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Introducing the Thyroid Gland as Another Victim
of the Insulin Resistance Syndrome
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Background: Insulin is a thyroid growth factor that stimulates proliferation of thyroid cells in culture. In order to
evaluate the effects of insulin resistance (IR) on the thyroid gland, we developed a prospective study in euthyroid women.
Methods: One hundred eleven women (mean age 32.2 ± 7 years) were evaluated by a thyroid ultrasound (US)
and basal and postprandial serum insulin. Subjects were divided into four groups as follows: G1 (n ¼ 42),
subjects with IR and obesity; G2 (n ¼ 21), subjects with obesity without IR; G3 (n ¼ 17), subjects with IR and
normal weight; and G4 (n ¼ 31) control group (without IR and obesity).
Results: The thyroid volume (TV), measured by US, showed the following values: G1, 17 ± 3 mL; G2, 13.8 ±
2.8 mL; G3, 16.2 ± 2.1 mL; and G4,12.1 ± 2.4 mL. There was no significant difference in TV between G1 and G3,
but differences between G1 and G2, and between G3 and G4 were significant at p < 0.05. The percentage of
nodular thyroid glands observed by US in each group was as follows: G1, 50%; G2, 23.8%; G3, 61%; G4, 16.1%.
Again, the differences between G1 and G2 and between G3 and G4 were statistically significant ( p < 0.005 and
p < 0.001, respectively, for each comparison).
Conclusions: It is concluded that the higher circulating levels of insulin cause increased thyroid proliferation.
The clinical manifestations are the larger thyroid volume and the formation of nodules. Thus, the thyroid gland
appears to be another victim of the insulin resistance syndrome.

In order to evaluate the effects of IR on the thyroid gland we
developed a prospective study in euthyroid women.

Introduction

I

nsulin resistance (IR) is a characteristic feature of most
patients with type 2 diabetes mellitus, simple obesity,
polycystic ovarian syndrome, and impaired glucose tolerance, as well as other disorders (1). Decreased insulin sensitivity is the central feature of this syndrome. In recent years,
the general concept has emerged that chronic activation of the
pro-inflammatory pathway can be a mechanism for insulin
resistance (2). Various studies have implicated chronic activation of the NF-kB pro-inflammatory pathway and=or JNK1
as underlying mechanisms, and most of these studies have
focused on activation of this pathway within insulin target
tissues (adipose, liver, and muscle) as an etiologic mechanism
(2). It is well known that insulin acts as a growth factor that
stimulates cell proliferation. It has been observed that insulin
receptors are overexpressed in most thyroid tumors as an
early step in thyroid carcinogenesis (3). However, the reported data on the effects of hyperinsulinemia on the thyroid
gland are scarce (3,4).

Subjects and Methods
Subjects
One hundred eleven women (mean age 32.2  7 years)
living in an iodine-sufficient area (5) were included in this
study. To be included in this protocol, subjects had to have 1)
normal thyroid function (euthyroidism was defined as normal thyrotropin [TSH], triiodothyronine [T3], and thyroxine
[T4] levels); 2) normal thyroid gland palpation; 3) negative
titers of antithyroid antibodies (TPOAb); 4) no past history of
having received any thyroid and=or homeopathic medications.
Subjects were divided into four groups as follows: G1
(n ¼ 42), subjects with IR and obesity; G2 (n ¼ 21), subjects
with obesity without IR; G3 (n ¼ 17), subjects with IR and
normal weight; and G4 (n ¼ 31), control group (without IR
and obesity).
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Table 1. Clinical Characteristics in the 111 Women Included in the Studya

n
Age (years)
Weight (kg)
Height (m)
BMI (kg=m2)

G1

G2

G3

G4

42
31.2  9
89.8  13
1.602  0.05
35  3

21
34.2  8
92.3  12
1.598  0.04
36  5

17
32.2  7
65.9  5.9
1.606  0.04
25  6

31
31.2  5
62.2  5
1.602  0.04
25  2

a
G1, subjects with insulin resistance (IR) and obesity; G2, subjects with obesity without IR; G3, subjects with IR and normal weight; G4,
control group (without IR and obesity); BMI, body mass index.

All subjects gave written voluntary consent to participate in
the study. Procedures were applied in agreement with the
ethical guidelines of our institution.
Anthropometric measurements
Body weights (kg) and heights (cm) were measured without shoes and=or cap. Body mass index (BMI) was expressed
as weight per height squared (kg=m2). Obesity was defined as
a BMI > 30.

Glycemia determination techniques. Glycemia was determined using the GOD=PAP automated method (SEA-PAK
Plus, Bayer Corporation, manufactured in Sées, Industrial
Area, France). Spectrophotometer sensitivity at 505 nm is
0.70 mg=dL.
TSH, T3, T4, and TPOAb assessment. The thyroid hormones, TSH and TPOAb were measured by electrochemiluminescent technology with an automatic analyzer (Roche
Diagnostics Elecsys 2010 Immunoassay System, Mannheim,
Germany).

Biochemical evaluations
All blood samples were taken between 8:00 and 9:00 AM
after 12 hours of fasting. After collection, serum samples were
stored at 208C until assayed.
Basal and 2-hour postprandial glycemia and insulinemia
were monitored. The postprandial samples were obtained
2 hours after a standard mixed meal intake (6,7). Breakfast
included proteins, carbohydrates, and fats.
Insulin determination techniques. Insulin was determined by a two-site chemiluminescent immunometric assay
with solid phase anti-insulin murine monoclonal antibodies
and sheep polyclonal anti-insulin antibodies, and mouse
monoclonal anti-insulin antibodies conjugated with calf intestine alkaline phosphatase in buffer solution (IMMULITE
INSULIN, Diagnostic Products Corporations, Los Angeles,
CA), with 2 mIU=mL sensitivity. Intra-assay precision of the
equipment used was 6.4% and 5.3% for 7.39 and 300 mIU=mL
values, respectively. Total precision was 8% and 7% for 7.39
and 300 mIU=mL values, respectively.
Hyperinsulinemia was considered when basal levels were
> 20 mIU=mL or > 60 mIU=mL in the postprandial state.

Evaluation of the thyroid gland morphology
Thyroid ultrasound scanning (US) was performed in all
patients by using a 7.5 MHz linear transducer. Thyroid volume (TV) was calculated by the elliptical shape volume formula (0.479lengthwidthheight) for each lobe (8). Normal
thyroid gland was evaluated by palpation performed by a
senior endocrinologist. We considered as thyroid nodules all
the US nodular lesions > 3 mm.
Statistical analysis
Results are expressed as means  SD. Between-group
comparisons were made using Student t test for independent
samples of cases of normal distribution. The Wilcoxon ranksum test was used for independent samples of cases of abnormal distribution. The chi-square test was used for nominal
variables. The level of significance was set at 0.05.
Results
Clinical characteristics of the 111 women are described in
Table 1. There were no significant differences when age was

Table 2. Laboratory Values in the 111 Subjects Included in the Studya

n
B glucose (mg=dL)
PP glucose (mg=dL)
B insulinemia (mU=mL)
PP insulinemia (mU=mL)
T3 (ng=dL)
T4 (mg=dL)
TSH (mU=mL)

G1

G2

G3

G4

42
91.1  7.4
112.7  20.2
23.2  11.1
119.2  55.3
114.3  17.8
8.2  1
2.26  0.9

21
87.4  13.1
97.7  10.4
12.7  7.2
35.5  13
131.2  26.4
7.8  0.52
2.3  0.89

17
85.4  11.7
97.2  14.5
21.4  12.7
79.5  22
117.8  15
7.9  1.27
2.27  1

31
84.1  7.3
91.6  10
7.0  4.1
20.5  10.2
120.7  17
7.8  1.1
2.21  0.72

a
G1, subjects with insulin resistance (IR) and obesity; G2, subjects with obesity without IR; G3, subjects with IR and normal weight; G4,
control group (without IR and obesity); B, basal; PP, postprandial; T3, triiodothyronine; T4, thyroxine; TSH, thyrotropin.

INSULIN RESISTANCE AND THE THYROID GLAND
considered among groups, and when weight and BMI were
considered between G1 and G2 ( p ¼ ns) and between G3 and
G4 ( p ¼ ns). However, as expected, there was a statistically
significant difference when weight and BMI were considered
between G1 and G3 ( p < 0.01) and between G2 and G4
( p < 0.02).
Laboratory values in each group are described in Table 2. It
can be observed that women with hyperinsulinemia had
significantly higher levels of postprandial insulinemia than
women without IR. Serum thyroid hormones and TSH were
not significantly different among groups.
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Thyroid abnormalities
Biological and morphological thyroid evaluation was performed in all 111 subjects. The TV, measured by US, showed
the following values: G1, 17  3 mL; G2, 13.8  2.8 mL; G3,
16.2  2.1 mL; and G4:12.1  2.4 mL. There was no significant
difference when TV was considered between G1 and G3 (both
groups with IR), while comparison between G1 and G2 (both
obese but with or without IR, disclosed a p value < 0.05).
Equally, comparison between G3 and G4 (both with normal
weight but with or without IR, disclosed a p value < 0.05)
(Table 3).
The percentage of nodular thyroid glands observed by US
in each group was as follows: G1, 50%; G2, 23.8%; G3, 61%;
and G4, 16.1%. Again, the differences between G1 and G2 and
between G3 and G4 were statistically significant ( p < 0.005
and p < 0.001, respectively, for each comparison) (Table 3 and
Fig. 1). The mean number of thyroid nodules in both IR
groups (G1 and G3) was near three, while in the groups
without IR (G2 and G4), the average was 1.5. When we considered the percentage of nodules greater than 10 mm, they
were observed in 30% of G1, 35% of G3, and in 5% and 7% of
G2 and G4, respectively.
Discussion
Insulin resistance syndrome, as described by Reaven (9), is
a cluster of risk factors for coronary artery disease. This
pathological condition is characterized by an inadequate
physiological response of peripheral tissues to circulating insulin and results in metabolic and hemodynamic disturbances
(10). Hyperinsulinemia has also characteristically been found
in subjects with type 2 diabetes as a result of insulin resistance,
which is considered to be of primary importance in the
pathogenesis of diabetes (11,12).
Table 3. Thyroid Morphology in the 111 Subjects
Included in the Studya

n
TV (mL)b
Thyroid
nodules (%)c

G1

G2

G3

G4

42
17  3
50

21
13.8  2.8
23.8

17
16.2  2.1
61

31
12.1  2.4
16.1

a
G1, subjects with insulin resistance (IR) and obesity; G2, subjects
with obesity without IR; G3, subjects with IR and normal weight; G4,
control group (without IR and obesity); TV, thyroid volume.
b
Statistical comparison for TV: G1 vs. G3, p ¼ ns; G1 vs. G2,
p < 0.05; G3 vs. G4, p < 0.05; G2 vs. G4, p ¼ ns.
c
Statistical comparison for thyroid nodules: G1 vs. G3, p ¼ ns; G1
vs. G2, p < 0.005; G3 vs. G4, p < 0.001; G2 vs. G4, p ¼ ns.
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FIG. 1. Frequency of thyroid nodules diagnosed by ultrasonography in the 111 subjects included in the study. G1,
subjects with insulin resistance (IR) and obesity; G2, subjects
with obesity without IR; G3, subjects with IR and normal
weight; G4, control group (without IR and obesity).

On the other side, insulin resistance is a characteristic feature of most patients with simple obesity, polycystic ovarian
syndrome, and impaired glucose tolerance, as well as other
disorders (1). In recent years, the general concept has emerged
that chronic activation of the pro-inflammatory pathway can
be a mechanism for insulin resistance (13). There is scarce
information on the effect of hyperinsulinemia in the development of thyroid nodules or thyroid cancer. However, it has
been shown that insulin receptors are overexpressed in most
thyroid tumors as an early step in thyroid carcinogenesis (3).
The role of overexpressed insulin receptors is not clear, because insulin is not locally produced in these tumors. One
possibility is that these receptors may contribute to transmit
the mitogenic signals of insulin homolog IGF-1 and IGF-2,
produced locally in thyroid cancers (14). IGFs are potent mitogenic and anti-apoptotic factors that play a major role in a
variety of human malignancies (15). Both IGFs are believed to
signal through the IGF-2 receptor, because they have a low
affinity for insulin receptors (16,17). However, paracrine
mechanisms were recently identified for the interaction of
IGFs with the mentioned receptor (18,19).
On the other hand, it is well known that the frequency of
thyroid disorders in acromegalic patients is higher than that
observed in normal subjects (20,21). Sustained exposure to
high serum IGF-1 levels is likely to play a role in the development of thyroid proliferation in this disease. An additive
role for the autocrine=paracrine action of locally produced
IGF-1 is also possible (14). This situation could be similar to
that observed in subjects with insulin resistance syndrome.
Thus, hyperinsulinemia might act by increasing thyroid proliferation, independently of the patient BMI.
The results of our study provide support for an association
between hyperinsulinemia, in the females with insulin resistance, and the thyroid volume and the thyroid nodularity
among these patients. Undoubtedly, those subjects with thyroid nodules had increased prevalence of significantly higher
baseline and postprandial serum insulin levels.

4
In conclusion, higher circulating levels of insulin might be
causing increased thyroid proliferation. The clinical manifestations are the larger thyroid volume and the formation of
nodules. This goitrogenic action of insulin would be another
risk factor for those patients with IR. Then, the thyroid gland
appears to be another victim of the insulin resistance syndrome.
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