and 
NAFLD.

Women were excluded from the study if they had a 
medical history that included other known liver diseases, 
ovarian surgery, a malignant tumor, tobacco smoking, 
and alcohol drinking, other endocrine diseases, or a 
severe cardiocerebrovascular disease or if they were 
taking medication that may affect metabolism, blood 
pressure, or liver function during the last 3 months.

Bioclinical tests

The medical history including menstrual regularity, 
medications, and past diseases was recorded. All 
anthropometric data were measured and recorded 
including waist circumference (WC), hip circumference 
(HC), waistline/hipline ratio (WHR), body mass index 
(BMI), acne score, modified Ferriman-Gallwey score 
(mFG) for body hair evaluation, systolic blood pressure 
(SBP), and diastolic blood pressure (DBP).

Basal follicle-stimulating hormone (FSH), 
luteinizing hormone (LH), prolactin (PRL), 
estradiol (E2), and total testosterone (TT) were 
quantified by chemiluminesce Immunoassay on an 
automatic biochemistry analyzer (DXI800, Beckman 
COULTER, Inc. USA) during the early follicular 
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phase or first 3 days of progestin withdrawal bleeding. 
Anti-Müllerian hormone (AMH) and sex hormone-
binding globulin (SHBG) were analyzed by an 
enzyme-linked immunosorbent assay (ELISA) on a 
ELx808 plate reader (Biotek Instruments, Inc. USA). 
Serum transaminases, plasma glucose, insulin, and lipid 
parameters were measured using standard methods on 
an automatic chemiluminescence immunoassay system 
(ADVIA Centaur xp, SIEMENS, Germen).

Oligomenorrhea/amenorrhea and PCO were defined 
according to the revised Rotterdam criteria. Biochemical 
hyperandrogenism (bHA) was defined as a total 
testosterone level of 2.39 nM or greater (21). Hirsutism 
was defined as mFG ≥ 5 as previously reported (22). 
The acne score was measured according to a previous 
report (23). Homeostatic model assessment for insulin 
resistance (HOMA-IR) was calculated as fasting blood 
glucose (FBG) ×fasting insulin (FIN) ÷ 22.5. Insulin 
resistance (IR) was defined as HOMA-IR ≥ 2.14 and 
FIN ≥ 12.6 mIU/L (24,25). Impaired fasting glucose 
tolerance (FGT), impaired glucose tolerance (IGT) and 
type 2 diabetes mellitus (DM) were diagnosed according 
to 2006 WHO criteria (26). Hyperlipidemia was defined 
as cholesterol (CHOL) ≥ 6 mM, triglycerides (TG) ≥ 2.3 
mM, or low-density lipoprotein cholesterol (LDL-C) 
≥ 3.6 mM. Elevated aminotransferase was defined as 
alanine transaminase (ALT) or aspartate transaminase 
(AST) ≥ 40 U/L. Central obesity was defined as the 
waistline ≥ 80 cm. Elevated blood pressure (EBP) was 
defined as SBP ≥ 130 mmHg or DBP ≥ 85 mmHg. 
Metabolic syndrome (MS) was diagnosed according to 
NCEP-ATP III criteria (27). 

Ultrasound examination and RTE

Transvaginal ultrasonography was performed in the 
early follicular phase if menses were regular or randomly 
if menses were irregular. Antral follicle count (AFC) 
was recorded.

All procedures were performed by a single operator 
with 10 years of experience in transabdominal 
ultrasonography who had specialized in elastography 
for the last 5 years. The operator was blinded to the 
clinical data of all the participants.

The ultrasonic examination (US) was performed 
by means of HI VISION PREIRUS (Hitachi 
Medical, Tokyo, Japan), which has both conventional 
ultrasonography and RTE capabilities. Conventional 
US was performed with a 3.5 MHz probe. A7-3MHz 
linear transducer (L52) was used for RTE.

RTE was performed as reported previously (16). 
The region of interest window was set to 1 cm under 
the Glisson’s capsule in the right lobe, avoiding 
bile ducts and bile cysts. The pressure causing liver 
tissue strain came from subjects’ own heartbeat. The 
RTE software (EZU-TESH1, Hitachi) was used to 
generate histograms. Three effective acquisitions were 
performed for each patient. The mean of the total of 
three measurements served as a representative strain 
value. We measured 11 characteristic parameters of 
elastography imaging including MEAN in the range of 
0-255 arbitrary units (a.u.) and the area ratio of a low-
strain region (AREA, %) as the main characteristics of 
liver stiffness. Standard deviation of the relative strain 
value (SD) was also determined.

Data analysis

The results are presented as mean ± standard deviation 
or as a rate. The one-sample Kolmogorov-Smirnov 
test was used to determine whether the distribution of 
variants was normal. MEANs were compared among the 
groups using the t test or one-way analysis of variance 
(ANOVA). When equal variances were not assumed, 
variants were compared by nonparametric tests (Mann-
Whitney U test or Kruskal-Wallis test). Categorical 
data were compared among the groups using the chi-
squared test. Receiver operating characteristic (ROC) 
curves were generated to analyze the diagnostic value 
of MEAN for elevated aminotransferase. Multiple linear 
regression analysis was used to access the correlation 
between MEAN or AREA and clinical parameters. 
These analyses were performed in the SPSS software, 
version 13.0 for Windows (SPSS, Inc., Chicago, IL, 
USA), and statistical significance was assumed at  
p < 0.05.

RESULTS 

BMI, WC, WHR, SBP, DBP, FBG, two-hour glucose 
(2hGLU), FIN, HOMA-IR, TG, ALT, and AST levels 
significantly decreased in the following order: group 
PCOS with NAFLD > group PCOS without NAFLD 
> control group (p  < 0.05). HDL-C levels showed 
an inverse trend among the three groups (p < 0.05). 
LDL-C, apoB, AMH, LH, TT, mFG, menstrual cycles, 
and AFC were much higher in the PCOS groups than 
in the control group (p  < 0.05), without significant 
difference between the two PCOS groups. Group 
PCOS without NAFLD had a significantly higher 
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level of apoA than did group PCOS with NAFLD and 
control group (p < 0.05) (Table 1). 

RTE for livers are shown in Figure 1. The MEAN 
value was the lowest in group PCOS with NAFLD, 
intermediate in group PCOS without NAFLD, and 
highest in the control group (87.02 ± 10.16 vs. 96.31 
± 11.44 vs. 104.49 ± 7.28, p < 0.001).The AREA 
value was the highest in group PCOS with NAFLD, 
intermediate in group PCOS without NAFLD, and 
lowest in the control group (42.49 ± 9.41 vs. 33.58 

± 10.91 vs. 24.55 ± 8.14, p < 0.001).SD values were 
significantly different among the three groups in the 
same descending order as for AREA (68.78 ± 5.21 vs. 
64.08 ± 6.73 vs. 58.25 ± 6.58, p < 0.001) (Figure 2).

To validate the clinical utility of MEAN, all 
subjects were subdivided into two subgroups 
according to MEAN levels. The cutoff value of MEAN  
(< 91.7) was set to the 5th percentile of the average 
relative strain value in 70 healthy controls. All 175 
subjects were subdivided into group A (MEAN value  

Table 1. Baseline clinical characteristics and laboratory parameters of all subjects

PCOS 
With NAFLD

PCOS without 
NAFLD Control P1 P2 P3

N 35 70 70

Agea 29 ± 4.41 28.83 ± 4.51 28.97 ± 4.71 NS NS NS

BMIa (kg/m2) 25.41 ± 3.40 22.81 ± 2.67 21.15 ± 2.61 < 0.001 < 0.001 < 0.001

WCa (cm) 86.23 ± 7.94 77.80 ± 8.21 72.91 ± 8.53 < 0.001 < 0.001 < 0.001

WHRa 0.8805 ± 0.0528 0.8337 ± 0.0619 0.8013 ± 0.0735 0.001 < 0.001 0.004

SBPa (mmHg) 122.68 ± 12.79 117.18 ± 10.38 111.01 ± 9.48 0.021 < 0.001 < 0.001

DBPa (mmHg) 79.89 ± 9.51 75.85 ± 8.96 69.66 ± 7.14 0.033 < 0.001 < 0.001

FBGb (mmol/L) 5.28 ± 0.83 4.91 ± 0.45 4.72 ± 0.31 0.007 < 0.001 0.012

2hGLUb 7.75 ± 2.39 6.50 ± 1.94 5.53 ± 0.93 0.005 < 0.001 < 0.001

FINb (mIU/L) 25.39 ± 13.95 14.15 ± 6.68 9.20 ± 5.51 < 0.001 < 0.001 < 0.001

HOMA-IRb 6.01 ± 4.68 3.07 ± 1.64 1.96 ± 1.34 < 0.001 < 0.001 < 0.001

CHOLb (mmol/L) 5.01 ± 1.35 4.74 ± 0.74 4.59 ± 0.72 NS NS NS

TGb (mmol/L) 1.92 ± 1.02 1.25 ± 0.72 0.81 ± 0.28 < 0.001 < 0.001 < 0.001

HDLCb (mmol/L) 1.21 ± 0.25 1.53 ± 0.37 1.44 ± 0.24 < 0.001 < 0.001 NS

LDLCb (mmol/L) 3.25 ± 1.08 2.90 ± 0.65 2.55 ± 0.67 NS < 0.001 0.002

apoAb (g/L) 1.36 ± 0.33 1.57 ± 0.36 1.40 ± 0.23 0.002 0.002 0.010

apoBb (g/L) 0.88 ± 0.24 0.79 ± 0.21 0.70 ± 0.12 NS 0.001 0.017

ALTb (U/L) 27.44 ± 16.25 15.52 ± 4.50 11.03 ± 4.89 0.001 < 0.001 < 0.001

ASTb (U/L) 39 ± 30.91 14.69 ± 8.74 15.17 ± 3.19 < 0.001 < 0.001 0.030

AMHb (ng/dL) 9.99 ± 4.67 9.67 ± 4.52 4.52 ± 3.16 NS < 0.001 < 0.001

TTa (nmol/L) 1.9355 ± 0.7381 1.80 ± 1.1471 1.2114 ± 0.5210 NS < 0.001 < 0.001

PRLa (ng/mL) 15.11 ± 7.67 14.53 ± 7.80 15.09 ± 6.81 NS NS NS

FSHa (mIU//mL) 6.89 ± 1.87 6.50 ± 2.11 7.84 ± 2.55 NS NS 0.001

LHb (mIU//mL) 7.53 ± 4.61 9.12 ± 7.30 4.23 ± 1.53 NS < 0.001 < 0.001

mFGb 3.10 ± 3.29 3.78 ± 3.93 0.01 ± 0.12 NS < 0.001 < 0.001

Acne scoreb 0.1667 ± 0.3791 0.4706 ± 0.7025 0.4265 ± 0.6063 0.039 NS NS

Menstrual cycle 

Shortestb (day)

51.52 ± 35.63 42.87 ± 23.89 27.70 ± 2.51 NS < 0.001 < 0.001

Menstrual cycle 

Longtestb (day)

108.07 ± 79.06 72.62 ± 45.56 31.68 ± 2.84 NS < 0.001 < 0.001

AFCb 35.32 ± 12.47 31.15 ± 9.45 14.49 ± 3.28 NS < 0.001 < 0.001

Values are mean ± standard.

P
1
: Comparison between PCOS with and without NAFLD Groups. P

2
: Comparison between PCOS with NAFLD and control Groups. P

3
: Comparison between PCOS without NAFLD and control Groups. 

a Compared by T test or one way ANOVA; b Compared by Nonparametric Test (Mann Whitney U test or Kruskal-Wallis test).
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< 91.7,49 cases) and group B (MEAN value ≥ 91.7, 
126 cases).

BMI, WC, WHR, SBP, DBP, FIN, FBG, HOMA-
IR, TG, LDL-C, apoB, ALT, AST, AMH, mFG, 
menstrual cycles, and AFC were significantly higher 
in group A than in group B (p  < 0.05). There were 
no differences in age, 2hGLU, CHOL, apoA, acne 

score, and other endocrine parameters between the two 
groups (Table 2).

Prevalence of endocrine disorders and metabolic 
disturbances was obviously higher in group A than in 
group B. The prevalence of oligomenorrhea, PCO, 
PCOS, IR, IFG, hyperlipidemia, central obesity, EBP, 
and MS was significantly higher in group A than 

Figure 1. RTE for livers.

Figure 2. Comparison of RTE parameters between groups PCOS with NAFLD, PCOS without NAFLD, and control. Column bar graphs show significant 
differences of MEAN, SD, AREA between groups. There were significant trend from PCOS with NAFLD group, PCOS without NAFLD group to control group. 
P1: Comparison between PCOS with and without NAFLD Groups. P2: Comparison between PCOS with NAFLD and control Groups. P3: Comparison 
between PCOS Without NAFLD and control Groups.
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Table 2. Comparison of clinical characteristics between the groups 
formed on the basis of the cutoff value of MEAN

Group A  
(MEAN < 91.7)

Group B  
(MEAN ≥ 91.7) p

N 49 126

Agea 29.31 ± 4.47 28.77 ± 4.59 NS

BMIa 24.84 ± 2.73 21.80 ± 2.93 < 0.001

WCa 84.73 ± 8.70 74.65 ± 8.35 < 0.001

WHRa 0.8683 ± 0.0644 0.8147 ± 0.0682 < 0.001

SBPa 120.90 ± 10.20 113.68 ± 11.05 < 0.001

DBPa 78.73 ± 7.53 72.28 ± 9.12 < 0.001

FBGb 5.20 ± 0.76 4.801 ± 0.39 < 0.001

2hGLUb 7.51 ± 2.20 7.31 ± 2.49 NS

F INb 22.66 ± 13.12 11.26 ± 6.32 < 0.001

HOMA-IRb 5.36 ± 4.27 2.43 ± 1.53 < 0.001

CHOLa 4.83 ± 1.06 4.70 ± 0.82 NS

TGb 1.72 ± 0.99 1.01 ± 0.58 < 0.001

HDLCa 1.30 ± 0.35 1.47 ± 0.30 0.002

LDLCa 3.07 ± 0.92 2.73 ± 0.73 0.017

apoAa 1.43 ± 0.36 1.457 ± 0.30 NS

apoBa 0.84 ± 0.21 0.75 ± 0.19 0.013

ALTb 22.904 ± 14.23 13.04 ± 5.61 < 0.001

ASTb 28.07 ± 27.04 15.82 ± 8.79 0.025

AMHa 9.79 ± 4.82 6.85 ± 4.53 0.001

TTa 1.74 ± 0.62 1.53 ± 1.00 NS

PRLa 13.75 ± 7.96 15.23 ± 7.11 NS

FSHa 6.87 ± 2.14 7.22 ± 2.40 NS

LHa 7.89 ± 7.42 6.43 ± 4.78 NS

mFGa 3.41 ± 3.53 1.64 ± 3.18 0.002

Acne scorea 0.4091 ± 0.7256 0.3934 ± 0.6106 NS

Menstrual cycle 

Shortestb (day)

48.93 ± 26.01 35.69 ± 22.04 < 0.001

Menstrual cycle

Longtestb (day)

96.86 ± 69.07 50.12 ± 37.50 < 0.001

AFCa 31.9 ± 12.68 21.86 ± 10.73 < 0.001

Values are mean ± standard.
a Compared by T test or one way ANOVA. 
b Compared by Nonparametric Test (Mann Whitney U test or Kruskal-Wallis test).

Table 3. Comparison of frequency of endocrine disorders and metabolic 
disturbances between the groups formed on the basis of the cutoff value 
of MEAN

Group A  
(MEAN < 91.7)

Group B  
(MEAN ≥ 91.7) X2 P

N 49 126

Oligomenorrhea 44 (89.80) 53 (42.06) 32.536 < 0.001

PCO 46 (93.88) 57 (45.24) 32.960 < 0.001

bHA 17 (34.69) 40 (31.75) 0.140 NS

Hirsutism 11 (22.45) 33 (26.19) 0.262 NS

PCOS 46 (93.88) 55 (43.65) 36.469 < 0.001

IR 41 (83.67) 39 (30.95) 39.515 < 0.001

IFG 3 (6.12) 1 (0.79) 4.485 < 0.05

IGT 11 (22.45%) 26 (20.63) 0.070 NS

DM 2 (4.08) 4 (3.17) 0.088 NS

Hyperlipidemia 19 (38.77) 22 (17.46) 8.935 < 0.05

Central obesity 39 (79.59) 33 (26.19) 41.547 < 0.001

EBP 14 (28.57) 17 (13.49) 5.504 < 0.05

MS 17 (34.69) 6 (4.76) 27.689 < 0.001

Elevated 

aminotransferase

9 (18.37) 2 (1.59) 16.864 < 0.001

Values are number (%).

Figure 3. ROC curves for the diagnostic value of MEAN for elevated 
aminotransferase. ROC curves for MEAN value exhibit reasonable overall 
performance to discriminate patients with and without elevated 
aminotransferase.
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in group B (p < 0.05). The prevalence of elevated 
aminotransferase was also higher in group A (p < 
0.05). The prevalence of IGT and DM was slightly 
higher in group A (p > 0.05). Nevertheless, there were 
no differences in the prevalence of HA and hirsutism 
between the two groups (Table 3).

Receiver operating characteristic (ROC) curves were 
generated to analyze the diagnostic value of MEAN for 
elevated aminotransferase: the area under the curve was 
0.808 (range 0.721-0.895). With the MEAN level of 

91.7 as the cutoff value, the sensitivity and specificity 
were 0.762 and 0.8 respectively, with the Youden index 
of 0.562 (Figure 3).
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In multiple linear regression analyses, the MEAN value 
was a dependent variable. Independent variables included 
AGE, BMI, WC, WHR, mFG, FIN, FBP, HOMA-IR, 
AMH, CHOL, TG, LDL-C, HDL-C, apoA, apoB, ALT, 
AST, SBP, DBP, MS, and PCOS. The results showed that 
only PCOS, WC, and MS were stand-alone independent 
factors associated with the MEAN value among the 140 
subjects without NAFLD (p < 0.05).

When AREA was a dependent variable (instead of 
MEAN), PCOS, WC, and MS were also in the list of 
stand-alone independent factors (p < 0.05).

DISCUSSION

NAFLD is related to obesity, MS, IR, DM, and other 
metabolic disorders. These metabolic disorders are 
more frequent among patients with PCOS than among 
normal individuals. Studies confirmed that patients 
with PCOS are at a higher risk of NAFLD than controls 
are (5,6), and this finding is receiving more attention 
from gynecologists. 

RTE is an excellent supplement to conventional 
ultrasonography. Nonetheless, it is mainly used for 
diagnosis of focal lesions with impressive accuracy in 
daily practice. In RTE, elastic strain is a relative indicator 
of texture stiffness. Compared to other elastographic 
methods such as transient elastography (TE), the use 
of RTE with NAFLD has been rarely reported, not to 
mention the populations with PCOS.

So far, to our knowledge, this is the first study on 
RTE for assessment of NAFLD in patients with PCOS 
as compared to healthy controls.

With rapid development of technologies, RTE has 
been used in more organs than before. The new RTE 
system has better resolution than the old devices did. 
Owing to the lower working frequency, the new probe 
allows for measurements in deeper locations, e.g., in 
patients with obesity. Automatic displacement of the 
liver parenchyma is induced by the heartbeat without 
any pressure from the operator. There is also a sinus 
curve beneath the RTE image, and this curve shows 
accuracy of the measurements (16). These technologies 
reduce interobserver variability remarkably (28). 

Semiquantitative parameters of strain histograms 
of RTE may offer more information about texture 
elasticity. This approach is reported to be superior 
to visual scoring for assessment of target strain. 
In addition, target size has no effect on the strain 
histogram ( 29). There is intrinsic relevance among 

all the 11 semiquantitative strain parameters. Several 
authors developed different scoring systems based 
on the parameters calculated with different formulas, 
and currently there is no consensus (17,18). In this 
study, we analyzed only the main parameters including 
MEAN, AREA, and SD, especially MEAN.

Our research confirmed that MEAN decreases in 
PCOS with NAFLD, while AREA and SD increase 
as compared to PCOS without NAFLD and healthy 
controls; these results are in agreement with other 
studies (12,16,17,29). This finding may be explained 
theoretically as follows: a softer tissue can be compressed 
more easily than a stiffer tissue; thus, the displacement 
of the reflected ultrasound echoes (MEAN) is smaller in 
the stiffer tissue. AREA is the ratio of low-strain (stiffer) 
region values. Higher AREA reflects a relatively uneven 
and harder region of interest. Histologically speaking, 
major researchers reported that fibrosis associated 
with hepatic stiffness could be assessed by RTE (30). 
Furthermore, some researchers believe that steatosis 
could also affect liver stiffness. Research by Orlacchio 
and cols. showed that tissue mean elasticity varies 
consistently with steatosis. Other researchers also found 
that the steatosis grade is independently associated with 
a liver elastographic parameter (29,31-33). 

In our study, low MEAN was associated with higher 
WC, BMI, and lipid and transaminase levels as well as 
with greater endocrine and metabolic disturbances. 
ROC curve analysis confirmed that MEAN has a 
good diagnostic value for elevated aminotransferase. 
These results corroborated the diagnostic value of 
semiquantitative strain parameters of RTE for NAFLD 
in addition to conventional ultrasonography. 

We found that PCOS patients without NAFLD 
also had significantly lower MEAN and higher AREA 
as compared to controls. The levels of MEAN and 
AREA in PCOS patients without NAFLD were 
intermediate between those in PCOS patients with 
NAFLD and healthy controls. According to multiple 
linear regression analyses, besides WC and MS, PCOS 
is also a stand-alone independent factor associated with 
MEAN or AREA values among the subjects without 
NAFLD. It seems that strain parameters in RTE may 
distinguish alterations in the liver parenchyma more 
sensitively: before visual detection by conventional 
ultrasonic examination. Further research is needed to 
confirm this notion. 

The lack of histological data from livers is a 
limitation of this study. Nonetheless, the PCOS 
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patients of reproductive age came to our department 
mostly regarding fertility or menstrual problems, and 
the controls for a health check-up. Therefore, it was 
inappropriate for them to undergo an invasive liver 
biopsy. Nevertheless, comparison of MRI and RTE 
during assessment of liver changes between patients 
with PCOS and healthy controls may provide more 
information.

In conclusion, semiquantitative RTE analysis 
is useful for distinguishing PCOS patients with or 
without NAFLD and controls. The proposed method 
may be able to reveal liver parenchyma alterations in 
patients with PCOS more sensitively. More studies are 
needed on semiquantitative RTE analysis for diagnosis 
of NAFLD and other diffuse liver diseases in various 
populations including patients with PCOS.
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Serum calcitonin nadirs to 
undetectable levels within 1 
month of curative surgery in 
medullary thyroid cancer

Fernanda Andrade1, Geneviève Rondeau2, Laura Boucai3,  
Rebecca Zeuren3, Ashok R. Shaha4, Ian Ganly3,  
Fernanda Vaisman1, Rossana Corbo1, Michael Tuttle3

ABSTRACT
Objective: Because serum calcitonin (CT) is a reliable marker of the presence, volume, and extent 
of disease in medullary thyroid cancer (MTC), both the ATA and NCCN guidelines use the 2-3 month 
post-operative CT value as the primary response to therapy variable that determines the type and 
intensity of follow up evaluations. We hypothesized that the calcitonin would nadir to undetectable 
levels within 1 month of a curative surgical procedure. Subjects and methods: This retrospective 
review identified 105 patients with hereditary and sporadic MTC who had at least two serial basal CT 
measurements done in the first three months after primary surgery. Results: When evaluated one 
year after initial surgery, 42 patients (42/105, 40%) achieved an undetectable basal calcitonin level 
without additional therapies and 56 patients (56/84, 67%) demonstrated a CEA within the normal 
reference range. In patients destined to have an undetectable CT as the best response to initial 
therapy, the calcitonin was undetectable by 1 month after surgery in 97% (41/42 patients). Similarly, 
in patients destined to have a normalize their CEA, the CEA was within the reference range by 1 
month post-operatively in 63% and by 6 months in 98%. By 6 months after curative initial surgery, 
100% of patients had achieved a nadir undetectable calcitonin, 98% had reached the CEA nadir, and 
97% had achieved normalization of both the calcitonin and CEA. Conclusion: The 1 month CT value 
is a reliable marker of response to therapy that allows earlier risk stratification than the currently 
recommended 2-3 month CT measurement. Arch Endocrinol Metab. 2019;63(2):137-41

Keywords
Calcitonin; medullary thyroid cancer; risk stratification; curative surgery; prognostic

1 Department of Medicine, 
Endocrinology Service, Instituto 
Nacional de Câncer (INCA), 
Rio de Janeiro, RJ, Brasil
2 Center Hospitalier de l’Université 
de Montréal, Medicine 
Endocrinology, Montreal, Canadá
3 Department of Medicine, 
Endocrinology Service, 
Memorial Sloan-Kettering Cancer 
Center, New York, NY, USA
4 Department of Surgery, Head 
and Neck Cancer, Memorial 
Sloan-Kettering Cancer 
Center, New York, NY, USA

Correspondence to:
Fernanda Accioly de Andrade
Departamento de Endocrinologia
Instituto Nacional de Câncer
José Alencar Gomes da Silva
Praça da Cruz Vermelha, 
23, 8º andar, 
20230-130 – Rio de 
Janeiro, RJ, Brasil
andrade.clinica@gmail.com

Received on June/26/2018
Accepted on Dec/12/2018

DOI: 10.20945/2359-3997000000112

INTRODUCTION

M edullary thyroid carcinoma (MTC) is a rare 
and challenging malignancy that often presents 

with loco-regional metastases and less commonly with 
distant metastases. Not infrequently these patients 
have persistent biochemical or structural evidence 
of disease after primary surgery that often displays a 
protracted indolent course (1-3). Prognosis largely 
depends on the presenting clinico-pathologic features 
as reflected by the American Joint Committee on 
Cancer (AJCC) staging (4), and on the completeness 
of surgical resection of the primary tumor and regional 
lymph nodes as assessed by the post-operative serum 
calcitonin (CT) (5-8).

Because serum CT is recognized to be a reliable 
biomarker of the presence, volume, and extent of 
disease in MTC (9-11), both the American Thyroid 
Association (ATA) and National Comprehensive 
Cancer Network (NCCN) guidelines post-operative 
CT and CEA values as the primary response to therapy 
variables that determines the type and intensity of follow 
up evaluations (2,3,8,12). While the ATA and NCCN 
guidelines recommend evaluating response to therapy 
at 2-3 months after initial therapy, several studies 
demonstrate that following curative surgery, serum 
calcitonin levels begin a rapid decline within hours after 
surgery (13) often achieving undetectable levels within 
the first few post-operative days (14-17). These data are 
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consistent with our anecdotal clinical observations that 
surgically cured patients achieve undetectable calcitonin 
levels within 1 month of surgery even though the CEA 
values often required several months to normalize.

Therefore, the goal of this study was to determine 
if the 1 month post-operative CT value would identify 
patients that are destined to develop an undetectable 
calcitonin value following initial therapy. Rather than 
waiting two to three months to determine whether 
or not a curative surgery had been performed, we 
hypothesized that an undetectable serum calcitonin 
one month after surgery would identify the vast 
majority of patients destined to have an undetectable 
nadir calcitonin in response to initial therapy. 

SUBJECTS AND METHODS

Subjects

After obtaining approval from the institutional review 
board, we retrospectively identified 105 MTC patients 
followed at Memorial Sloan Kettering Cancer Center in 
New York or the National Cancer Institute of Brazil in 
Rio de Janeiro (INCA) who had serial serum calcitonin 
measurements obtained using the same clinical assay at 
1 month and 2-3 months after initial surgery. In patients 
that had both a 2 month and 3 month value, the value 
from month 3 was used for analysis. Thirty-nine patients 
also had a serum calcitonin in the same assay 6 months 
after primary surgery. Patients < 18 years old at diagnosis 
or those who did not have thyroid surgery as initial 
treatment for MTC were excluded from the study. The 
analysis of post operative calcitonin was performed in 
those patients with detectable calcitonin pre-operative. 

Calcitonin and CEA assays

The functional sensitivity of the calcitonin assays varied 
from 2 pg/mL in the Siemens DPC Immulite 2000-
2500 Chemiluminescent Method (Quest Diagnostics, 
Madison, NJ, USA) to 8 pg/mL in the Siemens DPC 
Immulite ICMA Method (LabCorp, Burlington, NC, 
USA). Values below the functional sensitivity of the 
assay were classified as undetectable.

Serum CEA was measured using either the AIA-
1800 IEMA Method (Tosoh, San Francisco, CA, USA) 
or the Siemens Chemiluminescent Method (Quest 
Diagnostics, Madison, NJ, USA). CEA values less than 
5 ng/mL were considered to be within the expected 
reference range.

Follow-up and Calcitonin measurements

In the first few months after initial surgery, basal CT 
measurements were ordered once a month for three 
months in order to obtain at least two serial values in 
the post-operative period. The next basal CT values 
were usually obtained at 6 and 12 months after primary 
surgery. Patients were seen in clinic every 3-6 months for 
the first year and at 6 month intervals thereafter at the 
discretion of the attending physician based on the risk 
of the individual patient and the clinical course of the 
disease. Since pentagastrin is not available in the United 
States (USA) or Brazil, no pentagastrin stimulated CT 
values were obtained in the patients included in the study. 

Statistical methods 

Continuous data are presented as means and standard 
deviations or median values with ranges. Comparisons 
between groups were performed with one-way ANOVA 
test. Analysis was performed using SPSS software 
(Version 24.0.1: SPSS Inc, Chicago, IL). A p value  
≤ 0.05 was considered statistically significant.

RESULTS

The demographic and clinic-pathologic features of the 
105 MTC patients analyzed in this study are presented 
in Table 1. More than half of the patients were female 
(53.3%) and median age at diagnosis was 53 years 
old. The majority were sporadic cases with a median 
duration of follow-up of 4.5 years.

Considering the extent of the initial surgery, the 
vast majority was submitted to total thyrodectomy 
(102/105) and only 3 had hemithyrodectomy. Central 
lymph node dissection was perfomed in 64 patients 
and lateral compartment dissection in 56 patients . It is 
important to note that bilateral lymph node dissection 
were necessary in only 16 patients. From all the patients 
included in this study, 40% had cN1a disease and 44% 
cN1b. All 56 patients with lateral neck dissection were 
also submitted to central neck dissection as well. From 
the 64 patients with central neck dissection 26 had 
undetectable calcitonin. Some patients were operated 
because of RET mutation screening and some for 
clinically evident MTC, which had an impact on surgery 
choice. Due to the heterogeneous criteria for selecting 
the type of surgery performed, we were not able to 
show statistical significant correlation between the type 
of surgery and early biochemical remission.
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having pre-operative calcitonin values that ranged 
from 10 to 1,428 pg/mL. Interestingly, the 1 patient 
that failed to achieve an early undetectable calcitonin 
demonstrated a 1 month post-surgical calcitonin of only 
5 pg/mL (assay limit of detection was 4 pg/mL). As 
expected, the CEA took longer to reach nadir with only 
63% reaching the normal reference range by 1 month. 
However, by 6 months after curative initial surgery, 
100% of patients had achieved a nadir calcitonin, 98% 
had reached the CEA nadir, and 97% had achieved 
normalization of both the calcitonin and CEA. 

From the 42 patients that achieved undetectable 
calcitonin in the first year postoperative, 5 patients 
had detectable values at final follow up. However, only 
two cases had structural evidence of disease. Cases are 
described in Table 2.

Table 1. Clinical characteristics of entire cohort of 105 patients with 
medullary thyroid carcinoma

Age (years)

Median 53

Mean 52 ± 14

Range 8-84

Gender
Male 49 (46.7%)

Female 56 (53.3%)

Follow up (years)

Median 4.5

Mean 4.8 ± 4.5

Range 0.5 – 23.4

Hereditary/Sporadic

Hereditary 15 (14.3%)

Sporadic 78 (74.3%)

Uncertain 12 (11.4%)

Extra thyroidal extension
Yes = 36 (34.3%)

No = 69 (65.7%)

Vascular invasion
Yes = 45 (42.8%)

No = 60 (57.2%)

AJCC staging

I = 33 (31.4%)

II = 15 (14.3%)

III = 6 (5.7%)

IVa = 35 (33.4%)

IVb = 1 (0.9%)

IVc = 13 (12.4%)

Not staged = 2 (1.9%)

Pre op CEA level (ng/mL) (n = 40)

Median = 32

Mean = 175 ± 57

Range = 0.5 – 1,708

Pre op CT levels (pg/mL) (n = 56)

Median = 1,435

Mean 25,998 ± 18,421

Range < 5 – 1,035,000

Figure 1. Time course to the normalization of the tumor makers in MTC 
patients surgically cured

97%

72%

100% 98%

1 month 6 months 12 months

Nadir CT undetectable (n = 36)
Nadir CEA in the normal range (n = 49
Nadir CT undetectable & CEA in the normal range (n = 29)

97% 100%100%100%

63%

When evaluated one year after initial surgery, 42 
patients (42/105, 40%) achieved an undetectable 
basal calcitonin level without additional therapies (pre-
operative CT ranged from 10 to 1,428 pg/mL, with 
the median value of 174 pg/mL). Furthermore, 56 
patients (56/84, 67%) demonstrated a CEA within the 
normal reference range (21 patients did not have a CEA 
measured at the one year time point, pre-operative CEA 
ranged from 0.5 to 1,708 pg/mL with a median value 
of 174 pg/mL. Of the 84 patients with both calcitonin 
and CEA values available at the 1 year time point, 34 
(34/84, 41%) achieved both an undetectable calcitonin 
and a CEA within the normal reference range. 

The time course to achieving an (1) undetectable 
calcitonin, (2) normal range CEA and (3) both an 
undetectable calcitonin and CEA value is shown 
in Figure 1. Following initial curative surgery an 
undetectable calcitonin was achieved within the first 
month after surgery in 97% of the patients despite 

DISCUSSION

Consistent with previous observations, our data clearly 
show that following curative surgery, serum calcitonin 
levels rapidly decline and nearly always achieve an 
undetectable nadir within 1 month. While CEA levels 
may take longer to normalize, 63% had already achieved 
normal range values within 1 month of surgery. Thus 
our data demonstrate that measurements of calcitonin 
and CEA within the first month of surgery can provide 
an early, meaningful response to therapy assessment 
predictive of the likelihood that a surgical cure has been 
achieved. Conversely, very few patients will achieve 
an undetectable calcitonin and normal CEA levels 
more than 6 months after initial surgical intervention 
allowing the clinician and the patient to understand 
that they will likely have persistent biochemical and or 



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

140

Prognostic value of 1 month calcitonin

Arch Endocrinol Metab. 2019;63/2

structural evidence of disease as the best response to 
initial therapy.

Because of its reliability to reflect presence and 
extent of disease, there has been increased interest in 
determining how early after surgery CT levels would 
help predict the clinical course of the disease. Early series 
of patients demonstrated that 4/6 patients normalized 
their calcitonin 2 weeks after surgery (15) while 15/33 
did so within three postoperative days (16). Ismailov 
and Piulatova reported CT normalization in 15/22 
patients with MTC by 4 weeks after surgery and as early 
as 2 days postoperative (17). More recently, Bumming 
and cols. compared a CT value 6-8 weeks after surgery 
with a follow up calcitonin measured between 3 and 
12 months. Five of seven patients with undetectable 
CT at 6-8 weeks continued to have undetectable levels 
at follow up. All 13/20 patients with detectable CT 
at 6-8 weeks had persistent measurable calcitonin at 
follow up (18). Brauckhoff and cols. reported that in 
12 patients destined to achieve an undetectable post-
operative calcitonin level, the CT was undetectable by 
24 hours in 8 patients, and by 2 weeks in an additional 
4 patients (14). Our data is consistent with the studies 
reported above and suggests that the one-month CT 
value is a valuable tool to risk stratify patients for future 
follow up. 

As with any retrospective study, there are important 
limitations that need to be considered. Because 
calcitonin and CEA levels were routinely done at set 
intervals (1 month, 2-3 months, 6 months, and 12 

months post-operative), we cannot determine the 
precise time course of calcitonin and CEA values 
during the first few weeks after surgery. Secondly, 
while these patients have demonstrated an excellent 
response to therapy at the 1 year time point and appear 
to be cured, previous studies have suggested that 
disease recurrence can be seen in 5-15% of patients 
with longer follow up (2). Finally, the definition of 
undetectable calcitonin varied between patients as 
the assays used in individual patients varied between 
institutions and over time. It is recognized that in very 
rare cases, there is serum calcitonin negative MTC 
pre-operative (19). However, we don’t believe that 
this changes this results, since none of the patients 
that had undetectable calcitonin turned out to have 
structural evidence of disease. 

In conclusion, measurements of serum calcitonin 
values as early as 1 month after surgery can provide 
meaningful insights into the likelihood that a curative 
surgical procedure has been performed. It is known 
that patients that reaches excellent response to therapy, 
the incidence of recurrence are low (2), independently 
of initial anatomic staging. In this context, this study 
shows that rather than waiting 3-6 months to find out 
if surgery was effective, this early response to therapy 
assessment can be used to create realistic expectations 
about their disease status and prognosis shortly after 
definitive surgery. 

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

Table 2. Patients with at least ine undetectable calcitonin whithin the first year that had elevated calcitonin at the end of follow-up

Patient 1 Patient 2 Patient 3 Patient 4 Patient 5

Age 56 51 39 65 48

Sex Male Male Female Male Female

Tumor size (cm) 1.0 2.5 2.5 1.0 2.6

N1 Yes No Yes No No

Type of initial surgery Total thyroidectomy + 
central and lateral neck 

dissection

Hemithyroidectomy Total thyroidectomy+ 
central neck dissection

Total thyroidectomy Total thyroidectomy+ 
central neck dissection

Time to elevation of 
calcitonin after initial 
undetectable 
measurement

12 months 6 months 12 months 5 months 22 months

Last calcitonin 659 4.4 39 4.0 8.0

Structural disease at the 
end of follow up

Yes- distant metastases No Yes- small lymph nodes 
under survalliance

No No

Final response to therapy 
stratification

Structural incomplete Biochemical incomplete Structural incomplete Biochemical incomplete Biochemical incomplete
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Triiodothyronine (T3) upregulates the 
expression of proto-oncogene TGFA 
independent of MAPK/ERK pathway 
activation in the human breast 
adenocarcinoma cell line, MCF7

Tabata M. Silva1*, Fernanda C. F. Moretto1*, Maria T. De Sibio1, 
Bianca M. Gonçalves1, Miriane Oliveira1, Regiane M. C. Olimpio1, 
Diego A. M. Oliveira2, Sarah M. B. Costa1, Igor C. Deprá1, 
Vickeline Namba1, Maria T. Nunes3, Célia R. Nogueira1

ABSTRACT
Objective: To verify the physiological action of triiodothyronine T3 on the expression of transforming 
growth factor α (TGFA) mRNA in MCF7 cells by inhibition of RNA Polymerase II and the MAPK/ERK 
pathway. Materials and methods: The cell line was treated with T3 at a physiological dose (10−9M) for 
10 minutes, 1 and 4 hour (h) in the presence or absence of the inhibitors, α-amanitin (RNA polymerase 
II inhibitor) and PD98059 (MAPK/ERK pathway inhibitor). TGFA mRNA expression was analyzed by 
RT-PCR. For data analysis, we used ANOVA, complemented with the Tukey test and Student t-test, 
with a minimum significance of 5%. Results: T3 increases the expression of TGFA mRNA in MCF7 
cells in 4 h of treatment. Inhibition of RNA polymerase II modulates the effect of T3 treatment on the 
expression of TGFA in MCF7 cells. Activation of the MAPK/ERK pathway is not required for T3 to affect 
the expression of TGFA mRNA. Conclusion: Treatment with a physiological concentration of T3 after 
RNA polymerase II inhibition altered the expression of TGFA. Inhibition of the MAPK/ERK pathway 
after T3 treatment does not interfere with the TGFA gene expression in a breast adenocarcinoma cell line. 
Arch Endocrinol Metab. 2019;63(2):142-7
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INTRODUCTION

I n the last few years, there has been a disturbing 
increase in the incidence of breast cancer (1), the 

second most common type of cancer and the fifth 
leading cause of cancer death worldwide (2). The 
thyroid hormone (TH) signaling pathway is complex 
and highly regulated by the expression of specific 
transporters of TH and multiple isoforms of the 
receptors of this hormone (TRs) present in several cells 
and by the interactions that occur between them (3,4). 
Besides its classic action via TR/elements responsive to 
TH (TERs), TH can act by other mechanisms (5); such 
mechanisms can be called non-classical or nongenomic 
action.

There is evidence that TH may affect the 
organization of the cytoskeleton, a mechanism by 
which it could interfere with the trafficking of vesicles 
to the membrane; this mechanism appears to involve 

αvβ3 integrin or a truncated TRα TH receptor that 
does not have a DNA binding domain and remains 
in the cytoplasm, where it can associate with other 
proteins/enzymes (3). From the interaction of TH 
with this integrin, the mitogen-activated protein 
kinase/extracellular signal-regulated kinase (MAPK/
ERK) pathway is activated, which mediates the 
nongenomic effects of triiodothyronine (T3) on 
angiogenesis (6).

TH may act through non-classical or non-genomic 
mechanisms by interacting with iodothyronine 
receptors found on the plasma membrane or in the 
cytoplasm. The initiation sites are proteins characterized 
as iodothyronine receptors (7). The so-called non-
genomic mechanisms may potentially influence gene 
expression, the onset of the pathway is non-genomic, 
as they depend on alternative pathways, but the 
consequences include increased transcription (5).
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It is known that T3 plays a role in the development 
and progression of breast cancer, by inducing the 
expression of progesterone receptors and increasing 
the mRNA levels of proto-oncogenes, such as the 
transforming growth factor α (TGFA) (8,9).

TGFA can be produced by a variety of cells, 
primarily by cells of ectodermal origin and may interact 
with the Epidermal Growth Factor (EGF) receptor to 
induce growth and proliferation responses during cell 
contact (10). It is expressed in several tissues, from 
embryogenesis to the adult phase (11). TGFA has been 
described as a factor that is produced by tumor cells 
and is circumstantially implicated in the regulation of 
the autocrine growth of breast cancer cells (12,13); 
TGFA overexpression may occur during malignant 
progression (14). It has been reported that TGFA 
mRNA and protein can be detected in approximately 
50-70% of breast tumors. In addition, 2-3 times higher 
levels of this biologically active factor can be found in 
the pleural effusions of patients with breast cancer (13).

Our group has shown that there is an increase in the 
expression of TGFA during T3 treatment (15), but this 
expression does not occur in cellular models that do 
not express the estrogen receptor or when the cells are 
simultaneously treated with antiestrogen medications, 
like tamoxifen (9,16).

For this study, we selected the MCF7 lineage of 
breast cancer cells. Since the 1980s, this cell line has 
been used as a model for breast tumors expressing 
estrogen receptor α (ERα), which is the main estrogen 
receptor (ER) expressed in this cell line and estrogen 
receptor β (ERβ) and also thyroid hormone receptor 
(TR) α and β (9,17-19).

The objective of the present study was to verify if the 
hormone T3, at a physiological concentration, activates 
the MAPK/ERK pathway (its inhibitor is PD98059) 
and RNA Polymerase II (its inhibitor is α-amanitin) to 
modulate the expression of TGFA gene in the MCF7 
breast adenocarcinoma cell line in a short time period 
of 10 minutes (min), 1 and 4 hour (h) of treatment.

MATERIALS AND METHODS
Reagents

Roswell Park Memorial Institute (RPMI) 1640 
medium, fetal bovine serum (FBS) and antibiotic 
solution at a 1:100 dilution were purchased from 
Gibco BRL (Grand Island, NY, USA). PD98059 (PD), 

α-amanitin, triiodothyronine (T3), dimethylsulfoxide 
(DMSO), sodium hydroxide (NaOH) and charcoal-
stripped FBS were purchased from Sigma Aldrich (St 
Louis, MO, EUA).

Cell culture

This project was approved by the Research Ethics 
Committee of Botucatu Medical School, protocol no. 
3367-2009.

The MCF7 cell line, an eternal breast cancer cell 
line, was initially obtained from a primary culture of 
this cancer, developed from a pleural effusion of a 
female patient showing metastasis of the disease (20). 
These cells express both ERα and β as well as TRα and 
β (9,18,19). The cell line, initially acquired from the 
American Type Culture Collection (ATCC), Manassas, 
Virginia, USA, was expanded, grown and maintained 
in the cell bank of the Clinical Medicine Experimental 
Laboratory, UNESP, Botucatu. The cells were grown 
in RPMI 1640 medium supplemented with 1.2 g/L 
NaHCO3, 10 nM Hepes with pH 7.4 and 10% FBS 
and maintained at 37 °C in 5% CO2. The medium 
was changed every two days. To deplete all hormone 
sources in the culture medium, the cells were incubated 
with phenol red-free medium, supplemented with 10% 
charcoal-stripped FBS. After incubation, cells were 
treated with a physiological concentration T3, 10-9M, for 
10 min, 1 h or 4 h, with all treatments being initiated at 
the same time, following which the cells were collected. 
The inhibitor and T3 hormone concentrations used 
were as follows: PD98059 (5 μM; T3 group associated 
with PD) was used as an inhibitor of the MAPK/
ERK pathway and α-amanitin (50 μg/mL; T3 group 
associated with α-amanitin) was used as a transcription 
inhibitor. The untreated group received only 0.1% 
NaOH (T3 diluent) and served as the control (C). The 
inhibitors PD98059 and α-amanitin were added to the 
medium 1 h prior to the T3 treatment. The experiments 
were performed in triplicate.

Gene expression

Total RNA was extracted from MCF7 cells using the 
Trizol method (Invitrogen, São Paulo, Brazil), according 
to the manufacturer’s instructions. The High-Capacity 
cDNA Reverse Transcription RT-PCR kit (Invitrogen, 
São Paulo, Brazil) was used for the synthesis of 20 μL 
of complementary DNA (cDNA) from 1000 ng of 
total RNA. TGFA levels (Hs00608187_m1, Applied 
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Biosystems, Foster City, CA) were determined by 
Real-Time Quantitative Reverse Transcription PCR 
(qRT-PCR). The quantitative measurements were 
performed with the Applied Biosystems StepOne 
Plus detection system using the commercial TaqMan 
kit for qPCR (Applied Biosystems), according to 
the manufacturer’s instructions. The amplification 
conditions were activation of the enzyme at 50°C 
for 2 min, denaturation at 95°C for 10 min and 
amplification for 40 cycles of denaturation at 95°C for 
15 s and extension at 60°C for 1 min. The analyses 
were performed in duplicate. Gene expression was 
quantified relative to the values of the control group, 
after normalization of the expression to that of an 
internal control, GAPDH (Hs02758991_g1), by the 
method of 2-ΔΔCt, as previously described (21).

Statistical analysis

For statistical analysis, ANOVA was used in conjunction 
with the Tukey test and Student’s t-test and a minimum 
significance of 5% was assumed. Data were expressed as 
the mean ± standard deviation.

RESULTS
T3 increases the expression of TGFA mRNA in MCF7 
cells in 4 h

There was a significant increase in the gene expression 
of TGFA after the treatment of MCF7 cells with T3 

for 4 h, but the increase was not observed after the 
treatment time-points of 10 min and 1 h (Figure 1). 
Comparison CxT3.

Effect of T3 on the maintenance of TGFA gene 
expression after inhibition of RNA polymerase II in 
MCF7 cells

After 4 h of treatment, the T3 group associated with 
α-amanitin showed a significant decrease in TGFA gene 
expression, compared to the T3 group. However, there 
was no change in the expression when comparing the 
TGFA expression in the α-amanitin group with that 
in the control group and in the T3 group associated 
with α-amanitin (Figure 2). Comparison CxT3, CxAM, 
T3xAM+T3 and AMxAM+T3.

Figure 1. Effects of T
3
 treatment length on TGFA mRNA levels in MCF7 

cells. C: Control; T
3
: Triiodothyronine. The treatment times were 10 min,  

1 h and 4 h. Relative expression levels represent the mean of 3 replicates. 
Statistical analysis was performed using a Student’s t-test; p<0.05 is 
considered significant.
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Figure 2. Effect of T

3 
in association with α-amanitin (AM) on the gene 

expression of TGFA in MCF7 cells. C: Control; T
3
: Triiodothyronine;  

AM: α-amanitin; AM+T
3
: α-amanitin associated with triiodothyronine. 

Triiodothyronine treatment was performed for 10 min (A), 1 h (B) and 4 h 
(C). Relative expression levels represent the mean of 3 replicates. 
Statistical analysis was performed using an ANOVA, supplemented with 
the Tukey test; p<0.05 is considered significant.
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Activation of the MAPK/ERK pathway is not required 
for T3 to affect the expression of TGFA mRNA

After 4 h of treatment, the T3 group associated with PD 
showed a significant increase in TGFA gene expression, 
compared to the T3 group and the PD group. 
However, there was no change in this expression when 
we compared the TGFA expression in the PD and 
control groups (Figure 3). Comparison CxT3, CxPD, 
T3xPD+T3 and PDxPD+T3.

DISCUSSION

In the breast cancer cell line MCF7, T3 regulates gene 
expression either by binding to specific TRs that bind to 
TREs in the promoter region of target genes (22-25), or 
by activating alternative pathways, such as the MAPK/
ERK pathway, via their initiation sites, which are present 
in the plasma membrane or in the cytoplasm (7).

Our group identified an increase in the expression 
of TGFA (indicative of increased proliferative activity) 
in primary breast cancer cultures following treatment 
with estrogen and T3 (16). Moretto and cols. (15) 
demonstrated an increased TGFA expression in 
MCF7 cells after treatment with supraphysiological 
concentrations of T3 (10-8M) over periods of 10 min, 
30 min, 1 h, and 4 h. In the present study, we show 
that treatment with physiological concentrations of 
T3 (10-9M) also increases the expression of TGFA, 
corroborating the results obtained by Moretto and 
cols.; however, at this lower dosage we were unable to 
detect expression changes in treatments under 4 h.

Fernandez and cols. (26) studied the effects of 
triiodothyronine on MDA-468 breast cancer cells, 
showing that at physiological doses, the hormone exerts 
control over the actions of TGFA. Unlike these studies, 
we show that short treatments with physiological 
concentrations of T3 do not affect TGFA expression. 
Brito and cols. (27) demonstrated that TGFA expression 
is increased in esophageal cancer, indicating differential 
regulation of the gene in esophageal tumorigenesis.

α-amanitin is a general transcription inhibitor that 
is selective for RNA polymerase II and is approved 
for the treatment of some types of sarcomas (28,29). 
We have shown that on exposure to physiological T3 
concentrations, there was an increase in the TGFA 
expression in a breast cancer cell line after 4 h, which 
suggests that further studies should be done to 
determine the effects of transcription blocking drugs on 
breast adenocarcinoma cell lines. Our data suggest that 
α-amanitin may provide additional therapeutic benefits 
when used in combination with other anticancer 
agents. This could allow for the development of more 
specific and effective drugs in the treatment of breast 
adenocarcinomas.

We determined that T3-mediated inhibition of 
the MAPK/ERK  pathway leads to overexpression of 
TGFA. Studies have reported that increased expression 
of EGFR family proteins are a poor prognostic factor for 
cancer patients (30-32); is also associated with tumor 

Figure 3. Effect of T
3 

in association with PD98059 (PD) on the gene 
expression of TGFA in MCF7 cells. C: Control; T

3
: Triiodothyronine;  

PD: PD98059; PD+T
3
: PD98059 associated with triiodothyronine. 

Triiodothyronine treatment was performed for 10 min (A), 1 h (B) and 4 h 
(C). Relative expression levels represent the mean of 3 replicates. 
Statistical analysis was performed using an ANOVA, supplemented with 
the Tukey test; p<0.05 is considered significant.
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aggressiveness (32) and resistance to chemotherapy 
(30) and their levels are increased in 30% of solid 
tumors (31). Hence, we can infer that as the MAPK/
ERK pathway is not modulated by T3 treatment, 
this hormone can use some precursor that induces 
increased tumorigenesis in MCF7 cells. This situation 
was previously described in a report by Boldt and cols. 
(33), who demonstrated that the modulation of the 
MAPK/ERK pathway, as an adjuvant treatment for 
breast cancer, is of limited value, as it may increase or 
decrease the efficacy of other chemotherapeutic drugs.

We conclude that the treatment of MCF7 cells with 
physiological doses of the hormone T3, over a period 
of 4 h, leads to an increased expression of TGFA via 
RNA Polymerase II. We also conclude that T3 does not 
increase TGFA expression by acting on the MAPK/
ERK pathway.

The results obtained in this study, together with 
previous results from our research group, suggest that T3 
acts via nuclear pathways when present at physiological 
doses and via extra-nuclear pathways when present at 
supraphysiological doses.

 Further studies are required to explore the effects 
of the modulation of the TGFA proto-oncogene in the 
treatment of breast adenocarcinomas.
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ABSTRACT
Objective: To evaluate the effects of 16 weeks of periodized aerobic interval training (AIT) on cardiac 
autonomic modulation and cardiovascular parameters of metabolic syndrome (Mets) individuals. 
Subjects and methods: The sample was composed of 52 subjects with a diagnosis of Mets, allocated 
into two groups: AIT (AITG; n = 26) and control (CG; n = 26). The AITG was submitted to a periodized 
AIT program, over 16 weeks, while CG was not submitted to any training program. To evaluate the 
autonomic modulation and cardiovascular parameters in both groups, heart rate variability (HRV) 
indices, blood pressure (BP), and heart rate (HR) were measured at the beginning and end of the 
training. Results: Statistically significant differences were not observed in HFms2 (high frequency 
in milisseconds), LFnu (low frequency in normality unit), HFnu (high frequency in normality unit), 
and LF/HF ratio indices, or in the cardiovascular parameters BP and HR when comparing the AITG 
with the CG. However, significant increases in rMSSD (root-means square differences of successive 
R-R intervals), LFms2 (low frequency in milliseconds), and SDNN (standard deviation of normal to 
normal intervals) were observed in the AITG. Conclusion: Periodized AIT promoted positive effects 
on autonomic modulation of Mets subjects, characterized by an increase in the parasympathetic, 
sympathetic, and global modulation of this population. Additionally, cardiovascular parameter 
alterations were not observed in Mets subjects submitted to periodized AIT. Arch Endocrinol Metab. 
2019;63(2):148-56

Keywords
Autonomic nervous system; heart rate; blood pressure; metabolic syndrome; syndrome x; exercise

INTRODUCTION

M etabolic syndrome (Mets) is a complex disorder 
represented by a cluster of at least three 

cardiovascular risk factors (RF) that include high 
values of fasting blood glucose, triglycerides, blood 
pressure, and abdominal circumference and low HDL-
cholesterol (1). Mets has a high prevalence around the 
world, being present in about 23.7% of the American 
population (2), 30% of the European population (3), 
27.4% of subjects in the north of China (4), and 29.6% 
of Brazilian individuals (5).

Among various alterations promoted by Mets (6-8) 
are some related to the autonomic nervous system 
(ANS), characterized by a reduction in vagal and global 
modulation of ANS and an increase in sympathetic 
atuation (9). Alterations on autonomic modulation in 
different conditions like Mets (6-8), can be identified 

by heart rate variability (HRV) method, a non-
invasive technique that describe oscillations between 
consecutives heart beats (R-R intervals). It is widely 
used to evaluate ANS influences in sinus node, that can 
be used to identify physiological stimuli and to disease 
induced to disorders (10). 

Linear methods is one of the ways to analyze HRV. 
They were divided in time domain analysis and frequency 
domain analysis. Among the indices in time domain, we 
can cite: SDNN (standard deviation of normal to normal 
intervals) and rMSSD (root-means square differences 
of successive R-R intervals), that represent global 
and parasympathetic modulation, respectively (10). 
In frequency domain analysis we can cite the indices: 
LFms2 (low frequency in milliseconds) and LFun (low 
frequency in normality unit) which is due to the joint 
action of the vagal and parasympathetic components on 
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the heart, with predominance of the sympathetic ones, 
HFms2 (high frequency in milliseconds), HFun (high 
frequency in normality unit) which is an indicator of 
the vagus nerve on the heart, and the LF/HF ratio, 
that reflects the absolute and relative changes between 
the sympathetic and parasympathetic components of 
the ANS (10).

Autonomic alterations described above suggest a 
physiologic malfunction of the ANS and are related to 
high vulnerability of the heart and a risk of cardiovascular 
events (11). In this context, strategies that can act 
positively on autonomic modulation, such as physical 
exercise (12-14) should be studied in subjects with 
Mets to reduce cardiovascular risk in this population. 
In healthy subjects or those with pathological 
conditions, aerobic interval training (AIT) has been 
highlighted for its easy applicability and positive effects 
that include increases in parasympathetic autonomic 
modulation and global variability (13,15,16), however, 
to our knowledge, there are no studies that evaluated 
the effects of this type of intervention on autonomic 
behavior in subjects with Mets.

Regarding this type of intervention, in the load 
dynamics utilized in studies that evaluated these effects 
on the autonomic modulation of different populations 
(13,15,16), a lack was observed with respect to the 
periodization and systematization of the training. Due 
to its specificity, the existing periodized models of 
training can be adapted for subjects with pathological 
conditions and, in this sense, periodization that 
includes preparatory periods with progressive increases 
in load, specific phases with less duration of intensity, 
and periods of transition for recuperation, could be 
seen as a new type of treatment that promotes security 
and efficacy in this population.

Taken together, these data point to some gaps in 
the literature. Could the realization of a periodized 
AIT program adapted for Mets subjects promote 
alterations in cardiac autonomic modulation and/or 
cardiovascular parameters? If so, what will these changes 
in cardiac autonomic modulation and cardiovascular 
parameters be?

In this sense, the objective of this study was to 
evaluate the effects of periodized AIT on cardiac 
autonomic modulation and cardiovascular parameters 
in Mets subjects. The hypothesis was that periodized 
AIT would promote positive alterations in cardiac 
autonomic modulation and cardiovascular parameters 
in Mets subjects.

SUBJECTS AND METHODS

The study is characterized as a nonrandomized control 
trial, which considers the effects of periodized AIT 
on cardiac autonomic modulation and cardiovascular 
parameters in subjects with Mets. The clinical trial was 
registered in ClinicalTrials.gov (NCT03119493).

The procedures of the study were approved by the 
Committee for Ethics and Research of the institution 
(CAAE: 53117116.0.0000.5402). The volunteers 
were informed about the procedures and aims of this 
study, and after agreeing to participate, signed a written 
informed consent form. In addition, each volunteer 
attached a copy of a medical certificate confirming 
them to be in a sufficient physical condition to perform 
the exercises. 

Experimental approach

For realization of this study, an interview was performed 
with each volunteer to identify personal data (name, age, 
and sex) and medication in use (investigated throughout 
the protocol) and all volunteers underwent an initial 
assessment which included anthropometric measures 
(height and weight), for sample characterization. After 
these procedures, blood pressure (BP) was measured. 
Subsequently, the HR were recorded beat-by-beat 
using a heart rate monitor (Polar S810i, Finland), for 30 
minutes in the supine position, for cardiac autonomic 
modulation analysis and resting HR acquisition.

After the initial evaluation, the volunteers were 
allocated by convenience into two groups: periodized 
AIT group (AITG) and control group (CG) and 
oriented to maintain their usual diet and daily activities 
during the study. The AITG were submitted to a 16 
week periodized AIT program with a weekly frequency 
of three sessions, totalizing 48 sessions with a recovery 
interval between the sessions varying from 24 to 72 
hours. The CG realized the same assessments as the 
AITG, however they did not perform any type of 
training protocol during the 16 weeks post the initial 
evaluation. The cardiovascular parameters were assessed 
and the HR beat-by-beat recorded again in both 
groups, for analysis of cardiac autonomic modulation, 
seven days after the end of the training protocol, to 
minimize possible residual effects of training.

In the AITG, only the subjects that demonstrated at 
least 85% presence in the periodized AIT protocol were 
reassessed. Intention to treat analysis was carried out for 
the remaining volunteers, who, after the period of 16 
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weeks and final assessments in the control group, were 
offered the same opportunity to realize the periodized 
AIT, complying with ethical criteria.

Population

The study population was recruited through digital 
media (television), campaigns held in a public square 
in the commercial center of a city in the interior of 
São Paulo, and delivery of folders in supermarkets, 
bank branches, pharmacies, health centers, and the fire 
brigade.

To define the sample size, the sample calculation 
based on the rMSSD index obtained in a study of Pichot 
and cols. (13) was performed. The magnitude of the 
significant difference assumed was 9 milliseconds (ms), 
considering a standard deviation of 7 ms, with an alpha 
risk of 5%, and beta of 80%, the sample size resulted in a 
minimum of 20 individuals in each group, and this value 
was increased by 30% considering possible sample losses.

Individuals who had been in regular physical activity 
in the previous six months, had an inflammatory 

and/or infectious process, an episode of muscle-
tendon or osteoarticular injury in the lower limbs 
and/or spine, pacemaker, diagnosis of arritmia, had 
known respiratory, neurological and/or cardiovascular 
diseases, were excluded from the study.

Initially, 680 individuals were assessed for eligibility, 
of which 628 were excluded (541 did not meet the 
inclusion criteria, 34 gave up participating in the 
study, and 53 gave up for personal reasons). Fifty-
five adult subjects of both genders, aged 40-60 years, 
and Mets patients according to the criteria defined 
by the International Diabetes Federation (IDF) (1) 
participated effectively in the study. In the intervention 
group, one individual was excluded due to a capitation 
error, seven dropped out of the study due to transport-
related problems to reach the rehabilitation center, and 
one gave up due to a skeletal muscle injury unrelated 
to the training protocol. In the control group, two 
individuals were excluded due to a capture error and 
four dropped out of the study due to changes in the 
municipality and personal reasons (Figure 1).

Figure 1. Flow diagram.

Enrollment 

Randomized (n = 55) 

Allocation 

Follow-Up 

Analysis 

Assessed for eligibility (n = 680) 

Excluded (n = 628) 
• Not meeting inclusion criteria (n = 541)
• Declined to participate (n = 34)
• Other reasons (n = 53)

Allocated to intervention (n = 27) 
• Received allocated intervention (n = 26)
• Excluded due to poor signal capture (n = 1)

Lost to follow-up (n = 7)
Skeletal muscle injury (n = 1) 

Allocated to intervention (n = 28) 
• Received allocated intervention (n = 26)
• Excluded due to poor signal capture (n = 2)

Lost to follow-up (n = 4)

Analysed (IT) (n = 26) Analysed (IT (n = 26) 
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Training program

The training program was performed on a treadmill 
(movement, professional LC-160, Brazil and Inbramed, 
Export, Brazil) for 16 weeks, totalizing 39 sessions, 
with recovery intervals of between 24 and 72 hours, a 
weekly frequency of 3 times, and duration of 30 to 75 
minutes per session.

Each session of the program was divided into 
3 phases: warm-up, training, and cool down. The 
warm-up had a duration of 10 minutes, with 5 minutes 
of global stretching of the lower and upper limbs and 5 
minutes of walking on the treadmill with a HR less than 
20% of heart rate reserve (HRR). The cool down, also 
lasted 10 minutes and was composed of 5 minutes of 
walking on the treadmill with a HR of less than 20% of 
HRR and 5 minutes at rest. To monitor the volunteers, 
before the warm-up and after the cool down, vital signs 
were analyzed (BP, HR). Additionally, after the cool 
down the Borg scale was applied, to verify the perceived 
effort for each volunteer during the training.

The training phase was executed in a progressive 
form, with the intensity of training varying between 
20% and 90% of HRR, as recommended by the 
European Association of Cardiovascular Prevention 

and Rehabilitation, the American Association of 
Cardiovascular and Pulmonary Rehabilitation, and the 
Canadian Association of Cardiac Rehabilitation (17). 
The active recovery between the series was realized at 
an intensity between 19% and 50% of HRR, according 
to the intensity of training: mild, moderate, and high.

The load dynamics, that is, the number of series and 
repetitions (time of effort), time of recovery between 
the series, total volume of AIT performed, and intensity 
of the effort are described in Figure 2.

As can be observed in Figure 2, the weeks of 
training were divided into intensity levels, mild (I) 
(training range 20-39% of HRR and recovery of 19% 
of HRR), moderate (II) (training range 40-59% of 
HRR and recovery of 30% of HRR), and high (III) 
(training range 60-90% of HRR and recovery of 50% 
of HRR).

The distributions of load for the AITG, number of 
series, times of effort were fixed for all volunteers. The 
time of recovery between the series (1 to 4 minutes), 
total time (sum of effort total time and recovery time 
between the series), and speed of effort were variable 
and established individually considering the subject’s 
response during the session and the percent at which 
the training was realized. The intensity of effort and 

Week (phase) Sessions Sets x effort time Recovery time 
between sets

Total time (effort time 
+ recovery time) Intensity of HRR %

1st

2nd

3rd

4th

5th

6th

(Adaptation)

1st and 2nd 5 x 4 minutes 1-4 minutes 24-32 minutes Training:

20-39% of HRR

Recovery:

19% of HRR

(Light)

3rd and 4th 6 x 4 minutes 1-4 minutes 29-39 minutes

5th and 6th 7 x 4 minutes 1-4 minutes 34-46 minutes

7th, 8th and 9th 8 x 4 minutes 1-4 minutes 39-53 minutes

10th, 11th and 12thª 9 x 4 minutes 1-4 minutes 44-60 minutes

5th Recovery week

13th, 14th and 15th 9 x 4 minutes 1-4 minutes 44-60 minutes

7th

8th

9th

10th

11th

(Intermediate)

16th and 17th 4 x 2.5 minutes 1-4 minutes 13-19 minutes Training:

40-59% of HRR

Recovery:

30% of HRR

(Moderate)

18th and 19th 5 x 2.5 minutes 1-4 minutes 16.5-24.5 minutes

20th and 21st 6 x 2.5 minutes 1-4 minutes 20-30 minutes

22nd, 23rd and 24thª 7 x 2.5 minutes 1-4 minutes 23.5-41 minutes

25th, 26th and 27th 7 x 2.5 minutes 1-4 minutes 23.5-41 minutes

11th Recovery week

12th

13th

14th

15th

16th

(Final)

28th and 29th 5 x 1.5 minutes 1-4 minutes 11.5-19.5 minutes Training:

60-90% of HRR

Recovery:

50% of HRR

(High)

30th and 31st 6 x 1.5 minutes 1-4 minutes 14-24 minutes

32nd and 33rd 7 x 1.5 minutes 1-4 minutes 16.5-28.5 minutes

14th Recovery week

34th, 35th and 36th 8 x 1.5 minutes 1-4 minutes 19-33 minutes

37ª, 38ª e 39ª 9 x 1.5 minutes 1-4 minutes 21.5-37.5 minutes

Figure 2. Load dynamics (number of sets and repetitions, effort time, recovery time, total time, and effort intensity) of aerobic interval training.
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HR recovery value were determined though the HRR, 
a form of prescription recommended by the ACSM 
(18), which can be easily utilized in clinical practice.

The HRR was obtained by the formula: HRR = 
(HRmax – HRrest) x %training + HRrest, being the maximal 
HR (HRmax) obtained through the Karvonen formula 
(HRmax = 220 – age [in years]) (18,19) and the resting 
HR (HRrest) obtained using a HR monitor with the 
volunteer at rest for 30 minutes; the average HR at 5 
to 25 minutes was obtained using the Polar Pro Trainer 
program (5.41.002 version).

For the volunteers that used beta blockers, the 
HR was corrected by the formula: %HR of correction 
= y + 95.58/9.74 (20) where y is the dose in mg of 
propranolol or equivalent drug (for the dosage of the 
equivalent medication of propranolol, the Kaplan table 
was utilized) (10). The percentage resulting from this 
formula was subtracted from the HRmax for further 
corrections to the HRR. 

During the sessions, the subjects always used the 
same ergometer and vital signs were monitored (HR 
and BP), verified at the start of each active recovery 
period, and signs and symptoms were monitored 
throughout all sessions.

Heart rate variability evaluation

Cardiac autonomic modulation was evaluated through 
heart rate variability (HRV). For this analysis, the HR 
was recorded beat-by-beat in the morning period (7h 
to 11h a.m.) in a room artificially heated to between 
21ºC and 24ºC with relative air humidity between 
40 and 60%. The volunteers were oriented not to 
consume stimulating substances such as tea, coffee, 
soda, chocolate, and alcoholic drinks for 24 hour prior 
to the HRV analysis.

To record HR, a HR monitor (Polar S810i, 
Finland) was placed on the distal third of the sternum, 
equipment previously validated for recording heart 
rate beat-to-beat and calculation of the HRV indices 
(10).

During the HR recording, the volunteers remained 
lying on a stretcher at rest, without moving or talking 
during the execution, and breathing spontaneously for 
30 minutes in the supine position. The circulation of 
people was not permitted in the room during the data 
collection to reduce the anxiety of the subjects and 
avoid recording errors.

The data obtained from the HR monitor were 
transferred to a computer through Polar ProTrainer 5 

software (5.41.002 version) and 1000 RR consecutive 
intervals analyzed, before digital filtering 
complemented by manual filtering to eliminate 
ectopic, artifacts, and premature beats, realized by 
a blind evaluator. Only series with more than 95% 
sinus beat were included in the study (10). The HRV 
analysis was performed by linear methods (time and 
frequency domains) (10).

The rMSSD and SDNN indices were analyzed in 
the time domain. The rMSSD corresponds to the root 
mean square of the successive differences between the 
RR intervals in the record, divided by the number of 
RR intervals in a given time minus one RR interval. 
The SDNN corresponds to the standard deviation of all 
normal RR intervals (10).

In the frequency domain, the spectral components 
of low frequency (LF: 0.04 – 0.15 Hz) and high 
frequency (HF: 0.15 – 0.40 Hz) were evaluated, in 
milliseconds squared (ms2) and normalized units (nu), 
and the relation between low and high frequency 
components (LF/HF). The spectral analyses were 
calculated utilizing the algorithm of Fast Fourier 
transform. 

Cardiovascular parameter

Blood pressure was verified in an indirect manner using 
a stethoscope (Littman, United State) and aneroid 
sphygmomanometer (WelchAllyn, Germany) (21). The 
cardiac frequency was evaluated with a HR monitor 
(Polar S810i, Finland).

Data analysis

Descriptive statistics were used to describe the 
population profile and the results are presented as 
average, standard deviation, medium, minimum, and 
maximum, and confidence interval of 95%.

For evaluation of the effects of the training on 
cardiovascular parameters and cardiac autonomic 
modulation, the difference between the values obtained 
at the end and start of the training protocol were 
compared in both groups. For this and for comparison 
of the group characteristics, covariance analysis 
(ANCOVA) was realized. This analysis compared the 
difference in the average between the control and 
training group, adjusting for possible confounders, 
sex, age and high blood pressure (controlled or not by 
betablockers and Ca+ channel blocker medication), that 
should be controlled due to their direct relationship 
with autonomic modulation. The significance level 



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

153

Aerobic training on metabolic syndrome

Arch Endocrinol Metab. 2019;63/2 

adopted was established at 5% for all tests. The statistical 
program SPSS (13.0 version) (SPSS Inc., Chicago, IL, 
EUA) was used for this analysis.

RESULTS

Table 1 presents the baseline characteristics of the two 
groups studied as well as the presence of each one of 
the Mets markers and the medication used by both 
groups, separated by class. Although it is possible to 

note statistically significant differences in the variable 
weight, for the other variables, including BMI, no 
significant differences were observed.

The effects of periodized AIT on linear indices 
of HRV in the time and frequency domains and 
cardiovascular parameters can be visualized in Table 2. An 
increase in rMSSD, SDNN, and LFms2, were observed 
in the AITG group (p < 0.05). For HFms2, HFnu, and 
LF/HF, no statistically significant differences were 
observed. For cardiovascular parameters, no significant 

Table 1. Characterization, Mets components, and class of medication used by volunteers separated by groups

 AITG (n = 26) CG (n = 26) P value

Age (years) 49.96 ± 6.53

(40.00 – 59.00)

52.44 ± 6.42

(40.00 – 60.00)

0.16

Waist-hip ratio 0.93 ± 0.05

(0.83 – 1.04)

0.91 ± 0.06

(0.72 – 1.04)

0.23

AC (cm) 111.67 ± 10.39

(96.00 – 133.00)

107.61 ± 9.96

(94.50 – 133.00)

0.15

Weight (kg) 95.11 ± 16.39

(64.40 – 127.10)

83.25 ± 16.89

(56.00 – 124.7)

0.01

Height (m) 1.71 ± 0.09

(1.52 – 1.91)

1.63 ± 0.08

(1.47 – 1.80)

0.07

BMI (kg/m2) 32.38 ± 4.28

(23.94 – 40.56)

30.75 ± 4.42

(23.92 – 39.59)

0.18

Mets compounded (%)

BP 80.76 80.76

Blood glucose 69.23 69.23

Triglycerides 73.07 38.46

Low HDL 57.69 46.15

WC increased 100.00 100.00

Class of medication (%)

Ca+ channel blocker 11.53 19.23

Antagonist of angiotensina II 46.15 34.61

Thiazide diuretics 30.76 34.61

Beta blockers 11.23 42.30

ECA inhibitors 15.38 7.69

Insulin 7.69 23.07

Sulfonylurea 3.84 26.92

DPP4 inhibitor 3.84 3.84

Metformin 19.23 30.76

Statin 26.92 30.76

Fibrate 7.69 0.00

Thiazolidinedione 0.00 7.69

Antiplatelet agent 7.69 3.84

Others 34.61 23.07

Boldface indicates statistical significance (p < 0.05). Average ± standard deviation (minimum – maximum).

AC: abdominal circumference; BMI: body mass index; Mets: Metabolic syndrome; cm: centimeters; kg: kilogram; m: meters; m2: square meters; %: percent; HBP: high blood pressure; HDL: high 
density lipoprotein; Ca+: Calcium; ECA: angiotensin converting enzyme; DPP4: dipeptidyl peptidase-4; HDL: high density lipoprotein.



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

154

Aerobic training on metabolic syndrome

Arch Endocrinol Metab. 2019;63/2

differences were observed for either group. Despite 
the absence of significance, the variables DBP and HR 
reduced in the AITG.

DISCUSSION

The results of the present study suggest significant 
improvement in parasympathetic, sympathetic, and 
global modulation of HRV in the AITG group, 
considering the significant increase in rMSSD, LFms2, 
and SDNN indices respectively. For other HRV indices 
analyzed, including HFms2, LFun, HFun, and LF/
HF ratio, as well as the cardiovascular parameters SBP, 
DBP, and HR, statistically significant differences were 
not observed between the AITG and CG.

Although the effects of the periodized AIT 
proposed by this study on the autonomic modulation 
of Mets individuals was not found in the literature 
(15,22) showed that the utilization of AIT in healthy 
subjects promoted improvement in parasympathetic 
and global modulation. Furthermore, beneficial effects 
on autonomic modulation in individuals submitted to 
AIT after percutaneous coronary intervention were 
also found by Munk and cols. after six months of high 
intensity interval training (23).

In the present study, significant improvements in 
SDNN and rMSSD indices were observed in the AITG 
group, suggesting that the periodized AIT performed 
promoted, respectively, increases in global variability 
and vagal modulation of the ANS. Furthermore, 
although not significant, an increase in parasympathetic 

modulation in the AITG group was also observed in the 
HFms2 index, which presented a moderate effect size.

The mechanisms involved in the increase in HRV, 
and principally in parasympathetic modulation, in 
individuals submitted to exercise are speculative. Studies 
indicate that the fact could be related to a reduction in 
levels of angiotensin II, a substance that inhibits vagal 
activity (24). In addition the increase in nitric oxide 
could be related to an activation of vagal modulation, 
however further investigations related to this aspect are 
still necessary (25).

In addition to the indices described above, a 
significant increase in LFms2 was observed in our 
study. Studies demonstrate that this index is related 
to the global modulation of ANS with sympathetic 
predominance (10), furthermore, the LF was related to 
baroreflex gain, suggesting that it represents the ability 
to modulate the ANS influence on the heart though 
the baroreflex action (26).

With regard to baroreflex sensibility, it has been 
demonstrated that Mets components are related to 
a cardiovagal baroreflex dysfunction, representing 
increased cardiovascular risk in this population (27). A 
significant increase in the LFms2 index was observed in 
individuals of the AITG group, which suggests higher 
baroreflex gain in this population, and consequently, 
higher adaptation capacity of the ANS.

With regard to the LF/HF ratio and the LF and 
HF indices in normalized units, statistically significant 
differences were not observed between groups. The 
increase in both indices in the frequency domain (LFms2 

Table 2. Comparison of deltas of HRV indices and cardiovascular variables adjusted by sex, age, and medication use to control high blood pressure

Variable
AITG CG

F P Eta squared Effect size
Average (SE) Average (SE)

rMSSD 6.15 (2.10) -0.18 (2.14) 4.228 0.045 0.084 Moderate

SDNN 8.55 (2.63) -1.51 (1.68) 6.823 0.012 0.129 Moderate

LF (nu) 5.74 (3.29) -1.67 (3.36) 2.365 0.131 0.049 Low

HF (nu) -5.72 (3.27) 1.66 (3.34) 2.375 0.130 0.049 Low

LF (ms2) 419.84 (123.53) -7.08 (126.11) 5.560 0.023 0.108 Moderate

HF (ms2) 109.98 (48.22) -29.94 (49.23) 3.920 0.054 0.079 Moderate

LF/HF 0.58 (0.63) -0.109 (0.64) 0.561 0.458 0.012 Low

HR (bpm) -1.03 (1.81) 0.55 (1.85) 0.360 0.360 0.008 Low

SBP (mmHg) -1.68 (2.66) -2.92 (2.71) 0.100 0.754 0.002 Low

DBP (mmHg) -2.19 (2.10) 0.05 (2.14) 0.533 0.469 0.011 Low

Boldface indicates statistical significance (p < 0.05).

rMSSD: is the root-mean square of differences between adjacent normal RR intervals in a time interval, expressed in milliseconds; SDNN: standard deviation of all normal RR intervals recorded in a 
time interval, expressed in milliseconds; LF: low frequency; HF: high frequency; SE: standard error; nu: normalized unit; ms: milliseconds square HR: heart rate; SBP: systolic blood pressure;  
DBP: diastolic blood pressure; bpm: beats per minute; SE: standard error; mmHg: millimeters of mercury.
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and HFms2) of the individuals that realized the periodized 
AIT compared to the control group, justifies the absence 
of significance of the indices expressed above.

The increase in autonomic modulation of the 
Mets individuals who performed the training protocol 
suggest a better adaptation capacity to external stimuli 
and less heart vulnerably to the risk of cardiovascular 
events (10,11), acting as an important protector 
mechanism in these individuals.

With respect to the cardiovascular parameters SBP 
and DBP, Stensvold and cols. (28) and Tjonna and cols. 
(29) reported that the utilization of high intensity AIT, 
realized for 12 weeks, was not sufficient to promote 
significant alterations in this parameter, corroborating 
with our findings, although both studies presented 
clinically relevant reductions, since SBP reduced  
6 mmHg and 10 mmHg respectively, and DPB reduced 
4 mmHg and 5 mmHg respectively. Lower values of 
SBP (1.68 mmHg) and DBP reduction (2.19 mmHg) 
were observed in the present study with periodized AIT.

The lower reduction observed could be related 
to the characteristics of the proposed training. In the 
model of proposed training, adaptive and intermediate 
phases were included that preceded the high intensity 
phase, denominated as the final phase, the latter having 
a duration of only four weeks. The training models 
used in the above studies (28,29) utilized high intensity 
training throughout the period, therefore the intensity 
of training could influence the lower reduction in the 
SBP and DBP values found in the present study, when 
compared to the existing literature (28,29).

In relation to HR, significant differences were not 
found between the groups studied. Despite this we 
observed a reduction in these values in the AIT group, 
possibly attributed to vagal modulation increase, which 
may not have been sufficient for the HR reduction in 
these individuals to be considered significant. Other 
mechanisms may also be responsible for reduction in 
resting HR such as the effect of aerobic exercise, as in 
the case of venous return and systolic volume (30).

The realization of the exercise program could 
increase the venous return and, consequently, blood 
volume in the cardiac cavity, promoting an increase in 
myocardial contractility and consequent improvement 
in systolic volume. In response to an increase in systolic 
volume, the HR decreases so the cardiac output remains 
constant (30). This effect is independent of ANS, and 
the time of periodized AIT or the intensity of the 
training used may not have been sufficient to promote 

this effect, which justifies the absence of significance 
related to this parameter.

The present study presents weaknesses related 
to the randomization of the volunteers, which was 
not possible due to the logistics of the training. The 
proposed training was realized in the evening, which 
made adherence difficult for individuals that did not 
have transport and lived far away from the place of the 
training. These individuals were allocated to the control 
group, preventing randomization of the volunteers.

Furthermore, a large number of volunteers (80.76%) 
in TAI and control group had high blood pressure as 
component of Mets. Several of than were in use of 
medication that can directly influence in autonomic 
modulation. To minimize this aspect, the use of 
medication to high blood pressure were considered 
as confounding factors and the analyses realized were 
adjusted by medication use. Moreover, variables like sex 
and age were also considering as confounding factors 
during the statistical analysis process. In addition, an 
intention to treat analysis was realized in individuals 
that did not complete the periodized AIT. Aspects such 
as this reinforce our findings.

The present study has an importance clinical 
implication, since it suggests a new model of training 
able to produce beneficial effects on the autonomic 
modulation of Mets individuals, reducing the risk of 
cardiovascular events in this population. Furthermore, 
the model of training proposed can be considered safe 
for Mets individuals since complications related to the 
cardiovascular system were not observed in the AIT 
group, and the skeletal muscle injury demonstrated in 
Figure 1 did not occur during the training.

The absence of cardiovascular and musculoskeletal 
complications related to the training protocol is an 
aspect that can be highlighted. We attribute this aspect 
to the periodization characteristics of AIT, since this 
consisted of preparatory periods such as progressive 
increases in load, specific phases with less duration in 
intensity, and transition periods for recovery, important 
and positive characteristics of the proposed training.

The period of the protocol realized at an intensity 
higher than 60% of HHR was short (4 weeks), which 
may not be sufficient to promote significant responses 
in cardiorespiratory parameters of individuals in the AIT 
group. In this sense, the present study suggests that 
further investigations about the effects of periodized 
AIT on cardiorespiratory parameters of Mets individuals 
should be realized, prioritizing a longer duration of the 
training protocol at intensities higher than 60% of HHR.
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We conclude that 16 weeks of periodized AIT 
suggested positive effects on autonomic modulation 
of Mets individuals, characterized by an increase in 
parasympathetic, sympathetic, and global activity in 
this population. Furthermore, cardiovascular parameter 
alterations were not evidenced in Mets individuals 
submitted to the periodized AIT. 
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Correlation analysis between 
short-term insulin-like growth 
factor-I and glucose intolerance 
status after transsphenoidal 
adenomectomy in acromegalic 
patients: a large retrospective study 
from a single center in China

Yi-Lin Li1,2,3, Shuo Zhang1,3, Xiao-Peng Guo1,3, Lu Gao1,3, Wei Lian1,3, 
Yong Yao1,3, Kan Deng1,3, Ren-Zhi Wang1,3, Bing Xing1,3

ABSTRACT
Objectives: Our study aimed to investigate the associations of glucose tolerance status with insulin-
like growth factor-I (IGF-I) and other clinical laboratory parameters of acromegalic patients before 
and after the patients underwent transsphenoidal adenomectomy (TSA) by conducting a single-
center, retrospective study. Subjects and methods: A total of 218 patients with acromegaly who had 
undergone TSA as the first treatment were retrospectively analyzed. Serum IGF-I, growth hormone 
(GH) and glucose levels were measured before and after surgery. Results: The follow-up levels for 
random GH, GH nadir, and the percentage of the upper limit of normal IGF-I (%ULN IGF-I) were 
decreased significantly. The percentages of normal (39.0%), early carbohydrate metabolism disorders 
(33.0%) and diabetes mellitus (28.0%) changed to 70.2%, 16.5% and 13.3%, respectively, after TSA. 
%ULN IGF-I at baseline was higher in the diabetes mellitus (DM) group than in the normal glucose 
tolerance group and impaired glucose tolerance (IGT) /impaired fasting glucose (IFG) groups before 
TSA, and the DM group exhibited a greater reduction in %ULN IGF-I value after surgery. The follow-up 
%ULN IGF-I value after surgery was significantly lower in the improved group, and Pearson’s 
correlation analysis revealed that the reductions in %ULN IGF-I corresponded with the reductions 
in glucose level. Conclusion: This study examined the largest reported sample with complete 
preoperative and follow-up data. The results suggest that the age- and sex-adjusted IGF-I level, which 
reflects altered glucose metabolism, and the change of it are associated with improved glucose 
tolerance in acromegalic patients both before and after TSA. Arch Endocrinol Metab. 2019;63(2):157-66
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INTRODUCTION

Acromegaly results from the persistent hypersecretion 
of growth hormone (GH) and insulin-like growth 

factor-I (IGF-I), which causes most of the clinical 
manifestations of acromegaly. The etiology of more 
than 95% of acromegaly cases is a GH-secreting pituitary 
adenoma (1). Uncontrolled acromegaly is usually 
associated with a series of glucose metabolic disorders 
(2,3). Diabetes and other forms of impaired glucose 
metabolism with acromegaly are associated with an 
increased rate of mortality by promoting atherosclerosis, 
which results in cardiovascular and cerebrovascular 

diseases (4). Selective transsphenoidal surgical resection, 
which is one of the most important treatment options 
for patients with GH-secreting pituitary adenoma (5), 
can reduce GH levels and improve disordered metabolic 
functions (1). 

Although several studies have investigated the 
relationship between IGF-I level and insulin resistance, 
few studies have investigated the correlations between 
IGF-I or other clinical laboratory parameters and glucose 
tolerance status, and none have reported a positive 
correlation between IGF-I and glucose tolerance status 
both before and after transsphenoidal adenomectomy 
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(TSA) in a large sample with complete follow-up 
data (6-10). Therefore, we analyzed 218 acromegalic 
patients who had undergone TSA for acromegaly at our 
hospital to investigate the associations between glucose 
tolerance status and both IGF-I and other clinical 
laboratory parameters before and after TSA.

SUBJECTS AND METHODS
Subjects

In this study, we analyzed 345 consecutive patients 
who had been diagnosed with acromegaly caused by a 
GH-secreting pituitary adenoma without dysfunctions 
of other endocrine axes and who had undergone TSA 
at Peking Union Medical College Hospital (Beijing, 
China) between July 1, 2012 and December 31, 
2014. Data regarding routine medical procedures were 
collected retrospectively. All 345 patients underwent 
TSA via the same procedure, and the diagnosis of each 
patient was confirmed by experienced pathologists who 
analyzed the tumor tissue after surgery. 

Among the 345 patients, 74 received medical 
treatment for acromegaly and 21 received gamma-knife 
radiosurgery before surgery. A total of 250 patients 
received TSA as the first treatment. The tumors in 5 
of these patients were not completely removed during 
surgery, and 27 patients were lost to follow-up. The 
remaining 218 patients who underwent surgery 
that was performed by surgeons with equivalent 
surgical experience were selected for data analysis. 
The baseline characteristics of the patients (n = 218) 
stratified by preoperative glucose tolerance status, i.e., 
normal glucose tolerance (NGT) (n = 85), IGT/IFG  
(n = 72), and diabetes mellitus (DM) (n = 61), are 
shown in Table 1. The mean disease duration time 
of these patients was 74.91 ± 65.48 months, and the 
mean ± SD age, BMI, systolic blood pressure (SBP), 

and DBP were 40.7 ± 12.8 years, 26.36 ± 4.52 kg/m2, 
124.06 ± 16.53 mmHg, and 77.06 ± 12.35 mmHg. 
Women composed 58.7% of the subjects. The follow-up 
interval of the patients was defined as the time interval 
between surgery and the first follow-up date, and the 
mean follow-up interval was 127.23 ± 71.04 days.

The diagnosis of acromegaly was based on failure of 
serum GH suppression to < 0.4 μg/L during the 75-g 
oral glucose tolerance test (OGTT) and an elevated 
serum IGF-I level. Pituitary adenoma was confirmed 
by magnetic resonance imaging (MRI) and by clinical 
features, including acral enlargement, increased skin 
thickness, increased sweating, DM, hypertension, 
headache, sleep apnea and osteopenia. Glucose tolerance 
status was evaluated by the 75-g OGTT. According to 
WHO criteria (11), NGT was defined as a blood glucose 
level < 110 mg/dL before glucose loading and < 140 
mg/dL 2h after. DM was defined as a fasting blood 
glucose level of ≥ 126 mg/dL or a blood glucose level of 
≥ 200 mg/dL at 2h after glucose loading. The remaining 
patients received a diagnosis of an early carbohydrate 
metabolism disorder, including IGT or IFG.

Biochemical measurements

All of the serum samples were collected early in the 
morning after an eight-hour fasting period. The serum 
basal GH concentration was defined as the fasting 
GH concentration prior to administration of the 
75-g OGTT. GH nadir (GHn) values were obtained 
during the 75-g OGTT, which was performed after 
a 12h fast. Blood samples were drawn to assess the 
baseline GH, IGF-I and glucose levels, with GH and 
glucose being assessed at 30, 60, 120 and 180 min. 
The follow-up 75-g OGTT was performed 127.23 ± 
71.04 days after surgery, at the first follow-up. It is 
strongly recommended that IGF-I assays be calibrated 
using the WHO international standard of highly 

Table 1. Preoperative clinical characteristics of the acromegalic patients

Total (n = 218) NGT (n = 85) IGT/IFG (n = 72) DM (n = 61) P 

Female, n (%) 128 (58.7) 50 (58.8) 38 (52.8) 40 (65.6) 0.328

Age, years 40.65 ± 12.83 37.91 ± 12.64 38.22 ± 11.24 47.34 ± 12.61 0.000

BMI, kg/m2 26.36 ± 4.52 25.74 ± 4.27 27.00 ± 5.45 26.46 ± 3.50 0.217

DD, months 74.91 ± 65.48 76.35 ± 63.17 70.94 ± 67.50 77.59 ± 67.09 0.817

SBP, mmHg 124.06 ± 16.53 120.85 ± 14.34 124.61 ± 15.98 127.87 ± 19.21 0.038

DBP, mmHg 77.06 ± 12.35 76.01 ± 10.73 76.13 ± 14.14 79.61 ± 12.04 0.164

Follow-up interval, days 127.23 ± 71.04 116.93 ± 63.81 130.67 ± 66.31 137.54 ± 84.13 0.198

The data are presented as absolute numbers (n) and percentages (%) or as the mean ± SD. SBP: systolic blood pressure; DBP: diastolic blood pressure; DD: disease duration; NGT: normal glucose 
tolerance; IGT/IFG: early carbohydrate metabolism disorders; DM: diabetes mellitus.
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purified recombinant IGF-I (WHO IS 02/254). 
Furthermore, the GH assay should be calibrated to the 
22-kDA isoform standard or, as a second choice, to 
multiple isoforms (12). Accordingly, GH levels were 
measured using an IMMULITE 2000 automated 
chemiluminescence analyzer (L2KGRH2, Siemens 
Healthcare Diagnostics Products Ltd., Glyn Rhonwy, 
Llanberis, Gwynedd LL55 4EL, UK) after an eight-
hour fasting period and administration of the 75-g 
OGTT. The IGF-I levels were measured using an 
IMMULITE 2000 chemiluminescence analyzer 
(L2KGFZ, Siemens Healthcare Diagnostics Products 
Ltd., Glyn Rhonwy, Llanberis, Gwynedd LL55 
4EL, UK) and were compared to levels in control 
individuals of the same age and gender. The IGF-I 
level is expressed as a percentage of the upper limit 
of the normal IGF-I (%ULN IGF-I) level for age and 
sex for each individual laboratory sample because the 
IGF-I SDS scoring system has not been applied to the 
evaluation of IGF-I in our hospital and because one 
of the latest guidelines does not use IGF-I SDS as the 
diagnostic standard (13).

Criteria for a biochemical cure

The common consensus criteria are an IGF-I level 
in the age-adjusted normal range and a GH level  
< 1.0 μg/L from a random GH measurement, with 
nadir GH levels < 0.4 μg/L in patients undergoing 
neurosurgery (12). 

Statistical analysis

All statistical analyses were performed using IBM SPSS 
20.0 software (SPSS Inc., Chicago, IL, USA). The data 
are reported as the mean ± SD for normally distributed 
continuous variables and as the number and percentage 
for dichotomous variables. The IGF-I level was 
calculated and expressed as a percentage of the upper 
limit of the normal IGF-I (%ULN IGF-I) level for each 
subject according to age using the Peking Union Medical 
College Hospital laboratory samples (%ULN=(IGF-I-
ULN)/ULN×100%). Data were compared between 
groups using the χ2 test for categorical data and the 
t-test or ANOVA for continuous data. Associations 
between the two clinical laboratory parameters were 
assessed by Pearson’s correlation coefficient analysis. 
A two-tailed p < 0.05 was considered to indicate 
statistically significant differences.

RESULTS
Clinical characteristics of the subjects before surgery

Our study showed that 28.0% of the patients had 
diabetes and 33.0% had IFG or IGT, with the remaining 
39.0% of patients having normal glucose tolerance. 
The mean follow-up interval was 127 ± 71 days, with 
no significant difference between groups. There were 
gradual increases in age and SBP from NGT to IGT/
IFG to DM. The patient age was higher in the DM 
group than in the NGT (p = 0.000) and IGT/IFG (p = 
0.000) groups, but it did not differ between the NGT 
and IGT/IFG groups (p = 0.871). The SBP was higher 
in the DM group than in the NGT group (p = 0.011).

The preoperative clinical laboratory parameters are 
shown in Table 2. There were significant differences in 
the %ULN IGF-I level before surgery among the three 
groups (p = 0.005); this level was higher in the DM 
group than in the NGT (p = 0.001) and IGT/IFG (p = 
0.028) groups, but it did not differ between the NGT 
and IGT groups (p = 0.325). The GH and GHn levels 
did not differ significantly among the groups.

Associations of clinical parameters with glucose 
tolerance after TSA

After TSA, the average Glu0h (basal glucose level on 
OGTT) and Glu2h (2-h glucose level on OGTT) decreased 
significantly in the IGT/IFG and DM groups (Table 2). 
The change from the baseline Glu0h was significantly 
higher in the DM group than in the IGT/IFG (p = 0.000) 
and NGT groups (p = 0.000), but there was no significant 
difference between the IGT/IFG and NGT groups 
(p = 0.145). The change from the baseline Glu2h was 
significantly different among the three groups (p = 0.000). 
The Glu2h of the DM group decreased the most, followed 
by the IGT/IFG group, and the differences between any 
two of the three groups were significant (p = 0.000).

As shown in Table 2, compared to the baseline 
levels, the follow-up random GH, GHn, and %ULN 
IGF-I levels decreased significantly in all three groups 
(p < 0.01). The changes from the baseline GH and 
GHn levels did not differ significantly among the 
groups. However, the change from the baseline 
%ULN IGF-I of the DM group was higher than were 
those of the IGT/IFG (p = 0.004) and NGT groups  
(p = 0.000), whereas it did not significantly differ  
(p = 0.191) between the IGT/IFG and NGT groups. 
According to the remission criteria, 53.3% (116 of 218) 
of the patients achieved a random GH level of < 1.0 
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μg/L, 56.9% (124 of 218) achieved a GHn level of  
< 0.4 μg/L, 33.5% (73 of 218) achieved a normal age-
adjusted IGF-I level, and 30.7% (67 of 218) achieved 
both a GHn level of < 0.4 μg/L and a normal age-
adjusted IGF-I level. We compared the percentage of 
patients with a random GH level of < 1.0 μg/L, GHn 
level of < 0.4 μg/L, and normal age-adjusted IGF-I 
level among the three groups after surgery. However, 
no significant differences were observed.

Logistic regression analysis including age, BMI, SBP, 
follow-up Glu0h, follow-up Glu2h, and the parameters 
random GH, GHn and %ULN IGF-I was carried out 
to identify parameters associated with preoperative 
glucose status. The baseline %ULN IGF-I (p = 0.020, 
OR = 1.006) and change from the baseline %ULN 
IGF-I (p = 0.000, OR = 1.105) were the variables most 
significantly correlated with preoperative glucose status 
for these patients.

Table 2. Clinical laboratory parameters of patients after surgery at follow-up

Total
(n = 218)

NGT
(n = 85)

IGT/IFG
(n = 72)

DM
(n = 61) p 

Random GH  < 1.0 μg/L, n (%) 116 (53.2) 46 (54.1) 36 (50.0) 34 (55.7) 0.786

GHn < 0.4 μg/L, n (%) 124 (56.9) 45 (52.9) 40 (55.6) 39 (63.9) 0.401

Normal age-adjusted IGF-I, n (%) 73 (33.5) 30 (35.3) 21 (29.2) 22 (36.1) 0.634

Both GHn < 0.4 μg/L and normal age-adjusted IGF-I, n (%) 67 (30.7) 28 (32.9) 18 (25.0) 21 (34.4) 0.428

Glu0h, mg/dL

At baseline 113.14 ± 32.79 96.57 ± 7.93 105.39 ± 10.09 145.20 ± 46.66 0.000

At follow-up 101.61 ± 17.30 94.04 ± 8.83 97.47 ± 10.99 116.92 ± 21.98 0.000

(p*) (0.000) (0.051) (0.000) (0.000)

Change from baseline -11.53 ± 25.22 -2.52 ± 9.37 -7.93 ± 9.91 -28.29 ± 40.72 0.000

Glu2h, mg/dL

At baseline 168.27 ± 77.29 107.56 ± 18.92 156.56 ± 24.86 266.82 ± 71.34 0.000

At follow-up 123.41 ± 59.99 98.73 ± 22.52 106.47 ± 32.25 177.64 ± 82.87 0.000

(p*) (0.000) (0.007) (0.000) (0.000)

Change from baseline -44.86 ± 54.95 -8.64 ± 25.76 -50.08 ± 32.97 -89.18±69.72 0.000

Random GH, μg/L

At baseline 32.68 ± 44.92 35.93 ± 53.37 31.23 ± 42.70 29.87 ± 33.56 0.686

At follow-up 5.00 ± 8.98 5.74 ± 9.32 4.29 ± 5.69 4.82 ± 11.44 0.584

(p*) (0.000) (0.000) (0.000) (0.000)

Change from baseline -27.68 ± 43.01 -30.19 ± 51.17 -26.94 ± 41.54 -25.06 ± 31.11 0.766

GHn, μg/L

At baseline 24.21±36.65 27.81 ± 45.94 22.06 ± 31.95 21.73 ± 25.77 0.512

At follow-up 2.94 ± 5.67 3.61 ± 6.42 2.44 ± 4.38 2.60 ± 5.90 0.377

(p*) (0.000) (0.000) (0.000) (0.000)

Change from baseline -21.27 ± 35.04 -24.21 ± 44.27 -19.62 ± 30.73 -19.14 ± 23.67 0.614

%ULN IGF-I

At baseline 200.95 ± 112.76 178.4 ± 101.83 195.88 ± 101.66 238.38 ± 130.62 0.005

At follow-up 59.71 ± 91.45 68.42 ± 102.93 61.51 ± 88.94 45.44 ± 75.72 0.321

(p*) (0.000) (0.000) (0.000) (0.000)

Change from baseline -141.22 ± 120.43 -109.89 ± 111.34 -134.31 ± 111.58 -193.05 ± 127.22 0.000

Glu0h: basal glucose level on OGTT; Glu2h: 2-h glucose level on OGTT; GH: growth hormone; GHn: GH nadir; IGF-I: insulin-like growth factor-I; ULN: upper limit of normal range.
p: p value among the three groups (NGT, IGT/IFG, and DM) as determined by ANOVA. (P*): p value between preoperative and follow-up parameters; change from baseline = follow-up-baseline.



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

161

Correlations between IGF-I and glucose intolerance status

Arch Endocrinol Metab. 2019;63/2 

Association of clinical parameters with improved 
glucose tolerance after TSA

To determine how the clinical parameters are related to 
preoperative glucose tolerance status after surgery, the 
patients with abnormal glucose tolerance (IGT/IFG 
and DM) were divided into the following three groups 
according to the preoperative and postoperative glucose 
tolerance status (Figure 1): an improved group (n = 44), 
including the patients with IGT/IFG before surgery 
who experienced restoration of NGT after surgery and 
those with DM before surgery but with IGT/IFG or 
NGT after surgery; a stable group (n = 87), including 
the patients with persistent IGT/IFG or DM before 
and after surgery; and a deteriorated group (n = 10), 
including the patients with IGT/IFG before surgery 
who developed DM after surgery. Because the number 
of patients in the deteriorated group was too low to 
generate accurate statistics, this group of patients was 
not included in the comparative analysis. The glucose 
status changes in the three groups after surgery are 
shown in Figure 1. Surgery improved glucose tolerance 
in 54.1% (33 of 61) of the patients in the DM group and 
in 73.6% (53 of 72) of those in the IGT/IFG group.

As shown in Table 3, the percentage of females in 
the improved group was significantly lower than that 
in the stable group (p = 0.021), whereas the average 
age in the improved group was significantly higher than 
that in the stable group (p = 0.013). 

The baseline and follow-up Glu0h and Glu2h of 
the improved group were significantly lower than those 

218 patients

Pre-operation Post-operation 

Deteriorated
group 

NGT (77)

NGT (85) IGT/IFG (8)

DM (0)

NGT (53)

IGT/IFG (17)

DM (2)

NGT (23)

IGT/IFG (11)

DM (27)

 

Improved
group 

IGT/IFG (72)

DM (61)

 

Stable
group

 

Figure 1. Categorization of the patients into three groups according to their 
preoperative and postoperative glucose tolerance statuses.

Table 3. Clinical parameters of patients according to glucose tolerance 
before and after surgery

Stable
(n = 44)

Improved
(n = 87) p

Female, n (%) 32 (72.7) 45 (51.7) 0.021

Age, years 46.14 ± 11.86 40.31 ± 12.76 0.013

BMI, kg/m2 26.66 ± 3.10 26.79 ± 5.10 0.853

DD, months 85.36 ± 85.16 68.29 ± 56.03 0.233

SBP, mmHg 127.23 ± 19.32 125.71 ± 16.83 0.644

DBP, mmHg 80.20 ± 13.33 76.48 ± 13.31 0.133

Follow-up interval, days 133.16 ± 72.57 134.06 ± 76.89 76.89

Random GH  
< 1.0 μg/L, n (%)

17 (38.6) 51 (58.6) 0.031

GHn < 0.4 μg/L, n (%) 21 (47.7) 56 (64.4) 0.068

Normal age-adjusted 
IGF-I, n (%)

9 (20.5) 34 (39.1) 0.032

Glu0h, mg/dL

At baseline 148.27 ± 52.79 111.52 ± 19.10 0.000

At follow-up 124.13 ± 21.98 97.29 ± 9.55 0.000

(p*) (0.007) (0.000)

Change from baseline -24.14 ± 45.94 -14.05 ± 17.30 0.074

Glu2h, mg/dL

At baseline 251.14 ± 92.06 185.56 ± 54.77 0.000

At follow-up 204.84 ± 78.55 105.21 ± 32.61 0.000

(p*) (0.013) (0.000)

Change from baseline -46.30 ± 54.05 -80.35 ± 53.33 0.001

Random GH, μg/L

At baseline 31.18 ± 35.16 30.86 ± 40.74 0.965

At follow-up 5.29 ± 6.57 4.23 ± 9.79 0.519

(p*) (0.000) (0.000)

Change from baseline -25.89 ± 33.24 -26.63 ± 39.23 0.915

GHn, μg/L

At baseline 22.31 ± 26.37 22.13 ± 30.83 0.974

At follow-up 3.39 ± 5.14 2.12 ± 5.12 0.182

(p*) (0.000) (0.000)

Change from baseline -18.92 ± 24.75 -20.02 ± 29.28 0.832

%ULN IGF-I

At baseline 238.34 ± 126.49 204.71 ± 111.15 0.121

At follow-up 95.20 ± 97.28 35.94 ± 70.19 0.001

(p*) (0.000) (0.000)

Change from baseline -143.09 ± 140.36 -168.84 ± 111.57 0.256

of the stable group (p < 0.01). The change from the 
baseline Glu2h in the improved group was significantly 
higher than that in the stable group (p = 0.001); the 
mean change from the baseline Glu0h was also higher 
in the improved group, but this difference was not 
statistically significant (p = 0.074).
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Table 4. Comparisons of glucose levels of the cure and discordant groups 
according to the IGF-I criterion of a cure

Cured
(n = 73)

Discordant
(n = 145) p*

Follow-up interval, days 130.23 ± 75.32 125.72 ± 69.01 0.659

Glu0h, mg/dL

At baseline 109.36 ± 22.88 114.94 ± 36.75 0.225

At follow-up 97.11 ± 14.41 103.77 ± 18.20 0.007

Change from the baseline -12.07 ± 17.84 -11.17 ± 28.29 0.805

Glu2h, mg/dL

At baseline 165.39 ± 70.98 169.71 ± 80.53 0.706

At follow-up 112.96 ± 56.03 128.63 ± 61.43 0.070

Change from the baseline -52.43 ± 56.21 -41.08 ± 54.23 0.149

The baseline, follow-up, and change from the 
baseline levels of random GH and GHn were similar 
in both groups. However, the follow-up %ULN IGF-I 
after surgery was significantly lower in the improved 
group than in the stable group (p = 0.001), whereas the 
baseline and change from the baseline %ULN IGF-I did 
not significantly differ. Moreover, the improved group 
had a significantly higher proportion of patients with a 
random GH level of < 1.0 μg/L (p = 0.031) and normal 
age-adjusted IGF-I level (p = 0.032) than the stable 
group. In addition, the improved group had an increased 
proportion of patients with a GHn level of < 0.4 μg/L 
(p = 0.068) that approached statistical significance.

Logistic regression analysis of age, BMI, and the 
parameters random GH, GHn, and %ULN IGF-I 
showed that an improvement in glucose tolerance 
status was associated with a lower follow-up %ULN 
IGF-I (p = 0.001, OR = 1.011) and could be predicted 
by younger age (p = 0.044, OR = 1.042). According 
to the ROC curve analysis, the age cut-off value for 
predicting an improvement in glucose tolerance status 
after TSA was 45.5. The sensitivity and specificity were 
59.1% and 29.9%, respectively, and the AUC was 63.3% 
(53.4%-73.2%) (p = 0.013).

Comparisons of glucose levels according to IGF-I 
criterion of a cure

To suppress the interference of GH, we divided the 
218 patients into cure (n = 73) and discordant (n = 
145) groups according to the IGF-I criterion of a cure 
(a normal age-adjusted IGF-I) to compare the glucose 
levels between the two groups (Table 4). 

The data showed that the follow-up Glu0h of the 
cure group was significantly lower than that of the 
discordant group (p = 0.007), and the average follow-up 
Glu2h was also lower in the cure group, approaching 
significance (p = 0.070).

Clinical laboratory parameters and their associations 
with glucose tolerance

We analyzed the relationships among the %ULN 
IGF-I and GH levels and glucose parameters. The 
%ULN IGF-I before surgery was positively correlated 
with all parameters before surgery, including the 
GH, GHn, Glu0 and Glu120 levels (rGH = 0.193,  
rGHn = 0.184, rGlu0 = 0.180, and rGlu120 = 0.231,  
p < 0.01). Reductions in the %ULN IGF-I corresponded 
with reductions in the glucose level (rGlu0 = 0.198 
and rGlu120 = 0.168, p < 0.05). The changes in the 

%ULN IGF-I before and after surgery were correlated 
positively with changes in the glucose level (rΔGlu0 = 
0.220, rΔGlu120 = 0.297, p < 0.01). The GH-related 
indexes were not significantly correlated with any of the 
glucose parameters.

DISCUSSION

Glucose tolerance is frequently altered in acromegaly. 
IGT and overt diabetes are usually associated with the 
acromegalic condition, and their prevalence rates range 
from 16 to 46% and from 19 to 56%, respectively (14). 

The effects of GH and IGF-I on glucose metabolism 
are very complex. GH hypersecretion leads to 
increases in both hepatic (increased gluconeogenesis in 
hepatocytes) and peripheral insulin resistance in adipose 
tissue and muscles (15,16). In contrast, IGF-I increases 
insulin sensitivity and lowers the blood glucose level. 
IGF-I may indirectly regulate carbohydrate metabolism 
through both the suppression of GH and enhancement 
of insulin activity (17). IGF-I reduces the serum GH 
concentration and GH-related insulin suppression of 
hepatic gluconeogenesis by increasing free fatty acid 
uptake in muscle, which indirectly enhances the activity 
of hepatic insulin (18). In addition, IGF-I directly 
stimulates glucose transport into muscle through either 
IGF-I or insulin/IGF-I hybrid receptors (19,20). 
However, in acromegalic patients, the negative effects 
of GH largely overwhelm the possible beneficial effects 
of IGF-I on insulin sensitivity. Studies have reported 
that the plasma GH and IGF-I levels in acromegaly are 
associated with the insulin resistance status (21). In our 
study, in agreement with this finding, baseline %ULN 
IGF-I was significantly associated with the worse glucose 
status before surgery, whereas plasma GH level was not.
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We also found significant decreases in the levels 
of biochemical parameters, including Glu0h, Glu2h, 
random GH, GHn, and %ULN IGF-I, in our patients 
after surgery. These results suggest that TSA can 
indeed improve the glucose status in acromegaly, which 
should be analyzed in a large single-center sample. In 
accordance with previous observations (10,22,23), we 
observed that age and hypertension were significantly 
associated with the presence of diabetes in this sample; 
however, unexpectedly, no significant associations were 
found for sex, BMI, or disease duration.

According to the χ2 test, the proportions of 
biochemically cured patients did not significantly differ 
among the three groups, but they were slightly higher 
in the DM group than in the other two groups. In 
addition, we found that the patients with preoperative 
DM had significantly greater decreases in Glu0h, 
Glu2h, and %ULN IGF-I after surgery than in the 
IGT/IFG and NGT groups (Table 2). These results 
may be due to the initially higher %ULN IGF-I levels in 
the DM group; however, the average follow-up %ULN 
IGF-I was the lowest in that group, although this latter 
difference was not significant. This suggests that DM 
patients with pituitary GH adenoma might be more 
likely to benefit from the operation due not only to a 
greater decrease in %ULN IGF-I but also to a greater 
improvement in blood glucose level. The concentration 
of IGFBP-3, the main IGF carrier protein, is usually 
increased in acromegalic patients (24), and studies 
have indicated that the concentration of this protein is 
positively correlated with that of IGF-I (25). Therefore, 
the higher %ULN IGF-I before surgery in the DM 
group likely led to a higher IGFBP-3 level in this group, 
potentially increasing the binding of IGF-I and reducing 
the IGF-I level in the blood shortly after surgery. Such a 
mechanism might partially explain why the DM group 
had a lower %ULN IGF-I at follow-up. In addition, 
IGF-I is credited with reducing insulin resistance and 
the blood glucose level (17). One possible explanation 
for the greater decrease in the glucose level in the DM 
group is that diabetes patients with a high insulin level 
can have increased sensitivity of IGF-I receptors (26). 
Similar to patients with glucose metabolic disorder 
that is caused only by high GH levels in the blood, the 
reduction or elimination of GH level can make such 
patients exhibit enhanced reactivity to IGF-I.

We analyzed the clinical parameters associated with 
the improved glucose tolerance status in this sample. 
The glucose tolerance of the IGT/IFG group was more 

likely to be improved than that of the DM group. In 
accordance with this expectation, the improved group 
had better glucose tolerance and more easily achieved a 
biochemical cure than the stable group, especially with 
regard to the random GH and normal age-adjusted 
IGF-I levels. The results also revealed that the patients 
in the improved group were younger, that fewer were 
female, and that they had a lower %ULN IGF-I at 
follow-up. As age is one of the risk factors for decreased 
glucose tolerance in acromegaly (27), younger patients 
may have a greater possibility of improving their glucose 
status through operative treatment.

Similar to previous studies, the IGF-I levels fluctuated 
during the early postoperative period in this study (28). 
A limited number of studies have investigated the time 
point at which the IGF-I level stabilizes after pituitary 
surgery. Patients’ IGF-I levels can become normalized 
early after surgery (within weeks), but delayed 
stabilization of up to 12 months can also occur (29-31), 
which may partly explain why fewer patients achieved 
a normal age-adjusted IGF-I level (33.5%) than GHn 
level (56.9%) (Table 2). Previous research (12) has 
shown that discordance between GH and IGF-I levels 
can occur in up to 30% of patients with acromegaly 
after treatment, and most discordance involves normal 
GH levels and elevated IGF-I levels. This discordance 
may arise due to many factors such as pulsatility, age, 
comorbidities, and genetic differences (12), including 
the longer half-life of the IGF-I hormone, which might 
result in a higher IGF-I level in the short time between 
surgery and the OGTT test. Another possible reason for 
this discordance is that very subtle abnormalities of GH 
secretion can be sufficient to increase IGF-I production 
into a supranormal range (32). In acromegaly, the 
tumor produces GH but not IGF-1, and absolute IGF-
1 levels or IGF-1 z-scores increase nonlinearly with GH 
levels, which results in a far greater extent of nonlinearity 
between GH and IGF-1 levels than has been previously 
recognized (33). However, the exact mechanism of 
this phenomenon remains unclear, and revealing it will 
require the measurement of IGF-1 and GH levels to 
monitor tumor activity.

In our study, a lower follow-up %ULN IGF-I 
was associated with an improved glucose status at an 
average of 133.76 days after surgery, indicating that the 
IGF-I level at approximately 4 months after surgery was 
already predictive of the glucose status. These findings 
indicate the importance of the early measurement of 
IGF-I in patients with an abnormal blood glucose level. 
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These results were further confirmed by comparisons of 
the glucose levels according to the IGF-I criterion of a 
cure (Table 4). The follow-up glucose levels of the cure 
group were lower than were those of the discordant 
group after surgery.

Furthermore, to confirm the correlation between 
the %ULN IGF-I and glucose levels before and after 
surgery, Pearson’s correlation analysis was performed. 
The correlations detected between the laboratory indexes 
indicate that the change in %ULN IGF-I between before 
and after surgery might be predictive of an altered glucose 
level, despite the weak correlation observed. However, 
no significant relationships were found between the 
differences in the random GH or GHn levels before versus 
after surgery and the glucose parameters. Thus, the IGF-I 
level was a better indicator than the GH-related indexes 
of altered glucose metabolism in the acromegalic patients.

This conclusion is in agreement with those of 
previous studies reporting a closer correlation of 
IGF-I with indexes of insulin resistance than nadir or 
random GH (8-10). Hopkins and cols. first reported 
that IGF-I, but not GH, was significantly correlated 
with insulin resistance; however, the sample examined 
was small, including only ten patients with active 
acromegaly, seven with controlled disease and 22 
normal individuals (9). Another study investigated 92 
Japanese acromegalic patients who underwent surgery, 
but only a weak correlation between the IGF-I Z score 
and HOMA2-S % before surgery was reported; no post-
op data were reported (8). Dan and cols. also reported 
that IGF-I was associated with glucose intolerance, 
but they assessed only 29 patients treated with surgery 
without considering any preoperative parameters (10). 
Our study, which involves the largest patient sample 
(218 patients) with complete follow-up data, is the 
largest study to correlate %ULN IGF-I with the glucose 
tolerance status both before and after surgery.

The specific physiological and pathological 
mechanisms underlying the correlation of IGF-I with 
glucose status in acromegaly is still unclear. However, the 
measurement of serum IGF-I may be the best single test 
for the diagnosis of acromegaly and may reflect the activity 
of the disease, as serum IGF-I concentrations do not vary 
according to daily activities but instead reflect integrated 
GH secretion during the preceding day or longer (6,34). 
This result may partially explain the relationship between 
%ULN IGF-I and glucose status observed in our study. 
Considering our findings, further study of the specific 
physiological and molecular mechanisms of the effects of 
IGF-I on glucose metabolism is warranted.

These observations suggest that the age- and 
sex-adjusted IGF-I level before and after TSA and its 
change are associated with improved glucose tolerance 
in acromegalic patients both before and after TSA. We 
suggest that the continuous monitoring of the serum 
IGF-I level is necessary to evaluate blood glucose 
improvement in these patients. For better long-term 
prognosis, improved control of blood glucose should 
be one of the goals in the management of acromegaly. 
Considering this goal, we advise placing more emphasis 
on the IGF-I level at 3 months after surgery. A lower 
level indicates better recovery and control of DM and the 
IGF level; thus, more accurate criteria for the cure and 
control of acromegaly as well as guidelines that consider 
the treatment of complications must be established.

Limitations

There are several limitations in our study. Our study 
was designed as a retrospective study with a relatively 
short follow-up period; thus, a long-term association of 
IGF-I with glucose metabolism could not be examined. 
Moreover, with incomplete data, we failed to assess 
other markers for glucose metabolism before and after 
surgery, such as the HbA1c level, serum insulin levels 
and insulin sensitivity. As ours was a single-center study, 
additional multi-center studies should be performed.

In conclusion our study of acromegalic patients is 
the first to report complete preoperative and follow-up 
data. The results suggest that the age- and sex-adjusted 
IGF-I level is an effective parameter that reflects 
changes in glucose metabolism and that is associated 
with improved glucose tolerance in acromegalic patients 
both before and after TSA. Careful monitoring of the 
serum IGF-I level is recommended to evaluate blood 
glucose improvement in acromegalic patients.
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Spontaneous mouse mutants greatly contributed 
to our initial understanding of CPHD genetics. The 
Snell and Jackson mice had GH, prolactin and TSH 
deficiencies. In the early ‘90s, mutations in Pit1, 
which encodes pituitary-specific transcription factor-1, 
were described in these animals (7,8). This finding 
quickly led to the detection of mutations in the 
human homologue gene POU1F1 (previously known 
as PIT1) with a similar phenotype (9,10). The Ames 
dwarf mouse, another spontaneous mutant mouse with 
a similar phenotype, but without mutations in Pit1, 
had the genetic cause established a little while later: 
mutations in a paired-like homeodomain transcription 
factor termed ‘Prophet of Pit1’ (Prop1) (11). The Ames 
dwarf phenotype resulted from an apparent failure of 
initial determination of the Pit1 lineage, required for 

Combined pituitary hormone 
deficiency caused by 
PROP1 mutations: update 
20 years post-discovery 
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INTRODUCTION

I t has been 20 years since Wei Wu in M.G. Rosenfeld’s 
Research Unit first identified inactivating mutations 

of the PROP1 gene in humans with combined pituitary 
hormone deficiency (CPHD) (1). Until now this has 
been the most common genetic cause of CPHD (2). 
Over the past 20 years, our Unit at the Hospital das 
Clínicas has contributed significantly to the knowledge 
of PROP1 in CPHD, describing for the first time 
spontaneous involution of the anterior pituitary and the 
development of cortisol deficiency (3). We also expanded 
the spectrum of PROP1 mutations (4-6). Here we 
review the cumulative knowledge of the genetics and 
clinical presentation of patients with PROP1 mutations 
and describe 14 patients who were followed at a single 
Brazilian center over the past 20 years.
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the production of GH, prolactin, and TSH, resulting 
in pituitary dysmorphogenesis and failure to activate 
Pit1 gene expression. These results suggested that a 
cascade of tissue-specific regulators is responsible for 
the determination and differentiation of specific cell 
lineages in pituitary organogenesis (11). Finally, in 1998, 
Wu and cols. reported 4 families in which CPHD was 
caused by inactivating mutations of the PROP1 gene in 
an autosomal recessive pattern (1). These mutations in 
the human PROP1 gene resulted in a gene product with 
impaired DNA binding and transcriptional activation 
ability. In contrast to individuals with POU1F1 
mutations, patients with PROP1 mutations also had 
luteinizing hormone (LH) and follicle-stimulating 
hormone (FSH) deficiencies (1).

PROP1 (Prophet of Pit1), located in the long 
arm of chromosome 5 (5q35.3), has 3 exons and 
encodes a 226-amino-acid-paired–like homeodomain 
transcription factor (Figure 1) (12). In 1998, Cogan 
and cols. and Deladoëy and cols. reported a high 
frequency of the c.301_302delAG (also known as 
c.296_297delAG) deletion in exon 2 of PROP1, which 
remains the most frequent PROP1 mutation (13,14). 

CLINICAL CHARACTERIZATION

Since Wu and cols. first described CPHD families 
with homozygosity or compound heterozygosity for 
inactivating mutations in the PROP1 gene, several 
cases have been reported and more detailed phenotypic 
characteristics have been described (1). 

Patients with PROP1 mutations do not have an 
increased prevalence of birth via breech delivery or 
frequent complications during gestation (15). At birth, 

in contrast to patients with congenital CPHD caused 
by other etiologies, neonates with PROP1 defects lack 
perinatal signs of hypopituitarism. Mean birth weights 
and lengths are usually within the normal range, 
while neonatal hypoglycemia and prolonged neonatal 
jaundice are rare (15,16).

The phenotype usually includes short stature during 
childhood and a lack of sexual development at puberty. 
Distinct phenotypes can be found with hormonal 
deficiencies progressing with age and asynchronously 
over time, even among individuals carrying the same 
genotype (3,17).

Hormonal deficiencies 

The impairment of pituitary production usually follows 
a pattern. GH and TSH deficiencies are usually present 
at diagnosis, LH and FSH deficiencies are noted at the 
onset of puberty, and ACTH deficiency, when it occurs, 
may develop during follow-up (15).

Short stature is generally the first symptom reported 
in PROP1 patients, probably due to combined GH 
and TSH deficiencies. Growth failure usually develops 
within the first year of life (height, -1.5 ± 0.9 SDS at 
1.5 years of age) and becomes more prominent later in 
infancy and early childhood, mainly between the ages of 
1.5 and 3 years (-3.6 ± 1.3 SDS at 3 years of age), when 
parents seek medical assistance (15,16). At diagnosis, 
the bone age is usually severely delayed (median, 3.3 
years) (18). 

Although TSH deficiency can present shortly after 
birth, it usually occurs together or after the onset of 
GH deficiency and before the age of 20 years (mean 
age, 6.8 years according to Deladoëy and cols.) (14,17). 

Figure 1. Location of pathogenic variants of the PROP1 gene. The mutations detected in our cohort are shown in bold type.
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It is important to note that TSH deficiency can be 
present in patients with an apparently normal TSH-T4 
axis. Bottner and cols. diagnosed most cases early in 
the clinical course based on insufficient responses to 
thyrotropin-releasing hormone (TRH) stimulation 
tests; basal TSH levels were within the normal range 
and free T4 levels were only slightly decreased (15). 
Hypothyroidism is usually mild in these cases, in 
contrast to several patients with POU1F1 mutations 
who have severe hypothyroidism and cretinism (19).

Gonadotroph function can also progressively 
decline and present as a primary or secondary lack of 
reproductive function. Clinically, it may manifest as 
a lack of pubertal development, i.e. failure to enter 
or complete puberty (14,20). There are reports of 
spontaneous puberty with a posterior decline of 
gonadotrophic function in Arg120Cys, Phe88Ser, 
and c.150delA PROP1 mutations (4,17,21). Impaired 
gonadotrophic function occurs in the most common 
PROP1 mutation (c.301_302delAG). 

In 1999, Mendonca and cols. reported on an 
evolving ACTH deficiency in one patient (3). A 
corticotrophin deficiency was later confirmed in many 
but not all patients with PROP1 deficiency. It appears 
unlikely that a PROP1 transcription factor deficiency 
directly causes ACTH deficiency, but this clinical finding 
suggests that PROP1 has some role in corticotroph 
differentiation or viability. Since adrenal function has 
been shown to gradually decline over time, even after 
more than four decades, surveillance is extremely 
important in all patients with PROP1 mutations 
(20,22,23). Furthermore, as GH replacement can 
increase cortisol metabolism, it is necessary to be aware 
of the signs of an unveiled adrenal insufficiency (24). 
The literature review revealed that the mean age at 
ACTH deficiency diagnosis is 25.3 years (range, 7.4–
67 years), confirming previous data demonstrating the 
emergence of an ACTH deficiency in the third decade 
of life (1,22).

Among our 14 patients, 3 were born by cesarean 
section due to obstetrical indications, the median 
weight was 3435 ± 390 g (SDS + 0.65 ± 0.92); and 2 
presented with prolonged neonatal jaundice. Eight of 
10 patients for whom term birth weight was available 
had birthweights according to gestational age above 
50th percentile (Fetal Growth Longitudinal Study, 
World Health Organization) (25). This is similar to 
another cohort of patients with PROP1 deficiency 
(15). This finding contrasts with that of the majority 

of patients with GH deficiency of the KIGS database 
(26). At diagnosis (mean age, 16.3 years), the average 
bone age delay was -6.0 years. Only 1 patient presented 
with an isolated GH deficiency, while 7 presented with 
GH and TSH deficiencies. Six patients started follow-
up at the post-pubertal period; thus, they were already 
diagnosed with LH/FSH deficiency. The remaining 
patients failed to develop spontaneous puberty; in all 
cases, puberty was induced with sex steroids. Regarding 
ACTH deficiency, at the first visit, only one patient had 
a partial ACTH deficiency (35.8 years). Seven patients 
evolved to ACTH deficiency (mean age at diagnosis, 28 
years, range 11.9–52.1 years) (Table 1).

The TRH stimulation test performed in 11 patients 
showed TSH peak levels of 2.9–6.8 mU/L with 
abnormal increment (<5 mU/L) (3). Prolactin levels 
were more variable with the peak after TRH stimulation 
(range, 1.5–30.2 ng/mL). However, in 7 patients, the 
prolactin peak was below 6.1 ng/mL. Patients with the 
highest prolactin peak levels also had the highest TSH 
peak levels. These findings suggest a pituitary rather 
than hypothalamic defect.

Neuroimaging

In patients with PROP1 mutations, neuroimaging 
of the hypothalamic–pituitary region usually shows a 
hypoplastic or normal anterior pituitary lobe and a topic 
posterior pituitary lobe, similar to POU1F1 patients 
(27). This contrasts with the majority of patients with 
CPHD in whom ectopic posterior lobe and other 
midline defects are commonly detected (21,28).

Changes in pituitary size and morphology can 
occur over time and were first reported in 1999 (3). 
An 8.8-year-old girl presented with a diffusely enlarged 
pituitary gland with a hyperintense signal on T1-
weighted magnetic resonance imaging (MRI); the 
anterior pituitary markedly decreased in size when 
the patient was 15 years old (height, from 8 mm to 
2 mm). An enlarged pituitary gland may be mistaken 
for a tumor, leading to unnecessary surgery (29). On 
the other hand, anterior pituitary adenomas have been 
reported. The surgical removal of the mass revealed an 
amorphous material but no recognizable cell types on 
histopathological examination (3,30). 

The pituitary can wax and wane in size before 
undergoing complete involution for reasons yet to 
be determined (31). Voutetakis and cols. suggested 
that the mass causing the pituitary enlargement most 
likely originates from the intermediate lobe (30). This 
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enlargement might result from abnormal development 
of the anterior lobe and the absence of physiological 
regression of the intermediate pituitary lobe during 
organogenesis as was demonstrated by Ward and cols. 
in Ames dwarf mice (32). According to Ward and cols., 
the basis of the pathogenesis of pituitary lesions in 
PROP1 mutations is the arrest of normal proliferation 
and migration of the anterior pituitary lobe cells 
combined with dysmorphic hyperplasia of the dorsal 
part of the Rathke’s pouch. 

Among our cohort of 14 patients, MRI showed 
a hypoplastic anterior pituitary in 11. The pituitary 
gland size varied over time from hyperplastic to 
normal in only 1 patient, while 2 had normal-sized 
pituitary glands (Table 1). Two patients (patients 11 
and 12; Table 1) had pituitary imaging suggestive 
of microadenomas. Patient 11 presented a small 
anterior pituitary (height, 3.5 mm) with a hypointense 
nodular area (3.0 mm, T1-weighted MRI). Patient 12 
presented a normal anterior pituitary (height, 5 mm) 
with a hypointense area (3.2 mm, T1-weighted MRI) 
suggestive of microadenoma.

GENETIC DIAGNOSIS

Pathogenic PROP1 mutations are the most frequent 
cause of congenital CPHD, with a prevalence of 0.8–
64.8% in different countries (2,18). In our center, we 
screened 29 Brazilian index cases with CPHD and topic 
posterior pituitary lobe; 52% (15/29) of them carried 
bi-allelic PROP1 mutations (5). PROP1 defects do not 
lead to midline defects such as ectopic posterior pituitary 
lobe (EPP) or septic-optic dysplasia. It is noteworthy 
that the majority of patients with congenital CPHD 
present with EPP (2).

PROP1 mutations lead to CPHD in an autosomal 
recessive inheritance pattern; therefore, the prevalence 
of these mutations is higher in familial cases (2,5). 
Among our Brazilian cohort of patients with CPHD 
and topic posterior pituitary lobe, all 6 familial cases 
presented with PROP1 mutations versus only 9 of 
the 23 sporadic cases (5). Like other recessive genetic 
disorders, the frequency of PROP1 mutations is also 
higher in patients born to consanguineous parents. 
In our experience, 5 of 7 sporadic cases born to 

Table 1. Clinical features and genetic diagnosis of 14 patients with PROP1 mutation followed at Hospital das Clínicas, University of Sao Paulo Medical School

Patient Gender

First visit
Birth

weight (g)
Final hormone
deficiencies

Anterior 
pituitary lobe PROP1 variantsCA 

(yrs)
Height Bone age 

(yrs)Cm SD

1 F 4.5 92.5 -3.1 2.5 3650 GH, TSH, LH/FSH*, ACTH Hypoplasia c.263T>C

2 F 6.3 100.0 -2.9 2.0 3420 GH, TSH, ACTH, LH/FSH* Normal c.301_302delAG

3 F 6.6 101.1 -3.0 2.5 3780 GH, TSH, LH/FSH*, ACTH
Hyperplasia/
hypoplasia

c.301_302delAG

4 F 7.4 103.1 -3.3 3.0 3550 GH, TSH, LH/FSH* Hypoplasia c.1A>G/c.263T>C

5 F 12.3 107 -6.1 7.8 2500 GH, TSH, LH/FSH* Hypoplasia c.301_302delAG

6 F 12.3 106.4 -6.4 5.5 3700 GH, TSH, LH/FSH*, ACTH Hypoplasia c.301_302delAG

7 F 14.9 104.0 -9.4 2.5 NA GH, TSH, LH/FSH, ACTH Hypoplasia c.301_302delAG

8 F 25.8 126.5 -6.0 13.0 3200 GH, TSH, LH/FSH Hypoplasia PROP1 complete deletion

9 F 30.3 117.2 -7.5 10.0 NA GH, TSH, LH/FSH Hypoplasia c.301_302delAG

10 F 35.5 119.0 -7.2 13.5 NA GH, TSH, LH/FSH, pACTH Hypoplasia c.301_302delAG

11 F 38.2 136.1 -4.4 - 2780 GH, TSH, LH/FSH*, ACTH
Normal/ 

microadenoma
c.218G>A/c.342+1G>C

12 M 6.8 106 -2.5 2.7 3450 GH, TSH, LH/FSH*, ACTH
Hypoplasia/

microadenoma
c.1A>G/c.263T>C

13 M 9.5 97.0 -6.0 3.5 3250 GH, TSH, LH/FSH*, ACTH Hypoplasia c.301_302delAG

14 M 18.3 123 -7.8 - NA GH, TSH, LH/FSH, pACTH Hypoplasia c.109+1G>A/c.301_302delAG

CA: chronological age; F: female; M: male; TH: target height; NA: not available. * Patients developed LH/FSH deficiency during follow-up. Patient 6 was born preterm; patients 3 and 5 had neonatal 
jaundice. pACTH: partial adrenocorticotropin hormone deficiency (basal cortisol level > 5.0 µg/dL and peak cortisol level < 18.1 µg/dL.
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consanguineous parents presented with PROP1 
mutations versus only 4 of 16 sporadic cases born to 
non-consanguineous parents (5).

Different types of molecular defects reportedly 
disrupt PROP1 function, varying from complete gene 
deletion to frameshift small deletions and insertions 
and point mutations including missense, nonsense, 
splicing variants, and mutations affecting the initiation 
codon (5). Table 2 and Figure 1 summarize all PROP1 
mutations reported to date.

The majority of PROP1 mutations classified as 
pathogenic according to the American College of 
Medical Genetics (33) are located on exon 2 and affect 
the PROP1 homeodomain, which is crucial for activating 
POU1F1 expression and pituitary organogenesis (34).

The most prevalent PROP1 mutation is the 
c.301_302delAG (p.Leu102Cysfs*8), which leads to 
a premature stop codon at residue 110 (1,13). This 
frameshift deletion is especially frequent in Eastern 
Europe, Portuguese, and Latin American patients, 

Table 2. PROP1 variants reported to date. Effect on protein and classification according to ACMG guidelines (33). The mutations detected in our cohort 
are shown in bold type

Mutation Effect on protein ACMG classification Reference

c.1A>G Initiation codon mutation Pathogenic (5)

c.2T>C Initiation codon mutation Pathogenic (28)

c.46C>T p.Arg16Ter Pathogenic (40)

c.109+1G>A Splicing site change Pathogenic (5)

c.109+1G>T Splicing site change Pathogenic (28)

c.109+2T>G Splicing site change Pathogenic (13)

c.112_124del p.Ser38Profs*123 Pathogenic (41)

c.149_150delGA p.Gly52Aspfs*58 Pathogenic (42)

c.150delA p.Arg53Aspfs*112 Pathogenic (36)

c.157delA p.Arg53Aspfs*112 Pathogenic (42)

c.211C>T p.Arg71Cys VUS (43)

c.212G>A p.Arg71His VUS (43)

c.217C>T p.Arg73Cys Pathogenic (12,44)

c.218G>A p.Arg73His Pathogenic (45)

c.247C>T p.Gln83Ter Pathogenic (46)

c.263T>C p.Phe88Ser Pathogenic (4)

c.295C>T p.Arg99Ter Pathogenic (47)

c.296G>A p.Arg99Gln Likely pathogenic (48)

c.301_302delAG p.Leu102Cysfs*8 Pathogenic (1)

c.310delC p.Arg104Glyfs*61 Pathogenic (49)

c.334C>T p.Arg112Ter Pathogenic (50)

c.342+1G>C Splicing site change Pathogenic (5)

c.343-11C>G Splicing site change Likely pathogenic (49)

c.343-2A>T Splicing site change Pathogenic (12)

c.349T>A p.Phe117Ile Pathogenic (1)

c.358C>T p.Arg120Cys Pathogenic (1)

c.362G>C p.Arg121Thr VUS (51)

c.373C>T p.Arg125Trp Pathogenic (49)

c.467insT p.Tyr157Leufs*36 Pathogenic (52,53)

c.582G>A p.Trp194Ter Pathogenic (53,54)

c.629delC p.Pro210Hisfs*25 (prolonged protein) Pathogenic (54)

ACMG: American College of Medical Genetics (33); VUS: variant of uncertain significance.
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probably due to two ancestral founder haplotypes: 
one that originated from the Baltic Sea area around 
2525 years ago and another that originated from the 
Iberian Peninsula around 583 years ago (35). The 
c.301_302delAG mutation, the most common genetic 
diagnosis in Brazilian patients with CPHD and topic 
posterior pituitary, was present in 9 of 15 index patients 
with PROP1 mutations in our group (5).

The second most prevalent mutation is the frameshift 
1-bp deletion c.150delA (p.Arg53Aspfs*112) (36), 
which is probably due to the founder variant that 
originated from the Belarus region around 1093 years 
ago (35). Interestingly, we detected this mutation in 
only one index case in our cohort (5).

Although the known founder effect of the 
c.301_302delAG mutation in both Portuguese and 
Spanish populations potentially contributes to a high 
prevalence of PROP1 mutations in our cohort, 6 
additional PROP1 mutations were identified in our 
population. The multi-ethnic origin of the Brazilian 
population (Amerindian, African, various European, and 
Asian immigrants) may contribute to these findings (5).

The molecular diagnosis of patients with congenital 
CPHD impacts the clinical follow-up: patients carrying 
PROP1 mutations fail to achieve normal puberty and 
may develop ACTH deficiency, while those carrying 
POU1F1 mutations present with only GH, TSH, 
and PRL deficiencies. Furthermore, confirming the 
diagnosis allows genetic counseling for family members 
and may contribute to the diagnosis of other affected 
relatives. 

Although several algorithms have been designed 
to guide candidate gene screening by the Sanger 
method to identify the molecular etiology of congenital 
CPHD (2,37,38), mutations have been detected using 
this approach in only a minority of cases (2). In this 
context, large-scale sequencing (LSS) is a promising 
approach that sequences large stretches of DNA base 
pairs, which may include the entire exome (whole-
exome sequencing) or multiple candidate genes (in 
an LSS panel) in a single sequencing run (39). Due 
to its capacity to simultaneously screen multiple genes, 
this method may be especially useful when genotype–
phenotype correlation is poor or a candidate gene is 
not suspected (39). Although LSS has great potential 
for identifying novel genetic causes of rare diseases 
and expanding the phenotypes associated with known 
genes, it remains an expensive technique that is not 
available to all patients. Therefore, in patients with 

congenital CPHD and topic posterior pituitary who 
live in areas with a high prevalence of PROP1 mutations 
such as Brazilian and some Eastern European cohorts, 
sequencing PROP1 using the Sanger method is an 
adequate first step of a molecular investigation. If no 
PROP1 mutations are found, an LSS panel or whole-
exome sequencing could be considered.

CONCLUSIONS

Since its first description 20 years ago, a large expansion 
of the phenotypes of patients with PROP1 mutations 
has occurred. In addition to deficiencies in GH, TSH, 
PRL, and gonadotropins, some patients develop 
late ACTH deficiency. Therefore, all patients require 
permanent surveillance. On MRI of patients with 
PROP1 mutations, the pituitary stalk appears intact 
and the posterior pituitary lobe appears in the normal 
position, in contrast to the majority of patients with 
CPHD, who have an interrupted stalk and ectopic 
posterior pituitary lobe. The anterior lobe in patients 
with PROP1 mutations is usually hypoplastic, but it 
may be normal or even enlarged and can wax and wane 
in size. Bi-allelic PROP1 mutations are presently the 
most frequently recognized genetic cause of CPHD 
worldwide. Here we classified all reported PROP1 
variants identified to date according to ACMG-AMP 
guidelines into 29 pathogenic, 2 likely pathogenic, and 
2 variants of uncertain significance. The prevalence is 
higher among offspring of consanguineous parents and 
familial cases, but sporadic cases can also occur. 

Here we summarized the clinical, hormonal, 
imaging, and genetic characteristics of 14 patients 
followed at the Hospital das Clínicas of University of 
Sao Paulo Medical School with 7 different PROP1 
mutations, the most diverse in a single unit. PROP1 
mutations are the most frequent cause of autosomal 
recessive CPHD with topic posterior pituitary lobe. 
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The 4Ds of ectopic ACTH syndrome:  
diagnostic dilemmas of a difficult  
disease

Marcelo Vieira-Corrêa1, Débora Moroto1, Giovanna Carpentieri1,  
Igor Veras1, Claudio E. Kater1

SUMMARY
Cushing’s syndrome (CS) is an uncommon condition that leads to high morbidity and mortality. 
The majority of endogenous CS is caused by excessive ACTH secretion, mainly due to a pituitary 
tumor – the so-called Cushing’s disease (CD) – followed by ectopic ACTH syndrome (EAS), an extra-
pituitary tumor that produces ACTH; adrenal causes of CS are even rarer. Several methods are 
used to differentiate the two main etiologies: specific laboratory tests and imaging procedures, and 
bilateral inferior petrosal sinus sampling (BIPSS) for ACTH determination; however, identification 
of the source of ACTH overproduction is often a challenge. We report the case of a 28-year-old 
woman with clinical and laboratory findings consistent with ACTH-dependent CS. All tests were 
mostly definite, but several confounding factors provoked an extended delay in identifying the 
origin of ACTH secretion, prompting a worsening of her clinical condition, with difficulty controlling 
hyperglycemia, hypokalemia, and hypertension. During this period, clinical treatment was decisive, 
and measurement of morning salivary cortisol was a differential for monitoring cortisol levels. This 
report shows that clinical reasoning, experience and use of recent methods of nuclear medicine were 
decisive for the elucidation of the case. Arch Endocrinol Metab. 2019;63(2):175-81
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INTRODUCTION

C ushing’s syndrome (CS) is a cluster of clinical signs 
and symptoms secondary to cortisol excess. It may 

occur due to chronic glucocorticoid administration 
or, less frequently, due to endogenous production 
(1). Endogenous CS is classified according to ACTH 
dependence: ACTH-independent CS (primary adrenal 
disease) corresponds to less than 20% of cases, whereas 
the ACTH-dependent form (secondary disease) is 
much more prevalent (~80%). Confirmation of cortisol 
autonomy, identification of its etiology, and proper 
treatment remain challenges (1).

The major cause of CS, encompassing 60-70% 
of all cases, is an ACTH-producing pituitary tumor 
(Cushing’s disease [CD]), generally a microadenoma. 
Ectopic ACTH syndrome (EAS), an ACTH-producing 
extra-pituitary tumor of several origins, is the second 
endogenous cause, responsible for 5-10% of cases 
(1,2). EAS may also result from an ectopic CRH-
producing tumor (1). The most frequent neoplasms 

associated with EAS are small-cell lung carcinoma and 
other neuroendocrine tumors of the lungs, thymus 
and pancreas (3). Occasionally, a thyroid medullary 
carcinoma, pheochromocytoma, gastrinoma, or 
prostate carcinoma may produce the EAS (3).

Classical stigmata of CS are present in both CD and 
EAS. However, metabolic derangements and several 
other unspecific features are more prevalent in EAS, 
such as a rapid disease progression (4), intense proximal 
muscle weakness, severe hypertension and hypokalemia 
(5), and marked hyperpigmentation secondary to 
higher plasma ACTH levels (usually >100 pg/mL) (6).

A major challenge in the EAS is to determine 
the origin of ACTH excess. Up to 50% of these 
tumors may escape detection by chest and abdominal 
computerized tomography (CT) and/or magnetic 
resonance imaging (MRI) (3,7), and remain “occult”. 
Simultaneous or coupled use of plain (CT/MRI) and 
functional imaging (scintigraphy) are useful for these 
undetermined cases.



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

176

Dilemmas in ectopic ACTH syndrome

Arch Endocrinol Metab. 2019;63/2

CASE REPORT

A 28-year-old Caucasian woman was referred to the 
Adrenal Outpatient Clinic at EPM/UNIFESP because 
of progressive and rapid darkening of the skin and 
recent weight gain. In several weeks, her face turned 
plethoric, oily and hairy with acne. Within the past 6 
months, the patient noticed a further progression of 
weight gain especially in her belly, a “buffalo hump”, 
several purple striae in her thighs and abdomen, and 
intense proximal muscle weakness.

The patient’s past medical history was unremarkable 
except for the presence of endometriosis, which has been 
treated for the past two years with the continuous use 
of a combined oral contraceptive (ethinylestradiol 30 
mcg plus gestodene 75 mcg), making her amenorrheic 
ever since. She denied other comorbidities and the use 
of any other medications (including corticosteroids) 
and recreational drugs.

Initial physical exam disclosed weight of 66.2 kg and 
height of 167 cm (BMI = 23.7 kg/m2). The patient has a 
full-blown cushingoid appearance with moderate central 
obesity, discrete cervicodorsal adiposity, plethoric “moon 
facies”, diffuse scalp balding, increased hair in androgenic 
areas, facial and dorsal acne, skin thinning with 
squamation, purple striae in the abdomen and root of the 
thighs (some wider than 1 cm), and muscle hypotrophy 
in the legs, with a grade III diminished strength.

Investigation and treatment

Initial laboratory results (Table 1) revealed 
hypercortisolism with increased ACTH levels, 
hyperandrogenism and an otherwise normal metabolic 
profile. These results typically supported the syndromic 
diagnosis of ACTH-dependent CS.

To investigate for the possibility of CD, a pituitary 
MRI proved non-informative. Subsequently, a chest 
CT and an MRI showed a 0.8 cm nodular lesion in 
the inferior lobe of the left lung. The suspicious nodule 
was then investigated with a Fluor-deoxyglucose 
scintigraphy (18F-FDG PET-CT; Figure 1), showing 
a discrete glucose uptake (SUV of 1.4). Additional 
investigation with an 111In-Pentetreotide scintigraphy 
(Octreoscan®) was negative.

After consulting with the thoracic surgeons and 
radiologists in the adrenal unit, it was concluded that 
the lesion characteristics were possibly of vascular 
origin and unrelated to the disease. Needle biopsy and 
surgical removal were both inadvisable.

Because a previous thyroid ultrasonography was 
positive for the presence of two solid nodules of 1.3 and 
1.2 cm in diameter, attention was directed toward the 
possibility of a medullary thyroid carcinoma being the 
origin of ACTH excess. Fine-needle aspiration biopsy 
was performed, and the nodules were characterized as 
Bethesda II. ACTH and calcitonin levels in the fluid 
wash were negative.

A second pituitary MRI employing a 3-Tesla 
machine and dynamic study revealed a 6mm cystic 
lesion in the upper posterior right portion of the gland. 
Although considered of low suspicion potential, it 
prompted a detailed reinvestigation of the pituitary as 
the origin of the disease. 

We have not employed the high-dose 8 mg DST, 
and have virtually abandoned it because it generates up 
to 30% false results and a high rate of discordance with 
the CRH stimulation test (1).

Therefore, the patient underwent a bilateral 
inferior petrosal sinus sampling (BIPSS) for ACTH 
measurements (Table 2). Prolactin levels were used 

Table 1. Results of initial hormonal evaluation and reference values

Hormonal test Result Reference values

Testosterone 98 < 10 – 75 ng/dL

Dehydroepiandrosterone sulfate (DHEA-S) 504 96 – 512 mcg/dL

Dehydroepiandrosterone (DHEA) 1,200 100 – 1,200 ng/dL

Androstenedione 1,140 40 – 410 ng/dL

Follicle-stimulating hormone (FSH) 0.16 3.5 – 12.5 mUI/mL

Luteinizing hormone (LH) 0.07 2.4 – 12.6 mUI/mL

Corticotropin (ACTH) 138 7.2 – 63  pg/mL

Basal Serum cortisol 33.1 6.2 –19.4 mcg/dL

23h-Salivary cortisol 6,040 < 250 ng/dL

Post-1mg DST Salivary cortisol 1,110 < 50 ng/dL

Post-1mg DST Serum cortisol 13 < 2.5 mcg/dL
Figure 1. A suspicious lung nodule investigated with 18F-FDG PET-CT 
showing discrete glucose uptake (SUV of 1.4).
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Table 2. Bilateral inferior petrosal sinus sampling (BIPSS)

Time
 ACTH (pg/ml) | PRL (ng/mL) 

LPS/PV RPS/PVLeft petrosal sinus 
(LPS)

Right petrosal sinus 
(RPS)

Peripheral 
vein (PV)

Basal (0 min) 170 | 16.7 293 | 22.8  365 | 24.5 0.46 0.8

1 min 413 | 23.3 393 | 19.5 157 | 21.6 2.61 2.48

3  min 317 | 19.0 457 | 18.4 117 | 19.5 1.78 3.87

5 min 465 | 18.9 420 | 16.6 352 | 18.9 1.32 1.19

10  min 458 | 17.5 513 | 15.1 441 | 16.5 1.03 1.16

to confirm adequate catheterization, and the ACTH/
prolactin ratio was used to interpret the results. Although 
the results were somewhat abnormal (RPS/PV ratio of 
3.87 at 3 min), the final interpretation considered the 
pituitary lesion incidental and dismissed it as the source 
of the ACTH excess. 

Eight months after the initial symptoms, the 
patient experienced spontaneous and significant clinical 
remission that lasted for 3 months. During this period, 
serum, salivary and urinary cortisol reduced to near-
normal levels. Afterward, however, symptomatology 
resumed very dramatically, associated with increased 
blood pressure, severe and symptomatic hypokalemia 
and hyperglycemia. The patient was admitted to 
the endocrine ward to receive regular IV insulin and 
potassium chloride in high doses, associated with oral 
spironolactone. While in the hospital, the patient had 
a spontaneous L2-vertebral fracture, developed severe 
and disabling muscle weakness, episodic psychosis, and 
primary hypothyroidism. The relapsed clinical picture 
was so intense and refractory to conventional therapy 
that a bilateral adrenalectomy was considered as an 
emergency therapy.

However, insulin pump infusion, high-dose 
spironolactone (200-300 mg/day), zoledronic acid, 
and nandrolone decanoate resulted in a progressive 
improvement of the clinical picture within the next 
several weeks, in particular of muscle weakness. 
Nevertheless, we decided to perform a “pharmacologic 
adrenalectomy” via steroid-enzyme inhibition with 
ketoconazole (KCZ). After an initial oral dose of 
200mg/day for a few days, the treatment schedule 
scaled up to 1.2 g/day and plateaued at 1 g/day. 
During this treatment period, morning salivary cortisol 
levels were measured at weekly intervals to ascertain the 
effectiveness of cortisol blockade by KCZ (Figure 2).

During the next 4 months, serum and salivary 
cortisol levels decreased substantially on an average 

daily dose of 600 mg/day of KCZ and clinical 
manifestations improved. On continuous KCZ therapy, 
clinical effectiveness was confirmed when the patient 
began demonstrating signs of adrenal insufficiency, 
requiring introduction of oral prednisolone (2.5-5.0 
mg/day). 

Following pharmacologic control of the disease, 
etiological investigation continued. A somatostatin 
receptor imaging employing 68Gallium PET-CT 
(68Ga-DOTA-TATE) was obtained and disclosed an 
anomalous tracer uptake in the same region previously 
seen on 18F-FDG-PET-CT: a regular, solid, non-
calcified lung nodule, located between the superior and 
basal posterior segments of the left inferior lobe of the 
right lung, that measured 1.3 x 0.9 cm in diameter, with 
an SUV of 6.1 (Figure 3). This finding was consistent 
with a tumor of neuroendocrine origin (a carcinoid 
tumor), reinforcing the diagnosis of an ectopic ACTH-
producing lung tumor.

The patient underwent a left inferior lobe lung 
resection 22 months after the beginning of her clinical 
symptoms. A prompt drop in plasma ACTH and serum 
cortisol concentrations followed within 1 hour after 
tumor resection, reaching undetectable cortisol levels 
24h later (Table 3). 

OUTCOME AND FOLLOW-UP

Pathology examination revealed a well-differentiated 
neuroendocrine lung neoplasia: immunohistochemistry 
was positive for ACTH, chromogranin A, and synaptofisin; 
Ki-67 was positive in less than 5% of the cells.

Less than 3 months after surgery, the patient was 
free of symptoms and from glucocorticoid replacement 
therapy. Cortisol levels were within the normal range 
and responsive to suppression (1 mg DST < 1.0 mg/
dL). The patient remains completely asymptomatic and 
hormonally controlled 2 years after surgery.
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Figure 2. Morning salivary cortisol levels x Ketoconazole (KCZ) dose (mg/day).
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Figure 3. 68Ga-DOTA-TATE PET-CT showing anomalous tracer uptake: a regular, solid, non-calcified lung nodule, located between the superior and basal 
posterior segments of the left lung inferior lobe that measured 1.3 x 0.9 cm in diameter, with an SUV of 6.1, consistent with a tumor of neuroendocrine 
origin (carcinoid tumor).
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In view of the modest 18F-FDG PET-CT outcome, 
an Octreoscan® scintigraphy was performed, with 
a negative result. However, this procedure has a 
variable sensitivity for small lesions (between 25 and 
80%, with a detection limit of 5 mm) (7). Moreover, 
hypercortisolism per se may suppress subtype-2 
somatostatin receptor concentration and density, 
yielding false-negative results (1). 

Once an ectopic source of ACTH excess was 
temporarily excluded, a new and more precise pituitary 
MRI, performed on recent generation 3-Tesla 
equipment, disclosed a previously unidentified 6 mm 
cystic lesion during the dynamic study. Although the 
pituitary lesion was unlikely to be responsible for the 
condition, a BIPSS for ACTH was performed, since it 
is considered the gold standard by which to establish 
the pituitary as the source of ACTH excess in CD, with 
95% sensitivity and specificity (1). 

Nevertheless, the results were not consistent: out 
of five sampling time-points, only a single one (at 3 
min following desmopressin stimulation) disclosed a 
moderate ACTH and ACTH:prolactin ratio gradient; 
furthermore, overall ACTH levels were not significantly 
reduced. This result could reflect the presence of a 
cyclic disease and/or a mild hypercortisolism with no 
significant suppression of the remaining non-tumorous 
corticotrophs at that given moment. Yet another even 
rarer possibility was contemplated: co-production of 
CRH by the ectopic tumor stimulating normal ACTH-
producing pituitary cells, leading to a false-positive 
BIPSS result (8).

After a prolonged and distressing period during 
which no definitive etiological diagnosis was achieved, 
we were able to employ a recently available scintigraphy 
procedure to localize tumors of neuroendocrine origin 
(with excellent accuracy to identify ectopic ACTH-
producing tumors [7]): 68Ga-DOTA-TATE PET-CT 
(5). The result was an image with a significant tracer 
uptake (SUV of 6.1) located in the same lung area 
previously identified on the chest CT/MRIs and FDG 
PET-CT. Given the increased activity of the lesion and 
the higher accuracy of DOTA-TATE (82% sensitivity 
and near-100% specificity, even for lesions smaller than 
10 mm [9]), this lesion was definitively considered the 
source of ACTH excess in our patient.

The histological findings were consistent with a 
neuroendocrine tumor, one of the more common 
etiologies of EAS (10). Our patient had classic 
features of a bronchial carcinoid neoplasia: young 

Table 3. Pre- and post-operative levels of ACTH and cortisol

Hormonal test ACTH Cortisol 

Basal (Pre-Op) 102 19.2

Post-operative period

1h 7.2 11.8

2h 1.5 8.8

4h < 1.0 3.9

24h < 1.0 0.57

2 months – 6.6

3 months – 3.6

4 months 26.9 3.4

Normal ranges: ACTH: 7.2 – 63 pg/mL; cortisol: 6.2 – 19.4 mcg/dL.

DISCUSSION

The etiology of Cushing’s syndrome may occasionally be 
difficult to ascertain. In patients with EAS, identification 
of the source of autonomous production of ACTH may 
remain unknown (occult or indeterminate) in up to 
19% of cases (2). The delay in establishing the origin 
of the disease and in controlling hypercortisolism may 
predictably result in severe consequences.

One potential problem in diagnosing CS is the 
occurrence of a cyclical pattern of cortisol excess. 
Although cyclic CS is observed more often in primary 
pigmented nodular adrenal hyperplasia/dysplasia 
(PPNAD), as well as in isolated micronodular 
adrenocortical disease, it may occur in any form of 
endogenous CS (1). The wax-and-wane pattern of 
symptoms raised the suspicion of cyclic CS in our 
patient.

Although the pre-test diagnostic probability of 
CD is higher than 80%, our team contemplated the 
less common EAS as the main diagnostic possibility 
for this patient from the beginning. The reasons 
contended were the sudden and rapid evolution of 
marked muscle weakness, and important hypokalemia 
and hyperpigmentation associated with significantly 
elevated plasma ACTH levels (2). 

A pituitary MRI is usually the first imaging procedure 
indicated for the investigation of CS because of the 
major prevalence of CD. However, its results could be 
negative in identifying a pituitary microadenoma in up 
to 40% of patients. Subsequent chest and abdominal 
MRIs were suggestive of the presence of a suspicious 
left pulmonary nodule. A subsequent 18F-FDG PET-
CT scan confirmed a moderate uptake by this very lung 
lesion (3).
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age, nonsmoker, a well-differentiated low-grade 
tumor, and usual immunohistochemical markers for 
ACTH, chromogranin A and synaptofisin. The patient 
underwent surgical tumor resection, the conventional 
treatment for bronchial carcinoid. The 5-year survival 
rate for typical carcinoid ranges from 92 to 100% (11). 

Pharmacologic treatment of ectopic ACTH-
producing neoplasms is usually transitory, to achieve 
normocortisolemia and improve clinical status until the 
occult tumor is found and surgically removed. Enzyme 
inhibitors of the steroid cascade are very effective for 
this purpose, although treatment with cabergoline, 
octreotide, and other ACTH suppressors may be 
effective as well (12,13). Any of these drugs has a 
chance for side effects, and availability may be limited.

Pharmacologic intervention with ketoconazole 
(KCZ) was pivotal to control the recurring severe 
clinical manifestations by blocking excessive cortisol 
production. This decision was made at a point when 
etiologic definition was obscure, and it allowed 
additional time to reinvestigate the source of the ACTH 
excess with excellent efficacy and acceptable tolerability. 
Despite KCZ being associated with hepatotoxicity and 
gastrointestinal complaints, no significant side effect 
was observed in our patient (14). Instead of using 
classic and time-consuming 24h urinary free cortisol 
concentrations, titration of KCZ was achieved by 
weekly evaluation of morning salivary cortisol levels, an 
easy, fast, and reproducible method routinely used in 
our clinic.

There is no consensus regarding the follow-up of 
neuroendocrine tumors. ACTH-producing tumors 
that may relapse or spread after surgery must be strictly 
followed clinically and biochemically with at least yearly 
ACTH/cortisol screening and imaging procedures. 
Some suggest chest and abdomen CTs every six months 
for the first two years, and then annually. Others 
recommend somatostatin-receptor-based imaging, 
such as Ga-68 DOTATE PET/CT (15).

In summary, we present the challenging case of a 
young patient with cyclic CS due to an ACTH-producing 
neuroendocrine tumor of the lung whose clinical 
manifestations were highly suggestive of EAS, although 
conflicting test results misled the final diagnosis.
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Serum PTH reference values in 
an adult Brazilian population: 
implications for the diagnosis 
of hyperparathyroidism

Pedro Weslley Rosario1, Maria Regina Calsolari1

ABSTRACT
Objective: To define serum parathyroid hormone (PTH) reference values in carefully selected subjects 
following the recommended pre-analytical guidelines. Subjects and methods: First, 676 adults who 
would be submitted to thyroidectomy were evaluated. Patients using interfering medications or with 
malabsorption syndrome, hypomagnesemia, hyper- or hypophosphatemia, hypo- or hypercalcemia, 
25-hydroxyvitamin D < 30 ng/dL, estimated glomerular filtration rate < 60 mL/min/1.73 m2, urinary 
calcium/creatinine ratio ≥ 0.25, thyroid dysfunction, parathyroid adenoma detected during surgery 
were excluded. The sample consisted of 312 subjects. Results: The median, minimum, maximum, and 
2.5th and 97.5th percentiles of the PTH values obtained were 30, 7.2, 78, 10.1, and 52 pg/mL, respectively. 
Thus, the reference range was 10 to 52 pg/mL. PTH > 65 pg/mL, the upper limit of normal according 
to the manufacturer of the kit, was observed in only one subject (0.3%). Considering the upper limit 
proposed by the kit’s manufacturer, 1/6 hypercalcemic patients and 4/8 normocalcemic patients with 
PHPT had normal PTH. Using the upper limit established in this study, only one normocalcemic patient 
had normal PTH. Thus, the sensitivity of PTH in detecting asymptomatic primary hyperparathyroidism 
(PHPT) using the values recommended by the kit and established in this study was 64% and 93%, 
respectively (50% versus 87.5% for normocalcemic PHPT). Conclusion: The upper reference limit of 
PTH obtained for a rigorously selected sample was 20% lower than that provided by the assay, which 
increased its sensitivity in detecting PHPT. Arch Endocrinol Metab. 2019;63(2):182-5

Keywords
Normal PTH; primary hyperparathyroidism; normocalcemic; secondary hyperparathyroidism; diagnosis

INTRODUCTION

T he measurement of parathyroid hormone (PTH) is 
necessary for the diagnosis of hyperparathyroidism. 

In the presence of hypercalcemia, reduced PTH is 
expected and normal concentrations are sufficient  
for the diagnosis of primary hyperparathyroidism 
(PHPT) (1). In this situation, overestimated limits of 
normal PTH are unlikely to compromise the diagnosis. 
A more serious consequence exists in normocalcemic 
subjects in whom an overestimated upper limit of PTH 
may mask the diagnosis of normocalcemic PHPT or 
secondary hyperparathyroidism (SHPT).

The minimum requirements for the definition of 
PTH reference values is that (i) a reasonable number 
of apparently healthy subjects are evaluated, that these 
subjects are (ii) normocalcemic, (iii) have vitamin D 
sufficiency, (iv) do not have moderate or severe chronic 
kidney disease, and (v) do not use medications known 

to interfere with the concentrations of this hormone. 
A recent review shows that few studies have met all of 
these criteria so far (2). Even among these few studies, 
many defined vitamin D sufficiency as concentrations 
> 20 ng/dL (2). Although this definition is widely 
accepted, specifically to establish normal PTH 
values, the cut-off value of 30 ng/dL seems to be 
more adequate since PTH elevation can occur at 
vitamin D concentrations between 20 and 30 ng/dL 
(2). Furthermore, other factors that can elevate PTH in 
apparently healthy subjects, both recognized as a cause 
of SHPT and included in the differential diagnosis 
of normocalcemic PHPT such as hypercalciuria and 
conditions of malabsorption (1), were not excluded in 
the previous studies. In addition to the selection criteria 
of the subjects, guidelines on blood collection (time 
and need for fasting) and processing must be followed 
for the measurement of PTH (2).
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As we have seen, studies establishing serum PTH 
reference values in carefully selected subjects following 
the recommended pre-analytical guidelines remain 
desired goals. This was the objective of the present 
prospective study which used an assay commonly 
employed for the measurement of PTH.

SUBJECTS AND METHODS
Study design

The study was prospective and was approved by the 
local Research Ethics Committee (3).

Patients

First, 676 adults (age ≥ 18 years) with nodular thyroid 
disease who would be submitted to bilateral thyroidectomy 
(3) were evaluated. The subjects were submitted to the 
measurement of calcium (total and ionized), magnesium, 
phosphorus, 25-hydroxyvitamin D, creatinine, TSH, 
PTH, and urinary calcium and creatinine. The following 
patients were excluded: patients using diuretics, 
lithium, bisphosphonates, denosumab, recombinant 
PTH, corticosteroids and calcium or vitamin D 
supplements, and patients with primary aldosteronism 
[investigated in the recommended situations (4)], 
known malabsorption syndrome, hypomagnesemia, 
hyper- or hypophosphatemia, hypo- or hypercalcemia, 
25-hydroxyvitamin D < 30 ng/dL, estimated glomerular 
filtration rate (eGFR) < 60 mL/min/1.73 m2, urinary 
calcium/creatinine ratio ≥ 0.25, or thyroid dysfunction. 
The remaining patients also underwent measurement of 
tissue anti-transglutaminase IgA antibodies and those 
with a positive result were excluded. Using these criteria, 
356 participants were excluded. 

Parathyroidectomy

Trained surgeons performed the surgery of all patients 
included in the study. The four parathyroid glands 
were fully explored and grossly abnormal parathyroid 
glands, i.e., enlarged, were removed. Eight patients had 
parathyroid adenoma detected during surgery (5,6) and 
were also excluded. Thus, the final sample consisted of 
312 subjects (Table 1).

Methods

Total calcium [corrected for low albumin (< 4 mg/dL) 
using the formula: (4 - albumin) x 0.8 + Ca] (reference 
range: 8.4 to 10.4 mg/dL) and urinary calcium were 

measured by a colorimetric method. Ionized calcium 
(reference range: 1.12 to 1.32 mmol/l) was measured 
with a selective electrode and automatic correction 
for pH variation. Serum PTH was measured with a 
chemiluminescent assay (Immulite 2000, Diagnostic 
Products Corporation, Los Angeles, CA), with reference 
values of 12-65 pg/mL. A chemiluminescence assay 
was used to measure 25-hydroxyvitamin D. The eGFR 
was calculated using the Modification of Diet in Renal 
Disease Study equation. Tissue anti-transglutaminase 
IgA antibodies were measured by enzyme immunoassay. 
All measurements were obtained in the morning after 
fasting for approximately 10 h, and the samples were 
processed and analyzed immediately after collection.

Statistical analysis

As reported in previous studies (7-19), the PTH values 
did not follow a normal distribution. Thus, the normality 
range was defined as corresponding to 95% of the results 
and the 2.5th and 97.5th percentiles as corresponding 
to the lower and upper limit, respectively (7-19). PTH 
levels were compared between men and women (pre- 
and postmenopausal) and between subjects < 60 and > 
60 years (2) using the Student t-test and Kruskal-Wallis 
test. The two-tailed Pearson correlation coefficient test 
was used to analyze the correlation of age and BMI 
with PTH values.

RESULTS

The median, minimum, maximum, and 2.5th and 97.5th 
percentiles of the PTH values obtained were 30, 7.2, 78, 
10.1, and 52 pg/mL, respectively. Thus, the reference 
range was 10 to 52 pg/mL. PTH > 65 pg/mL, the 
upper limit of normal according to the manufacturer of 
the kit, was observed in only one subject (0.3%).

Table 1. Characteristics of the subjects studied

Number of patients studied 312

Sex Female: 232

Male: 80

Age (years) 18 to 70 (median: 48)

< 60 years: 242

>-60 years: 70

Menopause status Premenopausal: 130

Postmenopausal: 102

BMI (kg/m2) 18 to 33 (median: 25)

BMI: body mass index.
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Table 2. Comparison of the serum PTH values

Serum PTH 
(pg/mL) [range 

(median)]
p-value

Women ( n = 232) 7.2-76 (29.4)
0.9

Men (n = 80) 7.4-78 (30.6)

Age < 60 years (n = 242) 7.2-65 (27) 
0.2

Age >-60 years (n = 70) 8.5-78 (33)

Premenopausal women (n = 130) 7.2-68 (28.2)
0.3

Postmenopausal women (n = 102) 8-78 (32.8)

BMI < 25* kg/m2 (n = 156) 8.5-78 (31.2)
0.7

BMI > 25* kg/m2 (n = 156) 7.8-72 (28.5) 

BMI: body mass index.
* Median.

No significant difference in PTH values was observed 
between men and women (pre- and postmenopausal) 
(Table 2). There was also no statistically significant 
difference in the results between subjects < 60 versus 
> 60 years (Table 2), although concentrations were 
higher in the latter. Finally, no correlation was found 
between PTH values and age (p = 0.18) or BMI  
(p = 0.78).

To analyze the impact of a new reference range 
of PTH on the diagnosis of asymptomatic PHPT, we 
reviewed the serum PTH levels of patients diagnosed 
with this condition among the 676 patients initially 
evaluated in this study: 6 had hypercalcemic PHPT (3) 
and 8 had normocalcemic PHPT (5,6). Considering 
the limit proposed by the manufacturer of the kit, 1/6 
hypercalcemic patients and 4/8 normocalcemic patients 
had normal PTH. Using the upper limit established in 
this study, only one normocalcemic patient had normal 
PTH. Thus, the sensitivity of elevated PTH in detecting 
asymptomatic PHPT using the values recommended 
by the kit and established in this study was 64% and 
93%, respectively (50% versus 87.5% for normocalcemic 
PHPT).

DISCUSSION

We will first highlight some characteristics of the study.  
A reasonable number of subjects were evaluated. 
Rigorous selection was performed, following not only 
the traditionally required criteria [normocalcemia (in this 
study, total and ionized calcium); vitamin D sufficiency 
(defined as concentrations > 30 ng/dL); absence of 
chronic kidney disease, and no use of interfering drugs 

(2)], but also excluding other factors that can alter PTH 
in apparently healthy individuals (e.g., hypercalciuria, 
conditions of malabsorption, hyperphosphatemia, 
hypomagnesemia), which were not considered in 
previous studies (2,18,19). In addition to the selection 
criteria of the subjects, for the measurement of PTH, 
the guidelines on blood collection and processing were 
followed (2). The assay chosen is commonly used for the 
measurement of PTH in Brazil. Finally, it is possible that 
the inadvertent inclusion of subjects with asymptomatic 
and normocalcemic PHPT overestimates normal PTH 
concentrations. However, in the present study, all 
subjects were submitted to surgical exploration of the 
parathyroid glands, which were apparently normal.

We found an upper limit that was 20% lower than 
that provided by the manufacturer of the kit (52 
pg/mL instead of 65 pg/mL). As previously seen, an 
overestimated upper limit may mask the diagnosis of 
SHPT and especially of normocalcemic PHPT. In fact, 
3/8 cases of normocalcemic PHPT from our series 
(5,6) would have their diagnosis masked if the values 
proposed by the kit and not the upper limit obtained in 
this study were used. 

A significant influence of sex, age or BMI on PTH 
concentrations was not observed in the present study. 
Any observed differences in PTH concentrations might 
be due to differences in vitamin D concentrations, 
eGFR, comorbidities and medication use, which 
was not the case in the present study in which the 
subgroups were uniform in terms of the selection 
criteria (vitamin D > 30 ng/dL, eGFR > 60 mL/
min/1.73m2, no comorbidities or use of interfering 
medications). However, we recognize that any 
difference may not have been detected because of the 
size of the subgroups (18).

In conclusion, the upper limit of the serum PTH 
reference range obtained for a sample of rigorously 
selected subjects was 20% lower than that provided 
by the assay, which increased the sensitivity of PTH in 
detecting normocalcemic PHPT. 
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service is strongly recommended; the following companies are suggested: Voxmed 
Medical Communications, American Journal Experts and PaperCheck. Manuscriptss 
that successfully complete the peer-review process and are recommended for publi-
cation will only be accepted and published upon receipt of a certificate proving 
professional academic English proofreading. In extraordinary circumstances, the 
certificate can be waived by editorial decision.

Papers that do not meet these requirements will be returned to the author for the 
necessary revisions before formal review.

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

MANUSCRIPT CATEGORIES 

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

Original Articles 

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

Review Articles 

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

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

Consensus Statements 

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

Brief Report 

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

Case Report 

A Case Report is a brief communication presenting collected or single case reports 
of clinical or scientific significance. These reports should be concise and focused on 
the issue to be discussed. They should address observations of patients or families 

that add substantially to the knowledge of the etiology, pathogenesis, and delinea-
tion of the natural history or management of the condition described. Case Reports 
should be 2,000 words or less, with no more than four figures and tables, and no 
more than 30 references. 

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

Letters to the Editor 

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

MANUSCRIPT PREPARATION 
GENERAL FORMAT 

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

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

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

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

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

ALL SUBMISSIONS MUST INCLUDE: 
• A cover letter requesting the evaluation of the manuscript for publication in 

AE&M, and any information relevant to the manuscript. 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 
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headings in the main text. All information reported in the abstract must appear in 
the manuscript. Please use complete sentences for all sections of the abstract. 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

Molecular Genetic Description 
• Use standard terminology for variants, providing rs numbers for all variants re-

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

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

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

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

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

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

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

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

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

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