
1
International Journal of Health Science ISSN 2764-0159 DOI https://doi.org/10.22533/at.ed.1595125030111

International 
Journal of
Health 
Science

v. 5, n. 1, 2025

All content in this magazine is 
licensed under a Creative Com-
mons Attribution License. Attri-
bution-Non-Commercial-Non-
Derivatives 4.0 International (CC 
BY-NC-ND 4.0).

Submission date: 17/12/2024
Acceptance date: 06/01/2025

VITAMIN D: AN ALLY 
IN THE MODULATION 
OF AUTOIMMUNE 
DISEASES OF THE 
THYROID GLAND

Julia Menezes Vignoli 
University of Vassouras
Vassouras - Rio de Janeiro
http://lattes.cnpq.br/6653090852513047 

Ana Clara Meneses Ribeiro
University of Vassouras
Vassouras - Rio de Janeiro
http://lattes.cnpq.br/9853923858468006 

Eduarda Coutinho 
University of Vassouras
Vassouras - Rio de Janeiro
http://lattes.cnpq.br/8714256806480481 

Gabrielle Ramos de Carvalho
University of Vassouras
Vassouras - Rio de Janeiro
http://lattes.cnpq.br/2139745442844533 

João Pedro da Conceição Augusto do 
Espírito Santo
University of Vassouras
Vassouras - Rio de Janeiro
https://lattes.cnpq.br/1510991725616593 

Maria Isabel Nogueira Pereira de Souza
University of Vassouras
Vassouras - Rio de Janeiro
http://lattes.cnpq.br/3417402294243342

Mariana Fortes da Silva 
University of Vassouras
Vassouras - Rio de Janeiro
http://lattes.cnpq.br/1363739072120981 

http://lattes.cnpq.br/6653090852513047
http://lattes.cnpq.br/9853923858468006
http://lattes.cnpq.br/8714256806480481
http://lattes.cnpq.br/2139745442844533
https://lattes.cnpq.br/1510991725616593
http://lattes.cnpq.br/3417402294243342
http://lattes.cnpq.br/1363739072120981


 2
International Journal of Health Science ISSN 2764-0159 DOI https://doi.org/10.22533/at.ed.1595125030111

Nicole Letelba Carvalho Ferreira
University of Vassouras
Vassouras - Rio de Janeiro
http://lattes.cnpq.br/3507526932796129 

Rafaella Azevedo Glioche
University of Vassouras
Vassouras - Rio de Janeiro
http://lattes.cnpq.br/2605585911519351 

Raquel Gomes Barreto de Souza 
University of Vassouras
Vassouras - Rio de Janeiro
https://lattes.cnpq.br/1261434354984390

Sara Lima Riguetti
University of Vassouras 
Vassouras - Rio de Janeiro
http://lattes.cnpq.br/3900789844335555 

Lana Márcia Ferreira Lopes 
University of Vassouras 
Vassouras - Rio de Janeiro
http://lattes.cnpq.br/7951399951285036 

Abstract: Introduction: Autoimmune thyroid 
diseases result from an immune imbalance in 
which the body attacks the cells of the thyroid 
gland itself, causing chronic inflammation 
and functional impairment. Evidence sug-
gests a relationship between the incidence of 
these diseases and low serum levels of vitamin 
D, an immunoregulatory metabolite with the 
potential to act in the prevention and treat-
ment of these conditions. Objective: To analy-
ze the effects of vitamin D on the pathogenesis 
of autoimmune diseases of the thyroid gland. 
Methodology: A bibliographic search was car-
ried out on the PubMed and Virtual Health 
Library platforms and, after applying the in-
clusion and exclusion criteria, 9 articles were 
selected to support this study. Results: The 
data obtained show an association between 
low levels of vitamin D and a higher inciden-
ce of thyroid autoimmune diseases, highligh-
ting the role of this vitamin in modulating the 
immune system and its relationship with the 
pathophysiology of these autoimmune condi-
tions. Final considerations: The review asso-
ciated hypovitaminosis D with an increased 
susceptibility to autoimmune thyroid patho-
logies, however, it concludes that more studies 
and tests are needed to validate the effective-
ness of therapeutic interventions based on vi-
tamin D replacement, as well as to elucidate 
the mechanisms involved in this association.
Keywords: Autoimmunity; Calcitriol; Au-
toimmune Diseases; Thyroid Gland Diseases; 
Immunomodulation.
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INTRODUCTION
Autoimmune diseases of the thyroid gland 

result from a failure in the self-regulation me-
chanisms, in which the immune system begins 
to identify components of the gland as threats, 
triggering persistent inflammatory processes 
(ANTONELLI et al., 2015). This mechanism 
results in aggressions to the gland, impairing 
its regular activity and culminating in condi-
tions such as hypothyroidism or hyperthyroi-
dism. Among the main autoimmune thyroid 
diseases are Graves’ disease and Hashimoto’s 
thyroiditis (ANTONELLI et al., 2015).

Hashimoto’s thyroiditis is an autoimmune 
disease characterized by chronic inflamma-
tory infiltration of the thyroid gland, predomi-
nantly involving TCD4+ lymphocytes, as well 
as B cells, dendritic cells and macrophages 
(ANTONELLI et al., 2015). This cell invasion 
compromises the integrity of the gland, redu-
cing its ability to produce thyroid hormones at 
adequate levels, which results in the develop-
ment of hypothyroidism. The main symptoms 
include weight gain, cold intolerance, fatigue 
and slowed metabolism (LUO et al., 2024).

Graves’ disease, in turn, is also associa-
ted with lymphocyte infiltration - especially 
TCD4+ lymphocytes, B lymphocytes, ma-
crophages and dendritic cells - however, it is 
recognized as the main cause of hyperthyroi-
dism (ZHOU et al., 2021). In this condition, 
the thyroid begins to overproduce hormones, 
triggering symptoms such as weight loss, swe-
ating, exophthalmos and goiter (MEI et al., 
2021; ZHOU et al., 2021). Thus, both condi-
tions reflect immune dysfunctions in which 
the immune system, instead of maintaining 
homeostasis, starts attacking the thyroid 
gland, impairing its proper performance.

Vitamin D has been widely studied due to 
its role in modulating immune responses and 
its potential to contribute to the prevention 
and management of autoimmune diseases, 
such as those affecting the thyroid gland. Its 

anti-inflammatory properties and ability to 
regulate immune processes make it a key ele-
ment in these contexts. Classified as a fat-so-
luble steroid hormone, vitamin D is present 
in the body in two main forms: vitamin D3 
(cholecalciferol) and vitamin D2 (ergocalcife-
rol). Both vitamin variants depend on ultra-
violet radiation (UVB) for their activation, 
completing the metabolic processes necessary 
for them to perform their biological functions 
(BIKLE, 2009).

After their synthesis, the D3 and D2 forms 
are transported in the bloodstream bound to 
the vitamin D binding protein (DBP) and dis-
tributed to different tissues. The action of vi-
tamin D is mediated by binding to vitamin D 
receptors (VDRs), which are widely distribu-
ted throughout the body, including cells of the 
immune system. This interaction with VDRs 
allows the metabolite in question to modulate 
inflammatory activity and immune balance, 
crucial factors in the pathophysiology of au-
toimmune thyroid diseases (BIKLE, 2009).

Vitamin D undergoes essential metabo-
lic transformations for its activation in the 
body. The initial process takes place in the li-
ver, where the enzyme CYP27A1, belonging 
to the cytochrome P450 system, hydroxylates 
cholecalciferol, giving rise to calcidiol [25(OH)
D], the main circulating form of vitamin D 
in the blood and a marker of serum levels of 
this vitamin (KMIEC’P and SWORCZAK, 
2015). Subsequently, in the kidney tissue, cal-
cidiol undergoes a new hydroxylation cataly-
zed by the CYP27B1 enzyme, a mitochondrial 
P450 enzyme, and is converted into calcitriol 
[1,25(OH)₂D], the biologically active form of 
vitamin D (KMIEC’P and SWORCZAK, 2015).

Calcitriol plays a fundamental role in va-
rious physiological and metabolic activities in 
the human body. It stands out for its ability to 
modulate the immune system by binding to the 
vitamin D receptor (VDR). The active form of 
vitamin D regulates numerous signaling pa-
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thways, such as cell proliferation and differen-
tiation, apoptosis, inflammation, invasion and 
metastasis (BOZKURT et al., 2013). In addi-
tion, this metabolite influences the immuno-
modulation of the innate and adaptive immu-
ne systems, contributing to the maintenance of 
homeostasis. Due to these effects, vitamin D is 
considered an important immunomodulator, 
with suppressive, i.e. anti-inflammatory pro-
perties (BOZKURT et al., 2013).

The influence of calcitriol on the regulation 
of the immune system suggests an association 
between hypovitaminosis D and the develo-
pment of autoimmune thyroid diseases, such 
as Graves’ disease and Hashimoto’s thyroidi-
tis (OJASWEE et al., 2022). From this pers-
pective, maintaining adequate serum levels 
of vitamin D can be considered a potential 
therapeutic target, configuring a promising 
alternative for the prevention and treatment 
of these pathologies (ANTICO et al., 2012; 
BOZKURT et al., 2013).

METHODOLOGY
This systematic review of the literature, 

with a qualitative and descriptive approach, 
was drawn up through a bibliographic survey 
carried out in the National Library of Medicine 
(PubMed) and Virtual Health Library (VHL) 
databases. The search used the descriptors 
“vitamin D” and “thyroid diseases”, extracted 
from the Health Sciences Descriptors (DeCS), 
combined with the Boolean operator “AND”. 

The review followed a systematic approach 
that included delimiting the topic, rigorous-
ly selecting the eligibility criteria, screening 
and evaluating the articles obtained and syn-
thesizing the relevant information. Control-
led clinical trials and observational studies 
published between 2019 and 2024 were in-
cluded. Out-of-scope studies with no link to 
the association between thyroid diseases and 
vitamin D, as well as repeated or inaccessible 
studies, were excluded.

RESULTS
The bibliographic search identified 2,398 ar-

ticles, of which 1,266 came from PubMed and 
1,132 from the Virtual Health Library (VHL). 
After limiting the publication interval for the 
last 5 years (2019-2024), the numbers were re-
duced to 350 in PubMed and 293 in the VHL. 
Of the 643 articles, after selection by type of 
study, 25 remained in PubMed and 110 in the 
VHL, totaling 135. After analyzing the titles, 
13 articles remained in PubMed and 16 in the 
VHL. Of the remaining 29, none were dupli-
cated in the databases. Given their availability, 
20 studies were selected for reading, 8 from 
PubMed and 12 from the VHL. After reading, 
it was observed that 9 studies presented an ob-
jective and detailed analysis of the relationship 
between blood levels of vitamin D and the re-
currence of autoimmune diseases affecting the 
thyroid gland, as illustrated in Table 1.

DISCUSSION
Autoimmune diseases especially affect 

organs regulated by the presence of T cells, 
with the thyroid gland being one of the main 
targets (ANTONELLI et al., 2015). Typical 
examples of this T-lymphocyte-mediated au-
toimmunity include Hashimoto’s thyroiditis 
and Graves’ disease, in which the immune 
system targets and damages the thyroid gland 
itself. Although the exact mechanisms that 
trigger this immune response are not yet fully 
understood, there are strong indications that 
a complex interaction between genetic and 
environmental factors is at the root of this 
process (ANTONELLI et al., 2015). Among 
the environmental factors involved are expo-
sure to radiation, inadequate iodine intake, 
smoking, high levels of stress and the use of 
certain drugs (ANTONELLI et al., 2015).

Initially, Th1 lymphocytes (T Helper 1) 
are directed towards the thyroid gland, whi-
ch increases the secretion of pro-inflamma-
tory cytokines such as IFN-γ and TNF-α 

https://pubmed.ncbi.nlm.nih.gov/23337162/
https://pubmed.ncbi.nlm.nih.gov/23337162/
https://d.docs.live.net/3558105d9b380184/%C3%81rea%20de%20Trabalho/ARTIGO%20JULIA%20E%20SARA/ANTICO
https://pubmed.ncbi.nlm.nih.gov/23337162/
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Table 1: Flowchart of the searches carried out on the PubMed and VHL research platforms.

(ANTONELLI et al., 2014). In response to 
the presence of these cytokines, thyroid cells 
produce and secrete the chemokine CXCL10, 
which is responsible for attracting other in-
flammatory cells to the thyroid tissue (LEE 
and SONG, 2009). The arrival of these addi-
tional cells contributes to the intensification 
of the autoimmune process, resulting in chro-
nic inflammation that leads to the destruc-
tion of the gland and favors the development 
of autoimmune diseases such as Hashimo-
to’s Thyroiditis and Graves’ Disease (ANTO-
NELLI et al., 2014).

Graves’ disease (GD) is characterized by 
a chronic inflammatory cascade. In this con-
dition, the immune system produces autoan-
tibodies against the TSH receptor, a protein 
located on the surface of thyroid gland cells. 

TSH, or thyroid stimulating hormone, is pro-
duced by the pituitary gland, located in the 
brain, and its main function is to regulate the 
hormonal production of T3 (tri-iodothyro-
nine) and T4 (tetra-iodothyronine) by the 
thyroid (WÉMEAU et al., 2018). The binding 
of autoantibodies to TSH receptors results in 
their excessive activation, leading to uncon-
trolled production of T3 and T4, which causes 
hyperthyroidism (WÉMEAU et al., 2018).

An important characteristic of hyper-
thyroidism is the low production of TSH by 
the pituitary gland. As T3 and T4 levels rise in 
the blood, the pituitary gland detects this rise 
and, through a negative feedback mechanism, 
reduces TSH secretion, understanding that it 
is no longer necessary to stimulate the thyroid 
gland to produce more hormones.
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GD affects approximately six times more 
women than men, with most cases occurring 
between the ages of 30 and 50 (ZHOU et al., 
2021). Treatment includes antithyroid drugs, 
which aim to reduce the exacerbated produc-
tion of hormones. In addition, treatments 
with radioactive iodine - based on the emis-
sion of beta radiation, which destroys overac-
tive thyroid tissue cells - or surgical removal 
of the gland can be considered (WÉMEAU et 
al., 2018).

On the other hand, Hashimoto’s thyroi-
ditis (HT) is also characterized by chronic 
inflammatory damage to the thyroid gland, 
but with different consequences. In HT, the 
immune system attacks the gland in such a 
way as to impair its ability to produce hormo-
nes. In this case, TSH receptors are blocked, 
preventing the thyroid from responding nor-
mally to hormonal stimulation. As a result, 
the pituitary gland increases the production 
of TSH in an attempt to stimulate the gland, 
but due to the blockage of the receptors, the 
production of T3 and T4 remains insufficient. 
Hashimoto’s thyroiditis predominantly affects 
women and has a particularly high risk in mi-
ddle-aged women (LUO et al., 2024). In addi-
tion, individuals with this condition have an 
increased risk of developing cardiovascular 
disorders (CHEN et al., 2015).

As a treatment, hormone replacement the-
rapy fits in as one of the main approaches to 
HT (LUO et al., 2024). This therapy involves 
the administration of synthetic hormones to 
replace the thyroid hormones that the gland 
is not producing properly. In addition, stu-
dies suggest that selenium and vitamin D 
supplementation may also work as beneficial 
therapeutic modalities (BHAKAT et al., 2023; 
REZA CHAHARDOLI et al., 2024). People 
with HT have reduced serum vitamin D le-
vels compared to healthy individuals, which 
reinforces the need for this supplementation 
(CVEK et al., 2021; LUO et al., 2024). 

This metabolite plays a significant immuno-
modulatory role, influencing both innate and 
adaptive immune responses, which reinforces 
its importance in maintaining the homeos-
tasis of the immune system and controlling 
inflammatory processes (BOZKURT et al., 
2013). When vitamin D levels are low, immu-
ne self-tolerance may fail, favoring the deve-
lopment of autoimmune diseases (OJASWEE 
et al., 2022). In this context, inadequate vita-
min D levels have been studied as a risk factor 
for these pathologies, such as Graves’ disease 
and Hashimoto’s thyroiditis (KOEHLER et al., 
2019; CVEK et al., 2021; GALLO et al., 2022; 
OJASWEE et al., 2022). Thus, the supplemen-
tation of vitamin D emerges as a promising 
research strategy, both preventive and the-
rapeutic, aimed at minimizing the impact of 
these autoimmune conditions (ANTICO et 
al., 2012; BOZKURT et al., 2013).

Vitamin D activates its immunomodula-
tory function by binding to its specific nuclear 
receptor, called the VDR (SHIN et al., 2014). 
This interaction induces conformational 
changes in the receptor, allowing it to connect 
with the retinoid X nuclear receptor (RXR), 
which is distributed in different cell types. 
This molecular partnership is essential for 
regulating gene expression, since RXR plays 
a central role in this process. The VDR-RXR 
complex formed travels to the cell nucleus, 
where it recognizes and interacts with specific 
DNA sequences called Vitamin D Response 
Elements (VDREs). This process modulates 
the transcription of target genes, promoting 
or suppressing their expression as necessary 
(SHIN et al., 2014; SZULC et al., 2023).

The VDR is present in various cells in 
the human body, especially in the cells of 
the immune system. This wide distribution 
allows vitamin D to act in fundamental pro-
cesses such as proliferation, cell differentia-
tion and regulation of the immune response, 
modulating immune activity in an integral 
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way (SZULC et al., 2023). Among the immu-
ne cells that express the VDR are activated 
T lymphocytes, B lymphocytes and antigen-
-presenting cells (APCs), including macro-
phages and dendritic cells, which are directly 
influenced by the action of this receptor and 
the immunomodulatory effects of vitamin D 
(KOEHLER et al., 2019; SZULC et al., 2023).

The binding of 1,25(OH)₂D to the VDR 
plays a crucial role in regulating immune ac-
tivity, promoting anti-inflammatory effects 
that encompass cells of the innate and adapti-
ve immune systems (SAFARI et al., 2023). In 
the innate system, macrophages and dendritic 
cells acquire a more tolerogenic profile (SHIN 
et al., 2014), characterized by a reduction in 
the expression of MHC II and co-stimulatory 
molecules such as CD40, CD80 and CD86. 
This modulation decreases the ability of the-
se cells to present antigens to T cells, helping 
to attenuate autoreactive immune responses 
(KOEHLER et al., 2019; SZULC et al., 2023).

The macrophages, in turn, are directed 
towards the M2 phenotype, which is associa-
ted with anti-inflammatory properties. This 
phenomenon leads to a reduction in the pro-
duction of pro-inflammatory cytokines, such 
as IL-6, IL-12 and TNF-α, and an increase in 
the production of IL-10, a cytokine with re-
cognized anti-inflammatory properties. As a 
consequence of this increase, there is a modu-
lation of the inflammatory profile of T helper 
cells, favouring an anti-inflammatory profile 
characterized by the induction of regulatory T 
cells (Tregs) (KOEHLER et al., 2019; SZULC 
et al., 2023).

In addition, vitamin D enhances the pha-
gocytic power and microbicidal activity of 
macrophages, while suppressing the presen-
tation of antigens, as also occurs in dendritic 
cells. This process leads to a decrease in the 
production of IL-1 and IFN-γ - pro-inflamma-
tory cytokines - while increasing serum levels 
of transforming growth factor β (TGF-β), fur-

ther reinforcing the anti-inflammatory effects 
and promoting the regulation of the immune 
system (SHIN et al., 2014). These changes are 
fundamental in immune regulation, contribu-
ting to the maintenance of immune tolerance 
and the prevention of autoimmune condi-
tions, especially those involving the thyroid 
gland.

This vitamin plays an essential role in mo-
dulating TCD4 cells by suppressing their di-
fferentiation into the Th1 subtype, which is 
responsible for producing pro-inflammatory 
cytokines such as IL-2 and IFN-γ, which sti-
mulate the activation of macrophages and 
other immune system cells to fight pathogens 
(SHIN et al., 2014). Simultaneously, calcitriol 
favors differentiation to the Th2 subtype, whi-
ch secretes cytokines such as IL-4, IL-5 and 
Treg, which secretes IL-10 (KOEHLER et al., 
2019). These cytokines attenuate inflamma-
tion mediated by Th1 cells, promoting a more 
anti-inflammatory immune environment and 
increasing immunotolerance, which is essen-
tial for preventing autoimmune responses 
(KOEHLER et al., 2019).

Vitamin D reduces the differentiation of 
TCD4 cells into Th17, a pro-inflammatory 
subtype, and favors differentiation into regu-
latory T cells (Tregs) (SHIN et al., 2014). Tregs 
produce IL-10, which helps maintain the ba-
lance of the immune response by controlling 
the activation and differentiation of other T 
cells. In this way, the effects of calcitriol help 
prevent the exacerbation of inflammatory 
responses, creating a more favorable environ-
ment for immunotolerance and hindering the 
development or progression of autoimmune 
conditions (SZULC et al., 2023).

The metabolite in question also exerts its 
homeostatic action on B cells, limiting their 
proliferation and inhibiting their differentia-
tion into plasma cells, which results in lower 
antibody production (SZULC et al., 2023). 
This regulation is particularly beneficial in 
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controlling diseases autoimmune diseases, 
since excessive production of antibodies, such 
as IgG and IgM, can lead to attacks on the bo-
dy’s own tissues, aggravating autoimmunity. 
In addition, calcitriol promotes the apoptosis 
of activated B lymphocytes, contributing to 
the prevention of exacerbated immune res-
ponses and reducing the risk of developing 
autoimmune pathologies (SHIN et al., 2014; 
SZULC et al., 2023).

Given the immunomodulatory and anti-
-inflammatory potential of calcitriol, its su-
pplementation has been widely investigated 
as a possible approach to the prevention and 
treatment of autoimmune thyroid diseases 
(GALLO et al., 2022; BHAKAT et al., 2023; 
REZA CHAHARDOLI et al., 2024). Studies 
suggest that vitamin D supplementation redu-
ces autoantibody levels, however, the difficul-
ty in adequate serum vitamin D replacement 
represents a significant barrier to advancing 
research into prevention and treatment, and 
more randomized studies are needed to con-
firm the efficacy of supplementation (KO-
EHLER et al., 2019).

Considering this event, one of the diffi-
culties in administering vitamin D is the va-
riation in recommended dosages. For exam-
ple, studies show that a supplementation of 
400 IU/day, considered the maximum in va-
rious studies, results in an increase of only 10 
nmol/L in serum calcitriol levels. This modest 
increase may not be enough to achieve the ex-
pected beneficial effects, such as a reduction 
in autoantibodies in autoimmune thyroid di-
seases or significant improvements in general 
health (ANTICO et al., 201).

Furthermore, polymorphisms in the VDR 
gene represent another significant barrier 
to the efficacy of vitamin D supplementa-

tion. Genetic variants such as rs1544410, 
rs7975232, rs731236 and rs2228570 can alter 
the immune response and influence the onset 
of autoimmune thyroid diseases (ZHOU et 
al., 2021). These variants can alter the struc-
ture of the VDR, impacting the efficacy of 
supplementation and suggesting that vitamin 
D replacement may not have the same effects 
in all individuals (SHIN et al., 2014; GLONTI 
et al., 2023). These factors highlight the need 
for further randomized studies to ensure that 
serum replacement of this metabolite is effec-
tive in both the prevention and treatment of 
autoimmune thyroid diseases (KOEHLER et 
al., 2019).

CONCLUSION
Graves’ disease (GD) and Hashimoto’s 

thyroiditis (HT) are autoimmune disorders 
characterized by an unregulated immune res-
ponse, in which the immune system attacks 
the cells of the thyroid gland. This process is 
triggered by chronic inflammation, media-
ted by both the innate and adaptive immune 
systems, resulting in thyroid dysfunction and 
hormonal changes, such as hyperthyroidism 
or hypothyroidism. Vitamin D, with its an-
ti-inflammatory and immunomodulatory 
properties, has been studied as a possible 
preventative and therapeutic agent for these 
autoimmune conditions. However, althou-
gh some studies indicate potential benefits, 
the efficacy of vitamin D supplementation is 
still a matter of debate, especially with regard 
to the ideal dosage and the most appropriate 
time for its administration - whether before or 
during the development of the disease. Fur-
ther research is needed to clarify its role in the 
prevention and treatment of autoimmune di-
seases of the thyroid gland.

https://d.docs.live.net/3558105d9b380184/%C3%81rea%20de%20Trabalho/ARTIGO%20JULIA%20E%20SARA/ANTICO
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