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ABSTRACT

Aim:The high prevalence of nodular goiter in patients with acromegaly is well known. Insulin-like growth factor-1 (IGF-1)
has been claimed to be one of the etiologic factors. The aim of the study was to evaluate the incidence of thyroid lesions
in our acromegalic patients and to analyze possible factors influencing thyroid nodule development, especially insulin
resistance and hormonal parameters.

Material and Methods: Sixty patients with acromegaly, 32 females, and 28 males, with a mean age of 52.7 + 10.0 years
without known thyroid disease were included. Age and sex matched 100 control subjects also included in the study. Waist
and hip circumference, weight, and height, fasting blood glucose, postprandial blood glucose, insulin, thyroid function
tests, thyroid autoantibodies, lipid profile, IGF-1, growth hormone, other anterior pituitary hormone levels were measured
in all patients. Magnetic Resonance Imaging (MRI) and thyroid ultrasonography (US) was performed in all patients. Thyroid
nodule volume and thyroid volume were calculated.

Results: Thirty-five (58.3%) patients with acromegaly had thyroid nodules according to (% 25) in control group (p<0,0001).
There were significant differences in BMI, thyroid volume, fasting glucose and TSH levels between patients and controls.
After regression analysis, thyroid volume was associated with insulin, waist circumference, HOMA-IR, LDL-cholesterol and
the size of the pituitary adenoma (p<0.05) or diabetes occurrence. During the logistic regression analysis, the presence
of nodules was strongly associated with luteinizing hormone (LH) (p<0.02) and HDL-cholesterol levels (p<0.05). Nodule
volume were significantly associated with LH level (p<0.05), ACTH (beta =-0.51, p< 0.01), plasma cortisol (beta= 0.965, p
<0.05), free T4 (beta= 0.522, p<0.05), the size of adenoma (beta= 0.615, p<0.05) in the regression analysis.

Conclusion: The prevalence of nodules in acromegalic patients were found to be higher than usual prevalence. In addition
to IGF-1, other hormones and insulin resistance might play an important role in thyroid volume, nodule volume, and
nodule formation mechanism in patients with acromegaly.

Key words: Acromegaly, thyroid volume, anterior pituitary hormones

Corresponding Author”: Bekir UCAN, MD, Department of Endocrinology and Metabolism, Diskapi Yildirim Beyazit Training and Research
Hospital, Ankara, Turkey

E-Mail: uzm.dr.bekir@hotmail.com

Received 02.05.2017 accepted 19.09.2017

Doi: 10.18663/tjcl.310185

59



A~
RajsN

UCAN et al.
I Thyroid nodule in patients with acromegaly

0z

Amag: Akromegali hastalarinda nodiiler guatr sik goriildigi iyi bilinmektedir. insiilin benzeri biiyiime faktéri-1 (IGF-1)'in
etiyolojik faktorlerden biri oldugu iddia edilmistir. Bu calismanin amaci akromegali hastalarinda tiroid lezyon insidansinin
degerlendirilmesi ve insiilin direnci ve hormonal paramatreler basta olmak tizere tiroid nodiil gelisimini etkileyen olasi
faktorleri degerlendirmektir.

Gereg ve Yontem: Bilinen tiroid hastaligi olmayan ortalama yaslari 52.7+10.0 olan 60 akromegali hastasi (32 kadin 28
erkek) calismaya dahil edildi. Yas ve cinsiyet uyumlu 100 kontrol hastasi calismaya alindi. Tim hastalarda viicut kitle indeksi
(VKIi), bel-kalca cevresi, boy, kilo, aclik kan glukozu, tokluk kan glukozu, insiilin, tiroid fonksiyon testleri, tiroid otoantikorlari,
lipid profili, IGF-1, bliylime hormonu ve diger 6n hipofiz hormonlarinin él¢timleri yapildi. Manyetik rezonans goriintiileme
ve tiroid ultrasonografi tim hastalarda uygulandi. Tiroid volimii ve tiroid nodil volimi hesaplandi.

Bulgular: Kontrol grubu (%25) ile kiyaslandiginda 35 (%58.3) akromegali hastasinda tiroid nodiili mevcuttu (p<0.0001).
Hasta ve kontrol gruplari arasinda VKi, tiroid voliimij, aclik kan sekeri ve TSH diizeyleri acisindan anlamli farkliliklar bulundu
(p<0.05). Regresyon analizi sonrasinda tiroid volim{i ile insulin, bel cevresi, HOMA-IR, LDL-kolesterol ve pituiter adenom
boyutu arasinda iliski saptandi (p<0.05). Lojistik regresyon analizinde nodul varligi ile liteinizan hormone (LH) (p<0.02) ve
HDL-kolesterol (p<0.05) arasinda glicli iliski bulundu. Regresyon analizinde nodil volimdi ile LH diizeyi (p<0.05), ACTH
(beta =-0.51, p<0.01), plasma kortizolii (beta= 0.965, p <0.05), serbest T4 (beta= 0.522, p<0.05), adenom boyutu (beta=
0.615, p<0.05) arasinda anlamli iliski bulundu.

Sonug: Akromegali hastalarinda tiroid nodil prevelansi genel populayona gore daha yuksektir. Bununla birlikte 1GF-
1, diger hormonlar ve insilin direnci gibi parametreler akromegali hastalarinda tiroid volimii, nodiil volimi ve nodil

formasyon mekanizmalarinda 6nemli rol oynayabilir.

Anahtar kelimeler: Akromegali, tiroid noduli, 6n hipofiz hormonlari

Introduction

Acromegaly is a chronic disease characterized by the presence
of growth hormone (GH) hypersecretion caused by a benign
pituitary adenoma and increased levels of insulin-like growth
factor 1 (IGF-1). Overproduction of IGF-1 by increased
secretion of GH leads to a multisystemic disease characterized
by disproportionate skeletal, tissue, and organ growth,
multiple comorbidities and premature mortality (1,2). The
high prevalence of nodular goiter in patients with acromegaly
is well known. Thyroid enlargement in acromegaly may be
diffuse or multinodular. Cheung et al reported that 92% of
patients with acromegaly had an enlarged thyroid gland
determined by ultrasound; mean thyroid size was increased
more than five times normal (3). According to a recent meta-
analysis, approximately 60% of patients with acromegaly
had thyroid nodular disease (4). Acromegalic patients have a
high risk for the development of thyroid cancer (5,6). It is well
documented that IGF-1 is a thyroid growth factor (7). There
is a correlation between IGF-1 levels and thyroid volume
(TV) in patients with acromegaly (8). Insulin resistance and
hyperinsulinemia are common features of patients with
active acromegaly (1). Increased lipolysis and free fatty acids
concentrations, deterioration of insulin signal pathway,
alterations of adipokines and adipose tissue inflammation are

possible underlying mechanisms (9,10). Previous studies have
demonstrated that patients with insilin resistance (IR) have
larger thyroid volumes and a higher prevalence of thyroid
nodules (11,12). The possible mechanisms are the concurrent
function of insulin with thyroid-stimulating hormone (TSH) as
a growth factor and stimulating thyroid cell proliferation, and
insulin/IGF-1 signaling pathway modulating the regulation of
thyroid gene expression that leads to thyrocyte proliferation
and differentiation (13,14).

The aim of the study was to evaluate the incidence of thyroid
lesions in our acromegalic patients and to analyze possible
factors influencing thyroid nodule occurrence, especially
insulin resistance and hormonal parameters.

Material and Methods

60 acromegaly patients (33 females, 27 males, mean age 47.62 +
13.27 years), without known thyroid disease, currently managed
by the Endocrinology and Metabolism Department of Diskapi
Teaching and Research Hospital in Turkey were enrolled to
study. Ethics committee approval and written informed consent
of participants was obtained prior to the study.

The diagnosis of acromegaly was made on the basis of
characteristic clinical features, elevated IGF-1 levels over
normal values forage and gender and failure of GH suppression
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to <1ng/mL after an oral glucose load (15). All patients had a
pituitary adenoma identified clearly by magnetic resonance
imaging. All patients were managed according to the
recommended guidelines for acromegaly management (15).

All patients underwent an evaluation of thyroid volume
(TV) by ultrasound and determination for IGF-1, free T4, TSH,
antithyroid peroxidase (anti-TPO) and anti-thyroglobulin
(AntiTg). None had a history of thyroid disease, and all were
euthyroid on biochemical testing. Growth hormone and IGF-1
levels were analyzed with chemiluminescence method in
IMMULITE 2000 Xpi (Siemens Healthcare Diagnostics Inc.).
The normal range for GH is 0-0.8 ng/mL. Serum IGF-1 levels
were compared with age-gender adjusted normal range.
Thyroid stimulating hormone (TSH), free thyroxine (fT4), anti-
thyroglobulin (anti-Tg) and thyroid peroxidase antibody (anti-
TPO) were measured with specific electrochemiluminescence
immunoassays method with a commercially available kit
(Immulite 2000, Bio DPC, Los Angeles, CA, USA). The normal
range for fT4 as 0.74-1.52 ng/dL. TSH levels ranging between
0.55-4.78 mlIU/L was considered normal and normal ranges
for anti-Tg and anti-TPO are 0-40 IU/mL and 0-35 IU/mL,
respectively. Homeostasis model assessment (HOMA-IR)
was used for calculation of IR (16). Serum levels of glucose,
low-density lipoprotein cholesterol (LDL-C), high-density
lipoprotein cholesterol (HDL-C), insulin, follicle-stimulating
hormone (FSH), luteinizing hormone (LH), prolactin, estradiol
(in women), total testosterone (in men) were also measured.
FSH, LH, and estradiol (in women) were measured in pre-
ovulatory period if they still menstruate. Blood samples were
obtained at 08.00 h to evaluate the basal plasma ACTH and
serum cortisol concentration.

Demographic data and medical history of all subjects
were recorded; physical examination and anthropometric
measurements were performed. Weight, height, waist
circumference (WC), hip circumference (HC) and systolic
and diastolic blood pressure (BP) were measured. The body
mass index (BMI) was measured by dividing the weight by
the square of the height (kg/m2). WC was determined by
measuring the narrowest point between the costal margin
and iliac crest at the end of a normal expiration. The blood
pressure (BP) at rest was measured on the right arm using a
standard mercury sphygmomanometer, with the patient in
the sitting posture for 10 min before the test, and the average
of two measurements was recorded.

Thyroid ultrasound

Thyroid ultrasonography (US) was performed using High-
resolution B-mode ultrasound images (EUB 7000 HV; Hitachi,
Tokyo, Japan) with a 13-MHz linear array transducer. The
volume of each thyroid lobe was calculated by the ellipsoid
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model formula (length x thickness x width x 0.52) (17). Total
TV >18 mL in men and >13 mL in women was considered as
goiter. TV was considered as the sum of the volumes of each
lobe. Nodule volume was calculated with the same formula.
Nodule and thyroid volumes were evaluated at the time of
Acromegaly diagnosis.

Statistical Analyses

All statistical analysis was performed using SPSS (The
Statistical Package for Social Sciences) Version 17.0 (SPSS, Inc,
Chicago, IL, USA). Whether the distributions of continuous
variables were normality or not was determined by using
Kolmogorov-Smirnov test. The data obtained by the
measurement is given by the arithmetic mean * standard
deviation. Qualitative analysis of the data was performed
using. Differences in the groups of patients with and without
nodules were analyzed by using Mann-Whitney U test. The
relationship between continuous variables in patients’ group
was determined by using Spearman Correlation analysis;
correlation coefficients and p values were calculated. The
effects of variables that could be considered as significant
on thyroid volume and nodule volume were examined by
using multiple linear regression analysis. Multistep regression
analysis was performed. Independent variables that may
affect the presence of nodules were determined by using
Multivariate logistic regression analysis. Adjusted R-squared
and statistically significant p-values are presented. A p-value
<0.05 was considered statistically significant.

Results

Thirty-five (58.3%) patients with acromegaly had thyroid
nodules when compared to control group (%25) (p<0,0001).
Mean thyroid volume was 32.09 + 33.45 and mean nodule
volume was 0.74 + 0.97 in acromegaly group. BMI was higher
in in acromegaly group when compared to controls (29.74
+ 4.58 to 26.06 + 4.68, p=0.009). There were also significant
differences in thyroid volume, fasting glucose and TSH levels
between patients and controls (p<0.05). Mean GH and IGF-
1 levels were 17.83 £+ 13.23 ng/mL and 924.71 + 446.71 ng/
mL, respectively (Table-1). IGF-1 levels were correlated with
thyroid volume (r2:0.471, p=0.026) but not with nodule
volume (p>0.05). After regression analysis, thyroid volume was
associated with insulin, waist circumference, HOMA-IR, LDL-
cholesterol and the size of the pituitary adenoma (beta=0.615,
p<0.05). The presence of nodules was strongly associated with
LH (p<0.02) and HDL-cholesterol levels (p<0.05) according
to the logistic regression analysis. Nodule volume were
significantly associated with luteinizing hormone (LH) level
(p<0.05), ACTH (beta =-0.51, p<0.01), plasma cortisol (beta=
0.965, p <0.05) and free T4 (beta= 0.522, p<0.05) (Figure 1-2).
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Figure 1. Correlation of thyroid nodule volume with Cortisol levels
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Figure 2. Correlation of thyroid nodule volume with ACTH levels
Discussion

Nodule prevalence in our acromegaly patients (58%) was
demonstrated to be significantly higher. Insulin resistance,
IGF-1, GH was not associated with nodule prevalence. We
found an association between nodule volume and, LH and
FSH concentrations.

Insulin resistance is commonly seen in patients with
acromegaly. The increased lipolysis induced increased FFAs by
GH stimulation may have an impact on insulin sensitivity by
competition with glucose for substrate oxidation, deterioration
in insulin signal pathway and b-cell function, or triggering
adipose tissue inflammation (9,18,19). Mori et al observed that
serum IGF-1 levels were associated with insulin resistance in
patients with acromegaly and improvement glucose tolerance
in was demonstrated after a postoperative decrease in serum
IGF-1 levels (20). It may be possible that IGF-insulin hybrid
receptors and post receptor pathways cross-talk play role
in development of IR in acromegaly patients (21). However,
O'Connell et al demonstrated that IGF-1 administration induced
by a GH-receptor antagonist decreased blood glucose and
insulin resistance in patients with controlled acromegaly (22).
Low IGF-1 levels in patients with Laron syndrome are related
to insulin resistance that is reversed after IGF-1 treatment
(23). These two studies might indicate a GH-independent
mechanism may have a role IR in acromegaly patients.

A thyroid nodule is a discrete lesion within the thyroid gland,
which can be distinguished from the thyroid parenchyma as (24)
increased epithelial hyperplasia and excessive distention of some
follicles that have undergone involution are considered to cause of
nodule development (25). Genetic factors, iodine deficiency, age,
gender,smoking,and goitrogensarewell-knownetiologicalfactors
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for thyroid nodule formation (26,27). IGF-1 stimulates synthesis of
protein and DNA in thyrocytes and stimulates the proliferation
and differentiation of these cells (13,28). Ongoing exposure to
high serum IGF-1 levels may play a role in the development of
thyroid nodules in acromegaly patients (29). V6lzhe et al reported
that high serum IGF-1 levels were associated with thyroid nodules
(30). In our study, thyroid volume was associated with IGF-1 levels
which are consistent with the literature.

SerumTSH level has been recognized as the main growth factor
for thyroid cells. Insulin is a thyroid growth factor act as a co
mitogenic factor and it might partly enhance responsiveness
to IGFs in response to TSH. This increases the probability of
potential role of TSH-insulin interactions in the regulation of
thyroid growth and function in vivo (31). Regulation of thyroid
gene expression is modulated by insulin/IGF-1 signaling
pathway that is an additional important factor in proliferation
and differentiation of thyroid cells (13). It is well known that
insulin acts as a growth factor that stimulates cell proliferation.
IR-induced
growth factor-1 (IGF-1) binding proteins production and
consequently increase IGF-1 levels. Antiapoptotic, cell survival

increased insulin levels decrease Insulin-like

and transforming activities are well-known functions of IGFs.
Manytissues produce IGFsand most cellsexpress|GFsreceptors
(13,32,33,34). Heidari et al demonstrated that patients with
thyroid nodules had increased HOMA-IR values and there was
a relation between HOMA-IR and benign thyroid nodules (35).
Rezzonico et al reported that patients with higher circulating
levels of insulin due to IR had larger thyroid volumes and a
higher risk for the thyroid nodule formation (11). In another
study, increased thyroid volume and nodule prevalence were
observed in patients with IR due to metabolic syndrome (12).
Yasar et al reported that IR may lead to increased thyroid
proliferation and nodule formation (36). IR increases visceral
fat accumulation via effects on serum leptin concentrations
and this visceral fat increases TSH secretion that increase
thyroid proliferation (37).

Rezzonico et al demonstrated that patients with differentiated
thyroid carcinoma (DTC) had a higher frequency of IR (38).
Karimifar et al reported that metformin decreased the size of
small solid thyroid nodules via decreasing serum TSH levels
and also prevented the thyroid volume increase in patients
with prediabetes (39). In another study, metformin therapy
was demonstrated to decrease thyroid volume and nodule
size in patients with insulin resistance (40). In our study,
thyroid volume was associated with insulin and HOMA-IR that
may indicate IR may play a role in thyroid nodule formation in
patients with acromegaly.
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Luteinizing hormone (LH) is a glycoprotein hormone-like
TSH and has similar alpha subunit. LH was shown to increase
thyroid adenylate cyclase activity 65 times more robustly than
human chorionic gonadotropin (hCG) (41). Yoshimura et al
also demonstrated that human LH bound to the TSH receptor
and stimulated adenylate cyclase more potently than hCG
(42). hCG and LH have a proliferative effect on rat and human
thyroid cells. Knudsen et al reported that oral contraceptive
users had a lower thyroid volume and risk of goiter (43). Oral
contraceptive induced LH decrease might have an effect on
the decrease in thyroid volume. In our study, thyroid volume
was associated with LH that may indicate LH may play a role in
thyroid nodule formation in patients with acromegaly.

Glucocorticoids (GCs) are generally considered to increase renal
iodide clearance and decrease thyroid iodine uptake hence
decrease intrathyroidal iodine availability (44). It was shown
that hydrocortisone directly stimulated the function of porcine
thyroid cells via glucocorticoid receptor and cAMP pathways
(45). GCs, inhibit TSH secretion via acting on both specific
receptors located on hypothalamic TRH neurons (46) and
pituitary (47). Finally, GCs treatment decrease plasma levels of
thyroxine-binding globulin (48) and peripheral conversion of T4
to T3 (49) in vivo. Cushing's disease (CD) and GCs administration
in healthy volunteers impair thyrotropin-releasing hormone
(TRH) secretion (50,51). Both thyrotropin (TSH) pulses and the
nocturnal serum TSH release are disturbed in patients with CD
(50) and after GCs infusion (51,52). Invitti et al demonstrated
that patients with Cushing's disease had a higher prevalence of
nodular thyroid disease (53). In our study, thyroid volume was
positively associated with cortisol and negatively associated
with ACTH levels that may indicate they may play a role in
thyroid nodule formation in patients with acromegaly.
Conclusion
The prevalence of nodules in acromegalic patients were found
to be higher than usual prevalence. In addition to IGF-1, other
hormones and insulin resistance might play an important
role in thyroid volume, nodule volume, and nodule formation
mechanism in patients with acromegaly.
Declaration of conflict of interest
The authors received no financial support for the research
and/or authorship of this article. There is no conflict of interest.
References
1. Melmed S. Medical progress: acromegaly. N Engl J Med. 2006;
355:2558-73

2. Ribeiro-OliveiraAJr, Barkan A. The changing face of acromegaly-

advancesin diagnosis and treatment. Nat Rev Endocrinol 2012; 8:605-11



10.

11.

12.

13.

14.

15.

Cheung NW, Boyages SC. The thyroid gland in acromegaly: An
ultrasonographic study, Clin Endocrinol (Oxf) 1997; 46: 545-49.

Wolinski K, Czarnywojtek A, Ruchala M. Risk of thyroid nodular
disease and thyroid cancer in patients with acromegaly-meta-
analysis and systematic review. PLoS One 2014 14; 9: 88787

Gullu BE, Celik O, Gazioglu N, Kadioglu P. Thyroid cancer is the
most common cancer associated with acromegaly. Pituitary
2010; 13: 242-48.

Dogan S, Atmaca A, Dagdelen S, Erbas B, Erbas T. Evaluation of
thyroid diseases and differentiated thyroid cancer in acromegalic
patients. Endocrine 2014; 45: 114-21

Tramontano D, Cushing GW, Moses AC, Ingbar SH. Insulin-like
growth factor-l stimulates the growth of rat thyroid cells in
culture and synergizes the stimulation of DNA synthesis induced
by TSH and Graves'-IgG. Endocrinology 1986; 119: 940-42

Miyakawa M, Saji M, Tsushima T, Wakai K, Shizume K. Thyroid
volume and serum thyroglobulin levels in patients with
acromegaly: correlation with plasma insulin-like growth factor
I levels. J Clin Endocrinol Metab 1988; 67: 973-78

Moller N, Jorgensen JO. Effects of growth hormone on glucose,
lipid, and protein metabolism in human subjects. Endocrine
Reviews 2009; 30: 152-77

Olarescu NC, Ueland T, Lekva T et al. Adipocytes as a

source of increased circulating levels of nicotinamide
phosphoribosyltransferase/visfatin in active acromegaly. Journal

of Clinical Endocrinology and Metabolism 2012; 97: 1355-62

Rezzonico J, Rezzonico M, Pusiol E, Pitoia F, Niepomniszcze H.
In-troducing the thyroid gland as another victim of the insulin
resistance syndrome. Thyroid 2008; 18: 461 — 64

Ayturk S, Gursoy A, Kut A, Anil C, Nar A, Tutuncu NB. Metabolic
syndrome and its components are associated with increased
thyroid volume and nodule prevalence in a mild-to-moderate
iodine-deficient area. Eur J Endocrinol 2009; 161: 599-605

Kimura T, Van Keymeulen A, Golstein J, Fusco A, Dumont JE,
Roger PP. Regulation of thyroid cell proliferation by TSH and
other factors: A critical evaluation of in vitro models. Endocr Rev
2001; 22: 631-56

Deleu S, Pirson |, Coulonval K et al. IGF-1 or insulin, and the TSH
cyclic AMP cascade separately control dog and human thyroid
cell growth and DNA synthesis, and complement each other in
inducing mitogenesis. Mol Cell Endocrinol 1999; 149: 41-51

Katznelson L, Laws ER Jr, Melmed S et al. Acromegaly: an

endocrine society clinical practice guideline. J Clin Endocrinol
Metab 2014 ; 99:3933-51

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

A~
RajsN

UCAN et al.
I Thyroid nodule in patients with acromegaly

Matthews DR, Hosker JP, Rudenski AS, Naylor BA, Treacher DF,
Turner RC. Homeostasis model assessmment: insulin resistance
and beta-cell function from fast—-ing plasma glucose and insulin

concentrations in man. Diabetologia 1985; 28: 412-19

Vitti B, Rago T, Mazzeo S et al. Thyroid blood flow evaluation by
color-flow Doppler sonography distinguishes Graves'disease from
Hashimoto's thyroiditis. J. Endocrinol. Invest. 1995:18;857-861

Yeop HC, Kargi AY, Omer M et al. Differential effect of saturated and
unsaturated free fatty acids on the generation of monocyte adhesion
and chemotactic factors by adipocytes: dissociation of adipocyte
hypertrophy from inflammation. Diabetes 2010; 59: 386-96

Samuel VT, Petersen KF, Shulman Gl. Lipid-induced insulin

resistance: unravelling the mechanism. Lancet 2010; 375: 2267-77

Mori K, lwasakiY, Kawasaki-Ogita Y et al. Improvement of insulin
resistance following transsphenoidal surgery in patients with
acromegaly: correlation with serum IGF-I levels. J Endocrinol
Invest 2013; 36: 853-59

Benyoucef S, Surinya KH, Hadaschik D, Siddle K. Characterization of
insulin/IGF hybrid receptors: contributions of the insulin receptor L2
and Fn1 domains and the alternatively spliced exon 11 sequence to
ligand binding and receptor activation. Biochem J 2007; 403: 603-13

O’ConnellT,Clemmons DR.IGF-I/IGF-binding protein-3 combination
improves insulin resistance by GH-dependent and independent
mechanisms. J Clin Endocrinol Metab 2002; 87: 4356-60

Laron Z. The essential role of IGF-I: lessons from the longterm
study and treatment of children and adults with Laron syndrome.
J Clin Endocrinol Metab 1999; 84: 4397-404

Haugen BR, Alexander EK, Bible KC et al. 2015 American Thyroid
Association Management Guidelines for Adult Patients with Thyroid
Nodules and Differentiated Thyroid Cancer. Thyroid 2015; 14

H.C. Alpay, T. Kalidag, E. Keles et al., The effects of fine needle
biopsy on thyroid hormone levels. Otolaryngol. Head Neck Surg.
2007; 136:942-45

Gharib H, Papini E. Thyroid nodules: clinical importance,
assessment, and treatment. Endocrinol Metab Clin North Am
2007; 36: 707-35

Zou Y, Ding G, Lou X et al. Factors influencing thyroid volume in

Chinese children. Eur J Clin Nutr. 2013; 67: 1138-41

Isozaki O, Santisteban P, Chan J, Grollman E, Kohn L. Insulin and
insulin-like growth factor-I (IGF-I) regulate differentiation as well
as growth in FRTLS5 cells. Acta Endocrinologica 1987;281: 288-92

Tita P, Ambrosio MR C. Scollo C et al. High prevalence of
differentiated thyroid carcinoma in acromegaly. Clin. Endocrinol
(Oxf) 2005; 63: 161-67

64



VRN

Volume 9 Number 1 p: 59-65

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

65

Volzke H, Friedrich N, Schipf S et al. Association between serum
insulin-like growth factor-l levels and thyroid disorders in a
population-based study. J Clin Endocrinol Metab 2007; 92: 4039-45

Burikhanov R, Coulonval K, Pirson |, Lamy F, Dumont JE, Roger PP.
Thyrotropin via cyclic AMP induces insulin receptor expression
and insulin Co-stimulation of growth and amplifies insulin and
insulin-like growth factor signaling pathways in dog thyroid
epithelial cells. J Biol Chem 1996; 271: 29400-06

Pothiwala P, Jain SK, Yaturu S. Metabolic syndrome and cancer.
Metab Syndr Relat Disord 2009; 7: 279 - 88

Vella V, Sciacca L, Pandini G et al. The IGF system in thyroid
cancer: new concepts. Mol Pathol 2001; 54: 121 - 24

Kimura T, Dumont JE, Fusco A, Golstein J. Insulin and TSH
promote growth in size of PC CI3 rat thyroid cells, possibly via a
pathway different from DNA synthesis: Comparison with FRTL-5
cells. Endocr Rev 2001; 22: 631 - 56

Heidari Z, Mashhadi MA, Nosratzehi S. Insulin Resistance in Patients
with Benign Thyroid Nodules. Arch Iran Med 2015; 18: 572-76.

Yasar HY, Ertugrul O, Ertugrul B, Ertugrul D, Sahin M. Insulin
resistance in nodular thyroid disease. Endocr Res 2011; 36: 167-74

Mantzoros CS, Ozata M, Negrao AB, et al. Synchronicity of
frequently sampled thyrotropin (TSH) and leptin concentrations
in healthy adults and leptin-deficient subjects: evidence for
possible partial TSH regulation by leptin in humans. J Clin
Endocrinol Metab 2001; 86: 3284-91

Rezzonico JN, Rezzo'nico M, Pusiol E, Pitoia F, Niepomniszcze
H. Increased prevalence of insulin resistance in patients with
differentiated thyroid carcinoma. Metab Syndr Relat Disord
2009; 7:375-80

Karimifar M, Aminorroaya A, Amini M et al. Effect of metformin
on thyroid stimulating hormone and thyroid volume in patients
with prediabetes: A randomized placebo-controlled clinical trial.
J Res Med Sci 2014; 19: 1019-26

Anil C, Kut A, Atesagaoglu B, Nar A, Bascil Tutuncu N, Gursoy
A. Metformin Decreases Thyroid Volume and Nodule Size in
Subjects with Insulin Resistance: A Preliminary Study. Med Princ
Pract. 2015 Nov 30

Carayon P, Lefort G, Nisula B. Interaction of human chorionic
gonadotropin and human luteinizing hormone with human

thyroid membranes. Endocrinology 1980; 106: 1907-16
Yoshimura M, Hershman JM, Pang XP, Berg L, Pekary AE.

Activation of the thyrotropin (TSH) receptor by human chorionic
gonadotropin and luteinizing hormone in Chinese hamster
ovary cells expressing functional human TSH receptors. J Clin
Endocrinol Metab 1993, 77: 1009-13

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

Knudsen N, Bulow |, Laurberg P, Perrild H, Ovesen L, Jorgensen T. Low
goitre prevalence among users of oral contraceptives in a population
sample of 3712 women. Clin Endocrinol (Oxf) 2002; 57: 71-76

Saji M, Kohn LD. Effect of hydrocortisone on the abilityof
thyrotropin to increase deoxyribonucleic acid synthesis and
iodide uptake in FRTL-5 rat thyroid cells: opposite regulation of
adenosine 3, 5-monophosphate signal action. Endocrinology
1990; 127: 1867-76

Takiyama Y, Tanaka H, Takiyama Y, Makino |. Theeffects of
hydrocortisone and RU486 (Mifepristone) on iodide uptake in
porcine thyroid cells in primary culture. Endocrinology 1994;
135:1972-79

Cintra A, Fuxe K, Wikstrom AC, Visser TJ. Evidencefor thyrotropin-
releasing hormone and glucocorticoid receptorimmunoreactive
neurons in various preoptic and hypothalamic nuclei of the male
rat. Brain Research 1990; 506: 139-44

Rubello D, Sonino N, Casara D, Girelli ME, Busnardo B, Boscaro
M. Acute and chronic effects of high glucocorticoid levels
on hypothalamic pituitary-thyroid axis in man. Journal of

Endocrinological Investigation 1992; 15: 437-41

Gamstedt A, Jarnerot G, Kagedal B. Dose related effects of
betamethasone on iodothyronines and thyroid hormone-binding
proteins in serum. Acta Endocrinol (Copenh) 1981; 96: 484-90

Cavalieri RR, Castle JN, McMahon FA. Effects of dexamethasone
on kinetics and distribution of triiodothyronine in the rat.
Endocrinology 1984; 114: 215-21

Bartalena L, Martino E, Petrini F et al. The nocturnal

serum thyrotropin surge is abolished in patients with
adrenocorticotropin (ACTH)-dependent or ACTH independent
Cushing’s syndrome. Journal of Clinical Endocrinology and

Metabolism 1991; 72: 1195-99

Samuels M, McDaniel P.Thyrotropin levels during hydrocortisone
infusions that mimic fasting-induced cortisol elevations: a
clinical research center study. Journal of Clinical Endocrinology
and Metabolism 1997; 82: 3700-04

Otsuki M, Dakoda M, Baba S. Influence of glucocorticoids on TRF-
induced TSH response in man. Journal of Clinical Endocrinology
and Metabolism 1973; 36: 95-102

Invitti C, Manfrini R, Romanini BM, Cavagnini F. High prevalence
of nodular thyroid disease in patients with Cushing's disease.
Clin Endocrinol (Oxf) 1995; 43: 359-63



