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Abstract: Objective: Patients with impaired glucose metabolism have increased thyroid volume
and a higher prevalence of nodules. Yet, some studies show that there is an improvement in the-
se thyroid parameters after diabetes treatment. Our observational study aimed to reveal the ef-
fect of treatment on thyroid function, thyroid volume, and the presence of nodules in newly di-
agnosed type 2 diabetes mellitus (T2DM) patients who were started on metformin treatment.

Methods: Euthyroid and subclinically hypothyroid patients with a serum TSH level of <10 mU/L,
who were newly diagnosed with T2DM and started on metformin as an antidiabetic treatment and
not used any thyroid medication previously, were included in our study. Patients' characteristics
were recorded. Baseline and 6™-month serum thyroid function tests were scheduled. Baseline and
6"-month thyroid gland characteristics were examined by thyroid ultrasonography.

Results: A total of 101 (37 males, 64 females) newly diagnosed T2DM patients with euthyroid
(n=95) or subclinical hypothyroidism (n=6) were included in the study. The mean age of the pa-
tients was 53.02 = 11.9 years, and the mean BMI was 29.60 = 3.9 kg/m”. Fifty-two (52%) patients
were classified as obese. Body weight, BMI, serum TSH, ALT, Anti-TPO levels, and thyroid vol-
ume decreased significantly in the 6"-month compared to baseline values (p = 0.000; p = 0.000; p
=0.011; p = 0.022; p = 0.000, respectively). Serum anti-Tg, fT4, fT3 levels, and thyroid nodule
count did not change significantly. A high agreement was found between the baseline and 6™
month nodule counts (gamma= 0.886; p < 0.001) and the presence of multi-nodularity in the thy-
roid (gamma= 0.941; p < 0.001), but no significant change was observed. Anti-TPO levels showed
a significant decrease in both with and without obesity groups at the end of 6 months (p = 0.003, p
= 0.009, respectively). Serum TSH level decreased significantly only in non-obese subjects (p =
0.004), and thyroid volume decreased significantly only in obese subjects (p = 0.000).

Conclusion: Our results suggest that metformin treatment significantly reduces body weight,
BMI, thyroid volume, and serum TSH, ALT, and Anti-TPO levels in patients with newly diag-
nosed T2DM. Moreover, serum TSH levels showed a significant decrease in non-obese sub-
jects, while thyroid volume showed a significant decrease in obese subjects.
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1. INTRODUCTION

1

It is well documented that most of the hormones in the

Type 2 diabetes mellitus (T2DM) is a heterogeneous dis-
ease, and its etiology is likely to involve multiple primary
genetic and environmental factors leading to relative insulin
deficiency. These patients are generally adults with obesity
and may present with a progressive decrease in beta cell ca-
pacity and hyperglycemia that worsens over time [1, 2].
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body, due to their antagonistic effects against insulin, lead to
an increase in hepatic glucose output and a decrease in its
use in peripheral tissues (particularly in muscle and adipose
tissue). Hence, some endocrinological diseases (e.g., acro-
megaly, Cushing's syndrome, hyperthyroidism, hypothyroid-
ism, polycystic ovary syndrome (PCOS), hypogonadism and
other hormonally active neuroendocrine tumors) lead to fluc-
tuations in insulin sensitivity [3]. The association of insulin
resistance (IR) with thyroid function and morphologic ab-
normalities has been an interesting area of research in recent
years, and increased insulin levels due to IR have led to in-
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creased levels of insulin-like growth factor-1 (IGF-1). More-
over, IGF-1 plays a significant role in the hypertrophy and
progression of a variety of cell types, including thyroid cells.
Experimental evidence suggests that both insulin and IGF-1
modulate the regulation of thyroid gene expression and that
high levels of insulin and/or glucose can lead to the prolif-
eration of thyroid cells by affecting cellular energy metabo-
lism. The progression of the thyroid cell cycle depends on
the combined activity of thyroid stimulating hormone (TSH)
and insulin/IGF-1, all of which function as co-mitogenic
factors. Insulin also increases the mitogenic activity of
growth factors. Although the proliferative properties of insu-
lin and IGF-1 are well-known, the impact of these parame-
ters on total thyroid volume is not clear. Nonetheless, some
studies have revealed that increased thyroid volume is asso-
ciated with impaired glucose metabolism [4-6]. Individuals
with hyperinsulinemia had a larger thyroid gland and a high-
er prevalence of thyroid nodules and cancers [7, 8]. TSH and
the insulin/IGF1 axis play a key role in nodule formation.
The classical Thyroid Stimulating Hormone Receptor
(TSHR), mitogen-activated protein kinase (MAPK), and
mammalian target of rapamycin (mTOR) pathways act to
modulate the regulation of thyroid gene expression and other
processes that may be involved in thyrocyte proliferation,
differentiation, and malignant transformation [9, 10].

Thyroid dysfunction is also more common in diabetic
patients than in the general population [11, 12]. In a region
with mild to moderate iodine deficiency, mean serum TSH
level, thyroid volume, and nodule prevalence have been
shown to be significantly increased in patients with prediabe-
tes and T2DM compared to the control group [6]. In the
study, significant increases were observed in the median
thyroid volume of adult patients with both T2DM and T1DM
who did not have overt thyroid disease but were referred to
the study due to poor glycemic control or diabetic complica-
tions, compared to the control group and thyroid nodules and
goiter were more common in the population with T2DM [4,
5]. Both a systematic review and a case-control study
showed a statistically significant increased risk of thyroid
cancer due to high thyroid volume in individuals with diabe-
tes compared to non-diabetics [10, 11].

Metformin is the most commonly prescribed antidiabetic
drug in T2DM. At the cellular level, it acts by indirectly ac-
tivating AMP-activated protein kinase (AMPK) and partially
inhibiting glycerol phosphate dehydrogenase (m-GDP). It
has a suppressive effect on lipid and cholesterol biosynthesis
through transient inhibition of mitochondrial respiratory
chain complex 1 [13]. Metformin is a hydrophilic drug that
exists mainly in a positively charged form under physiologi-
cal conditions. Intestinal absorption of metformin is mediat-
ed primarily by the plasma membrane monoamine trans-
porter (PMAT, SLC29A4 gene), which is localized on the
luminal side of enterocytes. Organic cation transporter 1
(OCT1, SLC22A1 gene) is expressed on the basolateral
membrane of enterocytes and may be responsible for the
transport of metformin into the interstitial fluid. The primary
mediator of hepatic metformin uptake is OCT1 and possibly
OCT3 (SLC22A3 gene) expressed in the basolateral mem-
brane of hepatocytes [14].

Some studies conducted with metformin in recent years
have demonstrated that it has antitumor, anti-aging, cardio-
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vascular protection, and neuroprotective properties, which
occur through its positive effect on AMPK [15]. Experi-
mental studies have demonstrated that metformin has an in-
hibitory effect on the growth of human thyroid cells. Thus, it
has been hypothesized that the association between T2DM
and goiter, if present, could be modulated by metformin use
[16]. In a study using data from a population-based German
cohort study on T2DM, metformin was shown to have a goi-
ter-inhibiting effect [13]. Several in vitro and in vivo studies
have shown that metformin can inhibit the growth of thyroid
cells and different types of thyroid cancer cells by affecting
the insulin/IGF1 and mTOR signaling pathways [17, 18].
Furthermore, metformin treatment caused a decrease in se-
rum TSH levels in diabetic patients, possibly by enhancing
the effects of thyroid hormones in the pituitary and activat-
ing AMPK [9]. Based on this evidence, metformin appears
to be a promising therapeutic tool in patients with thyroid
disease.

It has also been shown that metformin decreases serum
TSH levels in women with subclinical hypothyroidism (SH)
and diabetes/ impaired fasting glucose (IFG) but does not
affect thyroid hormone and prolactin levels in men and
women. The results suggest that gender may determine the
effect of metformin on hypothalamic-pituitary-thyroid axis
activity [19]. Additionally, several studies have shown that
metformin reduces serum TSH levels in patients with overt
hypothyroidism. It has also been reported that metformin
may play a protective role against the growth of thyroid nod-
ules in patients without IR and may sensitize TSHR to TSH
by affecting the IRS1 phosphorylation pattern [20]. Howev-
er, the results show that metformin has a negligible effect on
hypothalamic-pituitary-thyroid axis activity in patients with
T2DM with subclinical hyperthyroidism than in patients
with untreated subclinical hyperthyroidism [21, 22].

Our study aimed to show the effect of metformin treat-
ment on thyroid function, thyroid volume, and the presence
of nodules in newly diagnosed T2DM patients who were
started on treatment in line with the data mentioned above.

2. MATERIALS AND METHODS
2.1. Study Design and Patient Selection

In this prospective study, 101 adults (37 males, 64 fe-
males) who were started on metformin for newly diagnosed
T2DM patients between March 2018 and October 2018 at
Cukurova University Balcali Hospital Internal Medicine out-
patient clinic were included as the case group. All patients
had been diagnosed with T2DM according to American Dia-
betes Association 2018 criteria [23]. In our study, we ex-
cluded patients who exhibited previously known thyroid
dysfunction. The study patients were selected from patients
whose serum TSH level is <10 mU/L [with euthyroid and
subclinical hypothyroidism) and who have not used any thy-
roid medication. Demographic characteristics, body mass
index (BMI), comorbidities, medications used, and starting
dose of metformin were recorded. Exclusion criteria were
defined as the use of drugs that may affect serum TSH lev-
els, such as oral contraceptives, the presence of chronic kid-
ney disease, chronic liver disease, heart failure, sepsis, preg-
nancy, and TIDM [24, 25]. During the follow-up period,
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follow-up was continued in a small number of patients who
needed other antidiabetic treatments in addition to metformin
treatment. Consent has been obtained from each patient or
subject after a full explanation of the purpose and nature of
all procedures used. The study was approved by the Cukuro-
va University Ethics Committee (date: April 13, 2018, meet-
ing number: 76, decision no: 101).

2.2. Measurement of Patients' Laboratory Parameters

In order to examine the baseline and 6™-month fasting
plasma glucose (FPG), HbAlc, complete blood count, blood
urea nitrogen (BUN), creatinine, Aspartate aminotransferase
(AST), Alanine aminotransferase (ALT), TSH, fT4, {T3,
Anti-TPO, and Anti-Tg levels, venous blood samples were
collected from patients in the morning after 8 hours of fast-
ing at night.

Insulin resistance was calculated using the Homeostatic Mod-
el Assessment - Insulin Resistance (HOMA-IR) formula [26]:

Patients with HOMA-IR= Fasting Glucose (mg/dL) X
Fasting Insulin (ulU/mL) / 405 >2.5 were considered insulin
resistance positive (HOMA-IR [+]).

Using the serum obtained after centrifugation of venous
blood taken into a gel biochemistry tube, fT;, fT4, TSH, An-
ti-TPO, and Anti-Tg levels were measured by chemilumi-
nescence technique via Beckman Coulter Unicel DXI800
device. In addition, glucose, BUN, creatinine, AST, and
ALT levels were measured in serum samples of all patients
with a Beckman Coulter AUS5S800 device. Glucose was
measured using the hexokinase method, while BUN was
measured using the urease, a colorimetric method. Creatinine
was measured using the kinetic alkaline picrate method,
ALT by UV without the PSP method, and AST by U without
the PSP method.

Hemoglobin and White blood cells (WBC) were meas-
ured with a Beckman Coulter Unicel DXH800 device. He-
moglobin was measured using the photometric method, and
WBC was measured using the electrical impedance method.
Hemoglobin Alc was measured using the HPLC-Boronate
Affinity method using Premier HB9210.

In accordance with hospital biochemistry laboratory cri-
teria, TSH: 0.35-4.2 mU/L, fT3: 2.3-4.2 pg/ml (0.53-6.45
pmol/L), and fT4: 0.89-1.8 ng/dl (11.45-23.16 pmol/L) were
considered normal serum values. Patients with serum TSH of
>4.20 mU/L and fT3 and fT4 values within normal ranges
were considered to have subclinical hypothyroidism [27, 28].

2.3. Ultrasonographic Evaluation of the Thyroid Gland
in Patients

Real-time US of the thyroid gland is usually performed
with high-resolution linear array transducers ranging from
7.5 to 10 MHz. High-resolution thyroid US is the most sensi-
tive method for the detection of nodules [29, 30].

The baseline and 6™-month thyroid volume, the presence
and number of nodules, the largest nodule diameter (mm),
and the presence of multi-nodularity of our patients were
examined via the GE Healthcare LOGIQ P6 Ultrasonogra-
phy Device from 2013. The same physician performed ex-
aminations to avoid practitioner-dependent variations. Dur-
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ing the procedure, the patients were placed in the supine po-
sition with their necks in slight extension. Thyroid volume
was calculated with the formula "depth (cm) x width (cm) x
length (cm) x w/6" [31]. For thyroid nodule size (mm), the
longest measured diameter of the nodule was considered.
Detection of two or more nodules on the thyroid US was
considered multinodular [32].

2.4. Statistical Analysis

The SPSS 20.0 package program was used for the statis-
tical analysis of the data. Categorical measurements were
expressed as numbers and percentages, while continuous
measurements were summarized as mean and standard de-
viation (median and minimum-maximum where necessary).
Gamma fit statistic was used to determine whether categori-
cal measurements changed during the follow-up period. In
the determination of whether the continuous measurements
changed during the follow-up period, the dependent samples
t-test was used if the assumptions were met, and the Wilcox-
on signed-rank test was used if the assumptions were not
met. Changes in continuous measurements over time were
obtained by subtracting the 6"-month measurement from the
baseline measurement. Independent samples t-test was used
to compare these differences between the groups. The results
were considered significant at p < 0.05 in all tests.

3. RESULTS

3.1. Demographic and Clinical Characteristics of the
Patients

A total of 101 newly diagnosed T2DM patients with eu-
thyroidism (n=95) or SH (n=6) were included in the study
(37 males (36.6%), 64 females (63.4%)). The clinical charac-
teristics of the patients at the beginning of the study are pre-
sented in Table 1.

The mean BMI of the patients was 29.60 + 3.9 kg/m’.
Fifty-two patients (52%) had obesity (BMI: 30.00-34.99
kg/m® in 41 patients, BMI: 35.00-39.99 kg/m”* in 8 patients,
and BMI >40.00 kg/m” in 3 patients). The baseline HOMA-
IR score was >2.5 in 79.4% of the patients. Thirty-six pa-
tients (35.6%) had no history of comorbidity. However, the
most common comorbidities were hypertension (41 patients,
40.6%) and hyperlipidemia (15 patients). Antihypertensive
medication use (41 patients, 40.6%) was the most common
additional medication (usually amlodipine, doxazosin, or
nebivolol). The metformin dose started at the beginning of
the study, and additional antidiabetics in the follow-up peri-
od are shown in Table 2. The majority of patients (78%)
used 2000 mg of metformin daily, and 73% of patients used
metformin as the only antidiabetic and did not require any
additional antidiabetic.

3.2. Changes in Biochemical Parameters and Thyroid
Function Tests of Patients Before and After Treatment

The white blood cell count (WBC), Hb, creatinine, AST,
fT4, T3, and Anti-Tg did not change significantly within 6
months of follow-up of the patients. The mean baseline body
weight of the patients was 83.57 + 10.61 kg, while the
month-6 value showed a significant decrease (81.77 £ 9.87)
compared to the baseline value (p = 0.000). In addition to
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Table 1. Baseline clinical characteristics of the patients (mean + SD)*.
Variables ** Euthyroid (n=95) Subclinical Hypothyroidism (n=6) Total (n=101)
Age (years) 53.39+11.63 47.17+14.87 53.02+11.9
Height (m) 1.68+0.07 1.65+0.10 1.68+0.08
Weight (kg) 83.58+10.05 84.00+14.24 83.57+10.61
BMI (kg/m®) 29.52+3.81 30.78+5.23 29.60+3.9
FPG (mmol/ L) 8.1+2.9 10.2+3.0 8.0+2.8
HbA lc (mmol/mol) 56+4 70+17 57+9
Insulin (pmol/ L) 92+55 125.5+121.7 94.7+62
Note: *Mean + standard deviation; ** BMI: Body Mass Index, FPG: Fasting Plasma Glucose, HbAlc: Hemoglobin A1C.
Table 2. The dose of metformin started at the beginning of the study and additional antidiabetics.
Metformin Dose n; % Additional Antidiabetics* n; %
500 mg/day 3;3% No 73;73%
1000 mg/day 14; 14% Thiazolidinedione 3;3%
2000 mg/day 78; 78% DPP4 inhibitor 9; 9%
850 mg/day 4; 4% SU or Glinid 2;2%
1700 mg/day 2;2% SGLT?2 inhibitor 1; 1%
- - Combined OAD 7; 7%
- - Baseline insulin 2;2%
- - Premix insulin 1; 1%
- - Intensive insulin 2;2%

Note: *DPP4: Dipeptidyl peptidase 4; SU: Sulfonylurea; SGLT2: Sodium glucose cotransporter 2; OAD: Oral antidiabetic.

body weight, BMI, FPG, HbAlc, ALT, TSH, Anti-TPO lev-
els, and thyroid volume showed a significant decrease. The
changes in the clinical findings of the patients before met-
formin treatment and at the 6™-month are shown in Table 3.

While the baseline serum TSH levels of the patients were
1.89 + 1.15 mU/L, the mean serum TSH level after 6 months of
follow-up was 1.67 £ 1.21 mU/L, and this decrease in serum
TSH level was significant (p = 0.011). The change in serum
TSH level during the study follow-up is shown in Fig. (1).

Since the numbers of patients with euthyroidism and SH
are very different from each other, and the number of pa-
tients with SH is very small, the effectiveness of metformin
treatment on thyroid hormones, thyroid volume and nodules
in these two patient groups could not be compared with each
other.

3.3. Ultrasonography Findings of Patients at the Beginning
and End of the Study

It was aimed to evaluate all patients with thyroid US at
baseline and month 6, but only 66 patients could be evaluat-
ed with US at baseline and month 6 due to patients lost to
follow-up. The maximum nodule diameter did not change

significantly during the 6 months of follow-up (p = 0.927).
While the mean thyroid volume of the patients was 13.60 +
8.01 mL, it was 10.25 + 6.63 mL in the 6‘h-month, and this
decrease was statistically significant (p = 0.000). The mean
decrease in thyroid volume observed throughout the study is
shown in Fig. (2).

A total of 35 patients who voluntarily discontinued fol-
low-up or could not be reached during the study could not
undergo thyroid US at 6 months. Therefore, only 66 of the
101 patients included in the study at baseline were able to
undergo thyroid US both at baseline and at 6 months. Thirty-
five of these 66 patients had no thyroid nodules at the start of
the study. Among patients with nodules at baseline (n=31),
11 patients had 1 nodule, 4 patients had 2 nodules, and 16
patients had 3 or more nodules. Following treatment, 1 nod-
ule in 4 patients and 2 nodules in 1 patient were free of nod-
ules after 6 months. While 5 patients had no nodules before
treatment, nodule formation was observed in these patients at
the 6™-month follow-up (1 of these patients developed 2
nodules). A high agreement was found between the baseline
and 6™-month nodule counts of the patients (gamma = 0.886,
p <0.001). Accordingly, there was no statistically significant
change in the number of nodules during the follow-up.
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Table 3. Changes in pre-treatment and post-treatment clinical and laboratory findings (mean + SD).

**Variables Pre-treatment Post-treatment *P
Weight (kg) 83.57+10.61 81.77+£9.87 0.000
BMI (kg/m2) 29.60+3.98 28.97+3.79 0.000
WBC (uL) 8.12+2.08 8.00+1.80 0.509
Hb (mmol/ L) 8.48+1.05 8.5+1.05 0.694
FPG (mmol/ L) 8.0+£2.7 6.5+1.8 0.000
HbA lc (mmol/mol) 58+4 46+4 0.000
Creatinine (umol/ L) 59+13.2 57.4+14.5 0.100
ALT (IU/L) 25.39+13.93 22.24+11.56 0.022
Vitamin B12 (pmol/L) 184.5+94 176+67 0.359
Total- C (mmol/ L) 5.5+1.5 5.47+1.26 0.630
LDL- C (mmol/ L) 3.6£1.3 3.48+1.13 0.367
HDL-C (mmol/ L) 1.1£0.2 1.1+£0.24 0.141
Triglyceride (mmol/ L) 1.97+1.08 1.8+0.92 0.189
TSH (mU/L) 1.89+1.15 1.67+1.21 0.011
fT4 (pmol/L 11.19+4.76 10.9+1.8 0.593
fT3 (pmol/L) 5.34+0.89 5.43+0.62 0.380
Anti TPO (U/mL) 28.42+106.93 25.80+94.86 0.000
Anti Tg (U/mL) 10.41+£55.25 14.61491.51 0.086
Thyroid volume (mL) 13.60+8.02 10.25+6.63 0.000
Maximum nodule diameter (mm) 16.80+11.84 16.56+10.81 0.927

Note: *p < 0.05 was considered statistically significant; ** BMI: Body Mass Index, WBC: White blood cell, Hb: Hemoglobin, FPG: Fasting Plasma Glucose,
HbAlc: Hemoglobin A1C, AST: Aspartate Aminotransferase, ALT: Alanine Aminotransferase, Total-C: Total Cholesterol, LDL-C: Low-Density Lipoprotein-
Cholesterol, HDL-C: High-Density Lipoprotein-Cholesterol, TSH: thyroid stimulating hormone, fT4: free thyroxine, fT3: free triiodothyronine, Anti-TPO: anti-thyroid
peroxidase antibody, Anti-Tg: anti-thyroglobulin antibody.
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Fig. (1). The decrease in serum TSH level seen in patients in the study at baseline and after 6 months follow-up (midline = median value). (4
higher resolution / colour version of this figure is available in the electronic copy of the article).
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Fig. (2). The decrease in thyroid volume seen in patients in the study at baseline and after 6 months follow-up (midline = median value). (4
higher resolution / colour version of this figure is available in the electronic copy of the article).
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Fig. (3). Changes in serum TSH levels throughout the study in groups with and without thyroid nodules at the beginning of the study. (4
higher resolution / colour version of this figure is available in the electronic copy of the article).

Compared to the groups with and without nodules before
treatment, serum TSH levels decreased in both patients with
and without nodules at baseline and 6"-month. Still, this
decrease was statistically significant only in those without
nodules (p = 0.007). Fig. (3) shows the change in serum TSH
levels throughout the study in groups with and without thy-
roid nodules at the beginning of the study.

Detection of 2 or more nodules on the thyroid US was
considered multinodular. While multi-nodularity was ob-
served in 20 of 66 patients at the beginning of the study,
multi-nodularity was not observed in 4 of these patients after
treatment. A high agreement was found in terms of the pres-
ence of multi-nodularity at the baseline and 6™-month

(gamma = 0.941, p < 0.001). Accordingly, there was no sta-
tistically significant change in the presence of multi-
nodularity in the patients throughout the follow-up.

Table 4 shows the demographic and metabolic values in
non-obese and obese patients. In the non-obese group, mean
serum TSH levels showed a significant decrease at 6 months
compared to baseline values (p = 0.004). Besides, thyroid
volume decreased in all obese and non-obese patients at 6
months, but this decrease was only statistically significant in
obese patients (p = 0.000). Moreover, body weight, serum
ALT, and Anti TPO levels also showed statistically signifi-
cant decreases in obese and non-obese subjects. It was ob-
served that those who were obese lost numerically more



Metformin Effect on Thyroid Gland

Endocrine, Metabolic & Immune Disorders-Drug Targets, XXXX, Vol. XX, No. XX 7

Table4. Baseline and at the 6™ Month clinical characteristics and metabolic parameters in obese and non-obese patients (mean + SD).
Non-obese (n=49) Obese (n=52)

**Variables Baseline Month-6 *p Baseline Month-6 *p
Weight (kg) 77.30+£9.24 75.84+8.85 0.001 89.45+8.20 87.32+7.23 0.000
WBC (uL) 8.20+2.06 8.32+1.75 0.672 8.04+2.10 7.70+1.80 0.130

Hb (mmol/ L) 8.5+1.12 8.6£1.1 0.322 8.4+0.97 8.37+0.98 0.620

FPG (mmol/ L) 7.7£2.1 6.6+1.9 0.001 8.4+3.2 6.4£1.6 0.000

HbAlc (mmol/mol) 55+4 44+4 0.000 61+4 48+4 0.000
Creatinine (pmol/ L) 60+12.3 60+15 0.410 57.4+13 55.7+11.4 0.127
ALT (IU/L) 26.91+11.26 24.25+10.6 0.046 23.93+16.06 20.33+12.16 0.019

TSH (mU/L) 1.95+1.21 1.69+1.30 0.004 1.84+1.10 1.67+1.12 0.227

fT4 (pmol/L) 10.9+1.9 11.06+1.9 0.669 11.546.3 10.8+1.54 0.509

fT3 (pmol/L) 5.43+0.73 5.57+0.62 0.166 5.26+1.01 5.29+0.56 0.855

Anti TPO (U/mL) 39.86+129 36.20+116 0.009 18.33+83.40 16.63+71.39 0.003
Anti Tg (U/mL) 17.02+79.38 26.93+134.4 0.540 4.78+17.80 4.11+12.33 0.067
Thyroid volume (mL) 12.51+7.76 10.98+6.74 0.124 14.51+8.21 9.64+6.57 0.000
Maximum nodiile
Diameter (mm) 17.83+15.26 18.42+13.20 0.858 15.85+8.05 14.85+8.19 0.752

Note: *p < 0.05 was considered statistically significant; ** BMI: Body Mass Index, WBC: White blood cell, Hb: Hemoglobin, FPG: Fasting Plasma Glucose, HbAlc:
Hemoglobin A1C, AST: Aspartate Aminotransferase, ALT: Alanine Aminotransferase, TSH: thyroid stimulating hormone, fT4: free thyroxine, fT3: free triiodothyro-
nine, Anti-TPO: anti-thyroid peroxidase antibody, Anti-Tg: anti-thyroglobulin antibody.

weight and had a greater decrease in FPG and HbAlc com-
pared to those who were not obese, but this difference was
not statistically significant.

4. DISCUSSION

In this prospective clinical study, we planned to investi-
gate the effect of treatment on metabolic parameters, thyroid
function, thyroid volume, and the presence of nodules in
euthyroidic and subclinically hypothyroidic T2DM patients
admitted to our outpatient clinic, newly diagnosed and start-
ed treatment. In order to obtain a more homogeneous group
and considering the previous positive data on metformin,
patients diagnosed with T2DM and started on metformin
were included in our study.

In our study, we found that glycemic parameters (FPG
and HbAlc), as well as body weight, serum ALT, TSH, and
Anti-TPO levels and thyroid volume, decreased after 6
months of follow-up with metformin treatment. In addition,
serum TSH levels decreased significantly in non-obese pa-
tients after 6 months of follow-up, whereas thyroid volume
decreased significantly in obese patients.

Diabetes mellitus is one of the most common public
health problems, with T2DM being the most common form
of diabetes worldwide, accounting for 90% of global cases.
Globally, the prevalence of diabetes is similar among men
and women but slightly higher among men under the age of
60 and women over the age of 60. In developing countries,
the vast majority of people with diabetes are between the
ages of 45 and 64 [33]. The mean age of our patients at the
start of the study was 53.02 + 11.9 years, and 63.4% of them
were female.

Among our patients, hypertension was the most common
comorbidity, and antihypertensive medications were the
most commonly prescribed medications. In 48.5% of our
patients, there was no additional drug use except for the an-
tidiabetic drug in addition to metformin [34, 35]. In patients
taking additional medications, it should always be consid-
ered whether these medications have a positive or negative
effect on the efficacy of metformin. During follow-up, 27 of
our patients were started on oral or parenteral antidiabetic
drugs in addition to metformin treatment, and 9 of these
drugs were DPP4 inhibitors. Repaglinide, an oral antidiabet-
ic drug, has been shown to inhibit the organic OCT1 respon-
sible for the transport of metformin into the interstitial fluid,
and sitagliptin, a DPP4 inhibitor, has been shown to inhibit
both OCTI1- and OCT2-mediated transport of metformin.
Therefore, it can be thought that these drugs may theoretical-
ly affect the intestinal and hepatic uptake of metformin [36,
37]. When other drugs were evaluated in terms of affecting
the pharmacokinetics of metformin, studies showed that met-
formin was not affected by co-administration of dapagli-
flozin, hydrochlorothiazide, ipragliflozin, linagliptin, orlistat,
rosiglitazone, rosuvastatin, saxagliptin, vildagliptin, and be-
ta-blockers [38, 39].

Since the number of patients using repaglinide, DPP4
inhibitors, or other drugs, including insulin treatment, was
small in our study, it is unlikely that we can obtain sufficient
data on the positive or negative effects of these drugs on
metformin. In addition, the effects of the same drugs on thy-
roid function, volume, and nodules could not be evaluated.

In studies on the use and doses of metformin therapy, it is
recommended to take metformin at meals and in low doses,
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especially to minimize gastrointestinal adverse effects. It is
generally recommended to administer 500 mg once or twice
a day, up to a maximum tolerated dose of 1000 mg twice
daily, up to 2000 mg in weekly increments. More than 50%
of the drug's efficacy has been observed at a dose of 1000
mg/day. Accordingly, the administration of 1000-1500 mg
daily in patients who have problems at higher doses should
be considered highly effective [40]. In our study, the met-
formin therapy dose was 2000 mg/day in 78 patients, and the
patients have well tolerated this dose.

Since approximately 90% of people with T2DM are
overweight or obese, obesity appears to be the most im-
portant risk factor for the development of T2DM. The prima-
ry reason for the interest in metformin today is its potential
as a weight loss drug. Recent studies on obesity suggest that
changes in gastrointestinal physiology and circadian rhythm
by metformin have an impact not only on food intake but
also on fat oxidation and the regulation of fat storage in the
liver, skeletal muscle, and adipose tissue [41]. As demon-
strated in long-term follow-ups in the Diabetes Prevention
Program, metformin promotes permanent weight loss, pri-
marily by reducing food intake due to its effects. Although
the effect of metformin on appetite is multifaceted, its effects
on hypothalamic physiology, including leptin and insulin
sensitivity, have been demonstrated [42]. In our study, 52
(51.5%) of the patients had obesity when diagnosed with
T2DM. Similar to the results of the studies above, a statisti-
cally significant decrease in body weight was observed in
our patients after 6 months of metformin treatment. In our
patients, there was no significant difference in weight loss
between those with and without obesity at baseline.

In cross-sectional studies, we have shown that the preva-
lence of thyroid dysfunction was found to be between 16.2%
and 56.5%, with a higher prevalence in women in the over-
50 age group and patients with poor glycemic control. Be-
sides, it has been shown that there is a correlation between
the duration of T2DM and an increased risk of thyroid dys-
function, although not statistically significant [43]. In a me-
ta-analysis including studies conducted for 34 years investi-
gating the relationship between T2DM and SH, it was re-
ported that the prevalence of SH in T2DM patients was
10.2%, and there was a 1.93-fold increase in the risk of SH
in T2DM patients. Furthermore, the presence of SH may
affect the development of diabetic complications in T2DM
patients [44]. At the beginning of our study, 6 patients (6%)
had SH, 10 patients (10%) were anti-TPO positive, and thy-
roid dysfunction was observed less than expected, consider-
ing that patients over 50 years of age and female patients
were in the majority. The low rate of thyroid dysfunction
might be attributed to the fact that patients with relatively
good glycemic control were included at the beginning of our
study. Since the number of patients with SH was also small
in our study, the relationship between thyroid dysfunction
and diabetes complications could not be clearly established.

Due to the prevalence above, studies showing the rela-
tionship between metformin treatment and thyroid function
have also gained considerable attention. Twenty-four pa-
tients with polycystic ovary syndrome, prediabetes, and un-
treated SH were treated with metformin (2.55 g/day) for 6
months, while bromocriptine treatment was added to half of
the patients. It was reported that metformin decreased serum
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TSH levels but did not affect serum total and free thyroid
hormone levels. It was also noted that the serum TSH-
lowering effect of metformin was stronger in patients not
treated with bromocriptine than those treated with bromo-
criptine, and this was weakly correlated with an improve-
ment in insulin sensitivity. Ultimately, it has been suggested
that metformin treatment may affect the regulation of thyro-
tropic function in hypothyroid patients by enhancing the ac-
tion of thyroid hormone in the pituitary [45].

In order to explain how the metformin-induced reduction
in serum TSH occurs, a number of hypotheses have been
proposed, but the precise mechanism remains elusive. Met-
formin may alter the frequency and number of thyroid hor-
mone receptors. Metformin has an inhibitory effect on hypo-
thalamic AMPK activity in the liver, which can counteract
T3 effects at the hypothalamic level by activating AMPK
and suppressing hepatic gluconeogenesis [46]. The potential
interaction of metformin and levothyroxine in the gastroin-
testinal tract seems unlikely because the serum TSH-
lowering effect of metformin has also been observed in pa-
tients not treated with levothyroxine [47].

Different studies in patients with hypothyroidism and/or
levothyroxine treatment have also shown a decrease in serum
TSH levels under metformin treatment [48, 49]. In their ret-
rospective study, Cappelli et al. also reported that metformin
had a lowering effect on serum TSH in hypothyroid and eu-
thyroid patients [50].

Rajput et al. showed that in patients with SH but without
existing diabetes, metformin reduced serum TSH levels only
in Anti-TPO positive subjects [51]. The results of the study
by Dimic et al., which investigated the effect of metformin
on serum TSH levels in euthyroid patients with a history of
hypothyroidism and euthyroid patients with newly diagnosed
T2DM, showed that 6 months of metformin treatment led to
a statistically significant decrease in serum TSH level in the
group with a history of hypothyroidism only. This decrease
was greater than that in the euthyroid group. In the euthyroid
group, meanwhile, a significant decrease in serum TSH lev-
els was observed only in those who were anti-TPO positive.
The results of this study suggest that metformin treatment
has the effect of reducing serum TSH levels, but only in pa-
tients with chronic autoimmune thyroiditis and preexisting
thyroid dysfunction [52]. In our prospective study, baseline
serum TSH and anti-TPO levels of diabetic patients de-
creased after 6 months of follow-up with metformin treat-
ment, and these decreases were found to be statistically sig-
nificant. Thus, our study supports the results mentioned
above. However, we could not measure thyroid autoantibod-
ies in all our patients. Furthermore, since the number of pa-
tients who were anti-TPO positive and had high serum TSH
levels was small, a comparison with other patients with nor-
mal levels could not be made. Jia et al. conducted a meta-
analysis of these seven studies and divided them into two
subgroups: SH patients and Hashimoto’s thyroiditis patients.
In terms of autoimmune antibodies, they found that metfor-
min significantly reduced the level of anti-TPO, which was
more pronounced in Hashimoto’s thyroiditis group than in
the SH group [53]. The levels of anti-TPO and anti-Tg are
commonly used as indicators of Hashimoto’s thyroiditis dis-
ease activity, of which anti-TPO is the most important indi-
cator. Contrary to studies showing that metformin reduces
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pathogenic antibodies in SLE disease [54]. Diaz et al. have
shown that metformin can increase the protective antibody
response to influenza vaccination in naive T2DM patients
[55]. Metformin activates AMPK phosphorylation, inhibits
mTOR activity, and thus inhibits B cell activity, which is
also associated with the inhibition of TNF-0, miR155 and
miR-16 expression by metformin [56]. Our results also
showed that anti-TPO levels detected in a small number of
patients could be significantly reduced by metformin treat-
ment.

Yet, some studies do not support the positive effects of
metformin treatment on thyroid function in diabetic patients.
According to the results presented by Diezz JJ, no associa-
tion was found between serum TSH levels and metformin
treatment in euthyroid T2DM patients [57]. Again, both
Fournier et al. and Haroon et al. reported that the effect of
metformin on serum TSH levels was shown only in a group
of patients with hypothyroidism who received treatment. At
the same time, it did not affect serum TSH levels in eu-
thyroid patients [58, 59].

There are also studies investigating the effect of the dura-
tion of metformin use on thyroid function and arguing con-
flicting views. In a study, it was shown that the use of met-
formin for many years [>5 years) did not cause a significant
decrease in serum TSH values in euthyroid newly diagnosed
T2DM patients compared to 6 months of treatment [52].
Fournier et al. actually point out that the serum TSH-
lowering effect of metformin is highest during the first 90 to
180 days of treatment [58]. Cappelli et al. also showed a
more remarkable decrease in serum TSH levels in euthyroid
subjects after 12 months of metformin treatment [50]. The
duration of our study seems to be sufficient to demonstrate
the effect of metformin treatment in lowering serum TSH
levels.

In some of the studies investigating the effects of met-
formin treatment on thyroid volume and the presence of
nodules, a decrease in thyroid nodule size after metformin
treatment was shown in 66 female patients with IR [60]. This
finding has also been supported in other studies [61, 62]. In
our study, the mean baseline insulin level was 94.7 + 62
pmol/L, and 79.4% had a baseline HOMA score of > 2.5.
Furthermore, all of our patients were T2DM patients. De-
spite this, it was observed that the presence of IR or diabetes
in our patients did not significantly affect the thyroid volume
at the beginning of the study (p = 0.894). However, with
metformin treatment, the mean thyroid volume of our pa-
tients showed a statistically significant decrease at 6 months
(p = 0.000). The study by Itterman et al. reported that no
association was found between T2DM and increased thyroid
volume or goiter. However, T2DM not treated with metfor-
min was associated with a higher risk of goiter in the overall
population (incidence rate ratio (IRR=1.70). Individuals who
switched from metformin to other antidiabetic agents during
follow-up had a higher risk of goiter compared to individuals
without T2DM (IRR=2.71). Ultimately, metformin has an
inhibitory effect on goiter. The anti-goitrogen effects of met-
formin also contribute to the overall benefits of metformin
therapy in T2DM [13].

Although the relationship between obesity and metabolic
outcomes related to thyroid function has been reported, the
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underlying pathogenesis is not fully understood [63-65].
Overall, in our study, a significant decrease in serum TSH
levels was observed in non-obese patients who received met-
formin treatment for 6 months, while a significant decrease
in thyroid volume was observed in obese individuals. Serum
Anti-TPO levels showed a significant decrease both in those
with and without obesity. Furthermore, in our study, baseline
thyroid volume was slightly higher in obese patients com-
pared to non-obese patients, and considering the presence of
IR and related baseline thyroid volume in these patients
compared to 6™-month levels, it can be suggested that met-
formin treatment could also diminish thyroid volume by re-
ducing IR and obesity. Bodyweight and serum ALT levels
also showed a statistically significant decrease in both obese
and non-obese patients. The decrease in serum ALT levels
was thought to be due to a reduction in hepatosteatosis,
which was probably present at baseline with weight loss or
metformin treatment.

In a study by Isidro ef al., which aimed to prospectively
evaluate whether the administration of metformin to obese
diabetic patients with primary hypothyroidism at stable thy-
roxine replacement doses altered serum TSH levels, the
mean serum TSH level decreased significantly 3 months
after metformin treatment compared to baseline values. At 3
months after discontinuation of metformin treatment, TSH
levels were not different from baseline values but elevated
compared to the measurement 3 months after metformin
treatment. Mean fT4 increased with metformin intake and
decreased with discontinuation [66]. In a study aiming to
evaluate thyroid parameters following metformin treatment
in obese insulin-resistant patients with euthyroid, diffuse or
nodular goiter, after 6 months, metformin added to patients
treated with levothyroxine for diffuse/ nodular goiter showed
a significant decrease in serum TSH and metabolic parame-
ters compared to those treated with levothyroxine alone.
Still, no significant difference was found in thyroid mor-
phology after 6 months [67].

In a retrospective study, no difference was found between
TSH concentrations in euthyroid patients with type 2 DM in
treatments other than metformin (diet, oral antidiabetics,
insulin, efc.). When comparing those who were started on
metformin with those who were started on other antidiabetic
drugs, it was shown that serum TSH levels remained signifi-
cantly higher in those treated with other antidiabetic drugs
such as sulfonylurea, meglitinide or thiazolidinedione. These
antidiabetics did not have a significant effect on the decrease
in TSH. However, it has been argued that metformin use is
not associated with serum TSH levels after evaluating vari-
ous potential confounding factors and that the presence of
goiter may explain the difference in serum TSH levels be-
tween patients taking and not taking metformin, or converse-
ly, that metformin may be an independent protective factor
for goiter in T2 DM [57].

The main limitation of our study is that patients who
could not be reached at the end of the 6"-month follow-up
and whose control examinations could not be seen caused
incomplete data. Besides, the positive or negative effects of
these medications on the efficacy of metformin in patients
with additional drug use could not be evaluated due to the
insufficient number of patients. Since the incidence of thy-
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roid dysfunction was low in our patients, it was not possible
to fully evaluate the efficacy of metformin treatment on
normal or impaired thyroid function. There is a need for fur-
ther prospective, controlled, randomized trials to gain addi-
tional insight into this issue.

CONCLUSION

In conclusion, our study revealed that metformin treat-
ment significantly decreased body weight, BMI, thyroid vol-
ume, and serum TSH, ALT, and Anti-TPO levels in patients
with newly diagnosed T2DM. Moreover, serum TSH levels
showed a significant decrease in non-obese subjects, while
thyroid volume showed a significant decrease in obese sub-
jects. The obtained data strongly support that changes in thy-
roid hormones may be affected by adiposity and its metabol-
ic consequences, such as IR. Besides, metformin treatment
seems to affect thyroid function in diabetic patients by main-
taining serum TSH levels to subnormal levels. As the rate of
newly diagnosed patients with T2DM is high and the poten-
tial impact of undiagnosed thyroid dysfunction is great, it is
imperative to make routine thyroid function tests for patients
with T2DM. The favorable effects of metformin treatment
on thyroid function and thyroid volume in T2DM patients
should be supported by more comprehensive studies.
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