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Effect of metformin on thyroid stimulating 
hormone and thyroid volume in patients 
with prediabetes: A randomized 
placebo-controlled clinical trial

Mozhgan Karimifar, Ashraf Aminorroaya, Masoud Amini, Taghi Mirfendereski, Bijan Iraj, Awat Feizi1, Atsa Norozi
Isfahan Endocrine and Metabolism Research Centre, 1Department of Biostatistic and Epidemiology, School of Health, Isfahan University 
of Medical Sciences, Isfahan, Iran

It is supposed that functional changes in the thyroid 
gland might have cooperation with metabolic syndrome 
and its related components including, obesity, IR, lipid 
and glucose metabolism abnormalities, and high blood 
pressure.[4] In patients with IR, the prevalence of goiter 
and thyroid nodule is likely more common.[5] Insulin-like 
growth factor-1 (IGF-1) is an important hypertrophic and 
cell cycle progression factor for a number of cell types. 
It was previously pointed out that thyroid stimulating 
hormone (TSH) in association with insulin or IGF-1 
stimulates cell cycle progression and proliferation in 
various thyroid cell culture systems. The IGF system 
includes a network of ligands (IGF-1 and IGF-2), 
which are very similar to insulin; IGF-1 receptor, has 
structural similarity with the insulin receptor. Insulin/
IGF-1 signaling pathway has long been known to 
modulate regulation of thyroid gene expression and 
might be considered as additional important factors 
in thyroid cell proliferation and differentiation. Very 
recently, an elegant cell culture work by Malaguarnera 

INTRODUCTION

Prediabetes is defined as impaired fasting plasma 
glucose (FPG) (100 mg/dL≤FPG≤125 mg/dL) and/
or impaired glucose tolerance (IGT), 2-h postglucose 
values of 140-199 mg/dl during oral glucose tolerance 
test (OGTT) with 75 g glucose.[1] Prediabetes is a kind 
of insulin resistance (IR), a condition in which people 
have plasma glucose concentration higher than normal, 
but not high enough to be classified as diabetes. Persons 
with prediabetes have an increased risk of developing 
type 2 diabetes, heart and cerebrovascular diseases. IR is 
characterized by an inadequate physiological response 
of peripheral tissues to circulating insulin and results 
in metabolic and hemodynamic disturbances.[2] While 
prediabetic people could not manage to maintain, the 
appropriate degree of hyperinsulinemia, they may 
develop type 2 diabetes.[3]

Background: The people with prediabetes have insulin resistance (IR). IR may affect thyroid function, size and nodules. We 
investigated the effects of metformin on the thyroid gland in prediabetic people. Materials and Methods: In a randomized, 
double-blind placebo-control clinical trial, 89 people with prediabetes, aged 18-65 years were studied for 3 months. They 
were divided into two, metformin (n = 43) and placebo (n = 46) treated groups. Serum thyroid stimulating hormone (TSH) 
was measured and thyroid nodules and volume was studied by ultrasonography. The data were compared between and within 
groups, before and after the study. Results: Mean of the baseline characteristics in metformin and placebo-treated groups 
had no statistically significant difference. At the end of the study, serum TSH was not significantly different between the two 
groups. However, if the TSH range was divided into two low normal (0.3-2.5 µU/ml) and high-normal (2.6-5.5 µU/ml) ranges, 
significant decrease was observed in metformin-treated group with a high-normal basal serum TSH (P = 0.01). Thyroid volume 
did not change in metformin-treated group. However, in placebo-treated group, the thyroid was enlarged (P = 0.03). In 53.9% 
of participants, thyroid nodule was observed. There was just a decrease in the volume of small solid (not mixed) nodules from 
median of 0.07 ml to 0.04 ml in metformin-treated group (P = 0.01). Conclusion: In prediabetic people, metformin decreases 
serum TSH, only, in those people with TSH >2.5 µU/ml and reduces the size of small solid thyroid nodules. It also prevents 
an increase in the thyroid volume.
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et al. showed that insulin receptor isoforms, IGF-1 receptor, 
IGF-1 and IGF-2, were expressed at high concentrations in 
thyroid follicular cell precursors and highly decreased in 
differentiating cells. Insulin and IGFs promoted the growth 
of thyroid cancer precursors.[6]

Patients with IR are candidates to receive metformin that 
decreases IR.[7]

As the prevalence of diabetes mellitus and thyroid disease 
is relatively high in Isfahan[8-10] and as far as we know, 
the effect of metformin on thyroid function of patients 
with prediabetes has not been studied yet, we decided 
to investigate, prospectively, the effect of metformin on 
the thyroid gland (volume and function) in prediabetic 
patients.

MATERIALS AND METHODS

Subjects
Our study was a randomized double-blind placebo-
controlled clinical trial. People with prediabetes (impaired 
FPG [100-125 mg/dl] and/or IGT [2-h postglucose 
values of 140-199 mg/dl during OGTT) and being 
18-65 years-old were, initially, included in the study. A total 
of 124 participants during April 2013 to March 2014 were, 
randomly, enrolled (62 people in each group); however, 
only 89 people completed the 3-month follow-up period. 
The randomization method was computer-based generated. 
Patients and study personnel were blinded to treatment 
assignment.

Why some participants did not finish, the study is being 
mentioned later in the text. The participants were selected 
among the first-degree relatives of type-2 diabetes mellitus 
who are being screened for a diabetes primary preventive 
program in Isfahan Endocrine and Metabolism Research 
Center.

Those patients with thyroid malignancy or any 
other malignancies, previous use of levothyroxine 
for suppression therapy at any time, obesity due to 
endocrine disorders, pregnancy and lactation, liver 
failure, neurological or psychological disorders 
(depression, epilepsy, schizophrenia), heart failure, 
hypothyroidism or hyperthyroidism, smoking and 
exposure to iodinated contrast material in the previous 6 
months were excluded from the study. Serum creatinine 
≥1.4 mg/dl in women and ≥1.5 mg/dl in men was among 
the exclusion criteria.

The Ethics Committee of Isfahan University of Medical 
Sciences approved this study, and written informed consent 
was obtained from all study participants.

Thirty-five people dropped out of the study. The subjects 
excluded were 19 in metformin-treated group (Group  I). 
Two persons failed to take the medication, and 4 did 
not come for follow-up visits, 1 developed subclinical 
hyperthyroidism, 2 got new onset diabetes, 3 people were 
prescribed levothyroxine by another physician, 1 participant 
had a retro-sternal goiter with pressure effect on the trachea 
and had been referred to a surgeon, 6 persons had drug 
intolerance (gastrointestinal upset and malaise).

Sixteen people were excluded in the placebo-treated group 
(Group II). Three persons failed to take the medication, 4 
participants were not willing to continue the study, 2 of 
them developed the new onset diabetes, 1 person had been 
prescribed levothyroxine by another physician, 2  people 
had normal glucose tolerance test (GTT), 1 person had 
drug intolerance (gastrointestinal upset), 1 participant 
had subclinical hypothyroidism and 2 did not come for 
follow-up visits.

Methods
Anthropometric measurements
Measurements of height and body weight of participants 
were recorded by a physician using Secca scale. Body 
weights (kg) and heights (m) were measured without 
shoes and/or cap. Body mass index (BMI) was obtained by 
dividing the body weight (kg) to the square of height (m).

Interventions
Pretreatment baseline evaluation and a 12-week 
treatment period with visits at 4, 8, and 12 weeks after 
random assignment were done in our center by the 
same doctor (MK). Drug adherence was assessed by 
pills count. In both groups, we prescribed 500 mg of 
either metformin or placebo, with weekly increment of 
1 tablet (500 mg) consequently to achieve the ultimate 
dose of 1500 mg in participants whom tolerate this dose-
escalation protocol.

In people whom could not tolerate the final dose of 
metformin, they continued with the lower tolerable dose. 
If even 500 mg of medication was not tolerable, they were 
excluded (6 people in metformin-treated and 1 person in 
placebo-treated group).

Biochemical evaluations
After taking history and a physical examination, blood 
samples were taken between 8:00 and 9:00 a.m., after 8-h of 
overnight fasting, and stored in −20°C at Isfahan Endocrine 
and Metabolism Research Center laboratory. For each 
patient laboratory tests were performed within a week 
(Creatinine, FPG, T3, T4, TSH, T3RU, antithyroperoxidase 
antibodies [TPO-Ab], thyroglobulin antibody [TgAb], 
insulin, HbA1C, and GTT). TPO-Ab and TgAb positive 
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were defined as the concentration higher than 60 IU/ml 
according to the used lab kit.

All the laboratory tests, but GTT were repeated 3 months 
later. Thyroid function tests were performed using 
immunoassay system by an automated analyzer, Siemens 
2010 (ADVIA Centaur CP Immunoassay System). Plasma 
glucose was measured by the glucose oxidase technique 
(by Pars azmun kit, Iran). IR was estimated based on the 
calculation of the homeostasis model assessment (HOMA) 
index for each participant. HOMA-IR calculated by 
using the formula: (Fasting plasma insulin [mU/L] × FPG 
[mmol/L]) ÷ 22.5.[11]

Evaluation of the thyroid gland morphology
Thyroid ultrasonography was performed by one radiologist, 
who was blind to all clinical conditions of the participants, 
using a 7-9 MHz linear probe (Logiq 500 Pro, GE Medical 
Systems, WI, USA). Volume of thyroid gland and nodules 
were calculated according to the ellipsoid formula: Volume 
(mL) = depth (cm) × width (cm) × length (cm) × π/6 for each 
lobe. Thyroid volume was expressed as ml. All patients 
with thyroid nodules ≥1 cm or having suspicious criteria 
of malignancy on sonography report were suggested to 
undergo fine needle aspiration biopsy.

Statistical analysis
All continuous data were expressed as the mean ± standard 
error of the mean, and/or median and range. Qualitative 
variables were reported as percentage and number. Data 
were analyzed with SPSS software (Statistical Package 
for the Social Sciences, version 13, SSPS Inc., Chicago, IL, 
USA). Statistical comparisons were performed by means 
of independent samples’ t-test for quantitative data with 
a normal distribution and Chi-square, or Fisher exact tests 
were used to compare qualitative variables between the 
two groups. Paired t-test was used to do within group 
comparisons in terms of numerical variables with the 
normal distribution. To compare the numerical variables, 
not normally distributed, between and within groups, the 
Mann-Whitney U and the Wilcoxon signed-rank tests were 
used, respectively. To calculate the correlation coefficient, 
Pearson’s correlation coefficient was used. P < 0.05 were 
considered as statistically, significant.

RESULTS

The baseline characteristics of participants in the metformin 
and placebo-treated groups are shown in Table 1. There was 
no statistically significant difference between baseline age, 
weight, BMI, TSH level, thyroid volume, nodule diameter, 
FPG and HOMA-IR between the two groups (NS). At 
basal the mean of HbA1c was 5.6% ± 0.09% in metformin-
treated group versus 5.4% ± 0.08% in placebo-treated group 

(P = 0.2). It was 5.44% ± 0.06% in metformin-treated group 
after intervention and 5.38% ± 0.09% after receiving placebo 
(P = 0.06).

After 3 months of follow-up, the metformin group did 
not show any significant decrement on TSH level over all. 

Table 1: Baseline characteristics of prediabetic people 
treated by metformin or placebo
Characteristics Treatment group
Groups (people) Metformin 

(n = 43)
Placebo 
(n = 46)

P

Women/men (n [%]) 39 (91)/4 (9) 38 (83)/8 (17) 0.3
Age (years)

Mean±SEM 51.1±1.22 47.7±1.36 0.07
Median 51 47.5
Range 36-65 24-64

Weight (kg)
Mean±SEM 73.4±2.1 74.5±2 0.7
Median 72.5 74
Range 50-111.1 49-117

BMI (kg/m2)
Mean±SEM 30.5±0.7 29.84±0.7 0.53
Median 29.6 29.9
Range 21.5-43 18.7-41

TSH (µU/mL)
Mean±SEM 2.02±0.16 2.14±0.19 0.63
Median 1.8 1.7
Range 0.35-5.5 0.39-5.5

Thyroid volume at onset (ml)
Mean±SEM 8.46±0.67 8.8±0.56 0.7
Median 7.35 8.1
Range 2.2-23.5 3.3-21.5

TPO-Ab
Mean±SEM 167.23±56.34 182.82±53.28 0.84
Median 37 37
Range 37-1300 37-1300

TgAb
Mean±SEM 72.38±16.72 57.84±12.09 0.75
Median 24 20.5
Range 7.5-500 4-301

FPG
Mean±SEM 105.63±1.98 102.09±2.27 0.2
Median 108 104
Range 87-125 83-125

BS-2 h OGTT
Mean±SEM 134.56±5.16 125.71±4.82 0.2
Median 129 122.5
Range 77-199 73-193

HOMA-IR
Mean±SEM 3.26±0.25 2.71±0.17 0.07
Median 3.15 2.43
Range 0.64-6.91 0.62-6.23

FPG = Fasting plasma glucose; SEM = Standard error of the mean; BMI = Body mass 
index; TSH = Thyroid-stimulating hormone; TPO-Ab = Thyroperoxidase antibodies; 
TgAb = Thyroglobulin antibody; BS-2 h OGTT = The 2-h plasma glucose value after a 
75-g oral glucose tolerance test; HOMA-IR = Homeostasis model assessment-insulin 
resistance
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However, after dividing them according to their baseline 
serum TSH to two subgroups of 0.3-2.5 µU/ml and 
2.6-5.5 µU/ml, TSH level revealed statistically, a significant 
reduction in those with higher baseline serum TSH level 
(P = 0.01) [Table 2 and Figure 1].

At the end of 3 months, there were no significant differences 
in the posttreatment thyroid volume in metformin-treated 
group (P = 0.3). However, there were a significant increase 
in the posttreatment thyroid volume in placebo-treated 
group (P = 0.03) [Table 3 and Figure 2].

The median baseline nodules size in metformin-treated group 
and placebo-treated group was 0.16 ml (range, 0.002-7.46 ml) 
and 0.13 ml (range, 0.01-1 ml), respectively. After 3 months 
of treatment, the median size were 0.1 ml (range, 0-6.3 ml) 
and 0.05 ml (range, 0-1 ml), respectively. However, there 
were no significant differences in the posttreatment volume 
of nodules in both groups [Table 4]. Among the 89 patients 
with prediabetes, 53.9% had thyroid nodules (29.21% in 
metformin-treated group and 24.72% in placebo-treated 
group). Seventeen persons (19.1%) had one thyroid nodule 
and 31 (34.8%) had multinodules. In the metformin-treated 
group, 17 people (39.5%) had no nodules on the thyroid 

Table 2: Changes in TSH levels after 3 months of follow-up between prediabetic participants treated with metformin 
and placebo
TSH range TSH = 0.3−5.5 TSH = 0.3−2.5 TSH = 2.6−5.5
Groups (patients) Group I€ (n = 43) Group IIα (n = 46) Group I (n = 32) Group II (n = 32) Group I (n = 11) Group II (n = 14)
TSH (µU/ml) pretreatment

Median 1.8 1.7 1.6 1.4 3.1 3.55
Range 0.35-5.5 0.39-5.5 0.35-2.5 0.39-2.34 2.6-5.5 2.6-5.5

TSH (µU/ml) posttreatment
Median 1.7 1.7 1.7 1.4 2.85 3.25
Range 0.6-5.5 0.8-4.7 0.6-4.35 0.8-3.75 1.5-4.5 1.5-4.7

P* 0.4 0.6 0.06 0.18 S 0.01 0.06
€Group I = Patients with prediabetes who received metformin (M); αGroup II = Patients with prediabetes who received placebo; TSH = Thyroid-stimulating hormone; S = Significant 
means P < 0.05; *Using Wilcoxon signed ranks test

Figure 1: Changes in thyroid stimulating hormone levels after 3 months of 
follow-up between prediabetic participants treated with metformin and placebo

Figure 2: Median thyroid volume (ml) before and after 3 months of treatment 
with metformin or placebo in people with prediabetes

gland, 9 (21%) persons had one thyroid nodule and 17 (39.5%) 
people had multinodules. In the placebo-treated group, 24 
patients (52.2. %) had no nodules on the thyroid gland, 8 
(17.4%) persons had one thyroid nodule and 14 (30.4%) 
persons had multinodules. The numbers of selected nodules 
were 52. At the end of the study, no significant differences 
in nodule size was observed between the two groups, but 
when the solid nodules were separated from mixed nodules 
(solid and cystic), there was statistically, significant reduction 
in the volume of solid nodules in metformin-treated group 
(P = 0.01) [Table 5 and Figure 3].

In metformin-treated group, the mean of HOMA-IR, 
before and after-treatment was 3.26 ± 0.25 and 2.56 ± 1.3, 
respectively (P = 0.001). However, in placebo-treated group, 
there was no difference before and after the treatment 
(2.7 ± 0.17 vs. 2.27 ± 0.19, P = 0.073) [Table 6].

Fine-needle aspiration biopsy had been performed for 9 
cases (10.1%) (7 cases [7.09%] in metformin-treated group 
and 2 cases [3.01%] in placebo-treated group) due to nodule 
size (≥1 cm) and other ultra-sonic criteria of malignant 
nodule, which all of them were benign. Some of the 
participants were not keen for doing procedure. Pearson’s 
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correlation between Δ HOMA-IR and Δ TSH in metformin 
and placebo group were (r = 0.13, P = 0.4) and (r = −0.02, 
P = 0.9), respectively.

At basal TPO-Ab was positive in 9 people (49.3%) in 
metformin-treated group and 13 persons (50.7%) in placebo-
treated group (P = 0.84). After intervention, it was 56.5% and 
43.5%, respectively. However, percentage of the changes in 
TPO-Ab positivity was not different statistically between 
metformin and placebo-treated groups (P = 0.9).

At basal TgAb was positive in 13 people (30.2%) in 
metformin-treated group and 10 persons (45.5%) in placebo-
treated group (P = 0.75). After prescribing metformin 
and placebo, it was 54.1% and 49.5%, respectively. The 
percentage of changes in TgAb positivity was not different 
statistically between metformin and placebo-treated groups 
(P = 0.09).

There were no statistically, significant changes between 
FPG, HbA1c and BMI before and after treatment in both 
metformin and placebo-treated group (data not shown). 
However, HOMA-IR decreased in metformin-treated group 
[Table 6].

DISCUSSION

The people who recruited to this study are from Isfahan 
city. They are using iodized salt since 1989 and are 
iodine sufficient according to median urinary iodine 
concentration in different surveys since that time.[9,10] It is 
supposed that the effect of iodine insufficiency on thyroid 
volume must have been eliminated during such long 
period. Although, goiter prevalence is still high in this city 
and investigating the other causes of thyroid enlargement 
rather than iodine deficiency should be sought.[10] One 
of these factors might be IR, that has to be studied here. 

Table 5: Changes on volume of thyroid solid nodules 
after 3 months of follow-up between prediabetic people 
treated by metformin and placebo
Groups nodules 
(n = 27)

Metformin-treated 
(n = 16)

Placebo-treated 
(n = 11)

Nodule volume 
pretreatment (ml)

Median 0.07 0.05
Range 0.005-0.6 0.01-0.5

Nodule volume 
posttreatment (ml)

Median 0.04 0.07
Range 0.005-0.44 0.01-0.6

P* S 0.01 0.75
S = Significant means P < 0.05; *From Wilcoxon signed ranks test

Table 6: Changes of, HOMA-IR, before and after 
3 months of follow-up between prediabetic people 
treated by metformin or placebo
Groups (patients) Metformin (n = 43) Placebo (n = 46)
HOMA-IR pre

Mean±SEM 3.26±0.25 2.7±0.17
Median 3.15 2.43
Range 0.64-6.91 0.62-6.23

HOMA-IR post
Mean±SEM 2.56±1.3 2.27±0.19
Median 2.35 2.05
Range 0.66-6.27 0.35-5.96

P* S 0.001 0.07
SEM = Standard error of the mean; HOMA-IR = Homeostasis model assessment-
insulin resistance; *S = Significant means P < 0.05; *Paired t-test

Table 3: Changes on thyroid gland volume after 3 months 
of follow-up between prediabetic participants treated by 
metformin and placebo
Groups (participants) 
(n = 89)

Mean ± SEM (ml) P
Pretreatment Posttreatment

Metformin (n = 43) 8.46±0.72 8.8±0.7 0.3*

Placebo (n = 46) 8.7±0.72 9.23±0.7 S 0.03**
SEM = Standard error of the mean; S = Significant means P < 0.05; *From Wilcoxon 
signed ranks test; **From independent samples test

Table 4: Changes on volume of nodules after 3 months 
of follow-up between prediabetic people treated 
by metformin and placebo
Treatment groups nodules 
(n = 52)

Metformin 
(n = 35)

Placebo 
(n = 17)

Pretreatment
Nodule volume (mean ± SEM) 0.82±0.29 0.26±0.07
Median 0.16 0.13
Range 0.002-7.46 0.01-1

Posttreatment (ml)
Nodule volume (mean ± SEM) 0.67±0.23 0.17±0.06
Median 0.1 0.05
Range 0-6.3 0-1
P* 0.2 0.08

SEM = Standard error of the mean; *From Wilcoxon signed ranks test

Figure 3: Changes on volume of thyroid solid nodules after 3 months of follow-up 
between prediabetic people treated by metformin and placebo
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Obesity and obesity-associated IR are increasing in Iran 
including Isfahan in recent years.[12]

In some case-control studies which have been conducted in 
Isfahan city, the role of thyroid autoimmunity as the cause of 
goiter has been shown.[9,10,13,14] The concentrations of TPO-Ab 
and TgAb in prediabetic participants were shown in Table 1.

There was no difference between two groups from view 
point of autoimmunity. Metformin did not affect on thyroid 
autoimmunity at least in this short period (3 months). It 
seems the effect of metformin on TSH >2.5 µU/ml and 
thyroid volume must be independent of autoimmunity.

However, TSH has been recognized as the main growth 
factor for thyroid cells, although, this interpretation does 
not explain the role of TSH-dependent and independent 
mechanisms and positive, negative signaling interaction.
[11] TSH is not only involved in the control of differentiated 
functions, but also regulates the expression of growth 
factors and their receptors.[15,16] This has been demonstrated, 
for example, for the expression of epidermal growth factor 
receptors,[17] and for IGF-I-dependent signaling.[18] Actually, 
TSH promotes the insulin, IGF-I signaling.[19-22] Moreover, 
exposure to TSH-or cyclic adenosine monophosphate 
-elevating agents increase the responsiveness of thyroid 
cells to stimulation with insulin, IGF-I, and IGF-II.[20] 
Accumulated evidence indicates that IGF-I-dependent, 
TSH-independent signaling may be of major importance 
for growth regulation of the human thyroid gland. This 
assumption is supported by the findings in conditions 
not accompanied by increased TSH secretion, such as in 
acromegaly, in which high intrathyroidal IGF-I levels may 
contribute to the enlargement of the thyroid.[23] Thus, TSH 
induces the expression of growth factors and their receptors 
and may contribute to an increased responsiveness to 
growth factor-stimulated tyrosine kinase signaling, which 
consequently will stimulate tissue proliferation via the 
other pathways.

Duntas et al.[24] have proposed, an emerging hypothesis 
to explain the effect of metformin on TSH involves the 
action of metformin on 5´-adenosine monophosphate 
activated protein kinase (AMPK). AMPK regulates cellular 
metabolism and integrates nutritional and hormonal 
signals in the hypothalamus, being a central target for both 
modulation of insulin sensitivity and feedback of thyroid 
hormones on appetite and energy expenditure. Peripherally, 
AMPK is dose and time dependently stimulated by tri-
iodothyronine (T3).

In our study, metformin has decreased HOMA-IR, an index 
of IR. However, it has no statistically significant change 
on FPG, HbA1c and BMI. It suggests that the effect of 

metformin on TSH >2.5 µU/ml and thyroid volume and 
small thyroid nodule volume must probably be through 
insulin, IGF-I and their receptors. Our study supports 
that the metformin has a more strong regulatory effect on 
hormonal signal in the hypothalamus in comparison with 
cellular metabolism and nutritional signals.[24]

In the liver, metformin suppresses hepatic gluconeogenesis 
by activating AMPK. The opposite effect is observed in 
the central nervous system where metformin inhibits 
hypothalamic AMPK.[25] Although, few studies on the 
regulation of the hypothalamic isoforms (a1 and a2) 
of AMPK are available, the results provided by 
López et al.[26] support the concept that the effects of 
metformin on hypothalamic AMPK activity can counteract 
T3 effects at the hypothalamic level. As an alternative 
hypothesis, the central effect of metformin could be 
mediated by a reduction of circulating fatty acids.[27]

Some studies on the TSH effect of metformin in diabetic 
patients had been conducted.[7,24,28]

With our best knowledge, the study on the effect of 
metformin on TSH and thyroid volume of prediabetic 
people had not been conducted, previously.

In our study, in which the effect of metformin compared 
with placebo on TSH and thyroid volume of prediabetic 
people was investigated. After 3 months of treatment, 
a significant decrease in TSH levels did not observe. 
However, when the TSH range was divided into two low 
and high-normal ranges, a decrease in TSH was significantly 
observed only in those patients with a basal high-normal 
TSH concentration [Table 2 and Figure 1]. There was also 
slightly increased thyroid volume in both groups that were 
significant in placebo-treated group [Table 3 and Figure 2]. 
In addition, a significant reduction was seen in the size of 
small solid nodules in metformin-treated group, compared 
with placebo-treated group [Tables 4, 5 and Figure 3].

In a retrospective study, conducted in Italy by Cappelli et al., 
TSH levels in diabetic patients treated with metformin were 
studied, and they concluded that a significant reduction of 
TSH was seen in patients who had high-normal serum TSH 
(2.5-4.5 [µU/ml]).[28]

The result of our study is similar to Cappelli et al. study; 
however, it has some differences. First of all, our patients 
had prediabetes, and the study was prospective. In our 
study, 11 participants had TSH levels in the range of 2.5-5.5 
(µU/ml). There was a significant decrease in TSH level after 
treatment with metformin (3.1 µU/ml vs. 2.85 µU/ml, P = 
0.01). However, such a reduction in placebo-treated group 
was not observed.
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In a study by Rezzónico et al., in 14 insulin resistant women 
that treated with metformin for 6 months compared with 
15 female patients who were not treated, they found that 
TSH levels were not significantly different. However, the 
volume of small solid nodules in the metformin group, 
significantly decreased.[29]

In our study, from 89 patients, 48 patients had thyroid 
nodules, 26 patients in metformin-treated group and 22 
patients were in placebo-treated group. In some patients, 
due to multiple nodules, comparison of volume of nodules 
before and after treatment was not possible. Therefore only 
nodules in 33 of the patients were compared. The numbers 
of selected nodules were 52.

At the end of the treatment, there were no significant 
differences in the posttreatment thyroid nodule size between 
two groups, but when the solid nodules were separated from 
mixed nodules (solid and cystic), there were statistically 
significant reduction in the volume of solid nodules in 
metformin-treated group. This means that a total of 27 
nodules were studied, 16 in metformin-treated group and 11 
were in placebo-treated group and a significant reduction in 
volume of solid nodule was observed (P = 0.017) [Table 5].

In a study by Imani et al., on thyroid of 263 people in the 
normal population of Isfahan, Iran, who 54% and 46% of 
the population were male and female, respectively, the 
prevalence of thyroid nodules by ultrasound was 22.4%. 
Among this normal population, 11.4% (n = 30) had one 
thyroid nodule and 8.7% (n = 23) had multinodules. The 
prevalence of thyroid nodules in males and females were 
16.3% and 30%, respectively.[30] In our study, 13.5% and 
86.5% of patient were male and female, respectively. The 
prevalence of thyroid nodules was 53.9%.

In our study, 19.1% (n = 17) and 34.8% (n = 31) of patients 
had one thyroid nodule and multinodules, respectively. The 
prevalence of thyroid nodules in males and females were 
58.4% (n = 7) and 53.2% (n = 41) respectively. Our prediabetic 
participants are recruited from the same population 
(Isfahan city). However, the prevalence of thyroid nodule 
by ultrasonography is 53.9% versus 22.4%. It is much higher 
than the normal population. This difference suggests the 
role of some factors like IR in the pathogenesis of thyroid 
nodule formation which is more common in prediabetic 
people in comparison with normal population.

Since, in prediabetic participants, the prevalence of thyroid 
nodule in male and female is almost equal (58.4% in men vs. 
53.2% in women), it seems that the presence of IR blunts the 
effect of gender on thyroid nodule formation. However, in 
the normal population of Isfahan, its prevalence in women 
is twice as men.

In a Turkish study on 124 patients with prediabetes by 
Anil et al., the percentage of patients with thyroid nodules 
in the prediabetes and control group was 51.3% and 
23.7%, respectively (P < 0.001).[31] In the present study, the 
prevalence of thyroid nodules in patients with prediabetes 
was 53.9%. The prevalence of thyroid nodules in prediabetic 
people in Iran and Turkey is similar to each other.

In a meta-analysis study by Lupoli et al., they concluded 
that the metformin induces a reduction in TSH levels both 
in overt and in subclinical hypothyroidism. In contrast, no 
change in TSH levels was found in euthyroid people.[32] In 
the present study, the effect of metformin compared with 
placebo on TSH and thyroid volume of prediabetic people 
who were euthyroid. We did not include hypothyroid 
patients. After 3 months of treatment, a significant decrease 
in TSH levels did not observe. In future study, hypothyroid 
prediabetic people should also be included in order to let us 
compare the findings with other similar researches.

Our study has some limitations. 3 months of study 
period, might be too short to observe the changes in 
thyroid volume and nodule size. The numbers of male 
participants in this study was low. However, as the 
thyroid disease is more prevalent in the female people 
and the tendency of women to participate in the research 
projects, it is expected to have such gender differences 
in future studies. However, bigger sample size may help 
solve the problem.

CONCLUSION

In prediabetic people, metformin decreases serum TSH in 
those with TSH >2.5 µU/ml and reduces the size of small solid 
thyroid nodules. It also prevents an increase in the thyroid 
volume. This effect might be through the decrease in IR and 
hormonal not nutritional and metabolic signals regulation.
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