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Abstract

Diabetes mellitus and thyroid diseases are closely connected, and 11% of patients with diabetes 
have thyroid diseases. The data is the same for type 1 and type 2 patients with diabetes mellitus; women 
face the disease two times more frequently than men. The latest researches have proved that metformin 
has lowered the level of TSH and thyroid volume.

The aim of the  research is to prove the  correlation between thyroid volume and the  changes 
of weight in connection with type 2 diabetes, by analysing patients’ medical situation, maintaining 
laboratory and clinical data, and therapy.

The research information (138 case histories) was divided into three groups: the first – 76 patients 
with type 2 diabetes and obesity who use metformin, the second control group – 39 patients with type 2 
diabetes and obesity who are cured with insulin but do not use metformin, and the third – 23 patients 
with normal body mass index. The  results of the  research have been processed with the  SPSS for 
Windows 22.0.

The correlation appraisal between body mass index and thyroid volume correlation was proved 
(rs = 0.23; p = 0.006), and the results are statistically significant. It was proved that the patients with 
metabolic syndrome and insulin resistance have bigger thyroid volumes.

Thyroid volumes for patients with type 2 diabetes and obesity using metformin are nearly the same 
as for patients with type 2 diabetes and obesity who do not use metformin, (p = 0.857), and there is no 
significant statistical difference between these two groups.

TSH level for the first group is 1.67 ± 0.84 mU/L, for the second – 1.8 ± 0.81 mU/L, but for the third – 
1.47 ± 0.86 mU/L (p = 0.443). The average TSH level for the first group compared to the second group 
is lower. The data proves that metformin may lower the TSH level.
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Introduction

There are about 60 million people with diabetes in the European Region – about 10.3% of men 
and 9.6% of women aged 25 years and over. Prevalence of diabetes is increasing among all ages in 
the  European Region, mostly due to increase in overweight and obesity, unhealthy diet and physical 
inactivity. Furthermore, high blood glucose kills about 3.4 million people worldwide annually. Almost 
80% of these deaths occur in low- and middle-income countries, and almost half are people aged less than 
70 years. WHO predicts that deaths due to diabetes will double between 2005 and 2030 [21].
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Prevalence of diabetes is increasing in Latvia too. In 2007, the number of patients who were diagnosed 
with the second type of diabetes (T2DM) was 54 305; in the 2012, this number rose to 73 680 [1].

Diabetes mellitus and thyroid disease appear to be closely linked. A  recent meta-analysis of 
10 920 patients with diabetes mellitus revealed a mean frequency of thyroid disease of 11%. The data in 
type 1 diabetes mellitus did not differ from those in type 2 diabetes mellitus, but the prevalence in women 
was consistently more than twofold compared to men. There was a wide variability of the prevalence 
reported in different studies varying between 4.8% and 31.4%, partly explained by the different definitions 
used for the diagnosis of diabetes mellitus and thyroid disorders [5; 8].

Thyroid disease and type 1 and type 2 diabetes mellitus are strongly associated, and this has import-
ant clinical implications for insulin sensitivity and treatment requirements. Hyper- and hypo thyroidism 
have been associated with insulin resistance, which has been reported to be the major cause of impaired 
glucose metabolism in T2DM. The state-of-art evidence suggests a pivotal role of insulin resistance in 
underlining the relation between T2DM and thyroid dysfunction [15; 19]. The pathophysiological basis of 
this association has only recently been better elucidated. The patho physiological mechanisms underlying 
this linked regulation are increasingly being unravelled. They are exemplified in the  regulation of 
5́  adenosine monophosphate-activated protein kinase (AMPK), a central target not only for the modulation 
of insulin sensitivity but also for the feedback of thyroid hormones on appetite and energy expenditure. 
The present review will discuss these concepts and their consequences for the clinical care of patients with 
diabetes mellitus and thyroid disorders. Moreover, it refers to the added effect of metformin in suppressing 
thyroid stimulating hormone (TSH) [7; 8; 13; 14].

Aim

The aim of the research is to prove the correlation between thyroid volume and changes in weight 
in connection to the second type of diabetes, analysing patients’ medical situation, maintaining laboratory 
and clinical data, therapy.

Material and methods

The research information about 138 case histories were divided into three groups: the  first  – 
76 patients with type 2 diabetes and obesity who use metformin, the second control group – 39 patients 
with type 2 diabetes and obesity who are cured with insulin but do not use metformin, and the third – 
23 patients with normal body mass index.

Patients were divided into three groups in order to compare patients with type 2 diabetes and 
obesity, metformin users, in patients with type 2 diabetes mellitus and obesity, and those not taking 
metformin, to determine how metformin is able to influence TSH levels and thyroid volume in patients 
who use metformin. The  third control group was set up to explore overweight effects on the  thyroid 
volume.

The first and the  second group were examined by looking at the duration of diabetes, glicated 
hemoglobin, and C-peptide, all groups took into account the patient’s age, sex, BMI, smoking, and smoking 
pack years, antibodies to TPO, TSH and free thyroxin, thyroid volume, and the number of nodes.

The results of the  research have been processed with the  SPSS for Windows 22.0 (Statistical 
Package for the Social Sciences).

Results

By assessing variability of age, the average age of the group is 41.41 years ± 11.796. Evaluation of 
groups was divided according to sexes – in the first group were 44 women (57.9%) and 32 men (42.1%), 
in the second group were 22 women (56.4%) and 17 men (43.6%), p = 0.879 between the first two groups, 
and in the third group were 17 women and 6 men.
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In the  first and second group, the  medium duration of diabetes was 10.08  ±  8.46 years, but 
glicated hemoglobin (HbA1c) medium value was 9.2945 ± 1.7624%, which is significantly higher than in 
the normal range from 4.8 to 5.9% and the target glycemia. However, when comparing the first and second 
groups, the difference was not statistically significant: for the first group the median HbA1c level was 
9.3 ± 1.77% (min 5.9%, max 14.9%), while the second – 9.27 ± 1.77% (min 5.9%, max 12.5%). On the other 
hand, the mean thyroid volume in all groups was 14.1934 ± 6.7282 mL. The first and the second group did 
not differ in the C-peptide level – 2.52 ± 1.27 ng/mL and 2.52 ± 2.62 ng/mL, respectively (min 0.54 ng/mL, 
max 6.18 ng/mL and min 0.1 ng/mL, max 12.1 ng/mL, respectively).

The average BMI was 33.7  ±  8.604 kg/m2. Comparing the  first and second groups of women, 
the first group of women had a higher BMI, 34.32 and 31.86 kg/m2, respectively. Thyroid volume was 
14.1934 ± 6.7282 mL (95% CI 13.06 to 15.32). After evaluating the correlation between BMI and thyroid 
volume in general population, it was statistically significant (rs = 0.23; p = 0.006).

Comparing the thyroid volume in the first and second group, there was no statistically significant 
difference (p = 0.857). Comparing the thyroid volume between the first and second groups of women and 
men, there was not statistically significant difference (p = 0.989 and p = 0.9, respectively). This means 
that patients with type 2 diabetes and obesity receiving metformin have thyroid volume almost as high 
as patients have with type 2 diabetes and obesity not using metformin. Comparing the first to the third 
group of thyroid volume, there was a statistically significant difference (p < 0.001). Knowing that the first 
group has patients with type 2 diabetes mellitus and obesity, and the third one – patients with a normal 
weight, it can be concluded that the volume of the thyroid gland was bigger in first group (type 2 diabetes 
and metformin users) than third group (people with normal BMI).

When analysing the data, a reliable correlation between thyroid volume and TSH levels (rs = −0.194, 
p = 0.024). The average TSH levels in all groups were 1.67 ± 0.84 mU/L (95% CI 1.53 to 1.81). The first 
group’s TSH level was 1.67 ± 0.84 mU/L (min 0.48, max 4.1), for the second it was 1.8 ± 0.81 mU/L (min 0.5 
max 3.5) and in the third it was 1.47 ± 0.86 mU/L (min 0.25, max 3.2) (p = 0.443). The average level of TSH 
in the first group was statistically significantly lower than in the second one, suggesting that perhaps 
metformin is able to reduce TSH levels.

Discussion

The study did not prove metformin’s ability to reduce thyroid volume, which may be associated 
with a relatively small population. To further explore this topic, there is a need for a larger percentage of 
patients as well as patient questionnaires to find out how long and if metformin is used regularly. Hence, 
a large part of the study was based on the fact that metformin was administered for at least six months.

Following this study, it is interesting to compare patients with type 2 diabetes mellitus and obesity 
who use metformin, with patients with type 2 diabetes mellitus and normal weight who also are metformin 
users, to evaluate in which case metformin is able to reduce the volume of the thyroid gland.

A recent study included 2570 individuals for cross-sectional and 1088 individuals for longitudinal 
analyses. In cross-sectional data, females with T2DM were treated with anti-diabetic medication other 
than metformin and had a larger thyroid volume (β = 4.69; 95% CI 1.87 to 7.50) and a higher odds ratio 
(OR) for goitre (OR = 1.71; 95% CI 1.05 to 2.79) than females without T2DM. For males, no such association 
was detected. Females or males treated with metformin, T2DM were not associated with thyroid volume 
or goitre. In longitudinal analyses, incident T2DM not treated with metformin was significantly associated 
with a higher risk for incident goitre in the total population (incidence rate ratio (IRR) = 1.70; 95% CI 1.10 
to 2.91). Individuals with T2DM having changed from metformin to other anti-diabetic agents during 
follow-up also had a  higher risk for incident goitre than individuals without T2DM had (IRR  =  2.71; 
95% CI 1.74 to 4.20) [10].

Another result of the study was mean TSH level in the diabetes group (1.9 ± 0.9 mIU/L) was higher 
than in the control group (1.4 ± 0.8 mIU/L) and the pre-diabetes group (1.5 ± 0.8 mIU/L) (p < 0.0001 for 
both). Mean thyroid volume was higher in the pre-diabetes (18.2 ± 9.2 mL) and diabetes (20.0 ± 8.2 mL) 
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groups than in controls (11.4 ± 3.8 mL) (p < 0.0001 for both). Percentage of patients with thyroid nodules 
was also higher in the pre-diabetes (51.3%) and diabetes groups (61.8%) than in controls (23.7%) (p < 0.0001 
for both) [2].

In conclusion, we would like to explore the effect of metformin on thyroid nodes that were not taken 
into account in this study because most of the thyroid USG descriptions did not accurately describe thyroid 
nodules number and size.

The recent study results suggest that patients with metabolic syndrome have significantly 
increased thyroid volume and nodule prevalence. Multivariate regression analysis model demonstrated 
that the presence of insulin resistance contributed substantially to this increased risk. Data provided 
the first evidence that insulin resistance is an independent risk factor for nodule formation in an iodine-
deficient environment [3].

Conclusions

 1. When analysing the  results of the Latvian patients it was not proved that the metformin is 
capable of statistically significant reduction in thyroid volume compared to patients with type 2 
diabetes mellitus and obesity using metformin and type 2 diabetes mellitus patients with 
obesity injecting insulin and who do not use metformin (p = 0.857).

 2. It was possible to prove that patient’s weight affects the thyroid volume, evaluating the weak 
correlation between average BMI and average capacity of thyroid volume (rs = 0.23; p < 0.006).

 3. Comparing the average TSH value between the groups (medium TSH volume in the first group 
is 1.67 ± 0.84 mU/L, but in second – 1.8 ± 0.81 mU/L, which may indicate a possible effect of 
metformin on TSH levels (p = 0.443)). It is possible that metformin is able to reduce TSH level, as 
well as statistically significant correlation between TSH level and thyroid volume (rs = −0.194; 
p = 0.024).

References

 1. Slimību un profilakses un kontroles centrs. Statistikas dati par 2012. gadu. Cukura diabēts [eng. The Centre for 
Disease Prevention and Control, Statistical Data for 2012, Diabetes Mellitus]  // http://www.spkc.gov.lv/veselibas-
aprupes-statistika/ (accessed on 26.02.2014).

 2. Anil C., Akkurt A., Ayturk S., Kut A., et al. Impaired glucose metabolism is a risk factor for increased thyroid volume 
and nodule prevalence in a mild-to-moderate iodine deficient area // http://www.ncbi.nlm.nih.gov/pubmed/23395200 
(accessed on 10.03.2014).

 3. Ayturk S., Alptekin G., Kut A., Cuneyd A., et al. Metabolic syndrome and its components are associated with increased 
thyroid volume and nodule prevalence in a  mild-to-moderate iodine-deficient area  //  http://www.eje-online.org/
content/161/4/599.short (accessed on 15.03.2014).

 4. Biondi B. Thyroid and obesity: An  intriguing relationship  //  http://press.endocrine.org/doi/full/10.1210/jc.2010-
1245 (accessed on 15.02.2014).

 5. Brenta G. Diabetes and thyroid disorders  //  http://www.medscape.com/viewarticle/727447_1 (accessed on 
24.03.2014).

 6. Cappelli C., Rotondi M., Pirola I., Agosti B., et al. TSH-lowering effect of metformin in type 2 diabetic patients // http://
care.diabetesjournals.org/content/32/9/1589.full (accessed on 26.04.2014).

 7. Coppola A., Zhong Wu L., Andrews Z., Paradis E., et al. A Central thermogenic-like mechanism in feeding regulation: 
An  interplay between arcuate nucleus T3 and UCP2  //  http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1783766/ 
(accessed on 12.03.2014).

 8. Dardeno T. A., Sharon H. C., Hyun-Seuk M., et al. Leptin in human physiology and therapeutics // http://www.ncbi.
nlm.nih.gov/pmc/articles/PMC2916735/#!po=4.62963 (accessed on 18.03.2014).

 9. De Vriese C., Delporte C. Influence of ghrelin on food intake and energy homeostasis // http://www.ncbi.nlm.nih.
gov/pubmed/17693746 (accessed on 26.02.2014).



I N T E R N A L  M E D I C I N E

17SPapers / RSU

2014

 10. Duntas L. H., Orgiazzi J., Brabant G. The interface between thyroid and diabetes mellitus // http://onlinelibrary.wiley.
com/doi/10.1111/j.1365-2265.2011.04029.x/full (accessed on 15.03.2014).

 11. Diez J. J., Iglesias P. An analysis of the relative risk for goitre in euthyroid patients with type 2 diabetes // http://
www.med scape.com/viewarticle/820117_4 (accessed on 24.04.2014).

 12. Kadiyala R., Peter R., Okosieme O. E. Thyroid dysfunction in patients with diabetes: Clinical implications and 
screening strategies // http://www.ncbi.nlm.nih.gov/pubmed/20642711 (accessed on 24.04.2014).

 13. López M., Varela L., Vázquez M. J., Rodríguez-Cuenca S., et al. Hypothalamic AMPK and fatty acid metabolism 
mediate thyroid regulation of energy balance //http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2935934/ (accessed 
on 20.04.2014).

 14. Lupoli R., Di Minno A., Tortora A., Ambrosino P., et al. Effects of treatment with metformin on TSH levels: A meta-
analysis of literature studies // http://www.ncbi.nlm.nih.gov/pubmed/24203069 (accessed on 17.04.2014).

 15. Mitrou P., Boutati E., Lambadiari V., Tsegka A., et al. Insulin resistance in hyperthyroidism: The role of IL6 and TNF 
alpha // http://www.ncbi.nlm.nih.gov/pubmed/19837795 (accessed on 24.04.2014).

 16. Ozkan Y., Esra S. T., Suleyman A., İbrahim S., et al. Acylated and desacylated ghrelin, preptin, leptin, and nesfatin-1 
peptide changes related to the body mass index // http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3858877 (accessed 
on 14.03.2014).

 17. Pearce E. N. Thyroid hormone and obesity  //  http://www.ncbi.nlm.nih.gov/pubmed/22931855 (accessed on 
10.03.2014).

 18. Rezzonico J., Rezzonico M., Pusiol E., Pitoia F., et al. Introducing the thyroid gland as another victim of the insulin 
resistance syndrome // http://online.liebertpub.com/doi/abs/10.1089/thy.2007.0223 (accessed on 15.03.2014).

 19. Rezzónico J., Rezzónico M., Pusiol E., Pitoia F., et al. Metformin treatment for small benign thyroid nodules in patients 
with insulin resistance // http://online.liebertpub.com/doi/abs/10.1089/met.2010.0026 (accessed on 15.03.2014).

 20. Shetty K. G., Matarese G., Magkos F., Moo H.-S., et al. Leptin administration to overweight and obese subjects for 
six months increases free leptin concentrations but does not alter circulating hormones of the thyroid and IGF axes 
during weight loss induced by a mild hypocaloric diet // http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3159386/ 
(accessed on 15.04.2014).

 21. Wang C. The relationship between type 2 diabetes mellitus and related thyroid diseases // http://www.ncbi.nlm.nih.
gov/pmc/articles/PMC3647563/ (accessed on 07.03.2014).

 22. World Health Organization, Europe. Diabetes data and statistics  //  http://www.euro.who.int/en/health-topics/
noncommunicable-diseases/diabetes/data-and-statistics (accessed on 24.04.2014).

 23. Wu P. Thyroid disease and diabetes // http://journal.diabetes.org/clinicaldiabetes/v18n12000/pg38.htm (accessed 
on 22.03.2014).


