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Introduction

Vitamin D exists in the form of vitamin D2 (ergocalciferol) 
and D3 (cholecalciferol), after passing through the liver form the 
metabolite 25 hydroxy calciferol (25- (OH) D), which circulates 
in the blood and is the main indicator of this vitamin [1,2]. 
Concentrations of 25- (OH) D in the body are under genetic control, 
using single nucleotide polymorphisms (SNRs) around genes 
involved in the synthesis, metabolism, and transport of vitamin D 
[3,4]. Vitamin due to the presence of the receptor (VDR), which is 
found in almost all nuclear cells is an important regulator in the 
pathogenesis of many diseases. There are increasing reports that 
the metabolic enzymes VDR and vitamin D are involved in various 
parts of innate and adaptive immunity, which is of great clinical 
importance [5,6]. Consideration of scientific research over the 
past 20 years regarding the role of cellular and humoral immunity  

 
in the occurrence of autoimmune thyroid diseases shows their 
important participation in adaptive and innate immunity [7].

The most common of these are autoimmune thyroiditis 
(Hashimoto’s disease) and autoimmune thyrotoxicosis (GD). The 
prevalence of hyperthyroidism is 1.2-1.6% of them 0.5-0.6 overt 
and 0.7-1% subclinical [8]. The most common cause of this disease 
is GD. Organ-specific autoimmune disease, the main manifestation 
of which is the formation of circulating autoantibodies to the 
thyroid-stimulating hormone receptor. Binding of autoantibodies 
to the receptor causes the release of thyroid hormones and 
thyrocyte hyperplasia, the clinic of thyrotoxicosis. The value 
of vitamin D in the pathogenesis of GD has been the subject of 
research in recent years in various countries [9-12]. The presence 
of vitamin D deficiency in patients with GD has been established. 
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The question of the causal relationship between vitamin D 
deficiency and GD and the importance of this vitamin for thyroid 
function in the treatment of GD deserves special attention [12,13]. 
The aim of the study was to investigate the level of 25- (OH) D 
in the body in patients with GD and its relationship with thyroid 
function.

Methods

Setting

The open-label controlled study included 102 patients with 
moderate GD who applied to the consulting clinic of the Institute 
of Endocrinology and Metabolism. VP Komissarenko NAMS of 
Ukraine “in the period 2018-2020. The control group included 42 
people without thyroid pathology. Written informed consent was 
taken from all patients to participate in this study, and the ethical 
committee of the Institute of Endocrinology and Metabolism VP 
Komissarenko National Academy of Medical Sciences of Ukraine 
approved the study.

Inclusion Criteria

Patients with GD were verified according to international 
diagnostic standards, the study included patients able to comply 
with the study protocol.

Exclusion Criteria

Age of patients less than 19 years and older than 65; severe 
dysfunction of internal organs, kidneys and liver; disorders of 
the hematopoietic system; pregnancy; patients taking other 
antithyroid drugs for previously diagnosed severe and mild 
HG; patients with the presence of nodules of the thyroid gland; 
patients with moderate and severe orbitopathy; patients taking 
drugs that contain vitamin D and mineral supplements with 
selenium; chemotherapy or radiotherapy for malignant tumors 
the previous 5 months; patient incompatibility. Patients were 
divided into two groups depending on the therapy. The first group 
included 52 subjects who received tyrosol in an initial dose of 20-
30 mg per day with a subsequent transition to maintenance doses 
of 5-10 mg per day as the disease is compensated. The second 
group consisted of 52 patients. They took tyrosol at a dose of 20-
30 mg per day and vitamin D 2000 IU per day.

Instrumental Tests

Ultrasound examinations of the thyroid gland were 
performed with the device “Toshiba” SSA-580A and “Ultima” RA 
GRIS.941217.01343. The size of the thyroid gland was determined 
according to the recommendations of Brunn [14]. Ultrasound 
examination was performed before treatment and 3 and 6 months 
after treatment.

Biochemical Tests

Normal values for fT4 were 11.5-23.0 pmol / l and fT3 2.5-

5.8 pmol / l, reference values of TSH were in the range of 0.17-
4.05 mIU/ml. When determining the level of TSH Ab in the serum 
used an automatic immunochemiluminescent system IMMULITE 
2000 which uses recombinant human TSH receptors (hTSHR). 
Due to the determination of stimulating autoimmune antibodies, 
the differential diagnosis of GD is reliable (sensitivity 98.3%, 
specificity 99.7%). Normal values of TSH Ab were considered to 
be not exceeding 0.5 mOd / l. The norm was the concentration of 
antibodies from 0 to 35 IU / liter.

Determination of the level of 25- (OH) D in the serum was 
performed using an automatic immunochemiluminescent 
system IMMULITE 2000. The unit of measurement is nmol / l. At 
indicators of blood serum below 25- (OH) D - obvious deficiency, 
50 nmol / l - deficiency of vitamin D, 50 - 75 nmol / l - inadequacy 
of receipt of vitamin D, over 75 nmol / l - normal supply of vitamin 
D [15,16]. Levels of free fractions of thyroid hormones (f T4, fT3), 
TSH, TSH Ab, ATPO, and 25- (OH) D serum were determined in 
patients before treatment and 3, 6 months after starting therapy 
with tyrosol and drugs vitamin D. In order to identify possible 
cellular disorders in the hematopoietic system on the background 
of tyrosol, a clinical blood test was performed once every 10 days, 
and in the transition to maintenance doses of the drug once a 
month.

Statistical Analysis

Statistical data processing was performed in accordance with 
the requirements of evidence-based medicine and biostatistics, 
using the approaches of modern non-infectious epidemiology 
[17]. The statistical package used the software package SPSS 
16.0. and Med Stat. Mann-Whitney criteria were used for odd 
comparisons [18].

Results

Its metabolite of vitamin D-25- (OH) D is physiologically 
active in the body. To study the dependence of immune status and 
thyroid function on sex, age of patients, and the level of 25- (OH) D, 
we analyzed the indicators in a combined group of patients - 102 
patients before treatment. It was found that among the patients 
there were 32 men and 111 women, i.e., the number of women 
with Grave’s was 4 times greater than men. The minimum age of 
patients was 19 years, the maximum – 65. Accordingly, the age 
categories of 19-30 years were 21 (14.68%), 30 -49.9 years-76 
(53.15%), 50 years and older - 46 (32.17%). Most patients were 
in the age group of 30-49.9 years. Existing data in the literature 
indicate the dependence of serum vitamin D content on the age of 
patients (Table 1).

To study the dependence of immune status and thyroid function 
on sex, age of patients, and the level of 25- (OH) D, the analysis 
of indicators in the combined group of patients with HCG - 102 
patients before treatment. It was found that among the patients 
there were 32 men and 111 women, i.e., the number of women 
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with Grave’s was 4 times greater than men. The minimum age of 
patients was 19 years, the maximum -65. No gender differences 
were found between the indicators. In our study in patients with 
GD, the highest content of 25- (OH) D in serum was observed in 
the age group 19-30 (Table 2). This group had the lowest titer of 

antibodies to the TSH receptor. With age, the content of 25- (OH) 
D in the serum decreased, thus in the age group 30-49.9 years 
compared with the age group up to 30 years, it was lower by 21%, 
and in the group aged > 50 years twice less.

Table 1: Serum 25- (OH) D content in Graves’ disease and in the control group.

Total group
vitamin D supply criteria 25- (OH) D

<25 25-49,9 50-75 >75

GD

n=104 n=21 (20,19%) n=52 (50,0%) n=30 (28,85%) n=1 (0,96%)

42,3 
[26,2 – 52,5]

14,5 
[11,0 – 18,2]

37,1 
[31,0 – 45,15]

57,7 
[55,55 – 67,3] -

Control group

n=42 n=2 (4,7%) n=10 (23,8%) n=26 (61,9%) n=4 (9,59%)

58,85
[49,07 – 67,55] - 43,65

[41,8 – 47,1]
59,6

[58,5 – 66,5] -

P<0,001 - P=0,062 P=0,03 -

Note: Data presented as median and 1-3 quartiles in square brackets. Data compared according to Mann-Whitney criteria. P<0,05 considered to 
be statistically significant.

Table 2: Immunological parameters and thyroid function depending on the age of patients with GD.

Age Up to 30 years Aged 30-49, 9 years Aged 50 years and 
higher р1 р2 р3

Indexes n=13 (12,5%) n=51 (49,04%) n=40 (38,46%)

25(OH)D, nmol/L 59,1
[45,6-64,5]

47
[35,65-55,7]

26,1
[17,43-37,7] 0,011 0,000 0,000

rTSH Ab, U/L 6,5
[4,22-9,26]

17,1
[10,25-24,85]

21,95
[11,52-32,4] 0,001 0,001 0,161

TSH, U/mL 0,02
[0,001-0,03]

0,01
[0,0025-0,04]

0,009
[0,001-0,04] 0,627 0,827 0,558

ATPO, U/mL 400
[300-588]

400
[280-600]

373
[209,5-524,5] 0,815 0,671 0,403

fТ4, pmol/L 26,7
[25,76-28,9]

28,9
[26,11-36,15]

31,305
[27,68-39,74] 0,115 0,004 0,120

fТ3, pmol/L 8,8
[7,2-10,3]

11,9
[10,22-16,3]

12
[9,88-18,75] 0,002 0,004 0,930

Thyroid volume, cm3 27,51
[24,12-46,18]

38,96
[28,85-55,64]

49,315
[28,93-74,29] 0,048 0,003 0,127

Note: Data presented as median and 1-3 quartiles in square brackets. р1 - 30-49.9 compared to group up to 30 years; p2 -50 years and older com-
pared to group up to 30 years; p3 - 30-49.9 years compared to group 50 years and older. P<0,05 considered to be statistically significant according 
to Mann-Whitney criteria.

Accordingly, there was an inverse situation of the level of TSH 
Ab in serum depending on age. In the age group of 50 years and 
older, the content of TSH Ab was 3 times higher than in group up 
to 30 years. Among other indicators, was a significantly increased 
thyroid volume in the group aged 30-49.9 years and aged 50 years 
and older group compared to the indicator in the group up to 30 

years. In connection with these data, it was important to investigate 
other indicators depending on the level of vitamin supply. Existing 
supply criteria for Central Europe distinguish levels: significant 
insufficiency <25 nmol / l, obvious insufficiency -25-50 nmol / l, 
moderate insufficiency 50-75 nmol / l, satisfactory supply of more 
than 75 nmol / l vitamin D [18,19]. These data indicate that almost 
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all patients with GD are deficient in vitamin D. Due to the small 
number of cases, the level of satisfactory provision is not included 
in the table for analysis. When analyzing the data, there were 
differences only in the level of TSH Ab in the 2nd and 3rd groups 
compared to the first.

In the group of patients with GD, depending on the level of 
vitamin D supply, we observed a significant decrease in the level 
of TSH Ab in only the group 50-75 25 (OH) D, nmol / L compared 
to the group up to 25 25 (OH) D, nmol / L (Table 3). This result 

indicates that only an adequate supply of vitamin D can reduce 
thyroid damage by antibodies to the TSH receptor. In this regard, 
it was important to check the effect of treatment with tyrosol 
combined with vitamin D. An important positive effect on the 
indicators of thyroid function has treatment with tyrosol, the 
results of this action are known well. To determine the additional 
effect of vitamin D, the effects of tyrosol treatment were compared 
with treatment tyrosol + vitamin D after 3 and 6 months of 
treatment (Table 4).

Table 3: Immunological parameters and thyroid function depending on the supplement of vitamin D in patients with GD.

Indexes Up to 25
n=21 (20,19%)

25-49,9
n=52 (50%)

50-75
n=30 (28,85%) р1 р2 р3

25(OH)D, nmol/L 14,5
[11-18,2]

37,1
[31,525-45,15]

57,7
[55,55-63,7] 0,000 0,000 0,000

rTSH Ab, U/L 23,6
[13,1-37,4]

17,15
[10,53-28,06]

11,85
[6,28-19,78] 0,145 0,010 0,081

TSH, U/mL 0,008
[0,002-0,05]

0,009
[0,001-0,03]

0,02
[0,005-0,04] 0,718 0,708 0,321

ATPO, U/mL 400
[238,9-671]

378
[201,5-510,25]

427,5
[303-595,5] 0,850 0,546 0,205

fТ4, pmol/L 29
[27-34,4]

30,13
[27,21-38]

27,9
[25,82-34,52] 0,435 0,394 0,087

fТ3, pmol/L 11,6
[10,36-19]

12,15
[9,92-17,92]

11,25
[9,15-15,46] 0,855 0,275 0,202

Thyroid volume, cm3 46,18
[28,12-82,43]

41,9
[27,32-56,06]

33,635
[28,83-51,13] 0,605 0,358 0,564

Note: Data presented as median and 1-3 quartiles in square brackets. p1 - up to 25 nmol / l compared to 25-49.9; p2 - up to 25 compared to 50-75; 
p3 - 25-49.9 compared to 50-75 nmol / l. P<0,05 considered to be statistically significant according to Mann-Whitney criteria.

Table 4: Comparison of groups of patients on therapy with tyrosol (group 1) and tyrosol + vit D (group 2) after 3 and 6 months from the start of 
treatment.

Indexes
3 months of treatment 6 months of treatment

Р1 Р2
group 1

ME [Q1 - Q3]
group 2

ME [Q1 - Q3]
group 1

ME [Q1 - Q3]
group 2

ME [Q1 - Q3]

25(OH)D, nmol/L 46,05
[33,07-54,13]

49,75
[39,7-64,73]

46785
[36,15-55,15]

69,8
[59,5-76,2] 0,011 0,021

rTSH Ab, U/L 8,4
[4,05-11,53]

4,49
[1,52-9,25]

2005
[0,78-3,2]

1,19
[0,57-2,08] 0,000 0,000

TSH, U/mL 0,375
[0,19-0,91]

1335
[0,93-2,23]

1,18
[0,9775-1,75]

1,99
[1,45-2,61] 0,124 0,010

ATPO, U/mL 347
[257,75-600]

310,5
[180-520]

400
[300-600]

294
[167,75-500] 0,112 0,066

fТ4, pmol/L 15,945
[12,35-18,28]

13,79
[12,21-16,05]

14,06
[12,425-15,6]

15,15
[13,43-16,4] 0,061 0,310

fТ3, pmol/L 3,815
[2,86-4,46]

3,185
[2,86-4,05]

3,105
[2,68-3,54]

3,12
[2,87-3,76] 0,14 0,047

Thyroid volume, cm3 41,635
[25,89-54,18]

29,855
[22,18-44,57]

41,56
[26,33-55,39]

29,11
[20,36-42,58] 0,025 0,000

Note: Data presented as median and 1-3 quartiles in square brackets. P1 – compared to group 1 after 3 months of treatment; P2 - compared to 
group 1 after 6 months of treatment according to the Mann-Whitney test. P<0,05 considered to be statistically significant.
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Due to the appointment of vitamin D in the second group 
compared to the first level of 25 (OH) D was significantly higher 
after 3 and 6 months of treatment. Vitamin D treatment had a 
positive effect on the normalization of serum TSH Ab levels. After 
3 months of treatment, the level of TSH Ab in the serum during 
treatment with vitamin D supplementation was twice lower than 
when treated with tyrosol alone. After 6 months, compared with 
treatment with tyrosol, the effect of treatment was 2 times better. 
It is impossible not to note another positive effect of vitamin D. 
Compared to tyrosol treatment alone, there was a significant 
increase in TSH levels and a decrease in thyroid volume after 6 
months.

Discussion

Vitamin supply was investigated for serum 25 (OH) D levels. 
After the passage of this metabolite through the kidneys, an even 
more active compound 1,25 dihydroxy vitamin D is formed. Data on 
this compound in various diseases, including endocrine diseases, 
are limited. The short half-life of 1.25 dihydroxy vitamin D, about 
4 hours, and its low pmol / L concentrations pose significant 
technical obstacles to the determination of the compound. At the 
same time, the excretion of 1,25-dihydroxyvitamin D from the 
kidneys into the blood is proportional to the entry of 25 (OH) D into 
the kidneys. The enzymes of the vitamin D system have been found 
to change their function depending on the 25-hydroxyvitamin D 
level in the blood; the definition of the latter is classified as the 
kinetics of the vitamin D system of the first order reaction [19]. 
An important source of vitamin D in the body is its synthesis in 
the skin. In our study, the 25 (OH) D content was the highest in 
young patients who lead an active lifestyle and spend more time 
outdoors. Serum 25 (OH) D decreased with age, while an inverse 
relationship was observed between TSH Ab levels when this 
parameter increased.

When analyzing the level of antibodies to TSH by the level 
of vitamin D intake, reliable values of antibodies to TSH were 
obtained only at levels from 25 (OH) D to 50-75 nmol / L. Thyroid 
function indicators within these limits did not change. These 
data are consistent with a recent publication by Indian authors 
[11] indicating the importance of vitamin D in the regulation of 
immune status in GD. An important treatment for GD is the use 
of antithyroid drugs, including tyrosol. Because of the effect of 
vitamin D on immune status and the importance of this component 
in the development of GD, the effect of a vitamin in addition to 
tyrosol on thyroid function has been studied. These parameters 
were studied in patients who received tyrosol and who received 
tyrosol with vitamin D. In some cases, with a sufficient content of 
vitamin D, a positive effect on the indicators of thyroid function 
was obtained. we believe that this issue requires further study 
with a larger sample of Grave’s patients.

Conclusion

Data on low vitamin D supply were obtained both among the 
control group and Graves’ patients. At the same time, the provision 

of vitamin D in Graves’ patients was significantly lower than in the 
control group. A decrease in the level of vitamin D in the blood 
with age was found. An inverse relationship was found between 
the content of antibodies to the TSH receptor in comparison 
with the content of vitamin D. Treatment of Graves’ patients with 
tyrosol combined with vitamin D improves the parameters of the 
immune status and thyroid function.
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