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Abstract

Objective: Metabolic syndrome (MetS) is a cluster of metabolic abnormalities with insulin resistance (IR)
as a major component. It has been recently questioned whether MetS and its related components are
associated with functional and morphological alterations of the thyroid gland. The aim of our study is
to examine thyroid volume and nodule prevalence in a case–control study of patients with MetS in a
mild-to-moderate iodine-deficient area.
Design: Two hundred and seventy-eight patients with MetS were randomly matched for age, gender,
and smoking habits with 261 subjects without MetS. Serum TSH, free tri-iodothyronine and thyroxine,
and the level of IR, which was estimated by the homeostasis model assessment for IR, as well as other
MetS parameters were evaluated. Thyroid ultrasonography was performed in all subjects. All subjects
with thyroid nodules O1 cm were offered to undergo thyroid fine needle aspiration biopsy.
Results: TSH was significantly positively correlated with the presence of MetS diagnosis. There was no
association between free thyroid hormone levels and MetS and its related components. Mean thyroid
volume was significantly higher in patients with MetS than in controls (17.5G5.5 vs 12.2G4.2 ml,
P!0.0001). Also the percentage of patients with thyroid nodules was significantly higher in patients
with MetS (50.4 vs 14.6%, P!0.0001). Subjects were also divided into two groups according to the
presence of IR. The group of subjects with IR had increased thyroid volume and nodule formation.
The odds ratio for the development of thyroid nodule in the presence of IR was 3.2. TSH as well as all
MetS components were found to be independent predictors for thyroid volume increase. IR but not TSH
was found to be correlated with thyroid nodule formation. Thyroid cancer was diagnosed in 3 out of 38
patients with MetS who agreed to have a biopsy (7.9%). None of the subjects in the control group was
diagnosed to have thyroid cancer.
Conclusions: The results suggest that patients with MetS have significantly increased thyroid volume
and nodule prevalence. Multivariate regression analysis model demonstrated that the presence of IR
contributed substantially to this increased risk. Our data provide the first evidence that IR is an
independent risk factor for nodule formation in an iodine-deficient environment.
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Introduction

The metabolic syndrome (MetS) is associated with
multiple cardiovascular risk factors. Insulin resistance
(IR) is considered as the central pathological link among
these risk factors (1). Thyroid hormones have a profound
effect on energy homeostasis, lipid and glucose meta-
bolism, and blood pressure. Therefore, it is hypothesized
that functional changes in the thyroid gland might have
an association with MetS and its related components
including obesity, IR, lipid and glucose metabolism
abnormalities, and raised blood pressure (2).

Previous reports investigated functional and morpho-
logical alterations of the thyroid gland in relation to
obesity (3–7). Dysregulated axis of the hypothalamus,
ndocrinology
pituitary, thyroid, and the adipose tissue was
hypothesized as underlying pathophysiologic mech-
anisms (8, 9). Although previous studies reported
inconsistant thyroid functional changes, increased
TSH levels in the subjects seemed to be a consistent
finding. Contradictory findings of these reports might be
related to the study design, in which the investigators
included patients with different severity of obesity and
iodine intake (10). Additionally, in a very recent report,
increased thyroid volume and nodule prevalence were
also reported in patients with IR in an iodine-sufficient
area for the first time (11).

Previous studies support the concept that insulin
concurrently functions with TSH as a growth factor
and stimulates thyroid cell proliferation. This effect
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is partially mediated via insulin-like growth factor 1
(IGF1)-dependent mechanisms; therefore, IGF1 might
be involved in the pathogenesis of thyroid morpho-
logical abnormalities (11–15).

The reported clinical data about the association of
MetS and its related components (IR in first line) with
the thyroid gland function and morphology are
extremely rare. To date, no study was performed to
evaluate thyroid morphological alterations in patients
with MetS in an iodine-deficient area. The objective of
this study was to examine whether MetS and its related
components are associated with thyroid functional
and morphological changes in a mild-to-moderate
iodine-deficient area.
Subjects and methods

Study subjects

The study was a single-center, prospective case–control
study in patients with MetS syndrome. The Baskent
University Ethics Committee for Human Studies
approved the protocol. All participants provided
informed consent. Two hundred and seventy-eight
newly diagnosed euthyroid patients (age range, 18–74
years) with MetS who attended for regular follow-up at
the Endocrinology Department of Baskent University
Faculty of Medicine in Ankara, Turkey, between August
2007 and February 2009 were consecutively recruited
in the study. As a control group, 261 euthyroid control
subjects without known thyroid disease were recruited
from patients admitting to our family practice out-
patient clinic for check-up purposes. One control per
case was randomly selected after subjects were stratified
into !30, 30–39, 40–49, 50–59, and O60 year-old
age subgroups. The controls were matched to cases
according to age, gender, and smoking habits with the
cases in this manner.

Euthyroidism was defined as TSH (reference range,
0.35–4.0 mIU/l), free tri-iodothyronine (FT3; reference
range, 1.71–4.71 pg/ml), and free thyroxine (FT4;
reference range, 0.8–1.9 ng/dl) within the normal
reference range. The diagnostic criteria proposed by
the ATP III of the National Cholesterol Education
Program have been used for the definition of MetS:
i) abdominal obesity, defined as a waist circumference
(WC) in men O102 cm and in women O88 cm;
ii) serum triglycerides (TGs) R150 mg/dl or greater;
iii) serum high-density lipoprotein (HDL) in men
!40 mg/dl and in women !40 mg/dl; iv) blood
pressure R130/85 mmHg; and v) fasting plasma
glucose R110 mg/dl (16).

The inclusion criteria were aged between 18 and 75
years. Subjects with any of the following characteristics
were excluded from the study: subjects with history of
thyroid disease, overt or subclinical hyperthyroidism
and hypothyroidism (as defined by suppressed or
elevated TSH levels respectively), previous T4
www.eje-online.org
suppression therapy at any time, high thyroid autoanti-
body titers or history of neck irradiation or surgery were
excluded. Patients were also excluded if they exhibited
endocrine obesity, diabetes mellitus, pregnancy and
lactation, hepatic or renal dysfunction, and history of
heart failure or significant neurological or psychological
illness (depression, epilepsy, schizophrenia) that will
have an impact on thyroid function tests.
Anthropometric measurements

Measurements of subjects’ height, weight, and WC were
recorded by the same doctor. WC was measured with a
folding tape at the natural waistline (the level of the
umbilicus) in a horizontal plane. Body mass index (BMI)
was obtained by dividing the body weight (kg) by the
square of height (m). Each subject’s fat mass (FM),
percentage body fat, and free FM were recorded using a
body composition analyzer (Tanita TBF-300, Tanita
Corp., Tokyo, Japan).

Thyroid function and morphology

Turkey was a moderately iodine-deficient area before
mandatory iodization (average urinary iodine concen-
tration 25.5 mg/l). Furthermore, in 1999, an obligatory
model of iodine prophylaxis was initiated with iodiza-
tion of household salt. The area is mildly iodine deficient
(average urinary iodine concentration 92 mg/l) at the
moment (17, 18).

Thyroid ultrasonography of all subjects was per-
formed by the same physician (S A) using a 10-MHz
linear probe (Logiq 5 Pro, GE Medical Systems, WI,
USA). Volumes of thyroid glands and nodules were
calculated according to the ellipsoid formula: volume
(ml)Zdepth (cm)!width (cm)!length (cm)!p/6
(19). All patients with thyroid nodules O1 cm were
offered to undergo fine needle aspiration biopsy (FNAB).
Laboratory analysis

Each venous sample was drawn after a minimum
fasting period of 12 h. All samples were collected
between 0800 and 0900 h. Thyroid function was
evaluated by measuring FT4, FT3, and TSH using
immunochemoluminescent assays by an automated
analyzer (Immulite 2000; Diagnostic Products Corp.,
Los Angeles, CA, USA). Thyroid antibodies (antithyroid
peroxidase (normal range: !50 U/ml) and antithy-
roglobulin (normal range: !40 U/ml)) were measured
by immunochemoluminescent assays employing com-
mercial kits (Diagnostic Products Corp). A blood sample
was obtained to measure serum concentrations of
fasting glucose and insulin, HDL cholesterol (HDL-C),
low-density lipoprotein cholesterol (LDL-C), and TGs
together with thyroid function tests and thyroid
antibodies. IR was estimated based on calculation of
the homeostasis model assessment (HOMA) index for
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Table 1 Clinical, laboratory, and thyroid ultrasonography charac-
teristics of study subjects (data are given as meanGS.D. as
appropriate).

MetS (C)
(nZ278)

MetS (K)
(nZ261) P value

Male/female 92/186 80/181 O0.05
Age (years) 43.0G13.7 42.3G13.5 O0.05
Smoking (%) 57 43 O0.05
BMI (kg/m2) 32.9G5.5 26.5G5.1 !0.0001
WC (cm) 104.7G12.2 87.2G13.0 !0.0001
FFM (kg) 54.1G11.3 48.0G7.3 !0.0001
FM (kg) 34.5G10.7 30.0G10.7 0.016
FBG (mg/dl) 101.9G13.6 91.0G10.3 !0.0001
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each patient. This was done using the formula: (fasting
plasma insulin (IU/ml)!fasting plasma glucose
(mmol/l))O22.5 (20).

Serum glucose was measured by the glucose oxidase
technique (Roche Diagnostics GmbH). The serum
insulin level was assayed with a solid-phase competitive
chemiluminescent enzyme immunoassay (Diagnostic
Product Corp). Total cholesterol, HDL-C, and TG
concentrations were measured by enzymatic assay
(Boehringer, Mannheim, Germany). LDL-C was
calculated using Friedewald’s formula: (LDL-CZtotal
cholesterolK(HDL-CCTG/5)).
Hypertension (%) 55.8 8.8 !0.0001
HDL-C (mg/dl) 40.3G10.17 50.4G13.5 !0.0001
LDL-C (mg/dl) 134.5G31.3 122.4G35.3 !0.0001
TG (mg/dl) 174.8G81.5 101.9G51.1 !0.0001
Fasting insulin (IU/ml) 14.6G10.2 7.1G6.4 !0.0001
HOMA-IR 3.7G2.8 1.6G1.5 !0.0001
IR (%) 70.4 8 !0.0001
TSH (mIU/l) 1.6G0.9 1.3G0.7 !0.0001
FT3 (pg/ml) 3.0G0.6 2.8G0.4 O0.05
FT4 (ng/ml) 1.1G0.2 1.1G0.2 O0.05
Thyroid volume (ml) 17.5G5.5 12.2G4.2 !0.0001
Nodule (%) 50.4 14.6 !0.0001
Nodule !1 cm 38.5% 40.1% O0.05

MetS, metabolic syndrome; BMI, body mass index; WC, waist circumference;
FFM, free fat mass; FM, fat mass; FBG, fasting blood glucose; HDL-C, high-
density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol;
TG, triglyceride; HOMA-IR, homeostasis model assessment of insulin
resistance; FT3, free T3; FT4, free T4.
Statistical analysis

All continuous data were expressed as the meanGS.D.
Data were analyzed with SPSS software (Statistical
Package for the Social Sciences, version 11.0, SSPS
Inc., Chicago, IL, USA). Statistical comparisons were
performed by means of independent samples’ t-tests for
data with a normal distribution and c2 tests for
percentages. Pearson’s correlation test was performed
for correlation analysis. In the final multivariate analysis
model, predictors of increased thyroid volume and
nodule formation were selected based on both their
clinical and statistical significance. A backward elimin-
ation method was applied with these results to select the
most important predictor variables for thyroid volume
change and the presence of thyroid nodule. Multiple
linear regression analysis was used for the assessment
of independent predictors of thyroid volume. Predictors
of the presence of thyroid nodule were assessed by
multivariate binary logistic regression analysis. Because
of perfect collinearity between WC and BMI, and between
IR and fasting plasma insulin levels, BMI and plasma
insulin levels were excluded from the analysis. Variables
that have a P value of %0.20 in univariate analysis
were included into the final multivariate model.
A P value!0.05 was considered statistically significant.
Results

Baseline characteristics of study population

Study population characteristics are depicted in Table 1.
As noted, the study included a total of 539 patients
(278 in MetS group and 261 in control group). Among
the 278 patients with MetS in the study, 92 (33.1%)
were male and 186 (66.9%) were female. There were
261 control subjects, of whom 80 (30.7%) were male
and 181 (69.3%) were female. Groups were matched for
age, gender, and smoking habits. BMI, WC, systolic and
diastolic blood pressures, and FM were significantly
higher in MetS group than in control group. Fasting
blood glucose (FBG), fasting insulin, HOMA-IR, LDL-C,
and TG levels were also higher and HDL-C was lower in
MetS group.
Thyroid function and morphology

Serum concentrations of FT3 and FT4 were not
significantly different between MetS and control groups
(Table 1). Mean TSH level in MetS group was higher
than control group (1.56G0.85 vs 1.33G0.73 mIU/l,
P!0.0001). As shown in Table 1, mean thyroid
volume was significantly higher in MetS patients than
in controls (17.5G5.5 vs 12.2G4.2 ml, P!0.0001).
Percentage of patients with thyroid nodules was also
significantly higher in MetS patients than in controls
(50.4 vs 14.6%, P!0.0001). The size of the nodule
was !1 cm in 38.5% of patients with MetS and 40.1%
of control subjects (PO0.05). In comparison of MetS
and control groups, subjects were stratified into !30,
30–39, 40–49, 50–59, and O60 year-old age
subgroups; in all age subgroups, thyroid volumes and
percentage of patients with thyroid nodules were
significantly higher in patients with MetS than in
controls. All study subjects were also divided into two
groups with respect to the presence of IR. As depicted
in Table 2, subjects with IR (nZ213) had increased
thyroid volumes (17.6G5.5 vs 13.3G5.0 ml,
P!0.0001) and nodule formation (48.3 vs 22.6%,
P!0.0001) compared with subjects without IR
(nZ326). The odds ratio (OR) for the development of
thyroid nodule in the presence of IR was 3.2 (95%
confidence interval).
www.eje-online.org
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Table 2 Thyroid morphological changes in respect to insulin resistance (IR; data are given as meanGS.D. as appropriate).

Thyroid nodule Thyroid volume (ml)

Age groups (n) Present (%) IR (C) Absent (%) IR (K)
P value
(nodule) IR (C) IR (K) P value (volume)

!30 (nZ101) 38.5 10.30 0.001 17.9G4.8 13.3G3.6 !0.0001
30–39 (nZ149) 37.3 13.60 0.001 17.9G5.5 13.9G4.5 !0.0001
40–49 (nZ92) 50.0 23.1 0.008 18.1G5.2 13.8G5.9 0.001
50–59 (nZ119) 59.6 37.5 0.015 18.1G5.9 13.5G5.5 !0.0001
O60 (nZ78) 65.4 30.6 0.004 14.9G6.1 11.3G5.3 0.017
Total (nZ539) 48.3 22.6 !0.0001 17.6G5.5 13.3G5.0 !0.0001
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As shown in Table 3, in univariate analysis, serum
TSH was positively and significantly correlated with
BMI (rZ0.176, P!0.0001), WC (rZ0.118,
PZ0.007), and FM (rZ0.164, PZ0.042). There was
no correlation between HOMA-IR and TSH. Thyroid
volume was significantly higher in smokers compared
with nonsmokers (15.9G5.4 vs 14.6G5.6, PZ0.02).
Thyroid volume was significantly correlated with TSH
(rZ0.146, PZ0.001) and with related components of
MetS (BMI (rZ0.355, P!0.0001), WC (rZ0.458,
P!0.0001), hypertension (P!0.0001), FBG
(rZ0.146, PZ0.001), HDL (rZ-0.214, P!0.0001),
serum TG (rZ0.018, P!0.0001), and HOMA-IR
(rZ0.215, P!0.0001)). Multiple linear regression
analysis was used for the assessment of independent
predictors of thyroid volume (Table 4). Variables that
have a P value of %0.20 in univariate analysis were
included in the final multivariate model. Among the
variables mentioned above, WC, IR, serum TGs, and
smoking remained independently correlated with
thyroid volume (bZ0.335, P!0.0001; bZ0.143,
PZ0.004; bZ0.136, PZ0.003; bZ0.092, PZ0.029
respectively). Predictors of the thyroid nodule formation
were assessed by multivariate binary logistic regression
analysis (Table 5). In the multivariate model, IR,
hypertension, and FBG (bZ0.62, PZ0.005; bZ1.04,
P!0.001; bZ0.02, PZ0.035 respectively) remained
Table 3 The relation between components of metabolic syndrome an

TSH

P value r

WC (cm) 0.007 0.118
FBG (mg/dl) 0.834 0.009
HDL (mg/dl) 0.533 K0.29
LDL (mg/dl) 0.282 K0.049
TG (mg/dl) 0.415 0.036
Hypertension 0.681
Fasting insulin 0.929 0.004
HOMA-IR 0.870 K0.008
IR 0.103
BMI (kg/m2) !0.0001 0.176
FM (kg) 0.042 0.161
FFM (kg) 0.053 0.157

WC, waist circumference; FBG, fasting blood glucose; HDL-C, high-density lipo
HOMA-IR, homeostasis model assessment of insulin resistance; BMI, body ma

www.eje-online.org
independently correlated with thyroid nodule forma-
tion, providing evidence that IR is an independent risk
factor for nodule formation.

All patients with thyroid nodules O1 cm were offered
to undergo FNAB. Three thyroid cancer cases were
diagnosed in 38 MetS patients (7.9%) with thyroid
nodules undergoing FNAB, while none of the biopsied
control subjects (nZ22) with thyroid nodules had
thyroid cancer.
Discussion

MetS is a cluster of risk factors including increased blood
pressure, abdominal obesity, lipid abnormalities, and
impaired glucose metabolism. Individuals with MetS
have much higher risk for cardiovascular diseases (1).
Thyroid hormones appear to serve as a general
metabolic controller coordinating many metabolic
processes and, as shown in previous studies, they may
be associated with MetS and/or its related components
(11, 21–23). Recently, an intriguing area of research in
thyroidology is the association of MetS (or its related
components) with thyroid functional/morphological
abnormalities (11). In almost all of these studies,
consistent relationship between obesity and thyroid
functional changes was reported, thus supporting the
d thyroid morphological changes along with TSH.

Thyroid volume
Thyroid nodule

P value r P value

!0.0001 0.458 !0.0001
0.001 0.146 !0.0001

!0.0001 K0.214 0.160
0.707 K0.018 0.022

!0.0001 0.304 0.003
!0.0001 !0.0001
!0.0001 0.246 !0.0001
!0.0001 0.215 0.007
!0.0001 !0.0001
!0.0001 0.355 !0.0001

0.444 0.064 0.220
0.002 0.256 0.960

protein cholesterol; LDL, low-density lipoprotein cholesterol; TG, triglyceride;
ss index; FM, fat mass; FFM, free fat mass.
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Table 4 Multiple linear regression analysis for the assessment of independent predictors of thyroid volume.

Thyroid volume

b S.E.M. t P value 95% CI

WC 0.335 0.018 6.881 !0.0001 0.089–0.161
TG 0.136 0.003 2.982 0.003 0.003–0.016
IR 0.143 0.564 2.872 0.004 0.512–2.731
Smoking 0.092 0.538 2.189 0.029 0.120–2.234

WC, waist circumference; TG, triglyceride; IR, insulin resistance; CI, confidence interval for b.

Table 5 Multivariate binary logistic regression analysis for the
assessment of independent predictors of thyroid nodule formation.

Thyroid nodule

b S.E.M. P value OR (95% CI)

Hypertension 1.035 0.217 !0.001 2.81 (1.84–4.31)
FBG 0.018 0.009 0.035 1.02 (1.00–1.04)
IR 0.623 0.222 0.005 1.87 (1.21–2.88)

OR, odds ratio; CI, confidence interval for b; FBG, fasting blood glucose;
IR, insulin resistance.
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hypothesis that the axis involving the hypothalamus,
the pituitary, the thyroid, and the adipose tissue was
somehow disrupted (8, 9). Although previous studies
evaluating thyroid functional changes in obese patients
reported discrepant findings, the most consistently
reported finding is that the serum levels of TSH are
higher in obese patients than in healthy controls (3–7).
Unlike TSH, data regarding the circulating levels of free
thyroid hormones are discrepant between different
studies, which reported either increased or decreased
serum concentrations of FT3 or FT4 (3–5). Previous
studies have shown that low normal free thyroid
hormone levels and/or elevated TSH levels were
significantly associated with MetS and its components
(5–7, 24–26). In our study, we could not find an
association between serum-free thyroid hormones (FT4

and FT3) and the presence of MetS diagnosis. But we
found that serum TSH level was higher in patients with
MetS than in controls, and TSH level was significantly
positively correlated with BMI and WC. There have been
some studies suggesting that some humoral or hormo-
nal mediators from adipose tissue stimulate the
hypothalamus–pituitary–thyroid axis in order to
increase TSH secretion (3, 27). The main suspected
mechanism is a possible relationship between leptin and
the thyroid hormones. There is possibly a relationship
between leptin and the thyroid hormones via an
influence of leptin on the negative feedback regulation
of thyroid hormones. Leptin regulates TRH expression
(28). Recent evidence has suggested that the relation-
ship between leptin levels and FM is curvilinear, so that
leptin secretion increases exponentially with increasing
FM (29). Insulin also increases total leptin levels (30).
Thus, increased FM along with IR in MetS patients may
contribute to increased serum TSH levels via effects on
serum leptin concentrations (31). The relationship
between increased TSH levels with BMI can also be
expressed in the reverse manner. Animal and human
studies have yielded convincing evidence that adipo-
cytes and preadipocytes express TSH receptors (32).
The action of TSH on its receptors in fat tissue induces
differentiation of preadipocytes into adipocytes, causing
stimulation of adipogenesis (33). All of these reciprocal
mechanisms suggest that leptin and the thyroid axis
maintain a complex and dual relationship and it
might be proposed that a ‘hypothalamic–pituitary–
thyroid–adipose axis’ exists.
In a previous report by Rezzonico et al., patients with
IR have larger thyroid volumes and higher risk for
formation of thyroid nodules (11). Our study yielded a
comparable result with a previous report by Rezzonico
et al. indicating that subjects with IR have a larger
thyroid gland volume by ultrasound and have a
significantly increased thyroid nodule prevalence. The
corresponding OR for the development of thyroid
nodule formation in our study was 3.1.

TSH is a major hormone that plays an important role
in regulating the growth and differentiation of thyroid
cells (34). Our study further confirmed that increased
serum TSH is an independent risk factor for thyroid
volume increase in patients with MetS. Besides TSH, all
related components of MetS were significantly associ-
ated with increased thyroid volume. However, in our
study, we could not find an association between TSH
and thyroid nodule formation. Our study suggests that
increased thyroid volume in patients with MetS is
related to TSH. However, TSH-independent mechanisms
might be involved in thyroid nodule formation in
patients with MetS.

IGF1 is actively involved in the TSH-mediated
proliferation of thyrocytes. Insulin/IGF1-signaling
pathway has long been known to modulate the
regulation of thyroid gene expression and might be
considered as additional important factors in thyrocyte
proliferation and differentiation (35, 36). TSH is a well-
known mitogen in the presence of insulin in cell
cultures, and it also suppresses apoptotic cell death in
response to various stimuli (37). Although causal
relationship was not specifically raised, numerous
studies put an association between thyroid volume
and BMI. In most of these studies, thyroid volume is
significantly positively correlated with BMI (38, 39).
www.eje-online.org
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Our data suggest that among typical metabolic
abnormalities of MetS, IR- and MetS-related com-
ponents may contribute to increased thyroid volume
and nodule prevalence. In multivariate analysis, among
the variables that will have an effect on nodule
formation, IR, but not TSH, was associated with
increased nodule formation. These data are in agree-
ment with results of Rezzonico et al. that highlighted
the insulin level as predictor of thyroid volume increase.

MetS has been associated with high risks of several
common adult cancers. Although exact molecular
mechanisms and the pathophysiology responsible for
increased risk are not fully understood, the most likely
mechanism seems to be IR (40). Although the
mortality rate has remained stable, the incidence of
thyroid cancer is rising (41). Similarly, in the USA, the
prevalence of obesity has increased from 15.3% in
1995 to 23.9% in 2005 (42). Although this recent rise
in thyroid cancer is likely related to improved imaging
modalities, altered histopathologic criteria for diagnosis
of thyroid cancer, and nuclear exposure, it should be
questioned whether there are other modifiable risk
factors contributing to this increased risk (41, 43). In a
very recent analysis, a significant association of IR with
differentiated thyroid cancer was reported by Rezzonico
et al. They concluded that a high prevalence of IR
would be an important risk factor for developing
differentiated thyroid cancer, as it is well known with
some other nonthyroid carcinomas (44). Three malig-
nant thyroid nodules by FNAB were found in 3 out of
29 (7.1%) thyroid nodules. None of the biopsied
patients in the control group were found to have
thyroid cancer. In our unpublished unselected case
series within the same period of present study,
malignancy detection rate was 2.7% in patients with
nodular thyroid disease who underwent FNAB.
Although our sample size might not have been
sufficient to detect a small difference in observed
malignancy between groups if one existed, this issue
warrants further studies with larger sample size in
order to reach a definite conclusion whether thyroid
cancer rate is increased in patients with MetS or not.
Conclusion

Our study is a case–control study performed in subjects
admitted to hospital, but, to our knowledge, this is the
largest prospective study that has investigated the
association of MetS and its components with morpho-
logical abnormalities of the thyroid gland. MetS patients
had similar serum FT4 concentrations with control
subjects. On the other hand, patients with MetS showed
significantly higher serum concentrations of TSH when
compared with healthy controls. Both thyroid volume
and nodule prevalence were increased in MetS patients.
Our study also showed that subjects with IR exhibited a
higher significant relative risk for thyroid nodule
www.eje-online.org
formations and thyroid volume increase. Our data
further emphasize the possible pivotal role of insulin/
IGF1 axis in thyroid volume and nodule formation.
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