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	 Abstract
	 Context. Exenatide is a Glucagon-like Peptide-1 
receptor agonist, which is widely used for type 2 diabetes 
mellitus (T2DM). Limited and conflicting results are present 
about the effect of exenatide on the thyroid gland. 
	 Objective. The aim of this study was to evaluate 
the effect of exenatide treatment on structural and functional 
features of the thyroid gland in patients with T2DM. 
	 Design. The study was a prospective study, 
performed between 2015 and 2017. The laboratory values 
and thyroid ultrasonography features were compared before 
and after exenatide treatment. 
	 Subjects and Methods. The study included 
39 obese diabetic patients. After inclusion to the study 
exenatide was started and patients were followed up for 6 
months. Total thyroid volume, thyroid function tests, serum 
carcinoembryonic antigen (CEA) and calcitonin levels, 
the size and appearance of thyroid nodules were compared 
between baseline and after 6 months of treatment. 
	 Results. Exenatide at a dose of 5μg bid was started, 
increased to 10 μg bid after 4 weeks. We found a statistically 
significant decrease in thyroid volume (p=0.043) and serum 
thyroid stimulating hormone (TSH) levels (p=0.007), whereas 
serum ATPO. ATGl, fT4, fT3, CEA and calcitonin levels did 
no change with 6 months of exenatide treatment. There were no 
significant differences in the size and appearance of the thyroid 
nodules with treatment. The thyroid volume decrease was not 
correlated with TSH, body mass index and HbA1c reduction. 
	 Conclusion. Exenatide treatment for 6 months 
decreased serum TSH levels and thyroid volume, but had no 
effect on thyroid nodules and serum CEA and calcitonin levels.

	 Keywords: calcitonin, carcinoembryonic antigen, 
diabetes mellitus, exenatide, thyroid nodule, thyroid volume.

INTRODUCTION

	 Glucagon-like Peptide-1 (GLP-1) is a 
gastrointestinal hormone, which has beneficial effects 

on blood glucose by increasing glucose dependent 
insulin secretion, suppressing glucagon release, 
reducing appetite and delaying gastric emptying (1, 
2). Exenatide is a GLP-1 receptor agonist, which was 
approved for the treatment of type 2 diabetes mellitus 
(T2DM) (3). Limited data is available about the effect 
of exenatide on the thyroid gland. GLP-1 receptors have 
93% homology between humans and rats (4, 5). Animal 
studies have shown that GLP-1 receptor agonists 
liraglutide and exenatide increase serum calcitonin 
levels, which is a marker for thyroid C-cell diseases 
(5). With very high doses of administration, liraglutide 
caused C-cell carcinoma and exenatide increased the 
risk for C-cell adenomas in rodents (6-8). A study 
examining the US Food and Drug Administration’s 
database of reported adverse events, found an increased 
risk for thyroid cancer in patients treated with exenatide 
(9). Recently, it has been shown that treatment with 
exenatide for a median time of 3.2 years had no effect 
on serum calcitonin levels in humans (10). Studies 
demonstrated that not only C cells and medullary 
thyroid carcinoma cells, but also the normal thyroid 
tissue and papillary thyroid carcinoma may express 
GLP-1 receptors (11, 12). Because of these findings 
exenatide may have unexpected and several effects on 
the thyroid gland. To investigate these possible effects, 
Sencar et al. compared the thyroid volume and thyroid 
stimulating hormone (TSH) levels before and after 
exenatide treatment and found no difference in thyroid 
volume, despite a statistically significant decrease in 
TSH levels (13). To the best of our knowledge, the 
effect of exenatide on thyroid nodules was not formerly 
studied. 
	 The aim of this study was to examine the effect 
of 6 months of exenatide treatment on structural and 
functional features of the thyroid in obese patients with 
T2DM.
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MATERIALS AND METHODS

	 This was a prospective single-center study 
including obese patients with T2DM, who admitted 
to our hospital between 2015 and 2017. All patients 
included in this trial had a body mass index (BMI) 
over 35 kg/m2, and did not use exenatide before 
the study participation. All patients were using oral 
antidiabetic drugs, and patients who were using insulin 
were not included for statistical analysis. Patients 
who had formerly thyroid surgery, hypothyroidism 
or hyperthyroidism were excluded from the study. 
Patients who were taking levothyroxine or statins 
were also excluded from the study. Patients with 
Cushing’s syndrome, coronary artery diseases, heart 
failure, cirrhosis and formerly known malignancies 
were excluded from the study, either. After inclusion 
in the study, exenatide at a dose of 5μg twice a day was 
started and the dose was increased to 10 μg twice daily 
after 4 weeks. A standard hypocaloric diabetic diet 
and regular standard aerobic exercise were prescribed 
under the supervision of a dietician. 
	 At baseline clinical characteristic features, 
demographic data, the duration of T2DM, comorbidities 
and concomitant medications were recorded. Weight 
and height were measured and BMI was calculated 
as the weight (kg) divided by the square of the height 
(m), for all patients at the beginning and after 6 months 
of the treatment. All patients underwent laboratory 
analysis before the treatment and after 6 months of the 
study participation. The blood samples were collected 
between 08:00 and 09:00. The laboratory analysis 
included creatinine, alanine aminotransferase (ALT), 
fasting plasma glucose (FGP), post-prandial plasma 
glucose (PPG), glycated hemoglobin (HbA1c), thyroid 
function tests [free triiodothyronine (fT3), free thyroxine 
(fT4) and TSH], calcitonin, carcinoembryonic antigen 
(CEA) and thyroid antibodies [Anti thyroglobuline 
(Anti Tg) and Anti-thyroid peroxidase (TPO)]. 
HbA1c was measured with the high-performance 
liquid chromatography method and automated direct 
chemiluminescent immunoassay was used for thyroid 
function tests, calcitonin, CEA and thyroid antibodies. 
The normal ranges for TSH, fT3 and fT4 were 0.34-
5.6 μIU/mL, 2.5-3.9 pg/mL and 0.61-1.12 ng/dL, 
respectively. The upper limit of normal calcitonin, 
CEA, Anti TPO and anti TG were 11.5 pg/mL, 5ng/
mL, 34 IU/mL and 115 IU/mL, respectively. 
	 Thyroid ultrasonography (US) was performed 
at the beginning of the study and after 6 months of 
exenatide treatment, using high resolution B mode 

US images (Hitachi EUB 8500) with a 12-MHz linear 
array transducer. At US examination the thyroid gland 
volume was calculated as “volume(mL)=length(cm)× 
width(cm)×depth (cm)×0.524” for each thyroid lobe 
separately and the results were summed (14). If nodules 
were detected on US, the sonographic echogenicity 
pattern and the three dimensions of nodules were 
recorded and the largest dimension of the largest 
nodule was included for analysis. Thyroid fine needle 
aspiration was performed if indicated. All of the US 
examinations were performed by the same clinician 
(D.K.).
	 The Local Ethics Committee approved the 
study design and methods and written informed consent 
was obtained from all individual participants included 
in the study.
	 Statistical analyses were performed with SPSS 
software 15.0 (SPSS, Chicago, IL, USA). Data with 
normal distribution variables were expressed as mean 
± standard deviation (SD), and median (min-max) was 
used for not normally distributed data. Paired sample 
t test and the Wilcoxon signed rank test were used to 
compare values before and after therapy, for normally 
and not normally distributed data, respectively. 
Qualitative data were expressed as median (range) and 
compared with chi-square test. Pearson’s correlation 
analysis was used to establish correlation. Multivariate 
linear regression analysis was performed to determine 
the independent predictors of the change in the thyroid 
volume. p values less than 0.05 were considered as 
statistically significant. 

RESULTS

	 The study included 55 obese diabetic patients 
receiving exenatide. Among these patients 8 patients 
were excluded from the study because of lost to follow-
up (n=4) and adverse events (nausea in 2 patients, 
abdominal pain in one patient and drug - related skin 
eruption in one patient). Eight patients were excluded 
because of levothyroxine use. The study included 35 
women and 4 men with a mean age of 47.26±7.18 years. 
All patients were under treatment with oral metformin 
before the study participation, and 9 patients were using 
gliclazide with metformin. The dose of metformin or 
gliclazide did not change throughout the study. The 
median duration of T2DM was 5 (1-15) years. Among 
the 39 patients, 11 patients had controlled hypertension. 
	 All of the patients lost weight and reached a 
reduction in HbA1c levels (Table 1). The laboratory 
parameters and thyroid ultrasonographic features 

P<0.05 is considered as significant
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are summarized in Table 2. A statistically significant 
decrease was achieved in TSH (p:0.007) and thyroid 
volume (p:0.043), whereas fT3, fT4 and thyroid 
antibodies did not change with therapy. The multivariate 
linear regression test showed that BMI, HbA1c or TSH 
reduction were not correlated with the reduction of the 
thyroid volume. Correlation analysis showed that the 
thyroid volume was not correlated with HbA1c, TSH, 
fT3, fT4 levels and HbA1c. 
	 Before the exenatide therapy was started, 70 
thyroid nodules were detected in 24 patients. Of these 
patients: 10 patients had isoechoic nodules, 7 patients 
had hypoechoic nodules and 7 patients had mixed 
echoic nodules. Fine needle aspiration (FNA) was 
performed in 10 patients and all of the nodules showed 
benign histopathological findings. No statistically 
significant difference was detected in the largest 
nodule diameter before and after exenatide therapy 
(Table 2). After exenatide treatment 24 patients 
had a total of 72 thyroid nodules. After treatment, a 
smaller than 5 mm nodule with mixed echoic pattern 
was detected in one patient who had no nodule at the 
beginning of the study. FNA was not required for this 
nodule. Whereas one millimetric nodule, which was 
present at the beginning of the study could not be 
detected after therapy. The sonographic echogenicity 

of the thyroid nodules did not change after treatment 
and none of the patients needed FNA after exenatide 
treatment. The CEA and calcitonin levels did not 
change with therapy. 

DISCUSSION

	 In this study we evaluated the effect of 
exenatide on structural and functional features of the 
thyroid gland. Our results showed that 6 months of 
exenatide treatment decreased thyroid volume and 
TSH levels, whereas nodule size, fT3, fT4, calcitonin 
and CEA levels did not change over time.
	 Limited data is available about the relationship 
between exenatide therapy and the thyroid gland. 
Animal studies have shown that exenatide increases 
serum calcitonin levels, and also the risk for C-cell 
adenomas (5-8). Conflicting and limited results are 
present in human studies. The odds ratio for thyroid 
cancer was detected as 4.73 by Elashoff et al., but the 
subgroups of thyroid cancers were not mentioned in this 
study (9). However, a recently published study showed 
no increased risk for thyroid cancer with exenatide 
treatment (15). The inconsistency between animal 
and human studies may be due to the higher doses 
of drugs used in animal studies, and possible species 

Before exenatide 6 months after exenatide P
Weight (kg) 112.83±13.40 103.09±13.85 <0.001
BMI (kg/m2) 43.92±5.87 40.09±5.58 <0.001
Creatinine (mg/dL) 0.75±0.08 0.72±0.09 0.163
ALT (U/L) 23 (10-100) 19 (11-51) 0.005
Hemoglobin (g/dL) 13.35±1.19 13.15±1.27 0.218
FPG (mg/dL) 147 (100-277) 115 (83-176) <0.001
PPG (mg/dL) 209 (92-386) 152 (83-217) <0.001
HbA1c (%) 7.69±1.16 6.68±0.76 <0.001

Table 1. The metabolic and laboratory parameters of the patients before the exenatide therapy and 6 months after exenatide was started

BMI: Body mass index, ALT: alanine aminotransferase, FPG: fasting plasma glucose, PPG: post-prandial plasma glucose, HbA1c: glycated haemoglobin. 
Values are expressed as mean±standard deviation for normally distributed data and as median (min-max) for not normally distributed data. 

Before exenatide 6 months after exenatide P
TSH (µIU/mL) 2.36±1.17 1.95±0.91 0.007
fT4 (ng/dL) 0.88 (0.65-.1.46) 0.90 (0.75-1.03) 0.617
fT3 (pg/dL) 3.36±0.42 3.48±0.32 0.113
Anti TPO (IU/mL) 1.3 (0.1-661.7) 1.5 (0.1-636.8) 0.106
Anti TG (IU/mL) 0.6 (0.1-182.6) 2 (0.1-181) 0.847
CEA (ng/mL) 1.82±1.26 1.58±0.85 0.108
Calcitonin (pg/mL) 2 (2-10.3) 2 (2-10.8) 0.784
Thyroid volume (cm3) 17.39±15.72 15.72±13.17 0.043
Nodule diameter* (mm) 6.15 (2.5-28) 6 (1-30) 0.648

Table 2. The thyroid laboratory parameters and thyroid ultrasonographic features before the exenatide therapy and 6 months after 
exenatide was started

*The largest diameter of the largest thyroid nodule. TSH: thyroid stimulating hormone, fT3: free triiodothyronine, fT4: free thyroxine, Anti TPO: Anti-
thyroid peroxidase, Anti Tg: Anti thyroglobuline. CEA: carcinoembryonic antigen. Values are expressed as mean±standard deviation for normally distributed 
data and as median (min-max) for not normally distributed data.
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specific differences in GLP-1 receptor expression. In 
our study we found no effect of exenatide on CEA 
and calcitonin levels, in accordance with the existing 
literature (10, 13). Moreover, we showed that the 
size and ultrasonographic features of benign thyroid 
nodules did not change with 6 months of exenatide 
treatment. To the best of our knowledge, the effect 
of exenatide on thyroid nodules was not formerly 
investigated and our study showed that exenatide 
treatment for 6 months has no effect on thyroid 
nodules. We may suggest that exenatide can be used 
safely in patients with benign thyroid nodules, but 
studies with extended durations are needed to support 
this finding. Twenty-four patients (61.5%) had one or 
more thyroid nodules at the beginning of the study. 
Thyroid nodules can be detected with ultrasonography 
in 19%-68% of randomly selected persons, and even 
higher frequencies are seen in women (16). Most of 
our patients were female (89.7%), and the detected 
thyroid nodule incidence in our study population is in 
accordance with the literature. 
	 Our study showed for the first time in the 
literature that thyroid volume decreases with exenatide 
treatment. TSH is the main proliferation factor for 
the thyroid (17), and the reduction of TSH could be a 
reason for thyroid volume depletion. But our regression 
analysis showed no correlation between TSH reduction 
and thyroid volume decrease. Formerly it has been 
shown that patients with insulin resistance have larger 
thyroid glands (18, 19). The treatment with metformin 
showed also a reduction in thyroid volume (20). All 
of the patients involved in our study were also using 
metformin. Because the dose of metformin did not 
change throughout the study, the decrease of thyroid 
volume cannot be attributed to the metformin use. The 
decreases of BMI and HbA1c were also investigated 
whether they have an effect on the thyroid volume, but 
statistically significant results were not obtained. It is 
unknown whether exenatide affects other proliferation 
factors for the thyroid gland, and such an interaction 
may be the reason for the thyroid volume depletion. In 
this study we found a statistically significant decrease 
in thyroid volume, but the exact mechanism for this 
change remains unknown.
	 Administration of exendin to rats reduced TSH 
levels, and a similar effect was detected by Sencar et 
al. in humans (13,21). Also metformin was found to 
decrease TSH levels, without an effect on fT3 and fT4 
(22). Our results about TSH levels were compatible 
with the existing literature. The effect of metformin 
and exenatide on TSH may be related to a common 

mechanism of action of both drugs. Former studies 
evaluated the effect of BMI on TSH levels, but found no 
interaction (23, 24). Also our study showed no effect of 
BMI reduction in TSH decrease. The exact mechanisms 
of exenatide action on thyroid function tests are not 
known and need to be explained in further studies. 
	 We have to mention some limitations of 
our study. The study group was rather small, but we 
included only obese patients with uncontrolled T2DM. 
Another limitation is that we gave 6 months of exenatide 
treatment, but a longer duration may have different 
effects on the thyroid gland. The exact mechanism for 
thyroid volume depletion could not be detected, and 
this remains another limitation of our study. However, 
these limitations do not hinder the results of the study. 
Our findings need to be supported with further studies 
including larger study population and longer study 
duration. 
	 In conclusion, in this study we aimed to 
examine the effect of exenatide on the thyroid gland. 
After 6 months of exenatide therapy the thyroid volume 
and TSH levels decreased, with no change in fT3, fT4, 
CEA and calcitonin levels. Our study is among the first 
in the literature demonstrating a decrease in thyroid 
volume with exenatide treatment. Also the effects of 
exenatide on benign thyroid nodules were evaluated 
and no change was detected in nodule size and nodule 
appearance. This findings need to be supported with 
longer and larger studies in the future. 
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