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Abstract: Objectives: Finding correlations between vitamin D deficiency and thyroid autoimmune
pathology in a group of patients from Dobrogea, the non-endemic geographical area, with a high
degree of sunshine.An important factor in maintaining immunological balance is represented by an
adequate level of vitamin D, multiple studies suggesting that vitamin D deficiency is associated with
a higher incidence of autoimmune diseases. Recent studies analyze the possible effect of this factor
in promoting autoimmunity, the serum level of BAFF being often increased among patients with
systemic autoimmune diseases. Methods : The study included 80 patients with autoimmune thyroid
pathology, from Dobrogea area. The entire study group (n = 80) was divided according to the
established diagnosis into two study groups: Group 1 - including 62 patients with CAT and Group 2
—including 18 patients with GD. Results: Vitamin D study average values of 25-OH-vitamin D found
statistically significant differences between vitamin D values in the two groups (p = 0.018).
Determination of BAFF serum levels among patients with CAT and GD obtained a lower mean value
of BAFF for the CAT group compared to GD group. The evolution of BAFF serum level related to the
serum levels of the antithyroid antibodies ATPO and ATG was also analyzed. For patients with GD,
BAFF was not correlated with the value of ATPO or ATG, but in the patients with CAT, a correlation
was found between the value of BAFF and the level of ATG but not with ATPO level. Conclusions:
The study analyzed BAFF serum levels in patients with CAT and respectively GD as a result of that
BAFF acts as a stimulatory factor of immunoglobulin production in autoimmune diseases. These
results require clarifying the role and therapeutic benefits of supplementing vitamin D intake in
patients with autoimmune diseases.

Keywords: lymphocyte activating factor (BAFF); thyroid autoimmune pathology; vitamin D

1. Introduction

Autoimmune diseases are characterized by changes in immune homeostasis, leading to
erroneous self-antigen recognition, followed by destruction of the involved tissue by autoreactive
immune cells [1].

Genetic, epidemiological [2,3] but also environmental factors contribute to the occurrence of
autoimmune diseases. An important factor is the availability of an adequate level of vitamin D,
multiple studies suggesting that vitamin D deficiency is associated with a higher incidence of
autoimmune diseases [1,4,5]. Experimental and clinical data provide evidence that vitamin D is one
of the environmental factors that can increase the prevalence of autoimmune diseases (systemic lupus
erythematosus, rheumatoid arthritis, insulin-dependent diabetes, multiple sclerosis and
inflammatory bowel diseases) [6,7]

Autoimmunity is involved in the pathogenesis of some thyroid diseases, including Graves'
disease (GD) and chronic autoimmune (Hashimoto's) thyroiditis (CAT/HT). BAFF (B lymphocyte
activating factor) belonging to the tumor necrosis factor (TNF) family is a vital cytokine for B cells
that helps regulate both innate and adaptive immune responses. Elevated serum levels of BAFF are

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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found in a number of different autoimmune diseases, and BAFF is found at inflammatory sites where
there is lymphoid neogenesis. BAFF antagonism has been used in several autoimmune disease
models, resulting in B cell depletion, decreased T cell and DC activation, and a reduction in the overall
inflammatory burden. BAFF, through its interaction with its receptor (BAFF-R), is required for the
survival of mature naive B cells, all of which are depleted by blockade of BAFF [8].

Being a cytokine belonging to the TNF family, BAFF is expressed by B cells, T cells, neutrophils,
monocytes, dendritic cells, stromal lymphoid cells, respectively malignant B cells. As a result of the
binding of BAFF to the specific receptor, there is a stimulation of B cells that leads to increased
production of antibodies by increasing the survival time of the B cell, to the proliferation and blocking
of autoreactive B cells. Consequently, recent studies analyze the possible effect of the BAFF factor in
promoting autoimmunity[9]. The serum level of BAFF was also increased among patients with
autoimmune diseases with varied tissue substrate such as: Sjogren's syndrome, rheumatoid arthritis,
autoimmune hepatitis and primary biliary cirrhosis [10,11].

Studies of GD and associated orbitopathy regarding the effect of BAFF on disease progression
reported higher BAFF concentrations in patients with GD compared to controls but no difference
between patients with active or inactive GD. BAFF concentrations were also significantly correlated
with serum ATG antibodies but not with age, sex, smoking or treatment. Also no correlations were
found with the serum level of ATPO or TRAD [12].

Another study on autoimmune thyroid diseases in which patients with HT and GD were
enrolled studied the effect of BAFF and 28 other circulating factors (IFN-a, IL-4, TNF-a, eotaxin, etc.)
in the evolution of these pathologies. It was reported that BAFF is the best circulating indicator to
identify GD and HT among all 29 chosen biomarkers and could be used to predict disease severity in
HT and active GD. Significant associations of serum BAFF and TNF-a levels with serum free
thyroxine (FT4) were found in TH patients and in active BG, serum BAFF was also correlated with
serum FT4 [13].

The association of some autoimmune diseases in certain categories of patients suspects
etiopathogenic interferences, with a common lesional substrate [14].

2. Materials and Methods

The observational clinical study included a number of 80 patients with autoimmune thyroid
pathology, from the Dobrogea area. The entire study group (n= 80) was divided according to the
established diagnosis into two study groups: Group 1 — including 62 patients (77.5%) with CAT and
Group 2 - including 18 patients (22.5%) with GD.

Evaluation of the patients in the study followed the following stages: anamnesis, clinical
examination and paraclinical examination which included: hormone dosage - TSH, FT4, ATPO, ATG,
TRAD and 25-OH-vitamin D dosage, as well as the classification of patients according to the value
obtained ( severe deficiency < 10 ng/ml; deficiency: 10-20 ng/dl; insufficiency 21-29 ng/ml; optimal
level > 30 ng/ml). Serum BAFF levels were measured. Lymphocyte-activating factor (BAFF) was
analyzed for both study groups, relative to demographic factors, serum vitamin D level, and factors
specific to thyroid dysfunction.

Statistical Analysis

For the interpretation of the obtained results, the following were used: the Chi square test for
the non-numerical parameters, the frequency distribution being analyzed; student t test; linear
regression — simple and multifactorial (Pearson r coefficient); ANOVA test to compare the results of
the two groups.

3. Results

The CAT group included 62 patients (50 women and 12 men) and the GD group included 18
patients (17 women and 1 man) aged between 18-75 years.
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Vitamin D was valued as an essential element of the present study. The average value of 25-OH-
vitamin D obtained for the CAT group (N = 62) was 20.09 + 7.87 ng/ml and for the GD group (N = 18)
the average value of 25-OH-vitamin D is 13.27 + 5.16 ng /ml, finding statistically significant
differences between the vitamin D values between the two groups (p = 0.018). (Table no. 1)

Table 1. - Determination of the main statistical indicators of the serum level of vitamin D, comparatively, among

the two study groups.
25-(OH)-Vitamin D (ng/mL)
Lot
TCA BG
N Valid 62 18

Mean 20.09 13.27
Median 19.10 11.65
Mode 16.00 11.00

Std. Deviation 7.87 5.16
Minimum 7.00 7.00
Maximum 39.00 28.00

25 14.75 9.93
Percentiles 50 19.10 11.65
75 25.00 16.25
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Figure 1. - Graphic representation of the average values of vitamin D for the analyzed groups.

Based on the serum values of vitamin D obtained, they were divided into categories of severity
both in the group of those with CAT and those with GD. (Table no. 2)

Table 2. Distribution of patients from both study groups depending on the vitamin D status.

Vitamin D Status

Total
Severe Deficiency Deficiency Insufficiency Optimal Level
CAT Count 5 27 22 8 62
Lot % of Total 6.3% 33.8% 27.5% 10.0% 77.5%
° op  Count 5 11 2 0 18
% of Total 6.3% 13.8% 2.5% 0.0% 22.5%
Count 10 38 24 8 80
Total
% of Total 12.5% 47.5% 30.0% 10.0% 100.0%

The analysis of the vitamin D status related to the age of the patients noted a slightly higher
average value of the age of patients with hypovitaminosis D compared to the average value of the
age corresponding to an optimal level both in patients with CAT and in those with GD.
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There are significant differences between the average age values for at least two of the analyzed
groups - corresponding to the average values for the groups severe deficiency and deficiency, severe
deficiency and insufficiency, severe deficiency and optimal level (p <0.05).
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Figure 2. and Figure 3 - Graphic representation of mean values of age for both study groups.

The analysis of the vitamin D status among the two groups studied in relation to sex indicated
for the group of patients with TCA - a number of 54 patients had low vitamin D levels, of which 44
were female and 10 were male. For the group of patients with GD - all patients showed a low level
of vitamin D, of which 17 were female and 1 male patient. (Table no. 3).

Table 3. Gender distribution of vitamin D status among CAT and GD groups.

Gender
Total
F M
Severe deficienc _ Count > 0 >
¥ %ofTotal  81%  00%  81%
o Count 23 4 27
Deficiency o o o o
Vitamin D Status % of Total 37.1% 6.5% 43.5%
CAT . Count 16 6 22
Insufficiency
% of Total 25.8% 9.7% 35.5%
. Count 6 2 8
Optimal level
% of Total 9.7% 3.2% 12.9%
Count 50 12 62
Total
% of Total 80.6% 19.4% 100.0%
o Count 5 0 5
Severe deficiency
% of Total 27.8% 0.0% 27.8%
Vitamin D Status o Count 10 1 11
Deficiency
GD % of Total 55.6% 5.6% 61.1%
o Count 2 0 2
Insufficiency
% of Total 11.1% 0.0% 11.1%
Count 17 1 18
Total

% of Total 94.4% 5.6% 100.0%

Although hypovitaminosis D is notable in female patients compared to male patients where
vitamin D values were slightly higher, from a statistical point of view, there was no relationship of
dependence between the two variables studied in the CAT group (p = 0.457) and the group with GD
(p = 0.714), a fact explained in the second group, by an inequality of the group in terms of gender
distribution.
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Determination of the serum level of ATPO and ATG antibodies in relation to vitamin D status is
an element of interest for patients with CAT and GD respectively.

For patients in the CAT group, the mean serum level of ATPO did not have significant
differences (p = 0.931) in relation to vitamin D status, but it is noted that for patients with severe
vitamin D deficiency, the minimum value is significantly higher but also a lower maximum level
compared to the minimum and maximum values in the other subgroups: deficiency, insufficiency
and optimal level. (Table no. 4).

Table 4. Establishing the main statistical indices for ATPO and ATG values related to vitamin D status in the

CAT group.
ATPO (UI/mL)
Mean Standard deviation Minimum Maximum
Severe deficiency 5 31698 85.86 229.00 410.00
Deficiency 27  317.76 270.02 11.00 850.00
Insufficiency 22 296.22 198.98 15.00 600.00
Optimal level 8 361.61 287.53 23.00 875.00
ATG (UI/mL)
N  Mean Standard deviation Minimum Maximum
Severe deficiency 5 357.00 347.30 20.00 790.00
Deficiency 27  295.10 224.37 17.00 898.00
Insufficiency 22 356.10 321.80 15.00 890.00
Optimal level 8  410.11 293.93 23.00 879.00
cat 200,00 cat
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Figure 5. and 6 - Graphic representation of mean values of ATPO and ATG for CAT patients.

The determination of the relationship between ATG and vitamin D status indicates that there
are no significant differences between the average values of ATG, similar to the average values of
ATPO, although there is no statistically significant association between the type of antibodies present
and the status of vitamin D (p =0.718), the majority of patients with severe deficiency, deficiency and
insufficiency, respectively, had both types of positive antibodies.

Table 5. Establishing the type of antibodies present among CAT patients in relation to vitamin D status in the

CAT group.

ATPO/ATG/ATPO+ATG Total

ota

ATPO+ ATG+ ATPO/ATG+
Severe deficienc __Count 2 0 3 >

Y 9 ofTotal  32%  0.0% 4.8% 8.1%

Vitamin D Status - Count 5 3 19 27

Deficiency

% of Total 8.1% 4.8% 30.6% 43.5%

Insufficiency Count 8 2 12 22
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% of Total 12.9% 3.2% 19.4% 35.5%

. Count 1 1 6 8

Optimal level

% of Total 1.6% 1.6% 9.7% 12.9%

Count 16 6 40 62

Total

% of Total 25.8% 9.7% 64.5% 100.0%

For the group with GD — TRADb is the marker of the condition and its average values were also
analyzed for the existence of an association between the level of TRAB and vitamin D status in
patients with GD, however, no statistically significant result was obtained between the two studied
variables. (Figure no. 7)
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Figure 7. - Graphical representation of the mean values of TRAB for the analyzed groups.

The determination of the lymphocyte activating factor (BAFF) was performed with the aim of
looking for the existence of associations between its serum level, variations of vitamin D deficiency
and thyroid hormone variations and to understand if there is a possible involvement of BAFF in the
amplification of the thyroid autoimmune process.

Determination of the serum level of BAFF (pg/ml) among patients with CAT and GD obtained
an average value of BAFF for the CAT group is 0.12 + 0.10ng/ml and for the BG group the average
value of BAFF was 0.43 + 0.17 pg/ml. (Table no. 6)

From a statistical point of view, it is found that there are significant differences between the
average BAFF values of the TCA and GD groups (p < 0.001).

Table 6. - Determination of the main statistical indicators of BAFF among the two studied groups.

BAFF (pg/mL)
Group
CAT GD
N Valid 62 18
Mean 12 43
Median .09 49
Mode .04 .56
Std. Deviation .09 17
Minimum .01 .07
Maximum .40 .59
25 .05 .34
Percentiles 50 .09 49

75 .15 .56
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Figure 8. Graphic representation of the average BAFF values for the analyzed groups.

The analysis of the serum BAFF level among the two study groups CAT and GD compared to
the serum level of vitamin D revealed slightly higher values of BAFF in patients with
hypovitaminosis D than in patients with CAT and higher values of BAFF, proportional to the vitamin
deficiency D, in patients with GD (Table no. 7)

Table 7. - Determination of BAFF serum level (ng/ml) among studied patients according to vitamin D status.

BAFF (pg/mL)
Group N Mean  Standard deviation Minimum  Maximum
Severe deficiency 5 14 .08 .04 .20
TCA Defic.ie?ncy 27 13 .10 .02 40
Insufficiency 22 12 .10 .01 40
Optimal level 8 .06 .02 .03 .10
Severe deficiency 5 42 17 12 .55
BG Deficiency 11 48 15 .09 .59
Insufficiency 2 17 14 .07 27

The statistical analysis shows that there were significant differences (p = 0.031) between the
average values of BAFF for at least two of the analyzed groups - between patients with severe
deficiency and optimal level, deficiency and optimal level, insufficiency and optimal level (p < «a =

0.05).
251 CAT an
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Figure 6. and Figure 7 - Graphic representation of mean BAFF values for the study groups.

The study of BAFF serum level according to age among the studied patients indicates that the
two variables are not correlated.
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The evaluation of the BAFF serum level according to gender among the studied patients shows
for CAT patients an average BAFF serum value recorded among the female sex of 0.11 + 0.9 pg/ml
and among the male sex the average BAFF value was 0.14 + 0.12 pg/ml. In the group of patients with
GD, the average serum value of BAFF recorded for the female sex was 0.42 + 0.18 pg/ml and for the
male sex the value was 0.56 pg/ml. (Table no. 8). Following the correlation test both in the CAT group
(p = 0.246) and among the GD group (p = 0.929) to determine the existence of a correlation between
the serum BAFF and ATPO level among the two study groups, it was proven that the two variables
did not are correlated. (Table no. 9)

Table 8. Correlation according to age and BAFF serum level obtained -within the two groups.

Groups Age (years)
Pearson Correlation 214
CAT BAFF (pg/mL) Sig. (2-tailed) .094
N 62
Pearson Correlation .059
GD BAFF (pg/mL) Sig. (2-tailed) 816
N 18

Table 9. Correlations between BAFF and ATPO level among the two study groups.

Group ATPO (Ul/mL)
Pearson Correlation -.150
CAT BAFF (pg/mL) Sig. (2-tailed) 246
N 62
Pearson Correlation .023
GD BAFF (pg/mL) Sig. (2-tailed) 929
N 18

Regarding the determination of the existence of a correlation between the serum level of BAFF
and ATG among the two study groups, following the correlation test in the group of patients with
CAT the two variables are correlated (p = 0.038) For the group with GD, the two variables are not
correlated (p = 0.204) (Table no. 10)

Table 10. - Correlation between BAFF and ATG level among the two study groups.

Group ATG (Ul/mL)
Pearson Correlation -.264"
CAT BAFF (pg/mL) Sig. (2-tailed) .038
N 62
Pearson Correlation 314
GD BAFF (pg/mL) Sig. (2-tailed) 204
N 18

The determination of the BAFF serum level and the type of antibodies present among the two
study groups described among the CAT group the minimum serum value of BAFF for patients with
ATPO and ATG present was 0.01pg/ml and the maximum value was 0.30 ng/ml.Among the GD
group, the minimum value of BAFF for patients with ATPO and ATG present was 0.07 ng/ml and
the maximum serum value of BAFF was 0.59 ng/ml. The analysis of BAFF serum level in the group
of patients with GD indicated an average value of 0.39+0.18 pg/ml for patients with ATPO, ATG and
respectively TRAD - positive.For patients with positive ATG and TRADb, the average value of BAFF
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was 0.56 = 0.02 pg/ml DS and for those with positive ATPO and TRAD, the average value was 0.42
pg/ml £ 0.2DS (Table no. 11)

Table 11. Distribution of patients with GD according to the type of antibodies and BAFF level.

ATPO/ATG/ATPO+ATG N Minimum  Maximum Mean Standard deviation
ATPO+ BAFF (pg/mL) 4 A2 .54 42 .20
ATG+ BAFF (pg/mL) 3 .55 .58 .56 .02
ATPO/ATG+  BAFF (pg/mL) 11 .07 .59 .39 18

4. Discussion

BAFF is a protein belonging to the TNF factor family [15], having an important role in regulating
the recombination and selection of autoreactive B cells. The mechanism by which the level of BAFF
is regulated is not fully specified, however, BAFF concentrations depend, in particular, on the number
of B cells as well as on the expression of BAFF binding receptors [16]. These findings raise the question
of a significant difference in the "intensity" of the autoimmune process in these diseases.

In this sense, the study analyzed the serum level of BAFF in patients with CAT and respectively
GD as a result of the fact that BAFF acts as a stimulating factor of immunoglobulin production in
autoimmune diseases.

The average BAFF value obtained indicated significant differences between the average BAFF
values of the CAT and GD groups (p < 0.001), a fact reported in similar studies [17] These findings
raise the issue of a significant difference in the "intensity" of the autoimmune process in these
diseases.

It was aimed to determine the existence of a possible association between the serum level of 25-
OH-vitamin D and the serum level of BAFF among the two groups studied, but despite the fact that
the serum level of BAFF was significantly higher in patients with BG and hypovitaminosis D was
more importantly, no statistically significant correlation was identified between BAFF serum level
and vitamin D serum level across study groups.

The evaluation of the BAFF serum level as a function of age determined among the two study
groups slightly higher values of BAFF in patients with GD and the fact that the BAFF level is directly
proportional to the age of the patients in this category of patients [17].

The determination of the BAFF serum level according to gender among the studied patients
identified that both in the CAT group and in the GD group, the average values were higher in male
patients, although in the specialized literature, the BAFF value is higher in among women with
autoimmune thyroid diseases, having as an explanation the fact that the level of estrogen can
modulate the expression of BAFF, thus determining a higher incidence of autoimmune thyroid
pathology in women [18].

The evolution of the BAFF serum level related to the serum level of the antithyroid antibodies
ATPO and ATG was also followed. For patients with BG, BAFF was not correlated with the value of
ATPO or ATG, but in the case of patients with CAT, a correlation was found between the value of
BAFF and the level of ATG but not with the level of ATPO. In particular, for GD — the BAFF serum
level was analyzed in relation to TRAb serum level, which were not correlated, however.

It should be mentioned that a possible explanation for the significantly increased BAFF values
among patients with GD is that 55% of them also presented with ophthalmopathy. Data from the
literature [19] indicate a significantly increased BAFF level among patients with GD associating eye
damage [20].

The results obtained regarding the BAFF values for the studied variables with potential
involvement in the thyroid autoimmune process are heterogeneous and in agreement with similar
data from the literature [20,21].
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5. Conclusions

The obtained results demonstrate the complexity of the autoimmunity activation process but
also the individual variability of its expression.

The evaluation of the serum level of 25-OH-vitamin D as well as of BAFF can be useful in
establishing the thyroid autoimmune status with diagnostic, functional, evolutionary and individual
prognostic implications.

Extensive studies are needed to establish diagnostic criteria and therapeutic principles in
patients with autoimmune thyroid disease.

At the same time, it is necessary to specify the role and therapeutic benefits of supplementing
the intake of vitamin D in patients with autoimmune thyroid diseases.
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Abbreviations

The following abbreviations are used in this manuscript:

CAT Chronic autoimmune thyroiditis
GD Graves disease

BAFF B-Cell activating factor

ATPO Antithyroid- peroxidase

ATG Antuthyroglobulin antibody
TRAb TSH-R antibody
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