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Summary 
Autoimmune thyroiditis (AIT) and type 2 diabetes mellitus (DM2) 
are the most common endocrinological diseases worldwide. 
Relation between these diseases explains several hypotheses. 
One of them is influence of some adipocytokines. This study 
evaluated association between three adipocytokines (adiponectin, 
resistin and visfatin) and thyroid and glycid status in patients 
with DM2 and AIT compared to the control group (CG). The 
group consisted of four subgroups: patients with DM2 without 
thyreopathies, patients with AIT on substitution therapy without 
diabetes and prediabetes, patients with DM2 and AIT on 
substitution therapy and healthy subjects as the CG. We 
investigated parameters of thyroid and glucose metabolism and 
serum levels of three adipocytokines. The mean level of resistin 
in the group of patients with diabetes and thyroiditis was 
significantly higher than in patients with thyroiditis without 
diabetes and than in the CG. We found a weak negative 
correlation between visfatin and fasting glucose levels in patients 
with thyroiditis without diabetes. We detected a weak negative 
correlation between resistin and glycated hemoglobin and a weak 
negative correlation between visfatin and thyroid gland volume in 
patients with diabetes without thyroiditis. In the CG we 
determined a weak positive correlation between visfatin and free 

thyroxin. Our results are consistent with several studies, which 
confirmed association between AIT and adipocytokines. 
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Introduction 
 

Autoimmune thyroiditis (AIT) and type 2 
diabetes mellitus (DM2) are two most common endocrine 
diseases encountered in clinical practice (Schroner et al. 
2008). The relationship between AIT and DM1 has been 
studied in more detail, but there is also a link between 
DM2 and thyroid diseases. The cause of the increased 
incidence of AIT in DM2 is not fully known. Genetic 
factors are investigated, e.g. deiodinase (deiodinase 
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type II - Thr92Ala) or vitamin D receptor gene 
polymorphisms. The effect of infections is also under 
review. Furthermore, a lack of iodine in the diet may be 
also involved. Decreased iodine intake is a risk factor for 
goiter, which, in turn, is a risk factor for AIT (Schroner  
et al. 2008). Vitamin D-poor diet may be another 
causative factor for AIT development in patients with 
DM2. Obesity, which is common in DM2, leads to 
a decrease in the level of this hormone. Vitamin D 
deficiency has several negative effects on the human 
organism, one of them being increase in the 
proinflammatory activity and a decrease of 
antiinflammatory activity, which can be risks factors for 
developing autoimmune inflammation (Kresser 2019). 

Another hypothesis presumes the effects of some 
adipocytokines (adipokines) in the AIT etiopathogenesis 
in DM2. In the present study we focus at three of them: 
adiponectin, resistin, and visfatin. Thyroid hormones 
(TH) are involved in the regulation of body metabolism. 
Their effects include the stimulation of resting metabolic 
rate, increase in energy expenditure, modulation of 
responsiveness to catecholamines, and thermogenesis in 
adipose tissue. Disturbances in thyroid function lead to 
changes in body weight, muscle mass, and fat tissue. 
Thyroid-stimulating hormone (TSH) receptors have been 
found in the adipose tissues, indicating that they play 
a role in the regulation of the adipocytokines which are 
involved in the regulation of energy balance (Cinar and 
Gurlek 2013). As patients with thyrotoxicosis lose body 
fat and patients with myxedema regain it, one can 
suppose that the production of these adipokines will be 
suppressed in hyperthyroidism and potentiated in 
hypothyroidism. However, many studies contradict this 
precondition, which is explained by several factors (Cinar 
and Gurlek 2013). The sympathetic nervous system and 
TH regulate a number of metabolic processes in 
a complementary fashion (Mullur et al. 2014). The role of 
TH within the central nervous system is evolving  
and now includes alterations in neuroendocrine  
peptides related to energy intake, nongenomic actions of 
TH within the hypothalamus, the action of decar-
boxylated and deiodinated analogs of TH and also  
several adipocytokines (Mullur et al. 2014). 
Adipocytokines are proteins that are formed primarily  
in adipocytes, but also in endothelial cells, fibroblasts, 
leukocytes, and macrophages. These cytokines affect 
numerous functions in the organism. Their exact roles  
are still unclear (Misra and Vikram 2003) and need 
further research. 

We did not choose adiponectin, resistin and 
visfatin as a subject of our research because we assumed 
their closest relationship to glucose and thyroid 
metabolism, but because there is probably the largest 
amount of data on these three adipokines in the current 
literature. 

The aim of the present work was to determine 
the association between three adipocytokines 
(adiponectin, resistin, and visfatin) and thyroid and glycid 
status in patients with DM2 and AIT compared to the 
control group (CG). 

 
Methods 
 

This study included a total number of  
181 patients and 43 controls. Patients were divided into 
three groups. 

The first group consisted of 80 patients  
(56 males and 24 females) with the established diagnosis 
of DM2 and median age of 62 (range 41-65) years. All 
diabetic subjects were consecutively recruited from the  
1st Department of Internal Medicine of Louis Pasteur 
University Hospital in Košice, Slovakia and its outpatient 
office for diabetology from January 2013 to November 
2020. Patients with previous history of the thyroid 
disease as well as other endocrine disease were primarily 
excluded from the study. The second group included  
54 patients (7 males and 47 females) with thyroid disease, 
who have had established diagnosis of AIT in 
hypothyroid stadium; median age in this group was 61 
(range 19-65) years. Patients with previous history of 
prediabetes or diabetes were excluded from this arm of 
the study. The third group, in which the median age was 
63 (range 27-65) years, comprised 47 patients (7 males 
and 40 females) with both established diagnosis of DM2 
and AIT in the stadium of hypothyreosis. Subjects in 
second and third group were also recruited from  
the 1st Department of Internal Medicine of the Louis 
Pasteur University Hospital in Košice, Slovakia and its 
outpatient office for endocrinology during the same 
period of time as those in the first group. CG consisted of 
43 subjects (18 males and 25 females) of median age  
53.5 (range 20-65) years. DM, thyroid disease or any 
other endocrine diseases have been carefully excluded in 
all subjects enrolled in the CG. We also excluded patients 
treated by glucocorticoids, with chronic pancreatitis, with 
anti-GAD antibodies positivity, and patients with history 
of cancer. All subjects were younger than 65 years. The 
study was approved by the Ethics committee of the Louis 



2021 Association Between Adipokines and Thyroid Status in Patients With DM2 & AIT   867  
 

Pasteur University Hospital in Košice, Slovak Republic 
(in accordance with the ethical standards laid down in the 
1964 Declaration of Helsinki) and written informed 
consent for the study was obligatory for all of the 
participants. 

All patients and controls underwent clinical and 
laboratory evaluation. Basic anthropometric, thyroid, and 
metabolic parameters as well as the morphology of 
thyroid gland were assessed in all patients and in all 
control subjects. The following variables were assessed: 
age, gender, height, weight, body mass index (BMI), 
waistline, and volume of thyroid gland. For the laboratory 
assessment, fasting blood samples were collected from 
the patients and controls to estimate three adipocytokines 
(adiponectin, resistin, visfatin), free thyroxine (fT4), TSH 
serum levels as well as serum concentrations of 
autoantibodies to thyroglobulin (aTG) and thyroid 
peroxidase (aTPO). Additionally, fasting glycaemia and 
glycated haemoglobin (HbA1c) levels were assessed 
among parameters of glucose metabolism. Photometric 
colorimetry was used for the examination of glycaemia, 
electrochemiluminescent immunochemistry for the 
evaluation of HbA1c, fT4, TSH, aTG, and  
aTPO antibodies and ELISA method for adipocytokines, 
respectively. For the assessment of HbA1c we used The 
Diabetes Control and Complications Trial standard with 
normal values <6.5 %. BMI was calculated as weight 
(kg) divided by the square of height (m2). Volume, 
morphology, and patomorphology of thyroid gland were 
assessed using Esaote Technos MPx ultrasound and 
performed by the same ultrasonographer and calculated 
by the formula  

 
(aL x bL x cL x π/6) + (aR x bR x cR x π/6), 
 
where 
aL – height of left thyroid lobe in mm, 
bL – width of left thyroid lobe in mm, 
cL – length of left thyroid lobe in mm, 
aR – height of right thyroid lobe in mm, 
bR – width of right thyroid lobe in mm, 
cR – length of right thyroid lobe in mm. 
  
Diagnostic criteria for primary hypothyroidism 

included: TSH serum concentrations >4.2 mIU/ml and 
low or normal levels of fT4. Diagnostic criteria for AIT 
were: positive ultrasonography (USG) image (diffuse 
homogenous or blotchy hypoechogenicity of thyroid 
tissue) and presence of aTG antibodies (serum levels 

above 115 kIU/l) and/or aTPO antibodies (serum levels 
above 34 kIU/l). 

 
Statistical analysis 

Continuous variables are presented as median 
and range, categorical variables are expressed as 
frequency counts and percentages. Comparisons of the 
central tendencies of the different groups were performed 
using unpaired two-tailed Student t-test or Mann-Whitney 
U test for non-normally distributed parameters. A simple 
linear regression analysis and a correlation analysis with 
the determination of the Pearson’s (r) or Spearman’s (ρ) 
correlation coefficient were used as appropriate to 
determine associations between the variables. The 
differences between continuous parameters divided into 
more than two subgroups were calculated by one-way 
ANOVA. P-value of <0.05 was considered statistically 
significant. All numerical values are rounded to 2 decimal 
places. Statistical analysis was performed using IBM 
SPSS Statistics Premium Faculty Pack (IBM, USA).  

 
Results 

 
Mean values of anthropometric, glycemic and 

thyroid parameters of patients of all 3 groups and CG are 
shown in the Table 1. There was no difference in the 
mean age between groups. As shown in the Table 2, the 
levels of resistin in the group of patients with DM2 and 
AIT were significantly higher than in patients with AIT 
without DM2 (8.90 [range 1.94–52.45] vs. 5.75 [range 
2.28–49.58] ng/ml, respectively, p<0.01) and than in CG 
8.90 [range 1.94–52.45] vs. 5.59 [range 0.0–49.42] 
ng/ml, respectively, p<0.01). We also detected correlation 
between individual adipocytokines and the values of the 
parameters examined by us in all four investigated groups 
(Tables 3, 4, 5, 6). We detected a weak negative 
correlation between resistin and HbA1C in patients with 
DM2 without AIT (ρ=-0.26, p=0.02; Table 3). 
Surprisingly, we observed visfatin to be weakly 
negatively correlated with the volume of thyroid gland in 
patients with DM2 without thyroid disease (ρ=-0.35, 
p=0.001; Table 3). We also detected a weak negative 
correlation between visfatin and fasting glycaemia levels 
(ρ=-0.39, p=0.003; Table 4) in the group of patients with 
AIT without DM2. In CG we determined a weak positive 
correlation between visfatin and fT4 (ρ=0.36, p=0.02; 
Table 6). No correlations between studied adipocytokines 
and other evaluated parameters were observed in patients 
with concomitant DM2 and AIT (Table 5). 
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Table 1. Glucose and thyroid metabolism characteristics in individual groups 
 

 
DM2 without AIT 

(n=80) 
AIT without DM2 

(n=54) 
DM2 + AIT 

 (n=47) 
CG 

 (n=43) 

age (years)* 53.5 (20–65) 61 (19–65) 63 (27–65) 62 (41–65) 
volume of thyroid gland 
(ml)* 

13.61 (7.5–29.2) 10.89 (4.57–38.8) 8.42 (4.2–17.8) 11.8 (4.3–21.62) 

fT4 (pmol/l)* 13.43 (7.69–34.86) 14.22 (3.2–27.8) 14.25 (5.23–20.55) 14.71 (5.6–23.99) 
TSH (mIU/l)* 2.22 (0.018–14.03) 2.86 (0.36–129.7) 3.41 (0.28–35.27) 1.34 (0.25–6.16) 

anti-Tg (kIU/l)* 11.52 (6.95–271.7) 13.29 (5.0–452) 
17.07 

 (10.0–3256.7) 
11.87 (10.0–251.4) 

anti-TPO (kIU/l)* 10.97 (5.0–53.26) 20.08 (5.0–2734.3) 34.25 (5.0–379.0) 8.19 (5.0–31.37) 
Gly (mmol/l)* 6.75 (3.8–53.26) 4.85 (3.9–6.9) 7.2 (3.9–14.8) 4.9 (2.8–7.1) 
HbA1C (%)* 7.2 (3.5–16.37) 5.15 (4.1–59.0) 7.0 (4.2–14.1) 5.3 (3.0–6.5) 
BMI (kg/m2)* 29.0 (18.3–51.0) 25.5 (20.3–46.9) 27.8 (20.7–40.9) 23.8 (12.0–40.15) 
waist (cm)* 97.0 (70.0–140.0) 84 (65.0–123.0) 86.0 (70.0–127.0) 80 (55.0–127.0) 

 
* expressed as median (range) 
 
 
Table 2. Median values of examined adipocytokines in individual groups 
 

 DM2 (n=80) AIT (n=54) DM2 + AIT (n=47) CG (n=43) 

adiponectin (μg/ml)* 8.63 (1.58–51.53) 11.36 (0.53–40.61) 10.33 (4.5–29.9) 7.94 (2.28–34.33) 
resistin (ng/ml)* 8.89 (1.32–48.37) 5.75 (2.28–49.58) 8.90 (1.94–52.45) 5.86 (0.0–49.42) 
visfatin (ng/ml)* 3.11 (0.0–12.07) 3.38 (0.014–10.79) 3.41 (0.22–9.02) 4.64 (0.074–10.57) 

 
* expressed as median (range) 
 
 
Table 3. Correlations between individual adipokines and parameters of glucose and thyroid metabolism in patients with DM2 without 
thyroid disease 
 

 adiponectin resistin visfatin 

volume of thyroid gland (ml)* NS NS ρ=-0.35, p=0.001 
fT4 (pmol/l)* NS NS NS 
TSH (mIU/l)* NS NS NS 
anti-Tg (kIU/l)* NS NS NS 
anti-TPO (kIU/l)* NS NS NS 
Gly (mmol/l)* NS NS NS 
HbA1C (%)* NS ρ=-0.26, p=0.02 NS 
BMI (kg/m2)* NS NS NS 
waist (cm)* NS NS ρ=-0.26, p=0.02 

 
* expressed as median (range) 

 
 

Discussion 
 
As mentioned above, several authors assume that 

hypothyroidism potentiates the production of 
adipocytokines. 

Our results given in Table 2, which, although of 

statistically low significance, found gradually increasing 
median adiponectin concentration in CG vs. diabetics 
without AIT vs. diabetics with AIT vs. patients with AIT 
without DM2. 

Resistin increased in the group of patients with AIT 
without DM2 and CG vs. diabetics with or without AIT. 
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In contrast, the median concentration of visfatin 
was highest in CG and decreased in terms of CG vs. 
diabetics with AIT vs. patients with AIT without DM2 
vs. diabetics without AIT. 

 
Adiponectin 

Adiponectin has many important roles, including 
increasing insulin sensitivity in muscles and liver, 
lowering plasma glucose levels, and protecting blood 
vessels from developing atherogenic changes. Its level is 
reduced in DM2. Adiponectin and TH involve in several 
biological processes, e.g. they reduce the amount of fat 
by increasing thermogenesis and lipid oxidation (Ahima 
et al. 2006). It is considered that adiponectin may affect 
the production of TH through interaction with the gC1q 
receptor found in the mitochondria of thyroid cells 
(Fernández-Real et al. 2003). On the other hand, the 
partial inhibitory effect of triiodothyronine on the 
adiponectin mRNA expression process in white adipose 
tissue has been demonstrated relatively recently 
(Cabanelas et al. 2010). Iglesias et al. (2003) described 
lower levels of adiponectin in hypothyroidism (mainly 
patients with Hashimoto's thyroiditis). In contrast, Santini 
et al. (2004), Altinova et al. (2006), Iglesias and Díez 
(2007), Siemińska et al. (2010), Kaplan et al. (2012), 
Yldiz et al. (2013) as well as our study found no 
difference between hypothyroid group and CG (Table 2). 
HbA1c as an indicator of glycemic control showed 
a negative correlation with serum adiponectin. Low 
adiponectin concentration may predict the development 
of diabetes and may have an important role in the 
pathogenesis of diabetes. Most of studies confirm it 
(Lindsay et al. 2002, Spranger et al. 2003, Fernández-
Real et al. 2004, Goodarzi et al. 2007). However some 

studies came to opposite conclusion (Owecki et al. 2008). 
We detected a negative correlation between 

adiponectin and HbA1c in all four groups, but the 
correlation was not statistically significant (Table 6).  
 
Resistin 

Resistin is an adipocytokine hormone very 
commonly associated with DM2, obesity, and insulin 
resistance (Stumvoll and Häring 2002). Its level 
decreases with age, in men is higher than in women 
(Nogueraz et al. 2003). Its importance in these 
pathological conditions, in a positive or negative sense, is 
currently much debated. It is certain that it increases the 
level of “bad” LDL-cholesterol and prevents its 
dissolution in the liver (Stumvoll and Häring 2002). 

Several studies show no association between 
levels of resistin and TH (Siemińska et al. 2010, Kaplan 
et al. 2012) as well as ours (Table 4). In hypothyroidism, 
according to one study, unchanged levels were found 
(Krassar et al. 2006) as well as in ours, according to 
another, they were reduced (Iglesias and Díez 2007). On 
the other hand, resistin, by increasing the activity of the 
enzyme iodothyronine deiodinase type I, can increase fT4 
(Ziora et al. 2011). It was not clarified yet, if serum levels 
of resistin are normal or lower in patients with DM2. 
Some studies declares there is not a significant difference 
between resistin levels in diabetics and non-diabetics, 
others confirm its increased levels in diabetics. We 
confirmed it, but only in diabetics with AIT (Table 2). 
According to several studies resistin correlates with 
HbA1C in diabetics, but not in non-diabetics. Other 
studies declares no correlation nor in diabetics neither in 
non-diabetics. Our study confirmed this correlation 
(Table 3). 

 
 

Table 4. Correlations between individual adipokines and parameters of glucose and thyroid metabolism in patients with AIT without 
impaired glucose metabolism 
 

 adiponectin resistin visfatin 

volume of thyroid gland (ml)* NS NS NS 
fT4 (pmol/l)* NS NS NS 
TSH (mIU/l)* NS NS NS 
anti-Tg (kIU/l)* NS NS NS 
anti-TPO (kIU/l)* NS NS NS 
Gly (mmol/l)* NS NS ρ=-0.39, p=0.003 
HbA1C (%)* NS NS NS 
BMI (kg/m2)* NS NS NS 
waist (cm)* NS NS NS 

 
* expressed as median (range) 
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Table 5. Correlations between individual adipokines and parameters of glucose and thyroid metabolism in patients with DM2 and AIT 
 

 adiponectin resistin visfatin 

volume of thyroid gland 
(ml)* 

NS NS NS 

fT4 (pmol/l)* NS NS NS 
TSH (mIU/l)* NS NS NS 
anti-Tg (kIU/l)* NS NS NS 
anti-TPO (kIU/l)* NS NS NS 
Gly (mmol/l)* NS NS NS 
HbA1C (%)* NS NS NS 
BMI (kg/m2)* NS NS NS 
waist (cm)* NS NS NS 

 
* expressed as median (range) 
 
 
Table 6. Correlations between individual adipokines and parameters of glucose and thyroid metabolism in CG 
 

 adiponectin resistin visfatin 

volume of thyroid gland 
(ml)* 

NS NS NS 

fT4 (pmol/l)* NS NS ρ=0.36, p=0.02 
TSH (mIU/l)* NS NS NS 
anti-Tg (kIU/l)* NS NS NS 
anti-TPO (kIU/l)* NS NS NS  
Gly (mmol/l)* NS NS NS 
HbA1C (%)* NS NS NS 
BMI (kg/m2)* NS NS NS 
waist (cm)* NS NS NS 

 
* expressed as median (range) 

 
 

Visfatin 
Visfatin, in contrast to adiponectin and resistin, 

is an adipocytokine enzyme. In addition to its numerous 
functions, e.g. in the synthesis of nicotinamide adenine 
dinucleotide, maturation of vascular smooth muscle cells, 
inhibition of neutrophil apoptosis, etc., is involved in 
increasing insulin sensitivity through activation of insulin 
receptors (Samal et al. 1994). Serum levels of visfatin are 
increased in various chronic inflammatory diseases, e.g. 
rheumatoid arthritis or chronic inflammation of the 
intestinal mucosa such as ulcerative colitis or Crohn's 
disease (Moschen et al. 2007). 

Caixàs et al. (2009), Han et al. (2012) and Guzel 
et al. (2013) described higher levels of visfatin in 
hypothyroidism (mainly patients with Hashimoto's 
thyroiditis), while after adjusting thyroid parameters with 
appropriate treatment, the levels of this enzyme were also 
adjusted (Caixas et al. 2009, Han et al. 2012, Guzel et al. 

2013), in contrast to Ozkaya et al. (2009) who found 
unchanged levels of this adipocytokine in patients with 
hypothyroidism. According to Ozkaya et al. (2009) 
serum visfatin levels in euthyroid non-diabetic patients 
correlate positively with TSH. We did not prove this 
correlation (Table 6). However, levels of visfatin in 
euthyroid patients without thyroid disease or DM2 in CG 
correlated positively with fT4 levels which is in contrast 
to Farazandeh et al. (2011) and Yaylali et al. (2016). 
They did not prove any correlation between visfatin and 
thyroidal parameters in healthy individuals or in 
euthyroid patients with AIT (Farazandeh et al. 2011, 
Yaylali et al. 2016). There are controversies regarding the 
association of visfatin with overweight/obesity, DM2, 
insulin resistance, and metabolic syndrome. There is 
a direct association between plasma visfatin level and 
DM2. Visfatin binds to the insulin receptor at a site 
distinct from that of insulin and causes hypoglycaemia by 
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reducing glucose release from liver cells and stimulating 
glucose utilization in adipocytes and myocytes (Adeghate 
2008). We observed that visfatin negatively correlates 
with fasting glycaemia, however only in patients with 
AIT and without DM (Table 4). Early research suggested 
that visfatin produces insulin-mimetic effects by binding 
to the insulin receptors and activating downstream insulin 
signaling pathways (Fukuhara et al. 2005, Tilg and 
Moschen 2006, Tokunaga et al. 2008). However, due to 
failure to reproduce these data, Fukuhara and colleagues 
retracted their findings in 2007 (Fukuhara et al. 2007). 
The association between insulin resistance and blood 
visfatin concentrations is not clear. Some studies indicate 
that blood visfatin concentrations significantly correlate 
with insulin resistance or DM2 (Fukuhara et al. 2005, 
Chen et al. 2006, Dogru et al. 2007, Sandeep et al. 2007, 
Yilmaz et al. 2008), accordingly visfatin positively 
correlates with fasting glycaemia as we demonstrated in 
patients with AIT (Table 4). Other studies demonstrate 
that the association between diabetes and blood visfatin 
concentrations was not significant (Gunduz et al. 2011, 
Berndt et al. 2005, Krzyzanowska et al. 2006), thus 
visfatin did not correlate with HbA1C. 
 
Limitations 

 
Our study has several limitations: 

• The main limitation is a relatively small number of 
patients in each of the studied disease population 
subgroups. 

• There is a significant disbalance in gender between 

groups of patients and also between groups of 
patients and the CG. This disbalance may be 
important for resistin analyses as it tends to be 
higher in males. 

• The age and other parameters are not normally 
distributed within particular groups.  

• Age upper limit in each group was 65 years; this 
was due to the fact that older patients have higher 
probability of polymorbidity. But this limitation 
means that in our study adipokines (and other 
parameters) concentrations do not truly represent 
their distribution in the selected disease and general 
populations.  

• This study has the exploratory nature. 
 

Conclusion 
 
The background of the association between 

DM2 and AIT is still not sufficiently clarified. 
Adipocytokines are unquestionably related to insulin 
sensitivity and resistance, and thus to DM2 as well as to 
TH. But how and whether these associations are related 
to each other is not yet known, so it is necessary to 
further investigating of them. 
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