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Background: Vitamin D insufficiency, defined as serum levels of 25-hydroxyvitamin D [25(OH)D3] lower than
30 ng/mL, has been reported to be prevalent in several autoimmune diseases such as multiple sclerosis and type
1 diabetes mellitus. The goal of the present study was to assess whether vitamin D insufficiency is also a feature
of Hashimoto’s thyroiditis (HT).
Methods: We performed a prevalence case–control study that included 161 cases with HT and 162 healthy
controls. Serum levels of 25(OH)D3, calcium, phosphorus, and parathyroid hormone were measured in all 323
subjects.
Results: The prevalence of vitamin D insufficiency in HT cases (148 of 161, 92%) was significantly higher than
that observed in healthy controls (102 of 162, 63%, p< 0.0001). Among HT cases, the prevalence rate of vitamin D
insufficiency showed a trend to be higher in patients with overt hypothyroidism (47 of 50, 94%) or subclinical
hypothyroidism (44 of 45, 98%) than in those with euthyroidism (57 of 66, 86%), but the differences were not
significant ( p¼ 0.083).
Conclusion: Vitamin D insufficiency is associated with HT. Further studies are needed to determine whether
vitamin D insufficiency is a casual factor in the pathogenesis of HT or rather a consequence of the disease.

Introduction

Vitamin D enters the human body via two sources: ex-
posure of the skin to sunlight and the diet (1). Solar ul-

traviolet B radiation (wavelength, 290–315 nm) penetrates the
skin and converts 7-dehydrocholesterol to previtamin D3,
which is rapidly converted to vitamin D3 (1–5).

Dietary vitamin D comes from natural sources such as wild
fresh salmon (800 IU of D3 per 3.5 oz), cod liver oil (700 IU of
D3 per 1 tps), or sundried Shiitake mushrooms (1600 IU of D2
per 3.5 oz), from fortified foods such as milk (100 IU of D3 per
8 ox), or from supplements. Vitamin D2 is manufactured
through the ultraviolet irradiation of ergosterol from yeast,
and vitamin D3 through the ultraviolet irradiation of 7-
dehydrocholesterol from lanolin. Both are used as vitamin D
supplements, although D2 is the form available by prescrip-
tion in the United States (5).

Vitamin D made in the skin (D3) or ingested (either D2 or
D3) travels in the bloodstream bound to vitamin D-binding
protein and reaches the liver where it is converted to 25-
hydroxyvitamin D3 [25(OH)D3]. This is the major circulating
form of vitamin D, the one measured by clinical laboratories
to determine the vitamin D status. Its normal serum range is
comprised between 30 and 80 ng/mL. Levels below 30 ng/
mL are considered by most scholars indicative of vitamin D

insufficiency (3,5). Vitamin 25(OH)D3 is inactive and must be
converted in the kidneys to 1,25-dihydroxy vitamin D
(1,25(OH)2D3), the biologically active form (5).

The best-characterized action of vitamin D is on the small
intestine and the bone. In the small intestine, vitamin D in-
creases the absorption of calcium by increasing the expression
of a specific calcium channel. In bone, vitamin D induces the
differentiation of preosteoclasts to mature osteoclasts, ulti-
mately promoting removal of calcium and phosphorus from
the bone (1–3,5).

In more recent years, the actions of vitamin D have ex-
panded well beyond calcium metabolism. Receptors for vi-
tamin D have been described in lymphocytes and numerous
tissues including colon, breast, prostate, and brain. A role of
vitamin D has been implicated for cancer, cardiovascular
diseases, and autoimmunity.

Directly or indirectly, 1,25-dihydroxyvitamin D controls
more than 200 genes, including genes responsible for the
regulation of cellular proliferation, differentiation, apoptosis,
and angiogenesis (1,2). It decreases cellular proliferation of
both normal cells and cancer cells and induces their terminal
differentiation (1–3,5–7). 1,25(OH)2D3 inhibits some actions
and cytokine production, which is important in developing
Hashimoto’s thyroiditis (HT). 1,25(OH)2D3 not only inhibits
dendritic cell (DC)-dependent T-cell activation, but also
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inhibits the production of T helper (Th) 1 cell cytokines, in-
terferon (IFN)-g, interleukin-2 (IL-2), and B-cell proliferation
and induces B-cell apoptosis as well (8–10).

Considering that HT is one of the classical autoimmune
diseases and that no information is available about the vita-
min D levels in these patients, we designed the present case–
control study to compare serum vitamin D levels between HT
cases and healthy controls.

Materials and Methods

Study population

The study included 161 cases with HT (152 females and 6
males) and 162 healthy controls (151 females and 11 males).
All subjects were matched on age and gender (Table 1). Pa-
tients with liver disorders, renal disorders, diabetes mellitus,
metabolic bone disorders, primary hyperparathyroidism, or
epilepsy treated by anticonvulsant therapy or on other med-
ications that might alter 25(OH)vitamin D or 1,25(OH)2 vi-
tamin D metabolism and thyroid functions were excluded
from the study. Diagnosis of HT was made by determining
elevated antithyroid peroxidase and antithyroglobulin anti-
bodies and ultrasound patterns suggestive of HT.

HT cases were classified into three subgroups according to
their thyroid function status. Overt hypothyroid patients
(OHP, n¼ 50) were those with serum thyrotropin (TSH)
>10mIU/mL (reference interval was 0.27–4.2 mIU/mL) and
free thyroxine (T4) <0.93 ng/dL (reference interval was 0.93–
1.7 ng/dL). Subclinical hypothyroid patients (SHP, n¼ 45)
were those with normal serum free T4 and free triiodothyro-
nine levels but with serum TSH levels elevated to the range of
5–20 mIU/mL. Euthyroid patients (EPs) were those with nor-
mal free T4 and TSH levels (10). The study was conducted
over a period between October 2008 and February 2009 and
approved by our institutional ethics committee (approval
date and number: 21.02.2008, 44/E). All subjects gave in-
formed consent prior to inclusion in the study.

Laboratory investigation

We determined serum 25(OH)D3 level for vitamin D in-
sufficiency. The key diagnostic test in vitamin D insufficiency
is demonstration of a decreased serum 25(OH)D value. The
1,25(OH)2D3 levels may be normal in vitamin D deficiency
and insufficiency because of the maximal stimulation of 1a-
hydroxylase by the low serum phosphorus and high para-
thyroid hormone (PTH) levels (11). Different studies have
evaluated threshold levels for serum 25(OH)D in relation to

bone mineral density, lower extremity function, dental health,
risk of fractures, cancer prevention, and incident hypertension
(5,12–14). Although Ralston et al. have defined vitamin D in-
sufficiency when 25(OH)D3 level is less than 20 ng/mL (14),
most of the authors have defined vitamin D insufficiency as
25(OH)D3 level lower than 30 ng/mL (5,12,13). Therefore, we
accepted that people have vitamin D insufficiency when their
serum 25(OH)D3 levels were lower than 30 ng/mL.

For measuring 25(OH)D3, venous blood samples were col-
lected into plain tubes, serum was separated and stored at
�708C for a week until analysis, and levels of 25(OH)D3 were
estimated using a kit 25(OH)2D3-Ria-CT (Bruxelles-Belgium).
The treated samples were then assayed using a competitive
binding radioimmunoassay technique. Serum PTH levels were
measured by electrochemiluminescent immunoassay (Mod-
ular Analytics E170; Roche Diagnostics). Other biochemical
parameters included in this study were albumin, calcium, and
phosphorus. Serum levels of these biochemical parameters
were determined according to standard laboratory procedures
using the autoanalyzer Olympus 2700. Corrected calcium lev-
els were calculated on the basis of albumin levels.

Statistical analysis

All statistical analyses were made by using the software
SPSS for Windows V13.0. Normality of distribution of vari-
ables was tested by Shapiro–Wilk and Kolmogorov–Smirnov
tests. Subjects were compared for differences in biochemical
data according to their thyroid function status by two-tailed
Mann–Whitney or Kruskal–Wallis tests for comparison of two
or more independent samples. Data are expressed as
means� SD. A p-value below 0.05 (two tailed) was consid-
ered to be statistically significant.

Results

Serum 25(OH)D3 levels of the patients with HT were sig-
nificantly lower than those of CG ( p< 0.0001). Prevalence of
vitamin D insufficiency in the patients’ group was signifi-
cantly higher than that in CG ( p< 0.0001) (Table 1 and Fig. 1).
Serum PTH levels of the patients with HT were significantly
higher than those of CG ( p< 0.0001). Although serum phos-
phorus levels of the patients with HT were significantly lower
than those of CG, calcium levels were not ( p¼ 0.04 and
p¼ 0.17, respectively) (Table 1). OHP, SHP, and EP were
similar in terms of age and sex distribution (Table 2). Serum
25(OH)D3 levels of OHP, SHP, and EP with HT were signi-
ficantly lower than those of CG ( p¼ 0.003, p¼ 0.018, and

Table 1. Characteristics of Hashimoto’s Thyroiditis Cases and Healthy Controls

HT cases Healthy controls
(n¼ 161) (n¼ 162) p-Value

Age (years) 35.4� 7.9 34.3� 7.6 0.15
Gender (F/M) 152/6 151/11 0.22
Calcium (mIU/mL) 9.4� 0.4 9.4� 0.4 0.17
Phosphorus (mIU/mL) 3.5� 0.6 3.60� 0.5 0.04
PTH (mIU/mL) 56.9� 23.9 43.2� 14.00 <0.0001
25(OH)D3 level (ng/mL) 16.3� 10.4 29.6� 25.5 <0.0001
Prevalence of vitamin D insufficiency [n (%)] 148 (91.92%) 102 (63%) <0.0001

HT, Hashimoto’s thyroiditis; PTH, parathyroid hormone.
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p¼ 0.006) (Table 3). There were no significant differences
among 25(OH)D3 levels of OHP, SHP, and EP with HT
( p¼ 0.87) (Table 2).

Rates of vitamin D insufficiency in OHP, SHP, and EP with
HT were significantly higher than those of CG ( p< 0.0001,
p< 0.0001, and p¼ 0.001, respectively) (Table 3). There were
no significant differences among the rates of vitamin D in-
sufficiency in OHP, SHP, and EP with HT ( p¼ 0.063) (Table
2). Serum calcium levels of SHP with HT were significantly
lower than those of CG ( p¼ 0.004) (Table 3), OHP (0.025), and
EP ( p¼ 0.019). There were no significant differences between

serum calcium levels of OHP and EP with HT ( p¼ 0.34), be-
tween those of OHP and CG ( p¼ 0.97) (Table 3), and between
those of EP and CG ( p¼ 0.078) (Table 3). Serum phosphorus
levels of OHP with HT were significantly lower than those of
CG ( p¼ 0.04) (Table 3). There were no significant differences
between serum phosphorus levels of SHP with HT and CG
( p¼ 0.17) (Table 3) and between those of EP and CG ( p¼ 0.28)
(Table 3). There were no significant differences among serum
phosphorus levels of OHP, SHP, and EP with HT ( p¼ 0.61)
(Table 2). Serum PTH levels of OHP, SHP, and EP with HT
were significantly higher than those of CG ( p< 0.0001,

FIG. 1. The individual levels of 25(OH)D3 in all cases with Hashimoto’s thyroiditis and controls.

Table 2. Characteristics of Overt Hypothyroidic Patients, Subclinical Hypothyroidic Patients,

and Euthyroid Patients with Hashimoto’s Thyroiditis

OHP with HT SHP with HT EP with HT
(n¼ 50) (n¼ 45) (n¼ 66) p-Value

Age (years) 36� 7.9 35.4� 8.9 35.1� 7.3 0.903
Gender (F/M) 48/2 43/2 64/2 0.92
Calcium (mIU/mL) 9.4� 0.4 9.2� 0.5 9.4� 0.3 0.03
Phosphorus (mIU/mL) 3.5� 0.7 3.5� 0.4 3.5� 0.5 0.61
PTH (mIU/mL) 61.4� 29.2 59.3� 22.6 50.9� 18.1 0.031
25(OH)D3 level (ng/mL) 15.4� 9.3 15.7� 7.4 17.4� 12.9 0.87
Prevalence of vitamin D

insufficiency [n (%)]
47 (94%) 44 (97.77%) 57 (86.36%) 0.063

EP, euthyroid patients; OHP, overt hypothyroidic patients; SHP, subclinical hypothyroid patients.
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p< 0.0001, and p¼ 0.003, respectively) (Table 3). Serum PTH
levels of OHP were significantly higher than EP ( p¼ 0.016).
EPs had the lowest PTH levels in all patients with HT (Table
2); however, their PTH levels were significantly higher than
those of CG ( p¼ 0.003) (Table 3). There were no significant
differences between serum PTH levels of SHP and OHP
( p¼ 0.53) and between those of SHP and EP ( p¼ 0.055).

Discussion

In the present study, patients with HT had lower 25(OH)D3
levels than healthy subjects and vitamin D insufficiency was
more common in patients with HT than in healthy people.

Vitamin D is an important immune system regulator. The
active form of vitamin D, 1,25(OH)2D3, has been shown to
inhibit the development of autoimmune diseases, including
inflammatory bowel diseases. Paradoxically, other immune
system–mediated diseases (e.g., experimental asthma) and
immunity to infectious organisms were unaffected by
1,25(OH)2D3 (9). Vitamin D receptors (VDRs) are not found in
appreciable amounts in the B lymphocyte, but in significant
concentrations in the T lymphocyte and macrophage popu-
lations (8,13,15). However, their highest concentration is in
the immature immune cells of the thymus and mature CD8 T
lymphocytes. The significant role of vitamin D compounds as
selective immunosupressants is illustrated by their ability to
either prevent or markedly suppress animal models of auto-
immune disease. The results of the studies show that experi-
mental autoimmune encephalomyelitis, rheumatoid arthritis,
systemic lupus erythematosus, type 1 diabetes mellitus, and
inflammatory bowel disease can be prevented or markedly
suppressed by 1,25(OH)2D3 administration (8).

Th1 and Th2 cells responses regulate each other, and dur-
ing normal immune responses, the host responds with a bal-
ance of the two subtypes. Th1 cells secrete IFN-g, IL-2, and
tumor necrosis factor-a, and Th2 cells secrete IL-4 and IL-5,
both of which are important for strong antibody-mediated
immunity (9,16).

Th1 cell activation is essential for strong cell-mediated
immune responses, including host responses to tumors and
intracellular pathogens. In autoimmune diseases, Th1 cells are
misdirected against self proteins, which results in pathologi-
cal conditions (9,16).

Th2 cells secrete IL-4 and IL-5, both of which are important
for strong antibody mediated immunity. Host responses to
extracellular pathogens (bacteria and parasites) require Th2
cells. DCs, Th1, and Th2 cells are direct targets of
1,25(OH)2D3. Quiescent CD4þ T cells express VDRs but only
at low concentrations, which increase fivefold after activation

(9,16). 1,25(OH)2D3 decreases the proliferation of purified Th
cells and decreases the production of IFN-g, IL-2, IL-5, and
tumor necrosis factor-a. In Th2 cells, 1,25(OH)2D3 increases
the production of IL-4 (9,16) and transforming growth factor
production, which in turn may suppress inflammatory T-cell
activity (8). In another study, the effectiveness of 1,25(OH)2D3
for suppression of autoimmune disease in vivo was shown to
depend on IL-2 (9,17) and IL-4 (9,18) secretion. CD4þ T cells
from VDR-knockout (KO) mice (which do not respond to
vitamin D) produced more IFN-g and less IL-2 and IL-5 than
did CD4þ cells from wild type (WT). Further, 1,25(OH)2D3
reduced Th1 cell-associated cytokine production and in-
creased Th2-cell IL-4 secretion (19). In the absence of vitamin
D signaling, the T-cell compartment has a potentially stronger
Th1 phenotype (9,20). Noting VDR in promyelocytes, Abe
et al. and Tanaka et al. have demonstrated that vitamin D can
suppress proliferation of promyelocytes and cause their dif-
ferentiation into monocytes (8,21,22).

Vitamin D or VDR-deficient hosts have elevated Th1-cell
associated responses and decreased Th2-cell associated re-
sponses. In the absence of VDRs, Th1-cell driven inflammatory
bowel disease is more severe and Th2 cell-driven asthma does
not develop. The evidence suggests a model in which the
effectiveness of 1,25(OH)2D3 treatment of autoimmune dis-
eases results from inhibition of the development and function
of Th1 cells and induction of other T cells, including Th2 cells
(9,23). Moreover, 1,25(OH)2D3 inhibits DC differentiation and
maturation, leading to downregulated expression of MHC-II,
costimulatory molecules, and IL-12, enhances IL-10 produc-
tion, and promotes DC apoptosis. Because of these effects,
1,25(OH)2D3 inhibits DC-dependent T-cell activation (13).

Although vitamin D receptors are not found at appreciable
amounts in the B lymphocyte, Chen et al. have suggested that
vitamin D might play a role in regulating antibody production.
They have found that 1,25(OH)2D3 not only inhibits activated
B-cell proliferation but induces their apoptosis as well (24).

Hashimoto’s disease comprises a cadre of complex diseases
with an underlying etiopathology originating from a genetic–
environmental interaction, between susceptibility genes (e.g.,
CTLA-4, HLA-DR, thyroglobulin) and environmental triggers
(25,26).

Volpe suggested that HT is predominantly a disorder of cell-
mediated immunity that is manifested by a genetic defect in the
suppressor T-cell function (27,28). This theory postulates that as
a result of defective suppressor T cells, Th (CD4) cells are not
suppressed and, therefore, are able to activate and cooperate
with B lymphocytes. Additionally, the Th cells produce various
cytokines, including IFN-g, which induces thyrocytes to ex-
press major histocompatibility complex class II surface HLA-

Table 3. Characteristics of Patients’ Groups Versus Healthy Controls

OHP with HT SHP with HT EP with HT Healthy
controls

(n¼ 50) p-Value (n¼ 45) p-Value (n¼ 66) p-Value (n¼ 162)

Calcium (mIU/mL) 9.4� 0.4 0.97 9.2� 0.5 0.004 9.4� 0.3 0.78 9.4� 0.4
Phosphorus (mIU/mL) 3.5� 0.7 0.04 3.5� 0.4 0.17 3.5� 0.5 0.28 3.6� 0.5
PTH (mIU/mL) 61.4� 29.2 <0.0001 59.3� 22.6 <0.0001 50.9� 18.1 <0.003 43.2� 14
25(OH)D3 level (ng/mL) 15.4� 9.3 0.003 15.7� 7.4 0.018 17.4� 12.9 0.006 29.6� 25.5
Rate of vitamin D insufficiency [n (%)] 47 (94%) <0.0001 44 (97.77%) <0.0001 57 (86.36%) <0.001 102 (63%)

All p-values are vs. control group.
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DR antigens and renders them susceptible to immunologic
attack. Although HLA-DR antigens are not normally expressed
on thyroid cells, in HT, the thyroid follicular cells presents
HLA-DR antigens on their surface, which may trigger auto-
immune process. Activated by T lymphocytes, B lymphocytes
produce antibodies that react with thyroid antigens (27,29).
Autoantibodies against the TSH receptor molecule on the
plasma membrane of the thyroid gland follicles cause a non-
physiological response (30). Patients with HT produce high
levels of thyroid autoantibodies and contain lymphoid tissue
that resembles secondary lymphoid follicles (31).

In our study, patients with HT had lower 25(OH)D3 levels
than the healthy people and prevalence of vitamin D insuffi-
ciency was higher in patients with HT than in healthy people.
These findings may be resulting from the possible role of vi-
tamin D on the autoimmune processes.

In HT, it is possible that the autoimmune process may be
inhibited at different stages by 1,25(OH)2D3. At first,
1,25(OH)2D3 might inhibit DC-dependent T-cell activation
(13). Then, 1,25(OH)2D3 might inhibit the secretion of Th1-cell
cytokines, IFN-g, IL-2, and tumor necrosis factor-a. It must be
recognized that in HT, immunologic attack is triggered when
thyrocytes express major histocompatibility complex class II
surface HLA-DR antigens. Production of Th1 cytokines, es-
pecially IFN-g, which induces thyrocytes to express major
histocompatibility complex class II surface HLA-DR antigens,
might be inhibited by 1,25(OH)2D3. At another stage, after
being activated by T cells, B cells’ ongoing proliferation might
be inhibited and apoptosis might be induced by 1,25(OH)2D3.
In this way, 1,25(OH)2D3 might decrease antibodies that react
with thyroid antigens (27).

In vitamin D deficiency and insufficiency, serum calcium
and phosphorus levels usually decrease and PTH levels
usually increase (11,27). In our study, serum PTH levels were
significantly higher and serum phosphorus levels were sig-
nificantly lower in the patients with HT than those of healthy
people. But there were no significant differences between
serum calcium levels of the patients with HT and healthy
people. Serum 25(OH)D3 levels were lower in patients with HT
than healthy people, but no difference could be found among
serum 25(OH)D3 levels of OHP, SHP, and EP with HT. So, our
findings support the idea that there is an association between
vitamin D insufficiency and HT and vitamin D insufficiency is
more common in patients with HT than in healthy people. But
we could not find any significant difference among 25(OH)D3
levels of OHP, SHP, and EP with HT and among the rates of
25(OH)D3 insufficiency in OHP, SHP, and EP with HT.

In conclusion, there may be an association between vitamin
D insufficiency and HT. However, there may not be any
association between vitamin D insufficiency and progress of
thyrocyte damage in HT, as in the present study no significant
difference could be found among serum 25(OH)D3 levels of
OHP, SHP, and EP with HT and among the rates of vitamin D
insufficiency in OHP, SHP, and EP with HT.

Further studies are needed to determine whether vitamin D
insufficiency is a casual factor in the pathogenesis of HT or
rather a consequence of the disease.
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