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Background: The role of vitamin D in the development of autoimmune thyroid diseases 
has been actively discussed in the recent literature. Numerous studies have demonstrated 
an association of low vitamin D levels with autoimmune thyroiditis, with correlations 
with antithyroid antibody levels, thyroid hormone levels, disease severity and thyroid 
gland volume, both in adults and in children. However, there are a few relevant reports 
on Graves’ disease (GD), and only one relevant report is available on GD associated 
with autoimmune ophthalmopathy (AO). Given that GD complicated by AO is a classic 
autoimmune disease, it will be interesting to investigate the role of vitamin D in its 
pathogenesis.
Purpose: To examine vitamin D levels and to determine correlations between this 
characteristic and thyroid-stimulating hormone receptor antibodies (TSH-R-Ab) in 
patients with Graves’ disease complicated by immune ophthalmopathy.
Material and Methods: Serum levels of 25(OH)D, TSH, TSH-R-Ab and parathyroidal 
hormone (PTH) were measured in 131 patients with GD. Study patients were divided into 
two groups based on the presence or absence of ophthalmopathy. Group 1 comprised 
81 GD patients with AO, and group 2 comprised 50 GD patients without AO. Clinical 
severity of AO was classified using the NOSPECS. Thirty-two, 30 and 19 patients had 
class 2b, class 3a or 3b, and class 4a, respectively. Variation statistics with Student t test 
was used for statistical analyses. The level of significance p ≤ 0.05 was assumed. Data 
are presented as mean ± standard error of mean. Pearson correlation analysis was used 
to identify possible correlations between variables.
Results: All patients were euthyroid, and the mean TSH level in group 1 was 1.33±0.35 
mU/L, and in group 2, 0.5 ± 0.2 mU/L (Р > 0.05). TSH-R-Ab levels were higher than 
normal in both groups of patients (group 1: range, 0.8 U/L to 21 U/L , mean value, 
14.05± 2.7 U/L ; group 2: range, 1.8 U/L to 14.3 U/L , mean value, 31.0 ± 2.22 U/L; 
the difference between groups was not significant, р > 0.05). This was anticipated 
since these abnormalities are pathogenetic in GD. Serum levels of 25(OH)D in both 
groups were lower than normal (42.98 ± 2.82 nmol/L in group 1 vs 58.12 ± 4.2 nmol/L 
in group 2; р<0.02). Serum 25(OH)D concentrations were statistically significantly 
lower in Graves’ disease patients with AO, than in those without ophthalmopathy, and 
corresponded to vitamin D deficiency and suboptimal status, respectively. There was a 
significant difference in serum 25(OH)D level, but not in PTH level between the groups. 
Thus, mean serum PTH level in group 1 was 65.85±4.79 pg/mL, vs 49.73±11.4 pg/mL 
in group 2 (р > 0.05). TSH-R-Ab levels were negatively linearly correlated with the 
serum 25(OH)D level in the study cohort (elevated TSH-R-Ab levels correlated with 
low 25(OH)D levels).
Conclusion: First, there was no statistically significant difference in TSH-R-Ab levels 
between Graves’ disease patients with AO and those without AO (14.05±2.7 U/L and 
31±2.22 U/L, respectively; р > 0.05). Second, the mean serum 25(OH)D level for the 
study cohort of Graves’ disease patients (47.63 ± 2.48 nmol/L) was insufficient, and 
the mean level for patients with AO was significantly lower than the mean level for 
patients without AO (42.98 ± 2.82 nmol/L vs 58.12 ± 4.2 nmol/L; р<0.02). Finally, there 
was a negative correlation of TSH-R-Ab levels with 25(OH)D levels in Graves disease 
patients with AO (r= - 0.53; р<0.05).
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Introduction
Autoimmune ophthalmopathy (AO; Graves’ 

ophthalmopathy, endocrine orbitopathy, malignant 
exophthalmos, thyrotoxic ophthalmopathy) is an 
autoimmune disease characterized by a complex orbital 
tissue injury and accompanied by infiltration, edema and 
proliferation of the retrobulbar adipose tissue, muscles 
and connective tissue. The pathogenesis of AO is closely 
linked with autoimmune thyroid diseases (AITD); AO may 
be associated with Graves’ disease (GD) in the majority 
(about 90%) of cases or with Hashimoto’s thyroiditis in 
10% of cases, or may run a course not associated with 
thyroid disease. AO is seen in 5% to 20% of patients 
with GD [1], has a female to male ratio of about 4:1 
and a peak incidence between 40 and 60 years [2]. GD 
is a systemic autoimmune disorder characterized by the 
infiltration of thyroid antigen-specific T cells into thyroid-
stimulating hormone receptor (TSH-R)-e-pressing tissues. 
Stimulatory autoantibodies (Ab) in GD activate the TSH-R 
leading to thyroid hyperplasia and hyperfunction [3]. In 
Graves’ ophthalmopathy (GO), orbital fibroblasts are the 
autoimmune target cells and express relatively high levels 
of functional TSH-R. Stimulating Ab bind to TSH-R that 
also interacts with IGF1 receptors (IGF1-R) on the surface 
of thyrocytes and on orbital fibroblasts, which results in 
the TSH-R-Ab interaction with TSH-R activating both 
IGF1R downstream pathways and TSH-R signaling [3, 4].

There have been reports [5, 6] of numerous potential 
factors (genetic susceptibility; external triggers like 
iodine, selenium, and interferon- and iodine-containing 
drugs; exposure to radiation; cigarette smoking; viral 
infections; stress and chemicals) influencing initiation and 
progression of AITD. 

In recent decades, there have been studies on non-
classic effects of vitamin D, particularly, on its role in 
regulation of cell proliferation and differentiation and 
immune modulation, since vitamin D deficiency has been 
reported in several chronic conditions associated with 
increased inflammation and deregulation of the immune 
system [7, 8, 9, 10]. It is well-established that vitamin 
D can affect antigen-presenting cells (APC), while its 
deficiency can impair the function of cells of acquired 
and innate immunity [11]. It is likely that it suppresses 
the development of autoimmune reactions and produces 
an anti-inflammatory effect by provoking differentiation 
of dendritic and regulating T cells and decreasing Th17 
response and inflammatory cytokine secretion [6, 12]. 
Although it has been reported that vitamin D deficiency 
may be associated with increased risk for progression of 
AITD, it is still not understood whether this has a role in 
disease pathogenesis or is a consequence of the disease.

Biological action of vitamin D is mediated by its active 
form, 1,25(OH)2D3. In target tissues, 1,25(OH)2D, an 
active form of vitamin D, exerts its action by associating 
with a specific nuclear vitamin D receptor (VDR), a member 
of a rather large family of nuclear hormone receptors [13]. 
Vitamin D in the form of 1,25(OH)2D is involved, either 

directly or indirectly,  in activation or suppression of as many 
as 200-500 genes, representing about 3-5 % of the human 
genome, and including those responsible for regulation 
of cell proliferation, differentiation, and apoptosis and 
angiogenesis [14]. 1,25(OH)2D3 receptors have been 
identified in more than 35 organs and tissues. Cells of the 
intestine, bone tissue, kidneys, brain tissue, prostate and 
breast, as well as immune cells (including B and T cells, 
monocytes, macrophages and dendritic cells) express 
VDR and respond to 1,25(OH)2D [6,13]. In addition, 
immune cells exhibit an active vitamin-D metabolism, and 
some of them can produce 1α-hydroxylase, the enzyme 
required to convert 25(OH)D3 to 1,25(OH)2D3. The 
ability of immune cells to metabolize vitamin D ensures a 
physiological high concentration of active 1,25(OH)2D3 in 
a local lymphoid environment, which promotes its specific 
action and limits any undesirable high concentration-
related systemic effects [6, 8,11,12]. The literature has 
identified many potential factors at play for the initiation 
and progression of AITD. Some of these factors, including 
tumor necrosis factor-alpha (TNF-α), and interleukin (IL)-
6, contribute to thyroid inflammation, and vitamin D is an 
additional factor [15].

Vitamin D receptor has been reported to exist in ocular 
barrier cells and vitamin D has been reported to enhance 
corneal epithelial barrier function through regulating 
gap junctions and tight junction. In mice, vitamin D has 
been shown to suppress ocular surface inflammation by 
inhibiting Langerhans cell migration into corneas, thus 
inhibiting corneal neovascularization [16].

Studies have reported contradictory results regarding 
an association between vitamin D deficiency and dry eye 
syndrome (DES), a common ocular condition found in 
14-15% of population aged 50 and over and significantly 
affecting the quality of life. It is known that 65%-85% of 
patients with AO have symptoms of DES. A cross-sectional 
analysis study by Yoon et al [16] involved 17,542 Korean 
adults, found that the deficient sunlight exposure and low 
serum 25(OH)D levels were a risk factor for DES, but 
symptomatic DES was associated only with deficient serum 
25(OH)D levels (<12 ng/mL) in Korean adults. Some later 
studies [17, 18] found similar results. Several studies [19, 
20], however, reported no significant associations between 
serum vitamin D levels and DES. Although the complete 
explanation for the mechanism through which Graves’ 
opthalmopathy leads to DES is not entirely known, it is 
most likely that multiple mechanisms are involved and 
have a synergistic effect. Known mechanisms include 
tear film dysfunction due to increased evaporation and/
or ocular inflammation, aberrant stimulation of lacrimal 
glands leading to hyposecretion, and other currently 
unknown mechanisms currently combining to cause the 
symptoms and signs of DES [21]. 

Several gene studies demonstrated associations of 
polymorphisms in the VDR gene, vitamin D binding 
protein (VDP) gene, 1-alpha-hydroxylase gene, and 
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25-hydroxylase gene with susceptibility to autoimmune 
abnormalities. However, some other studies did not confirm 
these associations. Recent analyses of the literature on the 
role of vitamin D in thyroid diseases [6, 10, 13, 14, 22] 
have demonstrated associations of vitamin D deficiency 
with Hashimoto’s thyroiditis, with or without correlations 
with antithyroid antibody levels, thyroid hormone levels, 
disease severity and thyroid gland volume [23, 24, 25, 26, 
27], both in adults and in children [23].

Although potential associations between vitamin D 
and GD were investigated less than those between vitamin 
D and Hashimoto’s thyroiditis, the majority of studies 
reported on low vitamin D levels in patients with GD, 
and on correlations of vitamin D levels with antithyroid 
antibody and thyroid hormone levels [31, 32, 33, 34, 
35, 36]. Some other studies, however, either found no 
association between low vitamin D levels and AITD in 
adults [6, 9, 23] and in children [37], or found associations 
only for specific subgroups [6, 38].

In a study by Planck et al [33], the prevalence of vitamin 
D deficiency and insufficiency was higher in 292 patients 
with newly diagnosed GD compared to controls. The study, 
however, did not observe any correlation between the 
vitamin D levels and levels of fT4, fT3, TRAb, and TPOAb 
and relapse within 1 year after terminating treatment with 
antithyroid drugs. In addition, Graves’ disease patients 
without Graves’ opthalmopathy at diagnosis had the same 
vitamin D levels as those with Graves’ opthalmopathy. 
Moreover, there was no difference in the vitamin D levels 
at baseline between individuals who achieved remission 
and those who relapsed. Those authors [33] stressed that 
theirs was the first study investigating the relationship 
between vitamin D levels and GO, showing no association 
between vitamin D levels with the presence of GO at the 
onset of GD.

Contradictions in the literature and the absence of 
well-grounded conclusions can be partially explained by 
limitations in study design, seasonal variations in blood 
vitamin D levels, and intra-assay analytical variability 
affecting the results for measurements of vitamin D 
levels. In addition, differences in definitions of vitamin D 
deficiency/insufficiency have contributed to contradictory 
results.

Therefore, patients with Hashimoto’s thyroiditis and 
Graves’ disease in AO have significantly impaired cell-
based and humoral immunity during the course of the 
disease. Although some aspects of the pathogenesis are yet 
to be fully elucidated, recent studies have demonstrated 
that immune correction may be promising in patients 
with these disorders. Given the contradictory data on the 
effect of 25(OH)D on the acquired immune system, further 
randomized controlled trials are needed to clarify (a) the 
role of vitamin D as an immunomodulator and (b) its 
potential benefits in the treatment of AITD and AO.

The purpose of this study was to examine vitamin 
D levels and to determine correlations between this 
characteristic and thyroid-stimulating hormone receptor 

antibodies (TSH-R-Ab) in patients with Graves’ disease 
complicated by immune ophthalmopathy.

Materials and Methods
25-hydroxyvitamin D (25(OH)D) is widely regarded 

as the best indicator of vitamin D status and a marker of 
vitamin D deficiency and concomitant calcium metabolism 
disorder. Serum 25(OH)D concentrations were measured 
in nmol/L using enzyme-linked immunosorbent assay 
(ELISA; ADVIA Centaur XP System, Siemens Healthcare 
Diagnostics, Inc., Tarrytown, NY). Practical guidelines 
for the supplementation of vitamin D and the treatment 
of deficits in Central Europe recommend pharmacological 
therapy for vitamin D deficiency [serum 25(OH)D < 
50 nmol/L), and define suboptimal status and target 
concentration for optimal vitamin D effects as 50-75 
nmol/L and 75-125 nmol/L, respectively [38].

Parathyroid hormone (PTH) concentrations 
were assessed as a marker of impaired functional 
parathyroid activity with the development of secondary 
hyperparathyroidism as a classical physiological 
response to vitamin D deficiency in the body. Serum PTH 
concentrations were measured using chemiluminescent 
immunoassay kits (reference PTH range, 15 pg/mL to 65 
pg/mL).

Serum TSH concentrations were measured using 
radioimmunoassay kits (Immunotech, Prague, Czech 
Republic; reference TSH range, 0.17 mU/L to 4.05 mU/L) 
to examine thyroid function.

Serum concentrations of antibodies to TSH-R (TSH-R-
Ab), a major marker of the autoimmune process in Graves’ 
disease, were measured using ELISA kits (reference TSH-
R-Ab ≤ 1.5 U/L).

Variation statistics with Student t test was used for 
statistical analyses. The level of significance p ≤ 0.05 was 
assumed. Data are presented as mean ± standard error of 
mean. Pearson correlation analysis was used to identify 
possible correlations between parameters.

We prospectively analyzed 131 Graves’ disease patients 
(119 women and 12 men; age, 29 years to 62 years; mean 
age, 46±8 years) who were treated or observed at the 
Department of General Endocrine Pathology, Komisarenko 
Institute for Endocrinology and Metabolism.

At baseline, mean serum TSH, 25(OH)D, TSH-R-
Ab and PTH levels for the study cohort were 1.00 ± 0.23 
mU/L, 47.63 ± 2.48 nMol/L, 12.97 ± 1.95 U/L , and 63.17 
± 4.52 pg/mL, respectively.

Study patients were divided into two groups based 
on the presence or absence of ophthalmopathy. Group 1 
comprised 81 Graves’ disease patients with AO, and group 
2 comprised 50 Graves’ disease patients without AO.

Clinical severity of AO was classified using the 
NOSPECS. Thirty two, 30 and 19 patients had class 
2b, class 3a or 3b, and class 4a, respectively. Of the 50 
patients of the group of patients without AO, five had 
NOSPECS class 1a or class 1b. These five patients were 
not included in the group of patients with AO, since such 
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changes are considered not manifestations of autoimmune 
ophthalopathy, but resulting from stimulation of the 
sympathetic nervous system by excessive hormones.

Results and Discussion
All patients were euthyroid receiving (a) thyroid 

hormone replacement therapy after thyroidectomy or (b) 
antithyroid therapy (merkazolil and/or thyrosol), and the 
mean TSH level in group 1 was 1.33±0.35 mU/L, and in 
group 2,  0.5±0.2 mU/L (Р > 0.05).

It should be noted that TSH-R-Ab levels were higher 
than normal in both groups of patients (group 1: range, 
0.8 U/L to 21 U/L, mean value, 14.0 5± 2.7 U/L; group 
2: range, 1.8 U/L to 14.3 U/L, mean value, 31.0 ± 2.22 
U/L; the difference between groups was not significant, р 
> 0.05). This was anticipated, since these abnormalities are 
pathogenetic in the disease, and the pathogenesis is based 
on the production of antibodies that bind to and activate 
TSH-R on the membrane of thyrocytes, and the activation 
process further develops, resulting in increased iodine 
capture, increased production of thyroid peroxidase and 
thyroglobulin, and, eventually, in thyroid hyperfunction.

Serum levels of 25(OH)D in both groups were lower 
than normal (42.98 ± 2.82 nmol/L in group 1 vs 58.12 ± 
4.2 nmol/L in group 2; р<0.02). Serum 25(OH)D levels 
were statistically significantly lower in Graves’ disease 
patients with AO, than in those without ophthalmopathy, 
and corresponded to vitamin D deficiency and suboptimal 
status, respectively.

Interestingly, there was a significant difference in serum 
25(OH)D level, but not in PTH level between the groups. 
Thus, mean serum PTH level in group 1 was 65.85±4.79 
pg/mL, vs 49.73±11.4 pg/mL in group 2 (р > 0.05). It 
should be noted that the mean serum PTH level in group 1 
was at the upper limit of the normal range, pointing to the 
tendency towards a compensatory increase in parathyroid 
function in response to deficiency in 25(OH)D among 
Graves’ disease patients with AO.

The above characteristics are presented in Table 1.
Thereafter, Pearson correlation analysis was used to 

identify possible correlations between parameters (Table 
2).

Our study showed that TSH-R-Ab levels were 
negatively linearly correlated with the serum 25(OH)
D level in the study cohort (elevated TSH-R-Ab levels 
correlated with low 25(OH)D levels). Our findings are 
in agreement with the results of other studies regarding 
correlation of elevated levels of antithyroid antibodies with 
vitamin D deficiency in autoimmune thyroid diseases. As 
opposed to the study by Planck et al [33], we found not 
only deficient serum 25(OH)D levels in Graves’ disease 
patients with AO compared to those without AO, but also 
a negative correlation of TSH-R-Ab levels with 25(OH)D 
levels, which points to the role of the latter in autoimmune 
processes in AO.

Conclusion
First, there was no statistically significant difference in 

TSH-R-Ab levels between Graves’ disease patients with 
AO and those without AO (14.05 ± 2.7 U/L and 31 ± 2.22 
U/L, respectively; р > 0.05). 

Second, the mean serum 25(OH)D level for the study 
cohort of Graves’ disease patients (47.63 ± 2.48 nmol/L) 
was insufficient, and the mean level for patients with AO 
was significantly lower than the mean level for patients 
without AO (42.98 ± 2.82 nmol/L vs 58.12 ± 4.2 nmol/L; 
р<0.02). 

Finally, there was a negative correlation of TSH-R-
Ab levels with 25(OH)D levels in Graves disease patients 
with AO (r= - 0.53; р<0.05).
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Table 1. Mean serum levels of 25(OH)D, TSH, TSH-R-Ab and PTH in Graves’ disease patients with autoimmune ophthalmopathy 
(group 1) and without autoimmune ophthalmopathy (group 2)

Group TSH, mU/L TSH-R-Ab, U/L 25(OH)D, nmol/L PTH, pg/mL

Group 1 1.33 ± 0.35 14.05 ± 2.7 42.98 ± 2.82 65.8 ± 4.79

Group 2 0.5 ± 0.2 31 ± 2.22 58.12 ± 4.2 49.73 ± 11.4

р 0.089 0.437 0.004 0.192
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Table 2. Pearson correlations between study variables

TSH-R-Ab TSH 25(OH)D

TSH-R-Ab 1.00 -0.32 -0.53

TSH -0.32 1.00 0.09

25(OH)D -0.53 0.09 1.00

Note: r= - 0.53; Р < 0.05.


