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Abstract

Hypothyroidism is a frequently encountered endocrine disorder in clinical practice. Besides its traditional
role in bone health, vitamin D has been shown to have favorable effects in a variety of different systems due
to its pleiotropic qualities and ubiquitous receptor expression. Over the years, researchers have been
fascinated by the intricate molecular interplay between vitamin D and thyroid. In this regard, attempts have
emerged to demonstrate the role of vitamin D in thyroid disorders. This article has reviewed the existing
literature on the role of vitamin D in hypothyroidism. We explored studies discussing the physiological
interactions between vitamin D and thyroid, as well as the clinical consequences, supplemental and
prognostic relevancy of vitamin D in auto-immune thyroid disease (AITD) and hypothyroidism.

Categories: Endocrinology/Diabetes/Metabolism, Internal Medicine, Nutrition
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Introduction And Background

Hypothyroidism is a common pathological disease of thyroid hormone deficiency, with a prevalence in the
general population between 0-3% and 3-7% in the United States and between 0-2% and 5-3% in Europe [1-5].
Undiagnosed hypothyroidism, including both overt and mild instances, was estimated to be roughly 5% in
meta-analysis research done across nine European countries [2]. Various epidemiological studies have
indicated that women have a higher predisposition to developing hypothyroidism than men [6]. Iodine
deficiency continues to be the leading cause of hypothyroidism worldwide, while populations in iodine
sufficient areas suffer from hypothyroidism due to autoimmune (Hashimoto's thyroiditis) and iatrogenic
causes [7]. The wide spectrum of symptoms associated with hypothyroidism implies that it has an influence
on metabolism and multiple organ systems [7]. The typical clinical symptoms encountered in outpatient
practice are fatigue, cold intolerance, dry skin, constipation, muscle aches, decreased sweating, thickening
of the skin, brittle hair, hair loss, loss of the lateral eyebrows, etc. [7].

Clinical/overt hypothyroidism is defined by an increased thyroid-stimulating hormone (TSH) and low free
thyroxine (FT4) levels, whereas subclinical hypothyroidism is characterized by normal FT4 levels but an
elevated serum TSH, provided the hypothalamic-pituitary-thyroid axis is intact, and this pattern can be
replicated for at least four weeks [7]. Daily oral administration of levothyroxine (LT4) is considered to be the
gold standard of treatment for hypothyroidism because of its extended serum half-life, efficacy in resolving
symptoms, acceptable side effect profile, and low cost [8]. The pivotal role of vitamin D, a fat-soluble
vitamin, in calcium and phosphate homeostasis is well recognized [9]. The emerging prevalence of
hypovitaminosis D in populations with hypothyroidism might be attributed to the evolution of the vitamin
D3 receptor and the receptor for thyroid hormone from a single primordial gene causing a strong homology
between these receptors [10,11]. Synthesis of 1,25 dihydroxy-vitamin D or calcitriol, the active metabolite of
vitamin D, requires the enzyme 1-alpha hydroxylase, which is expressed predominantly in the kidney [12].
Despite evidence of a relationship between the two, the significance of vitamin D in the pathophysiology of
hypothyroidism remains unknown. This review article aims to explore the molecular and clinical
relationship between vitamin D levels and hypothyroidism and underline the prognostic alterations due to
vitamin D supplementation in hypothyroidism.

Review
Sources and physiology of vitamin D

Even in countries where biofortification is practiced, sunlight exposure remains the primary source of
vitamin D for the majority of the population [13]. The limited natural dietary sources include oily fish such as
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salmon, mackerel, tuna, sardine, egg yolk, and shiitake mushrooms [14]. Cod liver oil has been considered an
excellent source of vitamin D3 over centuries [15]. A few examples of vitamin D fortification include milk
(100 IU per 8-ounce serving), orange juice (100 IU per 8-ounce serving), and some bread and cereals [16,17].
Increased dietary and supplemental vitamin D intakes, as well as moderate sun exposure (usually 5-10
minutes of exposure of the arms and legs or the hands, arms, and face, two or three times per week), are
feasible methods of assuring vitamin D sufficiency [15].

When 7-dehydrocholesterol (7-DHC) in the skin is exposed to solar ultraviolet B photons (290 -315 nm), it is
metabolized into previtamin D3 [13,15,18]. The epidermis contains around 65% of 7-DHC, and more than
95% of the previtamin D3 generated is in the viable epidermis, so it cannot be eliminated when the skin is
washed [19]. The newly formed previtamin D3, which is confined within the lipid bilayer of the plasma
membrane, undergoes rapid rearrangement of its double bonds to produce the more thermodynamically
stable vitamin D3 [15].

Vitamin D3 is discharged into the extracellular space during this transition process, and it is drawn into the
circulation by the vitamin D-binding protein (DBP) in the dermal capillary bed [15]. The cutaneous synthesis
of vitamin D3 is influenced by season, latitude, ozone levels, time of day, skin pigmentation, age, and
sunscreen use [15]. Ingested forms of vitamin D are integrated into chylomicrons, which go via the
lymphatic system into the venous bloodstream, where it binds to DBP and is transported to the liver [18,20].
In the hepatic parenchyma, the enzyme vitamin D-25-hydroxylase metabolizes vitamin D2 and vitamin D3
into the primary circulating vitamin D metabolite, 25-hydroxyvitamin D (25(OH)D). It is further
hydroxylated in the kidneys by the enzyme 25-hydroxyvitamin D 1-alpha-hydroxylase or simply 1-alpha-
hydroxylase (cytochrome P450 family 27 subfamily B member 1 or CYP27B1) to generate 1,25-
dihydroxyvitamin D (1,25[OH]2D3) or calcitriol (Figure 7). The functioning of vitamin D is through the
binding of calcitriol to the vitamin D receptor (VDR), which is expressed in the nucleus of all non-dividing
cells. Calcitriol interacts with VDR in the small intestine to increase the efficiency of intestinal calcium and
phosphorous absorption by approximately 20% [18]. Similarly, 1,25-dihydroxyvitamin D also exerts its effect
on bone metabolism through its interaction with VDR in the osteoblasts, triggering a receptor activator of
nuclear factor-kB ligand in osteoblasts, which then interacts with a receptor activator of nuclear factor-kB
on immature preosteoclasts, causing them to develop into mature bone-resorbing osteoclasts. Through
bone resorption, vitamin D helps maintain calcium and phosphorous homeostasis in the blood [21]. The
ubiquitous expression of VDR draws attention to the many pleiotropic effects of vitamin D like the
stimulation of insulin production, regulation of activated B and T lymphocyte activity, effects on cardiac
contractility, etc. [12,22-24]. 1,25(0OH)2D3 regulates the expression of about 200 genes, including those
involved in the regulation of cellular proliferation, differentiation, apoptosis, and angiogenesis [18].
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FIGURE 1: Metabolism of vitamin D

The presence of direct molecular interactions between vitamin D and thyroid is still poorly understood.
Pioneering research from the 1980s showed that vitamin D might have a role in thyroid illness. While it was
well-established that 1,25(0OH)2D3 substantially increases serum calcium and phosphorus concentrations,
Sowers et al., through a rodent study in 1980, demonstrated that hypercalcemia suppresses TSH and
thyrotropin-releasing hormone (TRH) production via dopaminergic inhibition [25]. Further, in 1987,
Tornquist and Lamberg-Allardt discovered in vivo with rats and in vitro with isolated rat pituitary cells that
1,25(0H)2D3 had no effect on baseline TSH production [26]. McDonnell et al., in 1988, discovered a strong
homology between the molecular structure of the vitamin D3 receptor and the thyroid hormone receptor,
which was due to two regions that they share: a 70 amino acid, cysteine-rich sequence, and a 62 amino acid
sequence located near the proteins' carboxyl terminus [11]. A study published in the early 1990s discovered
that 1,25(0OH)2D3 suppressed TSH-stimulated iodide absorption in a dose-dependent manner, indicating
that 1,25(0OH)2D3 had an effect on the physiological function of rat thyroid follicular cells (FRTL-5) [27].
When FRTL-5 cells were incubated with 1,25(0H)2D3 or cholecalciferol analogs, Berg et al. found a reduction
in TSH-stimulated synthesis of the intracellular signaling molecule 3",5-cyclic adenosine monophosphate
(cAMP), iodide uptake, and cell proliferation [28]. In another study, rats were fed a significant vitamin D
deficient diet, and it was demonstrated that they had reduced blood TSH levels but FT4 levels comparable to
vitamin D adequate animals [29]. Furthermore, VDR knockout animals revealed only minimal changes in the
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anatomy and physiology of the thyroid gland and a modest decrease in circulating TSH levels [30]. These
interesting findings established the groundwork for and inspired ongoing research on vitamin D and thyroid
illness. Wang et al. observed a substantial connection between VDR gene polymorphisms and autoimmune
thyroid diseases in several ethnic groups in a meta-analysis [31]. Similarly, in a sample of Turkish patients,
Yazici et al. discovered that VDR gene Taql TT and FokI FF genotypes were related to higher risk while
BbAaTtFf genotypes were protective of Hashimoto's thyroiditis (HT) [32]. This finding, in conjunction with
the use of calcitonin as a sensitive diagnostic for medullary thyroid cancer (MTC), may imply that
1,25(0H)2D-VDR signaling plays a role in the control of thyrocyte and C cell homeostasis, but further
research is needed to back this up [33].

Polymorphisms in the CYP27B1 gene, which encodes the 1-alpha hydroxylase enzyme responsible for
converting 25(OH)D to active 1,25(0OH)2D3, have been associated with autoimmune thyroid disease (AITD),
corroborating the theory that vitamin D and AITD are connected [34]. Wang et al. demonstrated that by
increasing Bcl-2 expression, 1,25(0H)2D3 protects human thyrocytes against programmed cell death [35].
Vitamin D exerts a modulatory effect on the immune system by enhancing the innate immune system and
suppressing the adaptive immune system [36]. VDR and 1-alpha hydroxylase are expressed by the majority of
immune cells, including T cells, B cells, and antigen-presenting cells (APCs), such as dendritic cells (DCs)
and macrophages. By modulating DCs and directly targeting T cells, 1,25(0OH)2D3 promotes the formation of
regulatory T cells (Tregs), preventing T helper type 1 (Th1) cell development [37]. 1,25(0H)2D suppresses B
cell growth and differentiation into plasma cells, IgG and IgM production, memory B cell formation, and
induces B cell apoptosis [37]. The immunomodulatory impact of 1,25(0OH)2D3 on the thyroid is mediated by
reduced expression of major histocompatibility complex (MHC) class II molecules on thyrocytes, impaired
Th1 mediated inflammatory responses in thyrocytes, and the shift of T cell response towards the T helper
type 2 (Th2) cell phenotype [38]. In any case, the effect of vitamin D on the thyroid warrants special
investigation since it may aid in the better management of thyroid disorders.

Clinical significance of vitamin D in thyroid diseases

Many studies hint at a function for vitamin D in the development of autoimmune thyroid disorders (AITD),
which has been confirmed in animal models. Mice were treated intraperitoneally with or without calcitriol
(0.1-0.2 micrograms per kg body weight daily) after being previously sensitized with porcine thyroglobulin.
When compared to placebo-treated mice, animals receiving inadequate vitamin D dosages showed a
reduction in the degree of thyroid inflammation [39]. In CBA mice, combining 1,25(0H)2D3 with
cyclosporine prevented the formation of experimental autoimmune thyroiditis (EAT) with a synergistic
effect [40]. Another study found that 1,25(0OH)2D3 can alleviate pathogenic alterations in the thyroid gland
and repair cytokine imbalances in rats with EAT [41].

In an Indian population consisting of students, teachers, and staff aged 16-60 years, Goswami et al.
conducted a community-based survey. Serum FT4, TSH, anti-thyroid peroxidase (anti-TPO) antibody, intact
parathyroid hormone, 25(0OH)D were measured. When the association between 25(OH)D and anti-TPO
antibody levels were examined with and without correcting for age, it revealed a significant inverse
correlation (r - 0.08, P = 0.04) when corrected for age [42]. The findings of this investigation might be
comparable to those of another study done in Thailand by Chailurkit et al., who reported that high vitamin D
status in younger adults is related to low circulating TSH [43]. These results prompted Zhang et al. to
investigate the association between vitamin D and serum TSH levels irrespective of thyroid hormone levels
in middle-aged and elderly people with negative thyroid autoimmunity. The authors concluded that high
1,25(0H)2D3 levels were associated with low circulating TSH levels independent of free triiodothyronine
(FT3) and thyroxine. Women, on the other contrary, did not exhibit this tendency [44]. A longitudinal study
of a Dutch female population found no negative association between anti-TPO antibody synthesis de novo
and 1,25(0OH)2D3 levels.

The researchers also compared patients with a genetic susceptibility to AITD to healthy subjects and found
that 1,25(0OH)2D3 levels in both groups were not lower in patients than in controls, indicating that low
vitamin D levels are not associated with thyroid autoimmunity in the early stages of the disease [45]. Kivity
et al. discovered that anti-thyroid antibodies were more consistently elevated in individuals with vitamin D
deficiency. The prevalence of vitamin D deficiency was comparable in hypothyroid individuals with AITDs
and those without, making it difficult to rule out the possibility that vitamin D deficiency is caused by
hypothyroidism and not a primary factor in AITD pathogenesis [46]. This finding was consistent with the
observations of Shin et al., who concluded that the 1,25(0H)2D3 level is an independent factor influencing
the presence of anti-thyroid peroxidase (anti-TPO) antibodies in AITDs and that the direct causal influence
of vitamin D deficiency on AITDs remains unclear [47]. Tamer et al. reported that 1,25(0OH)2D3 deficiency
(<30 ng/ml) was more prevalent in people with HT than in controls. Vitamin D deficiency was found to be
more common in patients with overt hypothyroidism (47/50, 94%) or subclinical hypothyroidism (44/45,
98%) than in those with euthyroidism (57/66, 86%) [48]. Bozkurt et al. evaluated serum 25(OH)D status in
three groups of subjects: 180 euthyroid patients with HT on a stable dose of levothyroxine, 180 euthyroid
subjects with newly diagnosed HT, and 180 healthy volunteers. Severe vitamin D deficiency (<10ng/ml) was
demonstrated in 48.3% of euthyroid HT, 35% of newly diagnosed HT, and 20.5% of healthy controls. Serum
25(0H)D levels were shown to be positively associated to thyroid volume (r = 0.145, P.001) and negatively
associated to anti-TPO (r = -0.361, P.001) and anti-thyroglobulin (anti-Tg) antibody (r = -0.335, P.001) levels.
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These results suggested that vitamin D may have a role in the development of HT and/or its progression to
hypothyroidism [49].

Choi et al. investigated the regulation of thyroid autoimmunity by vitamin D via estrogens in 6685 patients
who received regular health checks and reported substantially lower serum 1,25(0H)2D3 levels in pre-
menopausal women with AITD but not in postmenopausal women [50]. Furthermore, a notable association
between low levels of 1,25(0H)2D3 and increased thyroid volume was found in female patients with newly
diagnosed Grave’s disease (GD), indicating that vitamin D status may be implicated in the disease's
development [51]. When Unal et al. compared newly diagnosed AITD patients to healthy age-matched
controls, they inferred that both HT and GD patients had lower circulating 25(OH)D levels than controls [52].
The administration of 1,25(0OH)2D3 to animal models of autoimmune diseases consistently delivered
selective immunosuppressive effects capable of preventing or markedly suppressing a variety of
experimental autoimmune diseases [53]. In a cross-sectional study, a total of 140 consecutive cases (70
patients with newly diagnosed GD and 70 patients with newly diagnosed HT) and 70 healthy controls were
recruited, and serum TSH, FT3, FT4, anti-TPO, and anti-Tg levels were measured. After adjusting for age,
TSH, and all thyroid autoantibodies, it was found that a lower serum 25(OH)D level was related to an
increased risk of GD (OR = 1.09, 95% CI 1.03-1.15, P = 0.001). The same relationship was seen for HT (OR =
1.08,95% CI 1.04-1.12, P = 0.001).

According to multivariate logistic regression analysis, every 5 nmol/L drop in serum 25(OH)D concentration
was linked to a 1.55-fold (95% CI 1.18-2.02) rise in GD risk and a 1.62-fold (95% CI 1.30-2.05) decrease in
HT risk [54]. Ke et al. investigated 175 AITD patients, including 51 with GD, 61 with mild HT, 63 with treated
HT, and 51 controls. Mild and treated HT patients showed relatively low vitamin D levels, whereas GD
patients had serum 25(OH)D levels comparable to healthy controls. Also, the researchers discovered no
association between serum 25(OH)D levels and thyroid function, anti-thyroid antibodies, or serum cytokines
IL-4, IL-17, or TNF-alpha in AITD patients [55].

There have been few studies demonstrating a link between vitamin D and thyroid disorders in the pediatric
population. Camurdan et al. attempted to address the relationship between vitamin D levels and HT in
children in one such research. When compared to sex- and age-matched controls, children with newly
diagnosed HT had lower vitamin D levels [56]. Low serum vitamin D levels were shown to be substantially
interconnected with AITD in a cohort of 56 Egyptian children with AITD and 56 healthy controls. The
authors concluded, however, that vitamin D levels are not an independent risk factor for the progression of
AITD to overt hypothyroidism and hypothesized that BMI might have an effect on serum 1,25(0H)2D3 levels
[57]. Sonmezgoz et al. analyzed vitamin D levels in 68 children with HT aged 12 * 4 years (39 females) and 68
healthy children aged 10 * 4 years (37 females) and reported that a higher prevalence of vitamin D deficiency
in HT patients (76%) than controls (35%) (P < 0.001) [58]. Evliyaoglu et al. produced supporting evidence by
measuring serum 25(OH)D levels in 169 subjects and reporting that values less than 20 ng/mL were
connected to HT in children and adolescents [59].

Racataianu et al. came to the conclusion that there is a bidirectional link between vitamin D and systemic
inflammation in obese people, which potentially influences the severity and frequency of HT [60]. The
findings of Yasmeh et al. call into question the majority of the published data, suggesting higher levels of
25(0OH)D in women with HT compared to controls. No such difference was observed in males [61]. Some
researchers argue that the data pointing to Vitamin D's significance in AITD is an effect of the illness rather
than a cause of it. Bizzaro et al. emphasized the possibility of vitamin D deficiency as a result of AITD-
related incapacity, decreased sunlight exposure, malabsorption, and corticosteroid use [62]. Increased body
fat mass as a result of hypothyroidism, as well as other co-morbid autoimmune illnesses, may lead to
vitamin D insufficiency in HT [63]. The occurrence of AITD coexisting with other autoimmune illnesses, such
as celiac disease, has to be acknowledged as well. Celiac disease causes malabsorption and nutritional
deficiencies, notably vitamin D deficiency, and has been related to an increased risk of developing other
autoimmune diseases [64,65]. The impact of a gluten-free diet in HT patients was investigated by Krysiak et
al.in 2018. Gluten-free vs. gluten-containing diets were given to HT patients with positive transglutaminase
antibodies but no symptoms of celiac disease. The former group alone experienced a decrease in antibody
titers and an increase in vitamin D levels [66]. An alternative theory is that low vitamin D levels are caused
by chronic infection with intracellular bacteria that disrupt vitamin D metabolism by inducing VDR
dysfunction inside phagocytes. This theory is justified by the growing evidence that AITD can be reversed by
progressively restoring VDR function with VDR agonist olmesartan and subinhibitory dosages of certain
bacteriostatic antibiotics [67].

Vitamin D and Cancer

Various epidemiological studies have reported an inverse relationship between vitamin D levels and the risk
of acquiring cancer [68]. In a murine model of metastatic follicular thyroid cancer, Dackiw et al.
demonstrated that in vivo calcitriol administration can effectively restore p27 accumulation in thyroid
carcinoma cells, an important tumor suppressor protein [69]. In vitro, Zabel et al. found that calcitriol and
two analogs (PRI-1906 and PRI-2191) inhibited the proliferation of thyroid medullary carcinoma [70].
Another study, on the other hand, found that calcitriol increased TT cell (cell line originating from human
thyroid medullary carcinoma) proliferation by increasing the expression of proliferation-associated proteins
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and suppressing apoptosis [71]. Following therapy with 1,25(0H)2D3, the weight and volume of xenografted
thyroid cancer cells in severe combined immunodeficient mice were decreased by 50% and 22%,
respectively. They also observed that cells down-regulated for fibronectin demonstrated a more aggressive
growth pattern and were relatively insensitive to treatment suggesting a role for fibronectin in mediating
vitamin D actions on neoplastic cell growth [72]. Khadzkou et al. demonstrated the expression of VDR and 1-
alpha hydroxylase in papillary thyroid carcinoma (PTC) and normal thyroid tissue suggesting the
endogenous production of calcitriol in the thyroid gland. In addition, lower VDR expression in PTC
metastatic lymph nodes compared to primary PTC and normal thyroid tissue implied the possible role of
vitamin D via its effects, such as inhibition of cell proliferation and promotion of cell differentiation [73].

Izkhakov et al. demonstrated that 1,25(0H)2D3 regulates the expression of extracellular matrix protein 1
(ECM1) and type II transmembrane serine protease 4 (TMPRSS4), two independent diagnostic markers of
thyroid cancer [74]. Clinckspoor et al. observed an increased expression of VDR, cytochrome P450 family 24
subfamily A member 1 (CYP24A1), and CYP27B1 genes, all of which are implicated in local vitamin D
signaling, in benign and differentiated malignant thyroid cancers. The expression of these genes was found
to be decreased in local nodal and distant metastases, highlighting a local antitumor response to vitamin D
in the early stages of cancer [75]. The relevance of vitamin D in cancer has also been recognized by the
production of vitamin D analogs such as MART-10. In undifferentiated thyroid carcinoma cells, MART-10
was shown to be more potent than 1,25(0H)2D3 at suppressing tumorigenesis and metastasis. This research
presents an opportunity for future in vivo trials of MART-10 application against anaplastic thyroid
carcinoma [76]. Somjen et al. proposed that vitamin D has a function in tumor cell growth by regulating
estrogen receptor (ER) expression. The researchers showed that a vitamin D analog JK 1624 F2-2 could
modulate not only the VDR receptor and 1,25(0H)2D3 but also the ER, which is implicated in estrogen-
induced cell proliferation in thyroid cancer cell lines in an ER-type specific way [77]. On investigating the
effects of 1,25(0OH)2D3 and its superagonistic analog CD578 on different cell lines of thyroid cancer, there
was a notable impact on growth arrest, as well as a reduction in absolute cell counts in all cell lines. Even
with a 1000-fold lower dosage of analog CD578, growth inhibition was observed [78]. Suzuki et al.
established the efficiency of 22-oxacalcitriol, a vitamin D3 derivative, in reducing tumoral cell proliferation
in a thyroid anaplastic carcinoma cell line [79]. Liu et al. showed that 1,25(0OH)2D3 and its noncalciomimetic
analog EB1089 inhibited thyroid cancer cell proliferation in a dose-dependent manner. This study also
discovered that 1,25(0H)2D3 administration boosted the expression of p27, thus assisting in improved
cellular differentiation, reduced tumor burden, and prevention of metastatic growth [80]. Bennett et al.
verified this antiproliferative potential by observing cell growth suppression by 25(0OH)D or 1,25(0H)2D3 in
malignant (papillary, follicular, and anaplastic carcinoma) and simian virus 40-immortalized follicular cell
lines [81].

Few human observational studies have yielded inconsistent data demonstrating a relationship between
serum vitamin D levels and thyroid cancer. In a retrospective cohort study from Canada in 2010 by Roskies et
al. on 212 patients undergoing thyroidectomy, preoperative 25(OH)D levels were recorded, and patients were
stratified based on vitamin D status as vitamin D deficiency (VDD) or vitamin D sufficiency (VDS). When
comparing the VDS and VDD groups, the malignancy rate jumps from 37.5% to 75%, equating to a relative
risk of 2.0 (p =.03, 95% CI 1.07-2.66). This prompted the authors to speculate that vitamin D deficiency
might be the first modifiable risk factor for thyroid cancer [82]. In a Turkish study by Sahin et al., low serum
vitamin D was reported in 71% with papillary thyroid carcinomas, but only in 59% of controls. After
regression analysis, the authors drew an association between tumour diameter and log-vitamin D3
concentrations (B = 0.207; p = 0.04) [83].

Kim et al. evaluated a total of 548 female patients who underwent total thyroidectomy for PTC and
categorized them into four quartiles based on the preoperative serum 25(0OH)D levels. On retrospective
analysis of clinicopathologic features, it was observed that the preoperative 25(0OH)D levels were
significantly lower in patients with a tumor size of more than 1 cm (p = 0.041) or lymph node metastasis (p =
0.043) [84]. Stepien et al. discovered substantially decreased 1,25(0H)2D3 levels in 27 papillary cancer
patients, 16 follicular cancer patients, and seven anaplastic patients when compared to 26 healthy controls
[85]. Similarly, serum calcitriol levels were shown to be considerably lower in 172 differentiated thyroid
cancer (DTC) patients compared to 321 healthy controls by Penna-Martinez et al. [86]. The role of the
vitamin D system in the pathogenesis of DTC was confirmed by the same authors, who examined vitamin D
levels and the expression of genes related to vitamin D enzymes in 253 DTC patients and 302 controls,
discovering a link between DTC and low 25(OH)D and 1,25(0H)2D3 levels in certain CYP24A1 haplotypes
[87].

Laney et al. reported in pilot research that vitamin D deficiency rates were comparable in individuals with
thyroid nodules, thyroid cancer in remission, and active thyroid cancer. The only risk factor shown to be
independently related to vitamin D deficiency was BMI >30 kg/m2 [88]. Similarly, Lizis-Kolus et al. found no
difference in 25(OH)D concentrations between patients with papillary thyroid carcinoma and patients with
HT [89]. This finding was reaffirmed by Jonklaas et al., who observed no link between vitamin D levels and
thyroid cancer [90]. On assessing a large cohort of 820 patients with PTC, Ahn et al. found that 795 of them
had vitamin D insufficiency, but the levels were not related to disease aggressiveness or poor outcome [91]. A
recent study of 177 people with papillary thyroid cancer discovered that central adiposity, not vitamin D or
adipocytokine status, was the strongest predictor of malignancy [92]. O'Grady et al. studied dietary
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micronutrient consumption and observed only a correlation between thyroid cancer and low vitamin C
intake, but not vitamin D intake [93].

Vitamin D and Hypothyroidism

Only a few research studies have made an attempt to investigate the correlation between serum 25(OH)D
levels and hypothyroidism. Mackawy et al. measured serum 25(OH)D levels in 30 hypothyroid patients and
30 healthy participants, discovering that hypothyroid patients had hypovitaminosis D with hypocalcemia,
which was significantly associated with the degree and severity of hypothyroidism [94]. In a retrospective
study done in Turkey, Ucar et al. demonstrated that serum 25(OH)D levels in elderly patients with subclinical
hypothyroidism were lower than in healthy controls [95]. Aljohani et al., in a cross-sectional case-control
study, found an inverse association between vitamin D status and FT3 [96]. A pilot study in Poland that
looked at vitamin D status in the summer months among 133 patients on L-thyroxine treatment showed that
vitamin D sufficiency is not achieved even in the summer [97]. Mirhosseini et al. documented that serum
25(0OH)D values of more than 125 nmol/L were associated with a 30% decreased risk of hypothyroidism and a
32% reduced risk of elevated anti-thyroid antibodies [98]. Pezeshki et al. conducted a pilot randomized
clinical trial in 2020 to investigate the efficacy of vitamin D therapy on subclinical hypothyroidism. The
researchers discovered that using vitamin D supplements significantly reduced TSH mean levels,
emphasizing the need for screening and vitamin D treatment in subclinical hypothyroid individuals [99].
Musa et al. observed that hypothyroid patients had significantly higher TSH and lower FT4 levels compared
to healthy controls in a case-control study of 116 females with hypothyroidism in Saudi Arabia. The authors
reported the absence of a noticeable difference in FT3 and 25 (OH)D levels between the two groups [100]. A
very recent observational study discovered no association between vitamin D and HT; however, the findings
suggested that there may be a subtle decrease in vitamin D levels associated with overt hypothyroidism
[101].

Role of supplementation

The soaring data linking vitamin D deficiency to thyroid disorders has piqued researchers' interest in
exploring the use of vitamin D supplements in the prevention and treatment of thyroid disorders. An
interventional study was conducted on Greek Caucasian patients with HT and hypovitaminosis D to
determine if vitamin D3 therapy was effective in the management of these individuals. Four months of
cholecalciferol supplementation resulted in a considerable drop (20.3%) in serum anti-TPO levels in these
individuals [102]. Chaudhary et al. randomly assigned AITD patients to one of two groups: the first group
received cholecalciferol 6000 IU + calcium 500 mg/day for eight weeks, while the second group received only
calcium 500 mg/day for eight weeks. Anti-TPO titers fell by more than 25% in 68% in the subjects of the first
group but only 44% of the subjects in the second group, though this reduction was significant only in those
with TSH < 10 mIU/L [103]. Simsek et al. conducted a randomized control trial of 82 AITD patients in which
46 of them were supplemented with vitamin D 100IU/day for one month, and 36 were not supplemented.
The authors observed a reduction in anti-TPO and anti-Tg titers only in the supplementation group [104].

Similarly, in a case-control study, 34 women with HT and normal vitamin D status who had been on
levothyroxine for at least six months were divided into two groups based on their preference. For six
months, 18 of them were given vitamin D supplements containing 2000 IU of vitamin D per day, whereas the
other 16 were not. After six months, a fall in antibody titers (primarily anti-TPO) in response to a rise in
25(0H)D was only statistically significant in those with sub-clinical hypothyroidism, and it was reliant on
baseline antibody titers [105]. The authors also demonstrated a significant reduction in anti-TPO titers in
non-lactating women with postpartum thyroiditis on vitamin D treatment in a baseline value-dependent
manner [106]. In a subsequent study, the same authors attempted to examine the efficacy of
selenomethionine and vitamin D in lowering thyroid antibody titers in young drug-naive euthyroid males
with AITD. Both selenomethionine and vitamin D reduced anti-TPO and anti-Tg antibody titers, although
vitamin D had a greater effect on antibody titers among individuals with baseline deficiency [107]. In a
randomized, double-blind placebo-controlled clinical trial involving 42 women with HT disease (aged 18-48
years), subjects were randomly divided into two groups; vitamin D or placebo. For three months, patients in
the vitamin D and placebo groups received 50000 IU vitamin D and placebo pearls, respectively. A substantial
reduction in anti-Tg antibody and TSH hormone in the Vitamin D group compared to the placebo group
(p=0.08) was observed. However, there was no significant reduction in anti-TPO antibodies in the vitamin D
group compared to the placebo group (p=0.08) [108]. In patients with AITD, Vondra et al. established a
positive correlation between free T4/free T3 ratio and vitamin D deficiency, which disappeared after
supplementation with cholecalciferol [109]. Koehler et al., in a retrospective study, reported a larger drop in
anti-TPO levels among AITD patients who improved their originally inadequate vitamin D level compared to
a control group that maintained vitamin D level below the threshold [110].

A positive association between high dietary vitamin D consumption and thyroid cancer risk was identified in
the Vitamins and Lifestyle (VITAL) cross-sectional cohort research (OR=1.66,95% CI 1.21-2.28) [111]. A
systematic review and meta-analysis, consisting of six randomized control trials and 344 AITD patients,
Wang et al. concluded that supplementation with vitamin D for six months appears to reduce the thyroid
autoantibody titers significantly [112]. Mack et al., in a population-based case-control study centered in Los
Angeles, reported that weekly administration of a vitamin D supplement was not linked to the risk of thyroid
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cancer in females [113]. In a randomized, double-blind study comprising participants with South Asian,
Middle Eastern, and African ethnicities with baseline vitamin D insufficiency, Knutsen et al. concluded that
low dose vitamin D supplementation did not result in any appreciable improvement in anti-TPO and TSH
titers [114]. The impact of vitamin D supplementation may be affected by other variables such as
testosterone status. Compared to testosterone-naive males, correction of testosterone levels and vitamin D
treatment in testosterone-deficient males has been related to a more dramatic reduction in thyroid
autoantibody titers and enhanced thyroid secretory capacity (SPINA-GT index) [115].

Krysiak et al., in a cohort study, suggested the possibility of an additive impact of vitamin D and selenium
supplementation on thyroid autoimmunity [116]. In a different study, the authors also addressed the
significance of simvastatin in magnifying the effect of vitamin D on thyroid autoimmunity in vitamin D-
deficient women with HT [117]. A six-month high-dose atorvastatin therapy was attributed to decreased
thyroid antibody titers only in women with normal vitamin D status, suggesting that vitamin D sufficiency
indirectly exerts a favorable influence on thyroid autoimmunity [118]. Talaei et al. studied the effects of
vitamin D supplementation on thyroid function in hypothyroid patients and reported that 12 weeks of
vitamin D supplementation in individuals with primary hypothyroidism was associated with an independent
reduction in serum TSH levels [119]. The specific advantages of vitamin D supplementation in thyroid
diseases remain elusive, and further randomized controlled studies are required to offer relevant and
definite data.

Table I gives details of some clinical studies showing the various associations between Vitamin D and
thyroid [42,46,48,49,52,59,82,83,84,85,88,90,94,98,99,100,102,103,104,109], all of which are mentioned in
this review.

Vitamin D
References Design Population deficiency Salient Remarks
Criteria
. . 642 students, teachers, and staff . i
Goswami et  Community- aged 16-60 years (244 males, 398 <25na/ml A weak inverse correlation was found between
al. 2009 [42]  based survey 9 J ’ g 25(0OH)D and anti-TPO antibody levels (r=-0.08)
females)
Kivity et al 50 with AITDs (28 HT, 22 GD), 42 Lower levels of vitamin D were documented in 72%
ivity et al.
201 1)/[46] with non-AITDs and 98 healthy <10ng/ml AITDs (79% HT and 64% GD), 52% non-AlTDs and
subjects 30% controls
Tameretal. Case-control 92% of HT patients and 63% of healthy control
r © d 161 HT patients, 162 healthy controls  <30ng/ml ° i p _l . o ot healtny ro's
2011 [48] study showed vitamin D deficiency
Vitamin D deficiency was demonstrated in 48.3% of
thyroid HT, 35% of ly di d HT, 20.5% of
Bozkurt et al. 180 euthyroid HT, 180 newly <o5na/mi e tyrlm S 2; (%S%V Iy '?gnose nted ° .?h
ng/m controls. Serum evels were correlated wi
2013 [49] diagnosed HT, 180 healthy controls 9 i X i
thyroid volume (r= 0.15), anti-TPO (r=-0.36), anti-Tg
levels (r=-0.34)
65% of the AITD patients were vitamin D deficient
Unal et al. 254 newly diagnosed HT, 27 GD, <20na/ml (63% of newly diagnosed HT patients and 85.2% of
2014 [52] 124 healthy controls g GD patients). Serum 25(OH)D levels were correlated
with anti-TPO (r= -0.18) and anti-Tg levels (r=-0.14)
90 HT patients (of 12.32 £2.87
Evliyaoglu et Case-control patients (of ages 71.1% of HT and 51.9% of healthy control had vitamin
al. 2015 [59]  stud years) and 79 age-matched healthy <20ng/ml D deficienc
. u ici
y controls (11.85 £ 2.28 years) y
Roskies et Retrospective 212 patients undergoing <37.5 The malignancy rate rises when comparing VDS
al. 2012 [82]  cohort study  thyroidectomy nmol/L (37.5%) and VDD groups (75%)
Sahin et al Vitamin D deficiency in 71% PTC, 59% controls.
i .
2013 [83] 344 PTC patients, 116 controls <20ng/ml  Association between tumour diameter and log-vitamin
D3 concentrations (B = 0.207; p = 0.04)
Lower vitamin D levels were noted in subjects with
Kim et al. 548 female PTC patients undergoing  18.5ng/ml  tumor size >1cm. Subjects with vitamin D levels
2014 [84] total thyroidectomy (median) below the median were at higher risk of T stage 3/4,
LNM, lateral LNM, stage IIl/IV, and ETE.
50 thyroid cancer patients (27 PTC Lower vitamin D levels were observed in thyroid
Stepien et al. 16 FTC, 7 ATC), 34 MNG, and 26 cancer patients than healthy controls. An inverse
2010 [85] healthy controls correlation was noted between vitamin D levels and
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Laney et al.
2010 [88]

Jonklaas et
al. 2013 [90]

Mackawy et
al. 2013 [94]

Pezeshkiet = Randomized
al. 2020 [99] clinical trial

Musa et al. Case-control
2017 [100] study

Mirhosseini
etal. 2017
[98]

Open-
Chaudhary labeled
etal. 2016 randomized

[103] controlled
trial
Mazokopakis
etal. 2015
[102]
Randomized
Simsek et al. cor?trc?llrzldze
2016 [104] .
trial
Vondra et al.
2017 [109]

tumor stage.

69 thyroid cancer patients (24 active
and 45 in remission), 42 benign <75nmol/L
thyroid nodule patients

No difference was found in vitamin D deficiency rates
between the groups

No associations were identified between vitamin D
<30ng/ml levels and diagnosis, disease stage, malignancy rate,
prognostic features of thyroid cancer.

65 euthyroid patients undergoing
thyroidectomy

Vitamin D was found to be significantly lower in
<20ng/ml hypothyroid patients than in controls (t=-11.128, P=
0.000)

30 patients with hypothyroidism and
30 healthy controls

59 patients diagnosed with both
subclinical hypothyroidism and <30ng/ml
vitamin D deficiency

Vitamin D supplementation significantly reduced
mean TSH levels (P-value<0.001)

No significant difference was seen in vitamin D levels

58 female patients with ) L
<30ng/ml  among females with hypothyroidism and healthy

hypothyroidism, 58 healthy controls

controls.
11,017 participants of a health and Hypothyroidism was found in 2% (23%
wellness program providing vitamin D including subclinical hypothyroidism) of participants at
supplementation to target <50nmol/L  baseline and 0.4% (or 6% with subclinical) at follow-
physiological serum 25(OH)D level up. Optimal thyroid function requires serum 25(OH)D
above 100nmol/L concentration above 125 nmol/L.

Eight weeks of vitamin D supplementation caused a

112 AITD patients <50nmol/L
P significant reduction in anti-TPO antibody titers.

A negative correlation was observed between
baseline 25(OH)D and anti-TPO levels. Four months
of vitamin D supplementation caused a significant
decrease in anti-TPO titers.

218 Greek Caucasian HT patients <30ng/ml

Reduction in anti-TPO and anti-Tg titers only in the
82 AITD patients <20ng/ml group supplemented with vitamin D 1000 |U/day for
one month.

A positive relationship was established between the

<20ng/ml  free T4/free T3 ratio and vitamin D deficiency, which
disappeared after supplementation with 4300 IU/day
of cholecalciferol for three months

30 female AITD patients

TABLE 1: Clinical studies showing the association between vitamin D and thyroid

25(0H)D: 25-hydroxyvitamin D; anti-TPO: anti-thyroid peroxidase; anti-Tg: anti-thyroglobulin; AITD: autoimmune thyroid disease; HT: Hashimoto’s thyroid
disease; GD: Grave's disease; VDS: vitamin D sufficient; VDD: Vitamin D deficient; PTC: papillary thyroid carcinoma; LMN: lymph node metastasis; ETE:
extrathyroidal extension; FTC: follicular thyroid cancer; ATC: anaplastic thyroid cancer; MNG: multinodular nontoxic goiter; TSH: thyroid-stimulating
hormone; T4: thyroxine; T3: triiodothyronine

Prognostic value

Given that vitamin D deficiency is a curable condition, it is vital to look at its prognostic importance in

thyroid disorders. Sulibhavi et al. reviewed 334 patient records for papillary thyroid cancer stage, history of
vitamin D deficiency, vitamin D status, and other factors. According to the data, vitamin D deficiency may be
advantageous as a negative prognostic indicator in PTC, and preoperative laboratory evaluation may be less
useful [120]. Danilovic et al. examined 433 individuals who underwent thyroidectomy for thyroid nodules
and found no significant variations in preoperative 25(OH)D levels or quartile distribution between benign
and malignant cases. In addition, among 187 individuals with PTC, lower vitamin D levels were not found to
be overtly related to a worse prognosis [121]. Kim et al. assessed 410 patients who underwent fine-needle
aspiration for thyroid nodules and found that serum 25(OH)D levels and the prevalence of vitamin D
insufficiency did not differ substantially between benign and malignant thyroid nodules. Furthermore,
vitamin D insufficiency was not linked to disease stage or any other prognostic factors in 44 DTC patients
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[122]. Choi et al. evaluated 5186 euthyroid individuals with no clinical indications of AITD who had routine
health checks and discovered that serum 25(OH)D levels were unrelated to thyroid cancer prevalence [1253].
The retrospective study by Kim et al. demonstrated that PTC patients with 25(OH)D levels less than 46.2
nmol/L (median) were at a considerably higher risk of T stage 3/4, lymph node metastasis, and progression to
stage I1I/IV [92]. Lower 1,25(0H)2D3 levels were shown to be inversely related to the advanced tumor stage,
according to Stepien et al. (Table 1) [85]. The prognostic role of vitamin D in thyroid disorders has to be
widely researched, as it may have the potential to mitigate a disease that is epidemiologically quite

common.

Limitations

Hypothyroidism is a multifaceted illness, and we've touched only one component, vitamin D. It is, however,
accompanied by a plethora of risk variables, including genetic factors, environmental factors, and
autoimmunity. In addition, vitamin D regulates the levels of other hormones such as the parathyroid
hormone, although we have not taken this into account. It is beyond the remit of this article to evaluate all
of those aspects; therefore, we have focused solely on vitamin D and thyroid.

Conclusions

The primary objective of this review was to compile the most relevant research in order to better understand
the effects of vitamin D in hypothyroidism. The relevance of vitamin D in autoimmune thyroid diseases
(AITD), hypothyroidism, and thyroid cancer has received much attention, although the results have been
conflicting. The overwhelming amount of evidence pointed to a correlation between vitamin D deficiency
and an increased risk of having or developing hypothyroidism, elevated thyroid antibody titers, and thyroid
cancer. As per existing research, vitamin D status, receptor polymorphisms, and enzymes involved in its
metabolism all play a minor but impactful role in AITD. There seems to be a dynamic relationship between
the severity of Hashimoto's disease and vitamin D deficiency. An inverse association was recognized
between serum vitamin D concentrations and anti-thyroid antibody levels. Normal physiological vitamin D
concentrations appear to be required for optimal thyroid function. Vitamin D supplementation was shown to
lower mean TSH levels and anti-TPO levels, and vitamin D deficiency may be beneficial as a negative
prognostic indicator.

There is ample literature studying the complex etiology of vitamin D deficiency in thyroid diseases;
however, the data is inconclusive. The need to resolve the ambiguity around the causal relationship between
vitamin D and thyroid disorders is indispensable, as vitamin D supplementation is inexpensive and has
minimal side effects, making it potentially revolutionary in the management of hypothyroidism. We
recommend more future studies examining the effects of vitamin D or its analogs in the prevention of AITD
and its potential use in the treatment and prognosis of AITD as it would aid in crystallizing the
conceptualizations and tailoring the treatment strategy of hypothyroidism with vitamin D.
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